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We dedicate these Books to our wives;  
Mrs. Kathy Dixon and Mrs. Kaye Aldous 
in gratitude for their lifetimes of unstinting 
 support, forbearance and understanding

Professor David E. Aldous – deceased 1st 
November 2013.

The concepts underlying the Trilogy 
Horticulture—Plants People and Places 
were developed by David Aldous and me 
during the International Horticultural 
Congress 2010 in Lisbon, Portugal. These 
Books celebrate our common views of the 
scholastic and intellectual depth and breadth 
of our discipline and the manner by which 
it is evolving in response to the economic, 
environmental and social challenges of the 



21st Century. Jointly, over more than two 
years we enlisted international authorities 
as lead authors, reviewed drafts and edited 
final texts. Despite there being half the world 
between us we formed a deep rapport. His 
sudden and wholly unexpected death from 
a brain aneurysm came as a shattering 
blow leaving me with the tasks of seeing our 
work through to completion. This Trilogy 
stands as a legacy to horticulture as “the 
first of all the Arts and Sciences” from an 
internationally acclaimed, respected and 
much loved:  scientist, educator and author. 
It is appropriate that the Trilogy should be 
dedicated to David united with our original 
intention of paying tribute to our respective 
wives.

Professor Geoffrey R. Dixon
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Preface

This Trilogy of books answers the question “What is Horticulture?”. Their contents 
span from tropical plantations growing exotics crops such as cocoa, pineapples and 
rubber through to the interior landscaping of high-rise office tower blocks, to ap-
plications which encourage physical and mental health. The common thread uniting 
this Discipline is the identification, breeding, manipulation of growth and stimula-
tion of flowering and fruiting in plants either for food or environmental and social 
improvement. Understanding the scientific principles of why plant productivity in-
creases following physical, chemical and biological stimuli has fascinated horticul-
turists for several millennia. 

Epicurus (341BC–270BC) the Athenian philosopher of the 3rd century BC be-
lieved that plants achieved “the highest good was calmness of mind”. Calmness 
comes to some Horticulturists with the satisfaction of entering vast hectarages of 
bountiful orchards, to others from well designed and carefully maintained land-
scapes while others are entranced by participation in conserving components of 
the Earth’s fragile biodiversity. Horticulture while being a scientific discipline has 
much wider and deeper dimensions. There are historic, artistic and cultural facets 
which are shared with the Humanities and these aspects are included within this 
Trilogy. Wherever Horticulturists gather together they share a common language 
which interprets useful scientific knowledge and cultural understanding for the 
common benefit of mankind. For while Horticulture is about achieving an intensity 
of growth and development, flowering and fruiting, it is wholly conscious that this 
must be achieved sustainably such that the resources used are matched by those 
passed on for use by future generations.

The structure of this Trilogy is such that it traces the evolution in emphasis which 
has developed in Horticultural philosophy across the second half of the 20th and 
into the 21st century. Following the worldwide conflicts of the 1940s the key aspira-
tions were the achievement of food sufficiency and the eradication of hunger from 
the planet. In an increasingly affluent and developed world there is food sufficiency 
par excellence. Never before has such an array of plenty been made available year-
round. This plenty is nowhere more evident that in the fresh fruit and vegetable 
aisles of our supermarkets. Horticulture has given retail shoppers the gift of high 
quality and diversity of produce by manipulating plant growth and reproduction and 
post harvest care across the globe. 
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This third volume illustrates in considerable depth the scientific and technologi-
cal concepts interacting with the arts and humanities which now underpin the rap-
idly evolving subject of Social Horticulture. This covers considerations of: Horti-
culture and Society, Diet and Health, Psychological Health, Wildlife, Horticulture 
and Public Welfare,  Education, Extension, Economics, Exports and Biosecurity, 
Scholarship and Art, Scholarship and Literature, Scholarship and History and the 
relationship between Horticulture and Gardening. This volume firmly brings the 
evolution of the Discipline into the 21st Century. It breaks new ground by pro-
viding a detailed analysis of the value of  Horticulture as a force for enhancing 
society in the form of social welfare, health and well-being, how this  knowledge 
is transferred within and between generations, and the place of  Horticulture in  
the Arts and Humanities. The social domain which describes peoples’ behaviour 
shows how dependent mankind is on nature and green open space, not just for mate-
rial requirements, but also for our physical, psychological, emotional and spiritual 
needs. Green open spaces, associated with urban communities, are usually the only 
possible source of connection with the natural world and so contribute to improv-
ing the quality of life in our communities.  These green open spaces have been 
shown to provide considerable social capital in terms of employment, education, 
and recreational benefit. Physical activity, such as walking or cycling to work or for 
pleasure, or being directly involved with a natural green space activities has been 
shown to alleviate stress, reduce mental fatigue and potential for anger, increase 
wellbeing and self-esteem and aid in a more rapid recovery and spending less time 
in a hospital.  Research has also shown by association patients working in a natu-
ral environment have improved health, visited their general practitioner less, taken 
fewer prescription drugs, felt safer in their community, experienced less pain and 
discomfort, had more opportunities to use their skills, and culminating in reduced  
community health costs. The lack of plants in an environment can lead to reduced 
mental and physical development, poor performance at school and in the workforce 
and the continuation of poverty for generations Other social benefits of an associa-
tion with plants include reducing the potential for domestic violence, vandalism, 
ethnic conflict and crime by building interpersonal relationships. Consequently, this 
volume places substantial emphasis on the relationship between health, well-being 
and plants. The success of the Eden Project as described in this volume identifies 
how keen members of the general public are for an association with plants and the 
pleasures that they derive from being near, or working with plants. This concept is 
taken further when examining the importance of plants for psychological well be-
ing. It is now well accepted that diets which are rich in fruit and vegetables can con-
tribute hugely towards the reduction in the incidence of diseases of affluence such 
as cancers, coronary heart disease and strokes. The relationship between working 
with plants forming part of the wild flora is examined in this volume. Adding areas 
of wilderness into people’s lives can be highly beneficial to their psychological and 
physical health and well-being. The transfer of knowledge either to students or to 
practitioners of horticulture is of major significance. Two chapters examine these 
aspects looking at means by which knowledge is delivered and the wider contexts 
within which Horticultural Education is provided. Understanding the Economics 
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of Horticulture is of paramount importance in justifying public and private finan-
cial provisions for the discipline. Biosecurity is difficult to achieve since global air 
travel takes new plants, microbes and animals around the world at ever increasing 
speed. This has lead to some considerable problems with the growth of alien species 
which have exploited environments devoid of predators. Of particular importance in 
this volume are the three chapters dealing with aspects of the relationship between 
Horticulture and scholarship. Here the aspects of Horticulture which integrate with 
the Humanities are explored in considerable depth. This is an ancient relationship 
and one where Horticulture demonstrates the intensity of its connections with man’s 
cultural spirit. Horticulture here becomes far more than an attempt to understand the 
science of plant growth and reproduction and takes on roles which pertain to artis-
tic and historical significance. Finally, there is an examination of the relationship 
between Horticulture and Gardening. This is an area of thought deserving of much 
deeper analysis. Recently, regard for gardening has become levelled down through 
the activities of the media which wish to reduce topics to sound-byte levels. But cul-
turally gardening has much to do with the relationship between man, plants and the 
human spirit. It is a truism that “Horticulture is to English Literature as Gardening 
is to Theatre”. In other words Gardening is a physical process whereas Horticulture 
is cerebral. Some would contend that this does not do justice to gardening which 
itself may be cerebral. Certainly in history there were political aspects to gardening 
whereby choosing an incorrect style of landscaping could spell serious even fatal 
penalties for the owner.   

The first volume in this Trilogy covers Crop Production Horticulture (volume 1) 
and the second volume is devoted to Environmental Horticulture (volume 2). Vol-
ume 1 illustrates in considerable depth the science and technology which underpin 
the continuous production of Horticultural Fresh Produce. Firstly there is a consid-
eration of aspects of industrial development based on basic scientific discoveries. 
This is followed by chapters written by acknowledged world experts covering the 
production of: Field Vegetables, Temperate Fruit, Tropical Fruit, Citrus, Plantation 
Crops, Berry Crops, Viticulture, Protected Crops, Flower Crops, Developing New 
Crops, Post-harvest Handling, Supply Chain Management and the Environmental 
Impact of Production. Production Horticulture may now be found supporting the 
economies of less developed nations, consequently the final Chapter focuses espe-
cially on the impact of Production Horticulture in Africa. 

The second volume Environmental Horticulture covers considerations of: Horti-
culture and the Environment, Woody Ornamentals, Herbs and Pharmaceuticals, Ur-
ban Greening, Rural Trees, Urban Trees, Turfgrass Science, Interior Landscaping, 
Biodiversity, Climate Change and Organic Production. These subjects are united by 
consideration of the need for sustainable use of resources and careful conservation 
applied of all points where Horticulture and the environment coincide. Horticulture 
plays an enormous role in aiding environmental care and support. Indeed this dis-
cipline could be considered as having founded much of the basis for is now consid-
ered to be ecological and environmental science.

The value of Horticulture for human development was emphasised by Jorge 
Sampaio (United Nations High Representative for the Alliance of Civilisations and 



x

previously the President of the Republic of Portugal) in his opening address to the 
28th International Horticultural Congress in Lisbon, 2010. He stated that Horticul-
ture can achieve “a lot to overcome hunger and ensure food security”. In the face 
of estimates that the world’s population, particularly in developing counties, will 
reach 9.1 billion by 2050 much does need to be achieved, and in this Horticulture 
has an especially important roles. Intensive plant production has much to offer as 
urbanization continues at an accelerating pace. Shortly about 70 per cent of the 
world’s population will choose to live in urban and peri-urban areas of many coun-
tries. In the developing World many millions of the world’s population continue 
to be undernourished and in poor health. Climatic change, over population, soil 
degradation, water and energy shortages, pollution and crippling destruction of bio-
diversity are the challenges facing all of humanity. Horticulture in its Production, 
Environmental and Social dimensions offers important knowledge and expertise in 
these areas. This has been well explained in “Harvesting the Sun”, a digest recently 
published by the International Society for Horticultural Science. In summary form 
the international interactions between horticultural science, technology, business 
and management are explained. This offers pointers as to how over the early part of 
the 21st  Century world food production must rise by at least some 110 per cent in 
order to meet the demands of a expanding populations in countries  such as China, 
India, parts of Asia and in South America. 

Considerable breadth and depth of intellect are demanded of those who seek an 
understanding of horticulture. This is not a discipline for the faint hearted since the 
true disciple needs a considerable base in the physical, chemical, and the biologi-
cal sciences and natural resource studies linked with an understanding of the ap-
plication of economics, engineering and the social sciences. Added to this should 
also comes an appreciation of the artistic, historic and cultural dimensions of the 
Discipline. The teaching of fully comprehensive horticultural science courses in 
higher educational institutions has regrettably been diminished worldwide. It is to 
be hoped that this Trilogy may go some small way in providing an insight into the 
scale, scope and excitement of the Discipline and the intellectual rigour demanded 
of those who seek a properly proportioned understanding of it.     

Enormous thanks go to all those who have contributed to these three volumes. 
Their devotion, hard work and understanding of the Editors’ requests are greatly ap-
preciated. Thanks are also due to our colleagues in Springer for all their continuing 
help, guidance and understanding. In particular we would like to thank Dr Maryse 
Walsh, Commissioning Editor and Ir Melanie Van Overbeek, Senior Publishing As-
sistant.

Professor Geoffrey R. Dixon affectionately records his thanks to his mentor Pro-
fessor Herbert Miles, then Head of the Horticulture Department of Wye College, 
University of London (now Imperial College, London) who challenged him to “de-
fine Horticulture”. Regrettably, it has taken half a century of enquiry to respond 
effectively.

Sherborne, Dorset, United Kingdom Geoffrey R. Dixon
Queensland, Australia David E. Aldous
August 2013

Preface
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Abstract The interaction between society and horticulture is explored in this chap-
ter. People relate to plants and gardens at different levels of perception and intensity. 
This can be at individual or group levels. In both instances plants have positive 
influences on human activity and consciousness. Studies of individual associations 
with plants demonstrate psychological and physical health benefits of consistent and 
substantial value. At the community level, plants may act as bridges between people 
as individuals and as groups. Association with plants can provide bridges between 
diverse groups in a community bringing cohesion and shared benefits. Each of these 
facets is discussed and illustrated in this chapter and draws on experience and evi-
dence derived from the Eden Project and Sensory Trust in Great Britain.

Keywords Community · Individual · Benefits · Psychology · Health · Welfare · 
Parks · Gardens · Landscapes

Introduction

Social horticulture research and theory often references the patchy but growing 
wealth of evidence that ‘contact with nature’ brings benefits to personal health and 
wellbeing (e.g. Kaplan 1992, Rohde and Kendle 1994, Ulrich 1983, Wilson 1984). 
This research usefully demonstrates an underlying need for human connection with 
the natural world but its focus on passive reception of nature-based experiences 
fails to encompass the benefits that come from a more active interaction between 
people and the natural world.
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Horticulture centres on an active engagement. Cultivation is an act of human 
intervention and the role of the person in the process of engaging with nature is 
as critical to what emerges as the response of the natural components. More fun-
damentally it is grounded on a philosophy that accepts and encourages such an 
intervention. Horticulturists work with elements of nature, but those elements can 
be manipulated and shaped to suit human needs (Kendle and Forbes 1997).

The interplay between horticulture and society has evolved into a rich mix of ac-
tivity and experience. In private gardens, public parks, flower festivals, allotments, 
school and hospital gardens people experience the social evidence of horticultural 
activity in their daily lives, whether or not they realise it and regardless of their level 
of participation.

In this chapter we will explore how the work of horticulturists contributes to 
social health and wellbeing. To do this we need to reflect on the two key words in 
the title of this chapter.

The Essence of Horticulture

The root meaning of ‘horticulture’ is very different from ‘nature’. It is about humans 
actively engaging with, and influencing, how plants grow. Horticulturists work with 
plants and other natural organisms. Horticulturists can facilitate contact with na-
ture, and create environments where nature can flourish, where human contact with 
plants may be easier and safer to access, and more focused on what people need 
from a given place. But the art of horticulture is not passive and it is not about leav-
ing nature alone (Kendle and Forbes 1997).

Much wellbeing research focuses on the innate values of nature as a healing or 
beneficial setting e.g. the theories of biophilia (Kellert 1993; Wilson 1984). Some 
researchers have attempted to identify which natural elements appear to trigger the 
strongest responses and there is evidence that we sometimes need, or at least value, 
experiences of being completely away from the human world, experiencing an en-
vironment where we are lost and absorbed in a truly ‘natural’ or wilderness setting 
(Kaplan and Kaplan 1989; Özgüner and Kendle 2006). Horticulturists cannot pro-
vide that wilderness experience for people, or at best they can fake it. Any environ-
ment created by a horticulturist has the handprint and intent of humankind woven 
through it (Fig. 27.1).

There is also a body of research exploring the value of horticulture as a therapeu-
tic intervention (Brown and Jameton 2000; Lewis 1996; Relf 1992; Sempik et al. 
2003). In these cases even when evidence of benefit is clear it is hard, inevitably, 
to know to what degree the benefits are a result of the contact with nature/plants or 
a result of the work of the human mediators and therapists. Is horticulture therapy 
innately different from occupational therapy, art therapy or music therapy because 
of the nature component? It is hard to believe that the moment of seeing the fruition 
from seeds you germinated isn’t in some way special and inspiring and significant 
for mental health, but we have little evidence.
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This is an under-researched area. Certainly the research that has been carried 
out by environmental psychologists on the importance of human-nature contact 
rarely addresses how the effects of contact with ‘gardened’ nature and ‘wild’ nature 
are different. We know anecdotally that some individuals have strong affinities to 
wilderness and don’t like gardens, and vice versa, but we can’t say much more. 
Research is confounded by many problems, such as scale of focus—a single daisy 
growing in a crack in the pavement is arguably as natural in itself as one growing 
wild on a mountain scree.

If therapeutic benefits from contact with nature differ in essence from ones that are 
firmly grounded in the human world, then it may be because of the value of contact 
with something ‘other than us’, something greater and more ineffable. Many people 
describe their moments of high creativity as being fuelled by contact with something 
greater than themselves. It may be that something similar holds true for other creative 
therapies such as art therapy. But horticulture also allows that contact on a certain 
level and provides us also with agency and responsibility—the opportunity to nurture 
something living (Matsuo 1995). Again this is an aspect requiring further study.

If we do not have a clear understanding of these issues, one thing is for sure—
we keep returning to the key point that horticulture is an active intervention not a 
passive one. It is not just about a human-nature contact, it is about human-nature 
manipulation—in some ways maybe a partnership, in many ways an attempt at 
control. There is a deep philosophical point here that is worthy of exploration. The 
very concept of ‘natural’ often refers to situations where human presence or human 
action is not present, or at least not dominant. The most important conservation 
areas in the world are often identified and mapped by the absence of human impact.

The reality of the world is complex though, and this definition of ‘natural’ is rife 
with paradox. Many animals dominate and impact on their environment in profound 
ways—e.g. huge herds of grazing animals perpetuate the grasslands they depend 
upon. These areas can still be seen as natural, so why is human impact different? 
Many areas traditionally seen as wilderness in reality have strong human footprints 
where indigenous human groups have lived in some sort of relatively balanced 

Fig. 27.1  Horticulturists 
can create the feel of getting 
away from day to day life but 
not losing the sense of being 
in a man made place



956 T. Kendle and J. Stoneham

existence within the landscape and when they disappear the landscape begins to 
change. Conservationists have found themselves having to intervene to maintain 
ecosystems in a ‘natural state’ e.g. through fire management programmes to control 
invasive species.

Making sense of this picture requires a broader perspective and we need to ques-
tion why such definitions are important. The idea that any one area is more or less 
‘natural’ is actually a human cultural construct—the ultimate paradox—so why is 
this idea valuable to us? There are different reasons that are often conflated but it is 
worth teasing them apart.

First is that landscapes not impacted by people are rare and shrinking and many 
species do not cope well with human contact. Second, as mentioned above, leaving the 
human world, even if it is only through film or photography, is clearly important to our 
wellbeing and we need to protect wild spaces even if only through our own self interest.

However much more difficult is the principle embodied in much conservation 
policy, nature writing etc., that human impact is de facto and in its essence some 
form of degradation that makes the world worse than it was without human inter-
vention (Kendle and Rose 2000; Hlubik and Betros 1994). This is based on doctrine 
more than objective analysis and is a perception that ultimately leads to justifying 
actions such as the clearance of indigenous people from national parks so that the 
wilderness can be enhanced. It is also a self-fulfilling position that reinforces and 
maintains the distinction between people and nature that many people argue is the 
root of our negative influence on the world. It is a position that defines the greatest 
good as having minimal impact, not having agency.

The reason for this analysis is that it gives us a clearer perception of why, by 
some definitions, nothing that horticulturists do can be ‘natural’ and gardens are not 
‘nature’. Horticulturists act on the natural world and change it.

But is horticulture thereby another form of human degradation of nature, an-
other example of a human footprint that should be minimised? Obviously there are 
many times when this is true—when we do the wrong things in the wrong places, 
where the energy, water, pollution, waste and even social impacts of horticultural 
activities are detrimental and need to change. But horticulture also crystallises a 
deeply important set of questions. Is it possible to have an active relationship with 
nature which is more like partnership than dominance? Is it possible for us to act 
with agency, and be part of the world rather than apart from it? Is it within the 
human gift to sometimes leave the world better than we found it?

These are arguably the greatest human and nature wellbeing issues of all. We will 
return to this theme later.

The Essence of Society

The second keyword is ‘society’. We want to make a distinction here from the idea 
of the human population i.e. a mass of people who obviously rely on horticulture for 
food and other services. ‘Society’ refers to how people come together and determine 
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the shared rules for living, shared endeavour and shared culture. Citizens in a soci-
ety do not see themselves solely as individuals but recognise that we exist in a set of 
relationships to each other and with a shared identity at some level.

Society as Relationships

A healthy society also does not come about passively, it itself needs to be cultivated. 
This active process is reflected in the root meaning of associated words such as 
community. A community is not just a group of people who live near each other or 
share a common interest. The word community derives from the Latin roots Com-
munos, together in gift (Esposito 2009). A community is not created by living near 
each other in housing estates, or even by sharing common interests such as bird 
watching, but by a set of relationships and interactions between us.

Why should the essence of those relationships be somehow embodied in the no-
tion of gift giving? It is a deeply profound idea that encapsulates the very particular 
nature of relationships that strengthen human bonds (Hyde 2007). Gift economies 
are recognised as very important in many traditional societies. Gift giving is not the 
same as transaction (or shouldn’t be). A gift that is given without expectation of an 
immediate return is an investment in the wellbeing of the other person or at least an 
acknowledgement that they are important to us. Groups of people that operate gift 
economies have a strong and explicit sense that they need each other, that their lives 
are lessened or made less secure if they don’t have others around them.

Gift economies are intimately linked with food harvest. Prior to the development 
of sophisticated storage or long distance distribution, gluts in production were often 
shared in the expectation that this investment in the well being of others in society 
would be reciprocated at a later date. Abundance was not only a time of physical se-
curity, but also a time when social bonds could be strengthened. It is interesting by 
comparison how much modern capitalism prizes scarcity over abundance. Sharing 
food is a fundamental part of human bonding, which is hardly surprising. Again the 
roots of words we use daily can reveal a great deal—‘companion’ is derived from 
words meaning ‘people who share bread together’.

Today we live in such an individualistic world that we have lost a lot of the con-
scious or implicit understanding of what makes society function, and what condi-
tions and experiences we need to foster in order to make sure that people learn to 
live together in mutual respect. For example we are much more likely to be referred 
to as a consumer than as a companion in daily discourse. When we live as collec-
tions of individual people rather than real communities undesirable things happen. 
Robert Putnam analysed many of these in his seminal book Bowling Alone dem-
onstrating how civic life declines when people fail to form associations (Putnam 
2000), The point is very clear—society can disappear even when the people are all 
still there.

But even at a more mundane level a huge set of problems arise when people 
become isolated—they have no one to help with the shopping or may even find 
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they have to call ambulances when they have minor ailments such as twisted ankles 
because they know no one who can help, consumption rises as everyone buys dupli-
cates of everything rather than sharing, ungrounded fear of crime spirals and people 
become afraid to go out or talk to others.

Of course we have access to various new forms of community today such as 
through social networking etc and people may appear isolated but have huge net-
works of friends across the globe. But these are communities of interest or friend-
ship that function because of the commonalities between the members. Crucially 
maintaining a healthy society also needs us to maintain relationships with the peo-
ple we don’t necessarily like, whose interests we don’t necessarily share, whose 
opinions we don’t necessarily agree with—and with the people who we may one  
day depend upon, or already do, but who we just don’t really know.

Again as our culture has become more individualistic we have lost a sense of 
what element in our lives, our environments, and our experiences bring us together 
in a way that cultivates society (Leyden 2003). Ray Oldenburg identified one criti-
cal strand when he devised the concept of ‘third places’ (Oldenburg 1999). These 
are the physical locations where people come together to mix that are neither home 
nor work. They can include the civic spaces such as parks and playgrounds, but also 
cafes and pubs and some types of shops—anywhere where people bump into each 
other, chat, get to hear other worldviews. They are where we get to be familiar with 
the fact that nearly all strangers are well meaning. They are where new friends may 
be made, but they are also the places where mutual trust and empathy for others who 
are ‘not like you’ are fostered. They are ultimately places that help keep our sense of 
social justice and democracy alive.

This relates to horticulture of course because we are often the custodians and 
facilitators of much of that ‘third place’ infrastructure. Oldenburg analyses the de-
cline in third place provision in the USA, but it is not hard to see the same thing 
happening in the UK. We build housing estates not living estates, places without 
civic spaces, community centres, pubs, corner shops or anywhere to get together. 
People are expected to meet all of their needs within their own homes, or by driving 
to shopping malls or flying somewhere else on holiday.

To defend against this trend, horticulturists need to become more literate and 
articulate about why society needs the things we do. We need to remember that 
there were powerful reasons why public parks were first created that were far more 
fundamental than ‘leisure provision’. Many of them were created to promote a 
healthier and more coherent and civilised society. The health benefits associated 
with parks have a growing research base (Maller et al. 2002). Parks are not simply 
things we can substitute with a home exercise machine and a movie—they are part 
of the machinery of a healthy society that we dismantle at our jeopardy.

But in order to take that position with credibility we also need to challenge our-
selves and question whether, and how, we really create spaces that function as they 
should. Not all gardens could or should be primarily social spaces—and that is 
certainly not the reason why they are all created. But we need to be very clear when 
this is a key role for a particular place, and understand the approaches, tools and 
measures that ensure that role is delivered.
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We could look on this as a form of horticulture therapy that is focused not so 
much on the wellbeing of people as individuals, but on their wellbeing as a com-
munity and a society. But as with any therapy we need a framework that allows us 
to judge whether an intervention is successful.

Society as Identity

Another critical element of society is that there needs to be some common sense of 
identity and culture that allows the participants to understand that they live within a 
bounded set that is distinguishable in some ways from other manifestations of hu-
man life and human possibility.

Of course this is a hugely complex set of issues that determine cultural identity 
that are never fully understood, stable or uncontested. A society will be made up 
of many different interpretations of this identity, and contain many people who 
don’t feel they belong, challenge and evolve the boundaries. Identity changes also 
through time so the society inhabited by previous generations may be as much a 
‘foreign country’ as a distant land is.

It is impossible to fully understand the culture we live in as we are so close to it 
that we will never get a clear view. But inevitably the gardens we create manifest 
and reflect our culture.

The timeframes that they develop in, however, and the importance of the heritage 
values they represent, do tend to mean that we protect the cultural visions of the past 
with more focused effort than we sometimes allow for new cultural manifestations.

Inevitably interwoven into this is the question of who gets to decide what hap-
pens with land. For the most part recognised ‘heritage’ gardens are survivors, rem-
nants not just of the ravages of time but also of the cultural and political filters of 
what we find interesting, worthy of note and worthy of protection and on-going 
care. They are nearly always manifestations of grand investment, if not necessarily 
great design, but they also reflect the cultural elements of the past that we see as 
important.

Contemporary gardens are much more eclectic places, where people do very 
different things, where different possibilities play out, where people explore some 
of the dimensions of what society means to them. Very few of these will become 
heritage properties. Some of them don’t have strong designs, they are places where 
different activities take place and would be meaningless to preserve if the activity 
stopped. But they are places that reflect our culture in myriad form and, more subtly, 
are where we maintain an exploration about what that culture is and could be.

The critical point here is that this exploration cannot happen unless access to 
land and the right to create gardens in different forms and manifestations is democ-
ratised. It is really important that different groups have a chance to participate, have 
agency and be creative in the creation of public landscapes.
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Practical Implications

Emerging from the discussions above we have a chance to identify what elements 
and functions we would expect to see happening in public gardens, to deliver the 
best contribution to society.

Firstly if society is all about relationships and common action then the core issue 
is that the environments that we create need to be inclusive and to encourage com-
ing together, and also inspiring enough to ensure that people do come. Green space 
is not public space unless there are members of the public in it.

There are obvious design issues here that include the need to address the barriers 
that different people may encounter in accessing public gardens.

Can people get to and around these spaces and are they available to all members 
to society? The Making Connections survey (Price and Stoneham 2001, Stoneham 
and Thoday 1994) and the Diversity Review (Countryside Agency 2005) highlight-
ed the extent to which our public greenspaces are only available for some segments 
of the population, and some groups (disabled people, older people, people with 
chronic health issues) are impacted by a range of barriers to access.

Inclusive design puts a focus on designing to include the widest range of people. 
The Access Chain is a methodology created by the Sensory Trust to identify and 
overcome these barriers by seeing a visit through the perspective of a visitor. The 
Social Sustainability Toolkit: inclusive design was developed by the Sensory Trust 
and Eden Project to integrate an inclusive approach within the wider framework of 
sustainable design (Stoneham and Thompson 2011).

But access alone does not make a successful public space. The feel of the place, 
and the range of experiences on offer, is critical in determining how successful an 
outdoor space will be in attracting people, how long they are likely to stay and how 
they will choose to spend their time when they are there (Stoneham 2004).

Jane Jacobs of the most influential writers to put the focus on a sense of place, 
and how the makeup of a space impacts on the way it feels and how people behave 
(Jacobs 1992). Along with Oscar Newman (Newman 1973) and William Whyte 
(Whyte 1980) she highlighted that one of the simplest ways of improving the safety 
of a public space was to have people in it—a place that is well used feels safe.

One of the key ingredients is seating (Marcus and Francis 1997). This is one 
of the least expensive and easiest to provide, and yet one of the most consistently 
overlooked aspects of park design. The presence of seats is important on two levels. 
One is to provide resting points for people who need them, particularly older people 
and those with limited stamina. The second is to provide the opportunity for dwell 
time—moments when people are not on the move, when they have the chance to 
stop and absorb the place, time when they can be private or can socialise with oth-
ers. This use of seating is given less attention, but it has a crucial influence on the 
overall behaviour of people in a public space.

The design and arrangement of seats is important—park benches work well for 
couples but they do not lend themselves to groups who want to socialise, people 
need different seats and seating arrangements for that. The more inventive parks 
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(e.g. Bryant Park in New York) have understood this well and provide a diversity of 
seats—moveable ones that people can arrange as they wish, benches, picnic style 
tables with chess tables, circular ones… the list is endless (Fig. 27.2).

In more natural settings there is often a tension between a desire to have peo-
ple in the space, but without visual signs of them being there. The case for giving 
more attention to furnishings that enhance the visitor experience is not helped by 
examples that have littered their sites with furniture that is out of keeping with 
the landscape character and largely destroys the feel of the place. Furniture that is 
sensitively designed and located is surely the answer to ensuring these spaces can 
be used by the full range of people and offering experiences that include the oppor-
tunity to pause and absorb

Sharing food is one of the most simple and effective ways of inspiring people to 
interact with others and some research has recognised the value of food in this way 
(Morrison 1996). There is a trend for more urban parks to provide cafes and restau-
rants, recognising the attraction of drinking and eating in green surrounds. How-
ever, it is rare to find opportunities for more active participation and sharing of food.

The opportunity to engage in events, performance, exhibitions, celebrations is 
another important ingredient of a successful social space. It is one that connects to 
the earliest use of flowers, plants and green spaces.

Provision for sport and play has been headlined in recent years as part of the 
leisure and recreational role of green spaces, but in the main our green spaces pro-
vide for a relatively limited range of pursuits. Football pitches are important for the 
people who engage, and biking adds another popular dimension but these do not 
come near to providing for the full range of interests across the ages, genders and 
abilities. There are positive trends emerging, like the installation of outdoor table 
tennis tables, chess tables and other recreational facilities.

Ultimately though some of the real social values of horticulture can only be 
realised by giving members of that society an opportunity to participate in growing 
and garden making. Private gardens are of course important in this regard, but many 

Fig. 27.2  A sunny day in 
Bryant Park is an excellent 
opportunity to see how effec-
tively a park can provide for 
the diverse ways that people 
want to use the space
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people don’t have them and in new developments the gardens that are provided are 
becoming tiny. But more fundamentally gardens that create society are gardens that 
inspire shared conversations. They need to be places where people meet on some 
sort of shared endeavour, and ideally visible so that other people stop and ask ques-
tions and talk.

The growth in community gardens and food growing projects has helped enor-
mously in this regard (Draper and Freedman 2010; Hynes 1996; Lawson 2005; 
Lewis 1996). Not all food growing spaces are social. Allotments in the UK are typi-
cally very rule bound and defined very clearly as parcels of private space. The most 
interesting examples of social horticulture come from gardens where people grow 
collectively, producing food for shared use or sale, as this inspires conversation, 
collaboration and sharing. The value of such approaches has been recognised in the 
development of civic and urban agriculture (DeLind 2002).

Community gardens are not always about food growing, some are play spaces, 
ornamental gardens, recreational spaces (Payne and Fryman 2001). In many cases 
though they have inherited habits of design from public space that don’t always 
encourage social and community strengthening—e.g. benches are isolated and there 
are no shared eating spaces. The essence of what makes a community garden is the 
social interaction and, ideally, mutual support between the gardeners that helps to 
create relationships.

Conclusions

There is no doubt that public horticulture is in crisis in much of the world. Global 
economic recession and austerity drives by government have turned what has been 
a chronic pressure to reduce funds into an acute one (Harding 1999). To counter this 
trend and to save what is left we need stronger arguments that in turn can only come 
from a much stronger insights into the value that green spaces and parks really do 
provide.

This isn’t a call for more research studies on environmental wellbeing so much 
as a call for a more robust narrative of the political, social and cultural importance 
of what we do and the use of clearer language to express it to others. No matter how 
much evidence there is that contact with nature does us good, and no matter how 
much evidence there is of the economic value that nature provides, our society is 
clearly ambivalent about public greenspace.

Many of us value holidays in natural spaces, many of us put enormous time, and 
resources, into growing our own gardens. And yet the commitment to funding parks 
and other community facilities flickers in and out (Harding 1999). Despite attempts 
to introduce and enforce minimum standards we still build houses and workplaces 
without meaningful access to green spaces—mainly because no one wants to pick 
up the maintenance bill.

Humans are social and cultural beings. We sometimes appreciate escaping from 
the trappings and business of our culture, to leave our common world behind in 
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wilder places, but we return to our own societies as these are the fundamental set-
ting for our lives. It is when horticulture aligns strongly with a social or cultural 
need, that people will respond and value what is created the most.

But more fundamental than that is the role of gardens as places where society 
is created and re-affirmed. Without shared land that we can all access together and 
meet each other we risk an even greater drift to a becoming a population of consum-
ers rather than a society of citizens and companions.

Gardens also represent an interface between humans and nature. They are not, 
by most definitions, natural spaces they only exist because of human presence and 
agency. But that need not mean that they are in some way poorer for that. We have 
developed a strong sense and philosophy in our current culture that nature is some-
thing other than us, and it is best served by leaving it alone. If we could develop 
a parallel understanding that nature and people can sometimes work in beneficial 
partnership, and that humans can sometimes leave the world better than we found 
it, then the implications are profound. Gardens are where that partnership can be 
forged.
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Abstract A growing body of evidences suggests that the regular consumption of 
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belonging to four main classes: polyphenols, terpenoids, sulphur compounds and 
alkaloids. Polyphenols, and to a certain extent carotenoids and sulphur containing 
compounds have been shown through epidemiological cohort studies or through 
mechanistic in vitro or animal studies, to prevent coronary heart diseases, chronic 
inflammatory diseases, obesity, diabetes, neurodegenerative diseases, cancer, mac-
ular degeneration, and many others. Owing to their particular chemical structure, 
theses phytochemicals display strong antioxidant capacity in vitro. Yet due to their 
poor bioavailability and their short residence time in the organism, it is more and 
more admitted that these molecules trigger detoxification mechanisms in the body 
and induce genes associated with energy metabolism, anti-inflammation and endog-
enous-antioxidant network at the cellular level.

This chapter describes the different phytochemicals found in FAV with emphasis 
on polyphenols, the most important class of compounds in relation to health ben-
efits and amounts ingested on a daily basis in our diet. The contribution of these 
chemicals to the prevention of chronic diseases is covered and new insights on 
their possible mode of action are discussed. The scope of this chapter is broad and 
intends to brush an overview of this very complex and dynamic field of research, at 
the interface between plant and human physiology. The reader is guided and often 
referred to bibliographic reviews on topics as diverse and eclectic as phytochemi-
cals biosynthesis, bioavailability, inflammatory responses, cancer etiology, appetite 
control, insulin resistance, and cognition.
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Introduction

It is implicitly accepted that fruit and vegetables (FAV) are good for you. Actually, 
many nutritionists and clinicians now consider fruit and vegetables consumption as 
a solution to many “diseases of civilization”. These horticultural products bring di-
versity and stimulate our senses by having organoleptic properties like color, flavor, 
and texture and contribute to our appetite. FAVs have long been recognized for their 
nutritive value. They are excellent sources of minerals, essential fatty acids and 
fibers, but are also unique sources of vitamins (C, E, B, and folic acid). Most of all, 
they are rich sources of bioactive phytochemicals. They are considered energy poor 
and contribute, through their high content in non-digestible fibers, to the feeling of 
satiety. For these reasons, the consumption of FAV and plants in general are at the 
base of most for food pyramid (Anon 2011). For some, FAV are the most important 
component of the diet and contribute to a healthy living (Hung et al. 2004). For 
example, the Mediterranean diet, which is reputed for its quality and is largely com-
posed of fish, alpha-linoleic acid and FAV has been associated with the low inci-
dence of cardiovascular disease of population living in the Mediterranean bassin (de 
Lorgeril et al. 1994). Other diets, like the Portfolio diet, a reconstitution of the diet 
of our simian ancestors, is relying on the consumption of high levels of fibers, phy-
tosterols, vegetables and nuts and has been show repetitively to confer significant 
cholesterol-lowering capacity and reduce the incidence of atherosclerosis (Kendall 
and Jenkins 2004). Indeed, a growing body of evidence suggests that the regular 
consumption of a phytochemical-rich diet reduces the risk of many chronic human 
illnesses and increases life span and quality in humans (Anon 2007; He et al. 2006).

New evidences support the fact that FAV are important in the prevention of 
cardiovascular (Van’t Veer et al. 2000), vision (Snodderly 1995), bone (Baile 
et al. 2011), and pulmonary health (Trichopoulou et al. 2003). The World Health 
Organization has recognized this fact and is actively promoting the consumption 
of FAV to reduce the incidence of chronic disease (Anon 2007) and public health 
and growers organization in different countries, regrouped under the umbrella 
of IFAVA (Anon 2006) are actively promoting the consumption of FAV through 
the different 5 to 10 a day programs worldwide. There are many epidemiological 
studies linking the consumption of FAV and/or their constituents to beneficial 
health effects. For instance, many cohort and case-control epidemiological stud-
ies and even intervention studies show the beneficial effects of FAV. In general, 
an inverse association is found between FAV consumption and cardiovascular 
disease (SUVIMAX cohort study) (Bazzano 2006; Hercberg et al. 2004), chronic 
inflammatory diseases (Hermsdorff et al. 2010), diabetes (Bazzano 2005; Ham-
er and Chida 2007), obesity (Carlton Tohill 2005), neurodegenerative diseases 
(Cherniack 2012), and many more. However, the evidence for this effect is not as 
solid for cancer (World Cancer Research Fund 2007) and recently some doubts 
have been expressed on the link between FAV and coronary hearth disease pre-
vention (Dauchet et al. 2009) since FAV consumption is often confounded with 
other general healthier life habits like non-smoking, reduced alcohol consump-
tion, just to list a few.
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The majority of the studies published over the last 20 years have focused on the 
identification and demonstration of the activity of bioactive compounds of FAV in 
vitro. They are mostly observational and results are often conflicting. The validity 
of in vitro studies is contested because they provide an incomplete and often biased 
image of the benefits of FAV to health. Other parameters must thus be considered 
since the responses of humans to the food they consume are complex and influ-
enced by many confounding factors. Too many studies have not taken into account 
the poor bioavailability, the interactions between the phytonutrients and have often 
used supra-optimal non-physiological doses of bioactive compounds to demonstrate 
their effect and have thus lead to incorrect conclusions on their potential effects. 
Moreover, these effects have proved to be difficult to reproduce in human clinical 
trials. Taking into account these caveats, new hypothesis on the mode of action of 
phytonutrients lean toward a general anti-inflammatory and cell-signaling action.

