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Foreword

he United Nations has declared
T2021 as the International Year

of Fruits and Vegetables. The
Year aims to raise awareness of the
nutritional and health benefits of
consuming more fruits and vegetables
as part of a diversified, balanced and
healthy diet and lifestyle as well as to
direct policy attention to reducing loss
and waste of these highly perishable
produce items.

When we think of healthy eating, the
first food items that often come to mind
are fruits and vegetables - colourful,
vitamin-, mineral- and fibre-rich, they
are vital for the proper functioning

of the human body. The benefits of
consuming fruits and vegetables as
part of a nutritious diet are vast. Fresh
produce items are not only beneficial
to consumers, but they also benefit the
food system. The fruit and vegetable
sector contributes to increasing
biodiversity, generating environmental
sustainability, and improving the
livelihoods of farmers and employees
operating along the value chains.

Low availability, due to challenges
in production (for example, labour
intensity), transport and trade, and high

prices for quality products make fruits
and vegetables inaccessible to many,
especially in developing countries.
Some areas of the world face limited
availability and access to these foods.

Fruits and vegetables are highly
perishable products, and this can cause
high levels of food loss and waste at
every step of the value chain, starting
at the farms. Given that many fruits
and vegetables are consumed raw or
uncooked, they may also pose a risk for
foodborne illnesses linked to pathogen
contamination and food safety risks
due to chemical contamination.

Therefore, it is crucial to look at the fruit
and vegetable sector holistically as an
integral part of the food system, going
beyond nutritional benefits, and to also
examine their social, economic, and
environmental benefits. Different actors
can contribute to making fruits and
vegetables more accessible, affordable
and available. Investing in the cold
chain, research and development, and
digital innovation can help improve the
sector substantially.

This publication seeks to draw attention
to actions and systematic approaches




that must be taken throughout the fruit
and vegetables food system to ensure
their safety for consumption and to
deliver better nutritional outcomes and
healthy diets for all.

This publication will help to stimulate
an interesting discussion about the
fruit and vegetable sector for the
observance of the International Year

and beyond.
3 é‘ Qf
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QU Dongyu
FAO Director-General
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Fruit and vegetables

Essential for healthy lives

reen, yellow, orange, red or
G purple: fruit and vegetables keep

us healthy and add variety, taste
and texture to our diets. Even if you eat
rice or bread every day, you probably
vary the types of fruit and vegetables
you consume. A monotonous diet is
not only unhealthy for humans: it is
also unhealthy for the planet because
it can result in monocultures and a loss
of biodiversity.

Yet most of us do not eat enough fruit
and vegetables. The World Health
Organization (WHO) recommends
consuming at least 400 g each day

to reap their health and nutrition
benefits. In 2017, some 3.9 million
deaths worldwide were attributable to
not eating enough fruit and vegetables
(WHO, 2019). Insufficient intake of fruit
and vegetables is estimated to cause
around 14 percent of deaths from
gastro-intestinal cancer worldwide,
about 11 percent of those due to
ischemic heart disease, and about

9 percent of those caused by stroke
(Afshin et al., 2019).

2021is the International Year
of Fruits and Vegetables

In declaring 2021 as the International
Year of Fruits and Vegetables,

the United Nations (UN) General
Assembly aims to raise awareness of
the nutritional and health benefits

of fruit and vegetables and their
contribution to a balanced and healthy
diet and lifestyle. It also hopes to draw
attention to the need to reduce losses
and waste in the fruit and vegetable
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sector (UN, 2020) while delivering
better on environmental outcomes.
Action is needed at the country

level to increase the production and
consumption of fruit and vegetables
and make them more economically
accessible to consumers, while
generating economic, social and
environmental benefits in line with the
Sustainable Development Goals.

The International Year of Fruits and
Vegetables complements several
other international initiatives that also
support the Sustainable Development
Goals that address nutrition,
consumption, health as well as small-
scale family farmer issues:

® The Rome Declaration on
Nutrition and the Framework for
Action (FAO and WHO, 2014).

® The UN Decade of Action on
Nutrition (2016-2025) (UN, 2016).

® The UN Declaration on
Rights of Peasants and Other
People Working in Rural Areas
(UNHRC, 2018).

® The UN Decade of Family Farming
2019-2028 (UN, 2018).

® WHO's Global Strategy on Diet,
Physical Activity and Health
(WHO, 2004).

The diverse range and characteristics
of fresh fruit and vegetables and their
inherently perishable nature warrants
specific attention to their conditions of
production, agronomic management,
pest and disease control, harvesting
techniques and postharvest handling
systems. The UN General Assembly's
resolution also highlights various
cross-cutting issues and factors to be
addressed during the International
Year of Fruits and Vegetables.

Small-scale producers. Fruit and
vegetables are grown by small-scale
producers around the world, either
for their own use or for sale. Small-
scale producers supply the fruit and
vegetable requirements of mass
markets in most developing countries.
Such farmers each produce relatively
low volumes, leading to problems with
reliability and quality. Nevertheless,
there are clear opportunities for
improvements in these areas.

Technologies. Technology and
innovation are required at all stages in
the fruit and vegetable supply chain,
from production to consumption,

to improve both quality and output.
Improvements can range from

simple farm-level technologies and

Fruit and vegetables - your dietary essentials



practices to more sophisticated digital
innovations that help assure the
safety and quality of fresh produce

as it moves along the supply chain.
Innovative approaches such as public-
private partnerships can help generate
growth and development in the sector.

Income and employment. Fruit and
vegetables tend to be worth more
per kilogram than other types of food
(animal products are an exception).
However, they may also require more
labour than for many other types

of food. This offers opportunities

for actors throughout the chain to
generate employment and income.

Gender and youth. Women produce
much of the world’s fresh produce,
and they are often responsible for the
harvesting, marketing and processing.
As consumers, they often choose what
items to buy and how to cook them.
But women face disadvantages at all
stages in the chain - as producers in
their ability to access land, inputs and
advice, as entrepreneurs in getting
finance to develop their businesses,
as workers in terms of fair payment
for their work, and as consumers

in terms of education about food

and nutrition. The high value of fruit
and vegetables and the potential for
innovation open exciting opportunities
for young people to become involved
in production and other aspects of the
value chain.

Policy. Food policies tend to be tailored
to the needs of staple crops. Fruit

and vegetables have been relatively
neglected in terms of policy attention,
funding, research and extension, and
support for agribusinesses.

What are fruit and vegetables?

There is no widely accepted definition
for either fruit or vegetables.

The definition agreed to for the
International Year of Fruits and
Vegetables is as follows.

Fruit and vegetables are considered
edible parts of plants (e.g., seed-
bearing structures, flowers, buds,
leaves, stems, shoots and roots), either
cultivated or harvested wild, in their
raw state or in a minimally processed
form. Excluded are the following:

® Starchy roots and tubers such
as cassava, potato, sweet potato
and yams (although leaves of
these plants are consumed
as vegetables) .

® Dry grain legumes (pulses) unless
harvested when immature.

® Cereals including maize (corn),
unless harvested when immature.

1 Fruit and vegetables: Essential for healthy lives
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Box 1. Sustainable Development Goals related to fruit and vegetables

— SDGs ﬂ

Health benefits of fruit and vegetables

Harness the goodness

Fruit and vegetables have multiple health benefits. They strengthen the immune
system, combat malnutrition and help prevent non-communicable diseases.

SDGs ﬂ

Diversified diet and a healthy lifestyle

Live by it, a diverse diet

Adequate amounts of fruit and vegetables should be consumed daily as part of
a diversified and healthy diet.

BTN 2] 8 |i2] 13]14] 15

Food loss and waste

Respect food from farm to table

Fruit and vegetables are worth more than their price. Maintaining their

quality and assuring their safety across the supply chain, from production

to consumption, reduces losses and waste and increases their availability

for consumption.

Innovate, cultivate, reduce food loss and waste

Innovation, improved technologies and infrastructure are critical to increase the
efficiency and productivity within fruit and vegetable supply chains to reduce
loss and waste.

A 1] 211215

Sustainable value chains

Foster sustainability

Sustainable and inclusive value chains can help increase production, and help
to enhance the availability, safety, affordability and equitable access to fruit and
vegetables to foster economic, social, and environmental sustainability.

i ok i 1
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Highlighting the role of family farmers

Growing prosperity

Cultivating fruit and vegetables contributes to a better quality of life for family
farmers and their communities. It generates income, creates livelihoods,
improves food security and nutrition, and enhances resilience through
sustainably managed local resources and increased agrobiodiversity.

Fruit and vegetables - your dietary essentials



® Nuts, seeds and oilseeds such
as coconuts, walnuts and
sunflower seeds.

® Medicinal or herbal plants and
spices, unless used as vegetables.

® Stimulants such as tea, cacao
and coffee.

® Processed and ultra-processed
products made from fruit and
vegetables such as alcoholic
beverages (e.g. wine, spirits),
plant-based meat substitutes, or
fruit and vegetable products with
added ingredients (e.g., packed fruit
juices, ketchup).

Minimally processed fruit and
vegetables have undergone
procedures such as washing, sorting,
trimming, peeling, slicing or chopping
that do not affect their fresh-like
quality (Gil and Kader, 2008). Minimally
processed food retains most of its
inherent physical, chemical, sensory
and nutritional properties. Many such
foods are as nutritious as the food in
its unprocessed form (Parrish, 2014).
Examples include sliced fruit, bagged
fruit, vegetable salads, and frozen and
dried fruit and vegetables.

Fresh versus processed

Unlike most other categories of food,
fruit are normally eaten raw (uncooked
form): either whole (berries) or after
peeling them (oranges, bananas,
papayas and mangosteens). Many
types of vegetables are also often
eaten uncooked, as in salads. Some

(such as green beans) must be cooked
before they are eaten.

The International Year of Fruits

and Vegetables focuses on fresh
produce or minimally processed
products. It nonetheless recognizes
that the processed forms of fruit and
vegetables are important for farmers’
livelihoods and incomes, trade, food
security and nutrition. Some varieties
are grown specifically to be sold as
fresh produce; others are destined
from the start for the processing plant.
Still others may go either way: they are
sorted and graded before sale: the best
items are sold fresh (which typically
fetches the highest prices), while the
rest goes for processing.

Many types of fruit and vegetables are
processed to increase their shelf-life,
year-round availability, or to increase
their value. Minimal processing (see
above) retains the inherent properties
of the produce. Full processing, on
the other hand, may include juicing,
fermentation, pickling, or canning in
brine, juices or syrups.

1 Fruit and vegetables: Essential for healthy lives
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Sustainable Development Goals

Fruit and vegetable production is
central to the livelihoods of many
small-scale farmers. But it can damage
the environment, including the soil,
water and biodiversity. Chemicals
used to ensure productivity and
protect the crop from pests may
pollute the environment. High levels
of food loss and waste result from
poor handling and the perishability of
fresh produce, reducing the efficiency
and sustainability of the system with
potentially negative impacts on the
environment and the natural resource
base. Ensuring that fruit and vegetables
contribute more to nutrition and
health requires more comprehensive
and holistic approaches. The supply
of fresh produce must be made more
efficient, inclusive and resilient (Box 1).

Transforming the sector:
Adopting a food systems approach

It is widely accepted that our food
systems are increasingly detrimental
to both human and planetary health.
Food systems are not delivering the
healthy diets needed for nourishment.
They result in the increasing prevalence
of all forms of malnutrition (stunting,
wasting, overweight, and obesity),

all of which are exacerbated by the
current COVID-19 pandemic. Other
issues include rising populations and
consumption, increasing urbanization,
higher rates of non-communicable
disease (WHO, 2019), decreasing
arable land and water resources for
agriculture, the effects of climate
change and possible food shortages.

The Sustainable Development Goals
support making the food system

more productive, environmentally
sustainable and resilient (Box 1). The
elements of food systems - agriculture
and food supply chains, food
environments and consumer behaviour
- require concerted action to ensure
healthy diets are available, affordable,
accessible, safe, culturally acceptable
and appealing to all. Opportunities are
needed throughout food systems to
improve diet and nutrition outcomes
(HLPE, 2017). This food-systems
approach to better nutrition considers
the food systems in its totality, taking
into account all the elements, their
relationships and related effects
(Figure 1).

Beyond their relevance to diets

and nutrition, food systems play

an important role in promoting
environmental sustainability (climate
change adaptation and mitigation,
biodiversity, soil and water degradation),
inclusivity (viability for smallholder
farmers, indigenous peoples, gender
equity) and productivity (increased
production of nutritious foods,
economic development).

Transforming the fruit and vegetable
sector requires a holistic and
comprehensive approach that looks at
the interconnectivity between demand,
supply, socio-economic development
and fruit and vegetable prices - a major
determinant of consumer behaviour.
Stronger linkages among the various
actors and stakeholders across the
system are needed to integrate
sustainable practices in production,
harvesting, postharvest handling,
processing and consumption. Factors

1 Fruit and vegetables: Essential for healthy lives



to consider toward delivering on better
nutrition while also creating a better
environment, better production and
better livelihoods include facilitating
access by small-scale producers and
agricultural enterprises to viable
markets, assuring the safety and
quality of fruit and vegetables along
supply chains, applying innovation,
reducing loss and waste, and reducing
the energy intensity and ecological
footprint of supply chains.

In this document

Chapters 2-5 address the four core
elements of the fruit and vegetable
sector. Chapter 2 discusses delivering
better and more efficiently on health
and nutrition at the consumer

end of the system. Eating fruit and
vegetables is good for us, but few of us
consume even the minimum amounts
recommended by the World Health
Organization. This chapter describes
the current situation and presents
some reasons for the shortfall.

Chapter 3 focuses on production. It
presents the volume of production
around the world, before focusing on
the major types of producers: small-
scale farmers, urban and peri-urban
producers, and large-scale commercial
growers. It then turns to the inputs
needed to grow these crops, the
environmental aspects of production,

and the policies and institutions that
influence production.

Chapter 4 looks at the markets and
value chains that link producers with
consumers. It begins by focusing on
international trade, which is important
for certain crops and enables
consumers to buy types of food they
would not otherwise be able to get.

It discusses contract farming, which
offers ways for small-scale producers
to participate in high-value markets.
It then examines ways to link farmers
to domestic markets (which account
for the vast majority of the fruit and
vegetables grown and consumed
around the world), and how to add
value to fresh produce. It concludes
with a discussion of responsible
business practices.

Chapter 5 focuses on quality, safety,
loss and waste reduction. It highlights
cross-cutting issues and the actions
needed to assure sustainability and
efficiency throughout the food system
and to deliver safe, good-quality food.

Chapter 6 lists the key issues that must
be addressed to move away from the
current situation where elements of the
food system operate independently.
What is needed is a more sustainable
and systemic approach, where the

core elements are better linked with
each other so they can deliver nutrition
and health benefits and safeguard

the environment.

Fruit and vegetables - your dietary essentials



Good for you

Health and nutrition benefits

ruit and vegetables are a vital
Fpart of cuisines around the world.

From gado-gado in Indonesia to
sauerkraut in Germany and guacamole
in Mexico, each country and region has
its own favourite dishes. Rice, potatoes
and bread are near-universal; it is our
fruit and vegetables that help define
our culture.

This chapter examines the consumption
side of the fresh fruit and vegetable
system (in other chapters we will look
at what happens to get these foods to
our tables). We start with the nutritional
and health benefits of these foods. We
then look at consumption levels around
the world, and the reasons for the sad
fact that most people do not eat enough
of them to maintain a healthy life. The
chapter ends with some suggestions as
to how to change this.

Consumption

Parents around the world try to cajole
their children to eat their greens or
snack on fruit rather than junk food.
They do so for a reason: fruit and
vegetables are good for you.

The evidence is clear. Fruit and
vegetables are an important part of

a healthy diet. They help children
grow and support body functions and
physical, mental and social well-being
at all ages. They can help prevent all
forms of malnutrition (undernutrition,
micronutrient deficiency, overweight
and obesity) and reduce the risk of
non-communicable diseases (Afshin
et al, 2019; WHO and FAO, 2005).
Together with malnutrition, unhealthy
diets are among the top-ten risk factors
for disease globally.

© FAO/Vasily Maksimov



Box 2. Colour is the key

The colours of fruit and vegetables are often linked to the nutrients and phytochemicals they contain
(FAO, 2003)

(o
" N
»

Purple/blue

Antioxidant properties that can reduce the risks of cancer, stroke and heart disease.
Examples

® Beetroot, red cabbage, eggplant.

® Blackberry, blueberry, purple grape, plum, passionfruit.

Red

Can help lower the risk of cancer and improve heart health.

Examples

® Red capsicum, radish, tomato.

® Red apple, cactus pear, cherry, red grape, red and pink grapefruit, red guava,
raspberry, strawberry, watermelon.

Orange/yellow
Contain carotenoids that help keep eyes healthy.

Examples

® Carrot, pumpkin, squash.

® Apricot, grapefruit, lemon, mango, melon, nectarine, orange, papaya,
peach, pineapple.

Brown/white

Phytochemicals with antiviral and antibacterial properties as well as potassium.
Examples

‘ ® Cauliflower, chive, garlic, ginger, leek, onion.
® Banana, durian, jackfruit, white peach, brown pear.

Green

Phytochemicals with anti-cancer properties.

Examples

® Asparagus, green bean, bok choy, broccoli, cabbage, green capsicum, cucumber,
lettuce, peas, spinach.

® Green apple, avocado, green grape, kiwifruit, lime.

10 Fruit and vegetables - your dietary essentials



Almost all countries make dietary
recommendations that include fruit
and vegetables, using depictions such
as triangles, pyramids and plates (see,
for example, EU Science Hub). The
recommendations vary from country
to country, depending on what is
locally available, affordable, and socio-
culturally acceptable.

WHO currently recommends
consuming at least 400 grams of fruit
and vegetables each day - or five
servings of 80 grams each (WHO and
FAO, 2003). The optimum amount
depends on various factors, including
age, sex, and level of physical activity.
All the guidance promotes a varied diet
and a balance between different types
of food. Fruit and vegetables are a vital
part of this advice.

Benefits of eating fruit
and vegetables

Consuming enough (or even more than
the recommended amounts) of fruit and
vegetables has many benefits (Box 2):

® Children’s growth and
development. Fruit and vegetables
are rich in Vitamin A, calcium, iron
and folate, which can promote good
health, strengthen a child's immune
system and help protect against
disease, both now and in the future
(Xin, 2016).

® Longer life. People who eat more
fruit and vegetables live longer
than those who do not, according
to a large study in 10 European
countries (Leenders et al., 2013).

Better mental health. Eating

7-8 servings a day (more than

the recommended minimum of 5
servings) is linked to lower risk of
depression and anxiety (Conner et
al., 2017).

Healthy heart. Fibre and
antioxidants in fruit and vegetables
can help prevent cardiovascular
disease (Wang et al., 2014; Collese et
al., 2017; Miller et al., 2017; Aune et
al., 2017).

Lower cancer risk. In 128 out of
156 dietary studies, consuming fruit
and vegetables was found to lower
the risk of lung, colon, breast, cervix,
oesophagus, oral cavity, stomach,
bladder, pancreas and ovarian
cancer (Boffetta et al., 2010).

Lower obesity risk. A number of
studies have observed a lowered

2 Good for you: Health and nutrition benefits
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risk of adiposity and obesity in
certain groups who consume fruit
and vegetables (Ledoux et al., 2011;
Schwingshackl et al., 2015).

Lower diabetes risk. A systematic
review and meta-analysis found
higher green leafy vegetable and
higher fruit intake was associated
with a significant reduction in

Type 2 diabetes risk. For every 0.2
serving/day of vegetable intake,
there was a 13 percent lower risk of
diabetes (Li et al., 2014).

Better gut health. A dietrich in

fruit, vegetables and other high-
fibre, plant-based foods improves
gut bacteria diversity and tends to
increase bacteria associated with anti-
inflammatory compounds linked

to improved metabolism. Higher
consumption of fruit and vegetables
has also been shown to decrease
the prevalence of diverticulosis as
well as other digestive problems

such as gas, constipation and
diarrhoea (Klimenko et al., 2018;
Maxner et al., 2020).

® Improved immunity. Adequate
intakes of fruit and vegetables
may reduce the severity of some
infectious diseases. Though they
will not protect you against a virus
such as COVID-19, recovery from
infectious disease is better when
consuming fruit and vegetables
than with diets low in this food
group (Chowdhury et al., 2020).

Consumption levels

Worldwide, we consume far less fruit
and vegetables than the minimum
total of 400 g recommended by
WHO for a healthy diet. The amount
of fruit and vegetables you need

to eat depends on your age, sex,

and level of physical activity. Many
countries have developed additional
recommendations for children, given
the importance of fruit and vegetables
for healthy growth and development.

On average, we consume only about
two-thirds of the recommended
minimum amounts of fruit and
vegetables (calculation based on
Afshin et al., 2019). The quantities
vary considerably: people in Central
Asia, North Africa and the Middle
East consume slightly more than the
recommended minimum, while those
in sub-Saharan Africa and Oceania
consume only about one-third of this.
Residents of the Caribbean consume
the most fruit, while those in southern
Africa consume the least.

