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Preface
Global risks in 2019 considered at once highly likely
and highly impactful include extreme weather events,
failure of climate-change mitigation and adaptation,
biodiversity loss and ecosystem collapse. Not far behind
are food crises.1
Using agrobiodiversity in production systems can
help reduce many of these risks. For farmers, having
a portfolio of species and within-species diversity on
farm helps them to withstand or recover from extreme
weather events. Crop genetic diversity helps adapt to
changing climates, and can even help mitigate climate
change by capturing carbon in trees and biodiverse
soils. Using agrobiodiversity – from genetic to ecosystem
level – produces a web of interactions, which make
ecosystems more resilient.
If you increase resilience in a system, you reduce risk.
Resilience is not a final state, but an active ability to
manage shocks so that, at the very least, you can regain
what you originally had. Ideally, it goes beyond simply
maintaining the status quo to develop the ability to
adapt flexibly to change and to trigger transformative
changes that make communities fundamentally less
vulnerable to shocks.
The Agrobiodiversity Index measures aspects of
risk and pinpoints areas where governments can
intervene to increase resilience. To provide a context
and stimulate thinking, we have invited a range of
practitioners from the private and public sector, with
backgrounds as varied as finance, policy, breeding, seed
systems, ecology and gender to reflect on the role of
agrobiodiversity to mitigate risk and build resilience in
this first Agrobiodiversity Index report.

looks at the challenges in linking measurements of
dietary diversity to measurements of agrobiodiversity in
a meaningful way. The second, by Leigh Anderson and
Travis Reynolds of the Evans School Policy Analysis and
Research Group (EPAR) at the University of Washington,
looks at how the way we define yield, crop diversity
and smallholders can mischaracterize contributions of
agrobiodiversity to smallholder livelihoods.
Production systems are also the focus of an analysis, by
Bioversity colleagues with systems modelling specialist
Jeroen Groot, that looks at the effects of different
portfolios of crop species to help a smallholder achieve
multiple goals, such as yield, nutrition and income,
under different climate change and pest and disease
scenarios up to 2050. Since sustainable food systems
depend on good quality and appropriate seeds, seed
system experts Abishkar Subedi and Ronnie Vernooy
provide practical examples of ways to build resilient
seed systems.
In Ethiopia – one of the Agrobiodiversity Index
countries – Fetien Abay writes about women as seed
keepers and innovators whose knowledge allows them
to maintain or increase diversity in the system and
build resilience to different disturbances. Finally, we
present the example of China, a megadiverse country
that is facing threats to its remarkably diverse genetic
resources, which affect its capacity for healthy, diverse
diets, income-generation opportunities and low-input
agricultural practices. Genetic resource experts Xu
Liu and Zongwen Zhang discuss what can be done to
mitigate those risks in the country.

Greg Garrett and colleagues from GAIN (the Global
Alliance to Improve Nutrition) discuss financing
mechanisms and private-sector initiatives that could be
applied to mainstream agrobiodiversity in food systems
and reduce the risks of poor nutrition and improve
planetary health. Researcher and breeder Salvatore
Ceccarelli makes the link between the diversity in our
guts, diets and production systems and how we need
to cultivate diversity to optimize all three. Two pieces
stimulate thinking on indicators. The first, by colleagues
at Wageningen University and Bioversity International,

1

World Economic Forum. 2019. The Global Risks Report 2019. http://www3.weforum.org/docs/WEF_Global_Risks_Report_2019.pdf
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Foreword
The Agrobiodiversity Index Report is the first of its kind. Applied to a sample of ten countries, it uses the lens of
agrobiodiversity to connect genetic resource conservation to sustainable production in farms and landscapes and
to dietary diversity on the plate for better nutrition. The ten profiles span across all major continents and cover a
large diversity of agroecological and socioeconomic settings. The Index is an action-oriented tool that countries,
companies and investors can use to assess their sustainable use of agrobiodiversity for improving food systems and
identify areas where they can take action to make diets, markets and production systems healthier, more resilient
and more sustainable.
The release of the Agrobiodiversity Index could not have come at a more appropriate time. Recent reports have
brought to public attention that we are living through a period of biodiversity and climate change emergency. At the
same time, levels of hunger are on the rise and at least a third of the world’s population suffers from poor nutrition.
Agrobiodiversity – the subset of biodiversity, both domesticated and wild, which contributes in one way or
another to agriculture and food production – is a green, renewable resource that can help global efforts to stop the
emergency and transform to more sustainable and nutritious food systems. Agrobiodiversity-based practices are
at the heart of production systems that deliver not only on productivity, but also on environmental health. And
agrobiodiversity is the source of dietary diversity, which can ensure adequate nutrient intake.
Diverse diets need diversity in markets and food supply, resilient ecosystems need diversity in production systems,
and diverse production systems need diversity at genetic and species level. In theory, these should bolster one
another, with demand for diversity on the plate reflected in diversity on farms and conserved. However, the unique
combination of policies and practices in each country means that these play out differently. Some countries import
diversity for diets but neglect local diversity that could underpin healthy agricultural systems and support in situ
conservation of unique species and varieties. In other countries, farmers still manage high levels of agrobiodiversity
on their farms, but sometimes markets and policies are unfavourable to them benefitting fully from it and so
undermine their desire to maintain it long term.
Measuring diversity in diets and markets, production systems and genetic resources together can indicate strengths
and weaknesses in agrobiodiversity conservation, use and consumption. The Agrobiodiversity Index assesses the
extent to which low agrobiodiversity is contributing to increasing risk in six areas: poverty traps, biodiversity loss,
climate change, pests and diseases, malnutrition and land degradation. On the flip side, the Index combines selected
indicators to evaluate the extent to which agrobiodiversity-based practices are contributing to resilience in those
areas.
The Agrobiodiversity Index development and implementation takes a design approach. The Agrobiodiversity
Index will continue to evolve and improve, as more information, datasets and analytical work can be undertaken.
For example, we will integrate data and analyses from Bioversity International’s Alliance partner, the International
Center for Tropical Agriculture (CIAT), to enhance the Index robustness and resolution. Learning from the
current applications of the Agrobiodiversity Index to countries (and later companies) will allow us to enhance the
framework and will provide incentives to those measured to provide access to key data that can improve the results
over time. Feedback will be used to further upgrade the tool and the country profiles and to expand the application
of the Index to other countries.
We hope that the thought pieces and the insights generated by the Agrobiodiversity Index will help countries in
their efforts to meet national and international development goals, including improving food security and nutrition,
increasing production in a sustainable way, and achieving resilience to climate change, pests and diseases through
increased use of biodiversity.

Juan Lucas Restrepo
Director General, Bioversity International
CEO-Designate, Alliance between Bioversity International and CIAT
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Introduction
Today, global food production is the single largest
driver of environmental degradation and biodiversity
loss (1). Rising global food demand and limited arable
land are pushing us to expand agricultural frontiers and
increase production. This often happens without regard
to the environment, causing biodiversity loss, and land
and water degradation (2).

water quality, and reduces the need for synthetic
fertilizers. It also makes farmers’ livelihoods more
resilient, reducing yield losses due to climate change
and pest damage. Broadening the types of cultivated
plants is also good for the environment, increasing the
abundance of pollinators and beneficial soil organisms,
and reducing the risk of pest epidemics.

Climate change is also a major cause of biodiversity loss.
Higher temperatures are already disrupting pollination
and natural pest control, affecting the quality of
food (3). In many of the poorest regions of the world,
climate change will reduce crop yields and increase the
incidence of animal diseases, leading to higher food
prices – up to even 84% by 2050 – and food insecurity for
farmers (4).

Today, the importance of biodiversity for food and
agriculture is widely recognized at the global level.
From the 2030 Agenda for Sustainable Development, to
the United Nations Framework Convention on Climate
Change and its Paris Agreement, the United Nations
Convention on Biological Diversity and the United
Nations Convention to Combat Desertification, all the
main international agreement embed considerations
on the role of biodiversity in addressing today’s global
challenges. International development frameworks are
essential to guide and align our actions to conserve and
sustainably use biodiversity. However, on their own
political commitments are not enough.

At the same time, the need to feed an additional 2
billion people by 2050 is tempting us to increase yields
of a few staple foods, which in turn is eroding food
diversity and genetic resources. Today, of the 6,000 plant
species cultivated for food, fewer than 200 make major
contributions to food production globally, regionally or
nationally. Only nine of these plants account for 66% of
total crop production (5). Livestock and fish biodiversity
are also at stake. Of the 7,745 local breeds of livestock
still in existence, 26% risk extinction. In addition,
nearly a third of fish stocks are overfished and a third
of freshwater fish species assessed are considered
threatened (5).
Biodiversity loss in our food systems leaves farmers
with fewer options to deal with risks of crop failure,
declining soil fertility or increasingly variable weather
(2). This is already causing production losses, increasing
food insecurity and malnutrition. Today, more than
820 million people still suffer from hunger, and many
more consume an unhealthy diet that contributes to
premature death and disease, with about 2 billion
people lacking one or more essential micronutrients and
just under 2 billion obese or overweight (sometimes the
same people) (1, 6).
The way we produce and consume our food is clearly
hurting both people and the planet. Business as usual is
not working and it is time for a paradigm shift. What we
need is to be able to produce and consume more diverse
and nutritious foods while having minimal impact on
the environment, promoting a sustainable food system.
This calls upon all of us, from governments to producers
and consumers, to prioritize biodiversity and support
actions that protect, foster and mainstream it.
Agricultural biodiversity is essential for
building sustainable and resilient food systems.
Agrobiodiversity – the wealth of plants, animals and
microorganisms used for food and agriculture – boosts
productivity and nutrition quality, increases soil and

4

To sustainably use and conserve biodiversity
in food and agriculture, we need to go the extra
mile. A multistakeholder approach such as the
one foreseen in the framework of the UN FAO
Biodiversity Mainstreaming Platform can be a suitable
method to facilitate dialogue among stakeholders
and find more coherent and inclusive solutions at
country level (7). Governments will need to initiate
dedicated, multisectoral and evidence-based policies
and interventions that integrate agrobiodiversity
as a strategy to address today’s global challenges.
Public–private partnerships will also be needed. From
smallholder farmers to multinational companies, food
producers are becoming increasingly important in
conserving genetic resources and adopting sustainable
agricultural practices. Consumers will need to become
more aware of the impact of their food choices on the
planet and their role in preserving the environment.
What actions do we need to put in place to make
change happen? To answer this question, we need to
be able to measure biodiversity in food systems. While
decades of efforts have advanced our understanding of
sustainable food systems, agrobiodiversity data remain
uneven and oftentimes information is analyzed from
sectoral perspectives (e.g. production, consumption or
conservation). To transform food systems, we need to
look at the broader picture and understand the systemic
linkages between biodiversity, food security and
nutrition, agricultural production, and the environment.
While evidence shows the potential of agrobiodiversity
for resilient and sustainable food systems, translation
of this knowledge into policy and investment decisions
has been tenuous. One of the reasons is multiple ways of
measuring agrobiodiversity for multiple goals.

Introducing the Agrobiodiversity Index

To address this, Bioversity International has
developed the Agrobiodiversity Index, an innovative
tool that, crossing disciplinary boundaries, brings
together existing measures and data on diets and
markets, production and genetic resources, analyzing
them under the lens of agricultural biodiversity for
multiple goals (8). By accessing open data on food and
agriculture, the tool allows biodiversity trends in food
systems to be understood and monitored. In particular,
it helps food systems actors to measure agrobiodiversity
in selected areas or value chains, and understand
to what extent their commitments and actions are
contributing to its sustainable use and conservation.
The Agrobiodiversity Index equips food system actors
with the data needed to make informed decisions to
achieve sustainability and resilience. Countries can
use the Agrobiodiversity Index in different ways. First,
they can use it to assess risks in food and agriculture
related to low agrobiodiversity. Based on the Index
results, countries can understand how much they
can build resilience for six risk areas by leveraging
agrobiodiversity: malnutrition, poverty trap, climate
change and variability, land degradation, pests and
diseases, and biodiversity loss.
Second, they can use the information generated
through the Index to plan interventions and formulate
evidence-based policies and strategies that address
efficiently today’s global challenges – including
malnutrition, climate change and natural resource
degradation. Despite its importance, the majority of the
interactions between biodiversity, ecosystem services
and the agricultural sector are invisible in established
informational systems – including the quantities
and respective prices of food and agricultural trade,
markets, and supply and demand. The Agrobiodiversity
Index addresses this information gap and makes
these interactions more visible. This information will,
therefore, constitute solid policy and management
guidance to decision-makers. The tool provides
insights into how biodiversity, at every level from
genetic to ecosystem, is a driver that influences food
systems sustainability and, as such, how it needs to be
considered and integrated into national and regional
environmental, agricultural, health and food research
infrastructure, strategies and policies.
Third, Agrobiodiversity Index results allow countries’
performance related to use and conservation of
agrobiodiversity to be compared. This can stimulate
positive competition to improve performance related to
maintaining and enhancing agrobiodiversity. Not only
can the tool stimulate a race to the top, but it can also
foster knowledge exchange among countries, including
South–South Cooperation, by identifying best practices
to sustainably use and conserve agrobiodiversity. In
addition, the Agrobiodiversity Index can help monitor
global development goals and targets related to
agricultural agrobiodiversity. The 2030 Development
Agenda makes an ambitious call for a transformation
in food and agriculture systems: it insists on an

integrated and holistic approach to sustainable use of
natural resources, including natural capital, biodiversity
and ecosystem services. The Agrobiodiversity Index
supports progress towards Sustainable Development
Goals 3, 12, 13 and 15 and Aichi Biodiversity Targets 7
and 13.
Last but not least, the Agrobiodiversity Index can help
countries leverage investments for sustainable and
resilient food systems. With almost US$162.5 billion
green bonds issued in 2017, the world is getting serious
about protecting and preserving our planet. Countries
can apply the Agrobiodiversity Index to demonstrate
the value for money of their agrobiodiversity-themed
green bonds. In particular, green bond issuers can use
the Index to produce a baseline assessment of the status
of agrobiodiversity in specific areas where they plan
to implement an intervention financed through the
bonds and to monitor progress once the intervention is
implemented.
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The
Agrobiodiversity
Index methodology
1.0 in a nutshell
The Agrobiodiversity Index is an innovative tool that
helps measure agrobiodiversity and identify concrete
actions to help achieve diverse, sustainable and resilient
food systems. In measuring agrobiodiversity, we look
at its potential contribution to healthy diets, sustainable
agriculture and genetic resource management for future
options. These constitute the three pillars of the Index.
The Agrobiodiversity Index measures:
•

Status - the current state of agrobiodiversity
in markets and consumption, in agricultural
production, and in genetic resource management,
looking at diversity in terms of species, varieties,
functions, soil biodiversity and landscape
complexity.

•

Progress - the extent to which commitments and
actions at national level support sustainable use and
conservation of agrobiodiversity for healthy diets,
sustainable agriculture and future options.

It does so by bringing together existing data, reports and
policies, on markets and consumption, production and
genetic resource management, analyzing them through
the lens of agrobiodiversity:
•

Status indicators are scored based on spatially
explicit global data sets (such as those in Collect
Earth and Earth Map) and national data sets
(mainly accessed through global databases at
United Nations agencies).

•

Action indicators are scored based on country
reports, such as those from the World Information
and Early Warning System on Plant Genetic
Resources for Food and Agriculture (WIEWS) and
in the State of the World Biodiversity for Food
and Agriculture, both compiled by the Food and
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Agriculture Organization of the UN (FAO), as well
as some spatially explicit globally available datasets
that help track actions (for example percentage of
agricultural land with agroforestry, and percentage
of agricultural land diversified through croplivestock systems).
•

Commitment indicators are scored based on
national policies and strategies, assessed through
a text-mining tool that analyzes policies, strategies
and other national legislation, retrieved from the
FAO’s legislation and policies database, FAOLEX,
and the World Health Organizations’ Global
database on the Implementation of Nutrition Action
(GINA).

•

The Agrobiodiversity Index has 22 indicators,
comprising three commitment indicators, four
action indicators and 15 status indicators. However,
data for six of the status indicators (varietal
diversity in healthy diets, varietal, functional,
underutilised species and pollinator diversity in
production, and functional diversity in genetic
resources) are not yet available at the country level.
For the ten pilot countries assessed in this report,
scores are based on data from 50 measurements
feeding into the remaining 16 indicators.

The Agrobiodiversity Index Report 2019: Risk and Resilience
is based on version 1.0 of the Agrobiodiversity Index
methodology. The Agrobiodiversity Index aims to
assess performance yearly and help countries track
their progress towards sustainable food systems.
Scores will be updated yearly, as countries take actions
to sustainably use and conserve agrobiodiversity for
healthy diets, sustainable agriculture and future options
and as the methodology and databases feeding into the
Index improve. We invite constructive feedback to help
us improve the next round of measurements so as to
ensure the information generated is useful for countries
to find and validate their pathways towards sustainable
and resilient food systems.
Access the full version of the Agrobiodiversity Index
methodology report version 1.0 and its data sources at:
https://www.bioversityinternational.org/abd-index/

Method in a nutshell

How to read the
Agrobiodiversity
Index country
profiles
Each country profile is made of five sections: context,
results, insights, risk assessment and indicator trends.
Context gives a brief outline of key facts about the
country, related to the three pillars of the index: healthy
diets, agriculture and biodiversity conservation.
Agrobiodiversity Index results. The Status score shows
the existing level of agrobiodiversity in markets and
consumption for healthy diets, in production systems
for sustainable agriculture, and in genetic resource
management for future options. The Progress score
combines measurements of a country’s commitments
and actions in support of agrobiodiversity. It shows
to what extent a country’s commitments and actions
are contributing to conserving and sustainably using
agrobiodiversity in diets, production and genetic
resources.
Both Status and Progress scores are measured on a scale
from 0 to 100, with zero being the minimum score and
100 being the maximum score. The Status and Progress
graphs show the contribution of each Agrobiodiversity
Index pillar to the respective scores. Table 1 gives an
overview of the scores per indicator under each pillar.
Status and Progress scores are compared with the
average of all the countries assessed with table cells
coloured to show whether the score is relatively low
(score of 0–24, colour orange), medium-low (score of
25–49, colour yellow), medium-high (score of 50–74,
colour light green), or high (score of 75–100, colour green).

Leading practices, Areas for improvement, Notable
findings. This section presents highlights – good and
bad – that are behind the results of the Agrobiodiversity
Index application. It identifies leading practices, areas
for improvement and notable findings in support
of agrobiodiversity, to give countries insights into
concrete opportunities to improve sustainable use and
conservation of agrobiodiversity for more sustainable
and resilient food systems.
Risk assessment and Resilience building assesses
to what extent a country is exposed to increased risks
as agrobiodiversity declines. The risk areas presented
are biodiversity loss, losses due to climate change,
land degradation, malnutrition, losses due to pest and
diseases, and poverty traps. Risk assessment graphs
show the level of additional risks that a country
is facing, based on the strengths and weaknesses
identified through the Agrobiodiversity Index analysis.
This section also assesses contributions of each
Agrobiodiversity Index indicator to building resilience
to these risks. All indicators are measured on a scale
from 0 to 100, where 0 is the minimum and 100 the
maximum score. Colours indicate the relative scores of
individual agrobiodiversity indicators that contribute to
building resilience in a specific risk area.
Spatial and temporal trends looks at specific
measurements such as species diversity in production,
and at three aspects of agrobiodiversity in farming
systems: natural vegetation on agricultural land, level of
diversification of production, measured by the number
of harvested crops, and the Soil Biodiversity Index,
which is based on the distribution of microbial soil
carbon and the distribution of the main groups of soil
biodiversity.

The Agrobiodiversity Index methodology Version 1.0 focuses mainly but not solely on crop diversity. Livestock diversity is integrated in species
diversity and soil biodiversity and landscape complexity are included as separate measures in the production pillar. Ways to include additional
measures on livestock and fish diversity, soil biodiversity, pasture diversity and pollinator diversity are currently being explored.

1
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Dragonflies help provide several ecosystem services, including
pest control and riparian restoration.
Credit: Bioversity International/C. Fadda

Comparison across countries
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Introduction

The Agrobiodiversity Index results show that
agrobiodiversity is highly present across the pilot
countries, and that there is great potential to better
manage and conserve it for it to contribute to more
sustainable and resilient food systems.

A cross-country comparison to stimulate
dialogue, feedback and a race to the top
While agrobiodiversity depends very much on the
agroecological environment, analyzing trends in its
sustainable use and conservation across countries can
help governments identify lessons learned, disseminate
best practices and find solutions to common problems.

Higher income countries, such as Italy, Peru, Australia
and the USA, tend to do better in terms of current status
score (e.g. Figure 1), but emerging economies, such as
India, Kenya and South Africa, are performing better
in terms of future commitments and actions – with
the USA, Australia and Italy having the lowest scores
(Figure 2). Will these lower and middle income countries
become the future gatekeepers for agrobiodiversity?

The status of agrobiodiversity across
countries

This cross-country analysis aims to stimulate
dialogue and exchange on how to better integrate
agrobiodiversity into diets, production and genetic
resource management to achieve sustainable and
resilient food systems, from local to global, and
encourage a ‘race to the top’.

Agrobiodiversity Index results across ten
countries
The Agrobiodiversity Index Report 2019 is based on a
sample of ten pilot countries, which span the continents
and cover a large diversity of agroecological and
socioeconomic settings.

Across countries, agrobiodiversity is most available in
genetic resource management for future options, and
this pillar contributes most strongly to the overall status
score (Figure 1). Countries often score well on one or two
pillars, but then less well for the other pillar(s) (Figure 1).
This balances out the differences between countries for
the overall status score.
Italy, Peru and Australia are the top three countries
when it comes to the status of agrobiodiversity, with
the highest scores across all three pillars. Ethiopia,
South Africa and India, on the other hand, present the
lowest status scores among this sample of countries. For
Ethiopia this is explained by a particularly low score for

FIGURE 1 – Overall status score for the 10 countries. Average: 55/100
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FIGURE 2 – Overall Progress score for the 10 countries
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agrobiodiversity for healthy diets. South Africa shows a
low score in agrobiodiversity for sustainable agriculture,
while India presents low scores in agrobiodiversity both
for healthy diets and for sustainable agriculture.

Progress towards sustainable use and
conservation of agrobiodiversity across
countries
Across countries, progress scores are relatively low.
Despite widespread recognition of the importance
of agrobiodiversity, there is often a lack of specific
strategies and targets to embed its sustainable use
and conservation into nutrition, agriculture, economic
development and environmental policies. Regarding
actions, while diversity-based practices and practices
that favour agrobiodiversity are present across
countries, the scale of these is often small, and related
data and monitoring efforts are limited.
India, Kenya and South Africa show the highest
performance on the progress score, meaning that they
have made explicit commitments and have already
put in place actions to sustainably use and conserve
agrobiodiversity. Australia, USA and Italy, on the
contrary, present the lowest scores. Although these
are among the top three countries for status, they lag
behind when it comes to commitments, actions or both
to sustainably use and conserve their wealth of diversity.
Alignment between commitment and actions is not
always clear. Some countries, such as Nigeria, express

specific commitments for agrobiodiversity, but actions
lag behind. Other countries, for example Australia, have
no explicit commitments related to agrobiodiversity,
but have actions in place that are considered to favour
agrobiodiversity. While commitment by itself does
not change the situation on the ground, it reflects
an enabling environment for efforts to increase
agrobiodiversity, including for non-governmental and
private sector players.

Findings across
pillars
Pillar 1: Agrobiodiversity in markets and
consumption for healthy diets
Higher income countries, such as Australia, Italy, Peru
and the USA, score best in terms of agrobiodiversity for
healthy diets. Emerging countries, for example, Ethiopia,
Kenya and India, score lower on the status score, but
perform better on the progress score with specific
commitments and actions to leverage agrobiodiversity
for better nutrition (Figure 3).
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FIGURE 3 – Status and Progress scores for agrobiodiversity in markets and consumption for healthy diets across
countries
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Italy and Australia stand out in terms of
agrobiodiversity in markets and consumption for
healthy diets. This is explained by a large species
diversity in supply systems (including for fruits,
vegetables, legumes, nuts and seeds), a large proportion
of calories coming from non-staples, and relatively
high diet quality (using DALYs, disability-adjusted life
years, a proxy for diet quality). The progress score for
sustainable use of agrobiodiversity for healthy diets in
these countries is however rather low.

vulnerability of the agroecological systems to climate
change, pests and diseases, and land degradation.

Leveraging the large diversity of available vegetables,
fruits, nuts and seeds can help tackle the health risks
related to diets too low in those food groups and too
high in processed and red meat, and sugar-sweetened
beverages.

Pillar 3: Agrobiodiversity in genetic
resource management for future options

Pillar 2: Agrobiodiversity in production for
sustainable agriculture
The presence of agrobiodiversity in sustainable
agricultural production systems is the highest in China
and Peru (Figure 4). This is mainly explained by the
presence of rich species diversity per land unit in
China and strong integration of natural vegetation in
agricultural land in Peru.
Countries with more industrialized agriculture and
large-scale farming, such as Australia, South Africa
and the USA, score low on agrobiodiversity for
sustainable agriculture. This is explained by large-scale
intensification of mainly one or two crops or livestock
species. Such monoculture systems increase the
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Countries greatly differ in terms of their progress score
for sustainable agriculture and it will be of interest to
compare their various paths moving forward. India,
Ethiopia and Kenya show a more explicit interest
in agrobiodiversity-based approaches, and present
therefore the highest progress score in sustainable
production.

Agrobiodiversity in genetic resource management for
future options is generally high across countries (Figure
5). Most of them have high diversity in the plant samples
conserved ex situ. Across the ten countries, about 1.8
million plant samples are conserved ex situ.
Italy and Australia score high on Status for this pillar
thanks to the rich diversity of crop-wild relatives and
useful wild plants found in situ, i.e. growing in their
natural habitats.
In terms of the Progress score, India and Peru stand out,
presenting strong commitments and actions for both ex
situ and in situ conservation.

Cross Country comparison

FIGURE 4 – Status and Progress scores for agrobiodiversity in production for sustainable agriculture across
countries
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FIGURE 5 – Status and Progress scores for agrobiodiversity in genetic resource management for future options
across countries.
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Finger millet (Eleusine coracana).
Credit: Bioversity International/N. Capozio

Australia – Country profile
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Context
•

Covering 48% of the country’s land (Figure
1A), agriculture contributes 3% to Australia’s
total gross domestic product. Together with the
related supply chains, agriculture provides a job
to over 1.6 million people. Approximately 86,000
farm businesses in Australia provide 93% of the
country’s daily domestic food supply.i In addition,
Australian farmers export about 77% of what they
grow and produce. The livestock export industry
is an important part of the Australian agricultural
sector and vital to the country’s international
competitiveness. Australia is also a major grain
producer and exporter. Wheat, barley, canola
(rapeseed), oats and lupin produced in the country
are exported across the world for a variety of food
and livestock feed purposes.

•

forage plant, the most well-known species of which
is alfalfa) at the Australian Medicago Genetic
Resource Centre and 15% of the world’s clover
holdings at the Western Australian Department of
Agriculture.ii
•

Among adults, the mortality rate attributable
to inadequate diets is relatively low at 143 per
100,000 people.iii No national level data are found
on minimum diet diversity of children nor child
malnutrition status.iv

•

Land use change, habitat fragmentation and
degradation (Figure 1B) are prevalent in many
areas, and invasive species, particularly feral
animals, are increasing the pressure they exert
on local biodiversity. Impacts of climate change
are increasing. Agricultural techniques involving
intensive use of fertilizers, pesticides and large
machinery put additional pressure on local
ecosystems, further reducing biodiversity.v For
example, the Great Barrier Reef off the coast of
Australia is seriously affected by nutrient and
pesticide runoff from sugar cane farming and other
types of agriculture.vi

In Australia, over 220,000 plant accessions are stored
in ex situ genebanks. Australia is the predominant
holder of forage legume germplasm, with 30%
of the world holdings of Medicago (a leguminous

FIGURE 1 – Major land use (A) and changes in major land use (B)
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B

Land cover – IPCC categories (2015)

Land cover change 1992–2015

Agriculture
Bare areas
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Grassland
Ice and snow
Shrubland
Sparse vegetation
Urban
Water
Wetland

Gain Loss

Source: Adapted from: A) European Space Agency, 2017;vii B) Nowosad, et al., 2019.viii
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Agrobiodiversity
Index results
•

Australia scores medium-high for status of
agrobiodiversity (Figure 2A). The availability
of genetic resources for future options and
agrobiodiversity in markets and consumption for
healthy diets contribute most strongly to this score,
but the level of agrobiodiversity in production is
much lower. This indicates that agrobiodiversity is
highly available in genetic resource management
and in markets and consumption, but that
agricultural production systems are not very
diversified.

•

The progress score (Figure 2B) shows that
agrobiodiversity related commitment and actions in
place are rather weak. Mentions of agrobiodiversity
for healthy diets, sustainable production or future
options, and specific strategies and targets are
mostly missing in the sources analyzed. Australia

also scores low for production practices that support
agrobiodiversity, such as agroforestry, integration
of crop–livestock systems and limited overuse of
pesticides and fertilizers.
•

For status, Australia outperforms the 10-country
average. Australia’s high score on diversity in
markets and consumption for healthier diets stands
out, while agrobiodiversity in production is below
average. However, Australia underperforms on
the progress score compared to the 10-country
average. This highlights the risk of losing
agrobiodiversity and its benefits in the future and
calls for more explicit commitment and actions
towards sustainable use and conservation of
agrobiodiversity for current and future options.

FIGURE 2 – Overview of Agrobiodiversity Index scores for Australia
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(B) Progress score
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TABLE 1 – Overview of the Agrobiodiversity Indicator scores per pillar for Australia

Commitment Level of commitment to enhancing consumption
and markets of agrobiodiversity for healthy diets

Pillar 1

Pillar 2

Pillar 3

Agrobiodiversity
in markets and
consumption for
healthy diets

Agrobiodiversity
in production
for sustainable
agriculture

Agrobiodiversity
in genetic
resource
management for
future options

22

Level of commitment to enhancing production and
maintenance of agrobiodiversity for sustainable
agriculture

14

Level of commitment to enhancing genetic resource
management of agrobiodiversity for current and future
use options
Actions

Consumption and market management practices
supporting agrobiodiversity

17

25

Production practices favouring agrobiodiversity
29
Production diversity-based practices
13
Genetic resource management practices
supporting agrobiodiversity
Status

41

Species diversity
86

24

98

Varietal diversity
98
Functional diversity
48
Underutilized/local species
75

24

Soil biodiversity
30
Pollinator biodiversity

Landscape complexity
46
Note: All scores are scaled from 0–100. The colour scheme was changed on 1 August 2019 to reflect more accurately the scores
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Leading practices
•

Diversity in supply: About 75% of dietary calories
come from non-staples, and species diversity in
national food supply is high compared to other
countries. The disability-adjusted life years
attributed to inadequate diets is medium-low at 2,087
per 100,000 population, reflecting a general high diet
diversity but still too low in vegetables, fruits, whole
grains, nuts and seeds, and too high in processed
meat, red meat and salt.ix

•

Conservation agriculture: Conservation agriculture
is practised on about 37% of Australia’s agricultural
land. Implementation of conservation agriculture is
based on locally developed sets of practices involving
integrated management of crops, soil, nutrients,
water, pests, labour and energy, to enhance and
sustain an optimal environment.

•

•

International reporting on agrobiodiversity:
Australia systematically reports on 80% of indicators
to the World Information and Early Warning System
(WIEWS) on Plant Genetic Resources for Food and
Agriculture.
Integrated ex situ and in situ conservation:
Australia combines a high diversity in ex situ
collections (223,137 accessions are reported in
WIEWS) with a large diversity of crop wild relatives
and a many useful wild plants (49%) conserved in
situ. Combining ex situ and in situ conservation is
the most comprehensive way to achieve successful
conservation, but this tends to be rare in practice.x, xi
For example, only 0.2% of the 49% useful wild plants
that are conserved in situ are stored ex situ in the
country. This suggest that Australia can further
strengthen its actions to combine ex situ and in situ
conservation.  

•

Agricultural production practices: Australia
scores low for agrobiodiversity in production for
sustainable agriculture, for both status and progress.
Species diversity in production is below average,
the soil biodiversity index is low, and only 46% of
agricultural land includes natural or semi-natural
vegetation. Apart from conservation agriculture
practices, actions and commitment to increase
agrobiodiversity in production are weak. Only 5% of
agricultural land includes agroforestry, and only 21%
includes integrated crop–livestock systems. Nitrogen
use efficiency (the ratio between the amount of
fertilizer removed from the field by the crop and the
amount of fertilizer applied, which is considered
a proxy for avoided overuse of fertilizer) is at 0.75,
above the 10-country average, but it can be further
improved to avoid harmful effects on Australia’s
vulnerable ecosystems.

•

Children’s diet diversity data: The country is
encouraged to make available data on children’s diet
diversity.