This chapter is thus intended to briefly review the most pertinent scientific lit-
erature on the topic of health effects of FAV and highlights which components are 
responsible for disease protection and the most probable mechanisms by which they 
confer these effects. Many excellent reviews on the topic are also available (Crozier 
et al. 2006, 2009).

FAV are Rich Sources of Nutrients

FAV are rich sources of minerals and vitamins in the diet. They provide large 
amount of phosphorus, potassium, calcium, magnesium, iron and zinc. They also 
contain unsaturated lipids and are a very rich source of vitamins and in particular 
vitamin-C (Table 28.1). Interestingly, they contain a high proportion of water, and 
have a high content in non-digestible fibers, which have been shown to reduce their 
energy density (Carlton Tohill 2005). Adding FAV to the diet reduces the overall en-
ergy density, increasing the amount of food that can be consumed for a given level 
of calories. Many comprehensive reviews have evaluated the effect of dietary fibre 
content on satiety, overall energy intake and body weight (Kim and Park 2011).

Phytochemicals Found in FAV

FAV accumulate several hundred of thousands of so-called “secondary metabolites” 
to protect themselves from biotic stress like bacteria, fungi and insects (Klieben-
stien 2004) and abiotic stress (Dixon and Paiva 1995). These chemicals are essential 
components of the adaptive arsenal of the plant to the environment and are involved 
in biotic and abiotic stress protection, cell signaling, plant development, pollinator 
attraction, plant-microorganism interaction, plant defense, herbivore repulsion and 
seed dispersion. These phytochemicals are regrouped into four broad classes ac-
cording to their chemical structure: polyphenols, terpenoids, sulphur compounds, 
and alkaloids (Fig. 28.1 and Table 28.2).
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Bioactive Phytochemicals
(non-essential micronutrients)

Fig. 28.1  Different classes of bioactive phytochemicals found in FAV

 

 

Table 28.2  Photochemicals found in fruit and vegetables
Bioactive compound family Primary source in fruits and 

vegetables
Database/source

Terpenoids
Carotenoids Leafy vegetables, red and yel-

low fruits and vegetables
USDA nutrient database 

(Kimura and Rodriguez-
Amaya 2003; Rodriguez-
Amaya et al. 2008)

Monoterpenes Citrus, cherries, mint and 
herbs

Saponins Alliaceae, asparagus (Güçlü-Üstünda and Mazza 
2007)

Apocarotenoids Fruits (Bouvier et al. 2005)
Polyphenols
Phenolic acids Small fruits, apples, fruit and 

vegetables
(Rothwell et al. 2012)

Hydrolysable tannins FAV, pomegrenate, raspberry (Clifford and Scalbert 2000)
Stylbenes Grapes, small fruits (Waffo-Teguo et al. 2008)
Proanthocyanidins FAV, cacao, small fruits, cran-

berry, blueberry
(Anon 2003)

Monophenolic alcohols tyrosol Olive oil, wine (Romero et al. 2002)
Organo sulphur compounds
Glucosinolates Brassicaceae (McNaughton and Marks 2003)
γ-Glutamyl cysteine 

sulphoxides
Alliaceae (Griffiths et al. 2002)

Alkaloids
Capsaicin Chili Pepper (Surh and Sup Lee 1995)
Betalain Red Beet, Prickly pear, Pittaya (Stintzing and Carle 2007)
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Polyphenols

The evolution of terrestrial plants has coincided and probably been rendered pos-
sible through the acquisition of the capacity for phenol biosynthesis from phenyl-
alanine. Central to plant biology is the fact that these phenols polymerized to form 
lignin which provided mechanical support to plants, and through combined action 
of cutin and suberin, provided protection against desiccation and consequently the 
conquest of dry environments (Parr and Bolwell 2000). These molecules designated 
as polyphenols constitute a very heterogeneous group of molecules with almost 
100,000 individual chemical species. This large number of known structures owe 
to the glycoside complexity of flavonoids, the variable stereochemistry of the mol-
ecules and their capacity to form polymers (Harborne 1977).

Polyphenols are characterized by the presence of one or more benzene ring bear-
ing one or many hydroxyl groups. They can be very simple ring molecules of 6C, 
but can be much more complex structures with many functional groups or poly-
mers (Table 28.3). Within this complex class, flavonoids are the most relevant to 
biology and food technology. The flavonoids are made of 15 C and are regrouped 
into ten classes based on the structure of the central heterocycle (Fig. 28.2) and 
their degree of oxidation. The most oxidized form corresponds to the anthocyanins, 
which confer color to fruits, while the reduced form correspond to flavan-3-ols, 
known for their astringency and health properties. The vast majority of polyphenols 
is water-soluble and is sequestered in vacuoles in glycosylated form, while some 
are lipophilic (flavone, flavonol methyl esters) and will thus dissolve in waxes and 
be encountered in the epidermis of plants. The glycosylated flavonoids need to be 
stripped of their sugar moiety before absorption by the gut epithelium. Polyphenols 
are generally nucleophilic on the basis of their oxygen atom in the heterocyclic 
pyrane C ring, also the presence of many double bounds in the aromatic rings and 
the presence of hydroxyl groups in ortho- and para- position on the A and B ring. 
They are thus strong antioxidants. They will often complex with metal ions and 
contribute to the vivid blue color of some flowers. The presence of metal ions also 
multiplies the antioxidant capacity. Due to the presence of many hydroxyl groups, 
most flavonoids will interact strongly with proteins (Dangles and Dufour 2006) and 
with enzymes (McDougall and Stewart 2005). They will contribute to the sensation 
of astringency by binding proline and tyrosine found in saliva and mouth epithelial 
proteins (Haslam and Lilley 1988).

Food Sources of Polyphenols

FAV and beverage like wine are especially rich sources of polyphenols and in par-
ticular of flavonoids (Table 28.4). Their specific content depends on the species, 
the degree of maturity of the crop, the cultural management, the processing, the 
way they are cooked and stored. It is generally considered that the total flavonoid 
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Carbon skeleton Class Type Source
C6 Simple 

phenol
Catechol Many species, 

degradation 
products

C6-C1 Hydroxyben-
zoic acid

P-benzoic 
acid, gallic 
acid, pro-
tocatecuic 
acid

Spices, 
strawberry, 
raspberry, 
blackberry

C6-C3 Hydroxycin-
namic 
acid, 
coumaric 
acid

Caffeic acid Apples, citrus, 
potatoes, cof-
fee (green), 
blueberry, 
spinach, 

C6-C4 Naphtoqui-
nones

Juglone Nuts

C6-C2-C6 Stylbenes Resveratrol, 
viniferine

Grapes, wine

C6-C3-C6 Flavonoids Quercetine, 
anthocyanin

Fruits, onion

(C6-C3)2 Lignans Pinoresinol, 
seicoisolar-
iciresinol

Pine, kale, broc-
coli, apricot, 
strawberry

Table 28.3  Main classes of phenolic compounds found in fruit and vegetables. (Macheix et al. 1990)
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Table 28.3  (continued)
Carbon skeleton Class Type Source
(C6-C3)n Lignin Stone fruits
(C6-C3-C6)n Condensed 

tannins
Proanthocy-

anidins
Most fruits, 

cranberry, 
persim-
mon, nuts, 
chocolate

Hydro-
soluble 
tannins

Ellagitannins, 
Sanguiin 
H10

Strawberry, 
rubus, pome-
granate, nuts

Iso�avone

Flavanol

Flavone

Flavonol

Anthocyanin
Flavanone

Fig. 28.2  Different classes of flavonoids found in FAV
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intake of occidentals is about 1 g/d (Kuhnau 1976; Scalbert and Williamson 2000). 
According to Brat et al. (2006), FAV consumption in France accounts for about 
30 % of the overall daily polyphenol intake, which reach about 287 mg GAE/d. 
Other sources of polyphenols in the diet come from beverages like tea, coffee and 
wine but also from cereals. Moreover, humans consume a significant proportion of 
their polyphenols in a polymeric form as proanthocyanidins (PAC), which are often 
neglected (Saura-Calixto 2012). It is believed that oligomeric and polymeric forms 
of PAC are not absorbed by the enterocyte (Deprez et al. 2001) and are thus broken 
down by the gut bacteria where they provide prebiotic benefits (Williamson and 
Clifford 2010). The PAC are found in large quantities in small fruits like blueberry, 
cranberry and strawberry and are also abundant in nuts and especially hazelnuts, 
pecan, pistachio and almonds where their concentration can reach 500, 494, 237 and 
184 mg/100 g F.W. respectively (Anon 2003).

Sulphur Compounds

Glucosinolates

Glucosinolates are amino-derived secondary plant metabolites containing a 
β-thioglucosyl moiety linked to an α-carbon forming a sulphated ketoxime 
(Fig. 28.3). They are found in the family of Brassicacea and are involved in plant/
insects-pathogens interactions, and in plant development. The glucosinolate mol-
ecule is not involved as such in the biotic interactions but requires an hydrolysis 
catalyzed by a β-thioglucosidase, also called myrosinase to release the toxic isothio-
cyanate molecules. More than 120 glucosinolates have been identified in different 
species (Rosa et al. 1997) (Table 28.5).

Table 28.4  Sources of flavonoids in fruit and vegetables
Subclass Compounds Primary source
Flavonols Quercetin, myricetin, kaempferol, rutin, 

isorhamnetin
Onion, apples, cranberry, broccoli, 

berries, olives, bananas, lettuce, 
plums, grapes, wine

Favanones Hesperin, hesperidin, naringin, narin-
genin, eriodictol

Citrus

Flavan-3-ols Catechin, epicatechin, galloylated 
derivatives

Tea, plums, apple, cranberries, ber-
ries, chocolate

Flavones Luteolin, apigenin Apples, Apiaceae, celery, sweet red 
pepper, parsley, oregano, lettuce, 
beet

Anthocyanins Cyanidin, delphinidin, pelargonidin, 
malvidin, peonidin, petunidin (mostly 
as glycosides)

Berries, red fruits, red cabbage, 
eggplant
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Glucosinolates levels in plants are largely determined by their genetic make up 
(Rosa et al. 1997) but they are also influenced by abiotic factors like nitrogen, sul-
phur, or potassium supply (Verkerk et al. 2009). However, genes involved in gluco-
sinolate biosynthesis are also induced by herbivore and pathogen attacks (Agrawal 
and Kurashige 2003; Brader et al. 2001). Jasmonate and salicylate involved in 
wounding and herbivory signal transduction increases glucosinolate concentration 
(Doughty et al. 1995; Kiddle et al. 1994).

Plants have developed efficient defenses against herbivores and pathogens 
whereby glucosinolate are transformed into isothiocyanate when placed in presence 
of a thioglucosidase also known as myrosinase (Fig. 28.4). Under normal condi-
tions, the precursor molecule and enzyme are compartmentalized in different tis-
sues; glucosinolates are scattered in vacuoles of most organs while the glucosi-
dase occur only in specific cells called myrosin cells, scattered throughout the plant 

Fig. 28.3  Chemical structure of different common glucosinolates and ensuing thiocyanate
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along the vascular system. Following physical damages, crushing or biting, gluco-
sinolates will be placed in physical contact with the hydrolyzing enzyme and will 
release the thiocyanate. The type of hydrolysis product generated depends on the 
chemical nature of the parent glucosinolate side-chain and is also modulated by the 
presence of proteins associated to the enzyme myrosinase (epithiospecifier protein) 
responsible for cleaving glucose from its bond to the sulphur atom of the molecule 
(Kliebenstein et al. 2005) (Table 28.6).

Table 28.5  Type of glucosinolate accumulated in different Brassica species, and their related thio-
cyanate. (Adapted from Verkerk et al. (2009)
Species Glucosinolates Average range (mg/100 g F.W.)
Cabbage
Brassica oleracea var. capitata 

F. alba

Sinigrin
Indole glucosinolate
Glucoiberin

 21
 30

Radish
Raphanus sativus var. sativus

Dihydroerucin
Gluraphenin
Indole glucosinolate

168
 7
 6

Mustard
Brassica juncea

Sinigrin
Gluconapin
Indole glucosinolate

330
 96
 44

Rocket (Arugula)
Eruca sativa

4-mercaptobutyl
Gluraphanin
Glucoerucin
Indole glucosinolate

 51
 3
 3
 0.5

Broccoli
Brassica oleracea var italic

Glucoraphanin
Indole glucosinolate

 20
 6

Cauliflower
Brassica oleracea var botrytis

Glucoraphanin
Sinigrin
Glucoiberin

 11
 8
 3

Turnip
Brassica rapa ssp. Rapa

Pro-goitrin
Indole glucosinolate
Gluconasturnin

 10
 15
 10

Red cabbage
Brassica oleracea var. capitata 

F. alba

Glucoraphanin
Sinigrin
Glucoiberin
Indole glucosinolate

 11
 10
 9
 22

Chinese broccoli
Brassica rapa var. alboglabra

Gluconapin
Glucoraphanin
Pro-goitrin
Indole glucosinolate

 76
 39
 19
127

Brussels sprouts
Brassica oleracea var gemmifera

Sinigrin
Glucoiberin
Indole glucosinolate

 23
 9
 36

Chinese cabbage
Brassica campestris spp. 

pekinensis

Glucobrassiconapin
Progroitrin
Indole glucosinolate
Aromatic glucosinolate

 4
 3
 6
 5
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Glucosinolate per se have no beneficial biological activity once ingested. Yet, 
once the sugar moiety is cleaved by myrosinase or by digestive enzymes, the result-
ing unstable aglycone form iso-thiocyanate or thiocyanate, which display beneficial 
health properties. One of these, sulphoraphane, is the active hydrolysis compound 
of the glucosinolate glucoraphanin found especially in broccoli florets, stems and 
sprouts (Fahey et al. 1997). Keck and Finley (2004) have shown that sulphoraphane 
is a strong inducer of phase II enzymes and can thus conjugate xenobiotics and 
transform them is such a way that they can be excreted through urine of the diges-
tive tract (Verkerk et al. 2009).

S-Alk(en)yl-Cysteine Suphoxides

Allium species are important agronomic crops worldwide. They possess character-
istic flavor, conferred by specific sulphur compounds and by numerous volatiles and 
are largely utilized by different societies around the world as a staple food. The vol-
atile sulphur compounds are generated through enzymatic reactions of non-volatile 
precursors (S-alk(en)yl L-cysteine sulphoxides). Different alliums will accumulate 
different amounts of these precursors; onion for instance will majorly accumulate 
1-propenyl(vinyl-methyl), while garlic accumulate the allyl (methyl-vinyl 2-prope-

Fig. 28.4  Biosynthetic pathway of S-Alk(en)yll cysteine sulphoxides in Alliaceae
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nyl) derivatives and chives accumulate 5-propyl cysteine sulphoxides (Fig. 28.5). 
Sulphur compounds are integral part of allium metabolism and cysteine sulphoxide 
in some alliums represent up to 1 % of their fresh weight (Kubec et al. 2000). Ac-
cording to Lancaster and Kelly (1983), non-protein cysteine and glutathione and its 
derivatives account for almost 5 % of the plant dry weight. As for glucosinolates 
in brassicas, sulphur compounds in alliums are believed to participate to defense 
protection against pathogens and herbivores (Brewster 1994). They present both 
antifungal and antibacterial properties. The enzyme is also stored in a different cel-
lular compartment (vacuoles) than its substrate (cytoplasm) and will generate the 
highly reactive sulfenic acids upon disruption of the cellular integrity after either 
slicing, mashing or bruising the bulbs. Sulfenic acids will spontaneously condense 
and inter-react to form many different thiosulfinates, a class of highly volatile and 
strong smelling compounds characteristics to most allium species. More than 80 
volatile compounds of this class have been identified in the head-space of fresh or 
cooked alliums (Brewster 1994). The kinetics of cysteine sulphoxide hydrolysis 
and the reactivity of the initial sulfenic acid generated influence the type of thiosul-
finates formed, hence the difference in flavor of fresh, boiled or fried onions.

Table 28.6  Polyphenol content of typical fruit and vegetables. (Adapted from Phenol-Explorer 2 
(Rothwell et al. 2012; Brat et al. 2006))
Fruit and vegetable types Polyphenol content (mg/100 g F.W.)
Apple 328
Asparagus 23
Banana 52
Blueberry 630
Blackcurrent 621
Broccoli 98
Cabbage
Cashew nuts 295
Carrots 16
Cauliflower 13
Cranberry 17
Cherry 94
Onion 76
French bean 10
Grapes 195
Guava 186
Leek 33
Papaya 27
Lettuce
Pear 69
Pineapple 103
Mango 68
Melon  8
Oranges 31
Starfruit 66
Watermelon 12
Tomato 14
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Both volatile and non-volatile compounds from alliums are reported to be effec-
tive in the prevention of many diseases (Griffiths et al. 2002). Traditional wisdom, 
and scientific literature to date, which represent more the 3000 publications, have 
confirmed the health benefits of onion and garlic in particular (Corzo-MartÌnez et al. 
2007). These benefits include reduction of risk factors for cardiovascular diseases 
(Ali et al. 2000; Milner 2001), reduction in cancer incidence (Fleischauer and Arab 
2001), reduction of inflammatory response (Srivastava 1986), enhanced xenobiotic 
detoxification (Munday et al. 2003), antioxidant properties (Prasad et al. 1995), 
antibiotic and antifungal properties (Lancaster and Kelly 1983; Rose et al. 2005).

Fig. 28.5  Typical structure of carotenoids and apocarotenoids found in fruit and vegetables
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Terpenoids

Carotenoids

Carotenoids belong to a widespread group of plant pigments, represented by more 
than 600 structurally different molecules (Fraser and Bramley 2004). According to 
Bendich (1993), more than 60 sources of carotenoids are found in the human diet 
and they provide a number of beneficial effects on health. FAV constitute the major 
source of carotenoids in the human diet (Table 28.7). Carotenoids are isoprenoid 
polymers (C40) made up of a long symmetric aliphatic chain with many double 
bounds (Fig. 28.5). This molecule can undergo many conformational changes and is 
found mostly as trans- stereoisomers in FAV. Most non-oxygenated forms of carot-
enoids display pro-vitamin A activity (Fraser and Bramley 2004), act as strong anti-
oxidants (Gramann and Gerald 2005; Palozza and Krinsky 1992), enhance immune 
function (Rao and Rao 2007), can protect the skin from UV radiation (Mathews-
Roth 1993), and can prevent macular degeneration (Snodderly 1995). Moreover 
and more generally, carotenoids have been shown to reduce the incidence of certain 
types of cancer (Knekt et al. 1999; Limpens et al. 2006), reduce the incidence of 
cardiovascular diseases (Klipstein-Goldberg et al. 2000; Voutilainen et al. 2006), re-
duce diabetes (Ford et al. 1999), and strengthen the immune system (Hughes 1999; 

Table 28.7  Total carotenoid content of common FAV. (Adapted from van den berg et al. (2000) 
and Almeida-Melo et al. (2006)

Total carotenoids (mg/100 g F.W.) Type of carotenoids
Fruits
Banana 1 β -carotenoid, lutein
Guava 4.3 Lycopene, β-carotene
Mango 0.3–7.6 β -carotene, β -cryptoxanthin
Melon β -carotene, β -cryptoxanthin
Orange 2.8 β -cryptoxanthin, β -carotene, 

α-carotene
Papaya 2.4–7.3 Lycopene, β -carotene, β 

-cryptoxanthin, 
Peach 0.5–2.1 β -carotene, β -cryptoxanthin
Watermelon 2.4–7.3 Lycopene, β -cryptoxanthin, β 

-carotene
Vegetables
Broccoli 1–44 Lutein, β -carotene
Carrots 1–64 β -carotene, α -carotene
Green bean 3 β -carotene, lutein
Kale
Lettuce 7.5 Lutein, β -carotene
Pepper red 5 β -carotene, β -cryptoxanthin, lutein
Spinach 2.8–44 β -carotene, lutein
Sweet potato 0.3–8 β -carotene, β -cryptoxanthin
Tomato 1–63 Lycopene, lutein, β -carotene
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Riso et al. 2006). These beneficial effects are believed to derive from the presence 
of the many conjugated double bonds (up to 13). This unique arrangement of double 
bonds on the aliphatic chain, imparts the characteristic yellow, orange and red co-
lour of carotenoid pigments. It also explains the strong antioxidant capacity of these 
molecules in lipophilic environments, owing to their singlet oxygen quenching ca-
pacity and electron delocalisation. Yet carotenoids as most antioxidant molecules 
can become pro-oxidants in certain conditions. As a matter of fact, two studies, 
the Alpha-Tocopherol Beta-Carotene (ATBC) (Goodman et al. 2004) and the β-
Carotene and Retinol Efficiency Trial (CARET) (Omenn et al. 1996) respectively 
showed that β-carotene increased the incidence of cardiovascular diseases and in-
creased mortality in groups of smokers probably through a pro-oxidant activity.

Apocarotenoids

Greater attention is recently being placed on the health effects of carotenoids deg-
radation products also known as apocarotenoids (Bouvier et al. 2005). Among this 
group of molecules, ABA and ABA metabolites are standing out for their bioactiv-
ity. Indeed, recent report from Guri’s laboratory demonstrate that administration 
of pure ABA is involved in the etiology of diabetes (Bassaganya-Riera et al. 2010; 
Guri et al. 2010a), atherosclerosis (Guri et al. 2010b), and inflammatory bowel 
disease (Guri et al. 2007). Work by Bruzzone et al. (2008) show that picomolar 
concentration of ABA can influence insulin release from human pancreatic islets via 
cyclic adenosine signaling cascade. These authors claim that ABA is endogenously 
produced by human granulocytes and act as pro-inflammatory cytokines (Bruzzone 
et al. 2007). Since ABA was identified in mammalian brain (Lepage-Degivry et al. 
1986), it is believed that it could also act as a neuromodulator (Bodrato et al. 2009). 
Berries are rich sources of ABA and ABA-glucose esters so are other seed sources 
(Jia et al. 2011; Zifkin et al. 2012).

 

Fig. 28.6  Chemical structure of Diosgenin a common saponin found in FAV
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Triterpene Saponins

Saponins are constituted of a triterpene backbone to which are attached different 
glycosides (Fig. 28.6). They are present in oats, allium species (leek, garlic), as-
paragus, tea, spinach, sugarbeet, and yam (Price et al. 1987). Saponins have been 
reported to possess a wide range of biological activities and in particular to have 
analgesic, anti-inflammatory, antimicrobial, antimutagenic and antiobesity) proper-
ties (Güçlü-Üstünda and Mazza 2007).

Alkaloids

Capsaicins

Capsaicins are amide derivatives of vanillylamine and branched fatty acids chain. 
Typically, chilli pepper ( Capsicum sp.) accumulates capsaicinoids in their fruits. For 
example, this molecule class displays a very strong pungency due to its ability to 
interact with non-selective cation channel protein receptors and thus trigger a gen-
eral sensation of pain and heat in mammalians (Jordt et al. 2003). Healthwise, Surh 
and Lee (1995) have shown that capsaisins have anticarcinogenic properties and can 
induce apoptosis and thus display antitumoral activity. Capsaicinoids are also potent 
antioxidants (Kogure et al. 2002) and have been associated with increased energy 
expenditure in human and a decreased in long-term excess energy intake (Doucet and 
Tremblay 1997) and may thus be used therapeutically to control weight (Reinbach 
et al. 2009).

Health Effects of FAV Phytochemicals

FAVs and the Burden of Chronic Diseases

A huge body of evidence indicates that our current lifestyle, which includes smok-
ing, low physical activity and poor diet, has a major influence on our health. The 
WHO global report entitled ‘Preventing Chronic Diseases: A Vital Investment’ 
(Anon 2007), informs us that 60 % of all death on the globe are due to chronic 
disease and that 80 % of these deaths occur in low and low-middle income coun-
tries. Shockingly, a large proportion of these casualties could be avoided by simply 
adopting a healthier lifestyle. Indeed, a recent paper by Khaw et al. (2007) evalu-
ated the impact of behavioral factors to health and clearly demonstrated that adopt-
ing a healthy lifestyle could improve life expectancy of a population by 14 years. It 
can also reduce the incidence of diabetes by 80 % and cancers by 40 % (Anon 2004). 
Nutrition is probably the single most important factor affecting the health status of 
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the population; diet has long been linked to the development of chronic diseases 
and dietary modifications are one of the cornerstones of chronic disease prevention.

There is a substantial and growing body of evidence linking increase in FAVs 
consumption to a reduction of the risk of chronic diseases, increases lifespan and 
quality of life, while decreasing medical costs (Tomas-Barberan and Gil 2008). 
However, the components of FAVs responsible for these beneficial health effects 
are not entirely identified and the manner by which they exert this effect is still open 
to debate. FAVs accumulate several thousands phytochemicals with shown biologi-
cal activity against a number of illnesses in vitro. For example, glucosinolate and 
isothiocyanate found in Brassicas have been linked to cancer prevention (Talalay 
and Fahey 2001), polyphenols have been linked to cancer prevention, anti-inflam-
matory responses and prevention of coronary heart diseases (CHD) (Habauzit and 
Morand 2012), carotenoids found in leafy vegetables and carrots have been as-
sociated with a reduced incidence certain types of cancer (Gallicchio et al. 2008), 
prevention of cardiovascular diseases (Riccioni 2009), of macular degeneration 
(Sabour-Pickett et al. 2012) and with the strengthening of the immune system (Riso 
et al. 2006), while sulphur compounds found in onions have been related to CHD 
and cancer prevention (Corzo-Martínez et al. 2007).

Antioxidant Capacity

Much work has been conducted to determine the antioxidant capacity of FAV (Pro-
teggente et al. 2002). Antioxidants are protective agents that inactivate reactive oxy-
gen species and therefore significantly prevent oxidative damages. Most organisms 
living on earth have developed strong defenses against oxidation and rely in partic-
ular on superoxide dismutases, catalases, and glutathione peroxidases to attenuate 
the reactive oxygen species generated by the metabolism. In addition, antioxidants 
such as vitamin E, vitamin C, carotenoids and to a certain extent polyphenols are 
available from foods (Anon 2004, 2006). The role of dietary antioxidants in dis-
ease prevention has received much attention over the years. It is nowadays less 
prominent since recent evidences from research are shedding new light on the role 
of antioxidants in the etiology of diseases; the tenet that dietary antioxidants are 
responsible for the prevention of diseases is now much contested (Hollman et al. 
2011a; Scalbert et al. 2005). As a matter of fact, very few studies have shown that 
antioxidants were active in vivo (Frankel and German 2006; Halliwell et al. 2005) 
and some report that antioxidants can even have harmful effects in vivo (Perera and 
Bardeesy 2011; Ristow et al. 2009). Halliwell et al. (2005) caution that reports of in-
crease in plasma total antioxidant activity after flavonoid intake, must be interpreted 
with care since these may be caused by many confounding factors. For instance, 
the antioxidant effect of polyphenol on plasma has recently been challenged since 
any change in plasma antioxidant capacity after fruit consumption may be caused 
by fructose mediated increases in uric acid rather than fruit-derived antioxidants 
(Godycki-Cwirko et al. 2010; Lotito and Frei 2006). According Halliwell et al. 
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(2005), results obtained from in vitro experiments demonstrating positive response 
of antioxidants on disease end-points may simply be measurement artifacts and 
biases of experimentation (Long et al. 2000). Yet, it appears clear that many classes 
of phytochemicals found in FAV can stimulate the natural antioxidant capacity of 
the organism and prime the defense system against a number of diseases (Hollman 
et al. 2011b; Traka and Mithen 2009).

Bioavailability

For any phytochemicals to exert a systemic activity in the organism it has first to 
be bioavailable, in other words it has absorbed, enter the systemic circulation and 
reach the target tissues or organs at adequate levels and in an active form. Most 
bioactive phytochemicals derived from plants are recognized as xenobiotics and 
are thus poorly absorbed, or are aggressively conjugated in order to make them 
more water-soluble and ease their excretion. For instance, many researchers have 
reported that the bioavailability of plant polyphenols is very low (Del Rio et al. 
2010; Kroon et al. 2004; Manach et al. 2005; McGhie et al. 2003; Milbury et al. 
2010; Prior and Wu 2006; Scalbert and Williamson 2000; Spencer 2008). It is also 
accepted that the polyphenol glycoside moiety has to be removed before absorp-
tion. Yet, depending on the position of the glycoside attached to the flavonoid, the 
degree of polymerization or galloylation of flavan-3-ols, different quantity of the 
compound will be absorbed. Considering the complex and varying nature of the 
flavonoid glycosides found in FAV, one can understand that the bioavailability of 
the different polyphenols will fluctuate markedly in line with the different benefits 
stemming from their consumption. It is believed that interaction between differ-
ent polyphenolic species can result in synergism or antagonisms (Scheepens et al. 
2010). Knowing that specific polyphenols transporters are found at the surface of 
the intestine brush border, in particular the sodium-dependent glucose transporter 
(SGLT1), and that multidrug resistance proteins also participate in the elimination 
of xenobiotics and polyphenols, which are incidentally recognized as extraneous 
chemicals, it is assumed that different polyphenols can competitively interact at 
their site of absorption or elimination. In this context, the consumption of whole 
FAV, bringing a variety of polyphenols, is assume to confer more benefits than iso-
lated molecules owing to the potential synergies that can develop between the many 
polyphenols and an improved bioavailability at the target sites of action.

On the contrary, carotenoids are more bioavailable and can be found in relatively 
higher concentration unchanged in the plasma and in certain tissues and organs 
(Verkerk et al. 2009). Being liposoluble, they will be absorbed by passive diffusion 
after being incorporated into micelles formed by dietary fats and bile acids. The 
micellar carotenoids are then incorporated into chylomicrons and eventually into 
lipoproteins to be released into the blood stream (van den Berg et al. 2000). The 
carotenoids are mostly included into plasma membrane or stored in adipose tissues. 
Interestingly, cooking and heat liberate the carotenoids from the food matrix and 
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augment their bioavailability. It has been well demonstrated that absorption of lyco-
pene from processed tomato products for instance is higher than from raw tomatoes 
(Rao and Agarwal 1998). The half life of the carotenoids in the system is about 2 to 
3 days (Stahl and Sies 2005). β-carotene have been shown to accumulate in fat tis-
sues but lycopene accumulate in human adrenal glands, prostate, breasts, testes, and 
liver. Intake is about 4–25 mg/d in North America (Rao and Rao 2007).

A large proportion of the glucosinolates and metabolites reach the intestine 
where they undergo a massive attack and degradation by the colonic microflora. 
The remaining glucosinolates and thiocyanates are absorbed passively through 
the gut epithelium. Once in the enterocyte, they will be rapidly conjugated with 
glutathione and transported in the systemic circulation to be metabolized via the 
mercapturic acid pathway for their subsequent urinary excretion. As for polyphe-
nols, glucosinolates and their bioactive products are recognized as xenobiotics and 
are rapidly eliminated from the body after extensive metabolism in the liver, and 
enterocytes. Yet, by the action of sulfotransferases, isothiocyanate conjugates can 
release the free isothiocyanate at specific target tissue to display their biological 
activity (Traka and Mithen 2009). These molecules strongly bind to proteins like 
albumin and other glycoproteins. Sulforaphane is considered a poorer substrate that 
other glucosinolate to phase I enzymes which explains its longer residency in the 
body and thus higher bioactivity. The metabolites are most likely the molecules 
responsible for the beneficial effects.

Cardiovascular Diseases

Nutritional epidemiology has provided convincing evidence for the cardio-protec-
tive effects of the frequent consumption of FAV prompting health authorities to 
promote their consumption (Ness and Powles 1997). For instance, in the Kuopio 
Ischemic Heart Disease Risk Factor Study (KIHD), Rissanen et al. (2003) observed 
a clear association between FAV consumption and cardiovascular health. However, 
recent reassessment of the data reveals that FAV consumption is weakly associ-
ated with reduced risk of coronary heart disease in cohort studies; evidences for 
FAV consumption preventing cardiovascular disease remains scarce (Dauchet et al. 
2009). Yet, flavonoid and carotenoid intake have been linked to decreased morbid-
ity and mortality from coronary heart diseases (CHD) (Hertog et al. 1995; Riccioni 
2009; Voutilainen et al. 2006). The reported beneficial effects of these molecules on 
CHD risk are more than likely the result of a reduction in inflammation (Loke et al. 
2008b), and a reduced inhibition of LDL oxidation, which has been demonstrated 
both in vitro and in vivo (Fuhrman and Aviram 2001). The underlying mechanisms 
for these beneficial effects are believed to include improved endothelial function 
through improved nitric oxide balance (Schewe et al. 2008), decrease in cellular 
oxidative stress (Steffen et al. 2008), and inhibition of inflammation (Loke et al. 
2008b).

Oxidative stress and inflammation play a pivotal role in the initiation and pro-
gression of atherosclerosis and CHD. Atherosclerosis is a condition affecting the 
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coronary arteries in which gradual uptake of oxidized lipoproteins by the endothe-
lium and the resulting inflammatory response leads to deposition of plaques in the 
arterial walls and eventual restriction of blood flow which can aggravate or produce 
hypertension and eventually cause irreparable damage to the heart. The accumula-
tion of oxidized LDLs in the intima and their uptake by macrophages are early 
events in atherosclerosis that could be lessened by the presence of polyphenols. Fla-
vonoids contained in FAV may decrease the risk of developing atherosclerosis, due 
to their ability to inhibit low-density lipoprotein (LDL) oxidation (Arai et al. 2000; 
Basu et al. 2010), (Perez-Vizcaino et al. 2006), to up-regulate antioxidant enzyme 
expression (Wu et al. 2010), to reduce platelet aggregation and adhesion (Hubbard 
et al. 2006; Ostertag et al. 2010; Steffen et al. 2008), to reduce inflammatory re-
sponse of the vascular tissues (Perez-Vizcaino et al. 2006; Xie et al. 2011; Youdim 
et al. 2000), while also inducing endothelium-dependent vasodilation (Andriam-
beloson et al. 1998; Kalea et al. 2009; Loke et al. 2008a) and reducing blood pres-
sure (Edwards et al. 2007). Many researches show that polyphenols interact with 
the signaling pathways of immune and inflammatory cells (DeFuria et al. 2009; 
Rechner and Kroner 2005; Youdim et al. 2000). Such an action has been attributed 
to an improved vascular reactivity (Kalea et al. 2009) and in particular to an effect 
on iNOS activity and up-regulation of the endothelial nitric oxide synthase, both of 
which play a crucial role in maintaining cardiovascular homeostasis by favorably 
modulating blood pressure and reducing endothelial dysfunction, so as to maintain 
normal vascular function and blood pressure.

Obesity

Obesity, is fast becoming a worldwide health problem and has dramatically in-
creased in every continents in the last decade. The recent survey from the USA 
National Health and Nutrition Examination Survey (NHANES) show that approxi-
mately 35 % of men and women are obese (Flegal et al. 2012). In Europe, the preva-
lence of obesity (body mass index ≥ 30 kg/m2) has reached epidemic proportions, 
affecting more than 25 % of the population in countries like Spain, Poland, Czech 
Republic and Italy, in both men and women. A dramatic increase in overweight 
and obesity prevalence has also been observed in mainland China with 22.8 % and 
7.1 %, respectively, which represent an increase of 41 % and 97 % of the respective 
incidence when compared to 1992 (Chen 2008). This disturbing reality is correlated 
with an the exponential rise in the prevalence of type 2 diabetes (T2D), which is es-
timated to reach the appalling rate of 439 million cases by 2030 (Shaw et al. 2010).

Obesity is a complex outcome influenced by a variety of interacting factors in-
volving genetic, environmental, social and behavioral factors. It is ultimately the 
result of a disruption of the energy balance equation where energy intake surpasses 
its expenditure, resulting in the storage of excess energy into adipose tissue. Regu-
lating energy intake is not as easy as it may sound, since eating is regulated by an 
intricate network of hormonal messages affecting the central nervous system at the 
level of the hypothalamus and regulating appetite (Woods and D’Alessio 2008). 
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Indeed, more than 20 peptides with hormone activity (insulin, GLP-1, CCK, PYY, 
ghrelins, leptin, adiponectin and others) are produced by peripheral tissues (adi-
pose, muscular, pancreas, and the gut) linking adiposity levels and energy intake to 
the central nervous system (Kim and Park 2011).

A number of bioactive phytochemicals found in FAV have been shown to regu-
late energy balance and have an effect on weight gain and energy homeostasis (Kim 
and Park 2011). Specifically, many excellent literature reviews on the effect of poly-
phenols on energy metabolism and reduction type-2 diabetes (T2D) have recently 
been published (Basu and Lyons 2012; Cherniack 2011). T2D, a sequel of obesity 
and characterized by an hyperinsulinemia and insulin resistance belongs to a con-
stellation of factors (hyperglycemia, hypertension, insulin resistance, glucose intol-
erance and dyslipidemia) leading to a diet sensitive condition called the metabolic 
syndrome (Bland 2011). Adipocyte dysfunction is at the origin of the syndrome and 
is associated with macrophage infiltration in adipose tissue leading to the release 
of pro-inflammatory cytokines and activation of inflammatory signalling pathways, 
which can interfere with insulin action in skeletal muscle, liver and adipose tissue 
thus the concept of insulin resistance.