12
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Consumption of fruit and vegetables in
sub-Saharan Africa is particularly low
(Amao, 2018).

® In South Africa, a study of 3480
adults aged 50 years or more
found that 68.5 percent did not eat
enough fruit and vegetables. This
was especially true of Black African
or Coloured men, men with low
educational level, and those with
low socio-economic status.

® |n Benin, school-going adolescents
consumed on average only 97 g of
fruit and vegetables as compared to
the generally recommended intake
of 300 g for fruits and 150-225 g for
vegetables for this age group.

® |n Lagos, Nigeria, the same age
group knew of the nutritional and
health benefits, but only 5.5 percent
of those interviewed consumed the
recommended minimum amounts.

There is only a limited relationship
between income levels at a regional
level and the intake of fruit and
vegetables. People in high-income
Western Europe and Northern
America consume only half of the ideal
amounts, while those in North Africa
and the Middle East consume larger
guantities, even though incomes in
this region are generally lower.

Overall, there is little apparent
relationship between the consumption
of vegetables with that of fruit. If we
exclude those areas with low levels of
consumption, there is a strong negative
correlation between the intake of fruit
and that of vegetables: the more fruit
people consume, the fewer vegetables

they consume, and vice-versa. Possible
reasons for this could be:

® Where incomes are generally low
(as in sub-Saharan Africa and South
Asia), people tend to spend their
limited food budget on cheaper
staple foods. Cultural preferences
and the low availability of fruit and
vegetables may also play a role.

® |n other parts of the world,
consumption levels are higher,
but consumers still have a limited
budget for fresh produce (or wish
to consume only a certain amount
of such items). They balance their
spending or consumption: if they
consume more fruit, they eat fewer
vegetables. The levels of each
depend on factors such as price,
availability and culture.

Why do people not eat enough
fruit and vegetables?

Eating behaviours are complex and
shaped by interwoven physical,
biological, psychological, historical, and
cultural factors. While it is not possible
to examine all the factors that influence
fruit and vegetable consumption here,
below are a few factors that emerged
during a FAO/WHO workshop in 2020:

Availability. Many fruit and vegetables
are seasonal and perishable and

are not available year-round. High
losses during harvesting, transport
and storage reduce the quantities
available in shops and markets.

This is compounded by the lack of
refrigeration and transport facilities,

2 Good for you: Health and nutrition benefits



Box 3. Consumption in sub-Saharan Africa

A study in 10 countries in sub-Saharan Africa (Ruel
et al, 2004) found that the expenditure for fruit and
vegetables accounts for between 3 and 13 percent
of the total household budget, or between 5 and 16
percent of the food budget.

As household incomes rise, demand for fruit and vegetables
also rise, but at a slower rate than the income. Households
headed by women tend to spend more on fruit and
vegetables than do those headed by men.

Urban residents tend to eat more fruit and vegetables than
do those in rural areas - but this is because urban residents
tend to have higher incomes.

Controlling for income, better-educated people tend to
consume less fruit and vegetables than those with less
education. This is because the better-educated tend to work
outside the home; they prefer processed foods that contain
less fruit and vegetables.

warehouses and retail outlets, which
shortens the shelf-life of especially
perishable items. Breakdowns in

supply chains disrupt the marketing of
produce and reduce the incentives for

producers to grow these crops. Low
demand creates low supply, and vice-

versa: a chicken-and-egg situation (see

Chapter 3).

Affordability. Fruit and vegetables
can be a relatively expensive part of
the diet (Box 3). Many of the poor

spend what food money they have on

cheap, stomach-filling, energy-rich,

staple carbohydrates such as rice or
cassava. They add small amounts of
vegetables and animal products for

taste when available. Fruit can also be

a luxury item, but may be affordable
when production is at its peak. Those

with fields or gardens can grow and
eat their own fruit and vegetables,
but many crops are seasonal and
perishable, and are therefore not
always available.

Education and culture. Food is
intensely cultural: our tastes are
influenced by the culture we are
brought up in and how we were brought
up as children. Indeed, food is an
important part of culture itself: what
we cook and eat in part determines
our identity. Immigrants prefer to

eat food they are used to; immigrant
communities frequent shops selling the
products with which they are familiar.
But cultures and diets sometimes
change, and rising incomes and

urban lifestyles with a preference for
“convenience” are often associated with
an increased intake of sugar, oils, animal
products and highly processed foods,
and lower consumption of fresh fruit
and vegetables - a change known as the
“global nutrition transition” (Caballero
and Popkin, 2002; Popkin et al., 2012).

Lack of knowledge. People may like
(or dislike) fruit and vegetables for
their taste but not know of their value
for health and nutrition. The needs

of children, teenagers, adults and the
elderly differ, as do those of men and
women. Women who are pregnant

or lactating need extra nutrition, but
they and their families may not be
aware of this. People living with HIV/
AIDS, and those with diabetes and
other health problems, also need
special diets. But nutrition and health-
awareness campaigns are often
poorly targeted and fail to match the
physiological needs of these specific
population groups.
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Competition with alternatives.
Processed foods are backed by
powerful advertising that present
them as tasty and socially desirable.
Aggressive marketing promotes
unhealthy foods and beverages in
schools, offices and shops. Sugary
drinks are easier to buy and consume
than freshly pressed juice; sweets and
packaged snacks have a longer shelf
life than fruit. Such foods compete
with fruit and vegetables for the same
dollar, euro, franc, peso, pound, rupee
or shilling.

Food safety. Unlike many processed
foods, fruit and vegetables have to be
washed or peeled and perhaps cooked
before they can be eaten. Eating
contaminated fruit and vegetables
may make you ill. The contamination
may happen during production - from
irrigation water, the soil, fertilizer or
pesticides - or come from unsanitary
processing and preparation (see
Chapter 5).

National policies. Governments
concerned about food security, the
balance of trade and geopolitical
concerns have focused a great deal of
attention on staple crops and export
commodities. They have devoted far
less attention to fruit and vegetables.
As a result, far fewer investments
have been made by medium-sized
and commercial farmers in their
production. Trade policies have also

promoted the influx of cheap, imported

fruit and vegetables to the detriment
of locally produced, indigenous
varieties. This has contributed to

the low consumption of neglected,
underutilized but nutritious fruit and
vegetables (see Chapter 4).

Improving health and nutrition

Alongside the current COVID-19
pandemic, we are also facing a
pandemic of non-communicable
diseases, many of them caused by
poor nutrition (Allen, 2017). This
requires decisive action. The policy
areas needing attention include
the following.

Promoting production. Interventions
are needed to help small farmers
produce more fruit and vegetables.
That will mean improving agricultural
extension services to promote good
farm practices, good soil management
and the availability of inputs such as
seed and fertilizer. Attention is needed
to empower women, who tend many
a field and home-garden. Imports are
important for supplying the nutrition
needs of countries that do not
produce enough fruit and vegetables
domestically (FAO, 2018).

Improving availability. The availability
of fruit and vegetables can be
increased by improving the value chain
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that connects growers with consumers
(see Chapter 4). This includes transport,
marketing, storage and processing
facilities, labour resources and finance
to make the value chain more efficient
and to reduce losses and waste.

Improving affordability. Subsidies
can increase the intake of fruit and
vegetables (WHO, 2017).

Promoting consumption. Education
and information are key to promoting
fruit and vegetables as part of the
diet. The poor consume less (or opt
for cheaper alternatives) because they
cannot afford them. In high-income
countries, many people choose to eat
unhealthy alternatives. Better targeted
information and incentives can help
change such behaviours.

Integrating nutrition in school
curricula. Schools are an important

aspect of such promotional campaigns.
Nutritional messages and horticultural
production integrated in curricula can
help children acquire life-long skills
and promote the consumption of fruit
and vegetables from the early years

of life. School feeding-programmes,
already important in the effort to end
hunger, should be part of national
education policies as well. Legislation
can promote the inclusion of fruit and
vegetables in school canteens, vending
machines and procurement practices.
Marketing restrictions on the sale near
to schools of foods that are high in salt,
sugar and trans-fat can help improve
the school food environment.

Measuring nutrition. Further

efforts are needed to measure the
consumption of fruit and vegetables,
along with other dietary components.
Progress is being made. Two indicators
are the Minimum Dietary Diversity
for Women of Reproductive Age, and
the Infant and Young Child Feeding
Minimum Dietary Diversity (FAO and
FHI 360, 2016). The former is included
in the suite of nutrition indicators
planned for around 90 countries that
will conduct demographic health
surveys.

Studies on nutrition campaigns have
so far focused largely on content
and process rather than on impact.
A number of good practices have not
yet been properly documented. Such
studies are urgently needed.
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Growing green

Sustainable production

ost fruit grow on trees - and
trees have to be planted,
tended and harvested.

Vegetables (most of which are annual
crops) must be sown, transplanted,
weeded, managed for pests and
diseases, and harvested. Fruit and
vegetable production tends to be
labour- and skill-intensive. That
generates employment, but also adds
to the cost of production, pushing up
prices of the output.

This chapter focuses on the production
of fruit and vegetables. We start with
an overview of production worldwide,
in terms of commodities, regions and
growth in the last two decades. We
then examine three different types of
producers: small-scale producers (who
grow the majority of the world’s fruit
and vegetables), urban and peri-urban
producers (who are frequently also
small-scale producers), and large-scale
commercial producers.

Next we turn to the farm inputs (seeds,

water, fertilizers and pest management)

and good farm practices. We then
highlight selected environmental
issues: resource use, climate change,
neglected crops and wild species,

and the alarming loss of biodiversity
threatening all fruit and vegetable
species. Finally, we examine three
aspects of policies and institutions
that particularly affect the production
end of the value chain: research and
technology development, extension
services, and rural infrastructure.

Production

In 2018, the world produced a total of
868 million tonnes of fruit and 1 089
million tonnes of vegetables (FAOSTAT).

3 Growing green: Sustainable production
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Fruit, million tonnes

Banana, plantain, 155

Berries,
currants, 12

Date, 9
Cherry, 4

. Papaya, Plum, sloe,
Total: 868 13 stone fruit,

13
Figure 2. World fruit production by commodity, 2018

Source: FAOSTAT

Vegetables, million tonnes

Chilli, green
pepper, 37
Lettuce,
chicory,

27

Maize
(green), 12

Total: 1,089 Spinach,  Pumpkin,
o cassava  squash,

leaves, 29 gourds, 28

Figure 3. World vegetable production by commodity, 2018

Source: FAOSTAT
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The main fruit in order of importance
were banana, citrus (orange, tangerine,
mandarin, lemon, grapefruit, etc.),
melons, apple and grape (Figure 2).
“Other” fruit accounted for 76 million
tonnes, reflecting the wide range of
different types of fruit that are grown
around the world.

The main vegetables were tomato,
various alliums (onion, garlic, shallot,
leek), brassicas (cabbage, cauliflower,
broccoli), and cucumber. But overall,
“other” fresh vegetables are more
important than any of these individual
categories: nearly twice as many
“other” vegetables were produced than
tomatoes (Figure 3).

The world’s main producing region of
both fruit and vegetables, by a long

way, is East Asia, followed by South
Asia (Figures 4 and 5). Other major
producing regions are South America,
Southeast Asia and Southern Europe
(for fruit), and Southeast Asia (for
vegetables). Northern and Western
Europe produce relatively little, so have
to import much of what they consume
(see Chapter 4).

Nonetheless, production statistics
cover only a few of the many species
of fruit and vegetables that are grown
and consumed. A large proportion of
the output of small-scale producers
also does not appear in the official
production and trade statistics.
Home gardening and production

for home consumption are vastly
undocumented, so their impact is
largely unknown. We need to better

1200 1200
Fruit Vegetables

1000 1000

800 800

600 600

400 400

200 200

Africa

Americas Asia, Oceania Europe

| 2000

World

M 2010 M 2018

Africa

Americas Asia, Oceania Europe World

M 2000 M 2010 M 2018

Figure 6. Change in production of fruit and vegetables, 2000-2018

Source: FAOSTAT
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understand the diversity and reality of
different production systems.

Worldwide production of both fruit
and vegetables rose by about half
between 2000 and 2018 (Figure 6). The
biggest absolute increase was in Asia,
especially East Asia (where China is by
far the largest producer). In relative
terms, the biggest increases were in
Central Asia (where production of both
fruit and vegetables more than tripled)
and Central Africa (nearly triple the
amount of fruit and double the volume
of vegetables, though from a very low
base). Production of vegetables also
doubled in East and West Africa.

Production in some regions has
stagnated or even declined: in Northern
America and Southern and Western
Europe (fruit and vegetables) and in
Northern Europe (vegetables only).

The world is producing more fruit and
vegetables - but still not enough. In
2000 world production totalled just 306
grams per person per day. By 2017 this
had risen to 390 grams (FAO, 2020) -
but this includes non-edible portions
such as the core and peel, as well as
loss and waste, which are often very
high. WHO recommends that people
should eat at least 400 grams of fruit
and vegetables a day (Mason-D'Croz et
al., 2019).

Distribution and access problems
mean that many people cannot get the
types or amounts of food they need
(Chapter 4). A sizeable proportion of
the harvest is lost or wasted before it
reaches consumers’ plates (Chapter

5). Climate change and a lack of

water for growing crops will make it

difficult to produce enough to meet
the WHO's recommended daily intakes
(Mason-D'Croz et al., 2019). And the
400-gram-a-day figure is an average:
the actual recommended amounts
depend on factors such as age and
sex (Chapter 2). Making sure that
everyone can get enough fruit and
vegetables will require improvements
along the entire value chain, from
production to processing, marketing,
and finally consumption.

The umbrella term “fruit and
vegetables” covers an incredible range
of species, varieties, cropping systems,
agro-climatic conditions, and farm and
market types. No single production
approach can be used for them all.
For production to be sustainable, the
practices and technologies must be
adjusted to the local context.

3 Growing green: Sustainable production
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Producers

Small-scale producers

Family farmers, who are often (but not
always) small-scale producers, account
for 80 percent of the world's food in
value terms (FAO and IFAD, 2019),

as well as a large share of fruit and
vegetables.

Worldwide, over 50 percent of the fruit
and vegetables are grown on farms
smaller than 20 hectares (most of
which are family farms). In developing
countries, such farms grow the vast
majority of horticultural produce -
over 80 percent in most of Asia, sub-
Saharan Africa and China (Figure 7).

Australia and New Zealand
North America
South America

Central America
Europe

West Asia and North Africa

Southeast Asia
South Asia
East Asia Pacific
Sub-Saharan Africa
China

World

® |n Cambodia, fruit and vegetables
are the second most important
commodity group after rice in
value terms and provide the main
additional source of income for
most households in the country
(Altendorf, 2018).

® Around 80 percent of avocado
production in Mexico is estimated
to be carried out by small-scale
farmers (Altendorf, 2019).

® Some 200 000 rural families are
reported to be directly involved
in, and benefiting from, banana
production in Guatemala
(Altendorf, 2019).

In Europe and North and Central
America, medium-sized farms of

Vegetables

m >200
>50-200
m >20-50

75 100 0

Production (%)

25 50 75 100
Production (%)

Figure 7. Production of fruit and vegetables by farm size and world region

Adapted from Herrero et al., 2017.
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20-200 hectares are more important,

while it is only in South America and in
Australia and New Zealand that farms
over 200 ha dominate.

Fruit and vegetables typically are
more profitable than staple crops
for a given area of land. They also
require more intensive management.
That opens opportunities for small-
scale farmers to take advantage of
rising demand and to earn more by
producing and marketing fruit and
vegetables. Small-scale production
also has the potential to protect the
environment and ensure social equity
(FAO, 2012). Women, in particular,
can benefit as they are frequently
engaged in fruit and vegetable
production and marketing (Fisher et
al., 2018).

Small-scale family farms are often
more diverse than larger farms, with a
mix of staple crops, fruit, vegetables,
other crops, and livestock. This mix
allows them to spread their risk: if one
crop fails, they have others to fall back
on. Diversity also means ecological
balance, with crop residues used to
feed livestock and manure used to
fertilize crops. Different crops harbour
pollinating insects and beneficials that
control pests.

Many countries are currently
experiencing a decline in the numbers
and diversity of insects, threatening
the many fruit and vegetable crops
that rely on insect pollination. The
small size of many family farms can
help preserve biodiversity. At the same
time, diversified systems are more
knowledge-intensive and require skills
to manage them efficiently.

But small scale and a diversity of
products makes it difficult for individual
farmers to market their produce
effectively. Marketing must therefore
rely on farmers getting organized into
groups or entering contract-farming
arrangements with traders (see
Chapter 4). As a group, farmers can
perform collective actions such buying
inputs, hiring services and selling their
output. The group members can also
swap ideas and experience, and they
have a bigger chance of receiving
technical advice.

Urban and peri-urban producers

Many of the smallest-scale producers
are found in and around towns

and cities. They include commercial
growers who sell their output to local
markets, as well as home-gardeners
and community gardeners who grow
produce for their own consumption or
to share with friends and neighbours.
Surplus produce is sometimes sold
directly to consumers or to small-scale
traders. These producers can increase
the availability and access to fruit and
vegetables for urban dwellers. The
COVID-19 pandemic has highlighted
the importance of local production
(FAO, 2020).

Bad roads mean that highly perishable
fruit and vegetables cannot be
transported far. This is less of a
problem for cereals or crops like cacao
and coffee, which can be dried, bagged,
loaded onto trucks and hauled off to
distant markets. This is one reason
intensive commercial horticulture
tends to cluster around urban areas.

3 Growing green: Sustainable production

23



While growing fruit and vegetables

in and near cities has advantages,

it also brings risks - of pollution,
contamination, and the loss of land
to urban growth. In addition, in some
countries urban agriculture does not
fall under the responsibility of the
ministry of agriculture, so growers
cannot benefit from extension services
or government-supported inputs
(Aubry and Manouchehri, 2019;
Taguchi and Santini, 2019).

Large-scale commercial producers

Larger-scale commercial producers

of fruit and vegetables tend to focus
on a relatively small range of major
crops, such as tomatoes, bananas

and pineapples. Many of these are
destined for the export market or

for industrial processing. Depending
on the structure of the market, there
may (or may not) be opportunities for
small-scale farmers to take advantage
of larger farms and processing facilities
nearby through arrangements such as
contract farming.

Sophisticated technologies such as
irrigation systems, artificial lighting,
hydroponics and digital information
systems require capital investment
and special skills; only larger
commercial operations can afford
these. In countries such as Kenya and
Ethiopia, growers raise green beans
and other vegetables in greenhouses
and export them by airfreight to
dealers in Europe. However, even
smaller-scale producers can adopt
technologies such as greenhouses and
drip irrigation.

Inputs

Production and marketing technologies

Technologies have been developed that
make the production, processing and
marketing of fruit and vegetables more
efficient. These include the following.

® Production: tissue culture and
grafting for seedling supply, high
yielding and disease-tolerant
cultivars, grafting, precision
agriculture, drones, extension
advice systems, irrigation,
greenhouses, insect-breeding for
pollination and pest control, pest
identification and management,
conservation-farming techniques.

® Harvest and postharvest:
harvesting, sorting and packing
equipment, improved packaging
and storage techniques (see
Chapter 5).

® Marketing: market information
systems, digital communications,
traceability systems, remote
payments (see Chapter 4).

These technologies not only increase
productivity, yields and quality; they
also reduce losses, cut the amount of
the labour required, and place greater
emphasis on management skills.

They are also more likely to attract
young, better-educated people to the
horticultural professions and create
new business opportunities both on-
and off-farm. However, they involve
capital outlays that may be beyond the
reach of poor small-scale producers.

24

Fruit and vegetables - your dietary essentials



Quality seeds and planting materials

Annual crops such as cabbages and
onions rely on quality seeds or other
planting materials to produce high
yields. Perennials such as citrus, apples
and grapes depend on clonal seedlings
or grafted cuttings. These planting
materials must be genetically pure,
have a high germination rate, and be
disease-free. Varieties must be adapted
to the local environment and to market
preferences in terms of colour, shape
and taste. And they must be available
for the market in different forms: fresh,
dried, canned, juiced or fermented
(FAO, 2001).

In many countries, quality planting
materials are not easily available.
Suitable improved cultivars either

do not exist or are in short supply.
Tissue-culture programmes to produce
planting materials are few. Farmers

fall back on seeds they have produced
themselves, or exchange planting
materials with their neighbours. This
has advantages (it conserves local
varieties) and disadvantages (farmers
cannot get the varieties they need to
boost their harvest). These drawbacks
result from inappropriate policies and
the lack of a conducive environment for
a thriving seed sector (Tata et al., 2016).

Water

Many fruit and vegetables differ in
their water requirements: they need
the right amount of water at the right
times. Too much water causes root
rot. Too little, and they wilt. Gardeners
say that tomatoes are particularly

finnicky: they need “dry heads and
wet feet”. Irrigation is often needed
to supplement rainfall (and of course
is indispensable in greenhouses). But
irrigation water in some areas and
seasons is scarce, leading to efforts to
get “more crop per drop” (FAO, 2003).