Notable findings
•

Healthy diets: Australia performs higher than other
countries in agrobiodiversity for healthy diets. This
is explained by high species diversity in domestic
supply, and a high number of calories from nonstaples. However, 71% of men and 58% of women
are overweight,xii and dietary intake of vegetables,
fruits, whole grains, nuts and seeds is still low, while
intake of processed meat, red meat and salt is high.
While agrobiodiversity seems present in markets
and domestic supply, it is not known if and how the
products are consumed, and current diets may be
contributing to high rates of overweight.

•

Sustainable production: Australia scores
low on agrobiodiversity in production for
sustainable agriculture. While the country has
clear commitments for sustainable agricultural
production, agrobiodiversity seems not to be part
of this agenda yet. Improving agrobiodiversity
management in production systems, for example
through more agroforestry, natural vegetation, crop
species and crop–livestock integration, offers a
major opportunity for more sustainable and resilient
agriculture in the country.

•

Genetic resources: Australia performs relatively well
on both ex situ and in situ indicators of conservation.
The country can improve this by adopting a
comprehensive approach to conservation, combining
in situ and ex situ conservation.

Areas for
improvement
•

Commitment to sustainable use and conservation
of agrobiodiversity: Specific commitments
to managing agrobiodiversity for sustainable
agriculture, healthy diets and future use options
are not explicit and can be strengthened through
strategies and target setting related to sustainable
use and conservation of agrobiodiversity.
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Risk assessment

FIGURE 3 – Increased risks related to low
agrobiodiversity levels in Australia

Risks related to low agrobiodiversity

Limited agrobiodiversity in Australia’s production
systems exposes the country to increased risk for land
degradation and climate change losses (Figure 3).
Medium-low soil biodiversity, limited interconnection
between agriculture and natural vegetation, and low
species diversity per unit of land contribute to making
this risk high. The absence of explicit strategies and
actions to increase agrobiodiversity in production
systems further increases those risks.
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Reversing the risk assessment, current use of
agrobiodiversity helps most strongly to reduce the risk
of malnutrition (Figure 4), although it is uncertain how
this agrobiodiversity is used and by whom. Species
diversity in domestic supply is relatively high and at
least 75% of dietary calories come from non-staple foods.
The high scores in genetic resource management of
agrobiodiversity help reduce the risk of biodiversity loss,
through in situ and ex situ conservation.

FIGURE 4 – Contributions of Agrobiodiversity Index indicators to resilience building in Australia

AUS fig.4

Commitment to agrobiodiversity for healthy diets
Commitment to agrobiodiversity for sustainable
agriculture
Commitment to agrobiodiversity for future use
options

Reducing risk of poverty trap

Consumption and market management practices
supporting agrobiodiversity

Reducing risk of biodiversity loss

Production practices favoring agrobiodiversity
Production diversity-based practices

Reducing risks related to pests and diseases

Genetic resource management practices
supporting agrobiodiversity
Species diversity

Reducing risk of land degradation

Varietal diversity
Functional diversity

Reducing risks related to climate changes

Underutilized/local species
Soil biodiversity
Landscape complexity

Reducing risk of malnutrition

Pollinator biodiversity

0

20

40

60

80

100

Note: All scores are scaled to a maximum of 100. Colours indicate relative scores of individual agrobiodiversity indicators that contribute to building
resilience for that specific risk area. No data available for pollinator biodiversity.
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Indicator trends
Spatial trends
Agricultural cropland in Australia is concentrated in the
southern and eastern regions. About 46% of this land
contains a minimum of 10% of natural or semi-natural
vegetation (Figure 5A), suggesting that agriculture
is moderately intertwined with the surrounding
environment. This land sharing is mainly practiced
in eastern Australia and contributes to agroecosystem
functioning and resilience. Crop species diversity is

generally low compared to other countries. The majority
of agricultural cropland hosts fewer than 10 crops per
land unit (10x10km). Crop diversity is lowest in the
northeast and in the southwest. This suggests that
production systems could benefit from diversification to
improve risk management and ecosystem functioning.
The soil biodiversity index (Figure 5C) is low in large
areas of the country (Figure 5C), including some of the
agricultural areas, indicating limitations for agricultural
potential. Northern and eastern Australia have higher
soil biodiversity (Figure 5C). The combination of low
soil biodiversity potential, low crop species diversity
and absence of natural vegetation in agricultural land
in southwestern Australia make this area vulnerable to
land degradation.

FIGURE 5 – Spatial trends in agrobiodiversity indicators for sustainable agriculture, including A) agricultural land
with >10% natural or semi-natural vegetation; B) number of harvested crops per pixel, and C) soil biodiversity index
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Source: Adapted from: A) European Space Agency, 2017; B) Monfreda et al., 2008;xiii C) European Soil Data Center, 2016.xiv

FIGURE 6 – Temporal trends in species diversity in
production in Australia (Shannon diversity index)
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Temporal trends
Temporal trends in species diversity in Australia’s
production illustrate a rather stable production diversity,
but levels are below the 10-country average (Figure 6). A
slight increase in species diversity can be observed more
recently. It will be of interest to explore how this trend
further evolves, in combination also with the percentage
of natural or semi-natural vegetation on agricultural
land.
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Context
•

In China, agriculture occupies about 56% of total
land area (Figure 1A) and employs about 27% of
the population. In 2017, the sector contributed 8%
of gross domestic product and China’s agricultural
raw material exports accounted for 0.4% of
merchandise exports in the same year.i The country
hosts three major agroecological zones: a pastoral
region in northern China, a rice region in southern
China and a wheat region across the centre.ii China
plays an important role in tea and rice production,
which are grown in the southern region, mostly for
domestic consumption.iii

•

grains (e.g. rice, sorghum), legumes (e.g. soybean,
velvet bean), roots and tubers (e.g. Chinese yam),
vegetables and fruits (e.g. Chinese cabbage, onion,
cucumber, pear, apricot), drug and fibre plants (e.g.
ginseng, opium).iv
•

China hosts one of the world’s four largest national
genebanks at the Chinese Academy of Agricultural
Sciences (ICGR-CAAS), with around 450,000
accessions representing more than 180 plants.

•

Around 35% of young children (6−23 months) in the
country consume a minimum diet diversity. Among
adults, the mortality rate attributable to inadequate
diets is 350 per 100,000 population.v

•

Accelerated urbanization, industrialization and
overexploitation (Figure 1B) have led to habitat
loss and serious land degradation, putting higher
pressure on agricultural potential.vi The IUCN Red
List estimates that in 2015 around 1,040 plant and
animal species across taxa were threatened in the
country directly or indirectly related to agriculture.vii

China, together with North and South Korea,
forms one of the eight Vavilov centres of origin
of cultivated plants, with high genetic diversity
for at least 136 endemic plants, including several

FIGURE 1 – Major land use (A) and changes in major land use (B)
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Land cover – IPCC categories (2015)

Land cover change 1992–2015
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Source: Adapted from: A) European Space Agency, 2017;viii B) Nowosad, et al., 2019.ix
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Agrobiodiversity
Index results
•

China scores medium for the present status of
agrobiodiversity (Figure 2A). Agrobiodiversity
in genetic resource management for future use
contributes most strongly to the status score,
followed equally by agrobiodiversity in markets and
consumption and agrobiodiversity in production
systems for sustainable agriculture. This trend
indicates the high potential for unlocking further
use of genetic resources in sustainable production
and consumption.

•

The progress score, which is the cumulative score
for commitment and actions, is medium-low
(Figure 2B). Commitments, expressed as policies,
to enhancing the management of agrobiodiversity
across the three pillars are relatively similar to the
averages, but evidence of actions on genetic resource
management for future use options lags behind.

•

Compared to the 10-country average, China scores
just below average for both the status and progress
scores. Its increasing focus on sustainability can
further boost efforts that help unlock the potential
of agrobiodiversity along the value chain, from
genetic resource management to production and
consumption.

CHN fig. 2

FIGURE 2 – Overview of Agrobiodiversity Index scores for China

(A) Status score

(B) Progress score

53%
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Agrobiodiversity for healthy diets

Actions on agrobiodiversity for healthy diets

Agrobiodiversity for sustainable agriculture

Actions on agrobiodiversity for sustainable agriculture

Agrobiodiversity for future options

Actions on agrobiodiversity for future options
Commitment on agrobiodiversity for healthy diets
Commitment on agrobiodiversity for sustainable agriculture
Commitment on agrobiodiversity for future options
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TABLE 1 – Overview of the Agrobiodiversity Indicator scores per pillar for China

Commitment Level of commitment to enhancing consumption
and markets of agrobiodiversity for healthy diets

Pillar 1

Pillar 2

Pillar 3

Agrobiodiversity
in markets and
consumption for
healthy diets

Agrobiodiversity
in production
for sustainable
agriculture

Agrobiodiversity
in genetic
resource
management for
future options

44

Level of commitment to enhancing production and
maintenance of agrobiodiversity for sustainable
agriculture

38

Level of commitment to enhancing genetic
resource management of agrobiodiversity for
current and future use options
Actions

Consumption and market management practices
supporting agrobiodiversity

42

25

Production practices favouring agrobiodiversity
17
Production diversity-based practices
48
Genetic resource management practices
supporting agrobiodiversity
Status

2

Species diversity
76

56

89

Varietal diversity
94
Functional diversity
14
Underutilized/local species
49

14

Soil biodiversity
31
Pollinator biodiversity

Landscape complexity
50
Note: All scores are scaled from 0–100. The colour scheme was changed on 1 August 2019 to reflect more accurately the scores
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Leading practices
•

•

•

Species diversity: China has high species diversity
in genetic resource management, in agricultural
production and in markets and consumption. The
importance of vegetables in China’s production and
consumption practices contribute to this high species
diversity. Particularly in northeastern China, where
farm sizes are very small, species diversity is very
high.x
Afforestation and agroecology: China leads largescale afforestation programmes which, between
2010 and 2015 have contributed to net gains in
forest accounting to 1.5 million haxi and, relevant
for agrobiodiversity, to larger amounts of natural
vegetation on agricultural land. In ecologically
fragile zones in northwestern China, China promotes
agroecology, along with ecotourism and rotational
grazing, to improve the living standards of local
farmers and livestock keepers while conserving
biodiversity, including agrobiodiversity.xii
New food-based dietary guidelines: China’s
National Nutrition Plan (2017–2030) aims to
achieve a healthy country by 2030, increasing
people’s nutrition and health literacy, and reducing
prevalence of anaemia, stunting and obesity. The
newly revised Chinese Dietary Guidelines, which
target specific populations, such as infants and
children under different ages, vegetarians and
pregnant women, aim to increase public awareness
of healthy diverse diets.xiii

Areas for
improvement
•

•

Genetic resource management practices: Crop
wild relatives of eleven globally important crops are
found in China and about 17% of national
high-priority native crop wild relatives are
considered threatened or near threatened.xiv  
The country is, therefore, encouraged to develop
systematic crop wild relative conservation planning
as well as to implement policies to support the
conservation and sustainable use of agrobiodiversity
for agriculture and food security.
International reporting on agrobiodiversity:
While China manages a large diversity of plant
accessions ex situ, information on these accessions
is not yet available in the World Information and

Early Warning System (WIEWS) on Plant Genetic
Resources for Food and Agriculture. However,
China has contributed an in-depth country report
to the FAO State of the World’s Biodiversity for Food and
Agriculture 2019, indicating that it has developed a
national biodiversity monitoring network, including
the use of a habitat-quality index, to evaluate the
biodiversity maintenance function of habitats.
•

Sustainable production practices: Land areas under
production practices that support agrobiodiversity
are limited. For example, agroforestry occupies
only 12% of land, conservation agriculture 6%, and
organic agriculture 0.3%. Nitrogen-use efficiency (the
ratio between the amount of fertilizer removed from
the field by the crop and the amount of fertilizer
applied), considered as a proxy for avoided overuse
of nitrogen, is low at 0.27, highlighting the risk of
fertilizer overuse.

Notable findings
•

Agrobiodiversity in production: Out of 122 crops
for which global production data are available, China
cultivates almost all with 118 in total. Preliminary
varietal information indicates that landraces and old
cultivars of rice, wheat, soybean, potato, millet and
yam have been relatively well conserved but endemic
species such as tea, apple and pear demand urgent
conservation actions.

•

Crop–livestock integration: 84% of China’s
agricultural land integrates crop and livestock
production. Such integrated systems can contribute to
more closed and efficient nutrient cycles, soil fertility,
and diversified and resilient production systems.

•

Agrobiodiversity monitoring: China’s 12th 5-year
Plan for Agricultural Technology Development,
compiled by the Ministry of Agriculture, includes
monitoring of biodiversity in agroecological systems.
China has been involved in large-scale surveys, such
as the Sixth National Forest Resources Inventory,
the National Wetland Survey, the National Wildlife
Resources Survey and the National Survey on
Livestock Genetic Resources, resulting in the
publication of inventories such as the China Red
Data Book on Endangered Animals. A national forest,
agricultural and marine resource monitoring system
has been established at municipal and county levels
to support monitoring of trends in species diversity.

•

Wild-food resources: China notes that development
and use of wild-food resources has attracted the
attention of local governments and enterprises,
creating job opportunities and incentivizing
environmental protection.xv
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Risk assessment

FIGURE 3 – Increased risks related to low
agrobiodiversity levels in China

Risks related to low agrobiodiversity

China is exposed to medium levels of risks related to
low agrobiodiversity (Figure 3). This can be explained
by the medium-weak explicit commitments and actions
to manage and use agrobiodiversity as an adaptation
mechanism. The risk for malnutrition, climate change
and biodiversity loss are slightly higher. Despite high
species diversity, more than 50% of dietary calories
come from staples, especially rice. Consumption of
fruits, legumes and whole grains is far below the
recommended values.xvi For every 100,000 people in
China, 7,054 disability-adjusted life years are attributed
to inadequate diets.
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Reversing the risk assessment, existing agrobiodiversity
and related actions and commitments help build
resilience to multiple risks (Figure 4). Current
agrobiodiversity management in China contributes
most significantly to managing risks related to pests
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and diseases, through the availability of within-species
diversity, high species diversity and integration of
natural vegetation in agricultural land.

FIGURE 4 – Contributions of Agrobiodiversity Index indicators to resilience building in China
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Note: All scores are scaled to a maximum of 100. Colours indicate relative scores of individual agrobiodiversity indicators that contribute to building
resilience for that specific risk area. No data available for pollinator biodiversity.
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Indicator trends
Spatial trends
In China, 50% of agricultural land contains a minimum
of 10% of natural or semi-natural vegetation (Figure 5A).
The map indicates that agriculture is more intertwined
with natural vegetation in southern China, compared
to northeastern areas of the country. On the contrary,

crop species diversity is very high in northeastern
China, where farms sizes are very small,xvii and
lower in southern China (Figure 5B). Compared to
other countries, species diversity per unit of land is
high across the whole country (Figure 5B). The soil
biodiversity index (Figure 5C) is medium-low in the
northwestern arid area, where fragile ecosystems exist,
and in the eastern agricultural area, where there is
a lower proportion of natural vegetation. Improved
management of the intersection of natural vegetation in
agricultural land in these areas can help increase soil
biodiversity and ecosystem resilience.

FIGURE 5 – Spatial trends in agrobiodiversity indicators for sustainable agriculture, including A) agricultural land
with >10% natural or semi-natural vegetation; B) number of harvested crops per pixel, and C) soil biodiversity index
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Source: Adapted from: A) European Space Agency, 2017; B) Monfreda et al., 2008;xviii C) European Soil Data Center, 2016.xix

FIGURE 6 – Temporal trends in species diversity in
production in China (Shannon diversity index)
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Temporal trends
Overall, species diversity in production increased
between 1975 and 1995, reaching levels above average.
After the Great Chinese Famine between 1959 and
1961, species diversity started increasing in the 1970s,
in parallel with the country’s economic development.
From 1995 onwards, species diversity in production
has remained stable, while the country’s economy has
transformed vastly.
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Source: FAO, 2019xx
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Context
•

Agriculture is the mainstay of the Ethiopian
economy, employing about 83% of the population.
This sector contributes about 45% to gross domestic
product, 90% to total export earnings and 70% of
raw materials to the agro-industrial sector. About
36% of total land area is used for agriculture (Figure
1A).i

•

Ethiopia is one of the eight world Vavilov centres
of origin of cultivated plants, with high genetic
diversity for at least 38 domesticated species,
including multiple grains (e.g. teff, wheat, barley),
legumes (e.g. cowpea), coffee and others (e.g.
sesame, okra). Ethiopia’s wild coffee genetic
resources contribute to breeding programmes, for
example for disease resistance, caffeine content
and increased yields. The economic value of these

wild genetic resources for the world coffee industry
is estimated to be in the range US$0.5 million to
US$1.5 million a year.ii
•

In Ethiopia, over 75,000 accessions of plants have
been conserved ex situ, in cold storage and in field
genebanks.iii Ranches have also been established in
different parts of the country for conservation and
sustainable use of Begait, Borena and Horro cattle
breeds.

•

Only 12% of young Ethiopian children (6–23
months) consume a minimum diet diversity.iv
Among adults, the mortality rate attributable to
inadequate diets is 216 per 100,000 people.v

•

Significant risks to the conservation and use
of biodiversity for food and agriculture in the
country include habitat conversion (Figure 1B),
unsustainable use of natural resources, invasive
species, climate change, pests and diseases,
replacement of local varieties and breeds, and
pollution.vi

FIGURE 1 – Major land use (A) and changes in major land use (B)
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Source: Adapted from: European Space Agency, 2017;vii B) Nowosad, et al., 2019.viii

34

Agricultural
Forest
Grassland
Shrubland
Wetland
Urban
Water

Ethiopia – Country profile

Agrobiodiversity
Index results
•

Ethiopia has a middle-range score for the
current status of agrobiodiversity (Figure 2A).
Agrobiodiversity in genetic resource management for
future options adds most strongly to the status score,
followed by agrobiodiversity in production systems
for sustainable agriculture, and agrobiodiversity in
markets and consumption for healthy diets. This
trend indicates that genetic resources are highly
available and can be further unlocked for sustainable
use in production and consumption.

•

The progress score combining commitment and
actions is medium-low (Figure 2B). Specific strategies
and targets to use the available agrobiodiversity
are mostly missing in the sources analyzed. On the
positive side, the country shows a great ambition
to diversify diets as part of its National Nutrition
Programme 2016−2020 and Nutrition Sensitive
Agriculture Strategy 2016.

•

Compared to the 10-country average, Ethiopia scores
just below average for status and above average for
progress. Its increasing focus on and commitment
to the role of agrobiodiversity for nutrition can
trigger demand that helps unlock the potential
of agrobiodiversity along the value chain, from
genetic resource management to production and
consumption.

FIGURE 2 – Overview of Agrobiodiversity Index scores for Ethiopia

ETH fig. 2
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(B) Progress score
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Agrobiodiversity for healthy diets
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Commitment on agrobiodiversity for future options
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TABLE 1 – Overview of the Agrobiodiversity Indicator scores per pillar for Ethiopia

Commitment Level of commitment to enhancing consumption
and markets of agrobiodiversity for healthy diets

Pillar 1

Pillar 2

Pillar 3

Agrobiodiversity
in markets and
consumption for
healthy diets

Agrobiodiversity
in production
for sustainable
agriculture

Agrobiodiversity
in genetic
resource
management for
future options

50

Level of commitment to enhancing production and
maintenance of agrobiodiversity for sustainable
agriculture

48

Level of commitment to enhancing genetic resource
management of agrobiodiversity for current and future
use options
Actions

Consumption and market management practices
supporting agrobiodiversity

38

13

Production practices favouring agrobiodiversity
31
Production diversity-based practices
40
Genetic resource management practices
supporting agrobiodiversity
Status

28

Species diversity
74

28

87

Varietal diversity
95
Functional diversity
22
Underutilized/local species
24

21

Soil biodiversity
39
Pollinator biodiversity

Landscape complexity
68
Note: All scores are scaled from 0–100. The colour scheme was changed on 1 August 2019 to reflect more accurately the scores
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Leading practices
•

•

•

•

Commitment to promoting agrobiodiversity for
food security and nutrition: Ethiopia shows a
strong commitment to improving diet quality and
nutrition, as declared in the Seqota declaration,
National Nutrition Programme 2016−2020 and
Nutrition Sensitive Agriculture Strategy 2016.
The government has committed to ending hunger
and malnutrition by 2030 by: ensuring food
access, affordability, diversity and nutritional
quality at household level in both rural and urban
communities; safeguarding domestic agricultural
production as the main source of such diets; and
improving human health, which has positive effects
on agricultural productivity in labour-intensive
smallholder farming systems. The government aims
to bridge the gaps in nutrition through programmes
that not only focus on high-value crops but promote
diversified and nutritionally rich crops, for instance
using indigenous varieties.
Landscape-based initiatives: Ethiopia’s Sustainable
Land Management project is a national programme
that implements landscape-based initiatives to
protect biodiversity for food and agriculture
through watershed management, infrastructure
building and land certification, among others.
The project has made a substantial contribution to
improving natural resource management in rural
areas, through community-driven planning and
implementation of 45 participatory Watershed
Management Plans, which integrated soil and water
conservation measures in communal hillsides and
individual farmland.
International reporting on agrobiodiversity:
Ethiopia systematically reports on 84% of indicators
to the World Information and Early Warning System
(WIEWS) on Plant Genetic Resources for Food and
Agriculture, and contributed an in-depth country
profile to the FAO State of the World’s Biodiversity for
Food and Agriculture 2019.
Ex situ conservation: In Ethiopia, over 75,000
samples of plants have been conserved under ex
situ conditions. Twelve field genebanks and six
community seedbanks have been established to
conserve coffee, medicinal plants and forest species.
In situ conservation is also on the rise: 13 in situ
conservation sites for plants have been established
and 8 additional sites are under establishment to
conserve enset (a unique Ethiopian banana), durum
wheat, teff, coffee, medicinal plants and forest plant
species.

Areas for
improvement
•

Diversity in markets and consumption for healthy
diets: Diet diversity in Ethiopia is low. Only 24% of
calories for human consumption come from nonstaples and consumption of vegetables, fruits, nuts and
animal-based products is below the recommended
values. While chronic undernutrition has declined,
it remains high, affecting almost 38% of children
under five in 2016.ix National programmes, such as
the National Nutrition Programme 2016−2020 and
Nutrition Sensitive Agriculture Strategy 2016 include
priorities to increase biodiversity in food and
agriculture. Improving market functioning for local
fresh products, stakeholder involvement, capacity
building and addressing gender aspects will be
crucial to make these plans effective.x, xi  

•

Sustainable production practices: Percentages
of agricultural land with practices that support
agrobiodiversity are low. For example, only 11% of
agricultural land includes agroforestry. Inadequate
water management, overgrazing, uncontrolled
forest clearing and overharvesting are some of the
unsustainable practices in place, which have negative
impacts on biodiversity and/or wild foods.xii

•

Conservation of useful wild plants: Only 3% of useful
wild plans are adequately conserved ex situ and 39%
in situ.xiii Integration of these plants in existing strong
genetic resource management systems is encouraged.

Notable findings
•

Sustainable production practices: About 68% of
Ethiopia’s agricultural land integrates crop and
livestock production. Such integrated systems can
contribute to more efficient nutrient cycles, soil fertility,
agricultural diversification and resilience to climatic
and economic shocks. In addition, 67% of agricultural
land includes more than 10% of natural or seminatural vegetation, suggesting that agriculture is well
integrated with the surrounding ecosystem.

•

Linking genetic resources, markets and nutrition:
Ethiopia is recognized worldwide as a centre of
agrobiodiversity, and itis one of the fastest growing
countries in terms of population and economy, which
increases the risk of losing biodiversity. However,
Ethiopia has the basic structures in place (genebanks,
sustainable land management and strong commitment
on nutrition) to safeguard and sustainably use
its agrobiodiversity for innovation, adaption,
and improving nutrition, while transitioning
economically and demographically.
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Risk assessment

FIGURE 3 – Increased risks related to low
agrobiodiversity levels in Ethiopia
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high (Figure 3). The risk of malnutrition stands out.
This is mainly explained by the large proportion of
dietary calories coming from staples (76%), the limited
species diversity in supply, and the absence of national
food-based dietary guidelines (which are under
development).
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most significantly to managing risks related to pest and
diseases, through the use and conservation of varietal
diversity.

Reversing the risk assessment, the existing
agrobiodiversity and related actions and commitments
help build resilience to various risks (Figure 4). Current
agrobiodiversity management in Ethiopia contributes

FIGURE 4 – Contributions of Agrobiodiversity Index indicators to resilience building in Ethiopia
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Note: All scores are scaled to a maximum of 100. Colours indicate relative scores of individual agrobiodiversity indicators that contribute to building
resilience for that specific risk area. No data available for pollinator biodiversity.
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Indicator trends
Spatial trends
In Ethiopia, 67% of agricultural land contains
a minimum of 10% of natural or semi-natural
vegetation (Figure 5A), suggesting that agriculture
is intertwined with natural vegetation. Continued

management of the relationship between agriculture
and natural vegetation is critical for agricultural and
environmental sustainability. The country is very
heterogeneous, with 10 ecosystems, 18 major and
49 minor agroecological zones. The number of crop
species harvested per land unit strongly varies across
the country, with more diversified production systems
being concentrated in the highlands (Figure 5B). This
contributes to more resilience to climate and pest and
disease shocks. Soil biodiversity potential (Figure 5C)
is high in the main agricultural areas, suggesting high
potential for diversified systems and land restoration.

FIGURE 5 – Spatial trends in agrobiodiversity indicators for sustainable agriculture, including A) agricultural land
with >10% natural or semi-natural vegetation; B) number of harvested crops per pixel, and C) soil biodiversity index
A

B

100

C

km

Agricultural landscapes embedding
Agriculture
>= 10% natural vegetation
Forest

No. harvested crops per pixel

Soil
Soilbiodiversity
biodiversityindex
index

0
1-5
6-10
11-22
23-44
>= 45

High
High
Low
Low

Source: Adapted from: A) European Space Agency, 2017; B) Monfreda et al., 2008;xiv C) European Soil Data Center, 2016.xv

FIGURE 6 – Temporal trends in species diversity in
production in Ethiopia (Shannon diversity index)
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Temporal trends
While remaining relatively high and above the
10-country average, species diversity in agricultural
production has been declining from 1960 onwards,
particularly between 1975 and 1995 (Figure 6). Species
diversity then stagnated in the 2000s and has very
slowly increased again more recently.
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Context
•

With 60% of total land area, agriculture dominates
the Indian landscape (Figure 1A). The agricultural
sector provides 45% of employment and contributes
16% of gross domestic product. Today, India is the
world’s largest producer of milk, pulses and jute,
and ranks as the second largest producer of rice,
wheat, sugarcane, groundnut, vegetables, fruit
and cotton. The country is also one of the leading
producers of spices, fish, poultry, livestock and
plantation crops.i

•

India is one of the world’s eight Vavilov centres
of origin of cultivated plants, with high genetic
diversity for at least 172 domesticated species,
including many legumes (e.g. chickpea, pigeon
pea), vegetables (e.g. eggplant, cucumber), tubers
(e.g. taro, yam), fruits (mango, citron, tamarind),
spices and dyes.ii The Protection of Plant Varieties

and Farmers’ Rights Authority of India identifies
up to 22 different agrobiodiversity hotspots in the
country. Hundreds of species and varieties of crops
and domesticated animals have originated here
and are the result of thousands of years of farmers’
selection and breeding efforts.iii
•

India hosts one of the world’s four largest national
genebanks at the National Bureau of Plant Genetic
Resources (NBPGR), and more than 400,000 plant
accessions are reported in the World Information
and Early Warning System (WIEWS) on Plant
Genetic Resources for Food and Agriculture.

•

Only 20% of young children (6−23 months old) in
India consume a minimum diet diversity.iv Among
adults, the mortality rate attributable to inadequate
diets is 310 per 100,000 people.v

•

Significant risks to agrobiodiversity include rapid
population growth and urbanization (Figure 1B),
pollution, invasive species, unsustainable use
of natural resources, climate change, pests and
diseases.vi

FIGURE 1 – Major land use (A) and changes in major land use (B)
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Land cover – IPCC categories (2015)
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Source: Adapted from: A) European Space Agency, 2017;vii B) Nowosad, et al., 2019.viii
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Agrobiodiversity
Index results
•

•

India scores medium for status of agrobiodiversity
(Figure 2A). Available genetic resources for future
options contribute most to this score, followed
by agrobiodiversity in production systems and
agrobiodiversity in markets and consuption.
This trend highlights the potential to increase
sustainable use of available genetic resources.

of agrobiodiversity across the three pillars are
present in different policies, evidence of actions
to implement these commitments is low. The
progress score indicates an enabling environment
for conservation and use of agrobiodiversity that
can support public and private investments in
agrobiodiversity-based efforts and innovations.
However, actions to perform on this commitment
are lagging behind.
•

Compared to the 10-country average scores,
India outperforms on progress and in particular
on its overall commitment to better managing
agrobiodiversity for multiple goals. The status score
is just below average.

The progress score, summarizing commitment
and actions scores, is also medium (Figure 2B).
While commitments to enhancing the management

FIGURE 2 – Overview of Agrobiodiversity Index scores for India
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43

Agrobiodiversity Index Report 2019 – Risk and Resilience

TABLE 1 – Overview of the Agrobiodiversity Indicator scores per pillar for India

Commitment Level of commitment to enhancing consumption
and markets of agrobiodiversity for healthy diets

Pillar 1

Pillar 2

Pillar 3

Agrobiodiversity
in markets and
consumption for
healthy diets

Agrobiodiversity
in production
for sustainable
agriculture

Agrobiodiversity
in genetic
resource
management for
future options

50

Level of commitment to enhancing production and
maintenance of agrobiodiversity for sustainable
agriculture

57

Level of commitment to enhancing genetic
resource management of agrobiodiversity for
current and future use options
Actions

Consumption and market management practices
supporting agrobiodiversity

58

25

Production practices favouring agrobiodiversity
25
Production diversity-based practices
45
Genetic resource management practices
supporting agrobiodiversity
Status

19

Species diversity
79

72

93

Varietal diversity
94
Functional diversity
14
Underutilized/local species
43

13

Soil biodiversity
37
Pollinator biodiversity

Landscape complexity
27
Note: All scores are scaled from 0–100. The colour scheme was changed on 1 August 2019 to reflect more accurately the scores
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Leading practices
•

•

Commitment to sustainable use and conservation
of agrobiodiversity for healthy diets: Across
policies, India has expressed specific commitments to
sustainably using and conserving its agrobiodiversity
to contribute to healthy diets, sustainable agriculture,
and current and future options. India has also
developed locally adapted food-based dietary
guidelines that promote food diversity, and has made
available national food composition tables at species
and, in some cases, variety level.

Natural vegetation in agricultural land: Only 27%
of agricultural land includes at least 10% of natural
vegetation (Figure 5A), suggesting that integration
between agriculture and nature can be improved.
For example, agroforestry is estimated to be present
on only 7% of agricultural land. Recognizing this
issue, India has adopted a National Agroforestry
Policy, backed with a capital outlay of US$450
million for four years (2017 to 2020),ix which is
expected to have a positive impact on agroforestry
and natural vegetation in agricultural land.

•

Agrobiodiversity for healthy diets: In India, more
than 50% of dietary calories come from major
staples. Legumes and whole grains reach adequate
levels, but average diets fall short of vegetables,
fruits and some animal-based products.x This
contributes to 7,149 disability-adjusted life years per
100,000 population, attributable to inadequate diets.
The high levels of agrobiodiversity resources can
help to address this.

•

Genetic resource management practices: While
401,727 plant accessions are stored ex situ and
reported in WIEWS, only 0.8% of useful wild plants
are conserved ex situ and about 24% in situ.

International reporting on agrobiodiversity: India
has submitted a detailed country profile to the FAO
State of the World’s Biodiversity for Food and Agriculture
2019 and reports on a regular base in WIEWS, but
only for 55% of the indicators.

Notable findings
•

Intensification and diversified production systems:
While India has invested heavily in agricultural
intensification, in general, India’s agricultural
production systems remain diverse in terms of crop
and livestock species. On 66% of India’s agricultural
land, more than ten crops are harvested on an
annual basis. There is also strong crop–livestock
integration, as observed on more than 80% of
India’s agricultural land. Out of 122 crops with
global datasets, 80 − about 65% − are reported to be
harvested in India. Despite the relatively high species
diversity in production and supply, the majority of
dietary calories (57%) come from major grains, and
health risks attributable to inadequate diets are high.
There is potential to leverage the vast amount of
agrobiodiversity to help improve dietary quality in
the country.

•

Soil biodiversity: Recognizing the degradation
of soil quality as a result of excessive use of
agrochemicals, inappropriate agricultural practices,
climate change, and repeated floods among other
causes, the Indian government established the
National Bureau of Agriculturally Important
Microorganisms in 2001 and has a strong
commitment to improving soil health and soil
biodiversity.xi

•

Home gardens: While global statistics on home
gardens and related agrobiodiversity are lacking,
studies in India indicate home gardens are an
important and widespread practice supporting
farmers’ agrobiodiversity.xii

Species diversity: India scores high in terms of
species diversity across all three pillars: in markets
and consumption, in production and in genetic
resource management. This is paired with integrated
crop–livestock systems, which characterize about
82% of India’s agricultural land. Such integrated
systems contribute to more closed and efficient
nutrient cycles, soil fertility and crop diversification.