Mechanistic studies using in vitro models have provided evidence of the benefi-
cial effects of FAV polyphenols on hyperglycemia and hypertension, two significant 
CHD risk factors that coexist in metabolic syndrome (Hanhineva et al. 2010). For 
instance, polyphenols have been reported to exert beneficial effects on glucose ho-
meostasis by (i) inhibiting sugar and lipid digestive enzyme (McDougall et al. 2008), 
(ii) inhibiting glucose absorption (Serrano et al. 2009) (iii) protecting from glucotox-
icity through the reduction of advance glycation product formation (McIntyre et al. 
2009) and from pancreas β-cells toxicity(Martineau et al. 2006) (iv) increasing in-
sulin secretion (Adisakwattana et al. 2008), (v) improving glucose uptake in muscle 
and adipocytes (Grace et al. 2009), (vi) increasing hepatic glucokinase activity, (vii) 
suppressing gluconeogenesis (Burton-Freeman 2010) and (viii) controlling satiety 
(Molan et al. 2008). They can also protect against T2D through anti-inflammatory 
effect (González et al. 2011; Comalada et al. 2005). Indeed these authors showed that 
FAV polyphenols reduced a number of inflammatory biomarkers linked to insulin 
resistance and hyperglycemia such as TNF-a, IL-6, MCP-1, and iNOS (González 
et al. 2011). It is generally considered that polyphenols like quercetin (Dias et al. 
2005), proanthocyanidins (Serrano et al. 2009), hydroxycinnamic acids (Barone 
et al. 2009), and stylbenes (Alberdi et al. 2011; Baile et al. 2011) prevent the oc-
currence of T2D by modify carbohydrate, lipid and energy metabolisms. Moreover, 
many polyphenols and in particular flavonols and stylbenes present in large quan-
tities in onions and many other berries exert a myriad of anti-inflammatory, anti-
obesity, anti-steatosis and hypoglycemic effects through an AMPK-SIRT1-PPARγ-
dependent mechanisms (Alberdi et al. 2011; Baile et al. 2011), can lead to adipocyte 
differentiation (Moghe et al. 2012; Vuong et al. 2007) and increased the number 
of mitochondria and the energy expenditure (Pajuelo et al. 2011). In this context, 
resveratrol has been shown to mimic caloric restriction, increase lifespan and reduce 
inflammatory response leading to reduce T2D and energy metabolism dysfunction 
(Aires et al. 2012; Brasnyó et al. 2011; Szkudelska and Szkudelski 2010).
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Cancer

It is well accepted that consumption of FAV is associated with decreased risk of 
developing cancer (Cooke et al. 2005; Potter 2005; World Cancer Research Fund 
2007). Among all FAV, berries probably possess the best documented anti-tumoral 
properties (Duthie 2007; Neto 2007; Neto et al. 2008; Seeram 2008), but there 
are also strong epidemiological evidences showing that Alliaceae and Brassica-
ceae consumption are linked to reduced incidence of cancers (Griffiths et al. 2002; 
Verkerk et al. 2009). Cancer development is complex and is commonly recognized 
as a multi-factor process that requires the cumulative action of three main events: 
initiation, promotion and progression. At the base, the incipient causes leading to 
the initiation of cancers are DNA damages and the succeeding accumulation of 
mutations. Phytochemicals found in FAV have been shown to interfere at all stages 
of the etiology of cancer.

Polyphenols found in FAV have been shown to prevent the growth and progres-
sion of cancers in many in vitro and in animal models; (e.g. mice endothelial neo-
plasms (Gordillo et al. 2009), colorectal mucosal cells (Håkansson et al. 2012), 
prostate cancer cells (Matchett et al. 2006), colon cancer cells (Seeram et al. 2006; 
Suh et al. 2007), breast, cervix cancer cells (Wedge et al. 2001), HepG2 liver can-
cer cells (Kraft et al. 2006), HL-60 leukemia cells (Murphy et al. 2003), HCT-116 
and HT-29 human colon cells (Murphy et al. 2003; Ono et al. 2002), mammary 
carcinoma 4T1 cell lines (Mantena et al. 2006), breast cancer cells (Adams et al. 
2011; Adams et al. 2010) (Aiyer et al. 2012; Faria et al. 2010), prostate cancer cells 
(Matchett et al. 2006; Schmidt et al. 2006), meduloblastoma cell lines (Labbe et al. 
2009), and lung cancer cell lines (Kausar et al. 2012)). Actually, Aiyers et al. (Aiyer 
et al. 2012) has thoroughly reviewed the effect of polyphenols found in Vacciniums 
on receptor signaling and induction of cell death pathway. Moreover, polyphenols 
can mitigate the initial formation of tumors by blocking the action of carcinogens 
responsible for mutations. For instance, a blueberry extract was shown to induce 
phase II detoxification xenobiotic enzymes (quinone reductase) (Bomser et al. 
1996) and inhibit the initiation stage of chemically induced carcinogenesis in liver 
cancer cells (Smith et al. 2000).

In a similar manner, many prospective and epidemiological studies have also 
shown that the regular consumption of Alliums could have protective effects against 
cancer (Griffiths et al. 2002; Lampe 1999). For instance, there appears to be a strong 
link between the consumption of onions and the reduced incidence of stomach and 
intestine cancers (You et al. 2005). The Epic Prospective Study, conducted on more 
than half a million subjects, showed clear correlation between onion consumption 
and reduction in intestinal and stomach cancers (Gonzalez and Riboli 2006). A syn-
thesis of case-control studies carried in Italy and Switzerland revealed that con-
sumption of one to seven portions of onions per week reduce the risks of colon, 
ovary, larynx and mouth cancers (Galeone et al. 2006). Similar correlations are also 
observed for brain and stomach cancers in a case-control study in China (Hu et al. 
1999) and breast cancer in France (Challier et al. 1998). Mortality due to prostate 
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cancer also appears to be reduced by a diet making a large place to onions (Grant 
2004). Onion is probably the most important source of polyphenols in the diet (Hol-
lman and Arts 2000) and it has been showed in many studies to have anticarcino-
genic properties in vitro (Wilms et al. 2005).

There is also an inverse relationship between the consumption of dark green 
vegetables, and in particular of brassica vegetables and the risk of colorectal cancer 
(Voorrips et al. 2000). Glucosinolates and isothiocyanates found in Brassicas appear 
to explain this reduced risk. These molecules are triggering phase I and II enzymes 
involved in carcinogen metabolism and detoxification (Talalay and Fahey 2001). 
They are also priming the natural antioxidant defenses as evidence by the decreased 
in DNA damages and inhibition of aberrant crypt foci formation in animal studies. 
This protection appears to be mediated by antioxidant response elements in the pro-
moter region of phase II detoxification enzymes and antioxidant enzymes and spe-
cifically through the activation of the Nfr2 transcription cascade (Jeong et al. 2006).

Neurodegenerative Diseases and Cognition

Normal aging is accompanied by a decline in motor and cognitive performance 
(Lau et al. 2005). The mechanisms responsible for behavioral and neuronal changes 
seen during aging are not fully understood, but it appears that dietary FAV supple-
mentation can slow or even reverse various age-related neuronal declines (Gu et al. 
2010). The molecular mechanisms involved in the beneficial action of FAV on the 
brain remain unclear but likely relate to the modulation of processes, such as neu-
ronal plasticity affected during aging. Alzheimer’s disease is multifactorial, with a 
complex combination of genetic and non-genetic components but share a common 
biochemical pathway, that is, the altered production of the amyloid β peptide, which 
leads to neuronal death and dementia.

In vitro mechanistic investigations have begun to elucidate the molecular mecha-
nisms involved in the beneficial effect of dietary polyphenols found in FAV on cog-
nition and neurodegenerative diseases. These studies suggest that flavonoids can i) 
reduce the pro-inflammatory state (Frisardi et al. 2010), characteristic of the meta-
bolic syndrome; ii) modulate intracellular signaling pathways controlling neuronal 
cell apoptosis (Choi et al. 2012; Spencer 2008); iii) have a neuroprotective effect on 
neurons and glial cells (Galli et al. 2006; Vuong et al. 2010); decrease cerebral in-
flammation through a retardation of the systemic vascular inflammation (Williams 
and Spencer 2011); and improve cerebral blood flow leading to new hippocampal 
cells formation and enhanced memory (Ghosh and Scheepens 2009).

In particular, there are many recent reviews on the beneficial effects of berry on 
neurodegeneration and improvement of cognition (Giacalone et al. 2011; Ramas-
samy 2006; Shukitt-Hale et al. 2008; Williams and Spencer 2011). These reviews 
specifically show that polyphenols convey beneficial effects on memory and learn-
ing in both animals and humans. However, there are few epidemiological data cor-
relating the consumption of berry per say to neurodegenerative diseases and cogni-
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tive decline. One of these, the PAQUID study following a population over 10 years, 
showed that and average intake of about 14 mg/day of flavonoids was associated 
with a reduction in cognitive decline (Letenneur et al. 2007). There is also a paucity 
of human intervention study on berry polyphenols and cognition (Lamport et al. 
2012). Among those published, Krikorian et al. (2010) were able to demonstrate, in 
a single blind clinical study trial with only 9 adults displaying mild cognitive im-
pairment, that the consumption of a blueberry juice, providing 1.8 mg polyphenol/d 
for 12 weeks, had a significantly better verbal paired associate learning, but there 
was no difference in the California Visual Learning Test. In this study, there was a 
trend for the berry group to have a better mood while have a normalized glycemia 
and insulin level.

If there are only a few human studies on the effect of polyphenols on cognition, 
there are many animal studies showing that polyphenol supplementation and in par-
ticular blueberry polyphenols can prevent cognitive decline and memory (Cherniack 
2011). For instance, Andres-Lacueva and Shukitt-Hale (2005) showed that blue-
berry anthocyanins could reach the cerebral cortex, the hippocampus, the striatus 
and the cerebellum and that they correlated with the performance of mice in a maze 
test. Similarly, Galli et al. (2006) showed that a blueberry diet fed for 10 weeks to 
aged rats improved had a better capacity to generate heat shock protein (HSP-70) a 
reflection of their ability to support neurodegenerative process in the brain. Blue-
berry supplementation also improved the ability of elderly rats to recognize objects 
through a preservation of neurogenesis in the hippocampus. This beneficial effect 
was not linked to a loss of amyloid plaque. Young rats fed with a blueberry poly-
phenol extract had a better performance in the water maze test (Joseph et al. 2008), 
while old rats fed with a blueberry diet maintained a better balance while walking 
across a wire and had a better performance in the water maze test (Joseph et al. 
1998). Williams et al. (2008) were able to show that rats fed for 12 weeks with a 
2 % blueberry diet had an improved special working memory and an improved cog-
nitive performance. This effect was attributed to an improved phosphorylation of 
C-AMP Responsive Element-Binding Protein, involved in signal transduction and 
associated with long-term memory. Papandreou et al. (2009) also showed that mice 
fed with a blueberry extract had improved cognitive performance, had higher brain 
antioxidant capacity and had an improved acetylcholinesterase activity. Blueberry 
supplemented diet improved the hippocampal neurogenesis and improved special 
memory through an activation of the Insulin-Growth Factor-1, a key protein in the 
learning process and the modulation of neurogenesis (Casadesus et al. 2004). Vu-
ong et al. (2010) showed that a fermented blueberry juice had a neuroprotective 
effect by activating cell survival pathways associated with p38 and JNK pathways. 
Recently, Rendeiro et al. (2012) showed that elderly rats feed with a 2 % blueberry 
diet had a better special memory, a faster rate of learning than the control group. 
This effect was linked to the activation of the ERK-CREB-BDNF pathway.
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Conclusions

In conclusions, research conducted over the last 15 years demonstrates that FAV 
consumption definitely provides positive effects against a number of chronic dis-
eases. The exact mode of action of the different bioactive compounds on health is 
slowly being unraveled. It is becoming clear that their preventative influence is not 
only mediated directly through their antioxidant capacity but chiefly through their 
effects on specific gene expression. In particular, signaling cascades associated with 
anti-inflammatory responses and control of energy metabolism are clearly affected. 
Polyphenols, but also carotenoids and sulphur compounds may act at different lev-
els. Due to their low bioavailability, much emphasis is now placed on the activity of 
the circulating metabolites on target organs and cells.

We are definitely at a turning point with respect to the demonstration of health 
effects of FAV phytochemicals. A consensus is slowly emerging that the beneficial 
properties of its phytochemicals must be studied by conducting human clinical trials 
or animal studies. The demonstration of positive effects in human will undoubtedly 
stimulate FAV consumption all over the world.

References

Adams LS, Phung S, Yee N et al (2010) Blueberry phytochemicals inhibit growth and metastatic 
potential of MDA-MB-231 breast cancer cells through modulation of the phosphatidylinositol 
3-kinase pathway. Cancer Res 70:3594–3605. doi:10.1158/0008-5472.CAN-09-3565

Adams LS, Kanaya N, Phung S et al (2011) Whole blueberry powder modulates the growth and 
metastasis of MDA-MB-231 triple negative breast tumors in nude mice. J Nutr 141:1805–
1812. doi:10.3945/jn.111.140178

Adisakwattana S, Moonsan P, Yibchok-anun S (2008) Insulin-releasing properties of a series of 
cinnamic acid derivatives in vitro and in vivo. J Agric Food Chem 56:7838–7844. doi:10.1021/
jf801208t

Agrawal AA, Kurashige NS (2003) A role for isothiocyanates in plant resistance against the spe-
cialist herbivore Pieris rapae. J Chem Ecol 29:1403–1415. doi:10.1023/A:1024265420375

Aires DJ, Rockwell G, Wang T et al (2012) Potentiation of dietary restriction-induced lifes-
pan extension by polyphenols. Biochim Biophys Acta 1822:522–526. doi:10.1016/j.bbad-
is.2012.01.005

Aiyer HS, Warri AM, Woode DR (2012) Influence of berry polyphenols on receptor signaling and 
cell-death pathways: implications for breast cancer prevention. J Agric Food Chem 60(23): 
5693–5708

Alberdi G, Rodríguez VM, Miranda J et al (2011) Changes in white adipose tissue metabolism 
induced by resveratrol in rats. Nutr Metabol 8:29. doi:10.1186/1743-7075-8-29

Ali M, Thomson M, Afzal M (2000) Garlic and onions: their effect on eicosanoid metabolism and 
its clinical relevance. PLEAFA 62:55–73

Almeida Mélo E, Galvao de Lima VLA, Maciel MIS (2006) Polyphenol, ascorbic acid and total 
carotenoid contents in common fruits and vegetables. Braz J Food Technol 9:89–94

Andres-Lacueva C, Shukitt-Hale B (2005) Anthocyanins in aged blueberry-fed rats are found cen-
trally and may enhance memory. Nutr Neurosci 8:111–120. doi:10.1080/10284150500078117

Andriambeloson E, Magnier C, Haan-Archipoff G et al (1998) Natural dietary polyphenolic com-
pounds cause endothelium-dependent vasorelaxation in rat thoracic aorta. J Nutr 128:2324–
2333



99128 Fruit and Vegetables and Health: An Overview

Anon (2003) USDA database for the proanthocyanidin content of selected foods, 2nd ed. USDA-
ARS, Beltsville

Anon (2004) Fruit and vegetables for health. Report of a joint FAO/WHO workshop 46
Anon (2006) Fruits, vegetables and health: a scientific overview, Canadian Produce Marketing 

Association. IFAVA, Ottawa
Anon (2007) Preventing chronic diseases: a vital investment. WHO, Geneva
Anon (2011) USDA’s My Plate. In: fnic.nal.usda.gov. http://fnic.nal.usda.gov/dietary-guidance/

myplatefood-pyramid-resources/usda-myplate-food-pyramid-resources. Accessed 27 Mar 2011
Arai Y, Watanabe S, Kimira M et al (2000) Dietary intakes of flavonols, flavones and isoflavones 

by Japanese women and the inverse correlation between quercetin intake and plasma LDL 
cholesterol concentration. J Nutr 130:2243–2250

Baile CA, Yang J-Y, Rayalam S et al (2011) Effect of resveratrol on fat mobilization. Ann New 
York Acad Sci 1215:40–47. doi:10.1111/j.1749-6632.2010.05845.x

Barone E, Calabrese V, Mancuso C (2009) Ferulic acid and its therapeutic potential as a hormetin 
for age-related diseases. Biogerontology 10:97–108. doi:10.1007/s10522-008-9160-8

Bassaganya-Riera J, Skoneczka J, Kingston DGJ et al (2010) Mechanisms of action and medicinal 
applications of abscisic acid. Curr Med Chem 17:467–478

Basu A, Lyons TJ (2012) Strawberries, blueberries, and cranberries in the metabolic syndrome: 
clinical perspectives. J Agric Food Chem 60:5687–5692. doi:10.1021/jf203488k

Basu A, Du M, Leyva MJ et al (2010) Blueberries decrease cardiovascular risk factors in obese 
men and women with metabolic syndrome. J Nutri 140:1582–1587. doi:10.3945/jn.110.124701

Bazzano LA (2005) Dietary intake of fruit and vegetables and risk of diabetis mellitus and cardio-
vascular diseases. Joint FAO/WHO Workshop fruit and vegetables for health 1–66

Bazzano LA (2006) The high cost of not consuming fruits and vegetables. J Amer Diet Asso 
106:1364–1368

Bendich A (1993) Biological functions of carotenoids. In: Canfield LM, Krinsky NI, Olson JA 
(eds) Carotenoids in human health, 1st ed. New York Academy of Science, New York, pp 61–67

Bland JS (2011) Metabolic syndrome: the complex relationship of diet to conditions of disturbed 
metabolism. Func Foods Health Dis 1:1–12

Bodrato N, Franco L, Fresia C et al (2009) Abscisic acid activates the murine microglial cell 
line N9 through the second messenger cyclic ADP-ribose. J Biol Chem 284:14777–14787. 
doi:10.1074/jbc.M802604200

Bomser J, Madhavi DL, Singletary K, Smith MLA (1996) In vitro anticancer activity of fruit ex-
tract from vaccinium species. Planta Med 62:212–216

Bouvier F, Rahier A, Camara B (2005) Biogenesis, molecular regulation and function of plant 
isoprenoids. Progr Lipid Res 44:357–429

Brader G, Tas E, Palva ET (2001) Jasmonate-dependent induction of indole glucosinolates in Ara-
bidopsis by culture filtrates of the nonspecific pathogen Erwinia carotovora. Plant Physiol 
126:849–860. doi:10.1104/pp.126.2.849

Brasnyó P, Molnár GA, Mohás M et al (2011) Resveratrol improves insulin sensitivity, reduces ox-
idative stress and activates the Akt pathway in type 2 diabetic patients. Brit J Nutr 106:383–389

Brat P, George S, Bellamy A et al (2006) Daily polyphenol intake in France from fruit and veg-
etables. J Nutr 136:2368–2373

Brewster JL (1994) Onions and other vegetable alliums, 1st ed. CAB International, Wallingford
Bruzzone S, Moreschi I, Usai C et al (2007) Abscisic acid is an endogenous cytokine in hu-

man granulocytes with cyclic ADP-ribose as second messenger. PNAS 104:5759–5764. 
doi:10.1073/pnas.0609379104

Bruzzone S, Bodrato N, Usai C et al (2008) Abscisic acid is an endogenous stimulator of insulin 
release from human pancreatic islets with cyclic ADP Ribose as second messenger. J Biol 
Chem 283:32188–32197. doi:10.1074/jbc.M802603200

Burton-Freeman B (2010) Postprandial metabolic events and fruit-derived phenolics: a review of 
the science. Brit J Nutr 104:S1–S14. doi:10.1017/S0007114510003909

Carlton Tohill B (2005) Dietary intake of fruit and vegetables and management of body weight. 
In: WHO, Kobe, pp 1–52

http://fnic.nal.usda.gov
http://fnic.nal.usda.gov/dietary-guidance/myplatefood-pyramid-resources/usda-myplate-food-pyramid-resources
http://fnic.nal.usda.gov/dietary-guidance/myplatefood-pyramid-resources/usda-myplate-food-pyramid-resources


992 Y. Desjardins

Casadesus G, Shukitt-Hale B, Stellwagen HM et al (2004) Modulation of hippocampal plasticity 
and cognitive behavior by short-term blueberry supplementation in aged rats. Nutr Neurosci 
7:309–316. doi:10.1080/10284150400020482

Challier B, Perarnau JM, Viel JF (1998) Garlic, onion and cereal fibre as protective factors for 
breast cancer: a French case-control study. Eur J Epidemiol 14:737–747

Chen CM (2008) Overview of obesity in Mainland China. Obes Rev 9 Suppl 1:14–21. doi:10.1111/
j.1467-789X.2007.00433.x

Cherniack EP (2011) Polyphenols: planting the seeds of treatment for the metabolic syndrome. 
Nutrition 27:617–623. doi:10.1016/j.nut.2010.10.013

Cherniack EP (2012) A berry thought-provoking idea: the potential role of plant polyphenols 
in the treatment of age-related cognitive disorders. Br J Nutr 108:794–800. doi:10.1017/
S0007114512000669

Choi SS, Lee DH, Lee SH (2012) Blueberry protects LPS-stimulated BV-2 microglia through in-
hibiting activities of p38 MAPK and ERK1/2. Food Sci Biotechnol 21:1195–1201. doi:10.1007/
s10068-012-0156-4

Clifford MN, Scalbert A (2000) Ellagitannins—nature, occurrence and dietary burden. J Sci Food 
Agri 80:1118–1125. doi:10.1002/(SICI)1097-0010(20000515)80:7 <1118::AID-JSFA570> 
3.0.CO;2–9

Comalada MN, Camuesco DE, Sierra S et al (2005) In vivo quercitrin anti-inflammatory effect 
involves release of quercetin, which inhibits inflammation through down-regulation of the 
NF-kB pathway. Eur J Immunol 35:584–592. doi:10.1002/eji.200425778

Cooke D, Steward WP, Gescher AJ, Marczylo T (2005) Anthocyans from fruits and vegetables—
does bright colour signal cancer chemopreventive activity? Eur J Cancer 41:1931–1940

Corzo-Martínez M, Corzo N, Villamiel M (2007) Biological properties of onions and garlic. 
Trends Food Sci Technol 18:609–625

Crozier A, Yokota T, Jaganath IB et al (2006) Secondary metabolites in fruits, vegetables, bev-
erages and other plant-based dietary components. In: Crozier A, Clifford MN, Ashihara H 
(eds) Plant secondary metabolites: occurence, structure and role in the human diet. Blackwell, 
Oxford, pp 208–302

Crozier A, Jaganath IB, Clifford MN (2009) Dietary phenolics: chemistry, bioavailability and ef-
fects on health. Nat Prod Rep 26:1001–1043

Dangles O, Dufour C (2006) Flavonoids-protein interactions. In: Andersen OM, Markham KR 
(eds) Flavans and proanthocyanidins. Taylor & Francis, Boca Raton, pp 443–469

Dauchet L, Amouyel P, Dallongeville J (2009) Fruits, vegetables and coronary heart disease. Nat 
Rev Cardiol 6:599–608. doi:10.1038/nrcardio.2009.131

de Lorgeril M, Renaud, Mamelle N et al (1994) Mediterranean alpha-linolenic acid-rich diet in 
secondary prevention of coronary heart disease. Lancet 343:1454–1459

DeFuria J, Bennett G, Strissel KJ et al (2009) Dietary blueberry attenuates whole-body insulin 
resistance in high fat-fed mice by reducing adipocyte death and its inflammatory sequelae. J 
Nutr 139:1510–1516

Del Rio D, Borges G, Crozier A (2010) Berry flavonoids and phenolics: bioavailability and 
evidence of protective effects. Brit J Nutr 104:S67–S90. doi:10.1017/S0007114510003958

Deprez S, Mila I, Huneau J-F et al (2001) Transport of proanthocyanidin dimer, trimer, and 
polymer across monolayers of human intestinal epithelial Caco-2 cells. Antiox Redox Signal 
3:957–967. doi:10.1089/152308601317203503

Dias AS, Porawski M, Alonso M et al (2005) Quercetin decreases oxidative stress, NF-kappaB 
activation, and iNOS overexpression in liver of streptozotocin-induced diabetic rats. J Nutr 
135:2299–2304

Dixon RA, Paiva NL (1995) Stress-induced phenylpropanoid metabolism. Plant Cell 7:1085–1097
Doucet E, Tremblay A (1997) Food intake, energy balance and body weight control. Eur J Clin 

Nutr 51:846–855
Doughty KJ, Kiddle GA, Pye BJ et al (1995) Selective induction of glucosinolates in oilseed rape 

leaves by methyl jasmonate. Phytochemistry 38:347350



99328 Fruit and Vegetables and Health: An Overview

Duthie SJ (2007) Berry phytochemicals, genomic stability and cancer: evidence for chemoprotec-
tion at several stages in the carcinogenic process. Mol Nutr Food Res 51:665–674

Edwards RL, Lyon T, Litwin SE et al (2007) Quercetin reduces blood pressure in hypertensive 
subjects. J Nutr 137:2405–2411

Fahey JW, Zhang Y, Talalay P (1997) Broccoli sprouts: an exceptionally rich source of inducers of 
enzymes that protect against chemical carcinogens. PNAS 94:10367–10372

Faria A, Pestana D, Teixeira D et al (2010) Blueberry anthocyanins and pyruvic acid adducts: 
anticancer properties in breast cancer cell lines. Phytother Res 24:1862–1869. doi:10.1002/
ptr.3213

Flegal KM, Carroll MD, Kit BK (2012) Prevalence of obesity and trends in the distribution of body 
mass index among US adults, 1999-2010. JAMA 307:491–498. doi:10.1001/jama.2012.40

Fleischauer AT, Arab L (2001) Garlic and cancer: a critical review of the epidemiologic literature. 
J Nutr 131:1032S–1040S

Ford ES, Will JC, Bowman BA, Venkat Narayan KM (1999) Diabetes mellitus and serum carot-
enoids: findings from the Third National health and Nutrition Examination Survey. Amer J 
Epidemiol 149:168–176

Frankel EN, German JB (2006) Antioxidants in foods and health: problems and fallacies in the 
field. J Sci Food Agri 86:1999–2001. doi:10.1002/jsfa.2616

Fraser PD, Bramley PM (2004) The biosynthesis and nutritional uses of carotenoids. Prog lipid 
Res 43:228–265

Frisardi V, Solfrizzi V, Seripa D et al (2010) Metabolic-cognitive syndrome: a cross-talk between 
metabolic syndrome and Alzheimer’s disease. Ageing Res Rev 9:399–417. doi:10.1016/j.
arr.2010.04.007

Fuhrman B, Aviram M (2001) Flavonoids protect LDL from oxidation and attenuate atherosclero-
sis. Curr Op Lipid 12:41–48

Galeone C, Pelucchi C, Levi F et al (2006) Onion and garlic use and human cancer. Am J Clin 
Nutr 84:1027–1032

Galli RL, Bielinski DF, Szprengiel A et al (2006) Blueberry supplemented diet reverses age-related 
decline in hippocampal HSP70 neuroprotection. NBA 27:344–350. doi:10.1016/j.neurobiolag-
ing.2005.01.017

Gallicchio L, Boyd K, Matanoski G et al (2008) Carotenoids and the risk of developing lung can-
cer: a systematic review. Amer J Clin Nutr 88:372–383

Ghosh D, Scheepens A (2009) Vascular action of polyphenols. Mol Nutri Food Res 53:322–331. 
doi:10.1002/mnfr.200800182

Giacalone M, Di Sacco F, Traupe I et al (2011) Antioxidant and neuroprotective properties of 
blueberry polyphenols: a critical review. Nutr Neurosci 14:119–125. doi:10.1179/147683051
1Y.0000000007

Godycki-Cwirko M, Krol M, Krol B et al (2010) Uric acid but not apple polyphenols Is responsi-
ble for the rise of plasma antioxidant activity after apple juice consumption in healthy subjects. 
J Amer Coll Nutr 29:397–406

Gonzalez CA, Riboli E (2006) Diet and cancer prevention: where we are, where we are going. 
Nutr Cancer 56:225–231

González R, Ballester I, López-Posadas R et al (2011) Effects of flavonoids and other polyphenols 
on inflammation. Crit Rev Food Sci Nutr 51:331–362. doi:10.1080/10408390903584094

Goodman GE, Thornquist MD, Balmes J et al (2004) The Beta-Carotene and Retinol Efficacy 
Trial: incidence of lung cancer and cardiovascular disease mortality during 6-year follow-up 
after stopping β-carotene and retinol supplements. J Nat Cancer Inst 96:1743–1751

Gordillo G, Fang H, Khanna S et al (2009) Oral administration of blueberry inhibits angiogenic 
tumor growth and enhances survival of mice with endothelial cell neoplasm. Antiox Redox 
Signal 11:47–58. doi:10.1089/ars.2008.2150

Grace MH, Ribnicky DM, Kuhn P et al (2009) Hypoglycemic activity of a novel anthocyanin-
rich formulation from lowbush blueberry, Vaccinium angustifolium Aiton. Phytomedicine 
16:406–415. doi:10.1016/j.phymed.2009.02.018



994 Y. Desjardins

Gramann J, Gerald L (2005) Terpenoids as plant antioxidants. In: Vitamins & Hormones. Aca-
demic Press, pp 505–535

Grant WB (2004) A multicountry ecologic study of risk and risk reduction factors for prostate 
cancer mortality. Eur Urol 45:271–279

Griffiths G, Trueman L, Crowther TE et al (2002) Onions—a global benefit to health. Phytother 
Res 16:603–615

Gu Y, Nieves JW, Stern Y et al (2010) Food combination and Alzheimer disease risk: a protective 
diet. Arch Neurol 67:699–706. doi:10.1001/archneurol.2010.84

Güçlü-Üstünda Ö, Mazza G (2007) Saponins: properties, applications and processing. Crit Rev 
Food Sci Nutr 47:231–258

Guri AJ, Hontecillas R, Bassaganya-Riera J (2007) Abscisic acid ameliorates experimental IBD by 
downregulating cellular adhesion molecule expression and suppressing immune cell infiltra-
tion. Clin Nutr 26:107–116

Guri AJ, Hontecillas R, Bassaganya-Riera J (2010a) Abscisic acid synergizes with rosiglitazone 
to improve glucose tolerance and down-modulate macrophage accumulation in adipose tissue: 
possible action of the cAMP/PKA/PPAR [gamma] axis. Clin Nutr 29:646–653

Guri AJ, Misyak SA, Hontecillas R et al (2010b) Abscisic acid ameliorates atherosclerosis by 
suppressing macrophage and CD4 + T cell recruitment into the aortic wall. J Nutr Biochem 
21:1178–1185. doi:10.1016/j.jnutbio.2009.10.003

Habauzit V, Morand C (2012) Evidence for a protective effect of polyphenols-containing foods on 
cardiovascular health: an update for clinicians. Thera Adv Chron Dis 3(2):87–106

Håkansson A, Bränning C, Molin G et al (2012) Blueberry husks and probiotics attenuate colorec-
tal inflammation and oncogenesis, and liver injuries in rats exposed to cycling DSS-treatment. 
PLoS ONE 7:e33510. doi:10.1371/journal.pone.0033510

Halliwell B, Rafter J, Jenner A (2005) Health promotion by flavonoids, tocopherols, tocotrienols, 
and other phenols: direct or indirect effects? Antioxidant or not? Am J Clin Nutr 81:268S–276S

Hamer M, Chida Y (2007) Intake of fruit, vegetables, and antioxidants and risk of type 2 diabetes: 
systematic review and meta-analysis. J Hypertension 25:2361–2369

Hanhineva K, Törrönen R, Bondia-Pons I et al (2010) Impact of dietary polyphenols on carbohy-
drate metabolism. Int J Mol Sci 11:1365–1402. doi:10.3390/ijms11041365

Harborne JB (1977) Phytochemistry of fruits and vegetables: an ecological overview. In: Tomas-
Barberan FA, Robins RJ (eds) Proceedings of the phytochemical society of Europe—phyto-
chemistry of fruit and vegetables. Clarendon Press, Oxford, pp 353–367

Haslam E, Lilley TH (1988) Natural astringency of foodstuffs—a molecular interpretation. CRC 
Rev Food Sci Nutr 27:1–40

He FJ, Nowson CA, MacGregor GA (2006) Fruit and vegetable consumption and stroke: meta-
analysis of cohort studies. Lancet 367:320–326

Hercberg S, Galan P, Preziosi P et al (2004) The SU.VI.MAX Study: a randomized, placebo-
controlled trial of the health effects of antioxidant vitamins and minerals. Arch Intern Med 
164:2335–2342. doi:10.1001/archinte.164.21.2335

Hermsdorff HHM, Zulet MA, Puchau B, Martinez JA (2010) Fruit and vegetable consumption and 
proinflammatory gene expression from peripheral blood mononuclear cells in young adults: 
a translational study. Nutr Metabol 7:42. doi:10.1186/1743-7075-7-42

Hertog MG, Kromhout D, Aravanis C et al (1995) Flavonoid intake and long-term risk of coronary 
heart disease and cancer in the seven countries study. Arch Intern Med 155:381–386

Hollman PCH, Arts ICW (2000) Flavonols, flavones and flavanols—nature, occurrence and di-
etary burden. J Sci Food Agri 80:1081–1093. doi:10.1002/(SICI)1097-0010(20000515)80:7 
<1081::AID-JSFA566> 3.0.CO;2–G

Hollman PCH, Cassidy A, Comte B et al (2011a) The biological relevance of direct antioxidant 
effects of polyphenols for cardiovascular health in humans is not established. J Nutr 141:989S–
1009S. doi:10.3945/jn.110.131490

Hollman PCH, Cassidy A, Comte B et al (2011b) The biological relevance of direct antioxidant 
effects of polyphenols for cardiovascular health in humans is not established. The journal of 
Nutrition 141:989S–1009S. doi:10.3945/jn.110.131490



99528 Fruit and Vegetables and Health: An Overview

Hu J, La Vecchia C, Negri E et al (1999) Diet and brain cancer in adults: a case-control study in 
northeast China. Int J Cancer 81:20–23

Hubbard GP, Wolffram S, Lovegrove JA, Gibbins JM (2006) Ingestion of quercetin inhibits 
platelet aggregation and essential components of the collagen-stimulated platelet activation 
pathway in man: a pilot study. J Thromb Haem 2:2138–2145

Hughes DA (1999) Effects of carotenoids on human immune fonction. Proc Nutr Soc 58:713–718
Hung H-C, Joshipura KJ, Jiang R et al (2004) Fruit and vegetable intake and risk of major chronic 

disease. J Nat Cancer Inst 96:1577–1584. doi:10.1093/jnci/djh296
Jeong W-S, Jun M, Kong A-NT (2006) Nrf2: a potential molecular target for cancer chemopreven-

tion by natural compounds. Antiox Redox Sign 8:99–106. doi:10.1089/ars.2006.8.99
Jia H-F, Chai Y-M, Li C-L et al (2011) Abscisic acid plays an important role in the regulation of 

strawberry fruit ripening. Plant Physiol 157:188–199. doi:10.1104/pp.111.177311
Jordt S-E, McKemy DD, Julius D (2003) Lessons from peppers and peppermint: the molecular 

logic of thermosensation. Curr Op Neurobiol 13:487–492
Joseph JA, Shukitt-Hale B, Denisova NA et al (1998) Long-term dietary strawberry, spinach, or 

vitamin E supplementation retards the onset of age-related neuronal signal-transduction and 
cognitive behavioral deficits. J Neurosci 18:8047–8055

Joseph JA, Fisher DR, Cheng V et al (2008) Cellular and behavioral effects of stilbene resvera-
trol analogues: implications for reducing the deleterious effects of aging. J Agric Food Chem 
56:10544–10551. doi:10.1021/jf802279h

Kalea AZ, Clark K, Schuschke DA, Klimis-Zacas DJ (2009) Vascular reactivity is affected by 
dietary consumption of wild blueberries in the Sprague-Dawley rat. J Med Food 12:21–28. 
doi:10.1089/jmf.2008.0078

Kausar H, Jeyabalan J, Aqil F et al (2012) Berry anthocyanidins synergistically suppress growth 
and invasive potential of human non-small-cell lung cancer cells. Cancer Let 325:54–62. 
doi:10.1016/j.canlet.2012.05.029

Keck AS, Finley JW (2004) Cruciferous vegetables: cancer protective mechanisms of glucosino-
late hydrolysis products and selenium. Integr Cancer Therap 3:5–12

Kendall CWC, Jenkins DJA (2004) A dietary portfolio: maximal reduction of low-density lipopro-
tein cholesterol with diet. Curr Atheroscler Rep 6:492–498

Khaw KT, Wareham NJ, Bingham SA et al (2007) Combined impact of health behaviours and mor-
tality in men and women: The EPIC-Norfolk prospective population study. PLOS Med 5:e12

Kiddle GA, Doughty KJ, Wallsgrove RM (1994) Salicylic acid-induced accumulation of gluco-
sinolate biosynthesis from Brassica juncea cell cultures. J Exp Bot 45:1343–1346

Kim KH, Park Y (2011) Food components with anti-obesity effect. Ann Rev Food Sci Technol 
2:237–257

Kimura M, Rodriguez-Amaya DB (2003) Carotenoid composition of hydroponic leafy vegetables. 
J Agric Food Chem 51:2603–2607

Kliebenstein DJ, Kroymann J, Mitchell-Olds T (2005) The glucosinolate-myrosinase system in an 
ecological and evolutionary context. Curr Op Plant Biol 8:264–271

Kliebenstien DJ (2004) Secondary metabolites and plant/environment interactions: a view through 
Arabidopsis thaliana tinged glasses. Plant, Cell & Environment 27:675–684

Klipstein-Goldberg K, Launer LJ, Geleinjnse JM et al (2000) Serum carotenoids and atherosclero-
sis: the Rotterdam study. Atherosclerosis 148:49–56

Knekt P, Jarvinen R, Teppo L et al (1999) Role of various carotenoids in lung cancer prevention. 
J Nat Cancer Inst 91:182–184

Kogure K, Goto S, Nishimura M et al (2002) Mechanism of potent antiperodixidative effect of 
capsaicin. Biochim Biophys Acta 1573:84–92

Kraft TFB, Schmidt BM, Yousef GG et al (2006) Chemopreventive potential of wild low-
bush blueberry fruits in multiple stages of carcinogenesis. J Food Sci 70:S159–S166. 
doi:10.1111/j.1365-2621.2005.tb07151.x

Krikorian R, Shidler MD, Nash TA et al (2010) Blueberry supplementation improves memory in 
older adults. J Agric Food Chem 58:3996–4000. doi:10.1021/jf9029332



996 Y. Desjardins

Kroon PA, Clifford MN, Crozier A et al (2004) How should we assess the effects of exposure to 
dietary polyphenols in vitro? Am J Clin Nutr 80:15–21

Kubec R, Svobodova M, Velisek J (2000) Distribution of S-alk(en)ylcysteine sulfoxides in some 
Allium species. Identification of a new flavor precursor: S-ethylcysteine sulfoxide (Ethiin). J 
Agric Food Chem 48:428–433. doi:10.1021/jf990938f

Kuhnau J (1976) A class of semi-essential food components: their role in human nutrition. World 
Rev Nutr Diet 24:117–191

Labbe D, Provençal M, Lamy S et al (2009) The flavonols quercetin, kaempferol, and myricetin 
inhibit hepatocyte growth factor-induced medulloblastoma cell migration. J Nutr 139:646–652. 
doi:10.3945/jn.108.102616