Many small-scale farmers use watering
cans to water their vegetables: this is
practical in small greenhouses and in
gardens close to the house. In larger
areas, various irrigation systems are
used, using overhead systems, furrows
or drip-irrigation (pipes with tiny

holes that allow water to dribble out,
Wainwright et al., 2013). Irrigation can
use “grey water” from washing (after
simple filtration), but using “black
water” that contains faecal matter is a
problem as it may contaminate the soil
and crops. Sophisticated systems use
biological filtration to recycle water and
reduce contamination.

3 Growing green: Sustainable production
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Figure 8.
Recommended
crop rotations
for vegetables in
the UK

Adapted from
RHS (2020)

Fertilizers

In places where fruit and vegetables
have a low priority, little investment
has been made by either governments
or the private sector in ensuring that
farmers can obtain and learn about
suitable fertilizer formulation, proper

placement and recommended dosages.

As a result, many farmers cannot get
the expected yields. The types and
amounts of fertilizer applied should

be determined based on soil analysis;
excess applications should be avoided.

The supply of synthetic fertilizers
could be improved through bulk
procurements by farmer groups,
and by “smart” subsidies and credit
schemes to help farmers buy the
inputs they need.

Compost is important in fruit and
vegetable production, and applying it is

Three plots, 3-year rotation

Year 1
Plot 1 Potatoes
Plot 2 Legumes, onions, roots
Plot 3 Brassicas

Four plots, 4-year rotation

Year 1 Year 2
Plot 2 Potatoes
Plot 3 Potatoes Onions and roots
Plot 4 Onions and roots Legumes

Legumes, onions, roots

Brassicas

more practical than for cereals because
the areas involved tend to be smaller.
Many small-scale farmers know this
already: they compost their farmyard
manure to fertilize their vegetable
patch rather than spreading it thinly
over their crop fields. Mulch is useful to
cover the soil, conserve soil moisture
and suppress weeds.

Pest and disease management

Perfect papayas, beautiful bananas,
the choicest cherries: many types

of fruit and vegetables must appear
flawless to be saleable. But many are
hypersensitive to pests and diseases.
The tiniest blemish can demote them
from Grade A to the animal-feed bin.

To avoid this, farmers often apply
more chemicals than they need in

Year 3

Brassicas

Potatoes

Year 2

Potatoes Legumes, onions, roots

Year 3 Year 4

Potatoes Onions and roots

Onions and roots Legumes

Brassicas

Potatoes

Legumes

Brassicas
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order to control pests and diseases
and fulfil their buyers’ requirements.
Indiscriminate and excessive use

of chemicals cause health and
environmental problems for farmers
(Tsimbiri et al., 2015), harm beneficial
insects, and contaminate the product,
resulting in food-safety concerns.

Integrated pest management is the
solution. This is an ecosystem-based
strategy that focuses on preventing
pests and disease in the long term
through a combination of biological
control, habitat manipulation,
improved cultural practices, and the
use of resistant varieties. Farmers use
pesticides judiciously and only if careful
field checks show they are needed -
not as a preventive measure, as is all
too common (Flint, 2012).

New technologies such as smartphone
apps and accredited laboratories now
make it possible to identify pests and
diseases quickly and recommend
ways of dealing with them (Miller et
al., 2009). However, agrochemicals
companies may use apps to promote
the sale of their products, without
alerting farmers to other ways to
control pests. It is important to
reinforce producers’ knowledge and
critical thinking and enable them

to obtain accurate information and
technologies to solve problems.

A number of biopesticides are

available on the market that are less
harmful to the environment, but

these must also be used judiciously.
Participatory approaches such as
farmer field schools have been
successful in promoting integrated pest
management worldwide.

Good agricultural practices

Improved seed and planting materials,
adequate watering and integrated
pest management are all part of a set
of “good agricultural practices” that
farmers should use to grow enough
fruit and vegetables in a sustainable
manner. Other technologies include:

Crop rotations and intercropping.
Rotating crops helps maintain soil

fertility and control pests and diseases.

Single-season vegetables can be
rotated with staple cereals and other
crops. It is important to follow the
correct sequence of crops, as some
crop species do not grow well next to
or after others (Figure 8). Vegetables
can also be grown in alternating rows
and bands, or between rows of fruit
trees. Fruit trees can be grown around
fields or on bunds, where they help
stabilize slopes.

3 Growing green: Sustainable production
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Integrated production with
livestock. Livestock can be grazed
under fruit trees, where they help
suppress weeds and fertilize the

soil, or on vegetable fields after the
harvest. Animals can be fed with crop
residues such as discarded cabbage
leaves or blemished fruit. After proper
treatment, manure can be used to
fertilize gardens and fields.

Soil amendments. Amendments

such as mulch, compost and lime can
suppress weeds, control erosion, and
boost fertility. Some amendments
(mulch, compost) can be made on-
farm (the quality of the compost is
important, otherwise it may contain
weed seeds). Other amendments, such
as lime, may need to be broughtin
from elsewhere.

Reduced tillage. Farmers plough
their soil mainly to control weeds. But

ploughing has many disadvantages: it
destroys the soil structure, reduces soil
moisture, kills soil organisms, speeds
the breakdown of organic matter, and
hastens the release of carbon dioxide
into the atmosphere.

It is better to reduce the amount

of tillage or avoid it altogether, for
example by sowing seed in individual
furrows or using specialized planting
equipment. Transplanting seedlings
enables them to get ahead of weeds;
dense planting and applying mulch also
suppress weeds. So can herbicides,
though these risk polluting the
environment, harming biodiversity and
contaminating the crop.

Organic farming. Organic farming
avoids using synthetic inputs
altogether, using many of the
principles described above (Scialabba
et al., 2015). It relies on dense planting
and mulching to suppress weeds,
close crop sequencing to avoid
fallow periods, crop associations

to control pests, careful water
control, and intensive observation
and maintenance. It is particularly
suited to small-scale fruit and
vegetable growing where gardeners
can provide the level of labour and
management required.

Many fruit and vegetable growers in
low- and middle-income countries are
de facto organic producers because
they have no access to agrochemicals,
cannot afford them, or prioritize their
staple crops for the little fertilizer they
are able to buy. They could benefit
from training and advice in crop
management and from improved
seeds and planting materials.
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Environment

Resource use

Nutrient-dense foods such as

fruit and vegetables tend to have
lower environmental impacts than
carbohydrate-rich staples such as
cereals (Clark et al., 2019). Per unit

of land, water and nutrients, fruit

and vegetables are more effective at
providing nutritional security than
other crops. That can help prevent the
expansion of farming into forest areas
that are important for biodiversity and
carbon sequestration.

Nonetheless, intensive and
unsustainable fruit and vegetable
production can use excessive amounts
of fertilizers and pesticides, which may
harm biodiversity and contaminate
surface and groundwater.

Climate change

Comparatively little research has been
done on the effects of climate change
on fruit and vegetable production.
Various aspects of climate change
may affect fruit and vegetable
production: temperature, carbon
dioxide concentrations, ozone levels,
water availability and salinity. Their
effects are likely to vary from place

to place. Some are positive (rising
CO, levels are expected to stimulate
plant growth); others are negative
(reduced water availability harms it)
(Scheelbeek et al., 2018). Many fruit
and vegetable species are highly

sensitive to temperature extremes,
such as frost during blossoming and
heat during flowering. Some crops
stop growing if the temperature is not
within the appropriate range; others
suffer disorders that make them
unmarketable: bean pods get stringy,
cauliflowers develop hollow stems, and
lettuces “bolt” (grow extended stems)
(Peet and Wolfe, 2000).

Neglected crops and wild species

Of an estimated 400 000 plant species
in the world, somewhere between

30 000 and 80 000+ are edible by
humans (Brummitt et al., 2020; FAO,
2018). Several thousand are grown
as agricultural and horticultural
crops. Some 7 000 species have been
gathered and cultivated since the
advent of agriculture. But the world’s
food supply depends on just 200
plant species (many of which are fruit
and vegetables), and only 12 species
provide three-quarters of the food
we consume; just nine account for

66 percent of total crop production
(FAO, 2019; IDRC, 2010). Most of

the remaining minor crops are also
fruit and vegetables, as are the vast
majority of other edible species.

These species and landraces are
often referred to as “neglected and
underutilized” because they have
been “forgotten” by agricultural
research and investments. They
include traditional crop species and
varieties, as well as wild species that
people often also harvest and use
as food. They present enormous
untapped potential for small-scale
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farmers and rural communities.
They are often more nutritious and
more resistant to pests and diseases
than are commercial varieties
(Schreinemachers et al., 2018).

They are well-adapted to the local
climate and pests. They are resilient
and require few or no inputs, often
growing as weeds in and around fields
and along roadsides, so are typically
accessible for both landowners and
the landless.

Many traditional crops and wild
species are sold in local markets
(Mundy, 2014). They help maintain
food and nutrition security and act

as a buffer in disaster-prone areas
(Rahim et al., 2009). Such species and
varieties can be developed to broaden
the food basket in face of the threat
of climate change (Padulosi et al.,
2013). Wild foods contribute to dietary
quality, dietary diversity and seasonal
evenness (Powell et al., 2015),
providing important nutrients and
complementing many staple-based
diets in any given month of the year.

It is important to develop strategies
that can help indigenous food

crops to effectively contribute to
food security, nutrition, health and
economic development (Kahane et al.,
2013). This will require the creation
of favourable policy environments
and increased investments (Jaenicke,
2013), production and dissemination
of information (Pichop et al.,

2016), and promotion of research,
knowledge management and
capacity building, e.g., to promote
breeding programmes focusing on
the development of adapted varieties
(COAG, 2018).

Crop biodiversity

Farmers and gardeners around

the world maintain a wide range

of traditional varieties of fruit

and vegetables. But this wealth is
under threat from various sources.
Commercial pressures induce farmers
to adopt high-yielding types instead of
lower-yielding but hardier traditional
sorts that have limited consumer
demand. Seed producers market only
commercial varieties - often hybrids
that produce useless seed or no seed
at all. When older varieties of fruit
trees die, they are not replaced. Cross-
pollination with imported varieties
dilutes the genetic purity of local types.
Pests, diseases, drought and heat take
their toll on the remaining populations
of traditional varieties and may force
them into extinction.

In high-income countries, seed
companies breed, multiply and
market seeds of horticultural crops,
and commercial nurseries raise
seedlings of vegetables and fruit
trees. Universities, research institutes
and nongovernment organizations
also conserve and distribute seeds
of traditional varieties. Such services
are rare or non-existent in low- and
middle-income countries - except
for a few commercial species such
as bananas and pineapples. Farmers
must rely on their own seed or on
local seed exchanges. This conserves
biodiversity, but means that farmers
do not have access to suitable
higher-yielding varieties.

The World Vegetable Center, the
international research institute with
the mandate for vegetables, maintains
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a genebank with 61 000 accessions
from 155 countries, including about

12 000 accessions of indigenous
vegetables (World Vegetable Center,
2020b). But much less work has been
done to characterize and conserve the
germplasm of most fruit and vegetable
species than for the major staple crops.
The International Rice Genebank, by
contrast, holds more than 132 000
accessions of rice and its wild relatives
(IRRI, 2019a).

Policies and institutions

Sustainable intensification of fruit

and vegetable production calls for
political commitment, investment,
institutional support and a demand-
driven approach to technology
development. There is no “one-size-fits-
all” set of recommendations. Still, it is
possible to identify the key features of
enabling policies and institutions for
sustainable intensification of small-
scale fruit and vegetable production.
The design, implementation and
monitoring of policies will require
strong collaboration between different
ministries and administrations, from
public health and education to trade,
environment and agriculture.

Research and technology development

Compared to major staples such as
rice and wheat, relatively little public
effort has gone into developing
improved technologies for fruit and
vegetables. This is because in the
past, governments and international

organizations have focused on
ensuring food security in terms

of calories rather than in terms of
nutrients: they have put more effort
into filling plates rather than increasing
the variety of food on the plate. It is
also because of the sheer number of
fruit and vegetable species, each of
which needs its own breeding and
research programme.

The funding devoted to research on

all types of crops is inadequate given
the importance of these crops, the
challenges facing them, and the proven
and potential payoff of research and
development. The International Rice
Research Institute has a budget of USD
73 million and focuses on a single crop
(IRRI, 2019b). That is still far more than
the budget of the equivalent institute
devoted to vegetables, the World
Vegetable Center, which has a budget
of around USD 20 million and must
deal with a whole basketful of crops
(World Vegetable Center, 2020a). There
is no international research centre
focusing on fruit.
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The majority of agricultural research is
performed by public institutions such
as government research institutes,
universities, and international centres
(Beintema and Elliot, 2011). Figures

on private-sector research are difficult
to find but appear to be lower than
publicly funded research. Most private
research focuses on high-income
countries, with very little going to low-
and middle-income countries.

Fruit and vegetables account for
a small proportion of the total

agricultural research effort, and most
horticultural research focuses on the
major commercial and export crops,
such as bananas, rather than on the
wide range of crops that are locally
important and do not appear in
trade data. More research is needed
to support sustainable domestic
production and the conservation
and promotion of neglected and
underutilized species, especially in
regions where projected supply is
particularly inadequate, such as sub-
Saharan Africa, parts of Asia and the
Pacific (Mason-D'Croz et al., 2019).

Research is needed to breed varieties
with disease- and pest-resistance,
tolerance to heat, drought, flooding
and salinity, and with increased
nutrient content. Other priority topics
include crop-management techniques,
the control of pests and diseases,
water-efficient irrigation methods
such as drip irrigation and recycling

of used water, good soil management
and conservation methods to
enhance plant health, and the use of
appropriate farm machinery to reduce
labour needs and improve productivity.

Greenhouses offer many opportunities
to lower the environmental impact

of growing vegetables, for example

by optimizing energy use, reducing

the emission of CO,, improving the
efficiency of water use, and controlling
pests and diseases.

But small-scale producers grow most
of the world's fruit and vegetables, and
technologies are needed that suit their
conditions and their pockets. Women,
who manage a big share of the world's
gardens, must be ensured access to
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new techniques. The development
and deployment of such technologies
offer business opportunities for youth
employment on- and off-farm. Further
along the value chain, technologies
are needed to improve postharvest
services, storage, transport and
processing in order to preserve
nutrient content and taste, and to
reduce losses.

Extension services

Like agricultural research, extension
services are generally focused on major
staple and cash crops. Most extension
workers are trained in the major crops
first and other topics second; when
they meet farmers, the big crops take
up the biggest part of the time.

Nonetheless, fruit and vegetables pose
very different problems for farmers

at all stages - inputs, production,
harvesting and marketing. Each crop
presents its own challenges, suffers
from its own pests and diseases, and
must be marketed in its own way.
Extension personnel need to be able to
advise farmers on all these topics.

The internet and smartphones enable
producers to learn about various
aspects of production and marketing,
as well as to discover prices, link

with buyers, and make and receive
payments. They also make it easier

to gather, collate, analyse and report
data on areas, production, yields and
prices. While commercial famers in
high-income countries typically obtain
information and fill in forms on a
computer, smaller-scale farmers and

those in low- and middle-income are
more likely to use their smartphones.
Both government and private
operators are developing services
for farmers, typically focusing first on
staples and cash crops such as cacao
and coffee, but also covering major
horticultural crops such as tomatoes.

The advent of smartphones presents
new opportunities (it is possible to
communicate with farmers without
having to travel) but reinforces old
problems (how to reach the poorest
farmers, especially women). Private
operators also face the problem of
finding ways to pay for their services:
advertisers are scarce in poor areas,
and farmers are unwilling or unable
to pay for subscriptions (CTA, 2015).
Connectivity and internet facilities

in rural areas need to be improved
before connected devices can be
used. This is especially important
with the recent upsurge in online
marketing activities.

Rural infrastructure

The infrastructure needed for fruit and
vegetables also poses challenges. A few
species, such as onions, are relatively
robust and can be tipped into sacks

or loaded onto lorries in bulk. Others,
such as tomatoes, mangoes and soft
fruit, are extraordinarily delicate and
must be handled with great care. They
require careful sorting and grading to
remove damaged fruit, special packing
to protect them on the road, and
refrigeration throughout their journey
to keep them in tip-top condition. They
do not take kindly to being bounced
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on the back of a truck bumping along a
corrugated dirt road.

Investment in roads, electricity (for cold
rooms), internet access, warehousing
and processing capacity in production

zones will help link farmers to markets
for fresh produce and to processors
that convert them into products with

a longer shelf life. This will also help
stabilize prices, reduce postharvest
losses and lower transaction costs.
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Markets and value chains

Responding to health-conscious consumers

he fruit and vegetables sector
Tplays an important role in

providing fresh and nutritious
food to consumers around the world,
especially in growing towns and cities.
The sector generates income not only
for producers, but also for the actors
along the value chain that links farms
to consumers (FAO, 2018). Fruit and
vegetables can generate high returns
per hectare, making it possible to
reduce poverty if the right investment,
capacities and services are in place.

This chapter examines various aspects
of markets and value chains, including
international trade, the links between
farmers and domestic markets, and the

need for responsible business practices.

International trade

International trade of fresh fruit and
vegetables represents only around
7-8 percent of total global production
(FAOSTAT), but it still ranks among
the most valuable crop and livestock
commodity groups (Figure 9). Exports
are an important driving force

behind the expansion of the fruit

and vegetables sector, and they also
stimulate domestic production and
markets. The growth in exports has
significantly outpaced the increase in
production: global trade more than
doubled between 2000 and 2018
(Figure 10).

While exported quantities of fresh
produce are low compared to the
produced quantities, the value of trade
means that they have the potential

to contribute substantially to both

Figure 9. World
export value

of selected
agricultural
commodities, 2018

the agricultural and gross domestic Source:
products of producing countries. Latin FAOSTAT (2020)
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Figure 10.
Worldwide exports
of fresh fruit and
vegetables: Total
aggregate volume
increased by 115
percent between
2000 and 2018

Source:
FAOSTAT (2020)
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America and the Caribbean and Asia
have established themselves as the
most important exporting regions,
where trade in fruit and vegetables
generates important foreign exchange
that many low- and middle-income
countries can use to import food and
other items. Favourable land, climatic
conditions and high productivity in
many areas of these regions make it
possible to produce many varieties

on a large scale, and year-round.
Many countries in these regions have
also invested in institutional capacity
development (Fernandez-Stark et al.,
2011) and the infrastructure needed to
support trade.

Increases in trade have also been
made possible through innovations in
distribution technology and logistics
that have cut transport costs and
delivery times. Fresh produce is now
available and affordable year-round
in many places (Altendorf, 2017).
Investments from importing countries
in producing countries and bilateral
or multilateral agreements have
stimulated this trade.

. Vegetables

2018

The major importers of fresh produce
are the European Union, the United
States of America (both are also large
exporters), China, Canada, Japan

and the Russian Federation. Trade
agreements, such as the World Trade
Organization Agreement on Agriculture
and various regional trade agreements,
have led to reduced import tariffs
(FAO, 2017b) among other effects,

also stimulating growth in trade of the
sector (Huang, 2004).

The expansion in global trade is also
impacted by rising demand in high-
income countries, particularly in the
United States and the European Union,
the two largest importing blocs. A
preference for safe, good-quality,
attractively packed fresh produce, a
growth in health consciousness, and
more widespread awareness of the
nutritional benefits of fresh fruit and
vegetables all contribute to rising
consumption (see Chapter 2).

Campaigns to promote the health
benefits of nutrient-rich fruit and
vegetables and the growing availability
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of ready-to-eat products further
stimulate demand. Indeed, changing
consumer preferences can be seen in
the growing year-round availability of
fresh items that were once regarded as
highly seasonal. For some high-value
products, such as avocado, changes

in consumer preferences are a key
driver of trade expansion. On the other
hand, global demand for some other
items, including pineapples, mangoes
and papayas, is more sensitive to
changes in their price and to changes
in incomes in importing regions
(Altendorf, 2017).

Trade tends to be dominated by large
national and multinational firms
(Altendorf, 2019) which capture most
of the added value. This may limit the
potential of the fruit and vegetable
export sector to reduce poverty.

Contract farming is one way that
farmers can improve their participation
in the high-value fruit and vegetables
sector, as the approach provides
solutions to address small farmers’
challenges related to access to
technical assistance, inputs, credit,
insurance and market information
(FAO, 2015; UNIDROIT, FAO and IFAD,
2015; FAO, 2020d).

Contract farming

The growth in global fruit and
vegetable markets opens significant
opportunities for farmers, and
“[clontract farming arrangements are
increasingly seen as a means to include
smallholder farmers in remunerative
markets for added-value foods that are

shaped by urbanization and income
growth” (FAO, 2020d).