Areas for
improvement
•

•
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Risk assessment

FIGURE 3 – Increased risks related to low
agrobiodiversity levels in India
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Agrobiodiversity status and limited actions to manage
agrobiodiversity lead to relatively high levels of risks
across all six areas (Figure 3). This is partly explained
by the low scores for actions in support of sustainable
use of agrobiodiversity. Contributing to the particularly
high risk for malnutrition is the large proportion (57%) of
dietary calories provided by staples, and the high number
of disability-adjusted life years attributable to dietary
risks (7,149 per 100,000 in 2017) related to diets that are
too low in healthy foods (such as fruits, vegetables,
legumes, whole grains, nuts) or too high in unhealthy
foods (such as sugar-sweetened beverages, processed
meat).xiii Contributing to the high risk of biodiversity loss
is the low score for the comprehensive conservation of
useful wild plants: only 0.8 % of useful wild plants are
adequately conserved ex situ and 24.3% in situ.xiv
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Resilience building
agrobiodiversity management in India contributes most
significantly to managing risks related to pests and
diseases.

Reversing the risk assessment, the existing
agrobiodiversity and related actions and commitment
help build resilience to various risks (Figure 4). Current

FIGURE 4 – Contributions of Agrobiodiversity Index indicators to resilience building in India
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Note: All scores are scaled to a maximum of 100. Colours indicate relative scores of individual agrobiodiversity indicators that contribute to building
resilience for that specific risk area. No data available for pollinator biodiversity.
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Indicator trends

Agroforestry Policy since 2014, and it will be important to
monitor changes in agroforestry and natural vegetation in
agricultural land as the policy is implemented.

Spatial trends
In India, only 27% of agricultural land contains a
minimum of 10% of natural or semi-natural vegetation
(Figure 5A), suggesting that there is little integration
of agriculture with the surrounding environment. A
minimum percentage of natural or semi-natural vegetation
in agricultural landscapes is important to provide
ecosystem services such as pollination, soil fertility, water
retention and biodiversity habitat. Management of natural
land within agricultural landscapes is strongly encouraged
for agricultural and environmental sustainability. It is
therefore very promising that India has adopted a National

India is highly diverse, and diversified production systems
are found across the country. On 66% of the agricultural
land, more than ten crops are harvested on an annual base
across seasons, with some exceptions in areas in Rajasthan,
Chhattisgarh, Himachal Pradesh and Uttarakhand where
crop diversity is lower (Figure 5B).
Risks for low soil biodiversity are observed across the
country but particularly in the northwestern areas of
Rajasthan and Punjab (Figure 5C). Recognizing soil health
issues related to unsustainable agricultural practices
and overuse of fertilizers and pesticides, the Indian
government has established the National Bureau of
Agriculturally Important Microorganisms in 2001 and has
since had a strong commitment to improving soil health
and soil biodiversity.xv

FIGURE 5 – Spatial trends in agrobiodiversity indicators for sustainable agriculture, including A) agricultural land
with >10% natural or semi-natural vegetation; B) number of harvested crops per pixel, and C) soil biodiversity index
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Source: Adapted from: A) European Space Agency, 2017; B) Monfreda et al., 2008;xvi C) European Soil Data Center, 2016.xvii

FIGURE 6 – Temporal trends in species diversity in
production in India (Shannon diversity index)
1.00
0.90
Diversity

0.80
0.70
0.60
0.50
0.40
1960 1970 1980 1990 2000 2010 2020

Temporal trends
Species diversity in production in India has generally
remained stable from 1965 to 2000, with some peaks in
the 1980s (Figure 6). The increase in species diversity
from 2000 to 2005 could be explained by an improved
commitments in agricultural policies to enhancing
conservation and use of agrobiodiversity, while
recognizing some of the tradeoffs of the grain-focused
Green Revolution. This increase levels off around 2005,
and slightly declines again more recently.
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Context
•

In Italy, agriculture occupies about 43% of the total
land area (Figure 1A) and provides about 4% of
employment. In 2017, this sector contributed to
approximately 2% of the gross domestic product and
in the same year, Italy’s agricultural raw material
exports accounted for 0.7% of export products.i
Italy is an agroecological zone with a very dry
climate, divided into three regions: the Alpine, the
Continental and the Mediterranean.ii The country
is one of the largest agricultural producers in the
European Union, with northern Italy primarily
producing grains, soybeans and dairy products,
while the more hilly southern part specializes in
fruits, vegetables, olive oil and wine.iii

•

Italy has approximately 51,000 plant accessions
stored ex situ in national and local genebanks.

•

While undernutrition is not very prevalent in
Italy, overweight and obesity have been increasing
steadily. One out of three children and one out of
two adults are overweight, which represents one
of the highest rates in OECD countries. Mortality
rate among adults attributable to inadequate diets
is 108 per 100,000 population (in 2017).iv No data are
available on diet diversity among young children.

•

Important risks to agrobiodiversity include
urbanization and progressive abandonment of rural
areasv (Figure 1B), forest loss, and the replacement
of local farmers’ varieties with commercial modern
varieties.vi The IUCN Red List estimates that, in
2015, around 280 plant and animal species across
taxa were threatened in the country due to various
reasons, including those directly or indirectly
related to agriculture.

FIGURE 1 – Major land use (A) and changes in major land use (B)
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Source: Adapted from: A) European Space Agency, 2017;viii B) Nowosad, et al., 2019.ix
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Italy – Country profile

Agrobiodiversity
Index results
•

Italy scores medium-high for the current status of
agrobiodiversity (Figure 2A). Agrobiodiversity in
genetic resource management for future options
and agrobiodiversity in markets and consumption
for healthy diets both add most strongly to the
status score, followed by agrobiodiversity in
production systems for sustainable agriculture. This
trend indicates the high potential for continued
commitment and management of genetic resources
for sustainable production and consumption.

•

The progress score is moderate-low (Figure 2B).
Commitments to managing agrobiodiversity are
more explicit in the context of genetic resource
management, and less so for sustainable agriculture
and healthy diets. The progress score indicates
the need to strengthen actions to implement
commitments and create an enabling environment,
especially for sustainable agriculture and healthy
diets.

•

Compared to the 10-country average, Italy scores
above average for the status score and below
average for the progress score. There might be
a risk that agrobiodiversity is taken for granted
and therefore ends up being less well managed
than it should be. At the same time, high levels of
agrobiodiversity in Italy provide an opportunity
for the country to strengthen agrobiodiversity
management across the value chain, for future
options, sustainable agriculture and healthy diets.

ITA fig. 2

FIGURE 2 – Overview of Agrobiodiversity Index scores for Italy
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TABLE 1 – Overview of Agrobiodiversity Index results for Italy

Commitment Level of commitment to enhancing consumption
and markets of agrobiodiversity for healthy diets

Pillar 1

Pillar 2

Pillar 3

Agrobiodiversity
in markets and
consumption for
healthy diets

Agrobiodiversity
in production
for sustainable
agriculture

Agrobiodiversity
in genetic
resource
management for
future options

22

Level of commitment to enhancing production and
maintenance of agrobiodiversity for sustainable
agriculture

33

Level of commitment to enhancing genetic resource
management of agrobiodiversity for current and future
use options
Actions

Consumption and market management practices
supporting agrobiodiversity

42

25

Production practices favouring agrobiodiversity
24
Production diversity-based practices
42
Genetic resource management practices
supporting agrobiodiversity
Status

11

Species diversity
83

60

95

Varietal diversity
99
Functional diversity
47
Underutilized/local species
67

41

Soil biodiversity
29
Pollinator biodiversity

Landscape complexity
32
Note: All scores are scaled from 0–100. The colour scheme was changed on 1 August 2019 to reflect more accurately the scores
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Leading practices
•

•

•

In situ and ex situ genetic resource conservation:
Italy scores high on ex situ and in situ measurements.
In addition to the diversity of accessions available in
genebanks, crop wild relatives and useful wild plants
are highly present in natural or semi-natural areas.
Italy has established voluntary regional repositories
of indigenous genetic resources as well as 87
provincial genebanks for native animal and existing
or new plant species to safeguard agrobiodiversity.
These facilities are supported by the state through
budget provision. The country also aims to reduce
the number of threatened species to less than 1% of
total species in each class, focusing on innovative
land management for biodiversity conservation
in the Mediterranean region and marine−coastal
ecosystems.
Species diversity: Species diversity in Italy is high
across markets and consumption, production and
genetic resource management. The diversity in
vegetables, fruits, legumes and grains strongly
adds to this diversity. Compared to other countries,
species diversity in production is particularly high in
northwestern Italy (Figure 5B).    
Agrobiodiversity monitoring: The Italian Ministry
of Agricultural, Food and Forestry Policies has
set up a national portal for agricultural and food
biodiversity, made of interconnected databases of
genetic resources. The tool allows for monitoring and
optimizing interventions aimed at protection and
management of agricultural and food diversity in the
country.

Areas for
improvement
•

Agrobiodiversity for healthy diets: While species
diversity is high in domestic supply, and a large
diversity of vegetables, fruits and legumes are
available, dietary intake of fruits, vegetables, legumes
and whole grains are still below recommended
values. Intake of processed meat, red meat, salt
and sugar-sweetened beverages are consumed
in excess.x Both trends contribute to the high
overweight prevalence and an estimate of 2,121
disability-adjusted life years per 100,000 population.
Food-based dietary guidelines are in place, but

specific commitments and actions at national level
to put those into practice lag behind, e.g. through
institutional procurement that facilitates healthy
sustainable diets.  
•

International reporting on agrobiodiversity: Italy
systematically reports only on 16% of indicators to
the World Information and Early Warning System
(WIEWS) on Plant Genetic Resources for Food and
Agriculture.

•

Natural vegetation in agricultural areas: While
Italy has an agroecology policy in place, only 37%
of agricultural land has more than 10% of natural
vegetation, and agroforestry is observed only on 2%
of agricultural land. Managing natural vegetation
and trees in agricultural landscapes, can increase
long-term sustainability and resilience.

Notable findings
•

Crop–livestock integration: about 83% of Italy’s
agricultural land integrates crop and livestock
production. Such integrated systems can contribute
to more closed and efficient nutrient cycles, soil
fertility and diversified and resilient production
systems.

•

High agrobiodiversity in markets but inadequate
dietary intake: While high agrobiodiversity can
be observed in domestic food supply and markets,
including many types of fruits, vegetables, legumes
and whole grains, dietary intake does not follow
recommendations, and contributes to high levels
of overweight and obesity.xi Innovative approaches
are recommended to use existing agrobiodiversity
further to help address this challenge. The Milan
Urban Food Policy Pact (2015), an international pact
signed by 191 cities worldwide to develop sustainable
food systems, can lead the way.

•

Benchmark: Given its high status score, Italy
sets a benchmark for other countries to manage
agrobiodiversity across genetic resource
management, production and markets. However, it
is recommended that in the near future, the country
also improves its commitments and actions to
sustainably use and conserve its agrobiodiversity
resources in order not to lose the benefits from these.
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Risk assessment

FIGURE 3 – Increased risks related to low
agrobiodiversity levels in Italy

Risks related to low agrobiodiversity

Despite the high status scores, multiple risks related
to low agrobiodiversity exist (Figure 3). This is partly
explained by the limited evidence on actions and
commitments to manage and use agrobiodiversity as a
future adaptation option. The risks of climate change
and land degradation stand out. Mismanagement of
forestry and agriculture, abandonment of pastoral
activities and rapid urbanization are among major
contributors to these risks.
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Reversing the risk assessment, the existing
agrobiodiversity and related actions and commitment,
help build resilience to various risks (Figure 4). Current
agrobiodiversity management in Italy would contribute
most significantly to managing malnutrition risks,
through high species diversity, including high diversity
in vegetables, fruits, legumes, whole grains, nuts and
seeds. Actual dietary intake is however found to be
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inadequate,xii with too few vegetables, fruits, whole
grains, nuts and seeds and too much processed meat,
red meat, salt and sweetened beverages.

ITA fig.4

FIGURE 4 – Contributions of Agrobiodiversity Index indicators to resilience building in Italy
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Note: All scores are scaled to a maximum of 100. Colours indicate relative scores of individual agrobiodiversity indicators that contribute to building
resilience for that specific risk area. No data available for pollinator biodiversity.

54

Italy – Country profile

Indicator trends
Spatial trends
In Italy, 32% of agricultural land contains a minimum of
10% of natural or semi-natural vegetation (Figure 5A),
suggesting that agriculture is moderately intertwined

with the surrounding nature. Improving the
management of this relationship between agriculture
and natural vegetation is critical for agricultural and
environmental sustainability. Diversified production
systems (with more than 11 crop species harvested
per land unit of 10x10km) dominate the country,
with the most diversified systems concentrated in
the Alpine region (Figure 5B). The soil biodiversity
index (Figure 5C) is rather low across the country,
indicating vulnerability of the agroecological systems to
environmental shocks.

FIGURE 5 – Spatial trends in agrobiodiversity indicators for sustainable agriculture, including A) agricultural land
with >10% natural or semi-natural vegetation; B) number of harvested crops per pixel, and C) soil biodiversity index
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Source: Adapted from: A) European Space Agency, 2017; B) Monfreda et al., 2008;xiii C) European Soil Data Center, 2016.xiv

FIGURE 6 – Temporal trends in species diversity in
production in Italy (Shannon diversity index)
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Temporal trends
Italy has a history of high species diversity in
production systems and this has remained quite stable
in the last 50 years, with some minor fluctuations
(Figure 7). Notable to mention is that further analysis
shows that diversity of export products from Italy has
increased over time, with more species being exported
and with more equal share of a wide range of species in
the export.
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Context
•

Agriculture is the backbone of the Kenyan economy,
occupying about 49% of the total land area (Figure
1A) and providing 58% of employment. In 2017,
agriculture contributed to approximately 35%
of national gross domestic product.i The sector
accounts for about 65% of export earnings.ii Kenya
is a leading producer of tea, coffee and horticultural
products. The arid lands of northern Kenya support
pastoralism.

•

Ex situ and in situ conservation initiatives are
widespread in Kenya and include seedbanking,
field genebanks, cryopreservation and livestock
conservation farms.iii Approximately 51,000 plant
accessions are stored in national genebanks.

•

About 36% of young Kenyan children (6−23 months)
consume a minimum diet diversity. Among adults,
the mortality rate attributable to inadequate diets is
225 per 100,000 population.iv

•

Population growth, deforestation, grassland and
agricultural expansion (Figure 1B) with poor
farming methods have led to habitat loss and
serious land degradation, putting high pressure on
agricultural potential.v The IUCN Red List estimates
that in 2015 around 463 species across taxa were
threatened in the country due to various reasons,
including those directly or indirectly related to
agriculture.vi

FIGURE 1 – Major land use (A) and changes in major land use (B)
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Land cover − IPCC categories (2015)
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Source: Adapted from: A) European Space Agency, 2017;vii B) Nowosad, et al., 2019.viii
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Agrobiodiversity
Index results
•

•

Kenya scores medium for the present status of
agrobiodiversity (Figure 2A). Agrobiodiversity in
genetic resource management for future use adds
most strongly to the status score. It is followed by
agrobiodiversity in markets and consumption for
healthy diets, and agrobiodiversity in production
systems for sustainable agriculture. This trend
indicates the high potential for unlocking further
use of genetic resources in sustainable production
and consumption.

agrobiodiversity across the three pillars are
relatively high and above average. On the other
hand, actions to implement these commitments
are lagging behind. The progress score indicates
the presence of an enabling environment to
improve the sustainable use and conservation of
agrobiodiversity, especially in the commitment to
promote healthy diets and actions in incorporating
agrobiodiversity in production systems for climateresilient agriculture.
•

Compared to the 10-country average, Kenya scores
just below average for the status score and above
average for the progress score. The country’s
increasing focus on health and nutritious food can
trigger public demand that may help unlock the
potential of agrobiodiversity along the value chain,
from genetic resource management to production
and consumption.

Progress score: the cumulative score for
commitment and actions is medium-low (Figure
2B). On the one hand, the commitments, expressed
in policies, to enhance the management of

FIGURE 2 – Overview of Agrobiodiversity Index scores for Kenya
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TABLE 1 – Overview of the agrobiodiversity indicator scores per pillar for Kenya

Commitment Level of commitment to enhancing consumption
and markets of agrobiodiversity for healthy diets

Pillar 1

Pillar 2

Pillar 3

Agrobiodiversity
in markets and
consumption for
healthy diets

Agrobiodiversity
in production
for sustainable
agriculture

Agrobiodiversity
in genetic
resource
management for
future options

72

Level of commitment to enhancing production and
maintenance of agrobiodiversity for sustainable
agriculture

52

Level of commitment to enhancing genetic
resource management of agrobiodiversity for
current and future use options
Actions

Consumption and market management practices
supporting agrobiodiversity

42

13

Production practices favouring agrobiodiversity
28
Production diversity-based practices
47
Genetic resource management practices
supporting agrobiodiversity
Status

17

Species diversity
83

32

91

Varietal diversity
94
Functional diversity
20
Underutilized/local species
43

22

Soil biodiversity
39
Pollinator biodiversity

Landscape complexity
50
Note: All scores are scaled from 0–100. The colour scheme was changed on 1 August 2019 to reflect more accurately the scores
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Leading practices
•

•

•

Commitment to sustainable use of
agrobiodiversity: Across policies, Kenya
expresses specific commitments to sustainably use
agrobiodiversity. For example, Kenya’s Climate
Smart Agriculture Strategy has the long-term
goal to promote the adoption of climate-smart
technologies, including agrobiodiversity and
climate-smart crops, through state facilitation
and funding, private investments and extension
services. Kenya’s Vision 2030 and the National
Nutrition Action Plan aim to increase affordability
of a diversity of foods and promote diverse, healthy
diets as a means to prevent, manage and control
malnutrition and diet-related noncommunicable
diseases. Kenya’s Agriculture (Farm Forestry) Rules
of 2009 require at least 10% tree cover on all farms.
Biodiversity for food and nutrition: Kenya is
home to a vast array of traditional and neglected
native foods, both wild and cultivated, which
have high nutritional value but are threatened by
environmental pressures or lack of use. Kenya
is one of the four countries leading the UN
Environment’s Biodiversity for Food and Nutrition
Project, which has increased awareness of the
importance of conservation of food diversity by
building national capacity to generate nutrition data
for underutilized species (primarily plants). The
project collects information on the sociocultural
and market value of species, supports smallholder
farmers in the production of biodiverse foods and
links them to schoolmeal programmes.ix
Tree and landscape management: Approximately
50% of Kenya’s agricultural land contains more
than 10% of natural vegetation, and 13% includes
agroforestry. Those practices are spreading across
the country,x partly incentivized by Kenya’s Farm
Forestry Rules and related investments.

Areas for
improvement
•

•

Healthy diets: While efforts are made to promote
healthy diets and make available information on
biodiverse foods, disability adjusted life years
attributable to inadequate diets are still high at
4971.4 per 100,000 population. Despite a large
variety of vegetables and fruits available, their
presence in diets is still below recommended
levels.xii Putting in place food-based dietary
guidelines that take into account the country’s rich
agrobiodiversity, and further strengthening local
markets and consumer demand for these fresh
foods can help fill this gap.

•

In situ conservation: Rich biodiversity is found
in Kenya. Commitment and actions towards
conservation can be improved to reduce the risk
of agrobiodiversity loss. About 70% of national
resources budgeted for biodiversity conservation
are reported to be allocated to areas outside
protected areas.xiii The country is, therefore,
encouraged to develop and implement policies
to support conservation and sustainable use
of agrobiodiversity, especially in agricultural
production.

Notable findings
•

Maintenance and use of indigenous knowledge:
The National Museums of Kenya document
indigenous knowledge on agrobiodiversity through
various research activities and contribute and apply
this information in other research and development
programmes.

•

Crop−livestock integration: About 82% of Kenya’s
agricultural land integrates crop and livestock
production. Such integrated systems can contribute
to more closed and efficient nutrient cycles, soil
fertility, and diversified and resilient production
systems.

•

Commitment from the highest level: A presidential
ban is in place on overexploited resources, including
indigenous trees, and is controlled by agencies
like the Kenya Forest Service and Kenya Wildlife
Service. Recently protected species included in the
presidential ban are African sandalwood and aloe,
among others.xiv

Sustainable production practices: Some practices
that negatively impact wild biodiversity associated
with provision of ecosystem services including wild
foods are major, including overgrazing, overuse
of fertilizers and pesticides, uncontrolled forest
clearing, and inappropriate water management.xi
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Risk assessment

FIGURE 3 – Increased risks related to low
agrobiodiversity levels in Kenya

Risks related to low agrobiodiversity

Low agrobiodiversity patterns in Kenya add to
multiple risks, particularly climate change losses,
land degradation, and biodiversity loss (Figure 3).
This is explained by the relatively low scores for
agrobiodiversity in production, species diversity and
soil biodiversity, and the limited scale of management
practices that are considered to favour agrobiodiversity,
such as sustainable soil management practices,
integrated pest management and avoided overgrazing.
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Reversing the risk assessment, the existing
agrobiodiversity and related actions and commitments
help build resilience to various risks (Figure 4). Current
management of agrobiodiversity particularly helps
to reduce poverty risks (e.g. through diversification
efforts in markets), and pests and diseases (e.g. through
management of disease-resistant varieties in genebanks
and seedbanks).

FIGURE 4 – Contributions of Agrobiodiversity Index indicators to resilience building in Kenya
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Note: All scores are scaled to a maximum of 100. Colours indicate relative scores of individual agrobiodiversity indicators that contribute to building
resilience for that specific risk area. No data available for pollinator biodiversity.
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Indicator trends
Spatial trends
In Kenya, 50% of agricultural land contains a minimum
of 10% of natural or semi-natural vegetation, particularly
on the coast and in the Rift valley (Figure 5A). This
suggests that agriculture is moderately intertwined

with the surrounding environment. Improving the
management of the relationship between agriculture
and natural vegetation is critical for agricultural and
environmental sustainability. Relatively diversified
production systems, with 11 to 22 crop species harvested
per (10x10km) land unit, are widespread in the country.
Higher production diversity patterns are located in the
western part of Kenya (Figure 5B). The soil biodiversity
index (Figure 5C) is medium-high across the country,
with lower potential in the arid and semi-arid regions.
Soil biodiversity helps build resilience to shocks and
long-term ecosystem sustainability.

FIGURE 5 – Spatial trends in agrobiodiversity indicators for sustainable agriculture, including A) agricultural land
with >10% natural or semi-natural vegetation; B) number of harvested crops per pixel, and C) soil biodiversity index
A

B

100

C

km

Agricultural landscapes embedding
Agriculture
>= 10% natural vegetation
< 10% natural vegetation

No. harvested crops per pixel

Soil
Soilbiodiversity
biodiversityindex
index

0
1-5
6-10
11-22
23-44
>= 45

High
High
Low
Low

Source: Adapted from: A) European Space Agency, 2017; B) Monfreda et al., 2008;xv C) European Soil Data Center, 2016.xvi

FIGURE 6 – Temporal trends in species diversity in
production in Kenya (Shannon diversity index)
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Temporal trends
In Kenya, species diversity in production fluctuates
around the 10-country average. A slight decrease in
species diversity was observed from 1965 to 1980.
This decrease may be due to the fact that in 1970
agriculture began to deteriorate due to drought and
declining government support for agriculture and rural
development. During the 1980s, yields of the main
food crops (cereals, pulses, roots and tubers) started
recovering and species diversity also increased again.
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Source: FAO, 2019xvii
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Context
•

In Nigeria, agriculture occupies about 78% of the
total land area (Figure 1A) and provides about 37%
of employment. In 2018, the agricultural sector
contributed to approximately 21% of gross domestic
product.i

•

Nigeria is the world’s largest producer of cassava
and the largest importer of rice.ii Sorghum (Sorghum
bicolor), cowpeas (Vigna unguiculata), and West
African rice (Oryza sativa) are some of the important
crops grown worldwide that originate from Nigeria.iii

•

Around 34% of young Nigeria children (6–23
months) consume a minimum diet diversity. Among
adults, the mortality rate attributable to inadequate
diets in 2017 was 169 per 100,000 population.iv

•

Biodiversity in forests, savannah woodlands and
coastal mangroves supports the food requirements
of 70%–80% of both rural and urban populations in
Nigeria. At the same time, agriculture, urbanization
and forest gains have been increasing in the past 30
years (Figure 1B).

•

The IUCN Red List estimates that in 2015 around
333 species across taxa were threatened in the
country due to reasons directly or indirectly
related to agriculture.v Risks to biodiversity
include overexploitation fueled by high population
growth, poor land use planning, pollution and
habitat degradation, partly due to unsustainable
agricultural practices.

FIGURE 1 – Major land use (A) and changes in major land use (B)
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Land cover − IPCC categories (2015)
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Source: Adapted from: A) European Space Agency 2017;vi B) Nowosad, et al. 2019.vii
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Agrobiodiversity
Index results
•

•

Nigeria scores medium for the present status of
agrobiodiversity (Figure 2A). Agrobiodiversity in
genetic resource management for future use options
adds most strongly to the status score, followed by
agrobiodiversity for healthy diets and for sustainable
agriculture. This trend indicates a recognition of the
role of agrobiodiversity across the three pillars.
The progress score is medium-low (Figure 2B).
While agrobiodiversity for future use options makes
a large contribution to the status score, actions to
support that continued status are mostly missing.

Nonetheless, the country expresses the ambition
to conserve biodiversity and achieve sustainable
agricultural production in the National Biodiversity
Strategy and Action Plan 2016–2020. Evidence for
actions to support genetic resource management of
agrobiodiversity in the country is very limited. There
is no reported data in the World Information and
Early Warning System (WIEWS) on Plant Genetic
Resources for Food and Agriculture about Nigeria,
and practices that favour in situ conservation are
observed on a very small scale.
•

Compared to the 10-country average, Nigeria scores
just below average in the status score and just
above average in the progress score. Its increasing
commitment and focus on health and nutritious
food can trigger public demand that helps unlock
the potential of agrobiodiversity use along the
value chain, from genetic resource management to
production and consumption.

FIGURE 2 – Overview of Agrobiodiversity Index scores for Nigeria
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(A) Status score

(B) Progress score
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TABLE 1 – Overview of the agrobiodiversity indicator scores per pillar for Nigeria

Commitment Level of commitment to enhancing consumption
and markets of agrobiodiversity for healthy diets

Pillar 1

Pillar 2

Pillar 3

Agrobiodiversity
in markets and
consumption for
healthy diets

Agrobiodiversity
in production
for sustainable
agriculture

Agrobiodiversity
in genetic
resource
management for
future options

50

Level of commitment to enhancing production and
maintenance of agrobiodiversity for sustainable
agriculture

33

Level of commitment to enhancing genetic
resource management of agrobiodiversity for
current and future use options
Actions

Consumption and market management practices
supporting agrobiodiversity

54

25

Production practices favouring agrobiodiversity
32
Production diversity-based practices
40
Genetic resource management practices
supporting agrobiodiversity
Status

0

Species diversity
81

49

90

Varietal diversity
91
Functional diversity
29
Underutilized/local species
35

22

Soil biodiversity
39
Pollinator biodiversity

Landscape complexity
45
Note: All scores are scaled from 0–100. The colour scheme was changed on 1 August 2019 to reflect more accurately the scores
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Leading practices
•

•

•

Commitment to improving agrobiodiversity
conservation and agricultural sustainability:
Nigeria’s National Biodiversity Strategy and Action
Plan 2016–2020 adopted 14 national targets that are
closely aligned with 5 Convention on Biological
Diversity strategic plans and 20 Aichi Biodiversity
targets. Performance indicators have been
developed to capture improvements in land use
management, pollution mitigation, payments for
ecosystem services, access to genetic resources and
national funding for biodiversity valorization.
Commitment to improving diets: The National
Strategic Plan of Action for Nutrition (2014–2019)
and the National Plan of Action on Food and
Nutrition reflect a relatively high commitment
to ensuring diversity in food availability and
combatting hunger, malnutrition and diet-related
non-communicable diseases at different levels of
society, from the national to community level. The
government aims to do so through programmes
that not only focus on high-value crops but
promote both production and consumption
of nonconventional (indigenous) food and
nutritionally adequate food. Food-based dietary
guidelines are available and food composition
databases include species and within-species
diversity information.

Production practices: Agricultural activities,
including slash-and-burn, uncontrolled forest
clearing and overharvesting, and overuse of
agrochemicals, are some widespread practices
that have negative impacts on wild biodiversity
associated with agriculture, including pollinators,
insects and wild foods, increasing the vulnerability
of the agroecosystems.

•

Healthy diets: Only 34% of young children in the
country consume a minimum diet diversity. Diets
are short in vegetables, fruits, nuts and seeds, whole
grains and animal-based products, and contribute
to 3,436 disability-adjusted life years per 100,000
population. While commitments to improved
diet quality and nutrition are explicit, the country
is encouraged to improve efforts to leverage the
potential of biodiversity for healthier diets.

Notable findings
•

Crop–livestock integration: About 75% of Nigeria’s
agricultural land integrates crop and livestock
production. Such integrated systems can contribute
to more closed and efficient nutrient cycles, soil
fertility and resilient crops.

•

Natural vegetation in agricultural landscapes:
In Nigeria, 55% of agricultural landscapes have
less than 10% natural or semi-natural vegetation,
particularly in the North, which might increase
ecosystem vulnerability. The country can benefit
from active management of such areas for both
agricultural and environmental sustainability.

•

Oil and biodiversity: Nigeria is the sixth largest
oil producer in the world, with petroleum export
revenue representing almost 83% of total export
revenue.viii Nigeria can play a pioneering role in
sustainably managing resource exploitation in
biodiversity hotspots such as the Niger Delta.

Public procurement: Public education programmes
(especially for maternal and child nutrition),
subsidies, school feeding programmes and nutrient
surveillance systems are set up to incentivize local
and healthy diets.

Areas for
improvement
•

•

International reporting and genetic resource
management practices: there is no information
available for Nigeria on the indicators of the
World Information and Early Warning System on
Plant Genetic Resources for Food and Agriculture
(WIEWS), and no country report in the FAO State of
the World Biodiversity for Food and Agriculture 2019.
In order to identify risks and opportunities related
to agrobiodiversity, the country is encouraged to
monitor and report in the WIEWS.
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Risk assessment

FIGURE 3 –Increased risks related to low
agrobiodiversity levels in Nigeria
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Risks related to low agrobiodiversity are quite equally
distributed, and all of them appear to be high (Figure 3).
Livelihoods in rural areas depend on natural resources
including agrobiodiversity, but its unsustainable
management and use contributes to environmental
degradation and risk of losses due to climate change.
Land degradation and biodiversity loss reduce in their
turn agricultural production, quality of foods, and
income generation.
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Reversing the risk assessment, the existing
agrobiodiversity and related actions and commitments,
help build resilience to various risks (Figure 4). Current
agrobiodiversity management in Nigeria contributes
most significantly to dealing with risks related to
pests and diseases, particularly through diversified
production systems and access to within-species
diversity.

FIGURE 4 – Contributions of Agrobiodiversity Index indicators to resilience building in Nigeria
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Note: All scores are scaled to a maximum of 100. Colours indicate relative scores of individual agrobiodiversity indicators that contribute to building
resilience for that specific risk area. No data available for pollinator biodiversity.
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Indicator trends

A medium-high number of crops is harvested across
the country, with a few areas that are less diverse
(Figure 5B). The soil biodiversity index (Figure 5C) is
average across the country with high potential in the
Niger Delta region.

Spatial trends
In Nigeria, 45% of agricultural land contains
a minimum of 10% of natural or semi-natural
vegetation (Figure 5A). Improving the management
of the relationship between agriculture and natural
vegetation can increase agricultural and environmental
sustainability.
FIGURE 5 – Spatial trends in agrobiodiversity indicators for sustainable agriculture, including agricultural land with >10%
natural or semi-natural vegetation (A); number of harvested crops per pixel (B), and soil biodiversity index (C)
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Source: Adapted from: A) European Space Agency 2017; B) Monfreda et al. 2008;ix C) European Soil Data Center 2016.x

FIGURE 6 – Temporal trends in species diversity in
production in Nigeria (Shannon diversity index)
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Species diversity in production has fluctuated from
1966 to 2013 and, in general, has declined over time
(Figure 6). The number of species (species richness) has
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production and therefore the equal distribution of
species (species evenness) has declined.
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Context
•

In Peru, agriculture occupies 19% of land area
(Figure 1A), provides 28% of employment,
and contributes 7% to gross domestic product.
Agricultural areas are mainly located in the
highlands, and patches within the Amazon.

•

Peru is part of the South American Vavilov centres
of plant domestication, with very high diversity for
62 plants including potatoes, beans, maize, tomatoes
and Capsicum pepper.

•

The country has one of the highest concentrations
of biodiversity in the world, hosting more than 2,145
species of fish (highest in the world), 4,000 species of
butterflies (highest in the world), 1,847 birds (third

in the world), 624 amphibians (fourth in the world),
and 523 mammals (fifth in the world).
•

About 78% of young children (6–23 months) in Peru
consume a minimum diet diversity. Among adults,
the mortality rate attributable to inadequate diets is
low compared to other countries at 107 per 100,000
population.