Lampe JW (1999) Health effects of vegetables and fruit: assessing mechanisms of action in human 
experimental studies. Am J Clin Nutr 70:475S–490S

Lamport DJ, Dye L, Wightman J, Lawton CL (2012) The effects of flavonoid and other polyphenol 
consumption on cognitive performance: a systematic research review of human experimental 
and epidemiological studies Nutri Aging 1:5–25. doi:10.3233/NUA-2012-0002

Lancaster JE, Kelly KE (1983) Quantitative analysis of the S-alk(en)yl-L-cysteine sulphoxides in 
onion (Allium cepa L.). J Sci Food Agri 34:1229–1235. doi:10.1002/jsfa.2740341111

Lau FC, Shukitt-Hale B, Joseph JA (2005) The beneficial effects of fruit polyphenols on brain 
aging. NBA 26 Suppl 1:128–132. doi:10.1016/j.neurobiolaging.2005.08.007

Lepage-Degivry MT, Bidard NN, Rouvier E et al (1986) Presence of abscisic acid, a phytohor-
mone, in mammalian brain. PNAS 83:1155–1158

Letenneur L, Proust-Lima C, Le Gouge A et al (2007) Flavonoid intake and cognitive decline over 
a 10-year period. Amer J Epidem 165:1364–1371. doi:10.1093/aje/kwm036

Limpens J, Schroder FH, de Ridder CMA et al (2006) Combined lycopene and vitamin E treatment sup-
presses the growth of PC-346C human prostate cancer cells in nude mice. J Nutr 136:1287–1293

Loke WM, Hodgson JM, Proudfoot JM et al (2008a) Pure dietary flavonoids quercetin and (−)-epi-
catechin augment nitric oxide products and reduce endothelin-1 acutely in healthy men. Am J 
Clin Nutr 88:1018–1025

Loke WM, Proudfoot JM, Stewart S et al (2008b) Metabolic transformation has a profound effect 
on anti-inflammatory activity of flavonoids such as quercetin: lack of association between 
antioxidant and lipoxygenase inhibitory activity. Biochem Pharmacol 75:1045–1053

Long LH, Clement MV, Halliwell B (2000) Artifacts in cell culture: rapid generation of hydrogen 
peroxide on addition of (−)-epigallocatechin, (−)-epigallocatechin gallate, (+)-catechin, and 
quercetin to commonly used cell culture media. Biochem Biophys Acta 273:50–53

Lotito SB, Frei B (2006) Consumption of flavonoid-rich foods and increased plasma antioxidant 
capacity in humans: cause, consequence, or epiphenomenon? Free Rad Biol Med 41:1727–1746

Macheix J-J, Fleuriet A, Billot J. (1990) Fruits phenolics. Boca Raton, Fla. CRC Press, p 378
Manach C, Williamson G, Morand C et al (2005) Bioavailability and bioefficacy of polyphenols in 

humans. I. Review of 97 bioavailability studies. Am J Clin Nutr 81:230S–242
Mantena SK, Baliga MS, Katiyar SK (2006) Grape seed proanthocyanidins induce apoptosis and 

inhibit metastasis of highly metastatic breast carcinoma cells. Carcinogenesis 27:1682–1691. 
doi:10.1093/carcin/bgl030

Martineau LC, Couture A, Spoor D et al (2006) Anti-diabetic properties of the Canadian lowbush 
blueberry Vaccinium angustifolium Ait. Phytomedicine 13:612–623

Matchett MD, MacKinnon SL, Sweeney MI et al (2006) Inhibition of matrix metalloproteinase ac-
tivity in DU145 human prostate cancer cells by flavonoids from lowbush blueberry (Vaccinium 
angustifolium): possible roles for protein kinase C and mitogen-activated protein-kinase-medi-
ated events. J Nutr Biochem 17:117–125. doi:10.1016/j.jnutbio.2005.05.014

Mathews-Roth MM (1993) Carotenoids in erythropoietic protoporphyria and other photosensitivity 
diseases. Ann New York Acad Sci 691:127–138

McDougall GJ, Kulkarni NN, Stewart D (2008) Current developments on the inhibitory effects of 
berry polyphenols on digestive enzymes. BioFactors 34:73–80

McDougall GJ, Stewart D (2005) The inhibitory effects of berry polyphenols on digestive en-
zymes. BioFactors 23:189–195



99728 Fruit and Vegetables and Health: An Overview

McGhie TK, Ainge GD, Barnett LE et al (2003) Anthocyanin glycosides from berry fruit are 
absorbed and excreted unmetabolized by both humans and rats. J Agric Food Chem 51:4539–
4548

McIntyre KL, Harris CS, Saleem A et al (2009) Seasonal phytochemical variation of anti-gly-
cation principles in lowbush blueberry (Vaccinium angustifolium). Planta Med 75:286–292. 
doi:10.1055/s-0028-1088394

McNaughton SA, Marks GC (2003) Development of a food composition database for the 
estimation of dietary intakes of glucosinolates, the biologically active constituents of crucifer-
ous vegetables. Brit J Nutr 90:687–697

Milbury PE, Vita JA, Blumberg JB (2010) Anthocyanins are bioavailable in humans following an 
acute dose of cranberry juice. J Nutr 140:1099–1104. doi:10.3945/jn.109.117168

Milner JA (2001) Garlic: the mystical food in health promotion. In: Wildman REC (ed) Handbook 
of nutraceuticals and functional foods. CRC Press, Boca Raton, pp 193–207

Moghe SS, Juma S, Imrhan V (2012) Effect of blueberry polyphenols on 3T3-F442A preadipocyte 
differentiation. J Med Food 15:448–452

Molan AL, Lila MA, Mawson J (2008) Satiety in rats following blueberry extract consumption 
induced by appetite-suppressing mechanisms unrelated to in vitro or in vivo antioxidant capac-
ity. Food Chem 107:1039–1044

Munday R, Munday JS, Munday CM (2003) Comparative effects of mono-, di-, tri-, and tetrasul-
fides derived from plants of the Allium family: redox cycling in vitro and hemolytic activity 
and Phase 2 enzyme induction in vivo. Free Rad Biol Med 34:1200–1211

Murphy BT, MacKinnon SL, Yan X et al (2003) Identification of triterpene hydroxycinnamates 
with in vitro antitumor activity from whole cranberry fruit (Vaccinium macrocarpon). J Agric 
Food Chem 51:3541–3545. doi:10.1021/jf034114g

Ness AR, Powles JW (1997) Fruit and vegetables, and cardiovascular disease: a review. Internat 
J Epidemiol 26:1–13

Neto CC (2007) Cranberry and blueberry: evidence for protective effects against cancer and vas-
cular diseases. Mol Nutr Food Res 51:652–664. doi:10.1002/mnfr.200600279

Neto CC, Amoroso JW, Liberty AM (2008) Anticancer activities of cranberry phytochemicals: an 
update. Mol Nutr Food Res 52:S18–S27. doi:10.1002/mnfr.200700433

Omenn GS, Goodman GE, Thornquist MD et al (1996) Effects of a combination of beta caro-
tene and vitamin A on lung cancer and cardiovascular disease. N Engl J Med 334:1150–1155. 
doi:10.1056/NEJM199605023341802

Ono M, Masuoka C, Koto M et al (2002) Antioxidant ortho-benzoyloxyphenyl acetic acid es-
ter, vaccihein A, from the fruit of rabbiteye blueberry (Vaccinium ashei). Chem Pharm Bull 
50:1416–1417

Ostertag LM, O’Kennedy N, Kroon PA et al (2010) Impact of dietary polyphenols on human 
platelet function–a critical review of controlled dietary intervention studies. Mol Nutri Food 
Res 54:60–81. doi:10.1002/mnfr.200900172

Pajuelo D, Díaz S, Quesada H et al (2011) Acute administration of grape seed proanthocyanidin 
extract modulates energetic metabolism in skeletal muscle and BAT mitochondria. J Agric 
Food Chem 59(8):4279–4287. doi:10.1021/jf200322x

Palozza P, Krinsky NI (1992) Antioxidant effects of carotenoids in vivo and in vitro: an overview. 
Meth Enzymol 213:403–420

Papandreou MA, Dimakopoulou A, Linardaki ZI et al (2009) Effect of a polyphenol-rich wild 
blueberry extract on cognitive performance of mice, brain antioxidant markers and acetylcho-
linesterase activity. Behaviour Brain Res 198:352–358. doi:10.1016/j.bbr.2008.11.013

Parr AJ, Bolwell GP (2000) Phenols in the plant and in man. The potential for possible nutri-
tional enhancement of the diet by modifying the phenols content or profile. J Sci Food Agric 
80:985–1012

Perera RM, Bardeesy N (2011) Cancer: when antioxidants are bad. Nature London 475:43–44. 
doi:10.1038/475043a



998 Y. Desjardins

Perez-Vizcaino F, Duarte J, Andriantsitohaina R (2006) Endothelial function and cardiovas-
cular disease: effects of quercetin and wine polyphenols. Free Radic Res 40:1054–1065. 
doi:10.1080/10715760600823128

Potter JD (2005) Vegetables, fruit, and cancer. Lancet 366:527–530
Prasad K, Laxdal VA, Yu M, Raney BL (1995) Antioxidant activity of allicin, an active principle 

in garlic. Mol Cell Biochem 148:183–189. doi:10.1007/BF00928155
Price KR, Johnson IT, Fenwick GR (1987) The chemistry and biological significance of saponins 

in foods and feeding stuffs. CRC Rev Food Sci Nutr 26:27–137
Prior RL, Wu X (2006) Anthocyanins: structural characteristics that result in unique metabolic pat-

terns and biological activities. Free Radic Res 40:1014–1028. doi:10.1080/10715760600758522
Proteggente AR, Pannala AS, Paganga G et al (2002) The antioxidant activity of regularly con-

sumed fruit and vegetables reflects their phenolic and vitamin C composition. Free Radic Res 
36:217–233

Ramassamy C (2006) Emerging role of polyphenolic compounds in the treatment of neurode-
generative diseases: a review of their intracellular targets. Eur J Pharmacol 545:51–64. 
doi:10.1016/j.ejphar.2006.06.025

Rao A, Rao L (2007) Carotenoids and human health. Pharmacol Res 55:207–216. doi:10.1016/j.
phrs.2007.01.012

Rao AV, Agarwal S (1998) Bioavailability and in vivo antioxidant properties of lycopene from 
tomato products and their possible role in the prevention of cancer. Nutr Cancer 31:199–203. 
doi:10.1080/01635589809514703

Rechner AR, Kroner C (2005) Anthocyanins and colonic metabolites of dietary polyphenols in-
hibit platelet function. Thromb Res 116:327–334. doi:10.1016/j.thromres.2005.01.002

Reinbach HC, Smeets A, Martinussen T et al (2009) Effects of capsaicin, green tea and CH-19 
sweet pepper on appetite and energy intake in humans in negative and positive energy balance. 
Clin Nutr 28:260–265. doi:10.1016/j.clnu.2009.01.010

Rendeiro C, Vauzour D, Kean RJ et al (2012) Blueberry supplementation induces spatial memory 
improvements and region-specific regulation of hippocampal BDNF mRNA expression in 
young rats. Psychopharmacology 223:319–330. doi:10.1007/s00213-012-2719-8

Riccioni G (2009) Carotenoids and cardiovascular disease. Curr Atheroscler Rep 11:434–439. 
doi:10.1007/s11883-009-0065-z

Riso P, Visioli F, Grande S et al (2006) Effect of a tomato-based drink on markers of inflammation, 
immunomodulation, and oxidative stress. J Agric Food Chem 54:2563–2566. doi:10.1021/
jf053033c

Rissanen TH, Voutilainen S, Virtanen JK et al (2003) Low intake of fruits, berries and vegetables 
is associated with excess mortality in men: the Kuopio Ischaemic Heart Disease Risk Factor 
(KIHD) study. J Nutr 133:199–204

Ristow M, Zarse K, Oberbach A et al (2009) Antioxidants prevent health-promoting effects of 
physical exercise in humans. PNAS 106:8665–8670. doi:10.1073/pnas.0903485106

Rodriguez-Amaya DB, Kimura M, Godoy HT, Amaya-Farfan J (2008) Updated Brazilian database 
on food carotenoids: factors affecting carotenoid composition. J Food Comp Anal 21:445–463

Romero C, Brenes M, García P, Garrido A (2002) Hydroxytyrosol 4-β- d-glucoside, an important 
phenolic compound in olive fruits and derived products. J Agric Food Chem 50:3835–3839. 
doi:10.1021/jf011485t

Rosa WA, Heaney RK, Fenwick GR, Portas CAM (1997) Glucosinolates in crop plants. Horticult 
Rev 19:99–215

Rose P, Whiteman M, Moore PK, Zhu YZ (2005) Bioactive S-alk(en)yl cysteine sulfoxide me-
tabolites in the genus Allium: the chemistry of potential therapeutic agents. NPR 22:351–368

Rothwell JA, Urpi-Sarda M, Boto-Ordonez M et al (2012) Phenol-Explorer 2.0: a major update 
of the Phenol-Explorer database integrating data on polyphenol metabolism and pharmacoki-
netics in humans and experimental animals. Database 2012:1–8. doi:10.1093/database/bas031

Sabour-Pickett S, Nolan JM, Loughman J, Beatty S (2012) A review of the evidence germane to 
the putative protective role of the macular carotenoids for age-related macular degeneration. 
Mol Nutr Food Res 56:270–286. doi:10.1002/mnfr.201100219



99928 Fruit and Vegetables and Health: An Overview

Saura-Calixto F (2012) Concept and health-related properties of nonextractable polyphenols: the 
missing dietary polyphenols. J Agric Food Chem 60:11195–11200. doi:10.1021/jf303758j

Scalbert A, Williamson G (2000) Dietary intake and bioavailability of polyphenols. J Nutr 
130:2073S–2085S

Scalbert A, Johnson IT, Saltmarsh M (2005) Polyphenols: antioxidants and beyond. Am J Clin 
Nutr 81:215S–217

Scheepens A, Tan K, Paxton JW (2010) Improving the oral bioavailability of beneficial polyphe-
nols through designed synergies. Genes Nutr 5:75–87. doi:10.1007/s12263-009-0148-z

Schewe T, Steffen Y, Sies H (2008) How do dietary flavanols improve vascular function? A posi-
tion paper. Arch Biochem Biophys 476:102–106. doi:10.1016/j.abb.2008.03.004

Schmidt BM, Erdman JW Jr, Lila MA (2006) Differential effects of blueberry proanthocyanidins 
on androgen sensitive and insensitive human prostate cancer cell lines. Cancer Let 231:240–
246. doi:10.1016/j.canlet.2005.02.003

Seeram NP (2008) Berry fruits for cancer prevention: current status and future prospects. J Agric 
Food Chem 56:630–635

Seeram NP, Adams LS, Zhang Y et al (2006) Blackberry, black raspberry, blueberry, cranberry, 
red raspberry, and strawberry extracts inhibit growth and stimulate apoptosis of human cancer 
cellsin vitro. J Agric Food Chem 54:9329–9339. doi:10.1021/jf061750g

Serrano J, Puupponen-Pimiä R, Dauer A et al (2009) Tannins: current knowledge of food sources, 
intake, bioavailability and biological effects. Mol Nutr Food Res 53:S310–S329. doi:10.1002/
mnfr.200900039

Shaw JE, Sicree RA, Zimmet PZ (2010) Global estimates of the prevalence of diabetes for 2010 
and 2030. Diabetes Res Clin Pract 87:4–14

Shukitt-Hale B, Lau FC, Joseph JA (2008) Berry fruit supplementation and the aging brain. J Agric 
Food Chem 56:636–641. doi:10.1021/jf072505f

Smith MAL, Marley KA, Seigler D et al (2000) Bioactive properties of wild blueberry fruits. J 
Food Sci 65:352–356. doi:10.1111/j.1365-2621.2000.tb16006.x

Snodderly DM (1995) Evidence for protection against age-related macular degeneration by carot-
enoids and antioxidant vitamins. Am J Clin Nutr 62:1448S–1461

Spencer JPE (2008) Food for thought: the role of dietary flavonoids in enhancing human memory, 
learning and neuro-cognitive performance. Proc Nutr Soc 67:238–252

Srivastava KC (1986) Onion exerts antiaggregatory effects by altering arachidonic acid metabo-
lism in platelets. Prostag Leukotr Med 24:43–50

Stahl W, Sies H (2005) Bioactivity and protective effects of natural carotenoids. Biochim Biophys 
Acta 1740:101–107

Steffen Y, Gruber C, Schewe T, Sies H (2008) Mono-O-methylated flavanols and other flavo-
noids as inhibitors of endothelial NADPH oxidase. Arch Biochem Biophys 469:209–219. 
doi:10.1016/j.abb.2007.10.012

Stintzing FC, Carle R (2007) Betalains—emerging prospects for food scientists. Trends Food Sci 
Technol 18:514–525. doi:10.1016/j.tifs.2007.04.012

Suh N, Paul S, Hao X et al (2007) Pterostilbene, an active constituent of blueberries, suppresses 
aberrant crypt foci formation in the azoxymethane-induced colon carcinogenesis model in rats. 
Clin Cancer Res 13:350–355. doi:10.1158/1078-0432.CCR-06-1528

Surh Y-J, Sup Lee S (1995) Capsaicin, a double-edged sword: toxicity, metabolism, and chemopre-
ventive potential. Life Sci 56:1845–1855

Szkudelska K, Szkudelski T (2010) Resveratrol, obesity and diabetes. Eur J Pharmacol 635:1–8. 
doi:10.1016/j.ejphar.2010.02.054

Talalay P, Fahey JW (2001) Phytochemicals from cruciferous plants protect agains cancer by mod-
ulating carcinogen matabolism. Journal of Nutrition 131:3027–3033

Tomas-Barberan FA, Gil MI (2008) Improving the health-promoting properties of fruit and veg-
etable product. Woodhead Publishing Limited, CRC Press, Cambridge

Traka M, Mithen R (2009) Glucosinolates, isothiocyanates and human health. Phytochem Rev 
8:269–282. doi:10.1007/s11101-008-9103-7



1000 Y. Desjardins

Trichopoulou A, Naska A, Antoniou A et al (2003) Vegetable and fruit: the evidence in their favour 
and the public health perspective. Int J Vitam Nutr Res 73:63–69

van den Berg H, Faulks R, Granado HF (2000) The potential for the improvement of carotenoid 
levels in foods and the likely systemic effects. J Sci Food Agri 80:880–912. doi:10.1002/
(SICI)1097-0010(20000515)80:7 <880::AID-JSFA646> 3.0.CO;2–1

Van’t Veer P, Jansen MCJF, Klerk M, Kok FJ (2000) Fruits and vegetables in the prevention of 
cancer and cardiovascular disease. Pub Health Nutr 3:103–107

Verkerk R, Schreiner M, Krumbein A et al (2009) Glucosinolates in Brassica vegetables: the influ-
ence of the food supply chain on intake, bioavailability and human health. Mol Nutr Food Res 
53:S219–S256. doi:10.1002/mnfr.200800065

Voorrips LE, Goldbohm RA, van Poppel G et al (2000) Vegetable and fruit consumption and risks 
of colon and rectal cancer in a prospective cohort study: the Netherlands Cohort Study on Diet 
and Cancer. Amer J Epidem 152:1081–1092

Voutilainen S, Nurmi T, Mursu J, Rissanen TH (2006) Carotenoids and cardiovascular health. 
Amer J Clin Nutr 83:1265–1271

Vuong T, Martineau L, Ramassamy C et al (2007) Fermented Canadian lowbush blueberry juice 
stimulates glucose uptake and AMP-activated protein kinase in insulin-sensitive cultured mus-
cle cells and adipocytes. Can J Physiol Pharm 85:956–965

Vuong T, Matar C, Ramassamy C (2010) Biotransformed blueberry juice protects neurons from 
hydrogen peroxide-induced oxidative stress and mitogen-activated protein kinase pathway al-
terations. Brit J Nutr 104:656–663

Waffo-Teguo P, Krisa S, Richard T, Mérillon J-M (2008) Grapevine stilbenes and their biologi-
cal effects. In: Ramawat KG, Mérillon JM (eds) Bioactive molecules and medicinal plants. 
Springer, pp 25–54

Wedge DE, Meepagala KM, Magee JB et al (2001) Anticarcinogenic activity of strawberry, 
blueberry, and raspberry extracts to breast and cervical cancer cells. J Med Food 4:49–51. 
doi:10.1089/10966200152053703

Williams CM, El-Mohsen MA, Vauzour D et al (2008) Blueberry-induced changes in spatial work-
ing memory correlate with changes in hippocampal CREB phosphorylation and brain-derived 
neurotrophic factor (BDNF) levels. Free Rad Biol Med 45:295–305. doi:10.1016/j.freerad-
biomed.2008.04.008

Williams RJ, Spencer J (2011) Flavonoids, cognition and dementia: actions, mechanisms and po-
tential therapeutic utility for Alzheimer’s disease. Free Rad Biol Med 52:35–45

Williamson G, Clifford MN (2010) Colonic metabolites of berry polyphenols: the missing link to 
biological activity? Brit J Nutr 104:S48–S66. doi:10.1017/S0007114510003946

Wilms LC, Hollman PCH, Boots AW, Kleinjans JCS (2005) Protection by quercetin and quer-
cetin-rich fruit juice against induction of oxidative DNA damage and formation of BPDE-
DNA adducts in human lymphocytes. Mut Res/Gen Toxicol Environ Mutagen 582:155–162. 
doi:10.1016/j.mrgentox.2005.01.006

Woods SC, D’Alessio DA (2008) Central control of body weight and appetite. J Clin Endocrinol 
Metab 93:s37–s50. doi:10.1210/jc.2008-1630

World Cancer Research Fund (2007) Food, nutrition, physical activity, and the prevention of can-
cer: a global perspective. World Cancer Research Fund, Washington DC: AICR

Wu X, Kang J, Xie C et al (2010) Dietary blueberries attenuate atherosclerosis in apolipopro-
tein E-deficient mice by upregulating antioxidant enzyme expression. J Nutr 140:1628–1632. 
doi:10.3945/jn.110.123927

Xie C, Kang J, Ferguson ME et al (2011) Blueberries reduce pro-inflammatory cytokine TNF-α 
and IL-6 production in mouse macrophages by inhibiting NF-κB activation and the MAPK 
pathway. Mol Nut Food Res 55:1587–1591. doi:10.1002/mnfr.201100344

You WC, Li JY, Zhang L et al (2005) Etiology and prevention of gastric cancer: a population study 
in high risk area of China. Chin J Digest Dis 6:149–154

Youdim KA, Shukitt-Hale B, MacKinnon SL et al (2000) Polyphenolics enhance red blood cell 
resistance to oxidative stress: in vitro and in vivo. Biochem Biophys Acta 1523:117–122

Zifkin M, Jin A, Ozga JA et al (2012) Gene expression and metabolite profiling of developing 
highbush blueberry fruit indicates transcriptional regulation of flavonoid metabolism and ac-
tivation of abscisic acid metabolism. Plant Physiol 158:200–224. doi:10.1104/pp.111.180950 



1001

Chapter 29
Health and Well-Being

Ross W. F. Cameron

R. W. F. Cameron (*)
Department of Landscape, University of Sheffield, Sheffield, United Kingdom
e-mail: r.w.cameron@sheffield.ac.uk

Abstract Horticulture is considered to be one of a number of activities that promote 
green- or eco-therapy. Working with plants in a (semi-) natural landscape is thought 
to provide a range of health and social benefits. Benefits that would not necessarily 
accrue in an anthropogenic dominated landscape working with artificial materi-
als. The benefit of horticultural activities relate to the promotion of relaxation in 
stressed individuals through physical activity and exposure to natural/living objects, 
the promotion of social skills in a socially non-demanding environment (e.g. out-
doors, facilitating flexible and mobile group structures) or the ability to set goals, 
work and achieve results at one’s own pace. Although most scientific data cites the 
stress avoidance/stress relief characteristics of horticulture and green spaces, there 
may also be an argument for stimulation in some user groups too, although this 
is less well-defined. The benefits of horticulture are most manifest through Horti-
cultural Therapy and Social and Therapeutic Horticulture (although paradoxically 
these areas have least scientific evidence supporting them), but even exposure to 
green landscapes, for example, by viewing natural scenes from a hospital window 
can provide physiological and psychological benefits. This chapter highlights hor-
ticulture contribution to eco-therapy and alludes to how form, quantity and quality 
of landscape may impact of the extent of those benefits.

Keywords Health · Well being · Green-Infrastructure · Green-space · Natural 
environment · Created environment · Stress recovery · Attention recovery · Eco-
therapy · Psychological health · Social benefit · Obesity · Cancer · Heart disease

Introduction

The relationship between horticulture and health and well-being is a component of 
a wider spectrum of interactions between humans and natural/semi-natural land-
scapes. In this context, landscapes are often defined as ‘green space’ or ‘green 
infrastructure’ and many are intrinsic to horticultural activities and landscapes 
(landscape horticulture, allotments, gardening, park landscapes, arboreta, cemeter-
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ies, interior landscapes, green roofs/walls and even ‘guerrilla’ gardening;—where 
volunteer groups cultivate and plant urban areas without any official authority to do 
so). Although not always referred to as ‘horticulture’—horticultural-like activities 
(planting, pruning, thinning, mowing, weeding, soil cultivation, irrigation) are also 
responsible for the appearance of many other forms of green space—sports facili-
ties, urban forests, nature reserves, wild flower meadows, roadside verges, green 
networks and corridors and even the maintenance of semi-naturalistic ecosystems 
such as chalk down-land or prairie grasslands. As such, this review will deal with 
horticulture in its widest definition and be used interchangeably with green space 
management or maintenance. Reference will be made however, to specific forms of 
green space or particular types of activity where these may influence the value or 
benefits associated with health and well-being.

The implicit relationship between green places and human health and well-
being has been acknowledged for at least 200 years, although a formal scientific 
evidence base has only begun to form over the last 30 years or so. Indeed, it might 
be argued that community leaders in the 19th Century (e.g. the ‘Victorians’ in 
the UK) had a greater understanding of the relationship between green space and 
well-being, than subsequent generations of planners and designers (Parr 2007). 
Despite the industrialisation and rapid urban sprawl that was associated with the 
Victorian era, the Victorians were also champions of city parks, street trees and 
the requirement for the medical institutions and hospitals of the day to be placed 
in ‘green and pleasant’ surroundings. Many ‘sanatoriums’ were placed in spa-
cious green field sites to help provide a peaceful and tranquil sanctuary for the 
patients. Interest in ornamental horticulture ‘blossomed’ during this era too—the 
collection and cultivation of garden plants became commonplace, particularly 
in Europe (Hadfield 1969). Horticultural societies were formed and provided a 
rest-bite to long hours of heavy manual or repetitive work for miners, weavers, 
mill-workers, potters and steel workers (Duthie 1988). Workers who moved to 
the cities, but still retained roots to a rural agricultural society, sought and were 
encouraged to engage in horticultural activities. The relationship between green 
space and health became much more ambiguous over the intervening years. The 
term ‘environmental health’ coined in the 1960’s is symptomatic of the negative 
aspects of nature—e.g. diseases caused or transmitted by biological agents or by 
risks posed by the natural world (environmental extremes, features of the land-
scape or potentially injurious organisms, e.g. poisonous plants, fungi or venomous 
animals), rather than highlight the positive influences of the natural environment 
(Morris 2003). A key paradox has been that despite many people intrinsically en-
gaging with nature and claiming it to have positive effects on wellbeing (denoted 
by everyday terms such as ‘fresh-air’ or ‘natural goodness’) only recently has 
the relationship between health and landscape influenced decisions about green 
space infrastructure. Even today, the arguments surrounding the development of 
green space tend to polarise between on the one hand the need for economic 
development, requirement for housing and the building of infrastructure to sup-
port industry and on the other hand, the impact on local biodiversity, reduction 
of aesthetic values or loss of a particular resource (e.g. place to ‘walk the dog’). 
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Only in the last 10 years of so (and in many places it is still absent) does the im-
pact on human physical and psychological health enter the cost/benefit analysis 
of the decision-making process. It is largely because the costs of health care have 
increased so dramatically in recent years (due to enhanced population longevity, 
a more sedentary lifestyle and fat-rich diet—Eastwood 2011), that policy makers 
have begun to focus on the role that green space can play on lifestyle and health-
related issues (Maller et al. 2006).

Defining the relationship between human well-being and green landscapes, 
however, is a complex process. Nevertheless, many organisations involved with 
managing the natural environment have connected with the principle that participa-
tion in the green landscape is beneficial in terms of well-being (e.g. The European 
Environment Agency; Natural England and the Royal Society for the Protection of 
Birds, UK: USDA Forest Service USA), a number of which have developed poli-
cies around health benefits to humans. In parts of the medical community too, the 
benefits of green space are now acknowledged (Maller et al. 2006).

Some of ‘exposure to nature’ approaches appear to be just as effective in achieving health 
gains as traditional drug-oriented treatments. (St Leger 2003).

Medical practitioners in the UK are encouraged to recommend ‘green’ or ‘eco-ther-
apy’ to their patients to improve physical fitness and aid psychological restoration 
(Bird 2007). Such activities include clearing scrub woodland, digging and maintain-
ing ponds and planting trees and wildflowers. Many of the activities involve group 
work and the ‘low key’, unpressurised social dynamic is thought to help patients 
improve communication skills, regain confidence and improve self-esteem. For el-
derly or disabled people there is less stigma attached to these activities compared to 
competitive sports. There seems to be enhanced longevity of engagement too, with 
drop-out rates less than that of joining a conventional gym (Morris 2003).

Nevertheless, the evidence base for health and well-being related to green space 
remains controversial (Lee and Maheswaran 2011) or incomplete, particularly with 
respect to details on what sorts of activities or landscapes provide (most) benefit and 
can be used to treat or counteract specific illness or disorders.

The Evidence for Health Benefits from Green Space/
Horticulture

The health (and allied social) benefits associated with engagement with the green 
space have been increasingly researched in recent years (e.g. Cimprich and Ronis 
2003; St Leger 2003; Hartig 2007; Berman et al. 2008; van den Berg et al. 2010; 
Mitchell 2012) and largely centre on the attention restoration theory (ART) (Ka-
plan 1995), or the psychophysiological stress recovery theory (PSRT) (Ulrich et al. 
1991). ART states that nature or green space provides a restorative opportunity by 
acting at four levels; allowing patients to ‘be away’ (removed from stress induc-
ing factors either physically or psychologically), promotes ‘fascination’ (effortless, 
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interest-driven engagement with natural objects, Fig. 29.1), provides ‘extent’ (scope 
for exploration and curiosity-driven discovery) and is ‘compatible’ (how closely 
the environment matches one’s interests or needs at that time). Kellert and Wilson 
(1993) go further, arguing that engagement with nature is an essential component 
for human development and well-being—the ‘Biophilia hypothesis’. Wilson (1984) 
stated that biophilia is determined by biological needs and is an emotional or spiri-
tual relationship between humans and nature. It has been theorised that biophilia 
relates to our evolution, e.g. the fact that Homo sapiens developed in a ‘parkland 
like’ savannah habitat and has a particular affinity to certain landscape features 
even today (e.g. attraction to water—evolutionary important as a source of food and 
drink, a desire for vantage points and vistas to view the wider landscape and the 
need for refuge points to provide protection and shelter, Fig. 29.2).

The opportunities for enhanced physiological health through greater physical 
activity in green space are increasingly cited in relation to health policy documents. 
Research has identified key health benefits attributed to green space/activities as; 
faster recovery times from illness (Ulrich et al. 1991), short-term recovery from 
stress or mental fatigue (Kaplan 1995, 2001), longer term improvements in health 
and well-being (Verlarde et al. 2007), providing enhanced opportunity for physical 
activity (Björk et al. 2008) and not least, reduced mortality (Mitchell and Popham 

Fig. 29.1  The natural world is thought to stimulate ‘fascination’ helping individuals to substitute 
‘directed attention’ (often associated with pressures of work and lifestyle) for ‘indirect attention’ 
(effortless, thought processes on natural or abstract subject matter)
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2008). In terms of psychological health, the benefits have been outlined by Maller 
et al. (2002, 2006) and Stone and Hanna (2003) as:

• Improved self-awareness, self-esteem, self-concept, and positive mood state 
(Barton et al. 2012).

• Reduction of negative feelings such as anger, fear, anxiety and frustration.
• Improved ability to recover from stressful episodes.
• Effective alleviation of the symptoms of anxiety, depression and psychosomatic 

illness (including irritability, insomnia, tension, headaches and indigestion).
• Improved emotional and cognitive aspects (including reduced symptoms of At-

tention Deficit Disorder—ADD).
• Restored capacity for concentration and attention.
• Enhanced spiritual, sensory and aesthetic awareness.
• Delays in the onset of dementia (Simons et al. 2006) and aid to those suffering 

from it (Jarrott et al. 2002; Lee and Kim 2008).

Physiological benefits include (Hartig et al. 2003; Tzoulas et al. 2007; Bowler et al. 
2010):

• Cardiovascular-respiratory fitness and reduced heart/pulse rate (Ulrich et al. 
1991; Hartig et al. 1991, 2003; Tsunetsugu et al. 2007).

• Pain relief (Ulrich 1984) including relief from headache (Moore 1981; Hansmann 
et al. 2007).

• Lower skin conductance, (Verlarde et al. 2007).
• Reduced muscle tension (Tzoulas et al. 2007).
• Enhanced physiological motor performance and maintenance of mobility (Coo-

per and Barnes 1999; Scholz and Krombholz 2007).
• Longer telomere length (less oxidative damage to DNA sections) (Woo et al. 

2009).
• Cortisol (stress hormone) reduction (van den Berg and Custers 2011).
• Improved brain function (Park et al. 2007).

Fig. 29.2  Does today’s 
garden patio reflect the evo-
lutionary need for a sheltered 
location with a view? (Image: 
A. Clayden, University of 
Sheffield)
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• Diminished risk of osteoporosis, falls and fractures (Cooper and Barnes 1999)
• Reduced digestive illness (Moore 1981).

Social benefits (Morris 2003) include:

• Enhanced personal and social communication skills
• Increased independence and an ability to assert personal control and increased 

sensitivity to one’s own well-being.

In contrast, other studies suggest that generic links between health and green infra-
structure are weak (Lee and Maheswaran 2011), or the response is dependent on fac-
tors such as sample population studied (Ottosson and Grahn 2005), the form, extent or 
quality of the green infrastructure (Milligan and Bingley 2007; Mitchell and Popham 
2007), the nature of the ‘green’ activity undertaken (Barton and Pretty 2010) or ancil-
lary factors such as ease of access, degree of motivation or perceptions of safety (Lee 
and Maheswaran 2011). Korpela et al. (2010) also suggest that although natural/semi-
natural landscapes promote greater health benefits, there was no difference within a 
city context between green space (parks) and favourite placed within the built infra-
structure. Therefore, familiar places selected on the basis of preference or emotional 
attachment (whether they are green or not) may have some restorative value.

Despite these observations Maller et al. (2006) stated that
public health strategies have yet to maximise the untapped resource nature provides.

These authors commented on increased disengagement with the natural world 
and potential negative consequences for human health. A point echoed by Kellert 
and Wilson 1993; Pretty and Ward 2001; Pretty et al. 2003. Federighi (2008) cites 
examples of disconnection from nature in the USA.

• “In a single 6-year period (1997–2003), the proportion of American children 
aged 9–12 who spent time on outdoor activities such as hiking, gardening, and 
fishing fell by 50 %.”

• “On average, American children aged 8–18 spend: almost 6.5 h per day with 

electronic media, including more than 3 h watching TV; and only 30 min per 
week on unstructured outdoor activities.”

• “National undergraduate enrolment in natural resource science programmes has 
declined by 40 % since 1995.”

• In essence, Pretty et al. (2003) suggest “that our whole physiology has been out-
paced by the recent changes in society and lifestyle.”

Increases in obesity and a sedentary lifestyle are increasing in industrialised societ-
ies. In England, UK, 22 % of men and 24 % of women aged ≥ 16 were classified as 
obese in 2009 (Body mass index ≥ 30kg m−2)(Eastwood 2011). When combined 
with information on where fat is laid down this correlates with 20 % of men and 
23 % of women deemed to be in the ‘very high health risk’ category. In the same 
census 16 % of boys and 15 % of girls were classed as obese, an increase from 11 % 
and 12 % respectively from 1995. The costs of treating obesity related disease in the 
UK is thought to be £ 4.2 billion a year, but will rise rapidly to £ 6.6 billion by 2015.

R. W. F. Cameron
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The impact of mental health disorders is even more stark. In the UK 18 % of 
the population suffer anxiety disorders or depression, exhaustion and fatigue syn-
dromes and 1 % have a severe mental illness, such as bipolar disorder or schizophre-
nia. Mental health problems cost the UK an estimated £ 105.2 billion p.a. in health-
care, benefits and lost productivity (Anon 2010). Many of these forms of mental 
illness are thought to be activated by physiological stress. Short duration, stress 
reactions are a natural process, which in evolutionary terms helped humans escape 
threats and enhance sensory perceptions. Prolonged stress on the other hand is con-
sidered detrimental to human physiology and is linked to cardiovascular disease, 
neuro-hormonal imbalance, type II diabetes, susceptibility to pathogen infection 
and depression (Esch et al. 2002; Hartig et al. 2003).

What Sort of Green Space?

People seem to prefer natural environments to help restore well-being as well as en-
joyment. Kaplan et al. (1998) indicate that natural settings do not need to be remote 
wilderness, and emphasise the value of ‘the everyday, often unspectacular natural 
environments’ (Fig. 26.3), such as nearby parks and open spaces (Bedima-Rung 
et al. 2005), street trees (van Dillen et al. 2012), gardens (Cameron et al. 2012) and 
fields and forests (Nilsson et al. 2011; Park et al. 2011; Fig. 29.3).

Physical Activity

The provision of green space can help encourage physical activity and decrease dis-
eases associated with a sedentary lifestyle (Maas et al. 2006; Mitchell and Popham 
2008; Macintyre et al. 2008; Coombes et al. 2010). Larger areas of green space may 
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Fig. 29.3  Designed land-
scapes that mimic nature (in 
this case prairie or savannah 
grasslands) may be useful 
in terms of restoration from 
stress, although research 
on how different elements 
act or can be effectively 
be combined is still in its 
infancy. (Image: A. Clayden, 
University of Sheffield)
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enhance health effects (Giles-Corti et al. 2005) but paradoxically be less prevalent in 
deprived areas where health problems are greatest (Mitchell et al. 2011). Proximity 
to green space, however, has been shown to have both a positive (Giles-Corti et al. 
2005; Roemmich et al. 2006; Nielsen and Hansen 2007) or no (Hoehner et al. 2005; 
Hillsdon et al. 2006; Maas et al. 2008; Potwarka et al. 2008) influence on physi-
cal activity/health. Such inconsistent findings may reflect variations in user groups 
(e.g. children vs adults), dietary behaviour, degree, type or frequency of physical ac-
tivity, or type and accessibility of green space. Coombes et al. (2010) demonstrated 
that proximity to location was important in their study; people living farther from 
a park or similar green space were less likely to use it, were less likely to meet the 
minimum guidelines for physical activity and were more likely to be overweight. 
Frequency of use was increased by closer proximity. Formal green spaces (parks) 
make them particularly suitable for physical activities claim Coombes et al. (2010) 
due to the network of pathways encouraging cycling, walking and jogging.