Contract farming is an agreement
between one or more farmer(s) and

a contractor for the production and
supply of agricultural products under
forward agreements, frequently at
predetermined prices (Eaton and
Shepherd, 2001). Farmers undertake in
advance to supply given quantities of

a product to a buyer at a guaranteed
price. The contract may stipulate the
volume, quality and timing, the crop
variety, production methods (such as
the agrochemicals that may be used),
packaging, and other details. The buyer
may arrange for training, advice, inputs
such as seeds and chemicals, and even
specialized equipment and labour

for land preparation and harvesting,

as well as credit to cover the cost

of inputs.

Ideally, both sides benefit; the farmer
gets a guaranteed market and
income, while the buyer is assured of
a reliable supply of a quality product.
But contract farming carries risks
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for both sides. The buyer is often in

a more powerful position and may
impose demands that are too stringent
on the farmers. On the other hand,
farmers may not honour the delivery
of the contracted amounts or quality
standards indicated, or may side-sell
to buyers offering a higher price at
harvest-time (FAO, 2013).

Whether farmers engage in

contract farming depends on many
factors, including the farmer’'s own
characteristics, the local situation and

S Ny
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€400

farming system, and the needs of the
buyer (FAO, 2013, 2020a). A survey of
farmers in peninsular Malaysia, for
example, found that farmers were
more likely to be interested in contract
farming for fruit and vegetables if they
owned the land they farmed, cultivated
a relatively large area, were educated,
and believed they would benefit

from the contracting arrangements
(Arumugam et al., 2017).

Through contract farming, processors,
exporters and other midstream actors
integrate small farmers into highly
profitable national and global value
chains. But these are still very limited in
scope. Some examples:

® South Africa. Citrus growers have
contracts with both an exporter
and a juice processor and receive
financial and technical support
(FAO, 2013).

® Tanzania. An exporter supports
vegetable farmers to meet
international quality and safety
standards (FAO, 2013).

® Nepal. Farmers in remote areas
who grow ginger under contract
with a processor and exporter
report around 58 percent higher net
profits than non-contracted farmers
(Kumar et al., 2016).

® Mexico. A family-owned frozen-
vegetables firm offers small-scale
producers contracts and provides
them with the inputs, technical
assistance and credit in a way that
minimizes the firm’s contracting
transaction costs (Key and
Runsten, 1999).
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While contract farming is typically
applied to procure produce from
farmers for export markets that apply
stringent requirements on producers
(FAO, 2016), there is some evidence
that the approach can also be adapted
for improving coordination in domestic
food markets, including for high-value
produce (Meijerrink, 2010; Soullier and
Moustier, 2018).

Linking farmers to domestic markets

Due to high perishability and
competitiveness in export markets,
most fresh fruit and vegetables
are traded and consumed

locally or nationally. In Africa

up to 96 percent of marketed

farm output (including fruit and

vegetables) is supplied through the
domestic market (AGRA, 2019). In

Latin America and Asia, most fruit

and vegetables are sold through
wholesale markets, fresh food markets,
supermarkets and specialized grocery
stores (Boza, 2020; ADB, 2019a, 2019b,
Ren and An, 2010).

Much of this produce is grown by
smallholders for sale through an
often-complex system of traders and
intermediaries, or sometimes directly
to consumers (see Chapter 3). Figures
11 and 12 show value chain maps for
selected fruit and vegetables in Ukraine
and Uganda. The maps demonstrate
the complexity of the linkages between
the numerous actors along the value
chain, and how the relationships and
types of actors vary from one country
to another.

Figure 11. Fruit
and vegetable
value chain

in Ukraine

Source: CBI (2015)
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Figure 12. Avocado,
mango and green
beans value chain
in Uganda

Source: Dijkxhoorn et.
al. (2019)
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Domestic and regional food markets
are expanding in low- and middle-
income countries on the back of
population growth, urbanization, rising
incomes and a growing middle class,
increasing women's participation in
labour markets, and shifts in consumer
preferences for food. As income
growth leads to major socio-economic
changes, parallel shifts in food
consumption patterns also take place
- a process known as the “nutrition
transition”. In the last stage of this
transition, the consumption of fruit and
vegetables increases (FAO, 2020d).

These trends have been taking place in
a number of low- and middle-income
countries (Pingali, 2007; Popkin, 2006,
cited in FAO, 2020d). Governments
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can also promote fruit and vegetables
programmes, as in India and Brazil,
where consumption of mango and
papaya has been expanding among
an increasingly affluent population
(Altendorf, 2017).

These shifting patterns in incomes
and food consumption create
opportunities for small farmers and
small agri-enterprises along food
value chains (Reardon, 2015). They
give rise to shorter food value chains
and distribution channels, creating
more opportunities for direct linkages
between producers and consumers
(Galli and Brunori, 2013). Shorter
food value chains may also stem from
initiatives such as farmers' markets

or open-air food fairs, which build on
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consumers' desire to engage directly
with producers. Governments can
also promote fruit and vegetable
consumption and sustainable
production from smallholders through
public food procurement for schools
and other public institutions (ECLAC
et al.,, 2015). The COVID-19 crisis
emphasizes the central role that local
food-distribution channels play in
ensuring food security (FAO, 2020b).

Value addition

Value addition for fresh fruit and
vegetables includes sorting, grading,
packaging, transport, wholesaling

and retailing, as well as processing
activities. It is done by enterprises

of various sizes, from micro to large.
Some actors perform multiple roles:
wholesalers, for example, may play

an important role in providing market
information for producers and
managing postharvest logistics (FAO,
2014). In many countries, supermarkets
have a growing share of the retail trade
in fresh produce, but the traditional
retail sector, which includes local

wet markets and roadside stalls, is

still central for fruit and vegetable

retail and food security in low-income
countries (Parfitt et al., 2010).

Strengthening the capacities of

the sector can improve market
transparency and the quality and
safety of food available in domestic
markets (Demmler, 2020). In addition,
these mid-stream agrifood enterprises
also create the biggest market
opportunities for farmers domestically
(AGRA, 2019).

As with small food producers, small
and medium agrifood enterprises
also face a number of obstacles when
linking to markets (FAO, 2015).

® Access to finance is a longstanding
problem for small farmers and
agrifood enterprises alike (and
not only in the fruit and vegetable
sector). The lack of reliable,
affordable finance inhibits
innovation, growth and employment
generation, and constrains the
agrifood sector’s capacity to reduce
poverty (Beck and Cull, 2014;
FAO, 2020d; Fjose et al., 2010;
OECD 2017).

@ Infrastructure and utilities such
as cold chains, appropriate storage
and processing technologies,
reliable energy and clean water
supplies are often inadequate.
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Their development is hindered
by a shortage of investment
opportunities, qualified staff,
inadequate controls, and
fragmented supplies (FAO, 2016).

Government support for mid-
stream actors is also frequently
lacking. Ministries of agriculture
and extension services focus on
up-stream activities by producers,
while small-scale mid-stream actors
in the value chain fall between the
mandates of ministries of trade,
industry and commerce (FAO,
2015). Policies and regulations
addressing them overlap or
conflict, while policies tailored for
the manufacturing sector fail to
apply to the agribusiness

sector with its special concerns:

product perishability, unreliable
procurement, sensitivity to
weather, etc.

Learning from international trade

Domestic value chains can benefit

by learning from successes in the
international trade of fresh fruit

and vegetables. Governments can
support the sector by providing
institutional frameworks for public-
private collaboration, investing

in infrastructure such as storage
facilities and laboratories, stimulating
linkages with research to generate
innovations in postharvest operations
(e.g., packaging and cold chains),
encouraging finance for the sector, and
building the competence of producers
and managers (Fernandez-Stark

etal., 2011). In Chile, such support
helped the fruit and vegetable sector
to upgrade and become competitive
internationally, generating more

than 450 000 jobs along the chain -
equivalent to 5 percent of the country’s
labour force (Lépez, 2009).

Trade policies that stimulate exports
can also affect the behaviour of
national actors in the value chain.
Appropriate policies can foster open
borders and promote responsible,
transparent national value chains.
In the area of food safety and plant
health, the agreements of the

World Trade Organization strongly
encourage the use of international
standards as the basis for national
measures. This can help to reduce
trade costs and allow food to move
smoothly between markets.
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Responsible business

Employment and work conditions

Policymakers are increasingly looking
to high-value food chains, such as fruit
and vegetable value chains, to create
off-farm employment (Losch, 2012).

In rural Africa, farming accounts for
around 40 percent of employment

(as measured in terms of full-time
equivalents). The wholesale, logistics,
processing and retail of food and other
agricultural products account for a
further 25 percent (Dolislager et al.,
2019; Arslan et al., 2019), with half of
these activities carried out by small
and medium-sized enterprises. As the
number of mid-stream firms in food-
supply chains grow, expectations are
that farm output will be stimulated
and on-farm employment created
(Reardon et al., 2019). These small
rural enterprises are more likely to hire
vulnerable groups such as women or
young people (Dolislager et al., 2019).

Jobs created in the sector should offer
decent employment opportunities (Box
4). But value chains for fresh produce are
particularly vulnerable to environmental,
social and governance risks. The
industry has a relatively high proportion
of informal workers (casual, migrant

or family labour). It is not uncommon

to find farms where workers toil long
hours in difficult conditions, without
adequate health-and-safety safeguards,
and without respect for their rights, such
as the freedom to form unions. Child
labour has been frequently reported,
gender equity is a problem, and gender-
based violence is common (Cooper,

Box 4. Decent jobs

Decent jobs are defined as opportunities for work that are
productive, respect core labour standards, provide a fair
income (whether through self-employment or wage labour)
and ensure equal treatment for all. Workers should be able
to perform their tasks under safe and healthy conditions
and have a voice in the workplace (FAO, 2017a).

2015). Crop production can have adverse
environmental impacts, especially on
large, monoculture plantations that
heavily rely on pesticides to protect crops
and agrochemicals to preserve products.

To protect vulnerable groups,
employees and the environment,
companies operating beyond the
farm gate and along value chains
need to ensure their supplies are
procured from sources that adhere to
environmental, social and governance
good practices by putting appropriate
policies and systems in place. Doing
so will protect companies at all levels,
from small firms to multinationals,
from reputational problems. This

in turn can help them avoid costly
remedial actions and improve
relationships with suppliers, business
partners and other stakeholder groups,
thereby reducing their costs and
raising their profitability (FAO, 2020c).

Due diligence

Drawing on various international
guidance instruments (Table 1) and
applied throughout the value chain,
due diligence and responsible business
practices can benefit farmers, farm
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Table 1. International guidance instruments on responsible business practices

OECD-
FAO

Guidance for responsible agricultural
supply chains

Organisation for Economic Co-operation
and Development and Food and Agriculture
Organization of the United Nations

OECD and FAO (2016)

CFS

Principles for responsible investment in
agriculture and food systems
Committee on World Food Security

CFS (2014)

UN

Guiding principles on business and human rights
United Nations
UN (2011)

ILO

Declaration on multinational enterprises
International Labour Organization
ILO (2017)

OECD

Guidelines for multinational enterprises
Organisation for Economic Co-operation and
Development

OECD (2011)

Box 5. Due diligence

Due diligence is defined as a process through which
enterprises can identify, assess, mitigate, prevent and
account for how they address the actual and potential
adverse impacts of their activities as an integral part of
business decision-making and risk management systems
(OECD and FAQ, 2016).

workers, small agri-enterprises, local
communities, the environment and
society as a whole (OECD and FAO,
2020). Due diligence by companies can
also increase the resilience of value
chains to external shocks such as
COVID-19 (Box 5).

This chapter has explored recent
trends behind the rapid growth in
demand for fresh fruit and vegetables,
and notably of tropical fruit. The rise in
international trade has been enabled
by advances in transportation, storage
technologies, trade agreements,

rising incomes and shifting consumer
preferences. However, if the potential
of the sector is to be harnessed for
poverty reduction, it is necessary

that the right support infrastructure,
investment and access to services for
small-scale actors across the entire
value chain be provided, alongside an
enabling environment that protects
the rights of vulnerable groups. The
relevance of consumer trends is also
discussed, as well as the importance of
learning from opportunities provided
by international trade for domestic
market development for low and
middle-income countries.
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Nothing to lose

Quality, safety, loss and waste

ood that does not appeal to
Fconsumers goes unbought and

uneaten. Food that is contaminated
by pathogens or chemicals is unsafe to
eat - and cannot be counted as food.
All along the value chain, starting in the
field and ending in the kitchen or dining
room, food is lost or wasted. Because
they are perishable and fragile, fruit and
vegetables are especially at risk of going
uneaten (FAO, 2019).

This chapter focuses on four related
issues: food quality, food safety, and
losses and waste. It outlines the factors
relating to each, and how quality and
safety can be assured and how losses
and waste can be minimized.

Quality

Go into a market or shop anywhere
in the world: shoppers will be picking
and choosing fruit and vegetables
according to their look and feel. They

out damaged or overripe produce.
Supermarkets package delicate items
to prevent bruising and extend their
shelf life. Greengrocers spray water
on their wares to keep leaves pert and
flies away.

By definition, consumer expectations
and perceptions will also determine
their perception of food quality (Box
6). What may be unacceptable to one
consumer may be perfectly acceptable
to another. Consumers often assess
quality on a subjective basis: their
choice depends on their expectations.
Firms use quality standards based on
objective measurements, driven by
data on temperature, firmness, sugar

Box 6. Food quality and food safety

across countries and cultures.

Food quality describes the attributes of a food that
influence its value and that make it acceptable or desirable
for the consumer. The ideal of food quality therefore differs

Food safety is the assurance that food will not cause harm
to the consumer when it is prepared and/or eaten according
to its intended use (CXC, 1969). Unlike food quality, food
safety is non-negotiable.

want firm tomatoes, yellow bananas,
unwilted lettuce, apples without
maggots, blemish-free mangoes, and
fresh spinach. Traders constantly
sort through their stock to toss
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content and shelf-life predictions for
fresh produce.

Quality is especially important to
serve all markets, and particularly
high-value markets: exports,
supermarkets, hotels and
restaurants. Commercial quality
standards for fruit and vegetables
are developed and approved by the
United Nations Economic Commission
for Europe through its Working Party
on Agricultural Quality Standards
(UNECE, 2020). These international
standards facilitate trade, encourage
high-quality production, improve
profitability and protect consumer
interests. They are used by
governments, producers, traders,
importers and exporters, as well as
international organizations.

Stakeholders along the value chain
emphasize different aspects of quality.

® Producers value factors such
as yield, resistance to pests and
diseases, and ease of harvesting.

® Wholesalers and retailers place
a premium on size, form, colour
and safety. They often require the
produce to comply with in-house or
industry standards.

® Consumers are more interested
in the visual appearance,
texture, firmness, sensory and
nutritional properties.

Factors affecting quality

Fruit and vegetable quality is
influenced by extrinsic and intrinsic
factors. Extrinsic factors include the
production environment, how the
produce is handled during harvest and
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at various stages of the supply chain,
and how it is packaged and presented
for sale to consumers. Intrinsic
factors relate to the food itself: its
visual appearance (size, form, and
colour), texture, firmness, sensory and
nutritional properties, and food safety.
All these attributes are of interest and
value to consumers.

The best type of handling and
packaging depends on the type of
produce. Bananas, for example, should
be kept at a temperature of 12-15°C.
Cauliflower needs cooler temperatures
(0-5°Q).

Because produce continues to respire
during storage, it consumes oxygen
from within the packaging and emits
carbon dioxide, slowing down the

ageing process and extending shelf life.

But if the packaging is airtight, there
will not be enough oxygen left and the
produce will die. That is why plastic
packaging often has perforations to
allow a controlled amount of oxygen
to reach the contents (MAP, 2012).
Ethylene gas emitted by fruit hastens
the ripening, aging and eventually
spoilage: putting ripe bananas (which
emit a lot of ethylene) next to apples
will speed their ripening.

Basis on which consumers purchase produce

Consumers purchase fresh produce
on the basis of search, experience and
credence attributes (Box 7).

® Search attributes are evident
from the appearance of the
produce itself: the consumer can

Box 7. Quality attributes based on consumer perceptions

Search attributes
Can be checked directly before purchase.

® Colour, size, firmness, blemishes

-

=)
P o
v

Experience attributes

Evident only after purchase, but influence
whether someone buys the same produce
item again.

® Taste, texture, cooking quality

Credence attributes

Cannot be assessed before or after
purchase; depend on credibility of
supplier. Often given on labels.

ORGANIC e (Sometimes)food safety

® Organic, fair trade, local origin,
pesticide residues

Adapted from Rezare Systems (2020)

see whether a fruit is over-ripe or
bruised, and decide not to buy it.

Experience attributes become
evident only after purchase: when
the buyer bites into the fruit and
discovers its eating quality - its taste

and texture.

Credence attributes depend on
information or claims from the
seller: Is it safe to eat? Was the
item grown locally? Is it organic? Is
it free of pesticide residues? Such
information may be included on a
label, but fresh fruit and vegetables
are often sold unpackaged without

5 Nothing to lose: Quality, safety, loss and waste
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a label. This attribute also depends
on consumers' trusting what is
printed there, as the consumer can
often not verify claims from the
seller at the time of purchase.

Standards

International bodies (in particular
the FAO/WHO Codex Alimentarius
Commission), governments, industry
groups, individual firms and non-
government organizations set
standards or technical regulations to
guarantee the quality and safety of
produce. These in turn rely on food-
control systems with inspections,
certification and sanctions for non-
compliance. They are designed to

guarantee the safety and quality of
produce and assure buyers that it has
been produced and processed in a
particular way.

Standards and certification are
especially useful where there is
information asymmetry: where buyers
and consumers cannot easily judge the
safety and quality aspects of products
or production processes. One example
is the environmental friendliness of
organic produce. This is a “credence
attribute” because consumers have

no way of checking that an item was
actually produced organically (Caswell
and Mojduszka, 1996). Certification
systems (and the labelling of certified
products) aim to provide a verification
or a “burden of proof” that given
standards have been complied with.
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Tahle 2. Meeting standards and ensuring safety

Codex Alimentarius

The Codex Alimentarius Commission is the central
component of the Joint FAO/WHO Food Standards
Programme. It develops recommended codes of practice,
such as hygienic practices and practices for the processing
and handling of foods or food groups.

Codex Alimentarius (2020)

GAP: Good agricultural practices
GMP: Good manufacturing practices
GHP: Good hygienic practices

A set of recommended practices to maintain quality and
hygiene in the food chain.

HACCP: Hazard analysis and critical control
point system

An approach that identifies specific hazards and measures to
control them, so as to ensure the safety of food.

SOP: Standard operating procedures

Detailed, written, accessible description for use by personnel
explaining how each operation is performed.

Traceability

The ability to follow the movement of a food through
specified stages of production, processing and distribution.

International standards (FAO/WHO
Codex Alimentarius Commission).
The Codex Alimentarius, or “Food
Code" is a collection of food standards,
guidelines and codes of practice that
have been developed by independent
experts and specialists in a wide range
of disciplines to ensure they withstand
the most rigorous scientific scrutiny
(Table 2).

Established by FAO and WHO in 1963
to protect consumer health and
promote fair practices in food trade,
Codex forms the basis upon which
countries develop their national

food regulations. These standards
enable firms to trade with each other
in confidence that the produce they
are buying will be in accordance

with internationally recognized

specifications. Codex standards cover
the general quality requirements,

plus a list of permitted pesticides,

the permissible limits of approved
pesticides, postharvest treatments
such as waxing, labelling and packaging
requirements, and permitted levels of
contaminants. Without these common
standards, international trade in these
products would be a lot more difficult.

Business-to-business. Private
standards such the BRC Global
Standard for Food Safety (BRCGS, 2020)
are typically business-to-business
arrangements. Such certification
communicates assurance to buyers
that the supplier is compliant with

the quality standard - although
sometimes a quality mark is marketed
directly to consumers.
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Business-to-consumer. Standards
related to sustainability or environ-
mental protection typically follow a
business-to-consumer model. So too
do those directed to niche markets
such as organics. Certified produce
is marketed to consumers at point of
sale, often via a label attached to the
product. Labels that list “credence
attributes” such as organic or fair trade
fall into this category (Box 7).

Where standards are imposed by a
government (such as ISO standards
(ISO, 2017)) or a nongovernment
organization (such as Global

G.A.P. (2020)), the consumer can

be reasonably confident that the
product actually is what the label
says it is. But many firms add their
own labels that are not subject to
independent verification.

Safety

Fruit and vegetables may be rich in
vitamins and other nutrients - but
what if they are not safe to eat? Then
they will not provide any benefits to
consumers but may cause them to
get sick or even die - they cannot

be regarded as food. They may
harbour dangerous pathogens or be
contaminated with chemicals.

Washing, peeling and cooking can
help remove some of these dangers
(although peeling and cooking may
lead to the loss of some nutrients).
But many fruit are eaten unpeeled
and raw, as are salads, tomatoes,
cucumbers, beansprouts and

other vegetables.

Consumers can detect poor-quality
fruit and vegetables reasonably
easily, so decide not to buy them.

This is not the case for food-safety
problems, which may go undetected
until the produce has been eaten.
They may then cause health problems
immediately - such as food poisoning
by E. coli bacteria - or long-term
problems, as with heavy metals.