•

Peru’s agricultural biodiversity and ecosystem
services are under threat due to land use change
(Figure 1B), habitat loss and overexploitation.
About 44% of plant and 8% of animal species in
the country assessed by the International Union
for Conservation of Nature (IUCN) are threatened.
Deforestation has hit the Amazon forest particularly
hard, with an average rate of 118,000ha forest loss
per year. Clearing of land for agriculture is the
major cause.i

FIGURE 1 – Major land use (A) and changes in major land use (B)

A

B

Land cover − IPCC categories (2015)
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Source: Adapted from: A) European Space Agency 2017;ii B) Nowosad, et al. 2019.iii
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Agrobiodiversity
Index results
•

•

Peru scores medium-high for status of
agrobiodiversity (Figure 2A). The level of genetic
resources for future options and agrobiodiversity
in markets and consumption for healthy diets
contribute most strongly to this score, while the
contribution of agrobiodiversity in production is
relatively lower. This indicates that agrobiodiversity
is highly available in genetic resource management
and in markets and consumption, but that
its potential is still underused in agricultural
production systems.

policies exist and make note of agrobiodiversity,
specific strategies and targets to sustainably
use and conserve it are mostly missing. Current
actions to strengthen the use and conservation of
agrobiodiversity are stronger in terms of genetic
resource management to safeguard future options,
but weaker when it comes to using agrobiodiversity
sustainably in agriculture, markets and
consumption to improve farmers’ livelihoods and
people’s nutrition.
•

Compared to the 10-country average scores, Peru
outperforms on overall agrobiodiversity status,
and scores average on commitments and actions to
manage agrobiodiversity over time. This flags a risk
that agrobiodiversity is taken for granted and might
decline if no specific commitments or actions are
put in place.

The progress score shows that agrobiodiversityrelated commitments and actions that are in
place are medium-weak (Figure 2B). While many

FIGURE 2 – Overview of Agrobiodiversity Index scores for Peru
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TABLE 1 – Overview of the Agrobiodiversity Indicator scores per pillar for Peru

Commitment Level of commitment to enhancing consumption
and markets of agrobiodiversity for healthy diets

Pillar 1

Pillar 2

Pillar 3

Agrobiodiversity
in markets and
consumption for
healthy diets

Agrobiodiversity
in production
for sustainable
agriculture

Agrobiodiversity
in genetic
resource
management for
future options

50

Level of commitment to enhancing production and
maintenance of agrobiodiversity for sustainable
agriculture

38

Level of commitment to enhancing genetic
resource management of agrobiodiversity for
current and future use options
Actions

Consumption and market management practices
supporting agrobiodiversity

46

13

Production practices favouring agrobiodiversity
21
Production diversity-based practices
17
Genetic resource management practices
supporting agrobiodiversity
Status

29

Species diversity
86

29

92

Varietal diversity
96
Functional diversity
42
Underutilized/local species
44

36

Soil biodiversity
41
Pollinator biodiversity

Landscape complexity
68
Note: All scores are scaled from 0–100. The colour scheme was changed on 1 August 2019 to reflect more accurately the scores
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Leading practices
•

•

•

In situ conservation: Around 67% of wild useful
plants in Peru are well conserved in situ. The
country has established agrobiodiversity hotspot
areas, like the Potato Park, home to a large
diversity of potatoes, to protect and conserve its
agrobiodiversity in situ.
International reporting on agrobiodiversity: Peru
systematically reports on 86% of indicators to the
World Information and Early Warning System
(WIEWS) on Plant Genetic Resources for Food and
Agriculture. Peru also contributed an in-depth
country profile to the FAO State of the World’s
Biodiversity for Food and Agriculture 2019.
Land sharing: About 67% of Peru’s agricultural
land includes more than 10% natural vegetation,
suggesting that agriculture is integrated with the
surrounding environment and provides habitat and
habitat connectivity for biodiversity. Agroforestry
is managed on 27% of agricultural land, more
than double the 10-country average (10.5%). As
agricultural land is expanding, it will be very
important to carefully manage the interaction
between agricultural and natural vegetation.

Areas for
improvement
•

Explicit strategies and targets: Commitment to
managing the richness of agrobiodiversity for
sustainable agriculture, healthy diets and future
use options can be made explicit through the
identification of dedicated strategies and targets.

•

Sustainable production practices: The Sustainable
Nitrogen Management Index (SNMI) shows
that Peru performs low on sustainable nitrogen
management, including nitrogen use efficiency,
indicating a risk for nutrient run-off and
environmental pollution. Pesticide use is also high
at 5kg per ha. However, Peru has committed to
banning the use of highly toxic pesticides. More
careful management of pesticides and fertilizers
can reduce negative effects of agriculture on
biodiversity.

•

Food-based dietary guidelines: Despite Peru’s very
rich culinary history, and high biodiversity for food
and nutrition, locally adapted food-based dietary
guidelines are not yet available. The potential of
between-species and within-species diversity for
healthy diets can be explored in such guidelines
and in food composition tables.

Notable findings
•

Relatively high scores across all three
Agrobiodiversity Index pillars: Peru has higher
status and progress scores in agrobiodiversity for
healthy diets, for sustainable agriculture and for
future options compared to other countries. Other
countries from the sample often perform highly in
one or two of the pillars.

•

Civil society engagement: While Peru shows a
moderate commitment to achieving diversified and
healthy diets, some policies stand out. Learning
from the development process of the National
Strategy for Food and Nutrition Security 2013–2021,
the country has adopted a multisectoral approach
to food security and nutrition whereby food and
nutrition security programmes are co-managed by
decentralized governing bodies together with civil
society.

•

Useful wild plants: while most countries score
very low on the in situ and ex situ conservation
of useful wild plants, in Peru 67% of useful wild
plants are conserved in situ and 4.7% ex situ.

•

Markets and production: Peru’s species diversity
in supply, production, export and import has
gradually increased over the years but more
recently it has stagnated and even declined.
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Risk assessment

FIGURE 3 – Increased risks related to low
agrobiodiversity levels in Peru
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The country is modestly exposed to multiple risks related
to low agrobiodiversity or poor actions and commitment
related to its sustainable use and conservation (Figure
3). Contributing to the risk of land degradation is the
relatively low species diversity per unit of land area in
production systems, the critically low soil biodiversity
in certain areas of the country, and the limited actions
in place that support agrobiodiversity for sustainable
agriculture. For example, the proportion of agricultural
land under conservation agriculture or organic
agriculture is close to zero. Together with the trends in
land use change described in the context section, this
exposes Peru to increased risks of land degradation.
Contributing to the risk for losses due to climate change
are the relative low species diversity in production
systems and areas with low soil biodiversity.
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Resilience building
agrobiodiversity management in Peru contributes most
significantly to managing the risks of pests and diseases,
poverty trap and biodiversity loss. In particular, much of
Peru’s agricultural land contains a significant amount of
natural or semi-natural vegetation, which plays a critical
role as biodiversity habitat.

Reversing the risk assessment, the existing
agrobiodiversity and related actions and commitments
help build resilience to various risks (Figure 4). Current

FIGURE 4 – Contributions of Agrobiodiversity Index indicators to resilience building in Peru
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Note: All scores are scaled to a maximum of 100. Colours indicate relative scores of individual agrobiodiversity indicators that contribute to building
resilience for that specific risk area. No data available for pollinator biodiversity.
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Indicator trends

agriculture and natural vegetation is critical for
agricultural and environmental sustainability in the
country.

Spatial trends
In Peru, 67% of agricultural land contains a minimum
of 10% of natural or semi-natural vegetation (Figure 6A),
suggesting that agriculture is very much interconnected
with the surrounding ecosystem. Continued and
improved management of this relationship between

The number of crop species harvested per land unit
(10x10 km) is medium-low (Figure 5B). In several
regions, no more than five crops per land unit are
harvested on an annual base. Overdependence on a
few crops can increase risks to environmental and
economic shocks. Soil biodiversity potential (Figure 5C)
is particularly high in the Amazon, and critically low in
the dry areas in the southwest.

FIGURE 5 – Spatial trends in agrobiodiversity indicators for sustainable agriculture, including agricultural land with
> 10% natural or semi-natural vegetation (A); number of harvested crops per pixel (B), and soil biodiversity index (C)
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Source: Adapted from: A) European Space Agency 2017; B) Monfreda et al. 2008;iv C) European Soil Data Center 2016.v

FIGURE 6 – Temporal trends in species diversity in
production in Peru (Shannon diversity index)
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Temporal trends in species diversity in production
(Figure 6) illustrate a gradual increase in species
diversity from 1965 on, reaching above-average levels in
2005. This increase, however, has leveled off and slightly
declined more recently. In parallel to Peru’s production
diversity, species diversity in Peru’s agricultural export
and import has also increased over the last 50 years.
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Source: FAO, 2019vi
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Context
•

South Africa’s agriculture is characterized by a dual
economy, with a well-developed commercial sector
alongside predominantly subsistence farming in
communal areas, where it remains the primary
source of employment.i

•

•

Only 40% of young children (6–23 months) consume
a minimum diet diversity.iii Among adults, the
mortality rate attributable to inadequate diets is 219
per 100,000 population.

•

Major land use changes include urbanization,
agricultural expansion and net deforestation
(despite afforestation efforts in other areas) (Figure
1B).

•

The IUCN Red List estimates that around 603
species across taxa are threatened in the country
due to various reasons, including those directly or
indirectly related to agriculture.

About 80% of the total land is used for agriculture,
of which 13% is arable and suitable for commercial
crop production, while the rest is used as rangeland
for grazing cattle, sheep and goats (Figure 1A).ii

FIGURE 1 – Major land use (A) and changes in major land use (B)
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Land cover − IPCC categories (2015)
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Source: Adapted from: A) European Space Agency 2017;iv B) Nowosad, et al. 2019.v
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Soth Africa – Country profile

Agrobiodiversity
Index results
•

South Africa scores medium for the present status
of agrobiodiversity (Figure 2A). Agrobiodiversity
in genetic resource management for future
options adds most strongly to the status score,
followed by agrobiodiversity in markets and
consumption for healthy diets and a relatively low
score on agrobiodiversity in production systems
for sustainable agriculture. This trend indicates
that genetic resources are highly available and
can be further unlocked for sustainable use in
consumption and production.

•

The progress score is medium-low (Figure 2B).
Specific strategies and targets to use the available
agrobiodiversity for sustainable agriculture are
mostly absent in the sources analyzed. On the
positive side, South Africa showed an explicit
ambition to diversify diets in its Roadmap for
Nutrition in South Africa (2013−2017).

•

Compared to the 10-country average, South Africa
scores just below average for status score and above
average for the progress scores. Its increasing focus
on and commitment to the role of agrobiodiversity
for nutrition can trigger demand that helps unlock
the potential of agrobiodiversity along the value
chain, from genetic resource management to
production and consumption.

FIGURE 2 – Overview of Agrobiodiversity Index scores for South Africa

SOUTH AF fig. 2
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(B) Progress score
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TABLE 1 – Overview of the Agrobiodiversity Indicator scores per pillar for Peru

Commitment Level of commitment to enhancing consumption
and markets of agrobiodiversity for healthy diets

Pillar 1

Pillar 2

Pillar 3

Agrobiodiversity
in markets and
consumption for
healthy diets

Agrobiodiversity
in production
for sustainable
agriculture

Agrobiodiversity
in genetic
resource
management for
future options

50

Level of commitment to enhancing production and
maintenance of agrobiodiversity for sustainable
agriculture

48

Level of commitment to enhancing genetic
resource management of agrobiodiversity for
current and future use options
Actions

Consumption and market management practices
supporting agrobiodiversity

46

25

Production practices favouring agrobiodiversity
25
Production diversity-based practices
40
Genetic resource management practices
supporting agrobiodiversity
Status

21

Species diversity
81

23

96

Varietal diversity
99
Functional diversity
20
Underutilized/local species
48

22

Soil biodiversity
30
Pollinator biodiversity

Landscape complexity
50
Note: All scores are scaled from 0–100. The colour scheme was changed on 1 August 2019 to reflect more accurately the scores
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Leading practices
•

Landscape-based initiatives: South Africa reports
hosting seven integrated landscape management
initiatives, aimed at concurrently improving
sustainable production, conservation, livelihoods
and governance. Research in the country is the most
active on the continent when it comes to assessing
various provisioning, regulating, supporting and
cultural ecosystem services.vi

•

Subsidies or payments to incentivize sustainable
agricultural practices: South Africa deducts the
expenditures incurred by taxpayers to conserve
or maintain land, based on a 5-year biodiversity
management agreement.

•

International reporting on agrobiodiversity: South
Africa systematically reports on 61% of indicators to
the World Information and Early Warning System
(WIEWS) on Plant Genetic Resources for Food
and Agriculture. However, the country did not
contribute an in-depth country profile to the FAO
State of the World’s Biodiversity in Food and Agriculture
2019.

Areas for
improvement
•

Biodiversity for food and nutrition: South Africa
struggles with a large malnutrition problem. Still
60% of children (6–23 months) in the country
do not consume a minimum diet diversity. The
rate of chronic malnutrition (stunting) among
children, which had been declining, has increased
again during the last ten years, reaching 27%.vii
Among adults, 65% of women and 40% of men are
overweight. Consumption of vegetables, fruits,
nuts and seeds is very low, while sugar-sweetened
beverages are overconsumed.

•

Sustainable production practices: Actions targeted
at avoiding overuse of chemical controls while
fostering and encouraging sustainable production
practices − such as organic agriculture, agroforestry
and conservation agriculture − are still rare in the
country.

•

Multisectoral coordination: The National Policy
on Food and Nutrition Security recognizes climate
change, globalization and lack of coordinated

market interventions as key elements for
guaranteeing the provision of nutritious food and
healthy diets, especially for the poor. Considering
that, further multisectoral coordination and
commitments are recommended.

Notable findings
•

In situ and ex situ conservation: The strategic plan
of the South African Department of Agriculture,
Forestry and Fisheries proposes specific targets for
in situ and ex situ conservation of plants and animals.
This plan also ensures the protection of indigenous
genetic resources for food and agriculture
management. About 41% of useful wild plants are
conserved in situ, but only 2% are conserved ex situ.

•

Crop–livestock integration: About 75% of South
Africa’s agricultural land integrates crop and
livestock production. Such integrated systems can
contribute to more closed and efficient nutrient
cycles, soil fertility and crop diversification.

•

Export: South African exports worldwide foods
which are extremely important for food security,
especially in the African continent. The number of
reported species in food exports from South Africa
has steadily increased over time, from 42 in 1960 to
71 in 2013.
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Risk assessment

FIGURE 3 – Increased risks related to low
agrobiodiversity levels in South Africa

Risks related to low agrobiodiversity

South Africa is exposed to all six risks areas related to
low agrobiodiversity (Figure 3), with risks of climate
change and land degradation recording higher
levels than the others. Land degradation risks can
be explained by the relatively high use of chemicals
in production and the strong focus on agricultural
intensification. Medium-low actions and commitments
to managing and using agrobiodiversity as an
adaptation mechanism contribute to these risks as well.
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Reversing the risk assessment, the existing
agrobiodiversity and current agrobiodiversity
management help build resilience in various areas
(Figure 4). Most significant are the country’s efforts to
manage risks related to pests and diseases through the
use and conservation of varietal diversity.

FIGURE 4 – Contributions of Agrobiodiversity Index indicators to resilience building in South Africa
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Note: All scores are scaled to a maximum of 100. Colours indicate relative scores of individual agrobiodiversity indicators that contribute to building
resilience for that specific risk area. No data available for pollinator biodiversity.

86

Soth Africa – Country profile

Indicator trends
Spatial trends
In South Africa, around 50% of agricultural land
contains a minimum of 10% of natural or semi-natural
vegetation (Figure 5A), suggesting that agriculture is
quite interconnected with the surrounding ecosystem.

Continued management of the relationship between
agriculture and natural vegetation is critical for
agricultural and environmental sustainability.
Production systems range from less to more diversified
ones. The number of crop species harvested per pixel
varies greatly across the country, with higher values in
some regions, including Highveld and Lowveld (Figure
5B). The soil biodiversity index (Figure 5C) is mediumlow in the western areas which are mostly semi-desert
with lower rainfall.

FIGURE 5 – Spatial trends in agrobiodiversity indicators for sustainable agriculture, including agricultural land with >10%
natural or semi-natural vegetation (A); number of harvested crops per pixel (B), and soil biodiversity index (C)
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Source: Adapted from: A) European Space Agency, 2017; B) Monfreda et al., 2008;viii C) European Soil Data Center, 2016.ix

FIGURE 6 – Temporal trends in species diversity in
production in South Africa (Shannon diversity Index)
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Temporal trends
In South Africa, species diversity in production has
fluctuated over time, but remained stable and below
average, from 1965 to 2013 (Figure 6). During these
years, South Africa has also been a main exporter of
food, and the number of species in the country’s exports
has increased over time. In 1965, 44 out of 65 major
species produced were partly exported, while in 2013,
71 out of 72 major species produced, were exported. A
similar trend is observed in the number of species being
imported, which increased from 42 in 1965 to 78 major
species in 2013.

Year
Species Diversity 10 countries

Species Diversity Production

Source: FAO, 2019x
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United States of America –
Country profile
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Context
•

In the USA, agriculture and pasture occupy about
44% of the total land area (Figure 1A) and provide
about 1.4% of employment. In 2017, this sector
contributed to approximately 1.0% of gross domestic
product.i The USA is a major producer of maize as
feed grain, cotton, soybeans, fruit, sugar, vegetables
and nuts.

•

Among adults, the mortality rate attributable to
inadequate diets is 171 per 100,000 population.ii
Overall consumption of food groups is too low for
vegetables, fruits, whole grains, nuts and seeds, and
too high for processed and red meats, and sugarsweetened beverages.iii

•

The USA hosts one of the four major national
genebanks in the world at the National Center for
Genetic Resources Preservation, with over 580,000
crop samples. The USA is home to roughly 13%
of native species identified worldwide and crop
wild relatives, and has three biodiversity hotspots:
the California Floristic Province (spanning from
California to Oregon), the Madrean Pine-Oak
Woodlands (in Arizona, New Mexico and Texas)
and the North American Coastal Plain.iv, v

•

Major changes in land use include urbanization and
reforestation (Figure 1B).

•

The IUCN Red List estimates that in 2015 around
1,300 species across taxa were threatened in the
country due to various reasons, including those
directly or indirectly related to agriculture.vi Over
the past 35 years, crop diversity has decreased
considerably due to many factors, including the
expansion of corn, wheat, soybeans and upland
cotton production systems.

FIGURE 1 – Major land use (A) and changes in major land use (B)
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Source: Adapted from: A) European Space Agency 2017;vii B) Nowosad, et al. 2019.viii
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Agrobiodiversity
Index results
•

•

The USA scores medium for the present status
of agrobiodiversity. Agrobiodiversity in genetic
resource management for future options contributes
most strongly to the status score, followed by
agrobiodiversity in markets and consumption for
healthy diets and agrobiodiversity in production
systems for sustainable agriculture.
The progress score appears to be low. In fact,
specific targets with time-bound thresholds for

conservation or sustainable use of the available
agrobiodiversity are mostly missing in the sources
analyzed. On the positive side, the USA shows
a strong commitment to increasing the number
of healthy people. The country is also putting
in place strong actions to diversify production,
through crop–livestock systems, and to incorporate
agrobiodiversity in production systems for
sustainable agriculture.
•

Compared to the 10-country average, the USA
scores below average in both status and progress
scores. The country’s increasing focus on health
and nutritious food can trigger public demand that
helps unlock the potential of agrobiodiversity along
the value chain, from genetic resource management
to production and consumption.

FIGURE 2 – Overview of Agrobiodiversity Index scores for the USA

USA AF fig. 2

(A) Status score

(B) Progress score

53%

28%

Agrobiodiversity for healthy diets

Actions on agrobiodiversity for healthy diets

Agrobiodiversity for sustainable agriculture

Actions on agrobiodiversity for sustainable agriculture

Agrobiodiversity for future options

Actions on agrobiodiversity for future options
Commitment on agrobiodiversity for healthy diets
Commitment on agrobiodiversity for sustainable agriculture
Commitment on agrobiodiversity for future options

91

Agrobiodiversity Index Report 2019 – Risk and Resilience

TABLE 1 – Overview of the agrobiodiversity indicator scores per pillar for the USA

Commitment Level of commitment to enhancing consumption
and markets of agrobiodiversity for healthy diets

Pillar 1

Pillar 2

Pillar 3

Agrobiodiversity
in markets and
consumption for
healthy diets

Agrobiodiversity
in production
for sustainable
agriculture

Agrobiodiversity
in genetic
resource
management for
future options

50

Level of commitment to enhancing production and
maintenance of agrobiodiversity for sustainable
agriculture

29

Level of commitment to enhancing genetic
resource management of agrobiodiversity for
current and future use options
Actions

Consumption and market management practices
supporting agrobiodiversity

21

25

Production practices favouring agrobiodiversity
21
Production diversity-based practices
51
Genetic resource management practices
supporting agrobiodiversity
Status

8

Species diversity
86

30

97

Varietal diversity
99
Functional diversity
25
Underutilized/local species
56

19

Soil biodiversity
26
Pollinator biodiversity

Landscape complexity
43
Note: All scores are scaled from 0–100. The colour scheme was changed on 1 August 2019 to reflect more accurately the scores
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Leading practices

to achieve both agricultural and environmental
sustainability.
•

•

•

•

Ex situ and in situ conservation: The USA hosts
one of the four major national genebanks in the
world at the National Center for Genetic Resources
Preservation, with about 580,000 crop samples.
The country is home to about 13% of native
species identified worldwide, and to many crop
wild relatives. It hosts three biodiversity hotspots:
the California Floristic Province (spanning from
California to Oregon), the Madrean Pine-Oak
Woodlands (in Arizona, New Mexico and Texas)
and the North American Coastal Plain.
Crop–livestock combinations in agricultural
landscapes: Around 89% of agricultural land in
the USA integrates crop and livestock production.
Such integrated systems can contribute to more
closed and efficient nutrient cycles, soil fertility, and
diversified and resilient production system.
Agrobiodiversity in supply systems for healthy
diets: Commitments to improving diet diversity
can be seen from the Healthy People 2020 initiative,
managed by the Disease Prevention and Health
Promotion Office at the United States Department
of Health and Human Services. This includes
increasing public awareness, access to retail
outlets selling a wider variety of foods, and public
procurement through provision of nutritious foods
in schools.

Areas for
improvement
•

Agrobiodiversity for more sustainable
agriculture: Simplification and intensification of
agricultural landscapes in the USA increase risks
of land degradation, losses due to climate change,
biodiversity loss and rural poverty. The maps in
Figure 5 show that in many cases the number of
species per land unit are five or lower in large
agricultural areas in the country.

•

Management of natural vegetation in agricultural
landscapes: About 43% of agricultural land
includes more than 10% of natural or semi-natural
vegetation, suggesting that agriculture is quite
interconnected with the surrounding ecosystem,
but this relationship can be improved. The country
could benefit from active management of such areas

Avoiding overuse of fertilizers and pesticides:
Chemical control mechanisms in agriculture are
highly used. Five crops – corn, cotton, fall potatoes,
soybeans and wheat – account for nearly two-thirds
of the volume of pesticide applied. In the USA,
total fertilizer use in agriculture rose rapidly from
1950 to 1980, then started leveling off. Since 1980,
nitrogen use has increased at a more modest rate
while phosphate and potash use declined slightly.ix

Notable findings
•

In situ conservation of pollinators: The USA’s
National Strategy to Promote the Health of Honey
Bees and Other Pollinators aims to improve
pollinator habitat and reduce stressors affecting
pollinators. The Conservation Stewardship Program
(CSP) provides long-term stewardship payments to
landowners who implement advanced conservation
systems. As of 2015, nearly 3,000 CSP contract
holders had established pollinator habitats in noncropped areas on their lands.x

•

Genetically modified crops: In parts of the USA
where genetically modified glyphosate-resistant
crop cultivars have been adopted, this has led to
a simplification of landscapes as crop rotation has
declined.xi On the other hand, the USA reports that
the use of genetically modified crops, such as Bt
maize, has led to a decrease in the application of
insecticides, and that the use of herbicide-tolerant
varieties has increased levels of adoption of
conservation agriculture.xii

•

Increased efficiency through technologies:
Using technologies such as precision agriculture
is recognized as a strong strategy for reducing
unwanted negative effects from agriculture. The
USA can play a pioneering role in extending the
potential of such technologies to transition from
shallow sustainability to deeper regenerative
agriculture.
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Risk assessment

FIGURE 3 – Increased risks related to low
agrobiodiversity levels in USA
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Multiple risks are elevated because of certain low
agrobiodiversity patterns (Figure 3). The combination
of low species diversity in production, limited natural
vegetation in agricultural land, and low soil biodiversity
increases the risks of losses due to climate change and
land degradation.

Reversing the risk assessment, the existing
agrobiodiversity and related actions and commitments
help build resilience to various risks (Figure 4). Current
agrobiodiversity management in the USA contributes
most significantly to managing risks related to
malnutrition, through the use of species diversity as
well as underutilized and local species.
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FIGURE 4 – Contributions of Agrobiodiversity Index indicators to resilience building in the USA
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Note: All scores are scaled to a maximum of 100. Colours indicate relative scores of individual agrobiodiversity indicators that contribute to building
resilience for that specific risk area. No data available for pollinator biodiversity.
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Indicator trends
Spatial trends
In the USA, 43% of agricultural land contains a
minimum of 10% of natural or semi-natural vegetation
(Figure 5A), suggesting that agriculture is not well
interconnected with natural vegetation. Improving the

management of this relationship between agriculture
and natural vegetation can contribute to agricultural
and environmental sustainability. Low numbers of
crop species harvested per pixel suggest that simplified
production systems strongly dominate the country, with
a few higher values on the lower West Coast (Figure 5B).
The soil biodiversity index (Figure 5C) is low across the
country compared to other countries, with higher values
in some areas on the East Coast. This flags increased risk
of soil degradation.

FIGURE 5 – Spatial trends in agrobiodiversity indicators for sustainable agriculture, including agricultural land with
>10% natural or semi-natural vegetation (A); number of harvested crops per pixel (B), and soil biodiversity index (C)
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FIGURE 6 – Temporal trends in species diversity in
production in the USA (Shannon diversity index)
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Species diversity in USA’s agricultural production has
been declining between 1965 and 2013 (Figure 6). This
decline is mainly explained by the strongly increased
dominance of maize, in terms of production quantity
and land area, and secondly soybeans. Species diversity
in total import and export have increased over this same
period.
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Thought
Pieces

Floating fruit and vegetable market on the Barito river,
Indonesia. Credit: Bioversity International/F. De la Cruz

Policies and finance to spur appropriate
private-sector engagement in food systems
Implications for mainstreaming agrobiodiversity
Greg S. Garrett, Laura Platenkamp, Mduduzi N.N. Mbuya

KEY MESSAGES:
> Industry players – from smallholder farmers to multinational companies – are critical actors in the
food system and have a collective role to play in shaping and conserving agrobiodiversity.
> The private sector requires more incentives and meaningful deterrents to shift food systems towards
the provision of more biodiverse, sustainable and healthy diets.
> There are public policies as well as private financing mechanisms, which appear to be improving
appropriate private-sector production and productivity techniques and outputs. These include fiscal
policies and subsidies on the one hand, and blended financing initiatives on the other.
> In addition, a handful of large initiatives led by the private sector are helping to drive change.
> Here we summarize a number of these policies, financing mechanisms and private-sector initiatives,
and discuss how each approach could be applied to mainstreaming agrobiodiversity in food systems
to reduce the risks of poor nutrition and improve planetary health.
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Introduction
Agrobiodiversity can increase resilience, soil health
and water quality while reducing the need for costly
artificial inputs such as fertilizers and pesticides in
food production systems. Farming systems which are
high in agrobiodiversity produce lower greenhouse gas
emissions than those with less agrobiodiversity (1). For
these reasons, agrobiodiversity can help reduce risks to
planetary health. Further, improved agrobiodiversity
appears to reduce dietary risks to human health with
a growing body of evidence that food biodiversity
improves diets and nutrition (2, 3). The 2019 EAT–Lancet
Commission Report underscores this, by emphasizing
the inextricable links between human health and
planetary health considering environmental constraints,
healthy diets and population growth trends (4).
Agrobiodiversity can contribute to human nutrition
through several pathways including the provision
of genetic resources for future adaptation (e.g.
biofortification), improving dietary diversity and
quality, and enhancing income.
Industry players – from smallholder farmers through
to multinational companies – are critical actors in the
food system. Because they facilitate the maintenance of
environmental and genetic resources and the adoption
of supportive agricultural management systems and
practices, they have a collective role to play in shaping
and conserving agrobiodiversity.
Shifting food systems towards the provision of more
biodiverse, sustainable and healthy diets will take
time. More appropriate and effective private sector
engagement and action are critical towards this
outcome. Here we argue that the private sector requires
more incentives to use agrobiodiversity, and produce
and market the components of healthy diets. It also
needs meaningful deterrents to reduce the production
and marketing of unhealthy components.
Fortuitously, there are public policies and private
financing which appear to be improving appropriate
private-sector production and productivity techniques
and outputs. These include fiscal policies and subsidies
on the one hand, and innovative financing initiatives,
which are increasing the production of affordable,
nutritious foods, on the other (5). In addition, a handful
of large private sector-led initiatives are helping to drive
change. Here we summarize a number of these policies,
financing mechanisms and private-sector initiatives,
and discuss how each approach might be applicable
to mainstreaming agrobiodiversity in food systems to
reduce the risks of poor nutrition and improve planetary
health.
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Diet-related public
policies
Fiscal policies and subsidies
Fiscal policies in food systems can be traced back at least
a century to when Finland started taxing sugary foods
in 1926 (6). Since 2011, when the UN General Assembly
recommended ‘fiscal measures’ as one approach to
improve diets, momentum has been growing to use
these instruments in national health and nutrition
plans (7).
Taxation and subsidies can increase the purchase of
healthier foods and decrease the purchase of products
high in salt, fat or sugar. A 2016 systematic review on
the effectiveness of these policies indicated that taxing
sugar-sweetened beverages generally increased the
price, leading to a subsequent decrease in demand (8).
Further, the review found that taxation and subsidies
can lead to an increase of purchase of healthier foods
and a decrease of purchase of products high in salt, fat
or sugar (7).
Today, 39 countries report using fiscal policies to
improve dietary intake, with more than half of these
increasing taxes on unhealthy foods and beverages
(Figure 1). Further, these policies generally result in a
reduction in net energy. Twenty-three percent of the
reporting countries use fiscal policies to improve dietary
intake by subsidizing common items like breads, cereals,
pasta, rice, cereals, yoghurt, cheeses, milk, oils, fresh
meat, and fruits and vegetables (7).

FIGURE 1 – Type of fiscal policies influencing foods and
beverages (F&B) among 39 countries reporting (7)
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FIGURE 2 – Legislation for the fortification of grains (wheat, maize or rice) (12)
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How could fiscal policies and subsidies be used to
support the uptake of biodiverse foods for healthy
diverse diets?
It appears that well-designed food-related fiscal policies
and subsidies can improve diets and help prevent
non-communicable diseases. They offer potential to
stimulate the production and consumption of more
agrobiodiverse food by supporting biodiversity-friendly
production methods such as agroforestry systems,
permaculture and organic agriculture.
Reducing tax and increasing subsidies on nutrientdense species and varieties, for instance on fruit and
vegetables, and high-nutrient local cereals (e.g. millets,
sorghum, quinoa) could be an effective way to nudge
consumer behaviour towards healthier diet choices.
It is worth examining potential fiscal policies that are
beneficial to public health as well as to agrobiodiversity.
In theory, a well-designed, coherent sugar-related
tax, for example, could disincentivize the amount
and type of sugar produced, leading to lower
cultivation of sugar crops which in turn opens space
for increased production of other species, reversing
the loss of agrobiodiversity associated with sugarcane
monocropping (9). Similarly, well-designed edible oil
taxes could help mitigate monocropping of palm oil.
Palm oil is linked to an increase in cardiovascular
disease whilst at the same time the production of palm
oil, which has increased greatly over the last decades,
has contributed to 8% of global deforestation, mainly
in Indonesia and Malaysia (8). Last, the revenues
generated from these food taxes could be reinvested to
encourage more biodiverse food systems. Examples of
this reinvestment of tax revenue include the Healthy

Diné Nation Act by Navajo Nation, which uses revenues
generated by taxing unhealthy food products towards
projects in farming, greenhouses, vegetable gardens and
farmers’ markets, and French Polynesia where revenue
was earmarked for health (10).