The proximity argument has been refuted to some extent by Schipperijin et al. 
(2010), who found that only 56 % of respondents used their nearest green space on 
a weekly basis. Nearby, accessible green space was seen as important for certain 
user groups, however; the immobile, elderly or those with young children. Dog 
walkers were also found to use local green space on a frequent basis. Interestingly, 
factors such as vegetation type, diversity of the area, presence of facilities, area 
shape, marital status, profession, level of stress, preference for different activities, 
preference for different green space elements, importance of maintenance and view 
on nature did not seem to change the frequency of use of local green space. Those 
without access to a domestic garden did not use local green spaces more frequently; 
people with gardens utilizing local green space as, or more, frequently, than those 
without. This may indicate that garden owners are more interested in spending time 
outside in general; in their own garden for certain activities and in urban green 
space for others (Grahn and Stigsdotter 2003; Maas et al. 2006, Maas et al. 2009). In 
contrast to those who selected local green space, many other groups would by-pass 
their local green space to travel further to larger green areas (larger areas being more 
popular e.g. > 5 ha). Hence, Schipperijin et al. (2010) suggest it is important for city 
planners to find a balance between the provision of both areas of smaller and more 
extensive green space, within a reasonable distance of residents.

Psychological Benefits

Psychological benefits largely relate to the restorative effect from stress and mental 
fatigue (Kaplan and Kaplan 1989; Bell et al. 2004). Korpela and Hartig (1996) sug-
gest that restorative experiences figure in emotional and self-regulatory processes 
through which individuals develop an identity of place. They found people often 
went to their favourite places to relax, calm down and clear their mind of nega-
tive events. The favourite places identified, most often incorporated elements of 
greenery, water or scenic quality. Such places have coined the term ‘therapeutic 
landscapes’.

R. W. F. Cameron
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According to Searles (1960) green space acts as a catalyst for creative processes 
that are important for restoration from stress. This relates to how humans process in-
formation. Information is coded and stored through 3 different processes: Subsym-
bolic (sensory, motor and somatic modes, as perceived by muscles, inner organs, 
skin), Symbolic imagery (visual pictures in a person’s mind) and Symbolic verbal 
(verbal concepts and interpretations) (Grahn and Stigsdotter 2010). Simple relation-
ships e.g. between an individual and inanimate objects, plants or animals do not 
overload these sensory processes, whereas more complex interactions (e.g. between 
humans during conversation) can tax them, especially in the symbolic imagery and 
verbal spheres. Those environments that allow engagement with the simple pro-
cesses (natural landscapes, wilderness, parks, gardens) are deemed to have greater 
restoration potential than those that require more complex sensory processing (city 
centres, airports, shopping malls, business and work environments) (Hartig et al. 
2003; Coon et al. 2011; Mitchell 2012). Scopelliti and Giuliani (2004) imply, how-
ever, that certain urban built environments can have restorative effects themselves.

Within this context are there differences in the restorative potential of distinct 
types of green space? Despite Kaplan’s claims that restorative environments do not 
need to be pristine wilderness, there is evidence to suggest that scale, form and qual-
ity of landscape may impact on restoration potential. Korpela and Hartig (1996) and 
Korpela et al. (2001) found that restorative experiences were greatest in favourite 
exercise areas outdoors (Mitchell 2012), waterside locations and extensively man-
aged natural settings (mainly urban woodlands) compared to either favourite places 
in built urban settings or green spaces in urban settings (mostly parks). Grahn and 
Stigsdotter (2010) argue that people looking for restoration may have slightly dif-
ferent preferences to those not suffering from stress or mental health problems. 
People suffering stress reported preference for landscapes that provide ‘Refuge’ and 
‘Nature’ and that a combination of factors associated with ‘Refuge’, ‘Nature’ and 
‘Rich in Species’, with low or no ‘Social’ components could be interpreted as the 
most restorative environments for stressed individuals.

Non-stressed individuals, however, ranked preference in landscapes in order of 
‘Serene’, followed by ‘Space’, ‘Nature’ with ‘Rich in Species’ and ‘Refuge’ only 
as middle ranking factors. ‘Culture’ ‘Prospect’ and ‘Social’ were the least preferred 
factors. (See Table 29.1 for definition of terms).

Earlier work though by de Groot and van den Born (2003) suggested that seeking 
aspects such as serenity, solitude or refuge are not the only motivating factors. Their 
results showed that ≥ 50 % of respondents expressed preference for landscapes 
where one experienced the ‘force of nature’, with another 33 % preferring wild, 
interactive landscapes. The authors state that preference for landscape should dis-
tinguish between visual or behavioural preferences; i.e. some people are attracted 
to certain landscapes for personal desires/interests, e.g. to partake in active outdoor 
sports. Such attractions may not be restricted to wilderness alone. In urban parks, 
visitors were expected to experience greater pleasure in those landscapes that pos-
sessed more trees and had less undergrowth present; as parks with these features 
were considered to be calming and relaxing (Hull and Harvey 1989). Preference for 
parks, however, increased in line with feelings of pleasure and arousal rather than 
relaxation. Indeed, preference related to traversing paths with thick undergrowth 
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which induced exhilaration and arousal as well as an element of fear into some 
visitors. The arousal-inducing characteristics were counter to the calming influ-
ence of parks expected by the researchers. This indicates that although feelings of 
calm and relaxation are major components of people’s emotional reactions to na-
ture, more animated response of stimulation or awe are also important (Rohde and 
Kendle 1994). Enjoyment of green areas may help people to relax or may actually 
give them fresh energy (Ulrich 1990).

Although some studies suggest larger green areas can enhance benefits, 
this should not be interpreted as smaller local areas having limited value. In a 
comparison between urban green spaces and streetscapes van Dillen et al. (2012) 
investigated how quality parameters (accessibility, maintenance, variation, natural-
ness, colourfulness, clear arrangement, shelter, absence of litter, safety and overall 
general impression) influenced three different health variates (perceived general 
health, acute health-related complaints and mental health scores). They found that 
the enhanced quality of streetscape greenery improved all three health indicators. 
With green spaces, however, enhanced quality was only linked to general health 
and acute health complaints. (A lack of correlation to mental health scores was 
attributed to shorter exposure times in the green spaces). These results suggest 
that immediate, everyday encounters with green space can influence health and 
well–being. Horticultural activities (design, plant selection, type and frequency 
and maintenance) that promote quality criteria, therefore may improve the health 

Table 29.1  Different components in the landscape that can influence stress restoration in humans 
as defined by Grahn and Stigsdotter (2010)
Landscape component Aspects
Nature: Experiencing the inherent force and power of nature, designed and 

manifested on nature’s own terms.
Culture: Containing an essence of human culture and may relate to the inclu-

sion of ornamental or historical components e.g. fountains, ponds 
and ornamental plants.

Prospect: An open area with a view. Considered an evolutionary component 
where our ancestors tried to find vistas and vantage points in the 
landscape.

Social: An environment that is equipped for social activities. Offers potential 
for people to meet, amuse themselves and watch one another.

Space: A green environment with space (scope) and connecting compo-
nents. Scope requires the environment to be large enough that one 
can move around in it to maximise an experience and connected-
ness is that various parts of the environment must be perceived as 
belonging to a larger whole.

Rich in species: This comprises variables demonstrating the importance of finding 
a wide range of expressions of life: numerous birds, butterflies, 
flowers and other forms of wildlife.

Refuge: An enclosed and safe environment, where people can play or watch 
other people being active.

Serene: This factor is about being in an undisturbed, silent and calm environ-
ment, which can be interpreted as an environment for retreat—a 
virtually holy and safe place.
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potential of such landscapes. This reflects findings from Giles-Corti et al. (2005) 
and Ivarsson and Hagerhall (2008), the latter indicating restoration potential could 
vary radically based on the design of individual gardens—Fig. 29.4. A point echoed 
by Niepel (2004) who states that if gardens are therapeutic then designers need to 
understand the components that make them so. Aldous and Aldous (2008) suggests 
these components include intrinsic (people related) and extrinsic (plant/landscape 
related) variables and when combined effectively improve the design and develop-
ment of the therapeutic landscape. In dealing with trade-offs between landscape 
quantity and quality, van Dillen et al. (2012) suggest that rather than quality and 
quantity being able to compensate for one another, the one becomes more critical 
if the other is high.

Visualizing Green

The benefits of green landscapes have been cited not only from active activities 
within the landscape, but having natural scenes (or representations of them) within 
view. Views of green space, both real and artificial (pictures, photographs, vid-
eos) are reported to increase recovery from stress. Ulrich cites that viewing natural 
settings can produce significant restoration within less than five minutes as indi-
cated by positive changes, for instance, in blood pressure, heart activity, muscle 
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tension, and brain electrical activity (Ulrich 1981, 2001; Ulrich et al. 1991; Hartig 
et al. 2003). Others argue that the presence of greenery around domestic dwellings 
is particularly important in reduced stress loads (Kaplan 2001; Kuo and Sullivan 
2001a, b; De Vries et al. 2003; Grahn and Stigsdotter 2003). Even the provision of 
roadside vegetation may help drivers recover from stress or being more tolerant to 
it (Parsons et al. 1998).

Views and sounds of the natural landscape can reduce pain and are used in ‘dis-
traction therapy’ (Diette et al. 2003). Murals of natural scenes placed at patient’s 
bedsides, and nature sounds provided before, during, and after flexible bronchos-
copy have shown better pain control than conventional approaches after data was 
adjusted for other factors. Older patients and those with better health status, particu-
larly, reported significantly less pain. There was no difference, however, in patients-
reporting anxiety between the treatment and control groups.

Possibly the most striking example of the impact of green views is that of Kuo 
and Sullivan (2001a, b) which demonstrated that domestic violence (aggression 
against a partner?or children?) increased by 25–35 % in housing estates in Chicago 
where large landscape trees were removed from the view of some housing blocks 
but not others (for communities with similar housing stock, and social-economic 
background). The authors related the level of aggression encountered to enhanced 
stress and anxiety in those dwellings where there was no view of greenery. Simi-
lar modes of action may explain the reductions in both gun crimes and vandalism 
across Philadelphia when vacant city spaces were re-landscaped with vegetation 
(Branas 2011).

Gardening

Horticultural activities such as allotment gardening (Armstrong 2000; Twiss et al. 
2003; Milligan et al. 2004), school gardening (Lee 2002), recreational gardening 
(Brown and Jameton 2000; York and Wiseman 2012) and hospital gardens all aid 
restoration from stress (Cooper and Barnes 1995, 1999; Ulrich 2002; Barnicle and 
Midden 2003). In the latter case, the restorative value was not just limited to pa-
tients, but evident too in staff and visitors (Whitehouse et al. 2001). Gardening is 
effective in providing relief from depression and stress, but also can elicit benefits 
through personal fulfilment as a hobby, social contact and physical exercise to pre-
vent or manage disease or disability (Elings 2006; Kingsley 2009).

Studies on allotment gardening suggest that those ≥ 62 years-old scored signifi-
cantly better on certain measures of health and well-being compared to neighbours 
of the same age who did not garden, but measures for younger gardeners did not 
differ from their equivalent age group (van den Berg et al. 2010). Beneficial ef-
fects of allotment gardens include enhanced physical activity, reduced levels of 
stress and mental fatigue but better social and cultural integration is also considered 
an important component (Schmelzkopf 1995; Milligan et al. 2004; Groenewegen 
et al. 2006; Phelps et al. 2010). Especially for older people, allotment gardens can 
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provide a supportive environment that combats social isolation and contributes to 
the development of their social networks (Milligan et al. 2004). Family cohesion 
was deemed to be improved when families came together in a community garden 
project (Carney 2011), as well as health benefits associated with increased inges-
tion of fresh fruit and vegetables. Eating fruit and vegetables in a ‘several times a 
day category’ increased from 18 to 85 % for adults during the duration of the project 
(and from 24 to 64 % for children).

Parents and teachers working with children on gardening projects relate that 
activities help improve children’s self-esteem and reduce stress or anxiety levels 
(Waliczek et al. 2000). The form of garden activity itself may be influential with 
Yamane et al. (2004) claiming the presence of plants was important in determining 
any benefits during a potting based activity. Groups of individuals either potted on 
soil alone, a non-flowering plant or a flowering plant. Before and after potting, they 
were screened for brain waves (electromyogram), eye blinking and assessed via a 
questionnaire on mood state. Results showed that potting plants reduced electro-
myogram activity significantly, whereas potting soil alone did not. Eye blink rates 
also decreased significantly after potting of flowering plants. Negative characteris-
tics such as anxiety, depression and fatigue were significantly lower after the pot-
ting of flowering plants compared to the other two treatments. Whether the flower-
ing plants were more stimulating because they were plants per se, or that additional 
alterations in form and colour were contributing to the positive responses remains a 
moot point however (no artificial equivalents were used as a control).

Gardening is one of a number of pastimes that are linked with encouraging great-
er physical activity, including sustaining long-term engagement through opportuni-
ties for creativity, communication and self-expression (Blair et al. 1991; Fig. 26.5). 
Benefits associated with gardening and similar activities include reduced mortality, 
higher bone density, lower blood pressure and cholesterol levels (Pahor et al. 1994; 
Walsh et al. 2001; Milligan et al. 2004). Park et al. (2009) claim regular physical 
activity can reduce risk of coronary heart disease, ischemic stroke, Type II diabetes, 
hypertension, osteoporosis, anxiety, depression and certain types of cancer. The in-
tensity of physical activity, however, will vary with type of gardening task, age and 
ability of participant (Dallosso et al. 1988). Although gardening has shown posi-
tive influences in reducing mortality rates, links to reduced cardio-vascular disease 
directly, however, remain unproven and more intensive activities (cycling, regular 
walking or stair climbing) may be required to help offset this particular risk (Stamat-
akis et al. 2009). Benefits tend to be maximised when moderate garden exercise is 
maintained throughout the year (Magnus et al. 1979). An additional benefit of gar-
dening is that the activities may have longevity or may be more convenient for regu-
lar activity. In one study among elderly men in The Netherlands, participants spent a 
greater amount of time per week gardening than other activities such as walking or 
cycling (Caspersen et al. 1991). Gardening is not risk free though. In the USA 1 % 
of the population are thought to suffer some sort of injury in the garden every month 
(Powell et al. 1998). Gardening is blamed for injuries linked with the misuse of tools 
(especially lawn mowers, van Duijne et al. 2008), dermatitis (McMullen and Gawk-
rodger 2006) and certain pathogens (O’Connor et al. 2007; Fig. 29.5).
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Children and Greenspace

As with other groups green space is perceived to improve self-esteem and a sense 
of empowerment in children, as well as improve engagement with school (Maller 
2009). Green space within the vicinity of the home may influence a child’s develop-
ment. A house surrounded by nature helps to boost a child’s attention capabilities 
(Fig. 29.6). When children’s cognitive functioning was compared before and after 
they moved from poor (low volume green space)—to better-quality housing (great-
er green space) differences emerged in attention capacity, even when the effects of 
the improved housing were taken into account (Wells 2000; Wells and Evans 2003).

The Forest School concept was initiated in Denmark and has spread across the 
globe (Maynard 2007). This embraces the notion that children’s development and ed-
ucational performance is enhanced when teaching and learning is conducted in a natu-
ral setting, rather than a ‘bland’ interior classroom. The impact of plants and greenery 
on attentional functioning may also explain why children with attention deficit disor-
der (ADD) appear to respond better when playing in a green or natural environment 
(Faber-Taylor et al. 2001). In this study, parents rated their child’s attentional function-
ing after activities in several settings. Results indicated that children functioned better 
after activities in green settings, and increasing the component of greenery resulted in 
less severe attention deficit symptoms. Thus, contact with nature may support atten-
tional functioning in those children who have special educational needs.

Fig. 29.5  Horticulture pro-
vides opportunity for regular 
physical exercise, with the 
growing and other devel-
opmental aspects allowing 
people to retain their levels 
of engagement and interest. 
(Image: A. Clayden, Univer-
sity of Sheffield)
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Contemporary living environments and lifestyle, however, may affect percep-
tions of nature today. Secondary schoolchildren expressed fears about natural areas 
they encountered through school or recreational activities (Wohlwill 1983). Such 
negative perceptions have been linked to preferences for manicured paths, urban 
environments and indoor social recreation activities over rural activities (Bixler and 
Floyd 1997). Interestingly, counter to popular assumptions about urban attitudes to 
the natural world, it was mostly rural and suburban students that had these negative 
attitudes.

Horticultural Therapy (HT), Social and Therapeutic 
Horticulture (S&TH) and Healing Gardens

Horticulture is frequently used as a therapeutic process for those suffering physi-
cal and mental disabilities. It is one of a number of ‘green’ or ‘nature-based’ care 
initiatives (Horticultural Therapy, Social and Therapeutic Horticulture, Healing or 
Therapy Gardens, Ecotherapy, Green Exercise, Wilderness Therapy, Care Farm-
ing and Animal Assisted Activity, Haubenhofer et al. 2010). Horticultural Therapy 
(HT) has predefined clinical goals and helps clients learn new skills or regain ones 
lost. It aims to help clients improve memory, initiate tasks, encourage attention 
to detail, improve responsibility, enhance problem solving skills or regain physi-
cal abilities such as coordination, balance and strength. A range of different client 
groups are thought to respond to HT; people with physical or mental disabilities or 
in rehabilitation from illness, injury addiction or abuse (Haubenhofer et al. 2010). In 
contrast to HT, Social & Therapeutic Horticulture (S&TH) has a more general focus 
on well-being improvements and is not necessarily set against clinical objectives. 
Both of these forms of green care, however, centre-around plants and horticultural 
activities. Healing or therapeutic gardens can be used for HT and S&TH activities, 

Fig. 29.6  Access to green 
space from an early age can 
help cognitive development, 
as well as an appreciation of 
the natural world
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but are also associated with hospitals and care homes where much of the interac-
tions may tend to be relatively passive (e.g. viewing and hearing nature, smelling 
and touching plants).

Anecdotal reports of HT and S&TH tend to be very positive and benefits re-
ported for a variety of settings and a diverse range of special need groups. In the 
UK 21,000 clients are through to engage with S&HT every week (Haubenhofer 
et al. 2010) although empirical data proving the benefits remains elusive. Gigliotti 
and Jarrott (2005), however, working with dementia sufferers showed greater levels 
of client engagement with HT approaches (78 %) compared to conventional activi-
ties (28 %), although the latter type of activity varied between care homes/needs 
of individual clients (a drawback in this sort of study). As well as greater engage-
ment, clients demonstrated more positive responses during HT compared to control 
activities. Despite horticulture indicating some advantages over conventional in-
terventions for clients suffering mental health problems, structured comparisons 
between different forms of therapy, e.g. music or art therapy (and hence the relative 
advantages/drawbacks of HT) still remain to be determined. The nature of HT itself 
makes clinical analyses difficult. Due to the need to provide high quality care, cli-
ent numbers tend to be limited at any one location. This combined with differences 
in approaches, methodologies and client groups make large randomly controlled 
experiments difficult to accomplish (Sempik 2007).

Although Gonzalez et al. (2010, 2011) were also frustrated by an inability to 
complete randomised controlled experiments, their data on changes on client’s 
scores before and after a HT programme strengthens the evidence base for the 
value of such interventions. Clients in their study suffered from clinical depres-
sion and were assessed using five different mental health assessments (Gonza-
lez et al. 2011). Significant beneficial changes were observed in all the variables 
measured during the HT programme with large reductions in depression severity 
occurring over the first 4 weeks. Moreover, benefits were still significantly greater 
than original baseline values 3 months after the HT finished. The value of HT in 
relation to clinical depression is thought to activate the ‘being away’ and ‘fascina-
tion’ components of Kaplan’s attention restoration theory (Gonzalez et al. 2010) 
as well as provide social interactions and cohesion (Stepney and Davies 2004; 
Gonzalez et al. 2011).

The majority of studies on HT and the associated evidence base tend to rely on 
case studies or interview/questionnaire survey methods– often on carers perceptions 
of the effectiveness of any interventions. In a review of HT in the UK, Sempik 
et al. (2005) contacted 24 garden projects and interviewed 137 clients, 88 project 
staff and carers, and 11 health professionals. Key findings included social as well 
as medical benefits; some clients extending their existing social networks while 
others made new and significant friendships. It was found that gardening acts as a 
common medium and offers clients the opportunity to engage with members of the 
wider community who share an interest in horticulture. As such, these projects help 
to develop closer relationships between vulnerable (socially excluded) and non-
vulnerable (socially included) members of society and help to promote the abilities 
of vulnerable adults, as opposed to their disabilities. The clients often contribute 
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to the entire spectrum of horticultural activities—cultivating produce through to 
selling it, and are involved in aspects of training, education and marketing. These 
processes help promote self-confidence and independence as well as contribute to 
physical and mental health and well-being (Sempik et al. 2005). With respect to the 
latter, HT and S&TH programmes were considered to offer clients opportunities 
for self-reflection, relaxation and restoration as well as increased access to ‘grow-
ing things’, nature, ‘being outside’ and the peace of the natural environment. Parr 
(2007) suggested the process of cultivating plants was a particularly effective part 
of healing, and that positive attitudes and experiences relayed by garden staff to 
clients was an additionally important component.

The provision of healing gardens allied to hospitals and hospices too is thought 
to justify the expenditure. Whitehouse et al. (2001) studying the impact of a healing 
garden at a children’s hospital in California demonstrated it had positive effects 
on the users; 54 % reported they were more relaxed and less stressed, 12 % felt 
refreshed and rejuvenated, 18 % more positive and able to cope, and only 10 % 
reported no difference in mood. Even short visits appear to be beneficial, as nearly 
half of visitors spent less than five minutes in the garden at any one time.

Conclusions

The evidence base for enhanced health and well-being benefits associated with 
horticulture and allied activities is increasing. Perhaps a more apt question now is 
to ask how effective are these forms of treatments and preventions compared to 
other activities or therapies. The human brain is complex and developing method-
ologies that clearly demonstrate benefits of horticultural activities and green land-
scapes in line with human psychological function is challenging, especially when 
meeting the needs for ethical criteria and robust, balanced experimental designs. 
Larger, more astute, epidemiologically-designed studies are required to address 
some of existing limitations to existing studies. One area still relatively unexplored 
is the concept of ‘compatibility’ cited by Kaplan (1995) i.e. how universal are the 
benefit of horticultural activities, do people need to have a certain affinity or un-
derstanding of the basic concepts of nature before they engage? If so, what are the 
implications for an increasingly urbanised and technology-driven society, where 
dissociation with nature is a concern? Perhaps on the other-hand horticulture will 
become one of a number of activities that provide a counterbalance to a hectic, 
stressful, sedentary lifestyle. If so, the provision of appropriate green space, in-
cluding the domestic garden, the local park and the nearby soccer pitch need to 
remain high on the political agenda. This also alludes to the ideas being promoted 
by Grahn and Stigsdotter (2003), van Dillen et al. (2012) and others that form and 
quality of green space need to be given greater consideration to ensure benefits 
are maximised, or tailored to specific user groups (van den Berg and van Winsum-
Westra 2010). Horticulture should have a central role in defining this agenda and 
ensuring its effective delivery.
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become the focus of communities at a local level. As a result, conservation organ-
isation membership has increased over the last 5 years alongside a strong retail sec-
tor which encourages people to purchase, for example, wild bird food, bird feeders 
and nest boxes. As interest in feeding the wild birds that visit gardens has increased, 
so too has an appreciation of the need to conserve the wider aspects of the ecosys-
tem such as plants, insects and amphibians which attract and support the birds and 
mammals that have become more welcome visitors to our gardens. There is also 
increasing recognition of the health and psychological benefits that wildlife garden-
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theme into their garden design which has captured the imagination of garden visi-
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Introduction

With a little imagination and understanding, wildlife gardening provides the oppor-
tunity to bring nature back into our lives not only for the aesthetic beauty and plea-
sure that flora and fauna brings but also for the sensual pleasures that can be derived 
from the sound of birdsong, the croaking of amphibians and the movement and 
spectacle of insects such as bees, dragonflies and butterflies that can be attracted 
into our gardens. With the help of wildlife conservation agencies, the growing me-
dia related to gardening and conservation, and the awareness of global environmen-
tal degradation, wildlife gardening has recently become more mainstream. Forty 
years ago, the majority of people would have scorned the idea of gardening for 
wildlife. Gardens were a place where the control of any wildlife which prevented 
or reduced high production of flowers or produce was the primary modus operandi; 
gardeners were encouraged to reach for insect sprays at the first signs of damage. 
Today, however, we are realising that every living thing is part of a complex chain; 
a web of life, with a myriad of symbiotic relationships and connections from one 
species to the next. We do not fully understand these connections but by now we 
have witnessed the loss of species which have been systematically destroyed by 
urbanisation, a growing human population and agricultural practices directed purely 
towards maximum yields: the resultant loss of biodiversity is a distressing harvest 
to reap. At a time when natural habitats are declining at an alarming rate, conserva-
tion organisations see gardens as essential corridors; highways and oases of modi-
fied habitat which can be exploited by wildlife.

It is a general misconception that a wildlife garden is an unkempt space where 
nature has been allowed to take over. Quite the opposite: Ryrie (2003) suggests 
that there is greater biodiversity in a well managed wildlife garden which has a 
wide variety of plants and habitats rather than one which has been allowed to be-
come tangled undergrowth. The purpose of this chapter is to highlight and examine 
the changing attitudes and understanding of wildlife gardening and the sometimes 
complex and conflicting relationship between wildlife and horticulture. It does this 
amidst a discussion of the human attraction of wildlife, the psychological benefits 
that can be gained from creating a sanctuary where wildlife can be enjoyed and the 
psychological processes that are involved in the personal emersion and enjoyment 
of nature whether in one’s own garden or in a horticultural visitor attraction.

Human Dimensions of Wildlife

Human affiliation and affection for wildlife is a very complex and dynamic phe-
nomenon. There is general agreement amongst commentators that public values 
towards wildlife have changed considerably in the developed world over the last 50 
years (Manfredo et al. 2003) during which time there has been a gradual shift away 
from traditional wildlife values that emphasise the use and management of wildlife 
for utilitarian reasons towards a greater appreciation of the aesthetic, psychological 
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and ecological importance of wildlife. Inglehart and Baker (2000) propose that dur-
ing the industrialisation and urbanisation phases of a nation’s development, nature 
is regarded as something to be conquered or controlled; materialist values are fo-
cused on human ‘material’ needs such as security, housing, economic development 
and jobs. Following materialism and urbanisation, people can experience a ‘call of 
the wild’ in which they exhibit an inherent, biological need to reconnect with the na-
ture that is missing in their busy, urban lifestyles (Wilson 1984). This is evidenced 
by a greater number of people keeping pets, gardening, contributing to conservation 
organisations, wildlife watching and feeding garden birds. This ultimate return to 
the natural world is perhaps not that surprising given that its beauty and diversity 
have been a constant source of inspiration throughout human history, influencing 
traditions, the way societies have evolved and supplying the basic goods and ser-
vices upon which trade and the economy is built (van den Duim and Caalders 2002).

Relations between humans and wildlife have deep evolutionary roots and are 
particularly complex. Animals are our companions, our food, our clothing, a source 
of spiritual enlightenment and a focus of stories, fables, poetry, sport and art. The 
boundaries between ‘animality’ and humanity are thus socially, culturally and scien-
tifically bound, and blurred, as we position ourselves as part of the animal kingdom 
on the one hand yet distinctly separate from it on the other. However, any observa-
tion of the animal kingdom can immediately recognise the connections between 
animal and human behaviours; their curiosity, playfulness, foraging for food, rear-
ing young and belonging to social groups are the building blocks of our own exis-
tence. As animals cannot reveal their thoughts to us, it is human nature to impose 
our own anthropomorphic interpretations of their world given our shared common 
life domains of survival, acquisition of territory and reproduction. We may see the 
theatre of our own lives similarly displayed in theirs. As Mabey explains:

An honest experience of nature would find that the natural world is an arena of endurance, 
tragedy and sacrifice as much as joy and uplift. It is about the struggle against the weather, 
the perils of migration, the ceaseless vigilance against predators, the loss of whole families 
and the brevity of existence. The natural world is like a theatre, a stage beyond our own, in 
which the dramas that are an irreducible part of being alive are played out without hatred or 
envy or hypocrisy. No wonder they tell us so much about ourselves and our own frailties. 
(2006, p. 13)

This ‘mutuality of behaviour’ makes animals a source of fascination because they 
are more than mere objects. Wild creatures are subjects that provide ‘a window 
into which we can look and from which someone looks out’ (Rolston 1987, p. 26). 
This can be particularly true in the case of fellow mammals but also to some de-
gree the amphibians, birds, butterflies and other insects that visit our gardens. As 
they inhabit our ‘created’ garden spaces, it is easy to become involved and watch-
ful over their day to day existence. Gardeners themselves are also becoming more 
aware that their gardens are important for the conservation of wildlife, especially 
given the gradual encroachment of development into once thriving wildlife habitats 
and the proliferation of house-building and urban development in countries such as 
the United Kingdom where the competition for land is high. There is therefore an 
added enjoyment and dimension to be had from a garden that entices wildlife and 
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persuades it to stay; a haven that is purposively and lovingly created by its owner. 
Modern conceptions of nature are informed by a combination of personal experi-
ence, scientific understanding and social construction. Clayton and Myers remind 
us that ‘beliefs about what nature is, as well as the way in which nature is valued, 
are created within a historical and cultural context’ (2009, p. 15). Media representa-
tions of wildlife, popular narratives and wildlife marketing communications play 
a pivotal role in socially constructing ideals of nature and what constitutes charis-
matic or desirable wildlife in the context of gardening.

It is suggested that ‘birds are the most visible and charming of the garden’s in-
habitants and visitors’ (Harper et al. 1994, p. 114). Whether this is the sight of them 
or hearing bird song varies between individual householders. Similarly bees are 
nurtured not only for the honey that they provide, but also for their sound as Mid-
dleton recorded, ‘…I have spent many happy hours …listening to a sound like the 
deep diapason note of a great organ—the music of a thousand bees in the lime-tree 
up above’ (Middleton 1939, p. 240). Similarly butterflies add another dimension of 
colour and movement. Why some species are more encouraged than others is likely 
to be based on personal reasons as well as sub-cultural ones. For example urban and 
rural sentiments can be astoundingly different when it comes to charismatic wild-
life. In urban areas of England, the red fox ( Vulpes vulpes) is often encouraged into 
gardens through feeding. However in rural areas it is subject to hunting (albeit lim-
ited in its form by legislation). Harper also suggests that cultural biases are “in fa-
vour of ‘nice’ (large, attractive, cuddly, rare) organisms and against those that: seem 
dull or common; sting or are poisonous: these so-called pests, and creepy-crawlies; 
are associated with death, decay, and excrement” (Harper et al. 1994, p. 123). That 
said, some insects do not fit this description at all and are welcomed because of their 
beauty, usefulness or charismatic qualities, i.e. butterflies, dragonflies, ladybirds, 
fireflies and glow-worms.

Wildlife in Gardens

The study of wildlife in domestic gardens has increased both at an amateur and 
academic level over recent decades. Although it is not a new phenomenon, as two 
early British books demonstrate. The Book of Garden Animals by Daglish (1928) 
‘gives accounts from the naturalist’s point of view of most of the animals generally 
found in gardens, with their life-histories’ (Hadfield 1936, p. 551). Similarly for 
birds ‘Every Garden a Bird Sanctuary’ by Turner (1935) is described as ‘An up-to-
date book on the practical aspects of birds in the garden, and a full account of garden 
sanctuaries, feeding, nest-boxes, baths etc.’ (Hadfield 1936, p. 552).

The relationships between people and wildlife in their gardens have probably al-
ways been mixed, with both positive and negative elements. Sudell (1950) suggests 
that from a horticultural perspective, birds can be classified as harmful, beneficial, 
or neutral, based on what they eat. A bird is harmful if, he argues, it eats food grown 
for human consumption, such as fruit. It is beneficial, if it consumes something 
lower in the food chain that damages people’s crops, and neutral, if the bird’s food 
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source does not affect people (such as wild grasses). In fact, all wildlife in gardens 
can be thought of in this way, although it must be acknowledged, that many spe-
cies may change in the way that they are perceived throughout the year. A bird that 
is viewed as a pest whilst it is consuming fruit is an ally when its diet returns to 
one of damage-causing insects for the greater part of the year. Similarly views can 
change during the life cycle. A gardener might seek to eliminate a caterpillar but the 
butterfly of the same species might be welcome. Also they may view something as 
a pest in one part of their garden, but tolerate it in another. Finally of course, not 
all garden owners view a particular species in the same way. For example, whilst 
some residents in Nova Scotia, Canada, feed sunflower seeds to Eastern chipmunks 
( Tamius striatus) for the pleasure of watching them, others use a half-filled bucket 
of water with the sunflower seeds floating on the surface in order to entrap them. As 
Ellis (ca. 1935, p. 112) noted however regarding birds in England ‘we are perhaps 
apt to notice the relative amount of harm more than the good done by these beautiful 
and cheery inhabitants and visitors of our gardens’.

Destruction of Garden Wildlife

There is a long tradition of eliminating wildlife in gardens if they are harmful. Harm 
may not only be to food crops as Sudel (1950) suggests but also includes damage 
to flowers (e.g. the sulphur-crested cockatoos ( Cacatua galerita) which destroy the 
flowers of ornamental tulip ( Tulipa) cultivars in the Sydney region of New South 
Wales, Australia and damage to lawns (e.g. the chinch bug, ( Blissus leucopterus 
hirtus) which are sucking insects that attack St Augustine grass ( Stenotaphrum 
secunatum) in the southern states of the USA (Wyman 1971). Similarly harm may 
occur in ponds or other water features and may not only be caused by herbivores, 
although this is the most damaging, but also by carnivores and omnivores, which 
one might think would be a gardener’s allies.

Efforts to destroy or control unwanted wildlife using chemical and other meth-
ods are described in earlier chapters of these volumes but it is worth noting here that 
modern techniques especially those espoused by organic gardeners are less damag-
ing to wildlife overall. Techniques such as using barriers, for example, frames to 
protect brassicas against pests such as the caterpillars of the large white butterfly 
( Pierris brassicae) and small white butterfly ( Pierris rapae) in England, and simi-
larly the cabbage looper ( Trichoplusia ni) in the USA (Wyman 1971) have proved 
extremely effective in protecting the crops without destroying the wildlife.

The Introduction of Non-native Flora and Fauna

Throughout the world, gardens are a combination of native and non-native species 
of both flora and fauna. Arrivals have been both natural through for example, seed 
dispersion and migration but also anthropogenic. There has been a long tradition 
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of deliberate introduction of exogenous species for consumption, aesthetics, or for 
reasons of grandeur. The tomato ( Lycopersicon esculentum), by way of example, 
originated in Mexico, was commonly eaten in Europe for centuries but regarded as 
poisonous in the USA and only grown in gardens there as an ornamental, known 
as the ‘love apple’ (Anon 2012a). The common Indian myna bird ( Acridotheres 
tristis) was first introduced to Australia to control insect pests, and is often fed 
by unsuspecting householders. However, in 2000, the International Union for the 
Conservation of Nature (IUCN) declared it to be one of the world’s most invasive 
species, as it is extremely aggressive, chasing out native birds, almost to extinction 
in Polynesia, Hawaii, and Mauritius (Thomas 2012).

In many countries the goldfish ( Carassius auratus) sometimes known as the 
Golden Carp, has been introduced as a prized ornament in garden ponds. It is 
omnivorous and requires additional special fish meat meals, but it can come into 
conflict with coarse fish from natural ponds and streams as it often attacks other 
fish when breeding (Sudell 1950). However, many introduced species, particularly 
plants, bring great pleasure to gardeners, without adverse impact on the native bio-
diversity. A survey of 61 domestic gardens in the old industrial city of Sheffield, 
in England, showed a total of 1,166 species of flora, of which only 30 % were na-
tive, although the gardens, irrespective of size, contained on average 45 % natives. 
Seventy-nine per cent of the species that were recorded only once were alien, dem-
onstrating the extent of plant introductions in British domestic gardens. However, 
the flora included 72 % of the plant families recorded in the wild in Britain and 
Ireland (although the latter include native and naturalised species), suggesting that 
many of the aliens could be important sources of fruit, pollen or nectar for wildlife 
(Smith et al. 2006).

Movement of wildlife into additional gardens without direct human intervention 
has also occurred, for example the Northern cardinal ( Cardinalis cardinalis) and 
American goldfinch ( Carduelis tristis) have increased their northward expansion 
from the USA (Robb et al. 2008) into the gardens of Nova Scotia, Canada. Similarly 
the European goldfinch ( Carduelis carduelis) was introduced at numerous places 
in south-eastern Australia in the nineteenth century, and their populations quickly 
increased and their range expanded greatly to where they now range from Brisbane, 
Queensland south to the Eyre Peninsula in South Australia.

The creation of gardens requires the destruction of other habitats, often natu-
ral habitats, which support extensive biodiversity. It must be acknowledged that 
much wildlife in a garden may not be seen or perceived, for example there are 
microscopic mites, including the parasitic mite ( Varroa) destructor of honey bees, 
along with protozoa, bacteria and viruses (Harper et al. 1994). These are all part of 
the ecology of a garden with important roles to play. Nonetheless, as noted below, 
many organisations encourage householders to use their gardens to support wildlife 
although this may not be easy initially, as Harper et al. (1994, p. 58) note: ‘creating a 
space for the benefit of wildlife involves unlearning many old patterns, a relaxation 
of control, and finding out what can be persuaded to live in your garden’.
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Means of Supporting Wildlife in a Garden

Wildlife can be encouraged to enter into a garden and then remain there, through 
two principal means—provision of an appropriate habitat and supplementary feed-
ing. For example, leaving leaf litter and mulching in New South Wales, Australia 
provides the common or eastern blue-tongued lizard ( Tiliqua scincoides scincoides) 
with shelter and a habitat for its diet of snails and other garden pests. Similarly pro-
viding a pile of fallen logs for beetles, or leaving seed heads and dead stems over 
winter for ladybirds (ladybugs) ( Coccinellidae) is also effective. Wildlife in tem-
perate zones may also need suitable habitats for hibernation and piles of old leaves 
or straw provide appropriate materials for the European or common hedgehog ( Eri-
naceus europaeus) to hibernate as well as nest. Other simple actions are also sug-
gested by conservation organisations such as advising householders to leave small 
gaps at the base of walls and fences to afford movement of hedgehogs between 
gardens.