Food-horne diseases

Outbreaks of food-borne diseases can
result in catastrophic consequences
for consumers and producers alike.
Food-safety hazards can result in
products being excluded from the
market, causing major economic losses
and costs for producers, processors
and traders. Assuring food safety must
always therefore take precedence

over achieving high levels of other
quality attributes.

Food-borne diseases are estimated

to cause some 600 million illnesses
and 420 000 deaths around the globe
every year (WHO, 2015). The World
Bank estimates that diseases resulting
from the consumption of unsafe
foods cost low- and middle-income
countries alone USD 110 billion in lost
productivity, lost trade and medical
expenses a year (Jaffee et al., 2019).

Such diseases are commonly
associated with two major food groups:
fruit and vegetables, and animal
products (Minnesota Department of
Health). Fresh produce containing
excessive amounts of chemical
residues or exposed to pollution or
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microbial contamination has been
linked to a series of food-borne
disease outbreaks around the world
over the last few years (Hussain

and Gooneratne, 2017). Fruit and
vegetables that are eaten raw, and
especially those that are not peeled or
washed in clean water, can transmit
pathogens and dangerous chemicals
(WHO, 2005). Public concern about
these risks is at an all-time high.

Safety controls

Safety controls protect both consumer
health and business interests by
ensuring that traded produce
complies with food-safety standards
and that it is safe to eat. Because
produce can be contaminated all
along the value chain, controls are
needed at each stage (Table 3).

Good practices. In addition, FAO
issues recommendations for good
practices in agriculture, manufacturing
and hygiene for fruit and vegetables.
These aim to help farmers, traders and
processors achieve the standards set
out in the Codex Alimentarius.

Standard operating procedures.
These are written, detailed and
accessible descriptions explaining how
each operation should be performed.
They assure that operations (including
maintenance, sanitation, pest control
and waste handling) are efficiently and
appropriately performed.

Hazard analysis and critical control
points. This system, known as HACCP,
is based on one developed by the

Table 3. Food safety risks along the value chain

Stage in chain

Possible sources of contamination

Production

Soil

Wildlife, pests

Nearby pollution sources
Runoff or irrigation water
Manure

Pesticides, chemicals

Tools

Seeds or plants themselves

Harvest

Equipment, containers
Contact with the ground
People

After harvest

Equipment
Containers, packaging
Storage rooms
Washing, waxing
People, animals, pests
Transport

Source: FAO (2004)
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National Aeronautics and Space
Administration in the United States

to ensure that astronauts were not
affected by food-borne diseases during
their space missions. Rather than
testing the final product, it identifies
critical points in the production system,
determines the problems likely to
occur at those points, and eliminates
them. This is especially important for
food products in order to avoid food
becoming unsafe for consumption and
causing unnecessary wastage.

Traceability. This is the ability to
follow (“trace”) the movement of a food
product as it passes through specified
stages from the producer to the
consumer (Box 8).

If a food-safety problem arises, the
source can be quickly identified

and batches from the same source
removed from the market. Traceability
also makes it possible to provide

Box 8. Innovations in traceability

Traceability is a must-have in fruit and vegetable supply
chains to mitigate and manage risks associated with food-
safety recalls.

New traceability practices that use digital technology help
ensure food safety and quality, optimize supply chains and
reduce loss by making spoilage problems readily detectable
(WEF, 2019).

Blockchain is an increasingly popular method of traceability
because it connects all the stakeholders’ digital records and
events in a tamper-resistant format. The information can
be accessed at any point from anywhere, yet it cannot be
edited or deleted.

reliable product information and
guarantee authenticity - for example
for organic or regional produce.

Responsibility for food safety

Various stakeholders share
responsibility for food safety.

National governments are
responsible for establishing a national
food-control system with appropriate
legal and policy instruments, well-
qualified human resources, sound
institutional frameworks and the
financial assets, equipment and
infrastructure for them to carry

out inspections. They also enforce
compliance and issue penalties for
violations or non-compliance.

National Codex Committees facilitate
the aligning of national regulations
with the Codex, provide coordination
among national stakeholders, and
contribute to the development of
Codex standards and related texts.

National governments are also
responsible for ensuring the
supporting infrastructure is able to
supply adequate quantities of safe fruit
and vegetables. This includes roads for
market access, water supplies, power
for equipment and cooling systems,
access to laboratories and suitable
storage facilities.

The private sector, from producers

to retailers, is responsible for ensuring
compliance throughout the food chain
and the necessary facilities, systems, tools
and well-trained staff to achieve this.
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FAO and WHO provide guidance,
scientific advice and build capacity in
support of food safety and quality,
including supporting countries in
establishing and/or strengthening
national food control systems.

Codex Alimentarius develops
internationally recognized food
standards (for specific fruit and
vegetables in fresh and processed
form), associated Recommended
Codes of Practice, as well as guidance
on labelling, packaging and transport
(CXC, 1995, 2003).

Weak links in the chain

Inspection, certification and
enforcement. Food safety inspection
and certification, which are part of the
official food control system, are not
always adequate. Problems include

a lack of effective communication

and coordination mechanisms
resulting in duplication and/or gaps,
appropriately trained staff, equipment
and transport, poor enforcement and
an inadequate legislative framework.
At the higher end of the market, private
entities impose their own standards,
which smallholders may find hard to
comply with.

Local trade and home consumption.
Many fruit and vegetables are

either traded locally or are eaten

by the people who grow them. At

the consumption end of the value
chain, formal standards are often not
enforced and it is left up to consumers
or traders to reject substandard
produce. But this may not happen

because it is impossible for them

to detect food-safety problems
merely by looking at the produce

on offer. At the same time, growers
may not realize that they are the
cause of contamination because of
inappropriate use of chemicals or
contaminated irrigation water. Even
if they do know this, it may be in their
interests to keep quiet about it so
they can sell their output and earn an
income for their family.

Consumer behaviour. Peeling fruit
and vegetables or washing them in
clean water can help remove or reduce
contaminants on the surface. But
access to clean, potable water is not
universal. Nonetheless, information
campaigns to encourage hygiene at
point of use could go a long way to
making these nutritious products safe
for consumption.

5 Nothing to lose: Quality, safety, loss and waste
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Loss and waste

Huge amounts of food are lost or
wasted every year. This is particularly
true of fruit and vegetables because
most are highly perishable. Loss and

waste of fruit and vegetables represent

a waste of nutrients.

Food loss and food waste are not
the same thing (Table 4). Postharvest
food losses take place in the supply
chain from harvest until arrival at the
wholesale market. Food waste takes
place mainly in retail, in the food-
service sector and in households.

How much is lost or wasted?

A synthesis (FAO, 2019) of numerous
studies measuring loss and waste in
fruit and vegetables in three world

Tahle 4. Food loss and food waste

regions found that postharvest

losses were high in both East and
Southeast Asia and in sub-Saharan
Africa (the coloured bars in Figure 13),
though with different emphases (the
“critical loss points”, Box 9). In East
and Southeast Asia, loss was highest
during storage (with a median of over
20 percent lost) and processing and
packaging. In sub-Saharan Africa, the
highest levels of loss occurred on the
farm and in wholesale markets. Loss
and waste in Central and South Asia
tended to be lower, with loss during
transport being the highest.

These median figures mask huge
variations. Some studies have found
that up to 50 percent of the fruit and
vegetables are lost during storage

(in East and Southeast Asia) and on
farm (in sub-Saharan Africa) (these
are shown as the T-lines in Figure 13).
These findings imply that there is a

Definition

Stage in value chain

Examples

The decrease in the quantity
or quality of food resulting
from decisions and actions by

Postharvest,

Produce infested pre-harvest;
produce damaged during transport

Food loss food suppliers in the suppl . o ) .
) bp . . PPy processing, distribution Decaying produce in the supply
chain, excluding retailers, . : .
. : chain due to improper handling
food service providers
and consumers.
The decrease in the quantity . Uneaten food thrown away in
) ) Mostly retail and
or quality of food resulting consumption: houses and restaurants
Food waste  from decisions and actions ption: Produce that is discarded because

by retailers, the food service
sector and consumers.

households and the food

service sector

it fails to meet market standards
in retail

Source: FAO (2019)
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major potential for improvements in
value chains in all regions.

Causes of loss and waste

Loss and waste are systemic and take
place along the food supply chain from
postharvest to retail. Loss is highest in
developing countries and results from
a lack of technology and infrastructure
(FAO, 2019) and a weak knowledge
base of supply-chain stakeholders.

At the retail and consumer stages,
behavioural issues, inappropriate
storage and excessive handling of fruit
and vegetables in retail are more often
the cause of waste.

High levels of qualitative and
quantitative loss occur in low- and
middle-income countries where
farms and rural activities are poorly

i

CandSAsia [N

Box 9. Critical loss points

Critical loss points are the points along the food supply
chain where food losses have the highest magnitude, the
greatest impact on food security and the largest economic
dimensions (FAO, 2019).

organized and apply rudimentary
technologies and approaches. The loss
sustained by smallholders in these
countries is caused mainly by the poor
functioning of the supply chain.

Problems include limited technical
capacity, poor production and

handling practices, inadequate Figure 13. Loss
infrastructure such as feeder roads, and waste of fruit
potable water, electricity and and vegetables

packhouses, as well as packaging,
transport and storage capacity, and
the institutional and legal framework.

Adapted from FAO
(2019) p. 26. Based
on 660 observations.
Excludes outliers.

E and SE Asia

\ B On-farm postharvest operations
M Storage

L M Transportation
B Processing and packaging
M wholesale and retail

Sub-Saharan Africa

—
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Box 10. Reducing loss in mangoes

Transport is the critical loss point in the mango value
chain in the Philippines, a study by the University of the
Philippines at Los Bafios found (FAO, 2020).

Forms of mechanical damage included cuts and punctures
(1 percent), compression (1.9 percent), abrasion (2.8
percent), bruising (2.0 percent) and marking from the
bamboo baskets (3.8 percent) in which mangoes are
transported to wholesale markets. After 5 days in retail
outlets, up to 90 percent of mangoes showed mechanical
damage. Decay and economic loss were the results.

Improved packaging reduced such problems. Using rigid
plastic crates instead of bamboo baskets reduced damage
and loss and improved quality available in the market as
well as the shelf life of mangoes.

Poor bulk packaging results in loss
during transport (Box 10 and FAO,

2017). Without shade or refrigeration,

yeast and mould cause produce to

spoil quickly in hot, humid climates.

Food that is contaminated and does
not meet safety criteria is not fit for

human consumption and must be
disposed of. Produce that appears

visually perfect may be contaminated
microbiologically, so present a risk to

the health of the consumer.

Food waste may result from stringent
commercial quality standards at the
retail stage that emphasize aesthetic
appeal. “Ugly fruit” are rejected even
though they are perfectly sound and
fit for consumption from a nutritional

and safety point of view: bent

cucumbers, green beans that are not
perfectly even, and tomatoes that are

not evenly ripe.

Impacts of loss and waste

Most obviously, malnourished children
stay hungry if they do not have access
to food. High rates of loss and waste
represent a waste of nutrients, a

waste of money and lower profits in
production and the value chain, lower
incomes for producers, and higher costs
for consumers. Smallholder producers
and consumers who have little money
to spare are especially hard hit.

Food that is contaminated - whether
by pathogens, toxins or chemicals -
may appear to be of good quality but
must be discarded as it may pose a
health risk.

Loss and waste also translate into
wasted inputs, land, water, energy and
other resources used to grow, process
and handle the produce, boosting the
emission of greenhouse gases that
contribute to global warming. Many
consumers do not realize that food
waste is related to such concerns.

Reducing loss and waste

Postharvest management seeks to
manage and maintain the quality of
food after harvest and to reduce loss.
In the traditional supply chains that
predominate in developing countries,
fresh produce must be harvested at
the appropriate stage of maturity,
sorted to remove decaying produce,
washed if appropriate, dried, and
properly packaged for transport.

Postharvest treatments, such as hot-
water and vapour-heat treatments, can
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reduce pre-harvest pest and disease
infestations in specific crops such as
mangoes and papayas. Customers
themselves also need to reduce waste
by planning their fruit and vegetable
purchases and storing them properly
(Esguerra et al., 2017).

Fresh produce is best packaged in
rigid containers to reduce mechanical
damage (Rapusas and Rolle, 2009).
During transportation, air must be able
to flow through the produce, while
minimizing water loss that can cause
wilting or shrivelling, weight loss and a
decline in quality. Improved packaging
and transport reduce mechanical
damage, limits the need for handling,
and speeds up delivery to retailers and
consumers. On arrival in wholesale
markets, the produce must be sorted,
and re-packaged in accordance with
customer demand.

Cooling during transportation can slow
the growth of certain microorganisms,
reduce spoilage rates of good quality
produce, lengthen shelf-life and
reduce losses and waste in fruit

and vegetables.

Traceability is a must-have in fruit and
vegetable supply chains to mitigate and
manage risks associated with food-
safety recalls. New traceability practices
that make use of digital technology
help ensure food safety and quality,
optimize supply chains and reduce loss
by making spoilage problems readily
detectable (WEF, 2019). A growing array
of sensors that monitor temperature
and other metrics in real-time during
transportation, will contribute greatly
to assuring the safety and quality of
food as it transits across supply chains.

Non-compliance with established food
safety measures may lead to higher
levels of losses in trade, for example

if food is rejected because pesticide
residues exceed contamination limits.
In a world where 690 million people go
to bed hungry every night and three
billion cannot afford a healthy diet,
wasting food on the basis of aesthetics
is ethically unacceptable. Consumers
should be given the option to buy
“ugly produce” that is safe but does
not meet aesthetic standards. Such
items are just as nutritious as food
that is cosmetically more attractive.
Selling them at a lower price would
particularly benefit poorer consumers.

Solutions include incentives to support
technologies to improve handling,
public-private partnerships to support

infrastructure and marketing problems,

innovations to upscale good practices,
and training for stakeholders in the
supply chain.

The increasing importance of
supermarkets in much of the world will
force producers to conform to quality

5 Nothing to lose: Quality, safety, loss and waste
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standards - although consideration

is increasingly being given to relaxing
these standards in order to reduce
waste. Nevertheless, the high levels of
waste in retail must not be overlooked,
particularly during the current COVID-19

pandemic. At the same time, efforts are
needed to ensure that smallholders can
benefit from market opportunities and
can supply the volumes and quality of
produce they demand.
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Food for thought

Issues for action

mproving nutrition across many

regions of the globe hinges upon

increasing fruit and vegetable intake
as key constituents of healthy diets.
Increasing consumption could lead
to a win-win scenario for the health
of both people and the planet if it is
accompanied by concerted efforts and
investments to increase production
and productivity in the sector. At the
same time, however, such efforts
need to decrease the environmental
footprint, improve harvesting,
handling, storage and distribution to
reduce loss and waste, maintain quality
(particularly nutritive) and increase
shelf-life, and educate consumers
on the health benefits to be derived
from increased consumption of fruit
and vegetables.

Every country faces unique challenges
based on the environmental,
economic and social circumstances

in which its fruit and vegetable

sector operates. Low consumption,
however, continues to be an issue,
even in countries where availability

is not a constraint. This is mainly
related to the affordability of fruit and
vegetables. Increasing productivity
could reduce the resource intensity

of production and lower the costs to
consumers and the planet. Reducing
loss and waste in value chains can also
reduce the environmental footprint
and, if properly implemented, save
consumers money. Conducive policy
grounded in data, partnerships and
capacity development will be key to
promoting the sustainable production
and consumption of fresh produce.
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Policy

Public policy has the power to
influence all levels of the fruit

and vegetable value chain,

thereby shifting production and
consumption patterns. These policies
might address:

Creation of a healthy food
environment by making options
for consuming more fresh
produce easier for consumers.
This can include awareness-raising
campaigns designed to change
consumer behaviour, together
with the various interventions
listed below.

Formulation of food-based

dietary guidelines that promote
the consumption of fruit and
vegetables as part of a diverse and
healthy diet.

Use of public procurement policies
that promote healthy diets.

Integration of nutrition in school
curricula and school meals
programmes based on the local and
smallholder agriculture production
to promote life-long positive
nutrition behaviours.

Subsidies and tax incentives for the
production (including sustainable
seed provision) and marketing of
fruit and vegetables.

Creation of an enabling
environment that supports small-
scale producers in supply chains
and equitable and sustainable
contract-farming arrangements.

® Promotion of biodiversity to

enhance nutritious diets by
encouraging the usage of locally
adapted varieties, landraces, wild
crops and indigenous food species.

Better management and reduction
of pesticides in production,
supported by effective regulatory
processes and knowledge about
non-toxic plant-protection products
and measures. It is also critical to
prevent the illegal trade and use of
unregistered pesticides.

Support for measures to enable
the exchange of planting materials
among countries.

Ensuring that policies facilitate

the trade of safe food in order to
increase access to fresh produce in
all locations and during all seasons.

Reducing food loss in supply
chains. In low-income countries,
policy options might include
strengthening the capacity of
producer organizations and
increasing investments in
infrastructure - roads, potable
water, packing houses, cold-
chain development - to support
postharvest handling and
distribution operations.

Reducing food waste in supply
chains. In high-income countries,
where food waste is an issue,
possible policy options might
include adjusting marketing
standards for fresh fruit and
vegetables, and supporting their
gleaning in fields for redistribution
by food banks.
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® Support to research, development
and innovation toward enhancing
efficiency and sustainability in fruit
and vegetable value chains.

Data to underpin policy development

Innovation and investments in the
sector have the potential to transform
fruit and vegetable food systems in
ways that could sustainably boost
productivity and enable more equitable
consumption.

Successful policies and investments
require data. A holistic and integrated
policy agenda informed by data

at each step of the value chain

will help to balance supply and
demand and to combat malnutrition.
Requirements include:

® More specific production data
for a better understanding
of the contributions of small-
scale producers.

® Data on where losses and waste in
supply chains are most significant
(and what causes them). This would
indicate the level and scale of
technologies needed, guide remedial
actions, and help ensure affordability
of the fresh produce.

® Research and conservation of
indigenous fruit and vegetables,
especially those that are not
annual crops, as they can
contribute to improving diet
quality by providing nutrient-
dense foods while supporting
climate-change adaptation.

Multi-sectoral approaches
and partnerships

The complexity of the fruit and
vegetable sector necessitates
multi-sectorial approaches among
governments, the private sector,
civil society, academia and research
institutions to encourage and
support innovation, technology and
infrastructure development. These
approaches involve coordination and
leveraging private- and public-sector
resources toward strengthening the
sector. Areas of collaboration might
include the following.

® Public-private sector collaboration
to develop stronger communication
and marketing approaches in
support of increasing consumption,
generating new knowledge on fruit
and vegetables, and promoting
behaviour change.

® Promoting research and
development structures and
alliances that enable innovation
within the fruit and vegetable

6 Food for thought: Issues for discussion
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sector to reduce food loss and
waste, e.g., the development

and use of active and intelligent
packaging to reduce spoilage and
alert consumers of spoilage.

® Working with civil-society and
producer organizations, and
forming alliances to build and
strengthen global value chains and
reducing food loss and waste in
supply systems.

Capacity development

Capacity development of stakeholders
at all levels of the supply system

is critical to assuring the safety,
quality, shelf-life and availability of
fresh produce in local markets. This
will necessitate:

® Capacity development through
female and male farmer training
on integrating nutrition in good
agricultural practices through
farmer field schools, demonstration-
based training and the use of
farmer-to-farmer mentoring. The
topics should include integrated
pest management, sustainability
and food safety along the
value chain.

® (Capacity development of small-
scale producers to enable more
direct access to markets and
direct farmer-consumer schemes
and to facilitate their inclusion in

participatory guarantee systems to
enhance marketability.

® Standards, compliance control,
and training and education of all
stakeholders along the food supply
chain on how to produce, harvest,
handle, package and transport fruit
and vegetables, while maintaining
their quality, assuring their safety
and reducing loss and waste to
meet market requirements.

® Establishment of capacity
development and local selection
and breeding programmes designed
to promote biodiversity in the
fruit and vegetable sector, and
formulation of food-based dietary
guidelines, social and behaviour
change communication strategies,
enabled by research.

Conclusion

The International Year of Fruits and
Vegetables in 2021 provides countries
and actors throughout the food system
considerable opportunity to act and
make a difference within the sector,

as well as to promote healthy diets for
adequate nutrition. This will facilitate
progress in moving toward a holistic
approach that will leave no one behind,
contribute to eliminating hunger

and all other forms of malnutrition
toward achieving the Sustainable
Development Goals.