Micronutrient-specific policies
Biofortification and large-scale industrial food
fortification have become important interventions to
improve nutrition through public–private collaboration
in many low- and middle-income countries (LMIC).
Public–private partnerships are critical to ensure each
intervention reaches its desired public health impact
by taking advantage of the government’s respective
strengths in regulations and public oversight on the one
hand, and deep market penetration and innovations in
processing, marketing and communication of the private
sector on the other.
Large-scale food fortification is one of the best examples
in the food and nutrition sector of a scaled and
impactful systemic partnership between business and
government (11). Food fortification policies typically
require an entire nation’s staple food processing
industry to add specific levels of micronutrients. Today,
88 countries mandate the fortification of at least one
kind of cereal grain (Figure 2) (12). Tens of thousands of
small, medium and large food-processing companies
add nutrients to foods resulting in significant health
impacts and ongoing prevention of hidden hunger (13).
Biofortification (breeding crops to increase their
nutrient content) complements both dietary diversity
and industrial food fortification. It is now supported by
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approximately 30 governments and delivers vitamins
and minerals to more than 20 million people in farm
households who have limited access to micronutrients
(14). Most of these governments have formally integrated
biofortification in their nutrition and agriculture policies
(14).

How can public policies which improve
micronutrient intake be used to improve
agrobiodiversity?
Micronutrient deficiency mitigation policies which
encourage biofortification and large-scale food
fortification of staple crops should start to look at
complementing these with policies that encourage
increased production and consumption of naturally
occurring nutrient-dense local and traditional species
and varieties.
Governments can build on these policies to promote
local and traditional species and varieties that are
known to have naturally occurring high levels of
desired micronutrients. These policies can encourage
smallholder farmers to grow existing but lessknown crop species and varieties that are high in
micronutrients. One advantage of this approach would
be an increase in the use of traditional crops which are
culturally relevant and adapted to local ecologies.
In addition, policymakers could focus on agricultural
biodiversity policies that reinforce dietary diversity
and better situate biofortification within the larger
context of sustainable food-based approaches. Last,
policies targeting the food-processing industry to add
micronutrients to staple crops at the processing stage
can ensure micronutrient awareness campaigns for the
general population are well designed and effectively
targeted. An explicit focus should be to improve
consumers’ knowledge, acceptance and uptake of both
traditional and modern sources of micronutrients in
the diet with a recognition of diet diversification as the
aspirational ideal.

Private financing
for more
sustainable,
nutritious food
systems
There are significant opportunities for investing
responsibly in the agri-food industry, and this
financing is key in driving change towards a more
sustainable, food-secure future (15). According to the
Business and Sustainable Development Commission,
business opportunities related to achieving the
food-related Sustainable Development Goals could
be worth more than US$2 trillion a year by 2030 (16).
Low- and middle-income countries represent more
than two-thirds of this opportunity (16). This includes
up to US$255 billion in meeting the increasing food
requirements of people emerging out of extreme
poverty, up to US$405 billion in reducing food
waste in value chains, and up to US$200 billion in
the reformulation of products in order to increase
nutritional value.
Take the African continent as a case study of this
opportunity. Currently there are over 1 billion people
in the African consumer market, and expectations
are that this is going to increase to over 2 billion by
2050 (17). The African consumer market comprises
over 220 million people between 15 and 25 (18). These
individuals are likely to grow up to be more conscious
of their health, and therefore of the quality of their
food.
Small and medium enterprises (SMEs) create around
80% of Africa’s employment (19). Financing the agrifood industry, especially SMEs, represents a strong
opportunity to improve sustainable, nutritious diets
if done in a smart and responsible way. However,
there are barriers. A study commissioned by the
Global Alliance for Improved Nutrition (GAIN) and
completed by Dalberg in late 2017, found that for over
300 African SMEs, access to finance came up as the top
barrier to the growth and delivery of nutritious foods
(20). In May 2018, GAIN commissioned iGravity Impact
Investment to assess the financial needs of enterprises
working in food value chains in Kenya and Tanzania.
Their estimates showed that the total financing needs
for investments to improve the delivery of nutritious
foods from national companies in these two countries
alone could be around US$5.7 billion (20). One of the
issues holding back this financing is that local banks
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often do not have the risk appetite to lend into the
agri-food SME sector about which they have little
knowledge and which is relatively young and dynamic.
Blended finance and impact investing are relatively
recent innovations that can help overcome these
barriers.

Blended finance and impact investing
Blended finance, or the use of public or philanthropic
capital to spur private-sector investment in projects
aimed at achieving the Sustainable Development Goals,
offers a significant opportunity to make diets more
sustainable, diverse and nutritious. Blended finance
can help de-risk and unlock the unmet investment
needs among agri-food SMEs. Blending less risk-averse
financing from the public sector as grants, soft loans,
mezzanine finance and guarantees can encourage
more nutrition-sensitive private investment to flow into
private-sector food businesses (Box 1).

BOX 1 – Case study. Marketplace for Nutritious
Foods

The Marketplace for Nutritious Foods is a platform that
focuses on providing highly concessional funds and technical
assistance to qualifying small and medium enterprises
(SMEs). In turn, this helps stimulate innovation, spurs growth,
and helps businesses produce safe and nutritious foods for
low-income consumers.
The Global Alliance for Improved Nutrition (GAIN), with
support from USAID and the Feed the Future Initiative,
designed the programme in 2013. With a mix of public- and
private-sector technical and financial assistance, SMEs
in, for example, horticulture and aquaculture make their
products more available, affordable, desirable and profitable.
The platform to date has worked with around 500 such firms
to get more servings of nutritious foods (such as beans, fish,
peanuts and chicken) into markets in five countries in Africa
and Asia, and to make those servings cheaper. Independent
evaluations show some achievements. For example, one firm
in Kenya has helped to make tilapia fish affordable for 68%
of the population (up from 49%) in the region where it is
operating (21). Over a period of four years, the grantees of
the Marketplace for Nutritious Foods have produced over 34
million servings of low-cost, nutritious foods.

In 2017, there were at least 300 closed blended-finance
transactions with an aggregate deal size of over
US$100 billion, doubling in size since 2012 (22). To date,
relatively small amounts of blended finance have been
dedicated to the agri-food sector, a little less than 5%
(23). However, these investments are increasing year by
year (23).
Similarly, impact investing – private investments made
with the intention to generate a measurable, beneficial
social or environmental impact alongside a financial
return – grew to 8,000 deals in 2018 representing
US$114 billion in total assets (24). Impact investing in
the agri-food sector is set to significantly increase in
2019, although to date it has only represented 6% of total
impact investments (24).

How can blended finance and impact investing
be used to mainstream agrobiodiversity into
sustainable and nutritious food systems?
The growing blended finance and impact investment
space may represent a significant opportunity to
leverage public and private financing and incentivize
agri-food businesses to produce more agricultural
biodiversity.
A survey by the Global Impact Investing Network in
2018 found that approximately half of impact investors
anticipate growing allocations to food and agriculture
in 2019. Blended-finance transactions in food and
agriculture are also increasing rapidly. Because energy
and climate already represent one of the largest sectors
that attract innovative financing deals (e.g. 24% of
all blended-finance transactions are in renewable
energy), there is a case which needs to be made to
impact investors and blended-finance practitioners
that multifunctional agro-ecological farming systems
– particularly those which provide the variability
needed to cope with changing climates and extreme
weather events – represent a win-win scenario for
improving planetary and human health. This can be
done by developing a compelling investment thesis and
impact metrics that help blended-finance practitioners
and impact investors understand the intended
social and financial impacts of their investments in
agrobiodiversity.

Moving forward there is opportunity for this platform to
incentivize the production of traditional crops, tree products,
livestock and fish to enhance food biodiversity.
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Private sector-led
initiatives and
policies
Today, approximately 100 companies control 25% of
the trade of the most significant food commodities
on the planet, which in turn influence 40%–50% of all
food production (25). Some are moving towards more
agrobiodiversity in their strategies. One of the largest
agricultural commodity traders globally, Cargill,
consulted stakeholders in 2017 to formulate its new
social and sustainability strategy. Cargill’s 2018 Annual
Report reported that it influenced agricultural practices
to be more sustainable and highlighted ways it invested
in biodiversity (26). There are also various partnerships
among these large, influential companies which are
dedicated to improving sustainable and nutritious
food systems. For example, the Sustainable Food Policy
Alliance is a collaboration among four of the world’s
largest food manufacturers launched to find solutions
for sustainable agricultural systems that innovatively
addresses climate change while better informing
consumers about their food choices (27).

What is the role of agrobiodiversity in private
sector-led initiatives and policies?
Significant gains can be made by the private sector
taking initiatives to improve food systems. This not
only represents good governance but should contribute
to long-term commercial outputs. Biodiversity should
increasingly be recognized as a critical business issue.
There does appear to be a positive shift occurring
among the private sector away from pure profit-driven
motives. An extensive global survey conducted amongst
CEOs revealed that 87% believe that the UN Sustainable
Development Goals provide an opportunity to rethink
approaches for sustainable value (28). Biodiversity
and ecosystem considerations must be an element of
organizations’ sustainability strategies.
The Agrobiodiversity Index, developed by Bioversity
International with partners, could help provide
guidance to large corporations. It can also drive forward
accountability of private-sector commitments to
agrobiodiversity and help to recognize companies that
are already playing a part to improve their policies and
actions related to agrobiodiversity. The Index is already
being used to help some large food and agriculture
companies make strategic supply chain decisions which
can improve agrobiodiversity (1).
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Conclusion
This paper has highlighted a handful of effective
public policies, innovative financing mechanisms
and private sector-led initiatives that are helping to
facilitate more appropriate private-sector engagement
in food systems. It has explored ways that fiscal policies
and subsidies could be used to support the uptake of
biodiverse foods for a healthy diverse diet. It has looked
at existing public policies that improve micronutrient
intake and how these could be better designed to
improve agrobiodiversity. The paper has also explored
how momentum in the blended-finance and impactinvesting fields could help drive new investments in
agrobiodiversity. Last, the paper looked at what the
role of agrobiodiversity could be in private sector-led
initiatives and policies. With further research and
targeted efforts, there is considerable scope to expand
and adapt policies, financing and private sector-led
initiatives to improve agrobiodiversity, which in turn
can contribute to better nutrition, planetary health and
more productive food systems.
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Diversity of beans and legumes. Legumes are nutrient dense
and can also be used in integrated farming systems to increase
nitrogen in the soil. Credit: Bioversity International/C. Zanzanaini

Nurturing diversity in our guts and on our
farms to reduce health risks and increase
food system resilience
Salvatore Ceccarelli

KEY MESSAGES:
> Crop diversity increases resilience of farm production to climate changes and damage from pests and
diseases.
> Science has associated biodiversity with human physical and mental health linked to the composition
and diversity of the microbiota in our intestines.
> Dietary diversity is of paramount importance for having a healthy microbiota.
> A diverse diet needs diversity in production systems. So we need to rethink plant breeding from
‘cultivating uniformity’ to ‘cultivating diversity’.
> One way to cultivate diversity quickly and inexpensively is by using a method called evolutionary plant
breeding.

Agrobiodiversity Index Report 2019 – Risk and Resilience

Introduction: seed
at the heart of
global challenges
Climate change, poverty, hunger and malnutrition,
water, biodiversity in general and agrobiodiversity
in particular are issues that have featured strongly in
a number of recent reports and reviews (1–4). These
issues are often covered separately even though they
are closely interconnected with each other. One major
interconnection is seed.
Seed is related to climate change because we need
crops better suited to the climate as it changes. Seed is
associated with food as most of our food comes directly
or indirectly from plants. Through food and child
nutrition, seed is linked to poverty (5). Seed is related
to water, because about 70% of fresh water is used in
agriculture (6), so varieties producing a yield with less
water will make more water available for human uses.
Seed is associated with malnutrition: the three crops
from which we derive about 60% of our plant-based
calories and 56% of our plant-based proteins – namely
maize, wheat and rice (7, 8) – are far less nutritious than
barley (9) or millets and sorghum (10, 11). Millets and
sorghum are not only more nutritious, they also need
less water than maize, rice and wheat, which use nearly
50% of all the water used for irrigation.
Finally, seed is related to biodiversity in general and
to agrobiodiversity in particular. Agrobiodiversity is
important for food security (12), for increasing farm
income and generating employment, and for reducing
exposure to risk (13, 14).
Maintaining or increasing agrobiodiversity reverses the
tendency of modern plant breeding towards uniformity
(15). The main cause for the dramatic reduction of
genetic diversity is breeders selecting predominantly
for varieties to be usable under the widest possible
conditions. This decline in diversity has increased the
vulnerability of crops (16–19) because their genetic
uniformity makes them unable to respond to climate
changes, especially short-term changes. In addition,
uniform crops provide an ideal breeding ground for the
rapid emergence of fungicide-resistant variants (19) as
shown by the potato late blight epidemic and ensuing
famine in 19th century Ireland (20). Crop diversity,
by contrast, has been shown to be highly beneficial
in restricting the development of diseases (21–24). For
example in China, the use of variety mixtures of rice
led to a reduction of rice blast of 94% and increase in
yields of 89% compared to monocultures. Farmers
were able to cease use of fungicidal treatment of crops
within two years. One of the most notable examples
of the advantages of mixtures was the expansion of
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barley mixtures in the former German Democratic
Republic during the years 1984–1991. Expanding the
barley mixtures to 360,000ha led to a reduction of the
percentage of fields affected by severe mildew epidemics
from 50% to 10% and a threefold reduction of the
percentage of fields sprayed with fungicides (25).

The biodiversity
inside us
Science has associated the decrease of biodiversity with
the increase of certain diseases in humans, ranging
from inflammatory bowel disease, to ulcerative colitis,
cardiovascular disorders, various liver diseases and
many types of cancer (26). In turn, the increase in the
frequency of inflammatory diseases has been associated
with a decreased efficiency of our immune defences
(26). Recently, the association has been confirmed
between the microbiota – namely the complex of
bacteria, viruses, fungi, yeasts and protozoa that is in
our intestinei – and our immune system and with the
likelihood of contracting inflammatory diseases (27).
The average human microbiota weighs around 2kg
(about 0.5kg more than the average human brain)
and plays a number of important functions, from the
synthesis of vitamins and essential amino acids, to the
breakdown of what has not been digested in the upper
intestinal tract. Some of the products of these activities
represent an important energy source for intestinal wall
cells and contribute to intestinal immunity.
Some of the most recent research (28) has shown that
in melanoma patients who were capable of responding
to immune therapy, the microbiotas had a different
composition and were more diverse than those of
patients who did not respond well. The research
concluded that both the composition and the diversity
of the microbiota are important in determining antitumour immunity. The response of laboratory mice
that received a faecal transplant from human patients
who had responded to the therapy supported the
results. Faecal transplantation involves transferring
the microbiota from a healthy patient to a patient
with a disease and is becoming a widespread practice
for the treatment of diseases that do not respond to
antibiotics (28).
The microbiota also appears to be involved in several
neuropsychiatric disorders such as depression,
schizophrenia, autism, anxiety and stress response
(29). This is likely due to the damage that inflammatory
processes cause to myelin, the sheath surrounding the
neurons, thus altering the normal transmission of nerve
impulses.
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Diet, human health Diversity and
and environmental uniformity
health
Diet strongly influences the microbiota: a change in diet
alters its composition in just 24 hours. It takes 48 hours,
after changing the diet back again, before the microbiota
returns to its initial conditions (30).
Given the important roles of the microbiota on the
one hand, and the fact it is so strongly and rapidly
influenced by diet on the other, it is understandable
that there have been many studies on the effect of
various diets (Western, omnivorous, Mediterranean,
vegetarian, vegan, etc.) (30). Recent results demonstrate
that the composition and diversity of gut microbiota
are not significantly associated with genetic ancestry,
but shaped predominantly by environmental factors
(diet and lifestyle) (31). Diet diversity is of paramount
importance for having a healthy microbiota (32).
The diet also links environmental and human health.
Rising incomes and urbanization are among factors
driving a global dietary transition in which traditional
diets are replaced by diets higher in refined sugars,
refined fats, oils and meats (33). By 2050 these dietary
trends, if unchecked, will be a major contributor to
global land clearing and to an estimated 80% increase
in global agricultural greenhouse gas emissions
from food production (33). Moreover, these dietary
shifts are greatly increasing the incidence of type 2
diabetes, coronary heart disease and other chronic
non-communicable diseases that lower global life
expectancies (33). Diet is now the number-one risk factor
for the global burden of disease (34).
A study conducted in Zambia showed that household
dietary diversity is positively associated with
production diversity, and in turn, production diversity
is positively associated with indicators of nutritional
status of children aged two to four (35). This effect has
been confirmed by some studies (36) but not by others
(37) partly because of difficulties associating indicators
of agricultural diversity with indicators of nutritional
status (38).

So, human health needs a diverse microbiota, a diverse
microbiota needs a diverse diet, and a diverse diet
needs diversity in production systems. However, global
trends and policies do not work in favour of diversity.
How can we have a healthily diversified diet if, as
mentioned earlier, 60% of our calories come from just
three crops, namely wheat, rice and maize (7)? And
how do we diversify our food if almost all the food we
eat is produced from crop varieties that, to be legally
marketed, must be registered as uniform (Box 1)? How
can we have a diversified diet if the agriculture that
produces our food is based on uniformity?
BOX 1 – Registry of plant varieties

In most countries today, plant varieties need to be registered
before they can be released in markets.
Registry of plant varieties was introduced in Europe in the
mid-19th century to protect consumers by guaranteeing that
purchased seed would be:
•

Distinct from other varieties

•

Uniform in its essential characteristics

•

Stable so that it would not change when multiplied.

The characteristics that are promoted in this system are
the opposite of those needed in a sustainable food system.
Adaptability not stability is needed in order to adapt to new
and changing climate conditions. Variability not uniformity
supports yield stability when conditions are unfavourable
and changeable.

Between the need to diversify our diet and the
uniformity imposed by law on seed and thus on crops
there is an obvious contradiction. In addition, there is a
further contradiction between uniformity and stability
on the one hand and the need to adapt crops to climate
change on the other.
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Cultivating
diversity
Most food derives from seeds. Therefore, a primary
solution to the health problems afflicting the world
today can be sought in the way that seeds are produced.
Since seeds are produced by plant breeding, to
change things we have to rethink how plant breeding
is conducted in order to move from ‘cultivating
uniformity’ to ‘cultivating diversity’.
Today, much institutional plant breeding (both private
and public sector) has industrial agriculture as its
objective. Institutional plant breeding aims to 'cultivate
uniformity', complying with the seed laws mentioned
earlier, and producing uniform varieties bred to
maximize crop yields with the support of fertilizers and
pesticides. Once considered the only option to feed the
world, the effectiveness of this model of agriculture is
being questioned by recent research as being neither
resilient nor sustainable (39). The human cost of the
current food system is that almost 1 billion people are
hungry and almost 2 billion people are eating too much
of the wrong food (39, 40) which is artificially cheap (41).
Evidence suggests that more than 80% of the world’s
food in value terms is produced on family farms (42).
One way of ‘cultivating diversity’ quickly and
inexpensively is by using a method called evolutionary
plant breeding (43, 44) (Box 2). Evolutionary plant
breeding consists of cultivating mixtures or populations
(Figure 1).

The starting point of evolutionary plant breeding
could be a mixture of seeds, obtained by mixing an
equal quantity of seed of a number of varieties of
the crop in question (Figure 1, left). Alternatively,
it could be an evolutionary population made by
crossing a number of varieties (Figure 1, right). The
ideal evolutionary population would be made up of
all possible combinations of varieties. In either case,
the choice of how many or which varieties depends
on the farmer’s objectives. For example, if disease
resistance is one of the problems affecting productivity
in the target environments, one or more parents of the
evolutionary population or one or more varieties in the
mixture should carry the desirable genes of disease
resistance. The increasing availability of genetic markers
associated with desirable genes is making the handling
of evolutionary populations ever easier.
Once a mixture or a population is planted, it is left
to evolve as a crop. In other words, it is planted and
harvested, using part of the harvest as seed for the next
season, or to select the best plants, or both. Thanks to
the natural crossings that occur between plants, what
was originally a mixture also becomes a population. The
only difference is that in this case, we have no control
over the crossing and therefore we do not know how the
different parents contributed to the population.
Through the joint effects of natural selection and natural
crossing, the seed which is harvested is genetically
different from the seed that was planted. In other words,
the populations (including those derived from an
original mixture) evolve continuously. This is why they
are called ‘evolutionary’. The farmers therefore have
the opportunity to adapt the crops to their soil, their
climate and to the particular way in which each of them
practises agriculture, including organic farming.

FIGURE 1 – The difference between mixtures and populations: a mixture is obtained by mixing seed of different
varieties while a population is obtained by crossing different varieties

Mixture
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BOX 2 – Evolutionary plant breeding: a history

The science of evolutionary plant breeding goes back to
1929. Harlan and Martini proposed the composite cross
method of plant breeding and synthesized a barley composite
cross (known as CC II) by pooling an equal number of F 2
seedsii obtained by 378 crosses between 28 superior barley
cultivars representing all the major barley growing areas
of the world (45). Composite crosses and mixtures have
shown that they are able to evolve towards a higher yield,
higher yield stability over time, and a higher level of disease
resistance during subsequent generations (43, 46–51).

Evolutionary populations adapt to different
geographical areas by ripening earlier in warm locations
and later in cold locations (52). They tend to perform
better than uniform varieties in years affected by
drought (53) and they can combine higher yield and
higher yield stability (54–56). A meta-analysis of 91
studies and more than 3,600 observations concluded that
cultivar mixtures are a viable strategy to increase yield,
yield stability and disease resistance (57).
In a project which introduced evolutionary populations
in Iraniii customers reported that the bread made
from an evolutionary population of bread wheat was
beneficial to health (58). Experiences in Italy found
that an evolutionary population of over 2,000 different
types of bread wheat from all over the world brings
forth a bread that, besides having an extraordinary
smell and taste, is tolerated by people suffering from
gluten intolerance. This population has been dubbed the
‘Aleppo mixture’ in recognition of its provenance from
Syria. In Iran, shepherds who have used an evolutionary
barley population to feed sheep have noted an
improvement in milk quality. Recently, pasta produced
from a population of durum wheat by three different
producers in Italy was unanimously considered by
different informal panels of consumers of superior taste
to what is considered the best quality pasta.

Conclusions
Seed connects climate change, poverty, malnutrition,
water and biodiversity – both wild and agricultural.
Even the diversity in our guts, fundamental to good
physical and mental health, relies on diversity in diets,
which in turn relies on diversity in agriculture. This
means cultivating diversity rather than cultivating
uniformity, the opposite to current industrial
agricultural models.
Evolutionary breeding is one way to confer resilience
and adaptability through cultivating diversity. The
evolutionary populations adapt to local conditions,
resist disease and have sensory qualities that consumers
appreciate. Very few inputs are needed, which
contributes to increasing farmers’ independence from
an industrialized and financialized agricultural model.
Evolutionary breeding increases genetic diversity
within crops. For healthy environments, healthy diets
and healthy microbiota, diversity is needed across the
landscape, with a variety of species, functional types,
and land uses fostering resilience and health. Increased
diversity in the field will support food and diet diversity,
which through gut diversity and composition are key to
human health and nutrition.

The rapid adoption of these evolutionary populations,
and the reports on the benefits of their products, which
are receiving constant confirmation, indicate that the
cultivation of evolutionary populations, represents a
dynamic way of cultivating crops.
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Notes
i
Sometimes called the microbiome, which actually refers
to the genes of the microbiota.

In plant breeding every cross is assigned an F (filial)
number: F1 is the first generation cross (i.e. between the
first two original parents). An F2 is the second generation
after a cross.
ii

This project (‘Using Agricultural Biodiversity and
Farmers’ Knowledge to Adapt Crops to Climate Change
in Iran’ Grant # 1214 October 2010–September 2014) was
supported by the International Fund for Agricultural
Development (IFAD).

iii
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Diverse local food species, Guatemala. Guatemala is a global
hotspot for biodiversity. The plants used by local and indigenous
people are often wild-collected or semi-domesticated and have
not received much research attention to enhance their roles in
the livelihoods of Guatemalan people—even if some have much
higher nutrition values and higher stress tolerance than more
commercial crops. Credit: Bioversity International/R. Robitaille

Reducing risk of poor diet quality through
food biodiversity
Five blind spots that make it complicated
Giles Hanley-Cook, Gina Kennedy, Carl Lachat

KEY MESSAGES:
> Food biodiversity is a potential lever to improve Earth system resilience and promote healthier,
diverse diets in a win-win scenario.
> However, various blind spots in our current knowledge make this recommendation complicated:
the relationship between biodiversity in farms and biodiversity on plates is not straightforward,
scientists measuring biodiversity in production systems and measuring diversity in diets do not
measure the same things, food biodiversity measurements tend to focus on either the global or very
local scale, consumption (dietary intake) of food biodiversity is often overlooked, and diet diversity
doesn’t necessarily guarantee diet quality.
> This paper explores these blind spots, and policy and research efforts to address them.
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Diminishing
biodiversity and
rising malnutrition
Poor diets are one of the greatest risks to adequate
nutrition and health. Low-quality diets are responsible
for the greatest burden of disease worldwide, affecting
countries and population groups at all levels of
economic development (1–3). The triple burden of
malnutrition – the coexistence of micronutrient
deficiencies, undernutrition, and overweight and obesity
– has manifested itself in almost every nation on Earth.
The long- and short-term effects of malnutrition hold
back sustainable and inclusive global development and
convey unacceptable human consequences. The United
Nations Decade of Action on Nutrition 2016–2025 and
the Sustainable Development Goals (SDG) provide
global and national stimuli to address malnutrition and
fast-track progress on food and nutrition security (4).
“Eat a variety of foods” or dietary diversity is a
widely acknowledged and established public health
recommendation to promote a healthy, nutritionally
adequate diet (5). Healthy diets should be diverse
and combine large amounts of vegetables, fruits,
legumes, whole grains, nuts, seeds and unsaturated
oils and moderate amounts of seafood and poultry,
with low amounts of processed meat, added sugar
and salt, refined grains and starchy vegetables (3). The
recommendations for dietary diversity are based on
the premise that consuming a wide variety of nutrientdense foods will ensure an adequate intake of essential
nutrients and in turn will lead to improved diet quality
and optimal health outcomes (6). The actual composition
of a diverse, balanced and healthy diet varies according
to individual needs, locally available foods, dietary
customs and cultural contexts. Transitions towards
food biodiverse diets, such as the Mediterranean (7),
pescatarian and vegetarian diets are projected to
significantly decrease diet-related non-communicable
disease risks, including coronary heart disease, stroke
and type 2 diabetes, worldwide (8–10).
However, rapid socioeconomic, demographic and
technological changes coupled with agriculture policies
skewed towards a narrow range of staple crops, crop
varieties and animal species, are driving human diets
and associated agricultural production systems towards
more resource-intensive, ultra-processed, energydense and nutrient-poor foods (11, 12). This has led
to unprecedented shifts in global food systems and
dietary patterns. Diet-related diseases and overweight
and obesity risks are expected to continue to rise
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exponentially, while forms of undernutrition and
micronutrient deficiencies are declining at insufficient
rates (2, 4, 13, 14).
The global food system transformation is also driving a
progressive homogeneity of diets (15). Although plants
account for over 80% of human diets worldwide and
an estimated 30,000 edible terrestrial plant species are
available for consumption, our global food system is
made up of only 150–200 commercially available species
(16). In excess of half the global food energy need is
supplied by four staple crops: rice, potatoes, wheat and
maize, and only 30 crops supply an estimated 95% of
human food energy need (15, 16). Food biodiversity – the
diversity of plants, animals and other organisms that are
used for food, both cultivated and from the wild – has
the potential to underpin diverse, nutritious diets (17,
18), but global shifts in human diets and food systems
are driving biodiversity loss worldwide (15, 19, 20).

Food biodiversity
and Earth system
resilience
Diets inextricably link human and planetary health. The
global food system is the prime driver of low-quality
diets and, in parallel, the transgression of several
planetary boundaries that define a safe operating
space for humanity in a stable Earth system (21, 22).
Monoculture cropping systems and intensive livestock
production generate substantial environmental costs
(23–25). To illustrate, the rearing of livestock for meat,
eggs and dairy alone produces 15% of total global
greenhouse gas emissions and uses 70% of global
agricultural land, including one-third of all arable land
(26, 27).
Understanding and using food biodiversity and
associated traditional knowledge provides levers of
change towards more sustainable food systems in the
face of mounting climate pressure on crop yields and
on the nutritional content of foods (3). Biodiversity
for food and agriculture contributes to Earth system
resilience through a number of collective strategies, such
as the protection and restoration of ecosystem services,
sustainable use of soil and water resources, agroforestry,
diversification of farming systems, cultivation practices,
and use of neglected and underutilized stress-tolerant
crop species (28, 29). Nonetheless, the threat to food
biodiversity is occurring at a general rate of species
extinction estimated to be 100 to 1,000 times the natural
rate (22).
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We need to transition from business as usual to
sustainable intensification without compromising the
Earth system. One school of thought gaining traction
is that agricultural production systems based on food
biodiversity, can result in both Earth system resilience
and high-quality diets. Global shifts from current
uniform, non-diverse diets to more diverse, nutritious
and sustainable diets have the potential to avert
10.8–11.6 million premature deaths per year (3) and
reduce food-related greenhouse gas emissions by
29%–70% by 2050 (30, 31).

Blind spots in
food biodiversity
knowledge
It seems simple to recommend that the world should
increase its food biodiversity in production systems
so that it can improve Earth system resilience and
promote healthier diets in a win-win scenario. However,
various blind spots in current knowledge make this
recommendation more complicated than it appears at
first sight:

farming households in low- and middle-income
countries (40). However, some studies indicate that,
to have nutritionally meaningful impacts on dietary
diversity, unrealistically large increases are required
in the number of distinct crop or livestock species
managed on farm (34).
Researchers identify two main pathways for
smallholder farmers to improve diets. The first is to
increase and consume on-farm diversity, the second
is to specialize more in cash crops to earn income to
purchase and consume more diversity. Most farmers
use a combination of both. For individual smallholder
farmers, maintaining agricultural biodiversity can
sustain beneficial ecosystem functions on farm, reduce
costs of external inputs, and facilitate access to new
market opportunities, increasing and smoothing
income so indirectly improving access to more diverse
and nutritious diets (33). Conversely, on-farm crop
diversification might sacrifice economic gains from
agricultural specialization (41). On the other hand,
investing in a narrow range of cash crops might increase
income from agriculture production, but might also
result in longer-term consequences of land degradation.
Another major consideration with the income pathway
is that increased income does not translate directly into
healthier diet choices, and in order for the increased
income to result in better diet, nutrition education
and communications efforts must be established (28).
Otherwise, the trend observed is increased income spent
on food but not necessarily healthier food choices.
Given evidence that both increased income and
increased on-farm diversity strategies can be effective in
improving diet diversity, albeit via different pathways,
there is a need to better understand the trade-offs
between diets, income and ecosystem health that will
occur within very specific contexts, geographies, and
within sets of smallholder farmer priorities (38).

•

The relationship between biodiversity on farms and
biodiversity on plates is not straightforward (32–34)

•

Food biodiversity measurements tend to focus on
either the global or very local scale (35)

•

Consumption (dietary intake) of food biodiversity is
often overlooked (18)

•

Scientists measuring biodiversity in production
systems and measuring diversity in diets do not
measure the same things (36)

Food biodiversity is measured and
analyzed at different scales

•

Diet diversity doesn’t necessarily guarantee diet
quality (37).

At global level, increasing the food production of a
diversity of vegetables, fruits, legumes, and nuts and
seeds is critical for the global population to achieve
a sustainable and healthy diet by mid-century (3).
However, food is actually chosen and consumed by
individuals in households and produced on farms.
There is a large gap when moving from global level to
farm level or individual analysis and one blind spot is
the ‘missing middle’ or the functioning of food systems
within different production and market systems (35).
These have been described by the High Level Panel of
Experts on Nutrition as traditional, mixed and modern
food systems that are influenced by culture, income
levels and consumer needs (convenience, taste, budget,
time available) (28).

Translating agricultural biodiversity to
diverse diets: lost in translation?
The relationship between diverse agricultural
production systems and diverse, nutritious and
sustainable diets is intricate and mitigated by multiple
factors, such as markets (access and availability of
nutritious and safe foods), gender relations, control
over and access to resources, wealth, cultural values
and the existing degree of on-farm diversity (33, 34, 38).
Increasing agricultural biodiversity on farm, typically
the number of crop species and occasionally livestock
species, can contribute to dietary diversity (33, 34, 39)
and the consumption of fruit and vegetables, food
energy and micronutrients in smallholder subsistence
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Consumption of food biodiversity is often
overlooked

A mismatch of agricultural biodiversity
and dietary diversity indicators

There is a strong and rising demand from global
development actors for simple indicators that reflect
at least one aspect of food and nutrition security or
diet quality, particularly for vulnerable populations.
Therefore, most studies measure dietary diversity as a
simple count of distinct foods or food groups consumed
over a prespecified recall period (33, 34, 42). These
widely disseminated and applied dietary diversity
scores are often based on less resource-intensive selfreported dietary assessments methods such as list-based
questionnaires or open-ended 24-hour dietary recalls.
They reflect the various food sources of macro- and
micronutrients in diets. To give an example, one widely
used food-group diversity score is the Minimum
Dietary Diversity for Women (MDD-W) (43, 44). It
assesses the proportion of women of reproductive age
(15–49 years) who consumed in the previous 24 hours at
least five out of ten predefined food groups:

The assessment and elucidation of linkages between
agricultural biodiversity and dietary diversity are
hampered by the fact that indicators used to measure
on-farm diversity and those used to measure dietary
diversity are not aligned. Moreover, within each
specific domain (i.e. agroecology and nutrition), there
are numerous indicators and various methods by
which they are collected (51, 52). Dietary and ecological
diversity indicators are not designed to assess the
multifarious relationships between food biodiversity
and diet quality. Research linking food biodiversity,
agricultural production diversity and diet quality has
applied multiple metrics without validation from a
nutritional point of view (33).