Nesting materials, such as grasses and moss are sought by many bird species 
and in the USA, Wyman (1971, p. 137) suggests ‘providing thickets of shrubbery 
for nesting purposes’. In European countries the house martin ( Delichon urbica), a 
summer migrant from Africa, can be encouraged by providing water from the edge 
of streams, ponds or even puddles to mix the mud needed to build nests under the 
eaves of buildings. Other water sources, such as ponds are also beneficial. There are 
over 3 million ponds in England that is, in approximately 16 % of gardens (Davies 
et al. 2009). In the Sydney suburbs of New South Wales, garden ponds provide 
habitats for frogs, some of the 37 species of native amphibians found in the city 
(Anon 2012b). Additionally, ponds, bird baths and even dishes of water provide not 
only a source to drink, but also a means to clean their feathers.

The construction and careful siting of artificial nesting boxes can also make a 
valuable contribution to encouraging wildlife into the garden. For example, it is 
estimated that there are a minimum of 4.7 million nest boxes in British gardens, that 
is, one nest box for every six breeding pairs of cavity nesting birds (Davies et al. 
2009). Bat houses, constructed similarly to bird houses, except that they have a slit 
and a crawl-board instead of a hole and a perch provide effective summer roosts 
and/or hibernation for the pipistrelle bat ( Pipistrellus pipistrellus), Britain’s small-
est but most common bat (Harper et al. 1994). Insects too, can be supported through 
the production of ‘bee-quarters’, that is a can full of 7 mm in diameter paper straws 
secured in a crevice in a wall (Harper et al. 1994).

The easiest and therefore the most common means of supporting wildlife is 
through planting, whether it is planned with that purpose in mind or purely inci-
dental. Some of the hundreds of forms of Buddleia are widely grown throughout 
the world, because they are so well known in encouraging butterflies into a gar-
den, so much so that Buddleia davidii is often nicknamed the ‘butterfly bush’. In 
France, shrubs recommended to encourage butterflies include, varieties of Berberis, 
Hedera, and Lavandula, Lonicera periclymenum, Rhamnus frangula and annuals 
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cornflower Centaurea cyanus, and cultivars of Scabious and Scabiosa (McHoy 
2000). In fact the flowers of many shrubs and plants provide nectar and pollen for 
insects, butterflies, hoverflies and bees (Harper et al. 1994), whether or not that was 
the intention of the gardener in planting them. Furthermore as Thompson (2006) 
demonstrated, they do not need to be native species to be effective.

Appropriate planting can similarly encourage birds into a garden and in Barbados 
the red flowered blossom of the Antigua heath ( Russelia equisetiformis) is planted 
to attract the Antillean crested hummingbird ( Orthorhyncus cristatus). Nectar rich 
Australian natives, such as Banksia, Grevillea and Callistemon (bottlebrush) are 
planted in Sydney, Australia to attract the noisy miner ( Manorina melanocephala), 
the little wattlebird ( Anthochaera chrysoptera) and rainbow lorikeets ( Trichoglos-
sus haematodus), amongst others (Fig. 30.1).

Whilst gardens are often planted with the provision of bird food as a second-
ary consideration, supplementary feeding of birds is a deliberate action to support 
wildlife. Feeding wild birds is a common practice among gardeners throughout the 
western world (O’Leary and Jones 2006) and more recently in many developing 
countries too. It is estimated for example, that in Australia, 25–57 % of households 
feed birds, whilst in the USA approximately 43 % of households regularly feed birds 
(Martinson and Flaspoler 2003) whilst the figure is 48 % of households in England 
(Davies et al. 2009). Seed is the most provided food with householders in the US 
and England purchasing 500,000 t of birdseed annually (O’Leary and Jones 2006). 
Simply scattering the seed loosely on the ground is common. For example, Haikou, 
in Hainan Province on the southern coast of China, has a subtropical climate and 
there are opportunities to see a number of endemic bird species such as the White 
winged magpie ( Urocissa whiteheadi), which are fed with millet seed by the local 
residents. In Southern England, a mix of sunflower and smaller seeds attract some 
of the nation’s favourite birds, such as blackbirds ( Turdus merula), robins ( Eritha-
cus rubecula), and house sparrows ( Passer domesticus) as well as the less loved 
woodpigeon ( Columba palumbus) and magpie ( Pica pica). Sunflower seeds are 
also used to attract ground feeders such as the mourning dove ( Zenaida macroura) 
in the USA and southern Canada. Placing the seed on a bird table is useful not only 

Fig. 30.1  A plastic container 
of water for rainbow lorikeets 
on the wall of a Sydney 
suburb
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when there is snow on the ground, but also keeps wild birds out of the reach of 
domesticated animals.

Sunflower seed in bird feeders attracts those birds that feed on the wing such 
as blue jays ( Cyanocitta cristata), American robin ( Turdus migratorius), black-
capped chickadees ( Poecile atricapillus), red-breasted nuthatch ( Sitta canadensis) 
and several species of woodpecker including the downy woodpecker ( Picoides pu-
bescens), northern flicker woodpecker ( Colaptes auratus) and the pileated wood-
pecker ( Dryocopus pileatus) in eastern Canada. Similarly balls of seeds can be 
hung from the branches of trees to attract birds.

Other popular foods for bird feeding include suet in a feeder (Canada) and 
cooked long-grain rice scattered on the ground, early in the morning and evening, in 
Barbados to attract blackbirds ( Quiscalus lugubris), sparrows (or more accurately 
the Barbados bullfinch) ( Loxigilla barbadensis) and wood dove ( Zenaida aurita). 
Bread crumbs are popular in England, although as Middleton noted, ‘the tamest of 
all my feathered friends is a cock robin, who sits on the seat beside me, and even 
on my knee. He is not a vegetarian, and scorns breadcrumbs, but has a great fancy 
for bits of bacon rind, which I save specially for him’ (Middleton 1939, p. 241). 
Meat is also provided in Australia for Australian magpies ( Gymnorhina tibicen), 
the laughing kookaburra ( Dacelo novaeguineae) (O’Leary and Jones 2006) and 
the tawny frogmouth ( Podargus strigoides). It is not just birds that receive supple-
mentary feeding, for example, in England, fat and commercial dog food are put out 
for mammals including hedgehogs ( Erinaceus europaeus) and the red fox ( Vulpes 
vulpes) respectively.

Encouraging Wildlife for Horticultural Reasons

Wildlife has been recognised as beneficial in the garden for horticultural reasons, as 
Sudell (1950) noted. This includes bees for pollination and worms for aerating the 
soil. Organic gardener, Lawrence Hills, Founder of the Henry Doubleday Research 
Association (Hills 1989) reported that in an average hectare (two and a half acres) 
of grassland, 100 t of soil pass through the digestions of 3.75 million earthworms 
( Lumbricus terrestris). In dry climates, ants and termites take on the worm’s role 
(Harper et al. 1994).

Birds also have a horticultural role, for example in England, blue tits ( Cyanistes 
caeruleus) consume ‘enormous quantities of insects and grubs during the breeding-
season’ (Sudell 1950, p. 99). Hills suggests hanging 10 cm (4″) square piece of 
fat above rose bushes, only big enough for two members of the tit family, blue 
( Cyanistes caeruleus), great ( Parus major) and coal ( Periparus ater) to feed at a 
time, encouraging those birds waiting their turn to search the bark at the base of the 
bushes for greenfly eggs (Hills 1989). Similarly, ramshorn water snails ( Planor-
bis corneus) and freshwater winkles ( Paludina vivipara) consume decayed organic 
material including any surplus fish food and algae from the sides of the pond (Perry 
1955).
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Encouraging Wildlife for Conservation

Generally, people view gardens as an opportunity for encouraging wildlife. Almost 
half of the respondents in a study in Sheffield, England thought that city gardens 
contribute to improved environmental quality by creating ‘a better environment for 
wildlife’ (Dunnett and Qasim 2000). Gardening for wildlife as described above, 
provides not only habitats, both permanent and transient, but also a richer variety 
of habitats and additionally, corridors between habitats (Harper et al. 1994). Fur-
thermore, collaborating “with neighbours to create a ‘critical mass’ of a particular 
type of habitat” (Harper et al. 1994, p. 11) or a scarce habitat can be of additional 
benefit. It is this detailed understanding of wildlife which is of such importance, as 
large gardens are not better than small for wildlife, nor suburban better than urban, 
as the Biodiversity in Urban Gardens in Sheffield (BUGS) project showed (Thomp-
son 2006). This programme also confirmed Harper’s view that ‘Of all the garden 
developments you can undertake to increase habitat diversity, ponds are probably 
the most effective and the most gratifying’ (Harper et al. 1994, p. 113).

Nonetheless, supplementary bird feeding is widely perceived as a positive activ-
ity and is likely to benefit many species, including some of conservation concern, 
but we still have only a relatively basic understanding of how it affects bird popu-
lations. Catterall (2004) observed that planting of eucalypts and nectar-rich native 
plant species in gardens in Queensland, Australia led to a decrease in the number of 
species of small-bodied birds, and an increase in numbers of the large, noisy miner 
( Manorina melanocephala). Similarly, Fuller et al. (2008) demonstrated that whilst 
supplementary feeding increases the total number of birds in an area, it does not 
increase the number of species. They concluded that ‘variation in habitat quality 
and availability are likely to be much more important drivers of species richness 
patterns than resource availability, particularly in urban environments’ (Fuller et al. 
2008, p. 135).

Concerns have also been raised that some species of birds could become reli-
ant on supplementary feeding by people. However, a study of Australian magpies 
( Gymnorhina tibicen) in suburban environments in Queensland, Australia showed 
that fed birds still obtained 76 % of their food from natural sources. Although their 
natural behaviour was influenced as they obtained less food items by ground forag-
ing in the morning than unfed magpies and their breeding activities started earlier 
than the unfed birds. They showed too that in most cases, earlier broods had better 
survival rates than later ones, enhanced clutch size, hatching success and chick 
growth rate. The authors determined that the ‘magpies were not reliant or depen-
dent on supplementary food provided by wildlife feeders at any time during the 
breeding season’ (O’Leary and Jones 2006, p. 208). However, as it has been shown, 
feeding influences all aspects of bird behaviour, from daily-survival to large-scale 
migration. Robb et al. (2008, p. 476) concluded that even ‘natural selection is being 
artificially perturbed, as feeding influences almost every aspect of bird ecology, 
including reproduction, behaviour, demography, and distribution’.
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There are other concerns too, for example, bird feeders have been implicated 
in the rapid spread of mycoplasmal conjunctivitis through the house finch ( Car-
podacus mexicanus) population in the USA (Fischer et al. 1997). In England, it is 
suggested that Trichomonosis in greenfinches and chaffinches is similarly spread. 
‘Disease transmission appears to vary according to the type of feeder used, the 
number of birds visiting it, and the habitat in which the feeder is located’ (Robb 
et al. 2008, p. 481).

However, there is often little distinction between native and non-native species 
when information is given about wildlife and it appears that many people neither 
distinguish between the two, nor in fact care about the distinction. Similarly, which 
species to encourage has changed over time. In England, Wright (ca. 1902) recom-
mended growing ivy on trees, garden fences and walls to provide a habitat for the 
common magpie ( Pica melanoleuca) because they destroy vermin such as mice, 
voles and young brown rats. Today the European magpie ( Pica pica) is viewed as 
a predator as they also collect other bird’s eggs and kill nestlings to feed their own 
young. The British cuckoo ( Cuculus canorus) is also traditionally disliked, being a 
brood parasite which lays eggs in the nests of other smaller species of birds, such 
as meadow pipits ( Anthus pratensis) and reed warblers ( Acrocephalus scirpaceus) 
(Anon 2012c). However the species is on the IUCN Red List, facing a decline in 
England of 63 % (Anon 2012d).

There can be unintended consequences of conservation efforts by gardeners, 
too as ‘ecology’ and ‘gardens’ have rarely been studied together, probably because 
of ‘their fragmented ownership and essentially private nature’ (Thompson 2006, 
p. 142). As Cannon (1999, p. 287) notes in an opinion piece in Bird Conservation 
International, ‘what is the real global conservation value of a British suburban gar-
den, with its neat little lawns, nut feeders and nestboxes? In my garden, fledgling 
blue tits ( Parus caeruleus), a species of no conservation concern, are busy devour-
ing expensive imported peanuts whose production occupied prime agricultural land 
in a poor country. Pure entertainment, and a sentimental luxury.’ However, he then 
goes on to argue that at the local level, gardens can be of value, citing amongst other 
examples, the central area of Chile, where natural habitat destruction has height-
ened the importance of gardens as refuges.

The fact remains that gardens are good for wildlife conservation. Over the past 
50 years, the UK has seen the loss of 98 % of wildflower meadows, 50 % of ancient 
woodlands, 60 % of lowland heathlands, 80 % of downland sheep walks, and 50 % 
of lowland fens and mires (Baines 2000); all caused by urban sprawl, overgraz-
ing, grubbing out of hedgerows and intensified agriculture. This makes Britain’s 
22.7 million domestic gardens with a total area of 432,964 ha increasingly impor-
tant for wildlife conservation (Davies et al. 2009). To this end, wildlife garden-
ing is heavily promoted by the Government and the prime wildlife conservation 
charities, the Royal Society for the Protection of Birds (RSPB) and the Wildlife 
Trusts of Great Britain. Over the last 10 years there has been increasing retail space 
given over to wildlife feeding/ housing in garden centres and nurseries all over the 
country that profit from the increased demand for wildlife gardening merchandise.  
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Davies et al. (2009) estimate that in the UK alone, approximately 12.6 million (48 %) 
households provide supplementary food for birds, 7.4 million of which specifically 
use bird feeders. Similarly, there are a minimum of 4.7 million nest boxes within 
gardens. These figures equate to one bird feeder for every nine potentially feeder-
using birds in the UK. Gardens also contain 2.5–3.5 million ponds and 28.7 million 
trees, which is just under a quarter of all trees occurring outside woodlands.

Conservation organisations have also encouraged people to become interested in 
birds through national events such as the Big Garden Bird Watch which has been 
running for over 30 years. They are organised by the British Trust for Ornithology 
(BTO) and the Royal Society for the Protection of Birds (RSPB) (Anon 2012e, f). 
Designed primarily as an indoor winter activity for children to become interested 
in birds, it is now undertaken by over half a million people who regularly take part 
counting the birds that visit their gardens. This has allowed the compilation of 30 
years’ worth of records detailing garden bird population trends. Indeed most conser-
vation societies in Britain such as The Wildlife Trusts for Great Britain, the RSPB, 
the BTO, the Butterfly Conservation Society, the Bumblebee Conservation Trust; 
likewise the National Audubon Society in the USA all promote and provide infor-
mation on wildlife gardening. Taking part in national surveys and adopting pro-
environmental gardening behaviours clearly instill a feel-good factor for gardeners. 
Understanding how a sense of connection to nature can impact upon people’s deci-
sions to seek out nature in their daily lives is important if we wish to encourage the 
practice of wildlife gardening as a tool to enhance both connection to nature and 
urban/rural biodiversity.

Psychological Benefits of Wildlife Gardening  
and Nature Appreciation

Conservation psychology is a relatively new branch of psychology which looks at 
the reciprocal relationships between man and nature; notably how people behave 
toward nature and how people care about or value nature. Part of its focus is to 
study ways of getting more people involved in, or supporting, conservation with the 
premise that concrete experiences of nature lead to an emotional affinity towards it 
and a motivational basis to protect it (Kals et al. 1999).

In his ‘biophilia’ hypothesis, Wilson (1984) posits that the natural world contin-
ues to influence the human condition through our previous close and evolutionary 
relationship with it. He suggests that technological development has been so rapid 
that it outpaces our adaptation to modern environments. Therefore inherent in all of 
us is a need to be with nature through ‘an innately emotional affiliation to other liv-
ing organisms’ (Wilson 1993, p. 31). Experimental evidence in support of the theory 
was provided by a series of conditioning experiments by Öhman (1986). These 
demonstrated that physiological and emotional responses to natural threats such as 
snakes and spiders could occur subliminally, despite the participants in the experi-
ments having no conscious recognition of having seen the stimuli before. It was 
also shown that modern fears such as guns do not invoke similar responses. When it 
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comes to emotional affiliation, environmentalists and nature writers have long since 
maintained that humans derive psychological and physical benefits from spending 
time in the natural world (Mayer 2009; Kaplan and Talbot 1983). Research has 
shown that exposure to nature alleviates aggression, anxiety and depression (Van 
den Berg 2005), improves mental health and cognitive capacities (Kuo 2001; Wells 
2000; Kaplan and Kaplan 1989) aids the healing process (Ulrich 1983) and provides 
opportunities for reflection (Curtin 2009; Herzog et al. 1997).

There are two important theories that underpin most of the work on the psy-
chological benefits of nature. These are Attention Restoration Theory (Kaplan and 
Kaplan 1989) and the aforementioned biophilia hypothesis (Wilson 1984). Interest 
in these formative theories has recently emerged due to a growing unease caused 
by the recognition of the damage we are doing to the environment and the socio-
logical, physical and psychological challenges of living in modern, affluent, hyper-
consumptive societies (Bauman 2001).

The assumption that contact with nature provides people with restoration from 
stress and fatigue is not a new concept. Experiences in nature have long been seen 
to have health benefits. The idea you can be mended by the healing currents of the 
great outdoors goes back to classical times (Mabey 2006). The Romans recom-
mended rambling as a way of resolving emotional tangles ( solvitur ambulando) and 
the French philosopher Foucault (2001, p. 62) wrote that the countryside, ‘by the 
variety of its landscapes wins melancholics from their single obsession by taking 
them away from the cause and the memory of their sufferings’. The fact that na-
ture reduces stress is predominantly accredited to the Attention Restoration Theory 
(ART) first espoused by two psychologists Kaplan and Kaplan (1989, 1995) who 
studied the effects that the natural environment has on the brain. They began this 
work by looking at levels of concentration.

Their theory proposes that prolonged and/or intensive use of directed attention 
diminishes a person’s capacity to ward off distractions which is evidenced by diffi-
culty concentrating, increased irritability and increased rate of errors on tasks which 
require concentration; thus creating stress because they have less cognitive resourc-
es to cope with everyday demands (Kaplan and Kaplan 1995). This is referred to as 
‘directed attention fatigue’ (Bird 2007). Where a stimulus is weak or uninteresting, 
it takes greater effort to block out more attractive but less important distractions. 
This is mentally demanding as the brain uses inhibitory control mechanisms which 
magnetic resonance imaging (MRI) scans show to be situated in the right cortex 
of the brain (Kastner et al. 1998); the same part of the brain which is affected in 
children with deficit hyperactivity disorder (Bird 2007). Examples of directed atten-
tion include driving in traffic, studying, working at a computer and making numer-
ous phone calls. Directed attention fatigue is prevalent in people who are stressed, 
overworked, bereaved or sleep deprived and is a widespread condition of modern 
life which is overloaded with information, communication and multiple stimuli that 
either demand our attention or need to be blocked out.

In contrast to directed attention, involuntary attention or ‘fascination’ is effort-
less and is naturally held when a person finds the activity such as wildlife gardening 
interesting and absorbing. Recovery from directed attention fatigue requires re-
storative environments and activities which do not use the tiring inhibitory control 
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mechanism. Attention restoration involves clearing the mind, a recovery from fa-
tigued directed attention, the opportunity to think about personal and unresolved 
problems and the chance to reflect on life’s larger questions such as direction and 
goals. Clearing the mind and recovery from fatigue is called attentional recovery 
whereas dealing with personal problems and thinking about philosophical view-
points is reflection. Together, reflection and attentional recovery completes the re-
storative process. The outdoor environment is usually restorative but according to 
Kaplan and Kaplan (1995) it is only so if it:

1. Involves being away, i.e. be in a physically distinct location.
2. Has extent, i.e. the location must be absorbing and somewhere which is distinct 

where a person can settle into and where there is enough to see, experience and 
think about.

3. Is fascinating to behold, i.e. effortless attention allows the inhibitory fibres to 
relax, since they no longer have to block out distractions. Fascination can be 
divided into hard fascination (e.g. watching sport, television and computer 
games) which holds attention effortlessly but does not allow enough space for 
reflection, and soft fascination (e.g. looking at nature, exploring countryside 
and gardens) which holds one’s attention to allow attentional recovery but also 
allows time and space for personal reflection and time to stand and stare.

4. Is compatible with our expectations, i.e. the setting must be able to provide what 
the seeker requires of it without it being a struggle (Hartig et al. 1991).

The activity of gardening and the enjoyment of a garden as a place of sanctuary 
meet much of the above criteria and produce aesthetic, spiritual and psychological 
benefits that extend beyond the growing of plants (Dunnett and Qasim 2000). There 
have been several studies which have explored the benefits of gardening to human 
well-being; particularly urban gardening. In their study of 376 UK city residents, 
Dunnett and Qasim (2000) found that creating a pleasant relaxing environment was 
the most prominent individual value (76 %) and being close to nature was the sixth 
(44 %). Gardens were viewed as a necessary relief and contrast to the hard elements 
of the city. Garden wildlife was universally welcomed. Whilst in their survey of 
garden owners, Bhatti and Church (2004) found that the garden is an important site 
for privacy, sociability and sensual connections to nature and these activities can be 
understood as negotiations and practices to address the social and environmental 
paradoxes of late modern life, i.e. a space for mental and spiritual restoration. Simi-
larly Eigner (2001, pp. 191–192) studied how participants involved in the volun-
tary maintenance of a local natural site found that working with nature induced ‘an 
amazing feeling of happiness’; ‘an inner sort of calm’ and a feeling of really being 
satisfied, more relaxed and more themselves’.

A report for the Health Council for the Netherlands (Anon 2004) proposes that 
there are five ways that experiences in nature are psychologically beneficial. These 
are recovery from stress and fatigue (as above); encouragement to exercise; facili-
tating social contact; encouraging optimal development in children and providing 
opportunities for personal development and a sense of purpose and belonging. With 
regards to the latter, Roszak (1995) argued that this sense of belonging extends be-
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yond our social and city limits to include a sense of belonging to the natural world; 
to feel connected to it. This ‘connectedness to nature’ depends on how people see 
themselves in relation to the natural world (Clayton and Opotow 2003).

As well as a way to find solace, wildlife gardening can reflect a self-identity 
rooted in such feelings of connection. Stets and Biga (2003, p. 406) define envi-
ronmental self-identity as ‘the meanings that one attributes to the self as they relate 
to the environment’. The relationship between connectedness to nature and self-
identity is complex and inter-related. It is also more to do with affective rather than 
cognitive responses, i.e. the emotions that a particular subject, in this case love of 
wildness, arouses. In environmental psychology the general consensus is that we 
tend to identify with what we care about, i.e. the stronger the environmental iden-
tity, the more positive the attitudes towards the environment. Gardening is a highly 
personal activity and therefore it follows that wildlife gardeners represent their love 
and care of wildlife through their discernible gardening practices and the wildlife 
places they create. A nature lover’s garden becomes a distinct place with which its 
owner/creator identifies.

Teisl and O’Brien (2003) conclude that people who enjoyed outdoor forms of 
recreation tended to display greater pro-environmental attitudes and behaviours 
than those people who do not engage in those activities. It has also been suggested 
that it is the emotional attachments that people form through experiential encoun-
ters that are instrumental in developing commitments to nature (Milton 2002). Thus 
it follows that the more time spent engrossed in outdoor activities such as garden-
ing, the greater the emotional attachment to it, and the greater this emotional affinity 
the stronger the environmental self-identity (Hinds and Sparks 2009). For a growing 
number of people and organisations, this emotional affinity extends to wildlife. In 
his book, the Philosophy of Gardens (2006), Cooper discusses the manifestation of 
care and concern that is induced by the cultivation of a garden. Care arises when the 
garden becomes inhabited by the self alongside the caring of significant others such 
as plants, insects, birds and mammals.

In her study of wildlife tourism Curtin (2010) discovered a direct relationship 
between an interest in wildlife watching on holiday and attracting wildlife to their 
gardens at home; evidencing a distinct cross-over between holiday and home in-
terests. Having designed a space where wildlife is welcome, the participants in her 
qualitative study revealed that seeing things in their own garden was just as thrill-
ing as, and sometimes even more significant than, seeing wildlife on tour. In part 
this thrill is due to the nature of the encounter, in that they themselves have been 
successful in creating an environment which attracts wildlife, and the caring and 
nurturing emotions it provokes. There is a tenable sense of responsibility and rela-
tionship with these regular garden visitors and this is what makes it so important to 
their everyday world and everyday self. It highlights the protectionist value orien-
tations people have towards wildlife (Kellert and Berry 1987) and was especially 
apparent for women whose children had left home and whose careers or jobs had 
become part-time instead of full-time as their financial prosperity had improved. 
Time becomes available to re-engage their interest in gardens and nature which 
fulfils an emotional need to tend to other living things. Finally, people often set 
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their calendar by natural wildlife events, for example, in England, the arrival of 
barn swallows ( Hirundo rustica) in the spring, the sound of the cuckoo ( Cuculus 
canorus) in summer and so forth.

Bentrupperbaumer (2005) suggests that the timely arrival of wildlife represents 
the ‘miner’s canary’ of the ecosystem; a barometer of life itself (Knopf 1987) and 
reassurance of a viable and functioning natural environment despite the destruc-
tion that man causes. Whilst industrial and urban settings are not in keeping with 
traditional and romantic views of nature and wildlife, the emotional significance of 
seeing wildlife here is somewhat heightened by the wonderment and reassurance it 
arouses.

Visiting Horticultural Attractions

Key information sources regarding the state of current wildlife and the conservation 
of wildlife in gardens comes primarily from popular media. However other vital 
sources of information and inspiration come in the form of horticultural attractions 
and retail outlets. The latter consist of plant nurseries and garden centres and the 
former of visitor attractions both permanent, such as gardens, and temporary, such 
as horticultural events and festivals.

Garden centres have developed from plant nurseries and have an expanded range 
of products for the home and garden. Many are owned independently, but in the 
USA, Europe and Australia, home improvement chains have also introduced gar-
dening departments. Additionally, some gardens such as the Royal Horticultural 
Society gardens at Wisley, England have opened garden centres as an additional 
revenue stream. In these centres information about wildlife in the garden is always 
displayed prominently as a promotion for the garden products on sale. Other garden 
centres provide for light refreshments in an environment surrounded by wildlife.

Whilst there is a growing body of academic literature on wildlife in domestic 
gardens, there is little when it comes to gardens that are visitor attractions, such as 
botanic gardens (collection-based institutions) or other gardens open to the public. 
Nonetheless the wildlife in these gardens is acknowledged and lists of the species 
that have been seen in the gardens can be found, for example at the Royal Botanic 
Gardens, Sydney, Australia (Anon 2012g). Occasionally, interpretation or ‘living 
exhibits’, such as the butterfly border at Birmingham Botanical Gardens, England 
(Anon 2012h) are developed; sometimes this is taken further with the inclusion 
of wildlife viewing infrastructure such as hides, wildlife interpretation boards and 
real-time television footage.

Figure 30.2 provides an example of how The Lost Gardens of Heligan (Anon 
2012i) in Cornwall, England, have developed a wildlife hide alongside webcam 
technology to provide their visitors with live coverage of nesting birds and visit-
ing mammals. This site has also featured on a wildlife television programme, not 
only promoting wildlife conservation and wildlife gardening but also the sustain-
able, eco-centric land management principles of Heligan. Another unique location 
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is the Wildlife Botanic Gardens at Bush Prairie, Washington USA. The ‘Gardens 
are devoted to demonstrating and teaching gardening concepts which attract birds, 
butterflies, hummingbirds and other wildlife to residential gardens’ (Anon 2012j). 
Managed by Naturescaping, a non-profit, all volunteer, educational organisation, 
the 9th garden was completed in 2008 and is devoted to hummingbirds and the na-
tive butterflies of the Northwest of America (Anon 2012k).

Fox and Edwards (2009) describe the development of horticultural shows and 
festivals from exhibitions of chrysanthemums in Japan about 900A.D. to the first 
European show in Belgium in 1809 and the Philadelphia Flower Show in the USA, 
two decades later. This is now held in 33 acres of the Pennsylvania Convention 
Centre making it the largest indoor Flower Show in the world. They distinguish 
between three types of horticultural show; first, large national/international shows 
with show gardens, celebrities and media coverage. The second type, they referred 
to as professional shows as they are regional events based on professional exhibi-
tors selling plants and gardening accessories. The third are small local shows, la-

 

‘The Lost Gardens of Heligan, near Mevagissey in
Cornwall, are one of the most popular botanical 
gardens in the UK. Heligan’s aim is to maximise
biodiversity within a patchwork of habitats found
throughout the 200 acres of historic Cornish 
estate and garden. Ancient woodland, hay
meadows, grazed pasture, wetlands are all 
sustainably managed to encourage local wildlife. 
This is achieved using a variety of traditional 
methods including coppicing, charcoal burning, 
hay making, and low intensity grazing with our 
herd of Dexter cattle’. 

‘Horsemoor Hide lies at the heart of our estate, 
and offers the perfect location to enjoy Heligan’s
wildlife. There is a large wildlife viewing area; 
along with live and recorded footage, interactive 
displays, photographs and information gathered 
by our dedicated Wildlife Team. We use traditional 
land management techniques to benefit a wide 
range of wildlife for you to see here.  We hope to 
encourage you to explore the fascinating natural 
world with us’.

Photographs provided  with the courtesy of  
Lost Gardens of Heligan, 2012 

Fig. 30.2  Horticultural attractions and wildlife
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belled by them as amateur shows, at which gardeners compete for prizes for their 
flowers and vegetables etc. Both the two largest forms of show often contain exhib-
its on garden wildlife from conservation organisations and commercial sales stands.

Floriade World Horticulture Expo is an international exhibition of flowers and 
gardening that is held every 10 years in the Netherlands. The 2012 event received 
2 million visitors and had as its overall theme ‘Be part of the theatre in nature, get 
closer to the quality of life’. It included a ‘Feel Good Garden’ as part of a ‘Relax & 
Heal’ theme and a butterfly garden entitled, “Footkiss for Butterflies”. The garden is 
in the shape of a huge, sloping leaf from the Japanese Ginkgo Biloba tree. A hedge 
consisting of large numbers of indigenous flowers marks out the periphery of the 
entry and is highly attractive to butterflies’ (Anon 2011).

Wildlife festivals ‘promote a variety of social, educational, economic, recre-
ational, and community development goals’ (Hvenegaard 2011). In North America, 
there were over 240 events in 2002, but they are significantly smaller than many 
horticultural shows, attracting only hundreds or a few thousand visitors. Rarely, 
however, do they relate to the wildlife in people’s gardens or yards and as Hven-
egaard questions, ‘Does educating visitors about wildlife and their habitats at the 
festivals translate into environmentally friendly behaviour?’ (Hvenegaard 2011, 
p. 382). Ultimately if we are to move to a more sustainable future, changing con-
sumer behaviour towards more eco-friendly practices and consumption is funda-
mental. Wildlife gardening is perhaps a first important step towards the recognition 
of biodiversity and its intrinsic value to humankind.

Conclusions

The ethos of creating a space where wildlife is a vital, holistic part of the overall 
concept is becoming more fashionable. Wildlife is predominantly attracted to the 
garden by appropriate planting schemes but also through the provision of water, 
food and nest boxes. Whilst the inclusion of these is generally positive for con-
servation, it is not without some drawbacks such as a potential over-reliance on 
provisioned food, the unsustainable nature of production and transportation of bird 
food and the spread of diseases from feeders and bird baths. Despite this, the notion 
of symbiosis between wildlife and gardening appeals to modern concerns and sen-
sibilities of nature, and is somewhat counter to more traditional forms of gardening 
where pest control and protecting prize produce was key. This gradual shift in val-
ues may, in part, be due to the constant reminders from popular media of the damage 
that man ultimately causes to the natural world as well as more intrinsic motivations 
such as the need to reconnect with nature through the process of biophilia.

The world’s population predominantly lives in large urban areas but whilst this 
is a more convenient way of life, modern cities can induce high levels of mental 
fatigue caused by noise, traffic, people and an overload of mental stimuli (Waliczek 
et al. 2005). There is much research to suggest that all people need at least some 
interaction with nature (Ulrich 1983). Allowing the ‘wild’ into our lives has several 
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psychological advantages; notably mental and spiritual restoration, a reconnection 
to the natural rhythms of life and the happiness and peace derived from slowing 
down, observing more and reflecting.

Wildlife thus has the potential to add greater meaning and sensual appeal to gar-
dens. It also satisfies the human need to tend to care for other living things. Garden-
ing by its very nature imparts a sense of time and seasonal changes brought not only 
by the weather but by the natural cycle of fauna and flora. The anticipation of what 
might arrive and the resultant theatre, beauty and movement it brings engender an 
emotional attachment to the experience. Psychology suggests that it is the emotional 
attachments that people derive through experiential encounters with nature that are 
instrumental in the desire to care for it. Over time this desire to care for wildlife 
underpins a social self-identity of ‘being a wildlife gardener’ and the stronger that 
identity becomes, the greater the emotional attachment to its philosophy.

However, it is clear that not all wildlife is equally valued or welcomed with some 
species being undesirable (e.g. rodents), highly desirable (songbirds) and dubious 
depending on personal preference (e.g. bats). For a truly holistic approach to wild-
life gardening there is arguably some work to be done with regards to the promotion 
of valuing all species rather than just the aesthetically pleasing or useful. As it is, the 
attraction of songbirds is the most sought. Horticultural attractions and events have 
an important part to play in the promotion of valuing biodiversity. Working along-
side conservation organisations, some key attractions have taken a strong stance 
with their philosophy of wildlife gardening and this should only be encouraged.

To date very little research has been undertaken specifically to understand the 
consumer behaviour and experience of wildlife gardening or the importance and 
appeal of including wildlife in the design of horticultural attractions. Yet under-
standing how a sense of connection to nature can impact upon people’s decisions to 
seek out nature in their daily lives is important if we wish to encourage the practice 
of wildlife gardening as a tool to enhance both connection to nature and urban/rural 
biodiversity. It will be interesting to see the content and results of such studies.
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Abstract Horticultural products and services impact the health and well-being of 
urban populations. This is an extremely important group for horticultural scientists 
and researchers to serve: more than half of all people worldwide already live in urban 
areas, and more than two-thirds will do so by 2050. In this chapter we address the past, 
current, and future roles that horticultural science plays in the major issues of concern 
to public welfare: public health, environmental health, food security, and economic 
stability. Urban horticulture has important impacts on the health of the individual and 
the community, two concerns of public health. Documented individual health benefits 
include less depression and improved pregnancy outcomes from walking in or liv-
ing near urban green spaces. Community gardens, parks, and other urban vegetation 
enhance community health by improving social interactions, such as family dynam-
ics, and public safety, such as protection from crimes. Uses of plants to improve the 
urban environment include temperature modification, air pollution reduction, and 
water quality improvement. Impacts on biological diversity are mixed. Other nega-
tive impacts include the introduction of invasive species. Urban food security requires 
food in sufficient, nutritious, and affordable quantities. Providing this for all people 
is one of the greatest challenges for horticultural science. Potential solutions include 
increasing small-scale food production in urban areas by providing more community 
gardens or converting vacant lots. Horticulture contributes directly to urban econom-
ics through the production and sales of horticultural products by urban businesses. 
Indirect contributions from plants include higher property values and more produc-
tive employees. The increasing urbanization and aging of the human population is 
happening in conjunction with rising environmental destruction from global warming 
and climate change. Combining the traditional horticultural concern of feeding the 
world with an expanded understanding of the additional functions provided by hor-
ticultural products, the needs of urban people, and the opportunities to partner with 
professionals in other disciplines will be essential in the unpredictable future.
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Introduction

In this chapter we address the impacts of horticulture on urban populations and their 
physical and psychosocial needs. We use the word, urban, in a broad sense, includ-
ing related, human-dominated landscapes, such as suburban and peri-urban areas. 
We also address the applications of horticultural science in urban agriculture. For 
the purpose of the discussion, we draw on the broad definition of urban agriculture 
given by the Council for Agricultural Science and Technology: “Urban agriculture 
is a complex system encompassing a spectrum of interests, from a traditional core 
of activities associated with the production, processing, marketing, distribution, and 
consumption, to a multiplicity of other benefits and services that are less widely 
acknowledged and documented. These include recreation and leisure; economic vi-
tality and business entrepreneurship, individual health and well-being; community 
health and well-being; landscape beautification; and environmental restoration and 
remediation” (Butler and Maronek 2002). Horticulture is clearly included in this 
definition of urban agriculture, and for the purposes of this chapter we focus on that 
aspect by using the term urban horticulture.

In this chapter, we will consider the impact on urban populations on the full 
range of horticultural plants, including but certainly not limited to trees, shrubs, 
flowers, turf, indoor plants, fruits, vegetables, native and introduced species, cut 
and potted flowers, and medicinal plants. These products of horticulture are essen-
tial for a healthy urban population. At the same time, topics related to horticultural 
services are considered. These include meeting the needs of human beings and ad-
dressing their quality of life through contact with plants, utilization or consumption 
of plant parts, or involvement in the cultivation of plants. The information explored 
by horticultural science that is included in this concept ranges from ecosystems to 
green-care farms, from landscape design to healthcare gardens, from economics and 
marketing to school gardens, and multitudes of other human concerns. Opportuni-
ties to grow plants, to nurture the life of the plant, and to feel personal responsibility 
for caring for life in urban environments are also essential for the health and well-
being of urban populations. While our focus is primarily on the benefits from hor-
ticultural crops and services, we also present some detrimental aspects, including 
environmental destruction from the introduction of invasive species and property 
damage from poorly sited or maintained vegetation.

Many of the items in this chapter are addressed in other chapters, but we in-
clude them here to emphasize that their role has a strong urban aspect and that 
professionals responsible for the management of urban areas need to be aware of 
the importance of horticulture and horticultural science as a part of the urban com-
plex. Among the urban professionals that we, as horticulturists, need to address 
are: urban planners, engineers, public health officials, business leaders, politicians, 
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educators, non-profit staff, and volunteers. In addition, our focus is on the role that 
horticultural science and horticultural scientists play in the urban natural environ-
ment in partnership with urban foresters, agronomists, landscape architects, urban 
ecologists, and others concerned with linking people and nature.