Fruit and vegetables - your dietary essentials



References

Chapter 1

Afshin, A., Sur, P.J., Fay, K.A., Cornaby,
L., Ferrara, G., Salama, J.S., Mullany,
E.C. et al. 2019. Health effects
of dietary risks in 195 countries,
1990-2017: A systematic analysis for
the Global Burden of Disease Study
2017. The Lancet 393(10184): 1958-
72. www.thelancet.com/article/S0140-
6736(19)30041-8/fulltext

FAO. 2020. Draft vision and strategy for FAO’s
work in nutrition. 129th session, FAO
Programme Committee. FAO, Rome.
www.fao.org/3/nd940en/nd940en.pdf

FAO & WHO. 2014. Conference outcome
document: Rome declaration on nutrition.
Second International Conference on
Nutrition. FAO and WHO, Rome. www.
fao.org/3/a-ml542e.pdf

Gil, M.l., & Kader, A.A. 2008. The
nutritional quality of particular fruit
and vegetable products. Pp. 475-96 in:
Tomas-Barberosa, T.A., & Gil, M.I. (eds).
Improving the health-promoting properties
of fruit and vegetable products. CRC
Press.

HLPE. 2017. Nutrition and food systems.
A report by the High Level Panel of
Experts on Food Security and Nutrition
of the Committee on World Food
Security, Rome. www.fao.org/fileadmin/
user_upload/hlpe/hlpe_documents/HLPE_
Reports/HLPE-Report-12_EN.pdf

Parrish, A. 2014. What is a processed food?
www.canr.msu.edu/news/what_is_a_
processed_food

UN. 2016. Resolution adopted by the General
Assembly on 1 April 2016: 70/259. United
Nations decade of action on nutrition
(2016-2025). United Nations General
Assembly. undocs.org/A/RES/70/259

UN. 2018. Resolution adopted by the General
Assembly on 20 December 2017: 72/239.
United Nations decade of family farming
(2019-2028). United Nations General
Assembly. undocs.org/A/RES/72/239

UN. 2020. Resolution adopted by the
General Assembly on 19 December 2019:
74/244. International year of fruits
and vegetables, 2021. United Nations
General Assembly. undocs.org/en/A/
RES/74/244

UNHRC. 2018. UN declaration on the rights
of peasants and other people working
in rural areas. United Nations Human
Rights Council, Geneva. digitallibrary.
un.org/record/1650694

WHO. 2004. Global strategy on diet, physical
activity and health. World Health
Organization, Geneva. www.who.int/
dietphysicalactivity/strategy/eb 11344/
strategy_english_web.pdf

WHO. 2019. Increasing fruit and vegetable
consumption to reduce the risk of non
communicable diseases. e-Library of
Evidence for Nutrition Actions (eLENA).
www.who.int/elenartitles/fruit_vegetables_
ncds/en/#

63


http://www.thelancet.com/article/S0140-6736(19)30041-8/fulltext
http://www.thelancet.com/article/S0140-6736(19)30041-8/fulltext
http://www.fao.org/3/nd940en/nd940en.pdf
http://www.fao.org/3/a-ml542e.pdf
http://www.fao.org/3/a-ml542e.pdf
http://www.fao.org/fileadmin/user_upload/hlpe/hlpe_documents/HLPE_Reports/HLPE-Report-12_EN.pdf 
http://www.fao.org/fileadmin/user_upload/hlpe/hlpe_documents/HLPE_Reports/HLPE-Report-12_EN.pdf 
http://www.fao.org/fileadmin/user_upload/hlpe/hlpe_documents/HLPE_Reports/HLPE-Report-12_EN.pdf 
http://www.canr.msu.edu/news/what_is_a_processed_food
http://www.canr.msu.edu/news/what_is_a_processed_food
https://undocs.org/A/RES/70/259
https://undocs.org/A/RES/72/239
http://undocs.org/en/A/RES/74/244
http://undocs.org/en/A/RES/74/244
https://digitallibrary.un.org/record/1650694
https://digitallibrary.un.org/record/1650694
http://www.who.int/dietphysicalactivity/strategy/eb11344/strategy_english_web.pdf
http://www.who.int/dietphysicalactivity/strategy/eb11344/strategy_english_web.pdf
http://www.who.int/dietphysicalactivity/strategy/eb11344/strategy_english_web.pdf
http://www.who.int/elena/titles/fruit_vegetables_ncds/en/#
http://www.who.int/elena/titles/fruit_vegetables_ncds/en/#

Chapter 2

Afshin, A., Sur, PJ., Fay, K.A., Cornaby,
L., Ferrara, G., Salama, }.S., Mullany,
E.C. et al. 2019. Health effects
of dietary risks in 195 countries,
1990-2017: A systematic analysis for
the Global Burden of Disease Study
2017. The Lancet 393(10184):1958-72.
www.thelancet.com/article/S0140-
6736(19)30041-8/fulltext

Allen, L. 2017. Are we facing a
noncommunicable disease pandemic?
Journal of Epidemiology and Global
Health 7(1):5-9. doi.org/10.1016/].
jegh.2016.11.001

Amao, I. 2018. Health benefits of fruits and
vegetables: Review from sub-Saharan
Africa. doi.org/10.5772/intechopen.74472

Aune, D., Giovannucci, E., Boffetta, P.,
Fadnes, L.T., Keum, N., Norat, T.,
Greenwood, D.C., et al. 2017. Fruit
and vegetable intake and the risk of
cardiovascular disease, total cancer and
all-cause mortality: A systematic review
and dose-response meta-analysis of
prospective studies. International Journal
of Epidemiology 46.3: 1029-56. doi.
org/10.1093/ije/dyw319

Boffetta P., Couto, E., Wichmann,
J., Ferrari, P., Trichopoulos, D.,
Bueno-de-Mesquita, H.B., van
Duijnhoven, F.J.B., et al. 2010. Fruit
and vegetable intake and overall
cancer risk in the European Prospective
Investigation into Cancer and Nutrition
(EPIC). Journal of the National Cancer
Institute 102(8):529-37. pubmed.nchi.nlm.
nih.gov/20371762/

Caballero, B., & Popkin B.M. (eds). 2002.
The nutrition transition: Diet and disease
in the developing world. Academic Press,
Amsterdam.

Chowdhury, M.A., Hossain, N., Kashem,
M.A., Shahid, M.A. & Alam, A. 2020.
Immune response in COVID-19: A
review. Journal of Infection and Public

Health 13(11): 1619-29. doi.org/10.1016/j.

jiph.2020.07.001

Collese, T.S., Nascimento-Ferreira, M.V.,
Ferreira de Moraes, A.C., Rendo-
Urteaga, T., Bel-Serrat, S., Moreno,
L.A. & Carvalho, H.B. 2017. Role of
fruits and vegetables in adolescent
cardiovascular health: A systematic
review. Nutrition Reviews 75(5):339-349.
doi.org/10.1093/nutrit/nux002

Conner, T.S., Brookie, K.L., Carr, A.C.,
Mainvil, L.A. & Vissers, M.C.M.
2017. Let them eat fruit! The effect of
fruit and vegetable consumption on
psychological well-being in young adults:
A randomized controlled trial. PLoS One.
12(2):e0171206. doi.org/10.1371/journal.
pone.0171206

EU Science Hub. Food-based dietary
guidelines in Europe. ec.europa.eu/jrc/en/
health-knowledge-gateway/promotion-
prevention/nutrition/food-based-dietary-
guidelines

FAO. 2003. Colour is the key. FAO
Newsroom Focus. www.fao.org/english/
newsroom/focus/2003/fruitveg3.htm

FAO. 2018. Trade and nutrition technical
note. Trade policy technical notes 21.
Trade and food security. Markets and
Trade Division, Food and Agriculture
Organization of the United Nations,
Rome. www.fao.org/3/I8545EN/i8545en.

pdf

FAO & FHI 360. 2016. Minimum dietary
diversity for women: A guide for
measurement. FAO, Rome. www.fao.
org/3/a-i5486e.pdf

Klimenko, N.S., Tyakht, A.V., Popenko,
A.S., Vasiliev, A.S., Altukhov, I.A.,
Ischenko, D.S., Shashkova, T.1.,
et al. 2018. Microbiome responses
to an uncontrolled short-term diet
intervention in the frame of the Citizen
Science Project. Nutrients 8;10(5):576.
pubmed.ncbi.nlm.nih.gov/29738477/

Ledoux, T.A., Hingle, M.D., & Baranowski,
T. 2011. Relationship of fruit and
vegetable intake with adiposity: A

Fruit and vegetables - your dietary essentials


https://www.thelancet.com/article/S0140-6736(19)30041-8/fulltext
https://www.thelancet.com/article/S0140-6736(19)30041-8/fulltext
https://www.sciencedirect.com/science/journal/22106006
https://www.sciencedirect.com/science/journal/22106006
https://www.sciencedirect.com/science/journal/22106006/7/1
https://doi.org/10.1016/j.jegh.2016.11.001
https://doi.org/10.1016/j.jegh.2016.11.001
https://doi.org/10.5772/intechopen.74472
http://doi.org/10.1093/ije/dyw319
http://doi.org/10.1093/ije/dyw319
https://pubmed.ncbi.nlm.nih.gov/20371762/ 
https://pubmed.ncbi.nlm.nih.gov/20371762/ 
https://doi.org/10.1016/j.jiph.2020.07.001
https://doi.org/10.1016/j.jiph.2020.07.001
http://doi.org/10.1093/nutrit/nux002
https://doi.org/10.1371/journal.pone.0171206
https://doi.org/10.1371/journal.pone.0171206
https://ec.europa.eu/jrc/en/health-knowledge-gateway/promotion-prevention/nutrition/food-based-dietary-guidelines
https://ec.europa.eu/jrc/en/health-knowledge-gateway/promotion-prevention/nutrition/food-based-dietary-guidelines
https://ec.europa.eu/jrc/en/health-knowledge-gateway/promotion-prevention/nutrition/food-based-dietary-guidelines
https://ec.europa.eu/jrc/en/health-knowledge-gateway/promotion-prevention/nutrition/food-based-dietary-guidelines
http://www.fao.org/english/newsroom/focus/2003/fruitveg3.htm
http://www.fao.org/english/newsroom/focus/2003/fruitveg3.htm
http://www.fao.org/3/I8545EN/i8545en.pdf
http://www.fao.org/3/I8545EN/i8545en.pdf
http://www.fao.org/3/a-i5486e.pdf
http://www.fao.org/3/a-i5486e.pdf
http://pubmed.ncbi.nlm.nih.gov/29738477/

systematic review. Obesity Reviews
12.5: €143-e150. pubmed.ncbi.nlm.nih.
gov/20633234/

Leenders, M., . Sluijs, M.M. Ros,
Boshuizen, H.C., Siersema, P.D.,
Ferrari, P., Weikert, C., et al. 2013.
Fruit and vegetable consumption
and mortality European Prospective
Investigation into Cancer and
Nutrition. Am J Epidemiol. 178(4):590-
602. academic.oup.com/aje/
article/178/4/590/231641

Li, M., Fan, Y. Zhang, X., Hou, W., & Tang,
Z. 2014. Fruit and vegetable intake and
risk of type 2 diabetes mellitus: Meta-
analysis of prospective cohort studies.
BMJ open 4(11): e005497. bmjopen.bmy.
com/content/4/11/e005497

Maxner, B., McGoldrick, J., Bellavance,
D., Liu, P.H., Xavier, R.., Yarze, J.C.,
Ricciardi, R., et al. 2020. Fruit and
vegetable consumption is associated
with lower prevalence of asymptomatic
diverticulosis: A cross-sectional
colonoscopy-based study. BMC
Gastroenterol. 20(1):221. pubmed.ncbi.
nlm.nih.gov/32652931/

Miller, V., Mente, A., Dehghan,
M., Rangarajan, S., Zhang, X.,
Swaminathan, S., Dagenais, G., et
al. 2017. Fruit, vegetable, and legume
intake, and cardiovascular disease
and deaths in 18 countries (PURE): A
prospective cohort study. The Lancet
390.10107: 2037-49. www.thelancet.
com/journals/lancet/article/PIISO140-
67361732253-5/fulltext#%20

Popkin, B.M., Adair, L.S. & Ng, S.W.
2012. Global nutrition transition and
the pandemic of obesity in developing
countries. Nutrition Reviews 70(1): 3-21.

doi.org/10.1111/}.1753-4887.2011.00456.x

Ruel, M.T., Nicholas, M., & Lisa, S. 2004.
Patterns and determinants of fruit and

vegetable consumption in sub-Saharan
Africa. FAO/WHO workshop on

fruits and vegetables for health, 1-3
September 2004. Japan. www.who.int/
dietphysicalactivity/publications/f%26v._
africa_economics.pdf

Schwingshackl, L, Hoffmann, G., Kalle-

Uhlmann, T., Arregui, M., Buijsse,
B. & Boeing, H. 2015. Fruit and
vegetable consumption and changes
in anthropometric variables in adult
populations: A systematic review and
meta-analysis of prospective cohort
studies. PLoS One 10(10): e0140846.
www.ncbi.nlm.nih.gov/pmc/articles/
PMC4608571/

Wang, X., Ouyang, Y., Liu, J., Zhu, M.,

Zhao, G., Bao, W., & Hu, F.B. 2014.
Fruit and vegetable consumption and
mortality from all causes, cardiovascular
disease, and cancer: Systematic review
and dose-response meta-analysis of
prospective cohort studies. BMJ 349:
g4490. doi.org/10.1136/bmj.g4490

WHO. 2017. “Best buys” and other

recommended interventions for

the prevention and control of
noncommunicable diseases. Global
action plan for the prevention and control
of noncommunicable diseases 2013-
2020. Appendix 3. www.who.int/ncds/
management/WHO_Appendix_BestBuys_
LS.pdf

WHO & FAO. 2003. Diet, nutrition, and the

prevention of chronic diseases. Report of
a joint WHO/FAO expert consultation.

WHO & FAO. 2005. Fruit and vegetables

for health. Report of FAO/WHO expert
meeting.

Xin, 0.J. 2016. Food for children: Why

fruits and vegetables are important.
HealthXchange.sg. www.healthxchange.
sg/children/food-nutrition/food-children-
fruits-vegetables-important

7 References

65


http://pubmed.ncbi.nlm.nih.gov/20633234/
http://pubmed.ncbi.nlm.nih.gov/20633234/
https://academic.oup.com/aje/article/178/4/590/231641
https://academic.oup.com/aje/article/178/4/590/231641
https://bmjopen.bmj.com/content/4/11/e005497
https://bmjopen.bmj.com/content/4/11/e005497
http://pubmed.ncbi.nlm.nih.gov/32652931/
http://pubmed.ncbi.nlm.nih.gov/32652931/
http://www.thelancet.com/journals/lancet/article/PIIS0140-67361732253-5/fulltext#%20 
http://www.thelancet.com/journals/lancet/article/PIIS0140-67361732253-5/fulltext#%20 
http://www.thelancet.com/journals/lancet/article/PIIS0140-67361732253-5/fulltext#%20 
https://doi.org/10.1111/j.1753-4887.2011.00456.x
http://www.who.int/dietphysicalactivity/publications/f%26v_africa_economics.pdf
http://www.who.int/dietphysicalactivity/publications/f%26v_africa_economics.pdf
http://www.who.int/dietphysicalactivity/publications/f%26v_africa_economics.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4608571/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4608571/
https://doi.org/10.1136/bmj.g4490 
https://www.who.int/ncds/management/WHO_Appendix_BestBuys_LS.pdf
https://www.who.int/ncds/management/WHO_Appendix_BestBuys_LS.pdf
https://www.who.int/ncds/management/WHO_Appendix_BestBuys_LS.pdf
https://www.healthxchange.sg/children/food-nutrition/food-children-fruits-vegetables-important
https://www.healthxchange.sg/children/food-nutrition/food-children-fruits-vegetables-important
https://www.healthxchange.sg/children/food-nutrition/food-children-fruits-vegetables-important

Chapter 3

Altendorf, S. 2018. Minor tropical fruits:
Mainstreaming a niche market. Pp.
69-77 in: FAO. July 2018. Food outlook:
Biannual report on global food markets.
Food and Agriculture Organization of
the United Nations, Rome. www.fao.
org/fileadmin/templates/est/COMM_
MARKETS_MONITORING/Tropical_Fruits/
Documents/Minor_Tropical_Fruits_
FoodOutlook_1_2018.pdf

Altendorf, S. 2019. Bananas and major
tropical fruits in Latin America and
the Caribbean: The significance of the
region to world supply. Pp. 75-77 in:
FAO. May 2019. Food outlook: Biannual
report on global food markets. Food and
Agriculture Organization of the United

Nations, Rome. www.fao.org/3/ca4526en/

ca4526en_sf.pdf

Aubry, C. & Manouchehri, N. 2019. Urban

agriculture and health: Assessing risks
and overseeing practices. Field Actions
Science Reports Special Issue 20: Urban
agriculture: Another way to feed cities,
pp. 108-11. journals.openedition.org/
factsreports/5854

Beintema, N. & Elliott, H. 2011. Setting
meaningful investment targets in

agricultural research and development:

Challenges, opportunities and fiscal
realities. Ch. 9, pp. 347-87 in: Conforti,

P. (ed.). Looking ahead in world food and

agriculture perspectives to 2050. Food
and Agriculture Organization of the
United Nations, Rome. www.fao.org/3/
2280e/i2280e09.pdf

Brummitt, N., Araujo, A.C. & Harris, T.
2020. Areas of plant diversity: What
do we know? Plants, People, Planet. doi.
org/10.1002/ppp3.10110

Clark, M.A., Springmann, M., Hill, J.
& Tilman, D. 2019. Multiple health
and environmental impacts of foods.
Proceedings of the National Academy
of Sciences (PNAS): vol. 116, no. 46,
pp. 23357-23362. doi.org/10.1073/
pnas. 1906908116

COAG. 2018. Neglected and underutilized
crops species. FAO Committee on
Agriculture 26th session information
document. COAG/2018/INF/7

CTA. 2015. Deciding on your business
model. Agricultural market information
systems in Africa 4. www.cta.int/en/
digitalisation/issue/deciding-on-your-
business-model-sid0582a9452-c6fa-49e6-
bfc2-663bab810d3f

FAO. 2001. Proceedings of the regional
technical meeting on seed policy and
programmes for the Central and Eastern
European Countries, Commonwealth of
Independent States and other countries in
transition. www.fao.org/tempref/docrep/
fao/004/y2722e/y2722e00.pdf

FAO. 2003. More crop per drop. The role of
agriculture is essential in resolving the
world's water problems. www.fao.org/
english/newsroom/focus/2003/water.htm

FAO. 2012. La production et protection
intégrées appliquée aux cultures
maraicheres en Afrique soudano-
sahélienne. www.fao.org/3/a-az732f.pdf

FAO. 2018. Once neglected, these
traditional crops are our new rising
stars. How overlooked and underutilized
crops are getting their turn in the
spotlight. FAO. www.fao.org/fao-stories/
article/en/c/1154584/

FAO. 2019. The biodiversity that is
crucial for our food and agriculture is
disappearing by the day. FAO. www.fao.
org/news/story/en/item/1180463/icode/

FAO. 2020. COVID-19 updates. City region
food systems programme. Reinforcing
rural-urban linkages for resilient food
systems. www.fao.org/in-action/food-for-
cities-programme/news/covid-19/en/

FAO & IFAD. 2019. United Nations decade of
family farming 2019-2028. Global action
plan. Food and Agriculture Organization
of the United Nations and International
Fund for Agricultural Development,

66

Fruit and vegetables - your dietary essentials


http://www.fao.org/fileadmin/templates/est/COMM_MARKETS_MONITORING/Tropical_Fruits/Documents/Minor_Tropical_Fruits_FoodOutlook_1_2018.pdf
http://www.fao.org/fileadmin/templates/est/COMM_MARKETS_MONITORING/Tropical_Fruits/Documents/Minor_Tropical_Fruits_FoodOutlook_1_2018.pdf
http://www.fao.org/fileadmin/templates/est/COMM_MARKETS_MONITORING/Tropical_Fruits/Documents/Minor_Tropical_Fruits_FoodOutlook_1_2018.pdf
http://www.fao.org/fileadmin/templates/est/COMM_MARKETS_MONITORING/Tropical_Fruits/Documents/Minor_Tropical_Fruits_FoodOutlook_1_2018.pdf
http://www.fao.org/fileadmin/templates/est/COMM_MARKETS_MONITORING/Tropical_Fruits/Documents/Minor_Tropical_Fruits_FoodOutlook_1_2018.pdf
http://www.fao.org/3/ca4526en/ca4526en_sf.pdf
http://www.fao.org/3/ca4526en/ca4526en_sf.pdf
https://journals.openedition.org/factsreports/5536
https://journals.openedition.org/factsreports/5536
https://journals.openedition.org/factsreports/5854
https://journals.openedition.org/factsreports/5854
http://www.fao.org/3/i2280e/i2280e09.pdf
http://www.fao.org/3/i2280e/i2280e09.pdf
https://nph.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Brummitt%2C+Neil
https://nph.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Ara%C3%BAjo%2C+Ana+Claudia
https://nph.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Harris%2C+Timothy
https://doi.org/10.1002/ppp3.10110
https://doi.org/10.1002/ppp3.10110
http://doi.org/10.1073/pnas.1906908116
http://doi.org/10.1073/pnas.1906908116
http://www.cta.int/en/digitalisation/issue/deciding-on-your-business-model-sid0582a9452-c6fa-49e6-bfc2-663bab810d3f
http://www.cta.int/en/digitalisation/issue/deciding-on-your-business-model-sid0582a9452-c6fa-49e6-bfc2-663bab810d3f
http://www.cta.int/en/digitalisation/issue/deciding-on-your-business-model-sid0582a9452-c6fa-49e6-bfc2-663bab810d3f
http://www.cta.int/en/digitalisation/issue/deciding-on-your-business-model-sid0582a9452-c6fa-49e6-bfc2-663bab810d3f
http://www.fao.org/tempref/docrep/fao/004/y2722e/y2722e00.pdf
http://www.fao.org/tempref/docrep/fao/004/y2722e/y2722e00.pdf
http://www.fao.org/english/newsroom/focus/2003/water.htm
http://www.fao.org/english/newsroom/focus/2003/water.htm
http://www.fao.org/3/a-az732f.pdf
http://www.fao.org/fao-stories/article/en/c/1154584/
http://www.fao.org/fao-stories/article/en/c/1154584/
http://www.fao.org/news/story/en/item/1180463/icode/
http://www.fao.org/news/story/en/item/1180463/icode/
http://www.fao.org/in-action/food-for-cities-programme/news/covid-19/en/
http://www.fao.org/in-action/food-for-cities-programme/news/covid-19/en/

Rome. www.fao.org/3/ca4672en/
ca4672en.pdf

Fischer, G., Gramzow, A. & Laizer, A.
2018. Gender, vegetable value chains,
income distribution and access to
resources: Insights from surveys
in Tanzania. European Journal of
Horticultural Science 82: 319-27. doi.
0rg/10.17660/e/HS.2017/82.6.7

Flint, M.L. 2012. IPM in practice: Principles and
methods of integrated pest management.
2nd ed. University of California Agriculture
and Natural Resources.