•

Grains, white roots and tubers, and plantains

•

Pulses (beans, peas and lentils)

•

Nuts and seeds

•

Dairy

•

Meat, poultry and fish

•

Eggs

•

Dark green leafy vegetables

•

Other vitamin A-rich fruits and vegetables

•

Other vegetables

•

Other fruits.

The MDD-W has been validated as a proxy for the
probability of micronutrient adequacy of women’s diets
in low- and middle-income countries (45).
One blind spot important from a biodiversity point of
view is that indicators based on food groups do not
tell us anything about the species and varieties that
diets are made up of. For most food biodiversity, there
are substantial variations between species and within
species in the content and density of important nutrients
and other health-promoting components (46–49). Foodgroup diversity scores are not designed and are thus
inappropriate to assess the hypothesized benefits of
within food-group biodiversity, such as the biological
nutrient variations within species, subspecies, varieties,
cultivars and breeds, the evenness of food energy
allocation or the dissimilarity in nutritional traits across
food groups (37, 50).
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The selection and number of food groups indisputably
alters the association between agricultural biodiversity
and dietary diversity, particularly when the selected
food groups do not align with those crop species or
crop groups used to define agricultural biodiversity. To
illustrate, consider three smallholder farms. The first
grows only maize, and so has a production diversity
(PD) of one. The second farm grows maize and millet
(PD = 2) and the third farm grows maize, millet and
sorghum (PD = 3). If the individuals on these farms
consumed only their subsistence food production
(maize; maize and millet; or maize, millet and sorghum)
then the individual-level dietary diversity score would
be 1 in all cases, as all of the species are from the ‘grains,
white roots and tubers, and plantains’ food group. In
this simplified scenario there would be no relationship
between agricultural biodiversity and dietary diversity
(36). Intuitively however, increasing the number of
species within the same food group might lead to lower
net nutritional benefits than when species of distinct
food groups are added to the production landscape.
This example illustrates the difficulty in coming
to terms with the relationship between production
diversity and food biodiversity for diet diversity. On the
one hand, a production diversity score of 3 may mean
a more ecologically resilient farm but the unchanged
dietary diversity score of 1 in this example will not help
meet minimum standards of diversity for a woman of
reproductive age. In the real world, this simple example
becomes more complex since diets are influenced
not just by what is grown on farm but consumers’
access to markets, preferences, seasonality of wild and
domesticated foods and other significant influencing
factors that have not been well captured in analytical
frameworks to understand the linkages between
production and diet diversity.

Thought Pieces

Dietary diversity does not guarantee diet
quality
Diversity scores assess only one aspect of diet quality
(53). Individual-level dietary diversity scores capture one
important dimension of diet quality: the consumption of
nutrient-dense food groups, such as fruit and vegetables,
nuts and seeds and pulses. Nevertheless, individuallevel dietary diversity scores do not capture other
imperative diet-quality dimensions. To illustrate, foodgroup based indicators do not provide any information
on (Figure 1):
•

Richness: number of distinct species per day

•

Evenness: distribution of food energy, nutrients or
species abundance across food groups

•

Disparity: level of (dis)similarity between species
(e.g. vitamin A content) or food items (e.g. level of
food processing).

The figure also illustrates a huge blind spot in
understanding the processing level of the diversity
consumed. We cannot see if the species is consumed
fresh, minimally processed or as ultra-processed food.
Level of processing is a critical factor to be considered
in assessment of overall diet quality based on any
given dietary pattern (55–57). In fact recommendations
to eat diverse foods, if not accompanied also by
recommendations that those foods be predominantly
fruits, vegetables, whole grains and seeds, will not lead
to healthy diets (58).

Efforts to address
the blind spots
Linking diverse diets and agricultural
biodiversity through food-based dietary
guidelines
There is growing recognition of the central roles
of structural, environmental, cultural, social and
psychological factors in dietary behaviour (59). To halt
global transitions towards low-quality, homogenous
diets and redirect human behaviour towards more foodbiodiverse and sustainable diets, we need more than just
a robust scientific evidence base. Clear policy measures
are best suited to changing dietary patterns (3, 60). For
example, the determination that trans fatty acids could
not be classified as ‘Generally recognized as safe’ led
to a public-health decision by the US Food and Drug
Administration in 2015 to ban them in the food supply
system.
A softer policy intervention is nudging the public
towards healthy food choices through guidelines.
Dietary diversity is advocated in food-based dietary
guidelines and in the ‘Healthy Diet’ and ‘A healthy diet
sustainably produced’ fact and information sheets from

FIGURE 1 – Representation of two dietary patterns where 100 food items are consumed

Distinct species are indicated by their colour. Richness is the absolute number of species in a dietary pattern: in both dietary patterns
it is equal to five. Evenness is the equitability of the species abundance distribution across food groups: in dietary pattern A all species
are present in equal abundance and so it is perfectly even, while dietary pattern B is very uneven since it is dominated by the green
species. Disparity is the level of similarity between species: for example red and pink species are more similar to each other (nutritional
traits/attributes) than the red and the black species (Adapted from (54)).

Dietary pattern
A

Dietary pattern
B
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the World Health Organization. However, most national
dietary guidelines do not reflect the available evidence
on nutritious, sustainable and healthy diets, and include
no or lenient limits for animal-source foods, particularly
meat and dairy (61), despite an opposing evidence base
(62, 63).
Guidelines also offer a potential strategy to link
sustainable agricultural production to biodiverse diets.
A few countries (Brazil, Germany, Qatar, Sweden) have
introduced sustainability criteria into their national
dietary guidelines (Box 1, (55)). Others (the Nordic
countries, Netherlands, France, Estonia and the UK)
have issued quasi-official guidelines by governmentfunded entities. However, whether or not dietary
guidelines should include sustainability or biodiversity
criteria is ultimately a political decision and as such has
been a major issue of discussion in several countries.

Developing indicators that cut across food
and farms
One way to explore the link between on-farm
biodiversity and dietary diversity is to adopt novel
nutritional measures from established diversity sciences
describing diversity in ecological and economic systems.
One such measure, Dietary Species Richness, counts the
number of unique plant and animal species consumed
in the previous 24 hours. Dietary Species Richness has
been successfully applied as a cross-cutting measure of
food biodiversity and micronutrient adequacy of diets in
wet and dry seasons in seven rural contexts of low- and
middle-income countries (18). Measuring the number
of species consumed during dietary assessments
provides a unique opportunity to cut across two critical
dimensions of sustainable development – human and
planetary health – and complements existing metrics
of healthy and sustainable diets. Decision-makers often
struggle to harmonize environmental and food policy
actions so dietary species richness is a valuable metric
in this regard, as it integrates food biodiversity, nutrition
and health aspects of food systems. Nevertheless,
assessing Dietary Species Richness is challenging, it has
been estimated that previous studies have misidentified
6%–10% of species (64). Guidelines have recently been
prepared to adequately record species during dietary
intake assessments (17).
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BOX 1 – Extract from Swedish food-based dietary
guidelines (55)

•

High-fibre vegetables have a lower environmental
impact than salad greens. They tend to be grown outside
(not in greenhouses). They are also more robust, which
reduces waste due to damages during transport.

•

Although people should consume more seafood
for health, many wild fish stocks are endangered
or are harvested unsustainably, while aquaculture
also has its problems. People should therefore buy
ecolabelled products. Mussels can help reduce marine
eutrophication.

•

One of the ways to increase physical activity is to use
the stairs instead of the lift, and cycle or walk to work,
and these behaviours can also reduce the environmental
impact.

•

Cereals have a relatively small climate impact. Due to
the high greenhouse gas emissions associated with
rice, other grains and potatoes are a better choice for
the environment.

•

Rapeseed oil and olive oil generally have a lower
environmental impact than palm oil, but the relationship
gets inverted when palm oil is produced without
deforestation (e.g. in old plantations).

•

Dairy products have high environmental impacts since
dairy cows produce methane. However, grazing animals
can help bring about a “rich agricultural landscape and
biodiversity”.

•

Drinks made of oats and soya are ecofriendly, chose the
ones enriched with vitamins and minerals.

•

Reducing meat consumption can benefit both health
and the environment. By cutting down on quantity
people may be able to afford to buy meat produced
more sustainably, with attention paid to the welfare of
the animals. Different meat types have different climate
impacts: poultry has the smallest impact on climate,
followed by pork. On the other hand, free range beef
and lamb can also have other positive environmental
effects – animal grazing can help maintain diverse
agricultural landscapes and support biodiversity.

•

Sweets can also have a high environmental impact: a
bag of jelly beans actually has as much of a climate
footprint as a small portion of pork. These are referred
to in the report as an “unnecessary environmental
impact”.

Thought Pieces

Pointers for
research and policy
In an interconnected, multi-stakeholder global food
system, balancing the nurturing of human health with
environmental stewardship presents numerous policy
challenges (14). Despite growing awareness of the
benefits of agricultural biodiversity for dietary diversity
and the benefits of diverse diets for human nutrition
and health, many barriers and perverse subsidies
make it difficult to mainstream biodiversity in food
production and consumption (65). Food and agricultural
policies and research must be reoriented to encourage
agricultural biodiversity, nutrition and sustainability,
rather than prioritizing the productivity of a narrowrange of monoculture crop and livestock species that
adversely affect human and planetary health (3, 66).
Diversified agricultural production systems and diverse
diets can be mutually reinforcing. If we want to eat it,
we must grow it. Therefore, policy interventions must
develop and strengthen markets that promote and
encourage traditional, neglected and underutilized
crop species, varieties, cultivars and breeds (34, 66, 67).
This is a promising strategy to improve the availability,
accessibility and affordability of food biodiversity and
high-quality diets for all strata of society. Moreover,
policy and research reorientation might also include
transforming agricultural extension services to
encourage a plethora of food biodiversity and foster
synergies between scientific and local knowledge and
biocultural heritage (e.g. participatory plant breeding).
Global food industry and gastronomy movements also
have the power to shape dietary patterns and champion
food biodiversity. For example, the Chefs’ Manifesto
of the SDG2 Advocacy Hub is a thematic framework,
which outlines how chefs can contribute to the SDGs
through simple, practical actions (Box 2).

For researchers, there is a need to go beyond food-group
diversity, and collect food composition and consumption
data on wild and cultivated food biodiversity (17). To
connect human diets to global food systems, additional
research is needed on consumer behaviour and food
environments. This includes understanding the
sources of food biodiversity (wild, on-farm production,
purchased) (18, 33) and the relative contribution of wild
and cultivated food biodiversity to both diet quality
and sustainability (39). Monitoring the contribution of
agricultural biodiversity to global diets facilitates the
identification of a multitude of species with the greatest
potential to improve nutrition in various local contexts
and provides additional granularity to assess the
importance of food biodiversity in ensuring diet quality
(18, 68). Further research into the multifunctionalities of
food biodiversity (e.g. long-term productivity, stability
and resilience to shocks) is critical to understand the
context-specific factors that facilitate or hinder the role
of agricultural diversification in positively influencing
food environments and dietary patterns (35).
To conclude, increasing food biodiversity is vital to
reduce malnutrition risks to human health and to
increase resilience in a stable Earth system. It will
require greater clarity on current blind spots regarding
the complex relationship between agricultural
biodiversity and food biodiversity. It will also need
practices, policies and metrics that both facilitate
transitions to diversified sustainable agricultural
systems, and raise awareness and stimulate demand for
diverse diets.

BOX 2 – The Chefs’ Manifesto eight thematic areas

1.

Ingredients grown with respect for the Earth and its
oceans

2.

Protection of biodiversity and improved animal welfare

3.

Investment in livelihoods

4.

Value natural resources and reduce waste

5.

Celebration of local and seasonal food

6.

A focus on plant-based ingredients

7.

Education on food safety and healthy diets

8.

Nutritious food that is accessible and affordable for all.
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Indian farmers winnowing millet. Adapted to a range of marginal
growing conditions, these minor millets mature quickly, are
able to withstand climatic stress, and grow in a variety of soils.
High in a range of micronutrients, millets also offer a balance of
essential amino acids, the building blocks of protein.
Credit: Bioversity International/S. Padulosi

Healthy food systems require resilient
seed systems
Abishkar Subedi and Ronnie Vernooy

KEY MESSAGES:
> Resilient seed systems contribute to greater food availability throughout the year, the production
of more nutritious and healthy crops, income generation and a sustainable resource base. These
outcomes together contribute to greater resilience of food systems.
> Farmers obtain seeds from diverse sources through different mechanisms. There are many actors
involved in producing and distributing seeds, and they face many constraints, from climate change to
poor quality seed and inefficient delivery systems.
> Core elements of a comprehensive strategy for resilient seed systems include: smarter ways
of addressing climate change, identifying best-bet portfolios, novel and efficient distribution,
innovative business models and value chains, empowerment of farmers, and local implementation of
international and national policy.
> We illustrate these core elements with examples of success.
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Seed actors and
their roles

household might decide to change the mix of crops and
their seed sources.

In many countries around the world, farmers obtain
seeds from a diversity of seed production sources –
these can be local, regional, national or international
(1). In any given year, a farming household might use
their own saved seed for crops such as bean, finger
millet, (traditional) maize varieties, rice and sorghum;
buy groundnut seed at the local market; obtain seed of
improved or hybrid maize from national public research
institutions through government extension services or
international aid distribution programmes; and buy
seed of exotic vegetables from national or international
commercial companies. The following year, the farming

Mechanisms to obtain seeds vary and include
monetary and non-monetary transactions. Very
often seed transactions are embedded in the fabric of
socioeconomic relationships in the community and
beyond. Thus, seeds are not only planting material
(i.e. physical capital), but social capital as well. Women
farmers play key roles in farmer seed systems (2),
although they are often overlooked by researchers and
development personnel, policies and programmes.
Social actors engaged in producing and distributing
seed include:
•

Individual farming seed saving households

•

Farmer seed networks

•

Community-based seed producers (e.g. a
community seedbank with a seed-production arm)

FIGURE 1 – Framework for resilient seed systems for healthy food systems
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•

Local traders

•

Local seed enterprises (business) catering to local
markets in low volumes

•

Government seed operations or programmes

•

National private seed companies

•

Regional and multinational private seed companies
(1).

60%−90% of the seeds which smallholder farmers in
low-income countries depend on is saved on farm or
obtained through local distribution channels, such as
exchanges between farmers, intra- and inter-community
sharing systems, agrodealers and local markets. Seeds
obtained at local markets are often unlabelled, but in
many countries play a very important role in the supply
system (3). This is particularly important after natural
disasters, such as droughts, earthquakes and hurricanes,
when farming communities can lose most or all of their
stored seeds (3).
Many factors influence the operations of seed producers
and distributors, whether or not these operations are
integrated in one enterprise or organization. They
include history, objectives, types of crops and crop
varieties, types and levels of investment (science and
technology, capital, human resources), scale, size,
type and density of seed networks, whether or not
intellectual property rights are used and if so what
type, and the policy and legal context. Policies and laws
regulate who can produce and sell which kind of seed,
how quality assurance is organized, and how rewards
and support are allocated. Regulatory frameworks
vary between countries, though efforts are underway
to make them more harmonized. They usually have a
significant influence on how the seed sector has evolved,
how power and influence are distributed and in what
direction the sector will go. Besides socioeconomic
and political factors, environmental factors are also
important, including climate change. Figure 1 represents
a framework to analyze seed system−food system
components and interactions.

Resilient seed
systems
Under supportive policy and socioeconomic conditions,
a diversity of seed production and distribution practices
make up a resilient seed system. A resilient seed system
contributes to greater food availability throughout the
year, the production of more nutritious and healthy
crops, income generation and a sustainable resource
base. These outcomes together will contribute to greater
resilience of food systems.

Our definition of a resilient seed system, based on
research and our experience, is one which:
•

Relies on the ability of seed system actors to absorb
disturbances, regroup or reorganize, and adapt to
stresses and changes caused by a perturbation (5)

•

Results from multiple seed and knowledge
interactions and continuous learning among seed
system actors and related institutions (6)

•

Is demand driven and responsive to differentiated
needs and interests supporting all users and
farming systems

•

Recognizes, respects and supports the key roles
played by women farmers as seed custodians,
managers, networkers and entrepreneurs.

Resilient seed systems reduce vulnerability by:
•

Ensuring access to seeds in terms of preference,
affordable price and availability when needed

•

Ensuring availability in terms of production and
distribution

•

Guaranteeing seed quality in terms of adaptability,
safety and longevity (7)

•

Guaranteeing seed choice and diversity

•

Producing crops which underpin a healthy diet

•

Recognizing and respecting seed as social and
spiritual capital.

Ultimately, farmers should benefit from a secure and
diversified supply of quality seeds suitable for local
conditions and which contribute to healthier diets, more
sustainable livelihoods and stronger capacity to adapt to
climate change. Useful and timely information should
accompany seeds, for example, with regard to the
nutritional value of the variety, capacity to withstand
drought, and recommended management practices.

Bottlenecks: seed
practices under
stress
Almost everywhere, local seed practices are under
stress (8). Urbanization, agricultural intensification
and commoditization and privatization of natural
resources are contributing to a decline in collective
local seed management. Farmers are substituting local
varieties with hybrids that can be easily purchased
from agrodealer shops or at local markets. Traditional
seed exchange relationships have become weaker in
many areas. In some countries, they are becoming
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criminalized due to new revised seed policies or laws.
Recent studies reveal that the legal operating space for
farmers and communities to save, produce, exchange
and sell seed is being reduced and related farmer
practices of sharing and distributing seed, criminalized
(9, 10). Only in a few countries, such as Bolivia, Ethiopia,
Nepal and Uganda, are farmer-centred seed production
and exchange practices obtaining increased recognition
and support.
One major challenge farmers face in producing and
obtaining seed is poor quality. Quality control of
farmer-saved seed is largely based on trust embedded
in social relationships, while quality control of seed
produced by the other social actors is often subject
to external written rules and regulations. How much
actual quality control takes place is, however, a moot
point. In many rural communities, poor storage
practices and facilities affect seed quality. Farmers
everywhere complain about the sale of ‘fake’ seeds,
for instance grain sold as seed or non-certified, lowquality seed sold as ‘improved’ seed. Fake seeds have
direct negative impacts on crop productivity and farmer
income.
Another major challenge is that in many countries it
is very difficult to obtain new varieties of interest to
farmers due to poorly developed or badly supported
delivery systems. Farmers often do not know about
which other crops or crop varieties they could grow
on their farm and have no or poor access to new and
improved crop diversity.
This obstacle seriously hinders farmers’ efforts to
adapt to climate change. Climate change has begun
to put additional pressure on farmers’ seed and food
production systems and on the multiple functions
that they fulfil. Future impacts of climate change are
expected to become more pronounced in many parts
of the world, forcing farmers to change their practices
and causing them to search for information about crops
and varieties better adapted to new weather dynamics.
Access to quality seeds will become even more
important.
Women farmers are often interested in different
portfolios of crops and crop varieties, for example,
requiring less regular labour inputs, easier to transport,
with a longer shelf life and with a high nutrient density.
Resilient seed systems should be gender responsive
and support women’s agency, and their ability to make
decisions about how to successfully manage their farms
and gain access to the resources they need including
seeds.
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Opportunities:
pathways to
resilience
It is important that farmers continue to maintain crop
diversity individually and collectively (for example, in
community seedbanks (11)), Resilience at scale requires
concerted efforts. Core elements of a comprehensive
strategy are (12, 13):
•

Smarter ways of addressing climate change

•

Identifying best-bet portfolios

•

Novel and efficient distribution

•

Innovative business models and value chains

•

Empowerment of farmers

•

Local implementation of international and national
policy

Smarter ways of addressing climate
change
Much faster and cheaper ways of gathering,
compiling, analyzing and sharing information about
relevant (anticipated) climate changes and climateinduced stresses, for example, through the use of
climate analogues (13).
National research teams including government
officials, public-sector researchers, university
professors and non-government researchers from
Bhutan, Burkina Faso, Costa Rica, Côte d’Ivoire,
Guatemala, Nepal, Rwanda and Uganda have designed
new strategies to identify and access germplasm that is
better adapted to climate changes.i The teams assessed
the changing needs for national and foreign-sourced
plant genetic resources for food and agriculture by
analyzing past, current and future climate patterns
in their national contexts. They have integrated
these needs into new research and development
strategies of national organizations responsible for
the conservation and use of agrobiodiversity and
climate change adaptation. As an example, in Burkina
Faso, researchers acquired millet accessions better
adapted to the changing climate based on an analysis
of weather data collected over the last 30 years. They
planned experiments, mobilized farmers and are
now testing with farmers a number of promising
new accessions from inside and outside Burkina Faso
for current and future climate changes. In Uganda,
a research team obtained bean and millet accessions
with good adaptive potential from Kenya and Tanzania
for on-station and on-farm testing.
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Identifying best-bet portfolios
More efficient ways to identify ‘best-bet’ portfolios of
diverse crops and crop varieties that are potentially
adapted to changing conditions, can be produced
sustainably and satisfy dietary demand.
‘Seeds for Needs’ is an innovative approach which
introduces and tests demand-led crop diversity.ii A first
step in this approach is identifying a range of varieties,
sourced from international and national genebanks,
breeding programmes, community seedbanks and
farmers’ fields, that could potentially be acceptable
and suited to a given agroecological region. Farmers
then test these varieties using a crowdsourced, citizen
science approach called ‘tricot’ (triadic comparisons of
technologies). Farmers receive packages of seeds with
three different varieties and rank them as best, middle
and worst for different traits. Each package contains a
different combination of varieties. Simple formats and
digital technologies mean that large numbers of farmers
can participate in trials without being supervised.
The farmer-generated data are then combined with
environmental and socioeconomic data and analyzed
using specific, novel statistical methods. The tricot
approach has demonstrated how different varieties are
differentially adapted to different growing conditions
across large areas (14). Farmers are now adopting these
better adapted varieties. The approach has been adopted
by a number of large-scale initiatives in South Asia,
East Africa (e.g. the Integrated Seed Sector Development
programme in Ethiopia supported by the Dutch
government) and Central America.

Novel and efficient distribution
Novel ways to efficiently distribute promising
materials in sufficient quantities to large numbers of
farmers for evaluation, adoption and adaptation.
Between 2013 and 2017, the genebank of the World
Vegetable Center and national partners distributed
more than 42,000 seed kits of traditional African
vegetables containing more than 183,000 vegetable seed
samples to smallholder farmers in Tanzania, Kenya
and Uganda. The seed kits contained seed samples of
promising accessions and open-pollinated breeding
lines of 23 traditional African vegetables, and to a
lesser degree tomato, Capsicum pepper and soybean,
usually enough to plant in a home garden (15). World
Vegetable Center research teams are conducting seed
tracer studies to determine by whom and how the
seeds are used. The results of these studies will inform
planned follow-up activities with farmers and national
agricultural organizations to strengthen local seed
systems, breeding efforts and seed production.

Innovative business models and value
chains
Innovative seed business models and innovative
seed value-chain mechanisms to respond to the
demand for crops and crop varieties that create work
and income generation opportunities, for example,
through young seed entrepreneurship.
One of the major bottlenecks limiting farmers’ access
to good-quality seed for food crops in Uganda is
the shortage of early generation seed (breeder and
foundation)iii to produce sufficient quantities of
certified or quality-declared seed to satisfy the needs
of farmers. The Integrated Seed Sector Development
(ISSD) programme in Uganda iv aims to increase the
income of smallholder farmer households, especially
women and youth in those households, and improve
their household food and nutrition security. ISSD
Uganda is focusing on piloting and scaling out new
innovative public–private business models in a
commercially sustainable manner. The programme
is working with local seed businesses to produce
quality seed of locally adapted crops and varieties
for local markets. The programme has supported the
development of guidelines of Quality Declared Seed
(QDS)v for the marketing of seed produced by local
seed businesses. To date, more than 260 local seed
businesses have been established.

Empowerment of farmers
Empowerment of farmers and their organizations
and effective implementation of their rights, to make
their voices, needs and interests heard in national
and international decision-making processes related
to the management of plant genetic resources, seed
system development, agricultural production and
livelihoods.
The first community seedbank in Nepal was
established in 1994 in Dalchowki, Lalitpur, with the
support of USC Canada–Nepal.vi Currently there are
46 operational community seedbanks supported to
varying degrees by national and international nongovernment organizations and by the government
of Nepal. Networking among community seedbanks
began about five years ago and members of several
community seedbanks established an informal
national community seedbank association. But in
recent years the pace has been slow. In 2018, following
the second national community seedbanks workshop
in the country, Bioversity International and the leading
Nepalese biodiversity research organization, the
NGO Local Initiatives for Biodiversity, Research and
Development (LI-BIRD), joined forces to strengthen
the network, legalize it as an association, build its
organizational capacity and develop a strategy and
action plan. The government of Nepal has invited
the association to formulate a number of policy
recommendations that would create a more enabling
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institutional context for community seedbanks and
their roles as key actors in the seed sector. Improved
networking aims to address: the lack of coordination
and mutual learning among key actors involved, the
challenge of sustainability of community seedbanks,
and the challenge of mainstreaming community
seedbanks in national policy and law.

Local implementation of international and
national policy
The effective implementation from community to
subregional levels of international agreements and
national policies and laws governing access to genetic
resources and benefit sharing, seed production and
trade, and intellectual property in ways that support
resilient seed systems in practice and not just on paper.
Resilient seed systems require revisions of current seed
policies and laws in many countries that hinder, obstruct
or criminalize farmer-led initiatives (9, 12). South Africa’s
Department of Agriculture, Forestry and Fisheries
(DAFF), through the National Plant Genetic Resources
Centre (which houses the country’s national genebank)
with technical support from Bioversity International,
has initiated the implementation of a national strategy to
establish and support community seedbanks. The aim
is to support local smallholder communities to revive
and improve their traditional seed-saving practices, add
value to their local seeds (e.g. through seed production
and marketing) and strengthen their food security,
sustainable agriculture, conservation of agricultural
biodiversity and adaptation to climate change. To date
three pilot community seedbanks have been established
managed by community members (16). The community
seedbanks are securing improved access to and
availability of diverse, locally adapted crops and varieties,
and revaluing related indigenous knowledge and skills
in planting management including seed selection,
treatment, storage, multiplication and dissemination.
They are effective means to implement the country’s
national agrobiodiversity conservation policy.
In the coming years, the initiative will establish more new
community seedbanks throughout the country supported
by the National Plant Genetic Resources Centre. DAFF
is using the achievements and lessons learned from the
pilot phase to develop policies such as the ‘National plan
for conservation and sustainable use for plant genetic
resources for food and agriculture’. Its ‘Departmental
strategy on conservation and sustainable use of genetic
resources for food and agriculture’ proposes active roles
for community seedbanks as part of a comprehensive
strategy for conservation and sustainable use of plant
genetic resources for food and agriculture. Adaptation
to climate change is one of the government’s concerns
regarding sustainable use. The government’s overall
climate change response strategy has been laid out in
a 2014 National Climate Change Response Plan White
Paper. The White Paper identifies involving local
communities as one of the priorities.
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Conclusion
Globally, there are strong voices and movements that
demand healthier food systems. Healthy food systems
depend on resilient seed systems. Such systems
require much stronger support for farmer-based seed
efforts along the whole seed value chain, development
of best-bet portfolios of crops and crop varieties,
innovative seed business models, novel and efficient
seed distribution mechanisms, empowered farmers, and
effective local implementation of global and national
policies. Policymakers can use the concrete examples
described in this chapter to make changes in seed
systems towards resilience.

Notes
This research was conducted in the context of a project
supported by Bioversity International and the CGIAR
Research Program on Climate Change, Agriculture and
Food Security (CCAFS) (2011–2017).
i

ii

www.bioversityinternational.org/seeds-for-needs/

Breeder seed: seed produced, usually in small quantity,
by breeders based on own breeding efforts. Foundation
seed: the offspring of breeder seed produced by a
recognized seed producing unit in the public or private
sector, usually in large quantity, for further testing on a
large scale.
iii

The Integrated Seed Sector Development programme is
led by the Wageningen Centre for Development Innovation,
Wageningen University and Research, and aims to support
the development of a vibrant, pluralistic and marketoriented seed sector. The programme operates in several
regions of Uganda, in close collaboration with the National
Agricultural Research Organization and various partners.

iv

QDS, first introduced in 1993 by the Food and Agriculture
Organization of the UN, are seeds subject to an alternative
seed-quality assurance process, particularly designed for
countries with limited resources, which is less demanding
than full seed-quality control systems, but yet guarantees
a satisfactory level of seed quality. For more information:
http://www.fao.org/3/a0503e/a0503e00.htm and http://
www.fao.org/3/a-i4916e.pdf
v

For the history of the Dalchowki community seedbank:
https://www.bioversityinternational.org/fileadmin/user_
upload/online_library/publications/pdfs/Community_
Seed_banks/24.Nepal_Dalchowki_seedbank.pdf

vi
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Cleaning and drying grains in the Tigray region, Ethiopia. Credit:
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Can crop diversity strengthen small-scale
farmers’ resilience?
Modelling future global biophysical and economic trends to
understand individual farmers’ resilience options
Marta Kozicka, Jeroen C.J. Groot, Elisabetta Gotor

KEY MESSAGES:
> When making decisions about which crops to plant, farmers consider both how to maximize profits,
and to minimize risks. They also have other goals in mind: diversifying crops to improve diets or
selecting crop combinations that improve soil health, for example.
> Not only do farmers look at farm level but also at trends in their environment. Which crops are in
demand? Which are more vulnerable to disease? Which command higher prices?
> In this paper, we explore options for a typical smallholder farmer making decisions on their farm in
the context of different global trends with the aim of optimizing a variety of goals.
> One objective is to see how crop diversity can help the farmer reach their goals even when confronting
different disturbances. The second is to quantify possible trade-offs and synergies between different
goals, depending on the planting decisions.
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Introduction
All human societies comprise a complex interaction
of people and nature. Our choices as consumers and
producers of food have a direct impact on the ecological
world, and in turn the natural world of crops, soils,
trees, air, water, insects and so on provides services
to us, such as food, clean air, clean water and income.
These interactions between people and nature are often
called socioecological systems and the services called
ecosystem services. Studies into vulnerability and
resilience assess the human and natural characteristics
of socioecological systems and their interactions (1).
Agricultural biodiversity consists of crops and their wild
relatives, trees, animals, microbes and other species that
contribute to agricultural production. It is a key element
of healthy and stable socioecological ecosystems and a
major driver of ecosystem services (2–5). It is important
for diversified and nutritious diets, as well as for the
genetic resources that allow farmers and plant breeders
to adapt a crop to diverse and changing environments,
for example under climate change (6). Biodiversity is a
key asset of the rural poor in lower-income countries,
who depend on agriculture for their livelihoods and
well-being (7). Farm households and rural communities
have long used agricultural biodiversity to manage
pests, diseases and weather-related stress, provide soil
health and water conservation, and to diversify their
diets (8–13).
Different levels of agrobiodiversity on farm can realize
different sets of farm goals (e.g. income, food and
nutrition security, soil health and natural environment)
that shape the vulnerability and resilience of
socioecological systems. Resilience is the capacity of the
system to ‘bounce back’ from a disturbance.
Climate change is one of the largest global challenges
to agriculture and food security, with agricultural
productivity set to decline and prices set to increase
as a result. This effect will, however, be unequally
distributed across regions and crops, with some areas
actually benefiting from new climatic conditions,
and some crop yields being more affected than
others. Climate change is expected to increase crop
vulnerability to pest and disease outbreaks (15). The
impact of pests and diseases on agricultural production
can vary from minor to completely devastating (16,
17). The real prices of all agricultural commodities will
increase until the year 2050, with the prices of maize,
rice and wheat projected to increase by up to 30% in
the most extreme climate scenario. The impact on food
security will be worst in sub-Saharan Africa (18).
Farmers manage vulnerability and resilience on their
farms by dynamically adjusting the practices they
use and the crops they plant. The initial management
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choices, for instance cropping pattern, animals kept and
resources used, generate certain outcomes, like income
or nutrition. Following a disturbance, like a drought
or a decline in the price of a product, the outcomes
deteriorate and the farmer can respond by reconfiguring
the farm through changing the space she allocates to
her existing crops, or she can try new crops, farming
practices or inputs, in order to get the farm system’s
performance back to the pre-disturbance level.
When making decisions about which crops to plant,
farmers consider how to maximize yield, but minimize
risks. They also have other goals in mind: diversifying
crops to improve diets, selecting crop combinations
that improve soil health, among many others. Not only
do they look at farm level but also at trends in their
environment: Which crops are in demand? Which are
more vulnerable to diseases? Which command higher
prices?
In this paper, we explore the options for a typical
smallholder farmer making decisions on his farm in
the context of different global trends with the aim of
optimizing a variety of goals. One objective is to see
how crop diversity in particular can help the farmer
reach his goals even when confronting different
disturbances. A second objective is to quantify possible
trade-offs and synergies among different goals
depending on the planting decisions the farmer makes.
For modelling purposes, we imagined a small-scale
banana-growing farm in Uganda facing challenges of
a banana disease outbreak and climate change over
the coming 30 years. The farmer grows nine (basic)
crops: banana, plantain, maize, cassava, sweet potato,
beans, coffee, yam and grassland. We considered seven
additional (intervention) crops, which the farmer could
potentially add to the farm. These are avocado, mango,
pawpaw, groundnut, jackfruit, Irish potato and tomato.