As the world continues its rapid urbanization, with projections that 67 % of the hu-
man population will be concentrated in cities and their surroundings by 2050 (United 
Nations 2012) and as the negative impacts of climate change become increasingly 
apparent (Lelieveld et al. 2012), the importance of horticultural science in conduct-
ing research and disseminating information to address world issues effectively be-
comes more evident. In this chapter we address the role of horticultural science in the 
major issues of concern to public welfare: public health, environmental health, food 
security, and economic stability. Needless to say, these are tightly interrelated, but 
for the purpose of this chapter we will consider specific elements of each separately.

Horticultural Science’s Role in Public Health

Public health is a major social and economic issue that will continue to grow as the 
human population expands and ages. It is also an environmental issue: practitioners 
in public health have long focused on the reduction of health problems by remedia-
tion of causal factors including degraded environments (see section on: Urban Envi-
ronmental Health). Certainly urban horticulture has important impacts on the health 
of the individual, the community, and the environment, the three areas that consti-
tute public health concerns. Health of the individual and health of the community 
are discussed in this section with an emphasis on the role of horticulture in both.

To meet the needs of healthcare and public health practitioners and develop 
strong utilization of horticulture in public health, to meet the needs of the rapidly 
growing and aging population and the professionals that serve this group, and to 
provide knowledge and skills to help build healthy communities, we need to de-
velop a long-term plan for research and outreach. Among the tasks to be completed 
in cooperation with researchers from other universities, colleges, and departments is 
to identify the most critical issues to be researched. Long-term cooperative research 
will demand external funds from sources not usually approached by researchers in 
Colleges of Agriculture. This cross disciplinary work with researchers in medicine, 
education, social sciences, urban planning, and others will open doors to different 
private foundations, corporate foundations, and government organizations that must 
be identified and communicated with in terms that clearly address their goals.

Health of the Individual

Horticulture has important impacts on the health of individuals through direct in-
teraction with plants and the natural environment. Horticulture promotes individual 
health through exercise, stress reduction, social interaction, and mental stimula-
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tion. Gardening is recommended by such groups as the American Heart Association 
(2013) as a technique to improve general physical health and thus prevent many 
human diseases. In addition urban horticulture can plan a role in improved health 
through access to high quality fresh produce either locally produced or self-pro-
duced (see discussion below on Food Security).

How we use plants in our cities, whether indoors or out, can have strong influ-
ences on health and well-being (Lohr 2010, 2011). Increasing research is identify-
ing strong links between plants in our surroundings and positive health outcomes. 
In fact, documentation of such links have become so strong that the medical and 
public health communities are promoting the expansion of green spaces, parks, 
green roofs, and community gardens and the planting trees to reduce the incidence 
of human diseases, including heat-related deaths, respiratory illnesses, and cardio-
vascular diseases (Younger et al. 2008; O’Neill et al. 2009; Cheng and Berry 2012). 
Some examples of connections between human health and the use of plants in our 
surroundings are presented below, focused on areas that have significant potential 
for further involvement by horticultural scientists. Additional examples are present-
ed in other chapters. Such information can be useful in promoting the need for mu-
nicipalities to spend money on establishing and maintaining plants in urban areas.

Trees, walkable communities, and human health. According to the World Health 
Organization, obesity has more than doubled worldwide since 1980 and being over-
weight is the fifth leading risk factor for deaths worldwide (World Health Organiza-
tion 2012). Common health problems associated with being overweight or obese 
include heart disease and cancer. The Centers for Disease Control and Prevention 
(2012) attribute the lack of physical activity in the United States of America (U.S.), 
in part, to current patterns of land use and transportation. Studies have shown that 
walkable outdoor spaces with trees (Fig. 31.1) are correlated with lower rates of 
obesity (Lachowycz and Jones 2011). Lovasi et al. (2012) found that residents in 
New York City who lived in areas with more walkable streets with trees had lower 
body mass indices than people living in areas without street trees. In Tokyo, five-
year survival rates for citizens in their 70s and 80s were greater if they had space 
for walking near their residences and if there were parks and street trees near them 
(Takano et al. 2002). Even children’s health can be improved through appropriate 
incorporation of plants in urban areas. One study showed that children had better 
body mass index scores if they lived in communities with more vegetation nearby 
compared to children in areas with low amounts of green (Bell et al. 2008). As a 
result of such studies, public health professionals and even the American Planning 
Association are emphasizing the need to plant more trees and build more parks 
(Younger et al. 2008; Ricklin et al. 2012). Communities are also responding. For 
example, Fort Worth, Texas has a plan to increase neighborhood and community 
park space by more than 1 acre per 1,000 people by 2025 (Ricklin et al. 2012).

Other documented health benefits from walking in parks and green spaces in-
clude reduced stress and less depression. In the 1980’s, researchers began to docu-
ment evidence of reduced human stress when passively viewing plants or nature 
(Moore 1981; Ulrich and Simon 1986). Benefits from actively walking among trees 
or in gardens were documented in subsequent studies. Cimprich (1993) studied 
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women undergoing surgery for breast cancer. They typically suffer from mental 
fatigue and show signs of depression. Half of the subjects were given only routine 
treatment, while the others were also asked to perform a mentally restorative activ-
ity. Most women decided to walk in a garden. Depression began to lift within 3 
months of surgery for those who walked in gardens, while depression worsened for 
those in the control group. A more recent study, using medical records from people 
in The Netherlands, found that rates of anxiety disorders and depression were lower 
when the amount of green space within 1 km of people’s residences were greater 
(Maas et al. 2009). In another study, Berman et al. (2010) worked with people with 
major depressive disorder. The moods and mental capacities of the subjects were 
better on days when they walked in an arboretum than on days when they walked in 
an urban area. Gardening has similar benefits to walking in nature: gardeners who 
performed a stressful, non-gardening task and then gardened for 30 min had lower 
levels of salivary cortisol, a hormone associated with human stress, than those who 
read absorbing material for 30 min following the task (Van den Berg and Custers 
2011).

Green areas and human health. A range of positive and perhaps surprising health 
outcomes have been documented in urban areas with increasing amounts of green 
space. One study, looked at mortality rates for people in England based on income 

Fig. 31.1  Walkable street with trees in Madrid, Spain. Streets with shade trees increase the likeli-
hood that people will walk along them and gain health benefits, including reduced obesity. (Photo 
by V. I. Lohr)
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deprivation and found that overall mortality rates dropped as the amount of vegeta-
tion near their residence increased (Mitchell and Popham 2008). Two recent studies 
have shown a positive link between pregnancy outcomes and green space near the 
mother’s home. One conducted in Barcelona, Spain, documented an increase in 
birth weight from mothers in the lowest educational group as the amount of vegeta-
tion within 500 m their residences increased or as the distance to a major green open 
space shortened (Dadvand et al. 2012). A study in Portland, Oregon, U.S. docu-
mented a reduction in the number of babies who were small for their gestational 
age as tree canopy cover within 50 m of the mother’s residence increased (Donovan 
et al. 2011).

Other studies have looked at the effects of nature on exercise and sports. Barton 
and Pretty (2010) showed that activities performed in areas with plants, such as 
walking, cycling, or gardening in urban green areas, could improve mood and self-
esteem within just 5 min. A recent study found that track and field athletes received 
their best performance marks at sites with more green landscaping and their worst 
scores at venues with the least amount of vegetation (DeWolfe et al. 2011).

A wide range of health benefits that accrue from being in urban areas with high 
amounts of vegetation are known, and some researchers are now examining the 
level of access to vegetation for different populations. Environmental inequities are 
wide-spread. In Montreal, Canada, disparities based on income have been found, 
with lower income people having less green in their neighborhoods than more af-
fluent people (Pham et al. 2012). Similar relationships have been documented in 
many places, including six cities in Australia (Kirkpatrick et al. 2011), the urban and 
peri-urban area of Phoenix, Arizona, U.S. (Hope et al. 2003), and the municipality 
of Campos Dos Goytacazes in the state of Rio de Janeiro, Brazil (Pedlowski et al. 
2002). This relationship was not found in Paris, France (Cohen et al. 2012a). Mitch-
ell and Popham (2008) showed how critical green areas for low income people 
could be: they documented that the increase in mortality associated with income 
deprivation in urban areas could be overcome with more exposure to vegetation. 
This knowledge is critical to incorporate in urban and peri-urban planning (Frumkin 
and McMichael 2008; Rydin et al. 2012).

The role of horticultural science in contributing to walkable communities and 
green health includes selection and testing of plants for the specific areas and intent; 
development of maintenance techniques to withstand the environmental stresses 
placed on urban trees; cooperative research with other professionals to determine 
the sustainability of plants in the research that is conducted (for example, are the 
trees healthy and appropriate for their location and does that matter as far as the 
effect on humans); and appropriate plant materials to withstand stresses related to 
efforts to rectify environmental inequality. Ideally these roles involve horticultural 
scientists working with public health professionals and other social scientists to 
conduct research and provide educational materials to the urban officials who make 
the decisions regarding funding.

Horticulture and healthcare. Horticulture has a long history of use as a treatment 
for individuals within the healthcare system (Warner and Baron 1993). As part of 
the professional area of healing landscapes, horticulture and plants play roles in 
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providing an atmosphere that is conducive to recovery (Relf 2005). In the profes-
sional areas of social horticulture and therapeutic horticulture and as part of green-
care farming (Hassink and van Dijk 2006), horticulture is valued as an activity to 
stimulate, motivate, and rehabilitate the gardener with health issues whether or not 
they are in a structured, goal directed program (Relf 2006). In the profession of 
horticultural therapy, horticulture has use and significant potential as a structured 
treatment tool for individuals with diagnosed health issues in defined treatment pro-
grams with specific achievable goals utilizing living plants under the direction of a 
trained professional therapist (Relf 2005).

Extensive information is available on the design and use of healing landscapes 
for the positive ambiences they provide. Research focused on post-occupancy sur-
veys of hospital and other healthcare landscapes have been conducted and reported 
(Marcus and Barnes 1999). There is access to links and descriptions of healing 
landscapes sites on-line (Anon 2012b). Therapeutic gardens, as sites for the imple-
mentation of therapeutic horticulture and horticultural therapy programs, are less 
well researched, as they require the integration of therapist, patients, and programs 
to test their efficacy.

The majority of the research on the utilization of horticulture as an activity in the 
healthcare area has looked at social and therapeutic horticulture, with particular fo-
cus on aging (Gigliotti et al. 2004; Wichrowski et al. 2005; Collins and O’Callaghan 
2008). Activities with children have also been studied (Kim et al. 2012). Theo-
retical models have been put forth to serve as guides for research and to stimulate 
query (Relf 2006; Shoemaker and Lin 2008) and methods for research have been 
discussed (Shoemaker et al. 2000), but the limited number of potential researchers 
within academic horticulture has resulted in a lack of adequate studies that look at 
the efficacy of horticultural therapy as a treatment regime eligible for third party 
reimbursement. Anecdotal evidence and growth of horticultural practices among 
activity therapists and other healthcare professionals justifies an expanded role for 
horticultural scientists working cooperatively with healthcare professionals to con-
duct the research and teaching to ensure this professional area reaches its potential.

It is widely recognized that a rapidly aging population worldwide has significant 
implications for health issues. Horticulture has an important role to play in enhanc-
ing and/or ameliorating health factors (Rappe and Kivelä 2005). In recent years 
connections have been found between gardening and a delay in Alzheimer’s disease 
(Simons et al. 2006). Two major causes of health problems among the elderly are 
lack of exercise and loneliness. Horticulture addresses both of the issues for many 
people. However, many people unnecessarily stop gardening as they age due to 
impacts of arthritis, back problems, heart disease, and other ailments often associ-
ated with aging. This translates into landscapes in both private and public areas 
lying idle, which, if properly designed, could serve to meet recreational and health 
needs of this large population. Despite the widely accepted value of gardening, only 
limited research has been done to understand how gardening affects elderly indi-
viduals socially, psychologically, physically or intellectually (Park et al. 2011). The 
research that has been conducted provides important indicators of the value of con-
tinued work in this area. In two separate studies of intergenerational programming 
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in horticulture with adults who still lived at home either independently or with care 
givers, researchers (Kerrigan and Stevenson 1997; Predny and Relf 2000) found 
that horticultural activities that focused on growing plants resulted in greater inter-
action than those activities that involved craft-type work. For seniors in intermedi-
ate care, Mooney (1994), using three different psychological measuring tools, found 
a pattern of improvement after the treatment was implemented and decline when 
the therapy was withdrawn to be a “classic” pattern for the experimental group. For 
elderly adults with cognitive impairment such as Alzheimer’s disease, studies indi-
cated that a properly designed outdoor environment reduced incidents of aggressive 
behavior (Mooney and Nicell 1992) and agitation (Detweiler et al. 2008).

This type of research data is important in justifying the expenditure of dollars 
for gardening facilities in public parks and gardens, retirement communities, public 
housing, and hospitals as well as residential and healthcare sites for elderly. Re-
search in this area would also have implications for making gardening easier and 
more rewarding for the well-elderly and for the expansion of horticulture in the 
recreation and tourist industry.

Health of Communities

A third significant area in which horticulture impacts public health is through the in-
teraction and dynamics of a healthy community. Research has indicated that commu-
nity gardens, street trees, parks, and other urban vegetation play a role in reduction 
of crime, including child abuse, and that gardens can be a central focus for commu-
nity development and neighborhood partnerships (Kuo et al. 1998; Kuo and Sullivan 
2001a). Charles Lewis (1996) wrote that if an area is dilapidated or vandalized, has 
trash-filled vacant lots, or is sterile steel and concrete, it sends messages that those in 
charge (the city government, the owner, the employers) do not place value on the area 
or the people there. It implies that the people have no intrinsic worth and no control 
over their environment. It tells outsiders that this is not a good place to be. The op-
posite is also true; for example, as a consequence of businesses and neighborhoods 
beautifying their surroundings as part of the Philadelphia Garden Blocks program, 
other areas followed suit, a phenomena reported as early as the 1960’s.

The daily contact with nature that takes place in the landscapes around homes 
is important to people’s welfare. For example, in a National Gardening Survey in 
the U.S., 37 % of respondents said gardening gave a sense of peace and tranquility 
(Relf et al. 1992). Forty percent reported that being around plants helped them feel 
calmer and more relaxed, and 46 % said that nature was essential to their well-being. 
In Uruguay, people in urban areas with trees were more likely to report being happy 
and having an improved social life than people in areas without trees (Gandelman 
et al. 2012). In this section we look at the impact of horticulture by expanding on 
two factors critical to healthy communities: social functioning, including neighbor 
cohesion and family dynamics, and public safety, including reduced crime.

Social Functioning. Positive connections between plants and social function-
ing have been documented for decades. An early study by Brogan and Douglas 
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(1980) in Atlanta, Georgia, U.S. examined the association between the psychosocial 
health of the community and the physical environment (e.g., landscaping and near-
by land use) and sociocultural environment (e.g. population density and income). 
They found that the characteristics of physical and sociocultural environments were 
about equally important in explaining the variations in the psychosocial health of 
the community.

A wide range of positive connections between plants and social functioning have 
been revealed by researchers comparing residents in randomly assigned Chicago, Il-
linois, U.S. public housing units with differing amounts of vegetation. They found 
that greener landscapes led to stronger social integration and a stronger sense of com-
munity for older adults (Kweon et al. 1998), better parental functioning (Taylor et al. 
1998), and less verbal aggression (Kuo and Sullivan 2001a). Their work also indicat-
ed that green outdoor spaces were associated with a lower incidence of “incivilities” 
including litter and graffiti (Kuo and Sullivan 2001b). One study, particularly relevant 
to community cohesion, examined the role of plants in the formation of neighborhood 
social ties in neighborhood common spaces and found that levels of vegetation pre-
dicted both the use of common space and the strengths of the ties (Kuo et al. 1998).

Studies of the impact of community gardens and gardening on community cohe-
sion have also shown positive trends. Kidd and Brascamp (2004) surveyed garden-
ers in New Zealand who reported that gardening was peaceful and almost never 
frustrating. Female gardeners were especially likely to value stress reduction from 
gardening, while men were more likely to value gardening as a shared activity with 
others. In another study, community garden project leaders reported positive social 
impacts from community gardens, including the promotion of neighborhood cohe-
sion and trust and an increase in civic participation and diversity in neighborhood 
associations (Feenstra et al. 1999). The potential for community gardens to address 
social, cultural, and educational needs was revealed by a gardening program started 
in an immigrant center in Germany in 1995 (Müller 2007). The intercultural garden 
involved immigrants from many countries with the initial goals of providing mean-
ingful work and healthful food for the families. It was recognized for its impact on 
intercultural communication and integration into the German community on the ba-
sis of a resource-oriented approach that built on the knowledge base of participants.

Public safety. Positive impacts of urban nature on public safety can be readily 
seen in two areas: reduced traffic related injuries and reduced property and violent 
crimes. Examples of the magnitude of the improvement to public safety in these two 
areas are presented below.

Traffic calming is widely accepted as a technique by which landscaped circles 
and chicanes and other environmental designs slow traffic and increase pedestrian 
and neighborhood safety (Fig. 31.2). In Seattle, Washington, U.S., the city’s traffic 
calming program has reduced accidents by more than 90 % (Mundell and Grigsby 
1997). Lockwood and Stillings (2001) reported that traffic calming and streetscap-
ing techniques installed in West Palm Beach, Florida, U.S., managed traffic effec-
tively by altering driver behavior, thereby reducing car speeds and reducing colli-
sion frequency and severity.

Mok et al. (2006) analyzed crashes along stretches of urban roads ranging from 
highways to cities streets in 8 cities in Texas, U.S., before and after landscape im-
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provements were installed. They documented significant reductions in crash rates, 
speculating that trees affected driver behavior by improving driver alertness. It is 
important to note that, while the rate of accidents on roads with trees may be lower 
than on roads without trees and the actual number of crashes with trees is low, when 
crashes with trees occur, they are more likely to be fatal than crashes with other 
vehicles (Wolf and Bratton 2006). Fatal accidents with trees are much less likely 
in urban areas than in rural areas (Wolf and Bratton 2006). Given the trade-off be-
tween the benefits and hazards of trees along roadways, the general consensus is 
that trees should be used, but with reasonable setbacks along high-speed roadways. 
In cities, traffic calming landscapes give a psychological indications that drivers 
should proceed at lower speeds (Ewing and Dumbaugh 2009).

Lockwood and Stillings (2001) reported that one of the results of the traffic 
calming efforts in West Palm Beach was a reduction in some crimes. Arrests for 
prostitution dropped 80 % as the streets became safer and more useable. In the same 
area, incidences involving drugs went down 60 % over the same period. The authors 
speculated that increases in pedestrian and bicycle traffic lead to better surveillance 
of the neighborhood contributing to reductions in other crimes. They suggested that, 
as these elements change, more residents and businesses would improve their prop-
erty inducing others to move to the community and further reduce crime. Results 
such as these have been generalized. In a paper co-authored from the U.S., Austra-
lia, and the United Kingdom, large-scale evaluations of crime prevention through 

Fig. 31.2  A traffic island in Aix-en-Provence, France. Trees and flowers planted within the traffic 
island help calm drivers and focus their attention. (Photo by V. I. Lohr)
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environmental design were reviewed to compile current knowledge on the evidence 
of crime prevention through environmental design. It identified a large and growing 
body of research supporting the claim that crime prevention through environmental 
design is effective in reducing both crime and fear of crime in communities (Cozens 
et al. 2005).

Many people believe that vegetation is positively linked to crime, however, 
findings in urban residential areas indicate that the opposite may be true. Kuo and 
Sullivan (2001b) examined crime reports in Chicago, Illinois, U.S. and found that 
fewer property crimes, such as theft, and fewer violent crimes, such as homicides, 
were reported in public housing with trees than without. Donovan and Prestemon 
(2012) examined the relationship between trees and crime at single-family homes 
in Portland, Oregon, U.S. and found similar connections. Property crime rates, such 
as burglary and car theft, were lower at houses with larger tree canopies on the lot 
or on the street. Having more, smaller, view-obstructing trees was associated with 
increased property crime, but was not associated with violent crimes, such as simple 
assault. The only significant relationship between trees and violent crime was a de-
crease in violent crimes at homes with larger canopies trees on the lot. In Baltimore, 
MD, U.S., increases in canopy cover were associated with reductions in outdoor 
crime, especially on public land (Troy et al. 2012).

In addition to the impact of traffic calming landscapes and trees in urban ar-
eas, community gardening has been reported to have a positive impact on commu-
nity safety. In one Philadelphia, PA, U.S., neighborhood, resident involvement in 
community greening was the catalyst for a 90 % reduction in neighborhood crime 
(Macpherson 1993). In the Mission District of San Francisco, CA, U.S., residents 
noted a 28 % drop in crime after the first year of their garden project (Malakoff 
1995). Feenstra et al. (1999) reported a decrease in vandalism near garden sites. A 
San Francisco County Sheriff reported that the recidivism rate was cut in half (from 
55 to 24 %) among prisoners who participated in the prison gardening project in the 
San Francisco County Jail (Gilbert 2012).

School and youth gardening education. There has been a national movement over 
the last 10 years, encouraged by the National Gardening Association, the American 
Horticultural Society, and numerous botanical gardens, to integrate gardening into 
the school curriculum, as evidence of the benefits of such programs grows. Re-
searchers at Texas A&M, for example, have been conducting research in this area for 
many years (Waliczek and Zajicek 1996; Waliczek et al. 2001; Aguilar et al. 2008).

Studies are determining the efficacy of specific resource materials and to under-
stand what makes a school gardening program effective (Dobbs et al. 1998). In an 
early survey of teachers who received National Gardening Association gardening 
grants, DeMarco et al. (1999) found that the most important factor in the successful 
integration of gardening into the school curriculum was ownership of the concepts 
and goals by the teachers and students. They also found that the teachers did not 
use the garden simply to teach gardening, plant science, or environmental attitudes. 
They also used it to teach language arts, art, and ethics. They reported that their 
goals when using school gardens were academic, social, recreational, and thera-
peutic.

Juvenile offenders are a unique subset of youth, and the application of gardening 
with these individuals often has goals that are different than in the classroom. The 
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Green Brigade is a community-based program started by the Bexar County Agri-
culture Extension Service (Finch 1995). Cammack et al. (2002a) reported about a 
10 % increase in both horticultural knowledge and environmental attitude scores 
among offenders in this program. They also found that the Green Brigade program 
was as effective as traditional probationary programming at reducing the rate and 
severity of crimes by juvenile offenders (Cammack et al. 2002b). Findings reported 
by Flagler (1995) on the Rutgers Careers in the Green Industry program, where over 
70 % of the youth indicated an increase in experience, skills, contacts with people 
that could help them, and ideas about future education, indicated that an organized 
vocational based education program is an effective curriculum for this population. 
In a study conducted at an alternative education program for youth on probation, 
McGuinn and Relf (2001) noted that among the small group that they studied, there 
was strengthening in the delinquent individual’s bond with society and the youth 
were motivated to think more practically about their future and career possibilities. 
Five of the six students in the study were hired for summer positions by horticulture 
establishments. These findings further reinforce Flagler’s conclusions that horticul-
ture is an effective curriculum focus for vocational training of juveniles on proba-
tion and other youth at risk.

Horticultural Science’s Role in Urban Environmental 
Health

Urban environmental health directly impacts quality of life, public health, economic 
stability, and food security (see related sections of this chapter). The use of plants to 
improve the urban environment has been well documented. Plants provide valuable 
ecosystem services, including air quality improvement, storm water runoff manage-
ment, carbon sequestration, and temperature modification. McPherson et al. (2005) 
calculated the annual net benefits from the economic return of trees in cities to be 
US$ 21 to US$ 38 per tree. Public domain software for individual communities to 
assess these benefits (i-Tree 2013) is now in use in more than 100 countries (i-Tree 
2012). The connections of urban environmental issues to global warming and to 
plant diversity are so strong that we are focusing on these elements for this chapter.

Urban Environmental Issues and Climate Change

As the world is getting hotter and the climate more extreme, it is especially im-
portant for horticulturists to understand a range of the environmental impacts they 
may cause and the actions needed to ameliorate these impacts. Land management 
practices rooted in horticultural science can play a role in landscape design and 
plant selection for temperature and water management, pollution abatement and re-
mediation, and management of health hazards associated with urban plants stressed 
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by global warming and climate change. Some of the services, values, and negative 
impacts are presented below; others, such as carbon sequestration, are covered in 
other chapters.

Green roofs and green walls are examples of ways that horticulturists can con-
tribute to ameliorating the issues discussed below. These horticultural uses of plants 
are increasingly valued as ways to create more places for vegetation in cities. They 
contribute to improved air quality, reduced city temperatures, and improved water 
quality (Alexandri and Jones 2008; Yang et al. 2008; Berndtsson 2010). They can 
also provide healthy space for wildlife and people. Rain gardens and bioswales are 
also becoming popular ways to improve water quality (Dietz and Clausen 2005; 
Xiao and McPherson 2011). The role of horticulturists in planning, designing, and 
selecting plant material for these is essential (Dylewski et al. 2011). Too many rain 
gardens, for example, are created by well-meaning ecologists who do not consider 
design aesthetics or maintenance requirements when selecting plants for such urban 
environments. They may have no idea how the plants in these will grow in urban 
landscapes over time and select plants that are native, but look like weeds to the 
neighbors. This can encourage negative attitudes toward the use of non-traditional 
landscape designs (Morzaria-Luna et al. 2004). For full acceptance of horticultural 
solutions to urban problems, the solutions must serve their ecological functions, be 
viable for long-term survival and maintenance, and appeal to people. In a similar 
manner xeriscaping, as means of limiting use of water in dry periods, must be ap-
proached from a horticultural science perspective to insure sustainability from a 
socio-cultural as well as ecological perspective.

Cooling. Horticultural science contributes to an understanding of the role of veg-
etation in affecting temperatures and energy use in cities and the selection and main-
tenance of plant systems that reduce the demands for energy in cities. Trees and other 
vegetation can be used to reduce temperatures indirectly though evaporative cooling 
and directly through shading and directing wind. The need for cooling in urban areas 
is increasing (Fig. 31.3). Average temperatures and high temperature extremes are 
rising around the world as a result of global warming (Lüdecke et al. 2011; Lelieveld 
et al. 2012). The temperatures are exacerbated in cities, where the urban heat island 
effects from the excess of hardscape compared to surrounding vegetated areas can 
magnify temperatures by 10° C (Kim 1992; Akbari et al. 2001). As cities grow in 
size and population, the number of people affected by these often-fatal heat waves 
increases (O’Neill et al. 2009; Egondi et al. 2012). The potential to provide cooling 
through plantings in cities has been documented around the globe. In Manchester, 
UK, planting new trees has the potential to reduce maximum surface temperatures 
between 0.5°  C and 2.3° C (Hall et al. 2012). In Tel Aviv, Israel, urban parks can be 
up to 3.8° C cooler than urban street canyons (Cohen et al. 2012b). In Washington, 
D.C., models showed that decreasing the width of urban streets to increase planting 
space and add 50 % tree canopy coverage would drop temperatures of the air, build-
ing walls, and road surfaces by 4.1° C, 8.9° C, and 15.4° C, respectively (Loughner 
et al. 2012). In Hong Kong, models predicted that planting trees or grass on the roofs 
of tall buildings could reduce temperatures at pedestrian level by 0.2° C to 0.6° C 
(Ng et al. 2012); they also showed that trees were more effective than grass.
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A direct benefit of using vegetation to reduce temperatures is the effect on en-
ergy usage. If energy usage drops and if the energy source is carbon-based, such as 
coal is, then greenhouse gas emissions are also reduced (Akbari 2002). Huang et al. 
(1987) predicted that increasing tree cover around a home by 25 % could save 25 % 
in energy for cooling in Phoenix, Arizona, and 40 % in Sacramento, California, U.S. 
They showed that there were additional benefits in lowering the peak energy loads. 
McPherson and Rowntree (1993) used computer simulations to show that planting 
a single, small deciduous tree could reduce annual heating and cooling costs for a 
typical residence by 8 to 12 %.

Air Quality. Planting trees, establishing green roofs and wall plantings, and cre-
ating community gardens are ways that horticulturists can contribute to improved 
air quality and human health. Air pollution in urban areas is a problem worldwide 

Fig. 31.3  Urban area of Hiroshima Japan. Hardscape, such as buildings and roads, contribute to 
the urban heat island effect, while the addition of trees and grass help counteract that by reducing 
temperatures on hot days. (Photo by V. I. Lohr)
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(Fenger 1999; Duh et al. 2008). Trees improve air quality through the physical re-
moval of chemical and particulate air pollutants, such as ozone, carbon monoxide, 
sulfur dioxide, and dust (Nowak et al. 2006; Popek et al. 2013). McDonald et al. 
(2007) used modeling to show that trees could contribute to the reduction of particu-
late matter of < 10 µm in diameter, which are associated with adverse human health 
effects. By understanding the results of scientific studies in this area, horticulturists 
can increase the quantity of pollutants removed from the air by selecting specific 
trees and planting systems. For example, trees with smaller leaves, such as conifers, 
and hairier leaves are more effective than other trees at removing particulate matter 
(Beckett et al. 2000; Xie et al. 2011). Horticultural scientists can also be involved in 
such research, using their extensive knowledge of plants to suggest and study other 
features for their effectiveness (Xie et al. 2011; Popek et al. 2013), including the use 
of vines, shrubs, and green walls of herbaceous plants for faster, short-term impacts.

Water quality. Clean water in cities for human and ecosystem health are critical, 
yet water quality in cities is often compromised by the traditional handling of storm 
water (Whitehead et al. 2009). Many cities have relied on concrete culverts and 
ditches to drain storm water away from developed areas (Roy et al. 2008). As cities 
become more urbanized, the amount of impervious surface area increases. Climate 
change is bringing more and heavier rain events to some cities (Whitehead et al. 
2009). Together, these are exacerbating flooding and reducing water quality. Plant-
ings contribute to improved water quality by slowing water run-off and reducing soil 
erosion (Xiao et al. 1998). They also filter sediments and chemical pollutants from 
the run-off (Davis et al. 2006). There is an important role for horticultural science 
to play in understanding what can be done and what plants and planting systems 
are most effective for improving water quality. This may prove to be particularly 
important in developing countries as urban populations continue to grow faster than 
the infrastructure to provide water or remove excesses. Integration of water quality 
projects into multifunction uses including green roofs, green walls, community gar-
dens, market gardens, parks, and recreational and tourism sites will maximize their 
sustainability and the potential for implementation where the urban planner, politi-
cians, and taxpayers can better understand and appreciate the planted areas.

Hazards and safety issues presented by plants. All interactions between humans 
and plants in cities are not positive. Weak limbs can break and damage vehicles 
or injure people. Utility wires can come down with fallen trees. Trees with inva-
sive root systems can seriously damage sidewalks. Improperly selected or managed 
urban vegetation can become a serious liability. Trained horticultural profession-
als are essential to address these hazards and safety issues. Climate change means 
greater wind speeds, more intense rainstorms, and more flooding, so we need to 
have trees that are pruned properly and transplanted correctly. Improper pruning 
leads to poorly attached branches and decay (Shigo 1985; Dahle et al. 2006). Im-
proper transplanting leads to girdling roots and tree failure (Gouin 1983; Maleike 
and Hummel 1992).

In the U.S., courts of law have recognized that land managers and owners have a 
legal obligation to maintain vegetation in a healthy and safe condition. A 1978 court 
case, Husovsky vs. United States (described in detail in Anderson and Eaton 1986), 
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involved a driver who suffered permanent paralysis when a limb dropped onto his 
vehicle in a park in Washington, D.C. The defendants (in this case the District of 
Columbia and the National Park Service) were found negligent for not inspecting 
for defects and, therefore, liable for damages of nearly US$ 1 million. This case 
demonstrates the serious legal ramifications of poor urban landscape management.

Urban Environmental Issues and Biodiversity  
and Genetic Diversity

As the world has become more and more urbanized, both biodiversity (here used 
to mean diversity of different species, species richness, or the number of different 
species) and genetic diversity (diversity within a single species) are being affected. 
Urbanization can create highly degraded landscapes that are unsuitable for most 
species, thus negatively impacting diversity. There are also positive aspects related 
to urbanization and diversity. Understanding what is happening to diversity in urban 
areas is of significant concern to horticultural science in order to develop methods 
to address the actual problems.

Enhanced biodiversity in urban areas. When properly managed, urban parks and 
forests can afford landscape diversity and rich habitats for many different organ-
isms (Alvey 2006). Residential gardens can also provide a rich diversity of species 
(Kendall et al. 2012). While the dense urban cores of most cities have little space for 
plants of any sort, other urban areas can have greater biodiversity than surroundings 
non-urban areas; this has been documented in both developed and developing coun-
tries (Kühn et al. 2004; Alvey 2006). This may be due to the introduction of differ-
ent plants by people from around the world and the intense cultivation of land where 
plants will be grown. Many urban areas include parks, zoological gardens, botanic 
gardens, and similar sites dedicated to collection of different species. In addition, 
a number of local native species find appropriate habitat in cities. For example, in 
northern Belgium, 30 % of the local wild plant species and even greater percentages 
of wild birds, butterflies, and amphibians can be found within city parks (Cornelis 
and Hermy 2004). Larger parks, not surprisingly, had greater biodiversity due to 
greater diversity of habitats, such as forests, ornamental gardens, and hedges. Small 
parks still have value for biodiversity and can be critical for wildlife in increasingly 
urban areas. Ikin et al. (2013) showed that small parks can provide needed habi-
tat for bird species, especially when there is green space in the surrounding urban 
blocks. Tree size also has an impact: larger trees have increased bird species rich-
ness (number of different species), abundance, and breeding (Stagoll et al. 2012).

Reduced biodiversity and genetic diversity in urban areas. Many urban areas 
currently have greater biodiversity than surrounding areas (Kühn et al. 2004; Alvey 
2006), however they may have less biodiversity than they did historically. Gregor 
et al. (2012) looked at changes in the number of plant species in Frankfurt, Germany, 
over 200 years: from 1800 to 1900, the number dropped by 2.6 %, while from 1900 
to 2000, it dropped an additional 7.75 %. On degraded urban landscapes, highly 
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adapted, early succession species are often required for successful establishment 
(McKinney 2006). To survive these conditions, plants must grow under high light 
and temperatures and in droughty soils with high pH (Wittig and Becker 2010). 
There are a limited number of such species, which contributes to reduced biodiver-
sity in such areas. Selecting and cloning cultivars of landscape plants, such as street 
trees that are well-adapted for urban conditions and human preferences, lead to re-
duced genetic diversity (Morton and Gruszka 2008). In a similar fashion, seed com-
panies throughout the world distribute the same cultivars of flowers and vegetables.

At a time when global warming and climate change are subjecting urban plants 
to more environmental extremes and increased pest problems, the risks from greatly 
reduced diversity are growing (Lohr 2013). Elm trees ( Ulmus spp.) provide an ex-
ample of the problems that can arise from reduced diversity. They were widely 
planted as street trees in cities in Europe and America more than a century ago. 
Then Dutch elm disease ( Ophiostoma ulmi), first reported in 1921, began to deci-
mate the elms and cities where they had been planted (Wilson 1975). There was 
a problem from over-reliance on a few species of elms (little biodiversity), all of 
which had some susceptibility to the disease. The close proximity of the trees made 
the spread of the disease, once it was introduced, common. Within cities on both 
continents, many avenues with large, continuous canopies of cool shade became 
barren as the elms died. The spread of the disease continues today, but a handful of 
resistant American elms and hybrids created by crossing with resistant Asian spe-
cies are now available for planting (Santini et al. 2002; Townsend et al. 2005). As 
plant breeders were searching for resistant trees, the disease was evolving. In 1972, 
a new more virulent strain of the disease ( Ophiostoma novo-ulmi) was found (Pot-
ter et al. 2011). It is only a matter of time until other strains of the disease or other 
problems impact the new, currently resistant cultivars. In fact, Dutch elm disease 
has recently been found in trees in Japan on species that had been considered resis-
tant (Masuya et al. 2010).

If we continue to overplant a few species and a limited numbers of cultivars in 
cities, other catastrophes like those from Dutch elm disease will continue to occur. 
In fact, similar catastrophes are readily evident today. Ash trees ( Fraxinus spp.) 
were frequently planted (over-planted) to replace the decimated elms. Now emerald 
ash borer ( Agrilus planipennis) in the U.S. and ash dieback ( Hymenoscyphus pseu-
doalbidus) in Europe are wreaking havoc on urban areas at a similar scale to Dutch 
elm disease, but at an alarmingly faster pace (Poland and McCullough 2006; Bakys 
et al. 2009). Horticultural scientists need to understand the problems and risks from 
the worldwide homogenization of species in urban areas and work with the nursery 
industry to diversify their crops while maintaining market and profit if we are to 
maintain healthy green spaces in cities in the decades to come (Lohr 2013).

Invasive species. A weed is a plant that is growing in a place where it is not want-
ed. Historically, weeds have often been native plants, such as ragweed ( Ambrosia 
artemisiifolia) in North America and dandelion ( Taraxacum officinale) in Europe 
and Asia, that have invaded cultivated gardens. Today, non-native plants, such as 
African boxthorn ( Lycium ferocissimum) in North America and Australia, common 
rhododendron of southern Europe and southwest Asia ( Rhododendron ponticum) 
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in Great Britain and New Zealand, neem from India ( Azadirachta indica) in West 
Africa, and yarrow from the northern hemisphere ( Achillea millefolium) in Aus-
tralia, invade native ecosystems and have become weeds of increasing concern. 
These are considered invasive species. According to U.S. Federal law, an invasive 
species is: “an alien species whose introduction does or is likely to cause economic 
or environmental harm or harm to human health” (NISIC 2012). These plants may 
be introduced accidentally or intentionally. In the U.S., about 5,000 alien plant spe-
cies have become established outside of cultivation (Pimentel et al. 2005). Not all 
non-natives become problems. For example, in Florida, only about 1 in 25 alien 
introductions have become invasive (Pimentel et al. 2005). While the percent may 
seem small, the amount damage to ecosystems and the economy may not be. The es-
timated annual cost in the U.S. for European purple loosestrife ( Lythrum salicaria) 
(Fig. 31.4) alone is estimated at US$ 45 million (Pimentel et al. 2005). Ecosystem 
damage from the same plant includes loss of native plant species, increased wetland 
evapotranspiration rates, and reduced bird habitat (Blossey et al. 2001).