Herrero, M., Thornton, P.K., Power, B.,
Bogard, J.R., Remans, R, Fritz, S.,
Gerber, J.S., et al. 2017. Farming and
the geography of nutrient production
for human use: A transdisciplinary
analysis. Lancet Planet Health 1: e33-42.
doi.org/10.1016/52542-5196(17)30007-4

IDRC. 2010. Facts and figures on food and
biodiversity. www.idrc.ca/en/research-in-
action/facts-figures-food-and-biodiversity

IRRI. 2019a. International Rice Genebank.
International Rice Research Institute,
Los Bafios. www.irri.org/international-
rice-genebank

IRRI. 2019b. Race for impact: Annual
report 2019. International Rice Research
Institute, Los Bafios. books.irri.org/
AR2019_content.pdf

Jaenicke, H. 2013. Research and
development of underutilized plant
species: Crops for the future - Beyond
food security. Acta Hortic. 979: 33-44.,
doi.org/10.17660/ActaHortic.2013.979.1

Kahane, R., Hodgkin, T., Jaenicke, H.,
Hoogendoorn, C., Hermann, M.,
Keatinge, J.D.H., d’'Arros Hughes, J.,
Padulosi, S. & Looney, N. 2013. Agro-
biodiversity for food security, health
and income. Agronomy for sustainable
development. Springer/EDP Sciences/
INRA 33(4): 671-93. doi.org/10.1007/
513593-013-0147-8

Mason-D’Croz, D., Bogard, J.R., Sulser,
T.B., Cenacchi, N., Dunston, S.,
Herrero, M. & Wiebe, K. 2019. Gaps

between fruit and vegetable production,
demand, and recommended
consumption at global and national
levels: An integrated modelling

study. The Lancet Planetary Health 3(7):
e318-e329. www.sciencedirect.com/
science/article/pii/S2542519619300956

Miller, S.A, Beed, F.D. & Lapaire
Harmon, C. 2009. Plant disease
diagnostic capabilities and networks.
Annual Review of Phytopathology pp.
15-38. doi.org/10.1146/annurev-
phyto-080508-081743

Mundy, O. 2014. Assessment of
agrobiodiversity in western Kenya.
Master's thesis, Justus-Liebig University,
Giessen.

Padulosi, S., Thompson, J. & Rudebjer,
P. 2013. Fighting poverty, hunger
and malnutrition with neglected and
underutilized species (NUS): Needs,
challenges and the way forward.
Bioversity International, Rome.

Peet, M.M. & Wolfe, D.W. 2000. Crop
ecosystem responses to climatic change:
Vegetable crops. Ch. 10 in: Reddy, K.R.

& Hodges H.F. (eds). Climate change and
global crop productivity. CABI Publishing,
Wallingford.

Pichop, G.N., Abukutsa-Onyango, M.,
Noorani, A., Nono-Womdim, R. 2016.
Importance of indigenous food crops
in tropical Africa: Case study. Acta
Hortic. 1128: 315-322 doi.org/10.17660/
ActaHortic.2016.1128.47

Powell, B., Thilsted, S.H., Ickowitz, A.,
Termote, C., Sunderland,
T. & Herforth, A. 2015. Improving diets
with wild and cultivated biodiversity
from across the landscape. Food
Security 7: 535-54. doi.org/10.1007/
$12571-015-0466-5

Rahim, M.A., Kabir, M.A., Anwar,
H.R.M.M., Islam, F., Sarker, B.C., Bari,
M.S., Naher, N. & Alam, M.S. 2009.
Underutilized fruit and vegetables in
Bangladesh: Contribution to the national
economy, poverty reduction, household
food security and nutrition. Acta

7 References

67


http://www.fao.org/3/ca4672en/ca4672en.pdf
http://www.fao.org/3/ca4672en/ca4672en.pdf
https://doi.org/10.17660/eJHS.2017/82.6.7
https://doi.org/10.17660/eJHS.2017/82.6.7
https://doi.org/10.1016/S2542-5196(17)30007-4
https://www.idrc.ca/en/research-in-action/facts-figures-food-and-biodiversity
https://www.idrc.ca/en/research-in-action/facts-figures-food-and-biodiversity
http://www.irri.org/international-rice-genebank
http://www.irri.org/international-rice-genebank
http://books.irri.org/AR2019_content.pdf
http://books.irri.org/AR2019_content.pdf
https://doi.org/10.17660/ActaHortic.2013.979.1
https://doi.org/10.1007/s13593-013-0147-8
https://doi.org/10.1007/s13593-013-0147-8
https://www.sciencedirect.com/science/article/pii/S2542519619300956
https://www.sciencedirect.com/science/article/pii/S2542519619300956
https://doi.org/10.1146/annurev-phyto-080508-081743
https://doi.org/10.1146/annurev-phyto-080508-081743
https://doi.org/10.17660/ActaHortic.2016.1128.47
https://doi.org/10.17660/ActaHortic.2016.1128.47
https://doi.org/10.1007/s12571-015-0466-5
https://doi.org/10.1007/s12571-015-0466-5

Hortic. 806, 423-28. doi.org/10.17660/
ActaHortic.2009.806.52

RHS. 2020. Crop rotation. Royal
Horticultural Society. www.rhs.org.uk/
advice/profile?PID=124

Scheelbeek, P.F.D., Bird, F.A.,
Tuomisto, H.L., Green, R., Harris, F.B.,
Joy, E.J.M., Chalabi, Z. et al. 2018.
Effect of environmental changes on
vegetable and legume yields and
nutritional quality. PNAS June 26,
2018 115 (26) 6804-6809. www.pnas.org/
content/115/26/6804

Schreinemachers, P., Simmons, E.B. &
Wopereis, M.C.S. 2018. Tapping the
economic and nutritional power of
vegetables. Glob. Food Secur. 16: 36-45.

Scialabba, N., Gomez, I. & Thivant L.
2015. Training manual for organic
agriculture. Technologies and practices
for smallholder farmers. Food and
Agriculture Organization of the United
Nations, Rome. www.fao.org/fileadmin/
templates/nr/sustainability_pathways/
docs/Compilation_techniques_organic_
agriculture_rev.pdf

Taguchi, M. & Santini, G. 2019. Urban
agriculture in the global north & south:
A perspective from FAO. Field Actions
Science Reports Special Issue 20: Urban
agriculture: Another way to feed cities,

pp. 12-17. journals.openedition.org/
factsreports/5610

Tata, P.l., Afari-Sefa, V., Ntsomboh-
Ntsefong, G., Ngome, AJ., Okolle,
N.J. & Billa. S.F. 2016. Policy and
institutional frameworks impacting
on vegetable seed production and
distribution systems in Cameroon.
Journal of Crop Improvement 30(2):
196-216.

Tsimbiri, P.F., Moturi, W.N. Sawe, J.,
Henley, P. & Bend, J.R. 2015. Health
impact of pesticides on residents
and horticultural workers in the Lake
Naivasha Region, Kenya. Occupational
Diseases and Environmental Medicine 3:
24-34 doi.org/10.4236/0dem.2015.32004

Wainwright, H., Jordan, C.C. & Day,
H. 2014. Environmental impact of
production horticulture. Pp. 503-522
in: Dixon, G.R. & Aldous, D.E. (eds).
Horticulture: Plants for people and places,
Vol. 1. doi.org/10.1007/978-94-017-8578-
5_15 Springer, Dordrecht.

World Vegetable Center. 2020a. WorldVeg
at a glance. avrdc.org/about-avrdc/about-
us/

World Vegetable Center. 2020b. WorldVeg
Genebank. avrdc.org/our-work/managing-
germplasm/

68

Fruit and vegetables - your dietary essentials


https://doi.org/10.17660/ActaHortic.2009.806.52
https://doi.org/10.17660/ActaHortic.2009.806.52
https://www.rhs.org.uk/advice/profile?PID=124
https://www.rhs.org.uk/advice/profile?PID=124
https://www.pnas.org/content/115/26/6804
https://www.pnas.org/content/115/26/6804
http://www.fao.org/fileadmin/templates/nr/sustainability_pathways/docs/Compilation_techniques_organic_agriculture_rev.pdf
http://www.fao.org/fileadmin/templates/nr/sustainability_pathways/docs/Compilation_techniques_organic_agriculture_rev.pdf
http://www.fao.org/fileadmin/templates/nr/sustainability_pathways/docs/Compilation_techniques_organic_agriculture_rev.pdf
http://www.fao.org/fileadmin/templates/nr/sustainability_pathways/docs/Compilation_techniques_organic_agriculture_rev.pdf
https://journals.openedition.org/factsreports/5536
https://journals.openedition.org/factsreports/5536
https://journals.openedition.org/factsreports/5610
https://journals.openedition.org/factsreports/5610
https://doi.org/10.4236/odem.2015.32004
https://doi.org/10.1007/978-94-017-8578-5_15 
https://doi.org/10.1007/978-94-017-8578-5_15 
https://avrdc.org/about-avrdc/about-us/
https://avrdc.org/about-avrdc/about-us/
https://avrdc.org/our-work/managing-germplasm/
https://avrdc.org/our-work/managing-germplasm/

Chapter 4

ADB. 2019a. Dysfunctional horticulture
value chains and the need for modern
marketing infrastructure: The case of Viet
Nam. Asian Development Bank, Manila.
www.adb.org/publications/dysfunctional-
horticulture-value-chains-viet-nam

ADB. 2019b. Dysfunctional horticulture value
chains and the need for modern marketing
infrastructure: The case of Pakistan.

Asian Development Bank, Manila. www.
adb.org/publications/dysfunctional-
horticulture-value-chains-pakistan

AGRA. 2019. The hidden middle, a quiet
revolution in the private sector driving
agricultural transformation. agra.org/wp-
content/uploads/2019/09/AASR2019-The-
Hidden-Middleweb.pdf

Altendorf, S. 2017. Global prospects
for major tropical fruits: Short-term
outlook, challenges and opportunities in
a vibrant global marketplace. Pp. 69-81
in: FAO. November 2017. Food outlook:
Biannual report on global food markets.
Food and Agriculture Organization of
the United Nations, Rome. www.fao.org/
fileadmin/templates/est/COMM_MARKETS_
MONITORING/Tropical_Fruits/Documents/
Tropical_Fruits_Special_Feature.pdf

Altendorf, S. 2019. Bananas and major
tropical fruits in Latin America and
the Caribbean: The significance of
the region to world supply. FAO Food
Outlook, May 2019. www.fao.org/3/
ca4526en/ca4526en_sf.pdf

Arslan, A., Mabiso, A. & Garbero, A.
2019. Labor markets during the “quiet
revolution”: Implications for the private
sector in the agri-food system. Pp.
107-26 in: Sumba, D. (ed.) The hidden
middle: A quiet revolution in the private
sector driving agricultural transformation,
AGRA, Nairobi. agra.org/wp-content/
uploads/2019/09/AASR2019-The-Hidden-
Middleweb.pdf

Arumugam, N., Arshad, F.M., Chiew, E.
& Mohamed, Z. 2011. Determinants
of fresh fruits and vegetables (FFV)

farmers' participation in contract
farming in peninsular Malaysia.
International Journal of Agricultural
Management and Development 1: 65-71.
ideas.repec.org/a/ags/ijamad/143495.html

Beck, T. & Cull, R. 2014. Small and
medium sized enterprise finance in
Africa. Working Paper 16, July 2014.
Africa Growth Initiative at Brookings,
Washington.

Boza, S. 2020. Hoja de ruta estratégica
para identificar, clasificar y caracterizar
establecimientos de abastecimiento
alimentario publico y privado
considerando su aporte al acceso de
alimentos y funcionamiento del sistema
alimentario en LAC. Unpublished
manuscript.

CBI. 2015. Value chain analysis report.
Ministry of Foreign Affairs, Ukraine.
www.agroberichtenbuitenland.nl/binaries/
agroberichtenbuitenland/documenten/
publicaties/2018/01/04/ua-vca-fruit-and-
vegetables/2016+-+Value+Chain+Analysis+
Fruit+and+Vegetables_Ukraine.pdf

CFS. 2014. Principles for responsible
investment in agriculture and food
systems. Committee on World Food
Security. www.fao.org/3/a-au866e.pdf

Cooper, A. 2015. Women in the banana
export industry: Global overview.
Working paper for the World Banana
Forum. Food and Agriculture
Organization of the United Nations.
www.fao.org/3/a-bt419e.pdf

Demmler, K.M. 2020. The role of small and
medium-sized enterprises in nutritious
food supply chains in Africa. Working
Paper Series 2. GAIN, Geneva. doi.
0rg/10.36072/wp.2

Dijkxhoorn, Y., van Galen, M., Barungi, J.,
Okiira, J., Gema, ). & Janssen, V. 2019.
The vegetables and fruit sector in Uganda:
Competitiveness, investment and trade
options. Report 2019-117. Wageningen

7 References

69


http://www.adb.org/publications/dysfunctional-horticulture-value-chains-viet-nam
http://www.adb.org/publications/dysfunctional-horticulture-value-chains-viet-nam
https://www.adb.org/publications/dysfunctional-horticulture-value-chains-pakistan
https://www.adb.org/publications/dysfunctional-horticulture-value-chains-pakistan
https://www.adb.org/publications/dysfunctional-horticulture-value-chains-pakistan
https://agra.org/wp-content/uploads/2019/09/AASR2019-The-Hidden-Middleweb.pdf
https://agra.org/wp-content/uploads/2019/09/AASR2019-The-Hidden-Middleweb.pdf
https://agra.org/wp-content/uploads/2019/09/AASR2019-The-Hidden-Middleweb.pdf
http://www.fao.org/fileadmin/templates/est/COMM_MARKETS_MONITORING/Tropical_Fruits/Documents/Tropical_Fruits_Special_Feature.pdf
http://www.fao.org/fileadmin/templates/est/COMM_MARKETS_MONITORING/Tropical_Fruits/Documents/Tropical_Fruits_Special_Feature.pdf
http://www.fao.org/fileadmin/templates/est/COMM_MARKETS_MONITORING/Tropical_Fruits/Documents/Tropical_Fruits_Special_Feature.pdf
http://www.fao.org/fileadmin/templates/est/COMM_MARKETS_MONITORING/Tropical_Fruits/Documents/Tropical_Fruits_Special_Feature.pdf
http://www.fao.org/3/ca4526en/ca4526en_sf.pdf
http://www.fao.org/3/ca4526en/ca4526en_sf.pdf
https://agra.org/wp-content/uploads/2019/09/AASR2019-The-Hidden-Middleweb.pdf
https://agra.org/wp-content/uploads/2019/09/AASR2019-The-Hidden-Middleweb.pdf
https://agra.org/wp-content/uploads/2019/09/AASR2019-The-Hidden-Middleweb.pdf
https://ideas.repec.org/a/ags/ijamad/143495.html
https://www.agroberichtenbuitenland.nl/binaries/agroberichtenbuitenland/documenten/publicaties/2018/01/04/ua-vca-fruit-and-vegetables/2016+-+Value+Chain+Analysis+Fruit+and+Vegetables_Ukraine.pdf
https://www.agroberichtenbuitenland.nl/binaries/agroberichtenbuitenland/documenten/publicaties/2018/01/04/ua-vca-fruit-and-vegetables/2016+-+Value+Chain+Analysis+Fruit+and+Vegetables_Ukraine.pdf
https://www.agroberichtenbuitenland.nl/binaries/agroberichtenbuitenland/documenten/publicaties/2018/01/04/ua-vca-fruit-and-vegetables/2016+-+Value+Chain+Analysis+Fruit+and+Vegetables_Ukraine.pdf
https://www.agroberichtenbuitenland.nl/binaries/agroberichtenbuitenland/documenten/publicaties/2018/01/04/ua-vca-fruit-and-vegetables/2016+-+Value+Chain+Analysis+Fruit+and+Vegetables_Ukraine.pdf
https://www.agroberichtenbuitenland.nl/binaries/agroberichtenbuitenland/documenten/publicaties/2018/01/04/ua-vca-fruit-and-vegetables/2016+-+Value+Chain+Analysis+Fruit+and+Vegetables_Ukraine.pdf
http://www.fao.org/3/a-au866e.pdf
http://www.fao.org/3/a-bt419e.pdf
https://doi.org/10.36072/wp.2
https://doi.org/10.36072/wp.2

Economic Research, Wageningen.
edepot.wur.nl/505785

Dolislager, M., Reardon, T., Arslan, A.,
Fox, L., Liverpool-Tasie, S., Sauer, C. &
Tschirley, D. 2019. Youth agrifood system
employment in developing countries: A
gender-differentiated spatial approach.
International Fund for Agricultural
Development, Rome. www.ifad.org/
documents/38714170/41187395/03_s/
ager+et+al._2019+RDR+BACKGROUND
+PAPER.pdf/4611578c-c2be-8280-ec59-
a0bd301c2875

Eaton, C. & Shepherd, A. 2001. Contract
farming: Partnerships for growth. A
guide. FAO Agricultural Services Bulletin
145. Food and Agriculture Organization
of the United Nations, Rome.

ECLAC, FAO & IICA. 2015. El fomento de
los circuitos cortos como politica para
la promocion de la agricultura familiar.
CEPAL-FAO-IICA Boletin.

FAO. 2013. Contract farming for inclusive
market access. www.fao.org/sustainable-
food-value-chains/library/details/
en/c/266510/

FAO. 2014. Developing sustainable food value
chains: Guiding principles. FAO. Rome.
www.fao.org/3/a-i3953e.pdf

FAO. 2015. Inclusive business models:
Guidelines for improving linkages
between producer groups and buyers of
agricultural produce. FAO, Rome. www.
fao.org/3/i5068e/i5068e.pdf

FAO. 2016. Agroindustry policy brief. www.
fao.org/3/a-i3950e.pdf

FAO. 2017a. FAO work to promote decent
rural employment. www.fao.org/3/a-
i7322e.pdf

FAO. 2017b. The treatment of agriculture
in regional trade agreements. Trade
policy briefs 29. FAO support to the WTO
negotiations at the 11th ministerial
conference in Buenos Aires. www.fao.
org/3/a-i8010e.pdf

FAO. 2018. Trade and nutrition technical
note. Trade policy technical notes 21.
Trade and food security. Markets and

Trade Division, Food and Agriculture
Organization of the United Nations,
Rome. www.fao.org/3/18545EN/i8545en.
pdf

FAO. 2020a. Contract farming resource
centre. www.fao.org/in-action/contract-
farming/en/

FAO. 2020b. COVID-19 and the risk to food
supply chains: How to respond? Rome.
doi.org/10.4060/ca8388en

FAO. 2020c. Pilot project on the
implementation of the OECD-FAO
Guidance for Responsible Agricultural
Supply Chains. www.fao.org/economic/
est/issues/investment/road-test-of-the-
oecd-fao-guidance-for-responsible-
agricultural-supply-chains/en/#.X1t-
EmgzY2w

FAO. 2020d. The state of agricultural
commodity markets. Agricultural markets
and sustainable development: Global
value chains, smallholder farmers
and digital innovations. www.fao.org/
publications/soco/en/

FAOSTAT. 2020. www.fao.org/faostat/en/

Fernandez-Stark, K., Bamber, P. &
Gereffi, G. 2011. The fruit and vegetables
global value chain: Economic upgrading
and workforce development. Center
on Globalization, Governance and
Competitiveness, Duke University,
Durham, NC.