Setting the context
In Uganda, bananas and plantains are among the most
important staple food crops, contributing to rural
populations’ household food security, revenues and
culture. Additionally, bananas play an important role
in environmental conservation, because they provide
a good, permanent soil cover that reduces soil erosion
on steep slopes, and are a principal source of mulching
material for maintaining and improving soil fertility (19).
Smallholder banana systems dominate banana-farming
systems in Uganda (20). These systems are perennial, low
input and rural based. The first purpose of these systems
is food security, but commercial interests have become
increasingly important as of recent years.
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Banana production is affected by fungal, bacterial and
viral diseases, like Panama disease, black Sigatoka or
banana Xanthomonas wilt (21–23), as well as by other
environmental issues due to climate variability, including
floods and droughts (15). Bananas are particularly
vulnerable to disease as a result of very low genetic
diversity – cultivated bananas are practically seedless and
so are reproduced by using tissue culture (like cuttings),
making them essentially clones of the original plant
(24). Panama disease (Fusarium wilt), which in the 1900s
wiped out production worth at least US$2.3 billion (in
2000 prices) and caused major socioeconomic crises in
affected regions, is a prime example of the risks that are
inherent in the use of crop monocultures and bananas in
particular (25).

stress disturbances resulting from disease incidence or
climate change, and associated price changes until 2050.
We answer three main questions using the integrated
models:
1.

Under the three future scenarios, what is the
potential for crop diversity to increase resilience
and in what ways might climate change or disease
outbreak increase vulnerability?

2.

What are the trade-offs and synergies between
different farm goals ?

3.

How does the cultivation of different individual
crops influence the farm goals?

FIGURE 1 – Conceptual framework for linking global scale
to farm scale with IMPACT and FarmDESIGN models

Modelling concept

Climate change
Banana disease
Agricultural
sector

In order to assess the potential role of crop diversity in
reducing vulnerability and improving resilience, we
combined two existing modelling tools.
IMPACT stands for the International Model for Policy
Analysis of Agricultural Commodities and Trade.
It is used to support scenario analysis of long-term
opportunities and challenges related to food security,
climate change and economic development facing the
global food and agricultural sector. It is set up in annual
time steps and currently runs scenarios covering years
2005 to 2050. A multimarket model of the global economy
links agricultural commodity markets for around 62
internationally traded (primary and processed crop and
livestock) commodities and 159 countries or country
groupings.
FarmDESIGN shows the consequences of decisions
at farm and field level, and explores relations between
different productive, socioeconomic, nutritional and
environmental farm goals (26, 27). We set the model
to reflect the conditions of a banana-producing farm
in Uganda that produces for both home consumption
and market. It owns no cattle and the size is 5.3ha with
around 40% dedicated to bananas. We collected data for
the model by conducting interviews with 1,217 randomly
selected households in 11 districts in 2015.
We combine the two models – of global agricultural
markets and of farmer management decisions on the
farm – so that we can assess the implications of climate
change or a banana disease outbreak for four important
farm goals (income, food and nutrition, agrobiodiversity
and soil health), and trade-offs and synergies between
the goals until the year 2050 (Figure 1). We considered
three different future scenarios (baseline, climate change,
disease incidence), and two sets of crops available for
cultivation (nine basic plus seven intervention crops) (28).
We modelled how farm resilience would be affected by

Supply

Demand

Prices

IMPACT
Yelds, prices

Farm DESIGN

Farm

Crops

Management

Farm
outcomes
Income

Food and
nutrition

Agrobiodiversity

Soil health

Three global future scenarios
In the model, we consider three scenarios representing
possible global futures, built around climate change,
socioeconomic trends and a banana disease outbreak.i
Baseline scenario: assumes the status quo of the
socioecological system. In this scenario, there is no
climate change, meaning that climate-related variables
are constant until 2050. When it comes to socioeconomic
development, we assume similar growth as observed in
the past – uneven demographic and economic growth
globally.
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Bad climate scenario: assumes severe climate change
coupled with high unsustainable socioeconomic growth,
producing high greenhouse gas emissions. The other
factors are the same as in the baseline scenario.
Banana -50% scenario: assumes a banana disease
outbreak that reduces banana and plantain yields
annually by 50% in East Africa until 2050. The other
factors are the same as in the baseline scenario.
The first step is to analyze these three scenarios with
the IMPACT model to draw implications for the food
sector, in particular crop productivity and food prices.
The resulting sets of output levels and prices until 2050
are then introduced into the FarmDESIGN model to
assess the consequences of possible farm configurations
for revenues and allow calculation of trade-offs between
various farm goals.

Farm outcomes
and goals
We linked possible distributions of the farmland
among crops (different farm configurations) to four
desirable farm outcomes: high and stable income, food
and nutrition, agrobiodiversity and soil health. We
selected six indicators to measure (some aspects of)
these outcomes that we considered to be important in
the context of a small farm in Uganda (Table 1). Through
modelling with FarmDESIGN we explored trade-offs
and synergies between these goals.ii

TABLE 1 – Farm goals and indicators to measure them used in modelling with FarmDESIGN.

Farm goals

Indicators

High and stable income

Maximize revenues from crops
Minimize variance of crop revenues

Nutrition security

Maximize vitamin A yield

Crop diversity

Maximize crop diversity measurement (Shannon index)

Soil health

Maximize farm nitrogen balance
Minimize erosion potential

High and stable income: We chose to maximize revenues from crops, and also to minimize variance of crop revenues because
excessive food price volatility has broad negative consequences, primarily affecting poor producers and consumers, by elevating
risks of future prices (29, 30). As a result of high volatility, net food producers, especially in low-income countries where financial
markets do not function well, may lower their input use and consequently their agricultural output (31–33).
Nutrition security: We chose vitamin A yield as the nutrition security indicator. Vitamin A deficiency is considered one of the most
prevalent micronutrient deficiencies worldwide, mainly affecting children in low-income countries (34). In East and Central Africa, the
prevalence of vitamin A deficiency significantly exceeds the World Health Organization threshold of 15% (35). Vitamin A deficiency
can be addressed through supplementation programmes (administering concentrated doses of vitamin A to at-risk populations),
food fortification (adding micronutrients to food), and dietary diversification (adding naturally vitamin A-rich foods to diets). While
all of these are valid approaches (36), the first two have generally proven difficult to implement in low-income countries such as
Uganda. Dietary diversification is considered to be an intervention strategy that is sustainable without external support and can
simultaneously combat multiple micronutrient deficiencies (37).
Crop diversity: We aim to maximize crop diversity on farm, because it is one strategy farmers use to strengthen resilience to
climate change and pests. The contribution may arise from the choice of crop (climate- or pest-resistant, for example), the portfolio
effect of having different crops which react differently to different disturbances, increasing the chances that not all crops are equally
vulnerable, or from synergies between different crops (for example, growing nitrogen-fixing legumes like beans alongside pumpkins).
Soil health: When it comes to soil health, we focus on minimizing soil erosion while maximizing nitrogen balance. Soil erosion
affects productivity negatively due to loss of nutrients, and has negative environmental consequences due to pollution of natural
waters or adverse effects on air quality due to dust and emissions of gases (38). Soil nutrient depletion is one of the major causes
of declining per capita food production in sub-Saharan Africa. Adequate soil management will be required to sustain food security in
the light of increasing population densities (39).
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Vulnerability
and resilience
of smallholder
farmers under
different scenarios
A farmer’s room to manoeuvre is determined by the
farm configuration and management options she has
available. The more opportunities a farmer has to
recover system performance after a disturbance to get
her farm goals back to or beyond original performance,
the more resilient the farm is.

The potential for crop diversity to reduce
vulnerability and increase resilience
We analyzed the consequences of cultivating only
the nine basic crops versus adding seven intervention
crops to the farmer’s portfolio. Adding intervention
crops improved the farmer’s possibilities of achieving
all her goals. This means that the farmer has more
opportunities to respond to future disturbances related
to climate change or banana disease outbreak. Higher
species diversity increases farm resilience.

Through comparing the options under the three
different global scenario results, we see that climate
change will create more income opportunities –
potential and average crop revenues are the highest
under the climate change scenario. However, this
comes with higher uncertainty of income – the highest
average and potential revenue variance are also under
this scenario. These results suggest that climate change
can increase vulnerability of smallholder farmers in
Uganda with respect to their income. Banana disease
significantly decreases the potential for achieving
vitamin A yield and slightly increases soil erosion
potential. Implications are that banana disease can put
pressure on nutrition and sustainability of production.

The trade-offs and synergies among
different farm goals
Analysis of trade-offs and synergies between the
selected farm goals reveals intuitive patterns. For
instance, increasing revenues from cropping comes
with a trade-off of slightly more erosion potential (Table
2). The biggest trade-off was between the economic
indicators of revenues and their variance. A focus on a
small number of profitable crops means higher revenue
in good years, but more risk of crop failure. Adding
more crops to the farm has a significant positive impact
on soil health (especially soil erosion) and nutrition
(vitamin A yield). Although on average crop diversity
slightly increases revenue variance, the lowest variance
of revenue was found at the highest levels of crop
diversity.

TABLE 2 – Trade-offs and synergies among indicators for the ‘Business as usual’ scenario. Positive numbers
indicate a synergy (marked in yellow and green), negative numbers a trade-off (marked in orange and red).

Crop diversity
Shannon index
Shannon index
Crop revenues
Revenue variance
Vitamin A yield
Erosion potential

High and stable income
Crop revenues
0.177

Revenue variance

Nutrition security
Vitamin A yield

Soil health
Erosion potential

Nitrogen balance

-0.361

0.399

0.627

0.240

-0.958

0.791

-0.082

-0.052

-0.911

-0.154

-0.148

0.278

0.498
0.307

Nitrogen balance
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Influence of different crops on the farm
goals?
Finally, we analyze how each crop impacts the farm
goals (Table 3). Correlations between areas of specific
crops and the performance indicators can be used to
inform farmers about the consequences of their planting
choices. The production of yam was strongly correlated
with crop revenues, but would also lead to higher
erosion potential and variance of revenues, hence more
economic and environmental risks for farmers. Tomato
cultivation could contribute strongly to vitamin A yield

and the nitrogen balance of the farm, while generating
significant but volatile revenues. The worst performing
crops from an economic, environmental and nutritional
perspective were groundnut, beans and coffee.
Introduction of the new, intervention crops (marked in
grey), would positively influence crop diversity (increase
Shannon index).

TABLE 3 – Correlations between the area of different crops and the performance indicators (sorted by declining
correlation with crop revenues) for the ‘Business as usual’ scenario.

The intensity of a colour indicates the strength of correlation between a crop area and a performance indicator. Shades of green are
assigned to positive (desirable) impacts and shades of red to negative (disadvantageous) impacts.
Crop

Crop diversity
Shannon index

High and stable income

Erosion potential

Nitrogen balance

-0.151

0.861

0.684

0.408

0.496

-0.380

Tomato

0.288

0.560

0.717

0.923

-0.302

0.696

Avocado

0.568

0.519

0.605

0.424

-0.348

-0.162

Pawpaw

0.598

0.459

0.629

0.729

-0.517

0.387

Mango

0.585

0.337

0.511

0.639

-0.548

0.449

Jackfruit

0.741

0.134

0.298

0.344

-0.627

0.228

Grassland

-0.066

0.102

0.080

0.074

0.085

-0.013

Cassava

-0.024

0.025

0.022

0.047

0.115

0.115

Irish potato

0.387

-0.022

0.045

0.075

-0.132

0.115

Maize

-0.100

-0.150

-0.295

-0.485

0.484

-0.638

Plantain

0.253

-0.159

-0.009

0.054

-0.683

0.295

-0.027

-0.169

-0.161

-0.109

-0.059

0.031

Sweet bananas

0.639

-0.179

0.029

0.192

-0.739

0.517

Coffee

0.143

-0.309

-0.281

-0.388

-0.540

-0.519

Beans

-0.656

-0.487

-0.674

-0.747

0.617

-0.450

Groundnut

-0.128

-0.634

-0.571

-0.328

0.207

0.532
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Vitamin A yield

Soil health

Yam

Sweet potato

Crop revenues

Nutrition security
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Conclusions: What
does this mean
for farmers and
policymakers?
This study contributes to an important discussion
on trade-offs between various objectives related
to agricultural production, keeping in mind the
complexity of a farm as an agroecological system and
the complexity of human needs, going beyond calories
and income. We analyze farm-level goals in the light
of global challenges to agricultural production of the
future. We show that crop diversity can significantly
improve resilience to climate change and banana disease
of a small farm in Uganda over the next 30 years.

This example of modelling a smallholder banana farm
in Uganda is relevant elsewhere. In the framework of
Agenda 2030, in which the Sustainable Development
Goals are “an indivisible whole” policymakers need
solutions which combine economic prosperity, social
justice and environmental protection. Integrating
models that combine on-farm decision-making with
global agricultural market trends is an approach
that can be used in low-, middle- and high-income
countries to understand how to generate synergies and
manage trade-offs so that global goals of crop diversity
conservation, nutrition, environmental protection
and human nutrition can be considered and managed
together. For smallholders and actors working with
them, analyses of trade-offs and synergies open spaces
for increasing resilience at a farm-household level that
link up to strengthen resilience at regional and global
levels.

Modelling different scenarios, different crop
configurations and different goals is important for
farmers and policymakers when making decisions to
achieve short- and long-term goals in dynamic situations
of change. This kind of exercise can be used at a national
or regional level by those designing policies to reach
multiple goals (nutrition, soil health, revenue etc). It can
also be useful for farmers to help design their farms to
better meet their complex needs.
The models indicate that increasing crop diversity is
generally a good strategy – it leads to more resilience,
better soil health, more stable income and better
nutrition. However, decision-makers need to be
mindful of the trade-offs between different objectives.
Increasing the number of cultivated crops will improve
most farm-level goals, but will not achieve the highest
potential income. On the other hand, growing a small
selection of the most profitable crops maximizes
potential revenues, but also increases risk, due to their
volatility. Since banana disease and climate change
can have a negative impact on nutrition and soil
productivity, diversity-maximizing polices supporting
these outcomes will be very relevant.
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Notes
i
This methodology is called scenario analysis. It is
different from forecasting, which should take into account
all important factors that will affect food supply, demand
and governance in the future. These factors are very
difficult or impossible to predict over the next decades.
On the contrary, scenario analysis uses information about
the current dynamics of the food system to understand
how possible future changes of the major drivers, grouped
into scenarios, could affect the food system. Scenarios are
different, internally consistent narratives about the future
(40).

Crop revenues were calculated based on the market
prices generated in IMPACT. Production costs were not
taken into account. Nutrients produced on 1ha of every
crop were calculated based on the food composition table
for Central and Eastern Uganda (41). Soil erosion was
calculated based on the crop cover factor (C-factor) of
the Revised Universal Soil Loss Equation (RUSLE). The
C-factor links soil loss to land cover and land management
and is independent of the environmental conditions (42,
43). Nitrogen balance was calculated based on data on the
nitrogen content of farm inputs and crop products using
food composition tables of HarvestPlus and USDA (41, 44).
The Shannon diversity index (H) was used as an indicator
of crop diversity. It quantifies the ecological diversity and
‘evenness’ of distribution of species in a farm (measured
as a farm’s frequency distribution). H = 0 if there is only
one species on the farm and H reaches its maximum when
each species occupies the same area on the farm. Thus, a
monoculture results in a low value for the Shannon index
(38).

5.

FAO (Food and Agriculture Organization) (2019) The
State of the World’s Biodiversity for Food and Agriculture
eds Belanger J, Pilling D (FAO Commission on
Genetic Resources for Food and Agriculture
Assessments, Rome, Italy) Available at: http://www.
fao.org/3/CA3129EN/CA3129EN.pdf.

6.

Fowler C, Hodgkin T (2004) Plant genetic resources
for food and agriculture: assessing global availability.
Annual Review of Environment and Resources 29(1):143–
179.

7.

Jarvis D, Sthapit B, Sears L (2000) Conserving
Agriculture Biodiversity in Situ: A Scientific Basis for
Sustainable Agriculture (International Plant Genetic
Resources Institute, Rome).

8.

Di Falco S, Chavas J-P (2009) On crop biodiversity,
risk exposure, and food security in the highlands of
Ethiopia. American Journal of Agricultural Economics
91(3):599–611.

9.

Bellon MR (2004) Conceptualizing interventions to
support on-farm genetic resource conservation. World
Development 32(1):159–172.
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Farmer displays quinoa varieties at a diversity fair, Bolivia.
Farmers obtain seeds from diverse sources through different
mechanisms. 60%-90% of the seeds on which smallholder
farmers in low-income countries depend is saved on farm or
obtained through local distribution channels.
Credit: Bioversity International/S. Padulosi

Crop genetic resources manage risks
in China. How to manage risks to crop
genetic resources?
Xu Liu and Zongwen Zhang

KEY MESSAGES:
> China is facing risks of a growing population, deterioration of agricultural lands, poor nutrition and
poverty.
> China is one of the centres of diversity for the world’s crops and still maintains high levels of
between-species and within-species diversity.
> Crop diversity represents a potential resource, which can be used to promote healthy, diverse diets,
income-generation opportunities and low-input agricultural practices.
> Crop diversity is threatened by climate change, expansion of modern agriculture, insufficient
exploration of crop collections, and gaps in the Chinese crop genetic resource management system.
> In response, China is taking several measures to reduce risks to its valuable crop diversity, which we
outline here.
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What risks does
China face?
1.3 billion of the world’s 7.7 billion people live in China.
With so many people to feed, the country cultivates 120
million hectares of land (twice the size of Ukraine or
Madagascar) and in 2016 produced 61.6 million tonnes of
food. The population in China is estimated to reach 1.6
billion by 2030, when food demand will be 73.6 million
tonnes (1). Current food production needs to increase by
1% every year to meet these food requirements.
For a long time, China attempted to increase crop
productivity by increasing inputs and enlarging the area
of cultivation. Doing so has inevitably overused natural
resources and resulted in deterioration of the land and
environment. For example, water used in agriculture
accounted for over 60% of total water usage in the
country, however, only about 50% was effectively used
by crops, while another 50% was lost due to improper
irrigating methods and poor diversion canals (2). China
applied 59.9 million tonnes of chemical fertilizers in
2016 (3), which was more than 30% of all the fertilizers
used worldwide (4). Green development with reduced
inputs is becoming an urgent requirement in Chinese
agriculture.
Currently, 30.6% of Chinese people over 18 years old
are overweight (5, 6). The prevalence of hypertension
is 25.2%, and that of diabetes 9.7%. All these rates are
on the rise (7). Many of these problems are caused by
lack of micronutrients critical for health. To address this
growing problem, China issued a National Nutrition
Plan in 2017, which proposes to vigorously promote
nutritional agricultural products, especially organic,
green and pollution-free food, as well as double-protein
(soybean and milk) foods. It also promotes good health
through diets, including traditional health-preserving
foods (8), such as buckwheat and oats which can help
improve body functions.
The Chinese government is making concerted efforts
to eliminate poverty in the country. However, while
the proportion of poor people has plummeted since the
1990s, there were still an estimated 43.4 million poor
in 2016, mainly living in marginal rural areas inland
and dependent on agriculture for a living (9). Farmers
are now being helped to develop special high-quality
agricultural products so that they can increase their
incomes. The focus of farming production is shifting
from increasing productivity to increasing effectiveness.
The value chain linking farmers’ production to
processing and markets is key to adding more value to
agricultural products so that they earn higher incomes.
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What role can
genetic diversity
play in managing
these risks?
High levels of genetic diversity in China are potential
resources to manage the four risks of growing
population, deteriorating environment, poor nutrition,
and poverty, and turn them into opportunities:
•

Nutrient-dense diverse species and varieties of
crops are available which constitute an opportunity
to contribute to healthy diets

•

Income generation opportunities by using special
local crops, varieties or even landscapes to produce
organic or ecological products to meet market
demand

•

Resources for agroecological intensification by
adapting a diversity of species, varieties or both to
address climate change and increase yields

•

Green development with low inputs by using
landraces to produce organic or ecological products
for sustainable agriculture.

Each of these opportunities requires access and
availability of crop genetic diversity and knowledge –
scientific and traditional – about them and how to use
them.

Crop genetic
resources in China
China is recognized as one of the centres of origin of
many of the world’s crops. Over 10,000 plant species
have been used by Chinese people to support their
livelihoods in their long history (10). Currently, 3,528
plant species are used in food and agriculture, including
1,356 cultivated species and 2,172 wild species of crops
(Table 1) (11). Among these species, about 350 were
domesticated in China (12). Grain crops, such as rice,
wheat and maize, are the staple food crops in China.
There are also numerous minor grain crops such as
barley, buckwheat, millets, oat, sorghum and beans.
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TABLE 1 – Number of species of cultivated and wild species used for food and agriculture in China

Categories

Cultivated species

Crop wild relatives

Total

Grain crops

103

311

414

Cash crops

98

454

552

Fruits

149

420

569

Vegetables

222

150

372

Forage and green manure

196

353

549

Others

588

484

1072

Total

1,356

2,172

3,528

Each species contains high levels of within-species
diversity too. China conserves these precious genetic
resources through a national system with two
complementary realms: in situ and ex situ.
In situ conservation refers to conservation in a plant’s
natural habitat, be that the wild or a farmer’s field,
so that the plant continues to evolve. As a centre of
diversity, China is home to many naturally occurring
populations of relatives of important crops, which may
contain traits useful in breeding programmes. Efforts
have been made to set up protected sites for many of
these (13). By the end of 2017, China had established 206
protected sites in 27 provinces, in which 69 species of
crop wild relatives are being conserved.
For ex situ conservation (collecting samples of seeds
and safeguarding them in offsite facilities, e.g. in
a seedbank), China has conducted two large-scale
collecting missions, the first in the 1950s and the second
in the 1980s. A third national collecting mission is
in progress at the moment. The seeds are stored in a
network of national and local genebanks.
Through these collecting activities, a total of 481,000
samples of 350 crops have been collected and their
basic ‘passport’ information (e.g. origin, species, source)
documented (11, 14). About 85% of these are landraces
(farmer-bred, ancient varieties).
It is possible that these crops contain useful
characteristics to help China reduce the risks
associated with a growing population, poor diets,
environmental degradation and poverty. For example,
naturally occurring resistance to pests and diseases
or to conditions such as flooding, cold or salinity, can
stabilize yields under difficult conditions and reduce the
need for chemical inputs.
Over 62% of the crop samples conserved in China’s
genebanks have been evaluated for resistance to
pests and diseases, 57% for nutrient content, and
43% for resistance to drought, wet, cold, salinity or a
combination of these (15).

Collecting and evaluating crop genetic materials is
not the end of the story. If these materials are going to
realize their potential in addressing China’s challenges,
they need to be used. The main users in China are
breeders, who screen samples to find potential parents
of future varieties. Farmers and companies also use
varieties directly in their fields, public organizations for
education and research, and museums as specimens (16).
Since 2001, over 245,900 samples have been multiplied
and made available through genebanks. They have
distributed 273,900 samples to users based in 5,504
units across China (15) and more than 40,000 samples of
various crops have been provided to foreign users and
international organizations (11).

Risks to crop
genetic resources
in China
Despite the potential of genetic diversity to help China
to address the risks of poor diets, environmental
degradation, growing population and rural poverty, this
diversity itself is at risk for several reasons:
1. Crops are no longer performing well in their original
environments because of climate change
Climate change has resulted in temperature rises,
increased evaporation from the earth’s surface,
aggravated drought, changing environments and
increasing damage by pests and diseases. The average
annual surface air temperature in China has increased
o
by 0.79 C in the last 100 years (17). Consequently, climate
change has had serious impacts on crop production.
For example, a severe frost in the southern area of the
Yangtze River in 2008 seriously damaged local crop
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production, while a drought in the north of Hubei
province in April–May 2011 delayed the time for rice
transplanting and seeding for other crops, so that yields
of these crops were dramatically reduced (18).
Climate changes in some areas are having a positive
impact. For example, the northern limit for planting
rice, wheat and maize has extended further north due
to temperature increases. However, this still requires
a change in genetic resource strategy. Early maturing
varieties have been replaced by mid or late varieties,
which are better adapted to the longer growing period
(18).
Climate change may threaten in situ conservation of crop
wild relatives through drought, floods and frosts. During
a long drought in Yunnan over the last decade, many crop
wild relative populations decreased dramatically (11). For
example, there were many sites where wild species of rice
(Oryza spp.) could be found in Yunnan Province. After
a decade of drought, Oryza rufipogon sites were reduced
from 26 sites to two, O. officinalis from 13 to two, and O.
meyeriana reduced from 105 sites to 35 (19).
2. The rapid development of modern agriculture is
causing loss of crop diversity managed by farmers on
farm
In the last 30 years, modern agriculture has developed
very fast in China. For major crops such as rice, wheat,
maize and soybean, many farmer varieties were replaced
by modern ones. The number of varieties used in
production has decreased dramatically. With the change
of planting patterns and land use, many farmer varieties
have disappeared. Some of which had been cultivated for
several hundred years no longer exist.
A survey in 79 counties of Hunan Province found that
there were 1,366 farmer varieties of rice grown in 1956,
which dwindled to 644 by 1981 and only 84 by 2014,
accounting for a 90% loss (20) (Figure 1). In addition,
hybrid maize is now grown at higher altitudes and
latitudes taking over the area planted to farmer varieties
and leading to a decrease of minor crops directly
managed by farmers (21).

3. Insufficient exploration of the values of crop
collections is leading to unrealized potential of crop
genetic resources
As mentioned above, China has characterized and
evaluated important agronomic traits of its genetic
resource collection. Many elite resources have been
identified and made available to breeders and other
users (11). However, compared with the huge size of the
collections, efforts to evaluate valuable traits have been
insufficient, mainly because of a lack of coordination
and funds (11). Another reason for underuse of crop
genetic resources in collections is that multilocation
evaluations are lacking, so we only know how they
perform in a limited number of environments. In
addition, breeding organizations and enterprises did
not actively participate in the evaluation work, and so
the putative values of crop germplasm for breeding and
production have not been explored and demonstrated.
4. Gaps in China’s crop genetic resource management
system mean that crop collections are insecure
With the support of the Ministry of Agriculture and
Rural Affairs, China has established a national system
of crop genetic resource conservation and research,
coordinated by the Chinese Academy of Agricultural
Sciences (CAAS) with the participation of relevant
provincial academies of agricultural sciences and
universities. However, it lacks an effective mechanism
for managing and coordinating the system. Although
CAAS has strong technical functions in coordination
and management, it has no direct administrative
relations with many mid-term genebanks and field
genebanks. Management is largely dependent on
projects and lacks a long-term financial mechanism.
Therefore, the management of these genebanks is
constrained by local development plans. For example,
in one case a field genebank had to be moved due to
building a road for local development. These kinds of
disruption can lead to the loss of genetic resources.

FIGURE 1 – Farmer rice varieties on farm in Hunan province have decreased dramatically since 1956
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What is China
doing to minimize
risks to the
conservation and
use of crop genetic
resources?
Recognizing the risks to crop genetic resources, China
has been running comprehensive national programmes
to improve the conservation and use of crop genetic
resources. The programmes were mainly supported
by the Ministry of Agriculture and the Ministry of
Science and Technology and implemented by the
Institute of Crop Sciences of CAAS with participation of
organizations who hold mid-term genebanks and field
genebanks and those maintaining local genebanks at
different provinces.

Enhanced in situ conservation and on-farm
management to improve the adaptability of
crops and varieties no longer performing
well in their original environments
because of climate change
Strengthened in situ conservation and monitoring for
crop wild relatives
Establishment of protected sites in situ has been
strengthened for crops originating in China such as
soybean, buckwheat and millets. At the same time,
efforts have been made to link the conservation of
crop wild relatives with sustainable use of these
natural resources for livelihoods by reducing farmers’
dependence on the habitat where crop wild relatives
grow, and providing alternative pathways out of
poverty, including financial support for developing
livelihoods. One example is that human pressures on
the environments of wild rice, wild soybean and wild
relatives of wheat were reduced in eight provinces,
through improved policy options, infrastructure,
financial incentives and awareness raising for
communities near the sites (13).

developing products. The National Chinese Pear
Repository provided the traditional pear varieties,
Golden pear and Cuiguan pear to farmers in Enshi in
Hubei province, which greatly improved the income of
farmers who adopted these local varieties. Development
of value chains and business models, including organic,
special and nutritional products, for Wuchang rice,
Nanfeng orange, and Laiyang pear, succeeded by
establishing geographical indication certification. This
has made great contributions to farmers’ incomes.

Enhanced exploration and collecting
activities to safeguard crop diversity
against the continuous loss resulting from
modern agricultural practices
The Ministry of Agriculture has been strengthening
nationwide comprehensive surveys and systematic
collecting of crop genetic resources. The priority is to
conduct the current third national survey and collection
of crop germplasm resources with a focus on remote
areas, mountainous areas and the western part of China.
Since 2015, surveys and collecting have been completed
in 12 provinces including 830 counties, from which
some 31,000 samples of various crop species have been
collected, including grain crops, vegetables, fruits and
medicinal plants. 85% of these are farmer varieties with
elite characteristics (14). For example, 4,800 accessions
collected in Guizhou Province were evaluated and 150
accessions were found resistant to various diseases or to
have stress resistance, superior quality, early maturing
or high-yield potential, which will be valuable for
breeding and other research and use (22).

Enhanced research into identification
and use of elite planting materials to
increase use

Strengthened on-farm management of farmers’
ancient landraces

To demonstrate the value of crop genetic resources,
China is strengthening research capacity for
identification of crop genetic resources. For phenotypic
characterization (i.e. assessing how different crop
varieties perform under different conditions), major
traits have been recorded for all the crop samples stored
in the national genebank. Evaluation of resistance
to pests and diseases as well as abiotic stresses such
as drought, wet and cold were conducted on the
collections of rice, wheat, maize, soybean, cotton,
oilseed and vegetables. Through multilocation trials,
more than 10,000 samples of these crops were evaluated
to identify elite germplasm for the needs of breeding
(14). Catalogues listing all the genetic information of
these crops have been produced, and all data are now
documented in a National Crop Germplasm Information
System for ease of access (11,14).

The Ministry of Agriculture has supported a national
programme for screening farmer varieties of different
crops to identify varieties with special traits for

For genotypic evaluation (i.e. the genetic profile
of crop varieties), biotechnology has been used in
genetic diversity analysis to understand the origins
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and evolutionary pathways of important crops and
to identify useful traits for crop improvement (23).
With various molecular markers, genetic diversity
was analyzed for rice (24), wheat (25) and maize (26).
Cloning has been successfully carried out of 237 genes
associated with important agronomic traits of rice,
wheat and maize, which provide a pathway for genetic
improvement in these crops (11). Twelve thousand genes
associated with various agronomic traits have been
newly identified in rice by genotyping 3,000 rice samples
(27).

Gaps filled in the national management
system to deal with the insecurity of
existing crop collections
To complete the national legal system and put forward
recommended policies for management of crop genetic
resources, China has revised its Seed Law, released
‘Regulations on crop germplasm resources’ by the
Ministry of Agriculture, and published the ‘National
plan for conservation and sustainable use of crop
genetic resources’ (28), which are key national legislation
and policies for management of crop genetic resources
in China. Currently, discussions are underway for
development of access and benefit-sharing polices, and
for the possibility of joining the International Treaty of
Plant Genetic Resources for Food and Agriculture (29).i
We have strengthened the national network for
conservation and use of crop genetic resources
involving the national long-term genebank, duplicate
genebanks, mid-term genebanks, field genebanks
and genebanksii located in different provinces (14).
Efforts are being made to establish a national centre for
conservation and use of crop germplasm resources in a
unified management system under the leadership of the
Ministry of Agriculture and Rural Affairs.
The national information system for crop germplasm
resources for digital and standard information sharing
and management of genetic resources has been
improved and upgraded. The system is composed
of databases of germplasm catalogues, surveys and
collecting missions, evaluation traits and images (14).

Conclusion
Addressing risks to crop genetic resources is crucial for
their safe conservation and sustainable use, allowing
them to continue to contribute to building resilient
food and nutrition security and green development.
China is rich in crop genetic resources in terms of
species diversity and within-species diversity. China
has made great efforts to strengthen research and
management on acquisition, evaluation and use of
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crop genetic resources with strong support from local
and national governments. Although crop genetic
resources in China are at risk from several threats,
including climate change, development of modern
agriculture and incomplete management systems,
there are opportunities for using them sustainably
that the national plans for nutrition and health, green
development and poverty elimination present in the
country. To manage risks, efforts should be made to
comprehensively collect and conserve germplasm
throughout the country, deeply evaluate germplasm
and actively use the valuable diversity in breeding
new varieties and supporting livelihoods, and improve
the national policy and management system. In this
way genetic diversity will be well placed to contribute
to reducing the risks that China faces of a growing
population, poor nutrition, poverty and deteriorating
agricultural lands.

Notes
The International Treaty on Plant Genetic Resources for
Food and Agriculture, adopted by the 31st Session of the
Conference of the Food and Agriculture Organization of
the UN on 3 November 2001, aims at:
i

• Recognizing the enormous contribution of farmers to
the diversity of crops that feed the world
• Establishing a global system to provide farmers, plant
breeders and scientists with access to plant genetic
materials
• Ensuring that recipients share benefits they derive
from the use of these genetic materials with the
countries where they have been originated.
http://www.fao.org/plant-treaty/en/
China deploys a network of different kinds of genebanks
with different functions:

ii

Long-term genebank – Located in Beijing for conserving
crop base collections for long-term under conditions of
temperature -18oC and relative humidity≤50%.
Duplicate genebank – Located in Qinghai for conserving
duplicates of crop base collections for safety under
conditions of temperature -18oC and relative humidity≤50%.
Mid-term genebanks – Located in different institutes
of CAAS for conserving crop active collections for
distribution under conditions of -4oC to +4oC.
Field genebanks – Located in different organizations
throughout the country for conserving living collections
of vegetatively propagated and perennial species in the
protected fields.
Provincial genebanks – Located in provincial academies of
agricultural sciences for conserving local crop collections of
different provinces.
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Measurement choices with consequences
How we define yield, crop diversity and smallholders can
mischaracterize contributions of agrobiodiversity to smallholder
livelihoods
C. Leigh Anderson and Travis W. Reynolds

KEY MESSAGES:
> Measurements of land productivity are used to assess the relative performance of agricultural
systems, to set production targets, to evaluate the impacts of agricultural interventions and to track
broader regional and national development trends.
> Although it may sometimes be possible to measure total factor productivity (which seeks to value all
inputs and outputs of an agricultural production system), in relatively data-poor smallholder farm
systems, simpler measures are widely used as proxies of productivity. The most common of these is
crop yield – the amount of crop produced per unit of land (e.g. kg/ha).
> The performance of common practices used by smallholder farmers involving agrobiodiversity –
such as intercropping to enhance farm resilience and household nutrition – may unintentionally be
mischaracterized by some yield measurement methods.
> It is possible and useful to be more specific about how yield is calculated, including how area is measured,
how intercropped crops are or are not counted, and how smallholders themselves are defined.
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Productivity, yield
and development
in smallholder
farm systems
Agricultural development in sub-Saharan Africa has
long hinged upon raising the productivity of rural
small-scale farmers. Growth in agricultural productivity
has been empirically linked to poverty reduction
across a range of measures for both staple and export
crops (1–9). Many governments and public and private
organizations have thus made it a priority to increase
smallholder farm productivity, and have invested
billions toward this end (10–13).
Despite the prevalence of smallholder agricultural
productivity growth as a development goal, reliable
productivity measures remain elusive and costly. ‘Total
factor productivity’ is one way of valuing all inputs
and all outputs of an agricultural production system
where adequate data exist. In the relatively data-poor
environments typical of many smallholder agricultural
systems, however, researchers generally use a simpler
measure of land productivity: crop yield (14). Crop
yield measures the output of a given crop per unit area
(e.g. kilograms of maize per hectare, tonnes of rice
per acre). The logic of striving for greater agricultural
output per unit of land as a mechanism to catalyze
rural growth seems intuitive. So, although individual
welfare is often the ultimate goal, yield is often used to
track agricultural development, because it is easier than
measuring – and pricing – all the outputs and inputs
of agriculture, or estimating broader outcomes like
changes in poverty or nutrition.
However, even measuring crop yield proves to be
surprisingly complex. Simplified progress measures
such as crop yield would be less problematic if
farms only produced one crop (i.e. market-oriented
monocultures), or if farmers were relatively homogenous
in their input use (e.g. land, fertilizer, pesticide and
management strategies) across contexts. But in practice
smallholders regularly plant a diverse portfolio of crops
and use a wide range of farm management practices
that confound simple yield calculations. To complicate
matters further, ‘yield’ and ‘smallholder’ are defined
in several ways, or used without being clearly defined.
Since evidence-based policy is based on empirical
measurements, this matters. The choice of yield measure
and definition of smallholder influence how crop
yield estimates are translated into interpretations of
smallholder productivity. If these yield measures differ
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systematically across, for example, sub-populations of
farmers or crops, they could mischaracterize the role or
outcomes of common farming strategies – including the
use of agrobiodiversity – in smallholder livelihoods.
In this paper, we outline definitions of yield and
categorizations of smallholders, as they are commonly
used in scientific studies and policy papers. Then
using the examples of two very different cereal crops
– maize and rice – in Ethiopia and Tanzania, we
illustrate the consequences of applying different yield
and smallholder measurement decisions. The data we
use are plot-level data from nationally representative
surveys from the World Bank’s Living Standards
Measurement Study – Integrated Surveys on Agriculture
(LSMS-ISA): the Tanzanian National Panel Survey
(TNPS), and the Ethiopian Socioeconomic Surveys (ESS).

Area planted or
area harvested?
How is plot area
measured?
Crop yield can be calculated as a measure of production
per harvested area (e.g. kg/ha harvested) or per area
cultivated (e.g. kg/ha planted) – with preharvest losses
the most common difference between these measures.
Preharvest losses can arise from factors largely beyond
the control of the farmer, such as catastrophic climate
events (flooding, drought), theft, fire or birds. Or they
can be due to factors associated with management,
such as input choices or farming practices that
increase vulnerability to stresses such as pests, weeds,
temperature or rainfall variability. Incomplete harvests –
due to, for example, labour constraints – would also lead
to different yield estimates depending on whether area
harvested or area planted is considered. Yield measures
based on area harvested rather than area planted
may thus misestimate productivity in contexts where
preharvest losses lead to non-harvesting of some area
with damaged crops, or in contexts where only the most
productive plots are harvested.
In a review of 30 articles published recently over
three years in top-rankedi agricultural economics
journals, it appears that most researchers with access
to household-level data use ‘area planted’ as the
denominator in yield calculations. But others, including
donors and government agencies, regularly track and
report area harvested, or rely on more easily available
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administrative data, such as FAOSTAT, which reports
a measure of quantity harvested divided by area
harvested (with explicit guidance that area harvested
“excludes the area from which, although sown or
planted, there was no harvest due to damage, failure,
etc.”) (15). Still others do not clearly indicate what the
yield denominator is – introducing uncertainty around
how preharvest losses are accounted for (or not).
Does this ambiguity matter? The advent of regular
detailed household-level survey data with information
on both area planted and area harvested allows us to
make direct empirical comparisons of yield estimates
based on the choice of denominator. As an illustrative
example, Figure 1 compares administrative estimates
(FAOSTAT) for Tanzania to household survey estimates
of pure-stand crop yields according to area planted or
area harvested.ii
In this Tanzanian context, we find maize and rice
yield estimates by area harvested are statistically
significantly higher than yield by area planted
(conservatively approximating 38% in 2014–2015). For
rice, administrative estimates reporting yield by area

harvested (from FAOSTAT) are consistently higher than
survey estimates using area harvested. Differences are
to be expected given the different methodologies (14, 15,
17), but surprisingly even the trends deviate (partially
due to FAOSTAT numbers for intervening years, which
are imputed).
We also find large differences in preharvest crop area
losses across crops: famers report harvesting an area less
than the area planted on 26% of maize plots compared
to 18% for rice plots. Though the reasons for these area
losses vary, we note that in the Tanzanian survey, plots
planted with more than one crop were significantly less
likely to experience area loss: approximately two-thirds
of mixed crop plots do not experience any area loss,
whereas two-thirds of monocropped plots do. To the
extent that preharvest losses are concentrated among
certain crops (e.g. maize versus rice) or among certain
management practices (e.g. monocropping versus mixed
cropping), there is the potential for the choice of yield
metric to mischaracterize the relative productivity of
these crops and farm management strategies.

FIGURE 1 – Comparison of Tanzania crop yield estimates (kg/ha) by area measure and data source

“arhv” denotes estimates of yield by area harvested, and “arpl” denotes yield by area planted. TNPS estimates are means for rural
households only. In all estimates, area planted and area harvested on a given plot are constrained to not exceed the plot size, as
measured by GPS when available. FAOSTAT yield is the reported harvested production for the total crop area under cultivation. Source:
Authors’ estimates (TNPS); FAOSTAT (16)
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How is crop
production
measured?
Accounting for
intercropping in
yield calculations
The farm management practices that smallholder
farmers commonly use present further challenges for
accurately estimating yields. For example, intercropping
is a common practice, where farmers produce multiple
crops on a given parcel simultaneously or over the
course of the growing season(s).
Farmers plant multiple crops on a single plot for
many reasons: lowering production risks (if crops are
differentially sensitive to climate variation or other
stresses), coping with labour constraints, hedging
against price movements, meeting their household food
preferences, or seeking the productivity benefits of
certain intercropping arrangements such as nitrogenfixing legumes (18–21). In Tanzanian survey questions
looking at farmer motivations for intercropping,
substituting for another crop in the event of failure
was the overwhelming reason (> 87%) given for
intercropping, across all cereal crops: a strategy for
managing risk and resilience.
On mixed plots, accurately estimating yield for any given
crop requires either scaling up production estimates to
reflect potential production if the entire plot area were
allocated to a single crop, or apportioning the cultivated
area among the resident crops on subdivided plots, on
intercropped plots, or in cases where seed may have
been mixed before planting. However, no consensus
exists on how to make these adjustments (14, 15, 17). A
recent review of 40 papers in high-ranking agricultural
economics journals found that none specified adjustments
to the production estimates or crop areas to account for
intercropping (22). Three papers specified that they used
the entire plot size as the denominator of yield, effectively
ignoring the production of intercrops in making yield
calculations for any given crop.
Does this ambiguity matter? Again using data from
the 2014 Tanzanian survey main season, we find 64%
of plots cultivated contained more than one crop.
Monocropped plots tend to be smaller, so by some
calculations roughly three-quarters of the area under
crops contain multiple crops. Some crops are very
commonly intercropped, like maize (79% mixed crop,
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of which 40% of cases are mixed with a legume). This
makes the choice of how to allocate plot area among
multiple crops highly consequential when generating
agricultural statistics.
To determine if these choices have an effect on yield
estimates, we look at estimates using four different
methods of dealing with intercropped plots. Figure
2 shows a typical 1-hectare plot, with a quarter solely
planted to maize and the remaining three-quarters
intercropped with sorghum and beans.
•

Method 1: the entire plot area is considered the area
under each crop

•

Method 2: the farmer-reported proportion of
the plot cultivated with a given crop (e.g. ¼) is
considered the area under that crop, even when it
shares the space with other crops

•

Method 3: the entire plot area is divided by the
number of crops

•

Method 4: the estimated proportion of the plot
cultivated with a given crop (e.g. ¼) as reported by
the farmer is considered the area under that crop for
monocropped crops; for land with multiple crops,
reported areas are scaled down so that the sum of areas
under all crops does not exceed the total plot area.

FIGURE 2 – Example of area calculation methods in the
presence of multiple crops (1ha plot)
Area under
Maize

Sorghum

Beans

Method 1

1ha

1ha

1ha

Method 2

0.25ha

0.75ha

0.75ha

Method 3

0.33ha

0.33ha

0.33ha

Method 4

0.25ha

0.375ha

0.375ha

Sorghum

Beans

Maize

Using methods 1 and 2, which are unadjusted for
intercropping, intercropping is associated with
lower maize yield (full results available from (22)).
However, using methods 3 and 4, which account
for the presence of multiple crops on the same plot,
intercropping appears to be beneficial for yields.
Planting maize alongside legumes is associated
with yields of about 600kg/ha more than pure-stand
maize. This is consistent with research on the yield
benefits of intercropping maize with legumes (18, 19).
Yield measurement choices can then mask positive
outcomes associated with farm management strategies
incorporating agrobiodiversity, such as intercropping.

Thought Pieces

Who is a
smallholder?
The third measurement challenge when calculating yield
in smallholder agricultural systems is how to define
‘smallholders’ themselves. ‘Smallholders’ are of interest to
policymakers in sustainable development efforts because
they often have relatively limited resources (23, 24), face
steep barriers to accessing technologies and markets,
and lack opportunities outside of agriculture. Despite its
ubiquitous use, there is no unique or universally agreed
upon definition of the term ‘smallholder’ (25–27) and
definitions are seldom provided (28).
In a review of articles published in 2018 in the top ten
journals in agricultural economics, we found 49 articles
mentioning ‘smallholder’, of which eight explicitly define
the term, though none the same way. When provided,
definitions are based on a variety of criteria such that
the population of farmers referred to collectively as

smallholders may also be designated small-scale farmers,
resource-poor farmers, subsistence farmers, family
farmers or low-input farmers (23).
Most times, smallholder farmers are defined by land size,iii
with thresholds that vary from 2ha up to 28ha (26–29).
Other measures have been proposed, however, including
the FAO's Rural Livelihoods Information System (RuLIS)
which proposes a definition of smallholder that combines
the criteria of land size, livestock holding, and farm revenue
under the 40th percentile (30). Two other categorizations of
smallholders based on a combination of land size and crop
sales have been proposed by AGRA (2017) and Mellor and
Malik (2016) as shown in Tables 1 and 2 (31, 32).
To explore how different definitions could have
implications for the subpopulation of farmers identified
as smallholders, we compare the LSMS-ISA 2014–2015
Tanzania data with those from 2015–2016 Ethiopia data.
Both the mean and median farm size in Tanzania are
much higher than in Ethiopia. The proportion of rural
farmers defined as smallholders, however, varies greatly
depending on the definition and calculation method used
(Table 3), ranging for example from a minority (16%) of
rural farmers in Ethiopia to almost all (93%) of them.

TABLE 1 – AGRA (2017) Smallholder definitions

Less than 5% of crop value
sold

Between 5% and 50% of
crop value sold

More than 50% of crop
value sold

Less than 33% of income
from non-farm sources

Subsistence farm

Pre-commercial farm

Specializing farm

More than 33% of income
from non-farm sources

Transitioning farm

Diversified farm

TABLE 2 – Mellor & Malik (2016) Smallholder definitions

Less than 33% of crop value sold

More than 33% of crop value sold

Less than 2ha (or 4ha) of
farm size

Small non-commercial farm

Small commercial farm

More than 2ha (or 4ha) of
farm size

Large commercial farm

TABLE 3 – Percentage of rural farmers defined as smallholders

Tanzania

Ethiopia

Farm size less than 2ha

65%

75%

Farm size less than 4ha

84%

93%

RuLIS smallholder

13%

16%

7%

26%

Mellor small noncommercial farm 2ha

32%

54%

Mellor small noncommercial farm 4ha

39%

69%

AGRA subsistence farm
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In the case of mixed cropping systems, across various
farm sizes in Tanzania and Ethiopia, estimates of maize
yield on intercropped plots that do not account for
multiple crops sharing the same plot are lower than
estimates that do account for multiple crops (Method 2
compared to Method 4). Moreover, after accounting for
multiple crops, with one exception (RuLIS smallholder
in Tanzania) we find higher yield estimates on
mixed crop plots than on pure stand plots (Method 4
compared to Method 1). The decision to account for
multiple crops and the choice of method for doing so
has dramatic consequences for productivity estimates,
with differences of 20% or more depending on the
smallholder definition used (Table 4). In Tanzania,
smallholders, if defined by an absolute measure such as
farm size, have higher median yields than smallholders

defined by a Mellor small non-commercial measure
– the opposite of the case in Ethiopia. A researcher
wanting to compare median maize yields between
Ethiopia and Tanzania might therefore produce
calculations varying from 491kg/ha to 832kg/ha
depending whether they used the definition ‘Farm size
less than 2ha’ (1299kg/ha in Ethiopia vs. 808kg/ha in
Tanzania) or ‘Non-commercial less than 2ha’ (1459kg/ha
vs 627kg/ha).

TABLE 4 – Estimates of median intercropped and pure-stand maize yield (kg/ha) for smallholders by area planted

Smallholder
categorization

Tanzania (kg/ha)
Intercropped

Ethiopia (kg/ha)
Pure
Stand

Method 2

Method 3

Method 4

Farm size less
than 2ha

549
(498)

827
(498)

896
(498)

Farm size less
than 4ha

509
(709)

778
(709)

RuLIS smallholder

494
(90)

AGRA subsistence
farm

Intercropped

Pure
Stand

Method 2

Method 3

Method 4

808
(253)

1957
(598)

2628
(598)

1957
(598)

1299
(930)

865
(709)

737
(349)

1679
(732)

1919
(732)

1668
(732)

1485
(1205)

706
(90)

712
(90)

974
(47)

1568
(100)

1840
(100)

1579
(100)

1558
(151)

577
(59)

577
(59)

751
(59)

297
(40)

1325
(189)

1424
(189)

1325
(189)

1413
(386)

Mellor small noncommercial farm
2ha

431
(235)

593
(235)

624
(235)

627
(137)

1983
(441)

2628
(441)

1983
(441)

1459
(735)

Mellor small noncommercial farm
4ha

443
(310)

615
(310)

649
(310)

627
(173)

1832
(549)

2082
(549)

1869
(549)

1639
(958)

Note: Sample sizes in parentheses. Scaling applied to some estimates as illustrated in Figure 2. Ethiopia Method 2 and 4 yield are similar because the
ESS constrains farmer-reported area for all crops to not exceed the total plot area. Source: Authors’ estimates (TNPS and ESS).
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Thought Pieces

How does this
matter for
agrobiodiversity
for risk and
resilience?
Research aimed at reducing yield gaps or evaluating
yield improvement, or research on the effects of climate
variability and other external shocks necessarily rests
on having an accurate record of past and present crop
yields (33–36). Poor or imprecise yield estimates can
potentially misdirect resources seeking to support
smallholder farmer livelihoods or broader economic
development efforts.
It might be difficult to imagine that strategies aiming
to increase crop yields could have negative side effects.
But the analyses presented here suggest that the ways
in which we measure yield, account for intercropping,
and define smallholders are all ways in which we
might mischaracterize productivity among small-scale
farmers. For example, faulty accounting might give the
impression that intercropping is less productive than
monocropping, leading to actions and policies that aim
to simplify farming systems, which may reduce longerterm resilience. Given that different smallholder farmer
typologies are associated with different measures
of successful yields, if investments use a particular
typology and that subgroup is comprised of relatively
more food-secure and productive smallholders, with
better commercial prospects, then, in a resourceconstrained world, investments to increase the
welfare of the least secure and resilient could result in
vulnerable farmers losing ‘beneficiary’ status.
Policymakers, agricultural research stations, or
development practitioners may decide to prioritize
one crop over the other based on how their relative
productivity has been interpreted (37–38). We have
found that the choice of yield measure may lead to
consistent under- or over-estimates of yield for crops
that experience frequent and substantial losses in plot
area between planting and harvest. Our results using
the 2015/16 Tanzanian survey data suggest that maize
emerges as more productive than rice when area is more
precisely apportioned. In part because maize is so often
grown in cropping systems involving agrobiodiversity
(e.g. intercropping with legumes) across a variety of
countries and contexts, its actual productivity may be
obscured until the space estimated for other crops on
the plot is somehow addressed.

If the differences arising from the choice of a yield proxy
were equal across all plots, all crops and all farmers,
calibrating estimates to better reflect the outcome of
interest would be straightforward. But if the underlying
drivers of, for example, preharvest losses – such as land
quality and quantity, access to inputs and markets, and
exposure to risks – differentially affect certain farmers,
then measurement choices could lead to a systematic
bias in metrics seeking to improve outcomes among
target demographics or across target geographies.
Fortunately, tools and data are improving. But
accurately measuring even the most basic of agricultural
indicators – yield – exemplifies why, even in an age of
remote sensing (also most accurate on monocropped
plots), we still need plot- and farm-level microdata.
Detailed panel surveys allow us to empirically examine
current configurations of ‘smallholders’ and commercial
transitioning farmers (31, 32) in terms of economic
access and resilience to shocks. Other key outcomes
in development contexts – including varietal diversity
measures, risk preferences and measures of human
individuals or human empowerment – also cannot
be remotely sensed. Rather, new forms of remotely
sensed data might be seen as providing opportunities
to empirically assess resilience at landscape scale only
when combined with plot- and farm-level microdata on
farming practices and farm household characteristics,
with measurement choices clearly defined.
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Notes
Based on 2012–2016 average impact factors, per InCites.

i

From TNPS: 2008–2009, 2010–2011, 2012–2013, and
2014–2015.
ii

In a review of official definitions of small or smallholder
farms used by national statistical authorities in 122
countries, GRAIN (2013) finds that land size is the single
criterion used in 58% of the definitions (25). It is used in
combination with other criteria in 93% of all definitions.

iii
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Farmer with banana plantlets, Burundi. Bananas are important
staple food crops in much of East Africa, contributing to food
security, revenues and culture. Bananas provide permanent
soil cover that reduces soil erosion on steep slopes, and are
a principal source of mulching material for maintaining and
improving soil fertility. Credit: Bioversity International/P. Lepoint,
courtesy of www.musarama.org

Women are key to resilient food systems
as seed keepers in Ethiopia
Fetien Abay

KEY MESSAGES:
> Women’s innovations are at the heart of agricultural development.
> The examples of the diverse roles of women farmers in Tigray, northern Ethiopia, illustrate the roles
of women in other rural contexts.
> These women farmers are seed keepers, innovators and knowledge holders.
> Their knowledge and innovations allow them to maintain or increase diversity in the system in order
to build in resilience to different disturbances.
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Rural women and
natural resource
innovations
Women constitute half of the world’s potential
innovation pool. The efficiency of external investments
in agricultural development will depend greatly on
the extent to which the planning processes learn from
women’s innovations. However, development planning
and research tend to overlook their essential local
innovations. In fact, some external interventions even
pose major risks to women’s livelihoods and their roles
in farming systems, for instance by increasing their
workloads.
Inclusion of women in development and research
practices helps build community resilience in the
face of climate change risks. Rural women’s roles and
livelihoods are highly dependent on natural resources,
which means that they are the first to feel the effects of a
changing climate. Women are key players in household
food security both as managers of livelihood risks
and as sources of local knowledge in development
planning. Through examples of the diverse roles of
women farmers in Tigray, northern Ethiopia, as seed
keepers, innovators and knowledge holders, I illustrate
roles common to women in many other rural contexts.
These roles increase the resilience of rural households,
allowing them to bounce back from climate and market
shocks.

Knowledge in varietal selection
Income, food security, productivity, consumption
habits, cultural identity and medicinal values are
some of the factors influencing variety selection
among farmers. Female and male farmers often have
different preferences for characteristics they seek in
crops or varieties, reflecting what they need to fulfil
their expected roles. Farming households in Ethiopia
commonly adhere to certain social codes of behaviour
concerning decision-making about seed use and
exchange. These codes define the gender roles and are
often expressed through sayings, songs and prayers.
One social code about the role of women in seed
selection and related decision-making practices is

Don’t farm if you don’t have a wife; don’t
accuse if there is no judge.
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According to this saying, the wife’s role in seed-related
decision-making practices is not a choice but a necessity.
This is because women are knowledgeable about
seed and are responsible for handling seed including
the day-to-day monitoring for seed maintenance at
home. Men’s decision-making relating to seed issues is
greatly influenced by women’s voices in terms of seed
selection, saving, renewal or replacement, exchange
and site selection for specific types of seed. In field-level
conversations with farmers, they endow seed issues
with the same importance as pregnancy and childbirth,
because of their role as a basis of food systems. For
example, the special role of women related to seed was
described by a farmer from Menkere village in Tigray as

No wife, no seed, no life.
Another farmer innovator added, “Women have
microscopic eyes” in selecting the best seed for household
food production and income security. Women have
special skills to determine the viability of teff seed.
Women roast selected teff to identify a particular popping
or cracking sound during the process. If the teff cracks
uniformly and quickly, then it is regarded as the best teff
for seed and household food production. These realities
generally hold across various crops and especially for
crops with special cultural significance.
These practices help farmers diversify genotypes
both as a risk diversification strategy and as a way of
maintaining versatility of the uses of various varieties –
thereby strengthening food system resilience.

Women partnering in breeding and
innovations in barley
Another story worth telling is that of ‘Fetina’, a
high-quality barley variety released nationally from
participatory plant breeding trials.i This variety has a
special ‘dehiscent’ character, which means that the thin
skins covering each grain are much easier to dehusk
than other varieties. This is a great advantage for
women, as it reduces the work required when cleaning,
grading and processing barley to make ‘kollo’ (roasted
barley) or when consuming it in a raw form during
harvesting. Dehiscence reduces the time women spend
processing the grains and increases their time for other
activities that can increase income and food.
In another example, farmers selected from 30,000
samples of durum wheat and barley varieties that they
considered as having the highest potential for local
adaptation. According to the researchers (2013, personal
communication), 17 variants of durum wheat were
identified by farmers at Bisheftu Woreda near Addis
Ababa. Considering seed colour as a morphological
marker, women identified more variants (60%) than did
their male counterparts.

Thought Pieces

A woman farmer (left) identified the unique 'dehiscence' trait useful for addressing her work drudgery problem;
collaborating with barley breeder and professor Fetien Abay (right). Credit: Mulugeta

Women in seed renewal and replacement
decreasing risks of crop failure

2.

In the second year, selection of the well-developed
seed from the central part of the cobs, called the
‘Semania’ phase.

Women sustain household food production by using their
specialized knowledge of genetic management. Women
from western Tigray reported that they change or replace
their sorghum seeds after three years when the plants
have increased in height and their spikes are getting
loose. Sorghum plant height differences are a major
indicator that a particular seed needs to change. Also,
when ‘satan’s weed’ (zeri seytan) starts growing in the
sorghum fields, the women know it is a sign that the seed
needs to be changed.

3.

In the third year, ‘Awassa’, the seed is used 100% for
grain. Then the farmers have to seek new sources of
seed or select again from their own sources.

Women in seed exchange activities
increasing resilience to extreme weather
events

Seed exchange cultures vary across the regions. For
instance, women from Guraghe asserted that seed
should not be exchanged but sold for cash. Women
from eastern Hararge in Oromiya, however, think that
it is a taboo to sell seed; rather, they share or lend to
other farmers even large amounts of seed – up to 100kg
of potato seed, for example. Similarly, it is a norm for
women in Tigray to exchange seed in kind when dealing
with other farmers having limited access to buy seed.
Tigray and Hararge are typical of drought-prone areas
in Ethiopia.

Women in postharvest management

The one who gives seed saves, and the one
who doesn’t give seed destroys.
This wisdom from western Tigray underlines the
importance of seed exchange among small-scale farmers
in northern Ethiopia. Seed exchange is a lifeline for
most seed-insecure households in drought-stricken
rural communities in northern Ethiopia. In this regard,
women maintain a central role as key decision-makers
of household seed exchange activities.

The level of participation of women in farming activities
before and after harvest is critically important for
the productivity of small-scale farms and mitigating
against the risks of loss. More than 70% of farm labour
is provided by women in Ethiopia. Data from a survey
on women’s roles in reducing postharvest losses in four
major crops in four regional states of Ethiopia shows
that during postharvest activities women’s roles in
postharvest activities increase up to 88% of labour time,
with men providing 12% of labour (1) curtailing their
contribution to household health, nutrition and food
security. Future policy innovations should, therefore,
aim to reduce potential workload of women.

Women farmers from four regions of Ethiopia described
three steps in selecting maize seed:
1.

Selection of seed in the first year from the best cobs
of a newly introduced variety. This phase is called
‘Zetena’.
165
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Women in postharvest loss reduction
For cash crops like chickpea and sesame in Ethiopia,
postharvest losses are estimated to average between 10%
and 30%, depending on the crop type, but at times, they
can even be as high as 40%. In some cases, postharvest
losses for sorghum and maize have been especially high,
at 15% and 30% respectively. These losses exacerbate the
food insecurity of small-scale farm households. Women
are mainly responsible for postharvest processing,
and employ local knowledge that helps reduce the
postharvest losses. Women have developed various
innovations to reduce postharvest grain losses (1)
including:
•

•

Mixing seeds of other crops with teff: i) simply
mixing the seeds together with teff seed and storing
them; or ii) placing teff at the bottom and top of the
storage and putting other seeds in between. Teff is
attacked by storage pests less than other grains. Teff
is such a fine grain that it limits oxygen movement
in the storage, thus reducing the survival chances of
storage insect pests, such as weevils.
Smoking storage facilities with chili pepper: women
apply pepper powder or burn the chilies and blow
the smoke through the storage material with the
intention that pests will not be comfortable because
of the hot property of red peppers.

•

Use of pumpkin: higher temperatures favour
storage pests. Women place pumpkin with the crops
for its cooling effect. Pumpkin lowers the in-storage
temperature creating a less favourable environment
for hatching storage pests.

•

Use of Areki, a strong alcohol prepared by women
from various crops. Women believe the high alcohol
content of Areki disturbs the life cycle of storage
pests, thus minimizing potential damage to stored
grains. The women use Areki to wash the grain and
storage recipients.

Women and innovations in food
enterprises
Cereal-based local food businesses are growing
in Ethiopia in the context of varying food-system
governance structures. These businesses are dominated
by women, whose innovations have largely sustained
mass production of various seed technologies.
Moreover, women have been able to maintain local
crop variety diversity despite a decrease in size of land
holdings (<0.5ha in Tigray). Government policy has
given little attention to local food value chains, which
have therefore received limited external support. The
imminent threats posed by climate change plus market
pressures may have forced farmers to abandon some of
their biodiversity and potentially community adaptive
capacity. However, diversity will be the key to climate
change adaptation.
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Legumes, fenugreek and barley are the most common
and highly nutritious and healthy crops used by
northern Ethiopian women in food innovation. Most
local food businesses are small scale and family based.
In Tigray, a project supported five women’s food
producer cooperatives to upgrade the local food value
chain.ii Cereal-based local food businesses are appealing
to consumer groups that are conscious of health and
nutrition issues. Research supported by this project (2)
verified good injera (Ethiopian pancake) obtained from
mixed cereals (teff, barley and sorghum). This implies
consumers could benefit from the use of injera made
from these different cereal flour blends due to their
enhanced nutritional content besides the economic
advantage afforded by lower prices compared to teff.

Greater diversity through innovation in
rice use
Tselemti Research Centre introduced rice to rural
communities in Tselemti Woreda in Western Tigray. The
rice performed well in terms of production. The newly
introduced rice varieties produced up to 7 tonnes/ha
compared to 0.7 tonnes/ha of sorghum landraces.
However, farmers did not know how to dehusk and use
the rice, and initially complained, “Why did you bring
this crop to us? We cannot satisfy our hunger with this
big heap.” In the midst of frustration over the future
of rice, local women came to the rescue. They devised
new ways of using rice to make injera and local beer.
These women had not received any prior training in the
processing and use of rice.
Their innovation led to a wider acceptance of rice
and new seed technologies. Rice has now become
the main food security and cash crop for the lowland
communities of Tselemti Woreda. Rice is produced
regularly in the main season adding to the nutritional
diversity of local communities. The introduction of rice
also enabled crop rotation with chickpea in waterlogged
areas. This contributed to maintaining and increasing
agricultural biodiversity. The rice-based food and beer
innovations helped create new consumption patterns
and market demand, and encouraged wider cultivation
and multiplication of rice seed. This example shows no
crop can survive without being consumed and it will
only be consumed if women know how to prepare it.
In this case, despite its high productivity, at first the
community did not want it. Thanks to the role of women
in popularizing the new crop, they increased their
household genetic diversity.

Thought Pieces

Conclusion

Notes

The cases above generally reflect on women’s roles
in creating seed access and downstream businesses
thereby promoting seed technologies for increased
household income and food security while maintaining
household crop diversity in a changing climate.

i
Participatory plant breeding is “the process by which
farmers are routinely involved in a plant breeding
programme with opportunities to make decisions
throughout.” (3)

Women’s roles in managing risk and supporting
resilient livelihoods through their knowledge and
innovations in seed systems have been well documented
in Ethiopia. Seed selection, crop management,
postharvest processing, seed management, breeding
and innovations in food production are all steps along
the chain from farm to fork in which the management
of genetic diversity has a key role to play in reducing
risks to food security and livelihoods and increasing
resilience to disturbances. Risks to livelihoods are
crop failure because of climate changes, decreased
food security because of postharvest losses, and less
than optimal yields due to poor crop management
and inappropriate selection of planting materials. In
Ethiopia, women’s knowledge and innovations allow
them to maintain or increase diversity in the system in
order to build in resilience to different disturbances.
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Farmer working in a barley field, Yunnan, China. China holds
77% of the world's total hulless barley genetic resources. In
some mountainous areas over 3,000m altitude, in the west of
Yunnan province, barley is almost the only crop that will grow
and is a staple for local people. Hulless barley has been planted
on the Qinghai-Tibet plateau for about 3,500 years.
Credit: WSU/T. Murray
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