Fjose, S., Grunfeld, L. & Green, C. 2010.
SMEs and growth in sub-Saharan Africa:
Identifying SME roles and obstacles to
growth. MENON Business Economics 14.

Galli, F. & Brunori, G. (eds). 2013.
Short food supply chains as drivers of
sustainable development. Evidence
document. FP7 project FOODLINKS (GA
No. 265287). Laboratorio di studi rurali
Sismondi. www.foodlinkscommunity.net/
fileadmin/documents_organicresearch/
foodlinks/CoPs/evidence-document-sfsc-

cop.pdf
Huang, S.W. 2004. Global trade patterns in

fruits and vegetables. USDA Economic
Research Service. Agriculture and Trade

70

Fruit and vegetables - your dietary essentials


https://edepot.wur.nl/505785
http://www.ifad.org/documents/38714170/41187395/03_Dolislager+et+al._2019+RDR+BACKGROUND+PAPER.pdf/4611578c-c2be-8280-ec59-a0bd301c2875
http://www.ifad.org/documents/38714170/41187395/03_Dolislager+et+al._2019+RDR+BACKGROUND+PAPER.pdf/4611578c-c2be-8280-ec59-a0bd301c2875
http://www.ifad.org/documents/38714170/41187395/03_Dolislager+et+al._2019+RDR+BACKGROUND+PAPER.pdf/4611578c-c2be-8280-ec59-a0bd301c2875
http://www.ifad.org/documents/38714170/41187395/03_Dolislager+et+al._2019+RDR+BACKGROUND+PAPER.pdf/4611578c-c2be-8280-ec59-a0bd301c2875
http://www.ifad.org/documents/38714170/41187395/03_Dolislager+et+al._2019+RDR+BACKGROUND+PAPER.pdf/4611578c-c2be-8280-ec59-a0bd301c2875
http://www.fao.org/sustainable-food-value-chains/library/details/en/c/266510/
http://www.fao.org/sustainable-food-value-chains/library/details/en/c/266510/
http://www.fao.org/sustainable-food-value-chains/library/details/en/c/266510/
http://www.fao.org/3/a-i3953e.pdf
http://www.fao.org/3/i5068e/i5068e.pdf
http://www.fao.org/3/i5068e/i5068e.pdf
http://www.fao.org/3/a-i3950e.pdf
http://www.fao.org/3/a-i3950e.pdf
http://www.fao.org/3/a-i7322e.pdf
http://www.fao.org/3/a-i7322e.pdf
http://www.fao.org/3/a-i8010e.pdf
http://www.fao.org/3/a-i8010e.pdf
http://www.fao.org/3/I8545EN/i8545en.pdf
http://www.fao.org/3/I8545EN/i8545en.pdf
http://www.fao.org/in-action/contract-farming/en/
http://www.fao.org/in-action/contract-farming/en/
https://doi.org/10.4060/ca8388en
http://www.fao.org/publications/soco/en/
http://www.fao.org/publications/soco/en/
http://www.fao.org/faostat/en/
http://www.foodlinkscommunity.net/fileadmin/documents_organicresearch/foodlinks/CoPs/evidence-document-sfsc-cop.pdf
http://www.foodlinkscommunity.net/fileadmin/documents_organicresearch/foodlinks/CoPs/evidence-document-sfsc-cop.pdf
http://www.foodlinkscommunity.net/fileadmin/documents_organicresearch/foodlinks/CoPs/evidence-document-sfsc-cop.pdf
http://www.foodlinkscommunity.net/fileadmin/documents_organicresearch/foodlinks/CoPs/evidence-document-sfsc-cop.pdf

Report WRS-04-06. eumed-agpol.iamm.fr/
doc/global_trade_fruits_vegetables.pdf

ILO. 2017. Tripartite declaration of principles
concerning multinational enterprises and
social policy (MNE declaration). 5th ed.
International Labour Organization. www.
ilo.org/empent/areas/mne-declaration/
lang--en/index.htm

Key, N. & Runsten, D. 1999. Contract
farming, smallholders, and rural
development in Latin America: The
organization of agro-processing firms
and the scale of outgrower production.
World development, 27(2): 381-401. doi.
0rg/10.1016/50305-750X(98)00144-2

Kumar, A., Roy, D., Tripathi, G., Joshi, P.K.
& Adhikari, R.P. 2016. Can contract
farming increase farmers’ income
and enhance adoption of food safety
practices? Evidence from remote areas
of Nepal. IFPRI Discussion Paper 1524.
International Food Policy Research
Institute, Washington, DC. ebrary.ifpri.
org/cdm/ref/collection/p15738coll2/
id/130284

Lépez, J.R. 2009. £l sector fruticola chileno
y las competencias laborales. AGROCAP,
Santiago de Chile.

Losch, B. 2012. Crisis prevention in sub-
Saharan Africa. Agriculture: The key to
the employment challenge. Perspective
19. www.cirad.fr/en/news/all-news-
items/articles/2012/ca-vient-de-sortir/
perspective-n-19-emploi-et-securite-
alimentaire-bruno-losch

Meijerink, G. 2010. Linking farmers
to markets by improving domestic
markets: The case of fresh fruits and
vegetables in Tanzania. Markets, Chains
and Sustainable Development Strategy &
Policy Paper 23. Wageningen UR. edepot.
wur.nl/237593

OECD. 2011. OECD guidelines for
multinational enterprises. Organisation
for Economic Co-operation and
Development. mneguidelines.oecd.org/
guidelines/

OECD. 2017. Small, medium, strong. Trends
in SME performance and business
conditions. OECD, Paris.

OECD & FAO. 2016. Guidance for
responsible agricultural value chains.
OECD and FAO. www.oecd-ilibrary.org/
agriculture-and-food/oecd-fao-guidance-
for-responsible-agricultural-supply-
chains_9789264251052-en

OECD & FAO. 2020. OECD-FAO guidance for
responsible agricultural supply chains:
How it can help achieve the Sustainable
Development Goals. OECD and FAQO. www.
fao.org/3/ca7970en/CA7970EN.pdf

Parfitt, )., Barthel, M. & Macnaughton,
S. 2010. Food waste within food supply
chains: Quantification and potential
for change to 2050. Philosophical
Transactions of the Royal Society 365:
3065-81. doi.org/10.1098/rstb.2010.0126

Pingali, P. 2007. Westernization of Asian
diets and the transformation of food
systems: Implications for research and
policy. Food Policy, 32(3): 281-98.

Popkin, B.M. 2006. Global nutrition
dynamics: The world is shifting
rapidly toward a diet linked with
noncommunicable diseases. The
American Journal of Clinical Nutrition,
84(2): 289-98.

Reardon, T. 2015. The hidden middle:
The quiet revolution in the midstream
of agrifood value chains in developing
countries. academic.oup.com/oxrep/
article-abstract/31/1/45/436031

Reardon, T., Awokuse, T., Haggblade,
S., Minten, B., Vos, R. et al. 2019.
Private sector’s role in agricultural
transformation in Africa: Overview. Pp.
1-12 in: Reardon, T. The hidden middle.
A quiet revolution in the private sector
driving agricultural transformation. AGRA.

Ren, Y. & An, Y. 2010. Efficient food safety
regulation in the agro-food wholesale
market. Agriculture and Agricultural
Science Procedia 1: 344-53. www.
sciencedirect.com/science/article/pii/
$2210784310000446

7 References

71


http://eumed-agpol.iamm.fr/doc/global_trade_fruits_vegetables.pdf
http://eumed-agpol.iamm.fr/doc/global_trade_fruits_vegetables.pdf
http://www.ilo.org/empent/areas/mne-declaration/lang--en/index.htm
http://www.ilo.org/empent/areas/mne-declaration/lang--en/index.htm
http://www.ilo.org/empent/areas/mne-declaration/lang--en/index.htm
http://doi.org/10.1016/S0305-750X(98)00144-2
http://doi.org/10.1016/S0305-750X(98)00144-2
http://ebrary.ifpri.org/cdm/ref/collection/p15738coll2/id/130284
http://ebrary.ifpri.org/cdm/ref/collection/p15738coll2/id/130284
http://ebrary.ifpri.org/cdm/ref/collection/p15738coll2/id/130284
http://www.cirad.fr/en/news/all-news-items/articles/2012/ca-vient-de-sortir/perspective-n-19-emploi-et-securite-alimentaire-bruno-losch
http://www.cirad.fr/en/news/all-news-items/articles/2012/ca-vient-de-sortir/perspective-n-19-emploi-et-securite-alimentaire-bruno-losch
http://www.cirad.fr/en/news/all-news-items/articles/2012/ca-vient-de-sortir/perspective-n-19-emploi-et-securite-alimentaire-bruno-losch
http://www.cirad.fr/en/news/all-news-items/articles/2012/ca-vient-de-sortir/perspective-n-19-emploi-et-securite-alimentaire-bruno-losch
https://edepot.wur.nl/237593
https://edepot.wur.nl/237593
http://mneguidelines.oecd.org/guidelines/
http://mneguidelines.oecd.org/guidelines/
https://www.oecd-ilibrary.org/agriculture-and-food/oecd-fao-guidance-for-responsible-agricultural-supply-chains_9789264251052-en
https://www.oecd-ilibrary.org/agriculture-and-food/oecd-fao-guidance-for-responsible-agricultural-supply-chains_9789264251052-en
https://www.oecd-ilibrary.org/agriculture-and-food/oecd-fao-guidance-for-responsible-agricultural-supply-chains_9789264251052-en
https://www.oecd-ilibrary.org/agriculture-and-food/oecd-fao-guidance-for-responsible-agricultural-supply-chains_9789264251052-en
http://www.fao.org/3/ca7970en/CA7970EN.pdf
http://www.fao.org/3/ca7970en/CA7970EN.pdf
https://doi.org/10.1098/rstb.2010.0126
https://academic.oup.com/oxrep/article-abstract/31/1/45/436031
https://academic.oup.com/oxrep/article-abstract/31/1/45/436031
https://www.sciencedirect.com/science/journal/22107843
https://www.sciencedirect.com/science/journal/22107843
http://www.sciencedirect.com/science/article/pii/S2210784310000446
http://www.sciencedirect.com/science/article/pii/S2210784310000446
http://www.sciencedirect.com/science/article/pii/S2210784310000446

Soullier, G. & Moustier, P. 2018. Impacts
of contract farming in domestic grain
chains on farmer income and food
insecurity. Contrasted evidence from
Senegal. Food Policy 79(C): 179-98.

UN. 2011. Guiding principles on business and
human rights. United Nations Human
rights, office of the High Commissioner.
www.ohchr.org/documents/publications/
GuidingprinciplesBusinesshr_en.pdf

UNIDROIT, FAO & IFAD. 2015. Legal guide
on contract farming. UNIDROIT, FAO and
IFAD, Rome. www.fao.org/3/a-i4756e.pdf

Chapter 5

BRCGS. 2020. BRC Global Standard for Food
Safety. www.brcgs.com/

Caswell, J.A. & Mojduszka, E.M. 1996.
Using informational labeling to
influence the market for quality in food
products. American Journal of Agricultural
Economics 78(5). onlinelibrary.wiley.com/
doi/abs/10.2307/1243501

Codex Alimentarius. 2020. Codex
Alimentarius international food standards.
www.fao.org/fao-who-codexalimentarius/
en/

CXC. 1969. General principles of food
hygiene. CAC/RCP 1-1969. www.fao.org/
fao-who-codexalimentarius/codex-texts/
codes-of-practice/en/

CXC. 1995. Code of practice for packaging
and transport of fresh fruit and
vegetables. CXC 44-1995. www.fao.org/
fao-who-codexalimentarius/codex-texts/
codes-of-practice/

CXC. 2003. Code of hygienic practice for fresh
fruits and vegetables. CAC/RCP 53-2003
www.fao.org/fao-who-codexalimentarius/
codex-texts/codes-of-practice/

Esguerra, E.B., del Carmen, D.R. &
Rolle, R.S. 2017. Purchasing patterns
and consumer level waste of fruits
and vegetables in urban and peri-
urban centers in the Philippines. Food
and Nutrition Sciences 8: 961-77. doi.
0rg/10.4236/fns.2017.810069

FAO. 2004. The role of post-harvest
management in assuring the quality and
safety of horticultural produce. www.fao.
org/3/y5431e/y5431e00.htm

FAO. 2004. Improving the quality and safety
of fresh fruits and vegetables: A practical
approach. Manual for trainers. www.fao.
org/3/y5488e/y5488e00.htm

FAO. 2017. Policy measures for managing
quality and reducing post-harvest losses in
fresh produce supply chains in South Asian
countries. FAO, Rome. www.fao.org/3/a-
i7954e.pdf

72

Fruit and vegetables - your dietary essentials


http://www.brcgs.com/
https://onlinelibrary.wiley.com/doi/abs/10.2307/1243501
https://onlinelibrary.wiley.com/doi/abs/10.2307/1243501
http://www.fao.org/fao-who-codexalimentarius/en/
http://www.fao.org/fao-who-codexalimentarius/en/
http://www.fao.org/fao-who-codexalimentarius/codex-texts/codes-of-practice/en/
http://www.fao.org/fao-who-codexalimentarius/codex-texts/codes-of-practice/en/
http://www.fao.org/fao-who-codexalimentarius/codex-texts/codes-of-practice/en/
http://www.fao.org/fao-who-codexalimentarius/codex-texts/codes-of-practice/
http://www.fao.org/fao-who-codexalimentarius/codex-texts/codes-of-practice/
http://www.fao.org/fao-who-codexalimentarius/codex-texts/codes-of-practice/
http://www.fao.org/fao-who-codexalimentarius/codex-texts/codes-of-practice/
http://www.fao.org/fao-who-codexalimentarius/codex-texts/codes-of-practice/
https://doi.org/10.4236/fns.2017.810069
https://doi.org/10.4236/fns.2017.810069
http://www.fao.org/3/y5431e/y5431e00.htm
http://www.fao.org/3/y5431e/y5431e00.htm
http://www.fao.org/3/y5488e/y5488e00.htm
http://www.fao.org/3/y5488e/y5488e00.htm
http://www.fao.org/3/a-i7954e.pdf
http://www.fao.org/3/a-i7954e.pdf
https://ideas.repec.org/a/eee/jfpoli/v79y2018icp179-198.html
https://ideas.repec.org/a/eee/jfpoli/v79y2018icp179-198.html
https://ideas.repec.org/a/eee/jfpoli/v79y2018icp179-198.html
https://ideas.repec.org/a/eee/jfpoli/v79y2018icp179-198.html
https://ideas.repec.org/a/eee/jfpoli/v79y2018icp179-198.html
https://ideas.repec.org/s/eee/jfpoli.html
https://www.ohchr.org/documents/publications/GuidingprinciplesBusinesshr_en.pdf
https://www.ohchr.org/documents/publications/GuidingprinciplesBusinesshr_en.pdf
http://www.fao.org/3/a-i4756e.pdf

FAO. 2019. The State of Food and Agriculture:

Moving forward on food loss and

waste reduction. Food and Agriculture
Organization of the United Nations.
www.fao.org/3/ca6030en/ca6030en.pdf

FAO. 2020. food loss and waste
measurement linked to the food loss
analysis methodology. FAO Regional
conference for Asia and the Pacific,
Thimpu. www.fao.org/3/nc079en/
nc079en.pdf

GlobalG.A.P. 2020. GlobalG.A.P.: The
worldwide standard for good agricultural
practices. www.globalgap.org/

Hussain, M.A. & Gooneratne, R. 2017.
Understanding the fresh produce
safety challenges. In: Foods 6: 23. doi.
0rg/10.3390/foods6030023

I1SO. 2017. ISO and food. International
Organization for Standardization. www.
iso.org/files/live/sites/isoorg/files/store/en/
PUB100297.pdf

Jaffee, S., Henson, S., Unnevehr, L.,
Grace, D. & Cassou, E. 2019. The safe
food imperative: Accelerating progress in
low- and middle-income countries. World
Bank, Washington, DC. openknowledge.
worldbank.org/bitstream/hand
le/10986/30568/9781464813450.pdf

MAP. 2012. Modified atmosphere packaging
for fresh fruits and vegetables. www.
modifiedatmospherepackaging.com/
Applications/Modified-atmosphere-
ackaging-fruit-vegetables.aspx

Minnesota Department of Health. Causes
and symptoms of foodborne illness. www.
health.state.mn.us/diseases/foodborne/
basics.html#

Rapusas, R., & Rolle, R.S. 2009.
Management of reusable plastic crates in
fresh produce supply chains: A technical
guide. FAO/RAP Publication 2009/08.
www.fao.org/3/i0930e/i0930e00.htm

Rezare Systems. 2020. What credence do
you give claims about food? www.rezare.
com/what-credence-do-you-give-claims-
about-food/

UNECE. 2020. Agricultural quality standards.
www.unece.org/trade/agr/welcome.htm|

WEF. 2019. Innovation with a purpose:
Improving innovation in food value
chains with technology innovation. World
Economic Forum. www3.weforum.org/
docs/WEF _Traceability_in_food_value_
chains_Digital.pdf

WHO. 2005. Fruit and vegetables for health.
Report of the Joint FAO/WHO Workshop
on Fruit and Vegetables for Health, 1-3
September 2004, Kobe, Japan. World
Health Organization. apps.who.int/iris/
handle/10665/43143

WHO. 2015. WHO estimates of the
global burden of foodborne diseases:
Foodborne disease burden epidemiology
reference group 2007-2015. World
Health Organization, Geneva.
apps.who.int/iris/bitstream/hand
1e/10665/199350/9789241565165_eng.pdf

7 References

73


http://www.fao.org/3/ca6030en/ca6030en.pdf
http://www.fao.org/3/nc079en/nc079en.pdf
http://www.fao.org/3/nc079en/nc079en.pdf
http://www.globalgap.org/
https://doi.org/10.3390/foods6030023
https://doi.org/10.3390/foods6030023
http://www.iso.org/files/live/sites/isoorg/files/store/en/PUB100297.pdf
http://www.iso.org/files/live/sites/isoorg/files/store/en/PUB100297.pdf
http://www.iso.org/files/live/sites/isoorg/files/store/en/PUB100297.pdf
https://openknowledge.worldbank.org/bitstream/handle/10986/30568/9781464813450.pdf
https://openknowledge.worldbank.org/bitstream/handle/10986/30568/9781464813450.pdf
https://openknowledge.worldbank.org/bitstream/handle/10986/30568/9781464813450.pdf
http://www.modifiedatmospherepackaging.com/Applications/Modified-atmosphere-ackaging-fruit-vegetables.aspx
http://www.modifiedatmospherepackaging.com/Applications/Modified-atmosphere-ackaging-fruit-vegetables.aspx
http://www.modifiedatmospherepackaging.com/Applications/Modified-atmosphere-ackaging-fruit-vegetables.aspx
http://www.modifiedatmospherepackaging.com/Applications/Modified-atmosphere-ackaging-fruit-vegetables.aspx
http://www.health.state.mn.us/diseases/foodborne/basics.html#
http://www.health.state.mn.us/diseases/foodborne/basics.html#
http://www.health.state.mn.us/diseases/foodborne/basics.html#
http://www.fao.org/3/i0930e/i0930e00.htm
http://www.rezare.com/what-credence-do-you-give-claims-about-food/
http://www.rezare.com/what-credence-do-you-give-claims-about-food/
http://www.rezare.com/what-credence-do-you-give-claims-about-food/
http://www.unece.org/trade/agr/welcome.html
http://www3.weforum.org/docs/WEF_Traceability_in_food_value_chains_Digital.pdf
http://www3.weforum.org/docs/WEF_Traceability_in_food_value_chains_Digital.pdf
http://www3.weforum.org/docs/WEF_Traceability_in_food_value_chains_Digital.pdf
https://apps.who.int/iris/handle/10665/43143
https://apps.who.int/iris/handle/10665/43143
https://apps.who.int/iris/bitstream/handle/10665/199350/9789241565165_eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/199350/9789241565165_eng.pdf

CONTACT

International Year of Fruits and Vegetables 2021 Secretariat

Mail: IYFV@fao.org
Website: www.fao.org/fruits-vegetables-2021

#IYFV2021

Food and Agriculture Organization
of the United Nations
Rome, Italy

& INTERNATIONAL YEAR OF
©£/) FRUITS AND VEGETABLES

T 2482
£

ISBN 978-92-5-133709-7
a a

L}
.% 9 789251 337097
CB2395EN/1/12.20




	OLE_LINK1
	OLE_LINK2
	_Ref55041366
	Acknowledgements
	Foreword
	Fruit and vegetables
	Essential for healthy lives
	Good for you
	Health and nutrition benefits 
	Growing green
	Sustainable production
	Markets and value chains
	Responding to health-conscious consumers
	Nothing to lose
	Quality, safety, loss and waste
	Food for thought
	Issues for action
	References