Increasingly, the horticultural industry and gardeners are being seen as a major 
source of the problem (Niemiera and Von Holle 2009; Barbier et al. 2011). There are 
a number of different responses to this within and outside of the horticultural indus-
try. Some groups organize parties to remove invasive plants (WNPS 2012), while 
others recommend avoiding invasives and using alternatives (Coats et al. 2011). 
Bans on the sales of particular plants occur (Dehnen-Schmutz and Touza 2008). 
Some breed low fertility versions of otherwise desirable invasive species (Ran-
ney et al. 2006). Some people work to predict invasive potential and recommend 
avoiding particular plants (Kueffer and Loope 2009). Some have recommended 
concentrating on natives (Missouri Prairie Foundation 2013). Others propose the 
implementation of regulation and taxes (Barbier et al. 2011). Disturbed, unnatural 
conditions in human dominated landscapes make urban areas inhospitable to many 
native plant species. Global warming and climate change contribute to the inhospi-
tability. Some researchers are now suggesting that alien plants must be brought into 
cities to maintain green space (Hitchmough 2008). But we must maintain a balance 
between those that can tolerate the urban conditions and those that would dominate 
and exclude other species.

Horticultural Science’s Role in Urban Food Security

Food security is a complex concept with complex causes and no simple solutions. 
According to the Food and Agriculture Organization (FAO) of the United Nations, 
food security is defined as existing: “…when all people, at all times, have phys-
ical and economic access to sufficient, safe and nutritious food that meets their 
dietary needs and food preferences for an active and healthy life” (FAO 2013). 
This is exceedingly difficult to obtain at a time when the human population of our 
planet exceeds 7 billion people (U.S. Census Bureau 2013). The concern for world 
food security is not simply related to the size of the population, but also to the 
concentration in urban locations, where the problems causing food insecurity are 
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compounded. More than half of the world’s people live in urban areas (United Na-
tions 2012). In 1970, there were two megacities (more than 10 million inhabitants) 
in the world, Tokyo and New York City; in 2011, there were 23 megacities (United 
Nations 2012). Rates of urbanization are not uniform worldwide. Africa’s urban 
population is growing faster than that of any other region, while Asia is close behind 
(United Nations 2012). This has the potential to further exacerbate food insecurity 
in those areas.

Causes of Food Insecurity

Most causes for food insecurity ultimately translate into three key factors: lack of 
available nutritious food, lack of money to purchase food, and lack of the ability 
to grow food. The quantity of food is impacted by issues including climate change, 
sustainability, and affluent consumption of food products (e.g. corn for meat and 

Fig. 31.4  European purple 
loosestrife ( Lythrum sali-
caria). This beautiful plant, 
which had been available in 
nurseries, has invaded vast 
areas of North America, caus-
ing the loss of native plant 
species and increased evapo-
transpiration in wetlands. 
(Photo by V. I. Lohr)
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ethanol). Availability of food is impacted by the political will to provide for all citi-
zens; the use of agricultural commodities in developed and developing countries; 
the impact of war and climate change related disasters; infrastructure for storage, 
transport, and delivery; and household resources for transportation, preparation, and 
storage. Even if food is available, if the quality is insufficient, then food security 
will not been achieved. Particularly among the urban poor, there is a significant 
need, for example, for sources of fresh food, which is beyond their limited purchas-
ing power. Funds for the purchase of food is embroiled in all of the causes of pover-
ty including health, education, gender freedoms, and other societal factors. Inability 
to grow food for the family is related to the urbanization of the world’s population 
and the lack of policy and procedure to enable people who are food insecure to ac-
cess urban land for cultivation.

Role of Industrial Food Production

The insurance of safe and nutritionally adequate food for all people is perhaps the 
greatest challenge for horticultural science worldwide. This issue is being addressed 
extensively from many directions—political, economic, social, environmental, and 
medical. But at the core of these discussions is still the optimum production tech-
niques for horticultural crops to contribute to meeting the nutritional needs of popu-
lations lacking in food security, both in developed and developing countries that 
can be implemented within the constraints of the social, environmental, economic, 
and political realties of the population. This brings into question the other possible 
applications of horticulture and higher education to find sustainable solutions to 
intractable problems, particularly in the light of climate change and increased risk 
of natural disasters.

It is argued that commercial production of horticultural crops as currently prac-
ticed in the U.S. and other developed countries is not suitable for supplying the bulk 
of the human population with the fresh fruits and vegetables needed to provide a 
nutritionally adequate diet. Looking at food security from a public health perspec-
tive, Dixon et al. (2009) argue that “functional foods”, one area of high interest 
and involvement for horticultural science, are produced by an industrialized agri-
cultural model that will not be able to address the needs of the urban poor and are 
counter to long term sustainability. While functional foods are an efficient means to 
supply essential micronutrients, they have several problems on a worldwide basis. 
Involving large agrifood and pharmaceutical corporations, it is a highly profitable 
sector that is outside the financial reach of most of the world’s population, it fails 
to recognize and address the realities of production with climate change, it fails to 
provide the nutritional balance in a culturally acceptable way that the World Health 
Organization (2012) recognizes as essential, and it reduces biodiversity at the same 
time as altering genomes. The authors point out that it is often overlooked that the 
green revolution contributed to marked rural inequalities and despoiled traditional 
agricultural environments (Dixon et al. 2009).
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An additional problem with industrial-scale food production as the sole source 
of nutritious diets for the urban poor is that the method for getting the food to the 
populous is costly and wasteful, with large amounts of packaging, transportation, 
and fossil fuels involved. Despite this, with urban growth and increasing demand 
for prepared or easily prepared and storable foods, there has been a significant 
emergence of supermarkets and fast food chains worldwide (Kennedy et al. 2004). 
The demand for large quantities of uniform product has contributed to erosion of 
food culture and reduction in biodiversity, as well as the loss of a major sector of 
employment in agriculture and horticulture. Furthermore, packaged products in the 
supermarket contain large quantities of salt and sugar, and fast food is often very 
high in fat, salt, and sugar, all contributing to the worldwide health epidemic. All 
of these factors increase the cost of the food, often beyond the finances of the poor.

Potential Solutions

It was not until 1996 at the International Conference on Human Settlements, that 
the United Nations formally recognized gardening and urban agriculture for their 
potential contribution to the health and welfare of urban populations worldwide 
(United Nations 1996). In 1999, the FAO pointed out that when done in a safe and 
secure manner, the local production of food in urban and peri-urban regions can be 
successful for several reasons: increased quantity of food available, increased qual-
ity of food, and increased income from jobs or from successful marketing (FAO 
1999b). According to FAO this source of food proves to be important during times 
of crisis and severe scarcity (civil war, widespread drought, currency devaluations, 
inability to import) as well as personal upheaval (illness, health, sudden unemploy-
ment).

The FAO reports case study data indicating that both food availability and in-
comes in poor farming households are significantly higher compared to households 
of non-farmers (FAO 1999b). However, it is important to note that urban gardeners 
are not typically the poorest residents, but rather those families that have lived long 
enough in the city to secure land and water and become familiar with the market 
channels for selling. The quality of the perishable food produced near the consumer, 
whether at home or in peri-urban farms, is often higher as it is fresher than when 
it travels long distances along the supply chain often lacking cooling in storage or 
transport thus quality and nutritional value deteriorates rapidly (Fig. 31.5).

As a source of income, food production offers few barriers to employment. The 
FAO estimates that worldwide, 800 million urban residents are involved in food 
producing/income earning activities with one-quarter to two-thirds of urban and 
peri-urban households involved in agriculture and horticulture, depending on loca-
tion (FAO 1999b). In many cases, women are the primary food producer as they 
combine gardening with childcare and other home based responsibilities.

To overcome some of the limitations of previous anecdotal and qualitative data, 
a recently created dataset bringing together comparable, nationally representative 
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household survey data for 15 developing or transition countries, was used by Zezza 
and Tasciotti (2010) to analyze the importance of urban agriculture for the urban 
poor and food insecure and provide a comparative international perspective. This 
study pointed out that “the potential for urban agriculture to play a substantial role 
in urban poverty and food insecurity reduction should not be over-emphasized, as 
its share in income and overall agricultural production is often quite limited.” How-
ever its value cannot be dismissed as a source of income for the urban poor. And 
there was evidence of a positive statistical association between participation in ur-
ban agriculture and positive indicators of dietary adequacy.

The greatest growth of urban farming has been in the developing countries, but 
in recent years it has also become a factor of importance in the developed world 
as more affluent individuals choose to produce their own food to address quality 
rather than quantity, desiring greater freshness and control over pesticides and other 
inputs. The bulk of the information on-line regarding urban farming in developed 
countries is presented by advocates and may be biased regarding the projected effi-
cacy in meeting significant nutritional requirements of urban populations. However 
the total positive impact of urban horticulture must be taken into the discussion of 
food security. Food grown in home and community gardens supplements other food 
sources and provides excess for trade or informal markets. Even with little or no 

Fig. 31.5  Produce stand at the Green Market in Almaty, Kazakhstan.Locally produced, fresh 
crops, which are available for sale to urban populations, is not transported long distances along a 
supply chain. (Photo by V. I. Lohr)
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land, high valued vegetables can be produced in containers on floors or walls. Other 
gardening sites include parks, utility rights-of-way, bodies of water, rooftops, walls 
and fences, balconies, basements, and courtyards (Brown et al. 2003).

Through their web-pages and numerous books, conferences and papers the FAO 
(Anon 2013b) and the Resource Centres on Urban Agriculture and Food Security 
(Anon 2012a) provide a tremendous amount of information regarding urban popu-
lation growth, food security needs, and urban agriculture practice and policy devel-
opment, accompanied by a significant amount of anecdotal and qualitative research 
to document its efficacy (FAO 1995, 1999a; Drescher et al. 2000; FAO 2001, 2008, 
2012; FAO et al. 2012). In addition, an interesting source of information is Mission 
2014: Feeding the World (Anon 2013d), which provides current data and recom-
mendations addressing world food needs developed by Terrascope, a student-run 
class offered to MIT freshmen that focuses on solving complex world problems 
through the collaboration of students, faculty, and alumni. This outstanding teach-
ing model is indicative of the views of future generations of problem solvers and 
how they learn.

Additional Benefits of Urban Food Production

Health professionals are recognizing the value of farm- and garden-scale urban ag-
riculture (Baumgartner and Belevi 2001; Bellows et al. 2004). Numerous reasons 
are discussed for growing food and non-food crops in and near cities. Urban food 
production contributes to healthy communities by engaging residents in work and 
recreation that improves individual and public well-being, providing exercise, en-
hancing mental health, as well as improving social and physical urban environ-
ments.

Based on surveys and case studies from 31 countries, the FAO (2012) recom-
mended that African policymakers act now to refocus urbanization toward a green-
er, healthier environment. The current path is unsustainable as the urban popula-
tions continue rapid growth. The FAO highlights a key component of sustainable 
urban development: that peri-urban and urban horticulture needs to ensure food and 
nutrition security, decent work and income, and a clean environment for all their 
citizens. Studies of urban agriculture in South Africa found it is important to women 
of low-income households in ways less directly related to monetary gain (Slater 
2001); for women, urban agriculture promotes empowerment, establishes social 
networks, symbolizes a sense of security, and encourages community development.

Urban food production has multiple functions, playing a role in urban poverty 
alleviation, social inclusion, urban food security, urban waste management, and ur-
ban greening (Hoekstra 2006). Smit and Nasr (1992) discussed the potential for 
transforming urban centers from consumers of agricultural products to centers that 
conserve resources, improve health, and produce foods in a sustainable fashion with 
particular emphasis on conversion of urban wastes, use of vacant areas, and other 
improvements of the environment. According to Bon et al. (2010), challenges for 
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urban agriculture include obtaining inputs, such as fertilizers, and growing fresh and 
nutritious food in polluted environments. They advocate the reuse of city wastes to 
help alleviate these challenges, but recognize that those alone will not be sufficient 
to achieve needed yields.

Urban food production has strong proponents worldwide who feel that it con-
tributes to mitigating the two most intractable problems facing Third World cities 
– poverty and waste management (Baumgartner and Belevi 2001). They recognize 
that urban food production is simply one of several food security options for indi-
viduals and family groups. Urban agriculture and horticulture complement, rather 
than supplant, rural supplies and imports of food and will continue to do so. Cities 
will continue to depend largely on rural food production for bulkier, less perish-
able foodstuffs (Mougeot 2000). Similarly, it is only one of many tools for making 
productive use of urban open spaces, treating urban waste, saving or generating in-
come and employment, and managing freshwater resources more effectively. Many 
professionals in the field also highlight its importance public health and sustainable 
resource management.

Challenges for Urban Food Security

There are a number of significant issues that challenge the success of peri-urban and 
urban food production to provide food security. They include:

• safety of the soils in which crops might be grown, particularly in brown fields 
and other reclaimed industrial sites;

• utilization of scarce resources such as water and heat for protected spaces;
• potential for health hazards including attracting rats and other pests; pesticides; 

polluted flood water;
• difficulty of obtaining resources such as seeds and fertilizer;
• problems in finding and keeping land for gardening;
• impact that food production for personal consumption and marketing has on 

family and community dynamics; and
• lack of training and skills to implement urban horticulture issues.

Research issues for horticultural science include:

• the identification of the best crops to grow given the environmental and socio-
cultural demands of an area to optimize the nutrition value of the resources 
utilized;

• affordable techniques for producing crops under the environmental and econom-
ic constrains of urban poverty, both for market and personal consumption;

• use of horticultural crops to ameliorate some of the problems such as soil recla-
mation, revegetation, and other bio-system issues;

• food gardening for health to include psychosocial, and physical benefits as well 
as nutrition as presented in other chapters in this book;
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• food gardening for community development, economic opportunity, and per-
sonal growth; and

• development of educational tools and techniques particularly using computers 
and smartphones to improve communication and technology especially in poor-
er, developing countries.

Horticultural Science’s Role in Urban Economics

Ultimately much of the application of horticulture to the urban environment comes 
down to economics and the basic concept of cost/benefit analysis. One question 
is: “Does the use of urban land and the installation and maintenance of plants cost 
more than the resulting ‘profit’?” This profit may take many forms such as the 
savings from a reduced cost of energy or less flood damage; actual profit from 
increased worker productivity or property values; financial savings to individuals 
from improved nutrition and health; or, less tangible, thus more difficult to measure, 
profits from the perception of improved quality of life. In this section we will look 
briefly at the following areas related to economic issues: urban businesses based on 
horticultural crops and services; non-horticultural businesses that utilize plants as 
part of their business plan; and potential savings from cost of environmental issues 
being ameliorated by plants.

Urban Businesses Based on Horticultural  
Crops and Services

A majority of urban and peri-urban horticultural commodities in both developed 
and developing countries include vegetables, fruits, herbs, potted and cut flowers, 
commercial turfgrass, and horticultural crops cultivated for indoor and outdoor 
landscapes. In addition to production, horticultural businesses are part of the re-
tail and service industries. Urban farm and garden enterprises employ a variety of 
marketing models in urban settings including: direct sales to grocery outlets, restau-
rants, schools, hospitals, and other institutions; community supported agriculture; 
cooperatives; value-added processing and sales; and sale at farmers markets and 
farm-stands in a neighborhood (Feenstra et al. 1999). Environmental horticulture 
crops are sold through nurseries, garden centers, landscape contractors, and mass 
marketers (Hayes et al. 2007). Flowers and related floral products are commonly 
found in grocery stores, quick-stop stores, roadside stalls, and corner flower stands 
as well as full service florists. Horticultural service businesses, including interior 
and exterior landscape design, construction, and maintenance, continue to grow 
as the urban population expands and the demand for public and private landscape 
increases, particularly at recreational and tourism sites. The expansion of rooftop 
and wall gardens offers significant opportunity for growth of the industry in ur-
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ban settings. Potential for specialized small scale and essentially self-maintaining 
landscapes are presented by the increase in apartment dwellers with neither space 
for landscapes nor skills and time for maintenance. At the same time, in peri-urban 
settings, demands for well-designed small-scale gardens for intense caring and cul-
tivating are increasing in demand for retired hobbyists.

Horticultural businesses provide entry level and unskilled jobs in both the pro-
duction area of the industry and sales and service, which rely heavily on individuals 
with relatively little education or experience, thus providing jobs for population such 
as disenfranchised youth and immigrants. This in turn opens opportunities for train-
ing programs (Justen et al. 2009). Further demand for education among consum-
ers opens opportunities for writers and media professionals, education consultants, 
and other entrepreneurs to profit from urban horticulture. In addition, urban farmers 
markets provide opportunities for entrepreneurial businesses for people who manage 
the site as well as small-scale farmers, home gardeners, producers of specialty crops 
such as mushrooms, and organic farmers who profit from the direct sales.

To give a glimpse of the money involved for just a small percent of the world-
wide market, one study estimated that the economic impacts of the U.S. environ-
mental horticulture industry were about US$ 148 billion in output, 2 million in jobs, 
US$ 95 billion in value added, US$ 64 billion in labor income, and US$ 7 billion 
in indirect business taxes (Hall et al. 2006). In addition, the study evaluated the 
value and role of urban forest trees (woody ornamental trees); the total output of 
tree production and care services was valued at US$ 15 billion, which translated 
into US$ 21 billion in total output impacts, 260,000 jobs, and US$ 4 billion in value 
added. Another example comes from the small country of The Netherlands, which 
in 2010 alone accounted for 24 % of global trade in horticultural products, 50 % 
in world trade of floricultural products, 80 % of the world market in flower bulbs 
(Anon 2011). In 2011, their total horticultural production amounted to € 8.6 billion, 
and in 2010, they exported € 4.2 billion worth of vegetables. Exports and re-exports 
of Dutch horticultural crops amounted to € 16.2 billion in 2011 (Anon 2011). Flo-
raHolland is the world’s largest auctioneer for cut flowers and plants. In 2011, it 
employed 4,000 people and sold 12.5 billion cut flowers and plants for € 4.2 billion 
(Anon 2013a).

Non-Horticultural Organizations Utilizing Plants  
as Part of Their Business Plan

From tourist sites to shopping malls to corporate offices, horticultural crops and 
services play an important role in the profitability of many urban businesses. Ac-
cording to Wolf (2003) the character of a place is important to business commu-
nities as it influences consumer choices and ultimately the profitability of retail 
business. Among benefits were an increase in return visits, a message of care, and a 
perception of higher quality merchandise; negative aspects included reduced usable 
parking space, increased waste from tree debris. There were also higher positive 
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perceptions of business districts and a willingness to pay more for merchandise 
at businesses that had street trees and other landscape improvements (Wolf 2009).

Plants are an essential part of the urban tourism experience. Half of the respon-
dents to a U.S. survey conducted by the Gallup Organization indicated that plants 
and flowers at theme parks, historic sites, golf courses, and restaurants were im-
portant enjoyment of visiting there (Relf et al. 1992). At Opryland in Nashville, 
TN the “greatscapes” contributed to higher occupancy and room rates for those 
rooms overlooking the gardens, which yielded US$ 7 million in additional room 
revenue annually (Evans and Malone 1992). Tyrväinen (2001) found that people 
want green nature-based recreation areas in their cities (Fig. 31.6), and 82 % of us-
ers were willing to pay for the recreational experiences these sites provide. A cost-
benefit analysis revealed that revenues could be as much as 25 times more than the 
costs. A Canadian study suggested that tourist locations that feature plants attract an 
older, wealthier, and better-educated clientele (Lang Research 2001).This group of 
tourists has the interest and resources to visit public and private gardens and related 
tourist sites such as historical sites, natural wonders, museums, art galleries, zoos, 
aquariums, and planetariums and to take scenic bus tours.

Demand for recreational activities dependent upon the products and services of 
environmental horticulture (e.g. athletic fields, parks, golf courses) continue to in-

Fig. 31.6  A bridge in Frederiksberg Have in Copenhagen, Denmark. This popular urban park pro-
vides opportunities for nature-based recreational experiences, such as walking along paths among 
mature trees. (Photo by V. I. Lohr)
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crease as population increases. In Europe, new forests are also being established 
with public recreation and tourism very much in mind, often close to large centers 
of urban population (Bell et al. 2007). Tourism based on natural environments is an 
increasing international industry with major economic, social, and environmental 
consequences at both local and global scales (Buckley 2003). Festivals celebrating 
horticultural products are another popular form of horticultural tourism (Gen-Song 
et al. 2012). There are large events, such as the Flower Festival in Chiang Mai, Thai-
land, the Infiorata Flower Festival in Genzano, Italy, La Tomatina in Buñol, Spain, 
Leboku (New Yam Festival) in Ugep, Nigeria, and the Cherry Blossom Festivals in 
Washington D.C. and across Japan, and small ones, such as the Dogwood Festival 
in Lewiston, Idaho, U.S., and the Fête du Melon in Cavaillon, France. An example 
of the impact of such an event comes from Floriade a month-long festival held 
every year to celebrate spring in Canberra, Australia (Fig. 31.7). In 2012, nearly 
½ million people visited Floriade (Barr 2013). More than 1/4 of the visitors were 
national or international travelers who came to Canberra because of Floriade and 
spent nearly AU$ 30 million. The City estimated that news stories about the event 
reached almost 34 million people, and they estimated that to be worth more than 
AU$ 5 million.

Fig. 31.7  Floriade in Can-
berra, Australia. This annual 
spring event is an example of 
a festival celebrating horti-
cultural products that brings 
tourists to an area and gener-
ates income for businesses 
nearby. (Photo by V. I. Lohr)

 



107531 Horticultural Science’s Role in Meeting the Need of Urban Populations

Employees are the single greatest expense for any business. Even small increases 
in job satisfaction, productivity, and health can have significant impact on the net 
profit of a business. Plants contribute to all of these. Workers with views of nature, 
such as trees and flowers, have been shown to experience less job pressure, be more 
satisfied with their jobs, and have fewer ailments than those who could only see 
built elements from their windows (Kaplan et al. 1988). Productivity on a computer 
task was shown to be higher in a room with interior foliage plants compared to 
one without plants (Lohr et al. 1996). Subsequent studies have further explored the 
potential impact on employees and anecdotal evidence from corporations utilizing 
plants further substantiates their value (Thomsen et al. 2011). Workers in an office 
with foliage plants reported fewer physical symptoms including coughing, hoarse 
throat, and fatigue than when no plants were present, translating into more produc-
tive workers (Fjeld 2000). A major cost to employers is employee’s sick time. Ad-
ditional studies showed improvements in indoor air quality through reductions in air 
pollution (Burchett et al. 2005) and dust (Lohr and Pearson-Mims 1996) and an in-
crease in relative humidity (Lohr 1992), all of which could have a positive impact on 
health of employees. Employees appear to understand the need for plants, as those 
who work in windowless offices have been found to be 5 times more likely to have 
brought plants in their offices than those with windows (Bringslimark et al. 2011).

Value of Plants to Real Estate

The real estate industry is impacted both by the quality of the landscape of the 
property on the market and the proximity to parks, botanic gardens, and other ur-
ban green. Crompton (2001) reports positive impact of parks, open spaces, and 
water features on residential property values. Behe et al. (2005) reported that land-
scape plant material, size, and design sophistication increase the perceived home 
value from 5 to 11 % for homes with good landscaping. In another study comparing 
homes with the same square footage and other characteristics, Stigarll and Elam 
(2009) reported that homes that improved landscaping from average quality to good 
or excellent quality increased selling price by 5.7 % and 10.8 %, respectively. Ho-
meGain (Anon 2013c) surveyed nearly 600 real estate agents nationwide to deter-
mine the top 10 low cost, do-it-yourself home improvements for people getting their 
home ready to sell. They reported an average investment in landscaping of US$ 540 
gave an average US$ 1,932 price increase for a 258 % return on investment. Culp 
(2008) reported a study of on-site inspections of 3,088 home sites that showed that 
time on market is reduced and price is increased by a variety of green features, such 
as trees, landscaping, open spaces, and parks.

Another way in which plants have significant impact on real estate value and the 
economics of real estate to urban governments is as an alternative method of dealing 
with vacant properties. In Baltimore MD U.S., where it is estimated that it can cost 
city services between US$ 2,000 and US$ 4,000 per year to clean a problem lot, 
the city established a new program “Vacants to Value” (Sernovitz 2011) aimed at 
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reducing the estimated 40,000 vacant lots or abandoned row homes through sale to 
homeowners for planting gardens and lawns. Converting vacant lots to community 
gardens is another approach to significant sanitation savings. In Sacramento, Cali-
fornia (CA) researchers compared community gardens to city-managed parks and 
found that the community garden was 20 times cheaper to create and 27 times 
cheaper to maintain each year (Francis 1987). Urban green spaces from rooftop 
plantings to community gardens to parks and greenways reduce storm water runoff 
and improve water quality and thus the related service costs. Reduced noise, glare, 
and wind and temperature moderation all have impact on energy costs, human stress 
and health, and other factors that translate into dollar savings for the urban govern-
ments and businesses.

Personal Perspectives on the Urbanization of Horticultural 
Science and Conclusions

The role of horticultural science in the urban environment is an issue of definition 
and perception by researchers, academics, and others who shape the knowledge and 
attitudes about a scientific arena and the profession that it supports. The transition in 
attitude over the last 50 years has been significant and promises to accelerate as the 
human population continues to urbanize. In 1963, co-author Relf, as a Horticulture 
Science freshman in a land-grant university in the U.S., was told that horticulture 
was the intensive production of crops and encompassed the skills and knowledge 
for growing fruits, vegetables, cut and potted flowers, and woody plants. The com-
monly held definition of horticulture as an art as well as a science was acknowl-
edged via studies in landscape design and construction. While insects, diseases, 
and weeds were essential parts of the science of horticulture; related topics such as 
extension, marketing, and education were peripheral subjects to be studied by non-
horticulturists. Environmental impact was not discussed, and organic gardening was 
heresy and a return to the mythology and ignorance of the past. Women and urban 
students were an anomaly. As the top graduating senior in horticulture in 1967, Relf 
was told by a noted horticultural production firm that they would hire a man who 
was classified 1A by the draft board and on his way to Vietnam before they would 
hire a woman. In 1975, co-author Lohr was told that it was great to have women 
in horticulture departments, because they were good at flowering arranging due to 
their manual dexterity.

In the 1970’s the environmental movement began to influence people’s thinking. 
In the U.S., the demand for information from the public and the influx of urban stu-
dents wishing to change the world by growing a garden forced horticulture depart-
ments to become aware of the urban population and to expand their course offerings 
to a wider non-production audience, thus indoor plants and home horticulture were 
offered to non-majors. As more urban students joined horticulture departments, they 
become more diversified in race and gender. The changes in size and diversity of the 
students forced open doors for additional course work to be included in horticultural 



107731 Horticultural Science’s Role in Meeting the Need of Urban Populations

science degrees. Kansas State University established a degree in Horticultural Ther-
apy and shortly thereafter Michigan State University began a program. John Carew, 
their department head, fully demonstrated the challenges in attitude to be faced in 
redefining horticultural science while at the same time indicating a willingness to 
try to adapt to new paradigms when he commented to Relf, “I am glad you invented 
this horticultural therapy. It will give my little girls something to do.”

By the late 70’s and early 80’s the academic acceptance of human-oriented, non-
traditional horticulture increased (Cotter et al. 1978; Relf 1982). Home Gardening 
had become Consumer Horticulture and the formation of HortTechnology as a ref-
ereed journal by the American Society for Horticultural Science (ASHS) opened 
more doors for an expanded definition of horticultural sciences. The specific needs 
of urban communities came to the forefront in the U.S. with the establishment of 
the Urban Horticulture Institute at Cornell in 1980 and the Center for Urban Horti-
culture at University of Washington in 1983.

As horticultural science moved closer to the 21st Century, researchers including 
Relf, Lohr, Shoemaker, and others called for greater recognition of the relationship 
between horticultural science and the urban environment with a greater focus in 
horticultural science on the psychosocial aspects being researched by urban forest-
ry, environmental psychology, landscape architecture, social ecology, anthropology, 
sociology, geography, communications, and other fields (Relf 1990; Relf 1992b; 
Lohr and Relf 1993). Relf also proposed a more complete definition of horticulture 
(Relf 1992a).

Horticulture—the art and science of growing flowers, fruits, vegetables, trees and shrubs 
resulting in the development of the minds and emotions of individuals, the enrichment and 
health of communities and the integration of the ‘garden’ in the breadth of modern civili-
zation. By this definition, horticulture encompasses PLANTS, including the multitude of 
products (food, medicine, O2) essential for human survival; and PEOPLE, whose active 
and passive involvement with ‘the garden’ brings about benefits to them as individuals and 
to the communities and cultures they comprise.

Today, this broader understanding of horticulture is widely embraced. The Interna-
tional Society for Horticultural Science has had a Commission on Landscape and 
Urban Horticulture for many years. The broader understanding of horticulture be-
came the theme of the XXVIth International Horticultural Congress held in Toron-
to, Canada in 2002: Horticulture—Art and Science for Life. The opening plenary 
colloquium of that Congress focused on human issues in horticulture, recognizing 
“…that the horticultural arts and sciences exist to nourish and enrich the human 
body and the human soul” (Lohr et al. 2004). It is widely evident in the chapters in 
this book.

With the increasing urbanization of the world and the daunting global environ-
mental changes instigated by human activity and related global warming and cli-
mate change, it is essential that horticulturists focus on the needs of urban popu-
lations. We have illustrated some of the issues and opportunities for horticulture. 
For example, environmental justice demands that all individuals have access to a 
healthy environment. This is a particular problem for disadvantaged and disenfran-
chised individuals with strong racial and income implications that can be addressed 
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through properly researched and designed horticultural initiatives. Howard Frum-
kin, from the Centers for Disease Control and Prevention in the U.S., and Anthony 
McMichael, from the National Centre for Epidemiology and Population Health in 
Australia, called on readers to recognize the value of designing and maintaining a 
healthy natural environment as a essential preventative measure integral to public 
health (Frumkin and McMichael 2008). By combining awareness of traditional hor-
ticultural issues, i.e. feeding the world, with expanded awareness of functions and 
services provided by additional horticultural crops and awareness of the needs of 
people, horticulturists should become indispensable members of teams addressing 
urban populations.
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Abstract Horticultural knowledge and skills training have been with humankind 
for some 10,000 to 20,000 years. With permanent settlement and rising wealth and 
trade, horticulture products and services became a source of fresh food for daily 
consumption, and a source of plant material in developing a quality environment 
and lifestyle. The knowledge of horticulture and the skills of its practitioners have 
been demonstrated through the advancing civilizations in both eastern and west-
ern countries. With the rise of the Agricultural Revolutions in Great Britain, and 
more widely across Continental Europe in the seventeenth and eighteenth centuries, 
as well as the move towards colonisation and early migration to the New Worlds, 
many westernised countries established the early institutions that would provide 
education and training in agriculture and horticulture. Today many of these colleges 
and universities provide undergraduate, postgraduate and vocational and technical 
training that specifically targets horticulture and/or horticultural science with some 
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research and teaching institutions also providing extension and advisory services to 
industry. The objective of this chapter is to describe the wider pedagogic and educa-
tional context in which those concerned with horticulture operate, the institutional 
structures that target horticulture and horticultural science education and training 
internationally; examine changing educational formats, especially distance educa-
tion; and consider strategies for attracting and retaining young people in the delivery 
of world-class horticultural education. In this chapter we set the context by investi-
gating the horticultural education and training options available, the constraints that 
prevent young people entering horticulture, and suggest strategies that would attract 
and retain these students. We suggest that effective strategies and partnerships be 
put in place by the institution, the government and most importantly the industry to 
provide for undergraduate and postgraduate education in horticulture and horticul-
tural science; that educational and vocational training institutions, government, and 
industry need to work more effectively together to improve communication about 
horticulture and horticultural science in order to attract enrolments of more and 
talented students; and that the horticulture curriculum be continuously evaluated 
and revised so that it remains relevant to future challenges facing the industries of 
horticulture in the production, environmental and social spheres. These strategies 
can be used as a means to develop successful programs and case studies that would 
provide better information to high school career counsellors, improve the image of 
horticulture and encourage greater involvement from alumni and the industries in 
recruitment, provide opportunities to improve career aspirations, ensure improved 
levels of remuneration, and promote the social features of the profession and greater 
awareness and recognition of the profession in the wider community. A successful 
career in horticulture demands intellectual capacities which are capable of drawing 
knowledge from a wide field of basic sciences, economics and the humanities and 
integrating this into academic scholarship and practical technologies.

Keywords Pedagogic philosophies · Horticultural education · Vocational education 
and training · Community college · Higher education

Introduction—The Challenge

The origins of agriculture and horticulture date back at least to the lands of Meso-
potamia, irrigated and enriched by the Tigris and Euphrates Rivers some 10,000 to 
20,000 years ago (Mudge et al. 2009). Humanity’s change from nomadic hunter-
gatherers to pastoral village cultures necessitated the evolution of husbandry knowl-
edge and skills. From these earliest times, knowledge, ingenuity, invention, and 
adaptation required for growing crops were transmitted across generations. As in-
dividual and civic wealth were created, horticulture developed a broader relevance 
providing civilised surroundings populated with flowering trees and shrubs and 
enabling the cultivation of plants of medicinal, perfumery and stimulatory natures. 
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Possibly this was first evident with the Hanging Gardens of Babylon. Certainly by 
the time of the earliest Egyptian dynasties, plant husbandry supplying both food 
and pleasurable leisure is recorded. The essential knowledge and skills probably 
passed largely by word of mouth through the Persian, Greek, Roman and Arab civi-
lizations. At about the same time or possibly earlier, China was developing its own 
horticultural knowledge and skills (Jin 1994). China has deservedly been called the 
“Mother of Gardens” for her rich resources of wild and cultivated flowers and her 
long history of landscape gardening which was passed on into Japan.

In each of these great civilisations, the development of towns, cities and states 
was only possible if surrounding rural areas could regularly supply fresh produce 
into the markets for daily consumption. Concurrently, the wealthier classes would 
be demanding pleasing landscapes where they could walk, talk and entertain. All 
of this required horticultural knowledge and skills which were transmitted across 
generations of “gardeners”. The initial attempts at recording horticultural knowl-
edge and skills may have come from the apothecaries who codified the medicinal 
properties and cultural requirements of annual and perennial herbs. As Christian 
Europe developed, monasteries emerged as centres of medical and horticultural 
knowledge, leading to the production of the great hand written herbals. Gardens 
were cultivated within the castles as places of rest, relaxation and intrigue. Areas 
capable of high quality horticulture were associated with wealth and the creation 
of art of the highest quality. It can be no accident that the Loire Valley, which has 
some of Europe’s most horticulturally productive soils, also produced one of its 
greatest cultural gems. In 1373, King John (Le Bon) commissioned the Apocalypse 
Tapestry from the painter Hennequin de Bruge and weaver Nicholas Bataille. This 
was the largest tapestry ever woven in Europe with a length of 140 m covering a 
total area of 850 m2 (Delwasse 2008). The background of each scene in the surviv-
ing 104 m shows flowers that would have been commonly cultivated around Angers 
Castle, illustrating a high level of horticultural knowledge and gardening skill. As 
horticulture flourished so did trade, which led to the founding of guilds such as 
the Worshipful Company of Fruiterers of the City of London, which regulated the 
quality of fruit and vegetable brought into London. Centres of specialist expertise 
developed, such as parts of the Spanish Netherlands (today parts of The Netherlands 
and Belgium) where expertise in fruit tree propagation was developed. In parallel, 
botanical and medical gardens began appearing first in Padua, Italy followed by the 
Chelsea Physic Garden in London. The knowledge of horticulture and skills of its 
practitioners is well illustrated by medieval and Renaissance art, most notably from 
the Flemish and Dutch painters in the period 1400–1600.

Increasing global exploration from the fifteenth century onwards brought great 
wealth into Europe accompanied by an increasing flow of new plants. These pro-
vided both novel forms of food and exciting flowers and foliage for decoration 
and landscaping. Europe saw the rise of hugely ambitious landscape projects, as 
typified by Louis XIV’s Versailles and the re-creation of Catherine de Medici’s Tu-
ileries by Le Notre, followed by English landscape art created by Kent, Brown and 
Repton. These were horticulturists of considerable social power and influence who 
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recorded and illustrated their knowledge, ensuring that it was available for future 
generations. Education and the passage of horticultural knowledge through the gen-
erations became increasingly important throughout the seventeenth and eighteenth 
centuries. Each of the great centres of learning, wealth, trade and industry founded 
new botanical gardens. Their function was identification of the tidal waves of new 
plants arriving from around the world and the development of their husbandry such 
that they might be exploited. Useful plants could be employed either at home or 
in creating further wealth, as plantations in the colonies of Great Britain and other 
European powers producing commodities for worldwide trading. John Ray and Lin-
naeus, the visionary taxonomists, required cultivated botanical gardens in order to 
understand and classify plants of worldwide origins. Dynasties grew of nurserymen 
who exploited the new plants for trade, filling the gardens of the nouveau riche who 
desired the latest novelty and would pay handsomely for it. Meanwhile, gardens 
such as the Royal Botanic Garden at Kew began receiving public, tax-raised, fund-
ing as governments started to appreciate the economic value of research and educa-
tion. In Germany for instance, Humboldt developed his idea of the unity of research 
and teaching which has become a model for universities world-wide (Bokelmann 
2007).

The Enclosure Acts of the seventeenth and eighteenth centuries, which swept 
away medieval systems of land tenure, laid the foundations for Agricultural Revolu-
tions in Great Britain and more widely in Continental Europe. Once individual own-
ership was secured, land lords began experimenting with crop and animal produc-
tion, increasing productivity in order to supply the food needed for the burgeoning 
numbers of factory workers in the rapidly expanding nineteenth century industrial 
towns. With colonisation and early migration to the New Worlds, which included 
the Orient, the Americas, and Australia, many westernised countries established 
colleges and universities that provided training from vocational to higher education 
levels in agriculture and horticulture. The British greatly influenced the countries 
they colonised with knowledge of growing methods in agriculture and horticulture 
(Hendrick 1950; Aldous et al. 2011). This is seen most clearly in the United States 
where visionary politicians appreciated the need for education and training for the 
settlers as they moved westwards across the continent. The Morrill Act of 1862 
founded the land grant colleges, which focused on agricultural and mechanical arts. 
Recognition of the need to underpin education with scientific research resulted in 
the Hatch Act of 1887, which provided federal funding for state agricultural ex-
periment stations. Moving research and education into the population was further 
promoted by the Smith-Lever Act of 1914, which founded the co-operative exten-
sion service. These acts produced an effective and efficient system linking educa-
tion, research and extension, and allowed the United States to develop its vast land 
resources, feed its own population and ultimately become the largest provider of 
food worldwide.

Much of Australia’s early horticultural education commenced with the establish-
ment of the Burnley Horticultural College in Victoria, Australia. On January 1 1863, 
the Horticultural Society of Victoria, opened the gardens and became home to a 
new horticultural college that taught both production and ornamental horticulture 
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(Aldous 1990; Winzenried 1991). In 1891 the site was transferred to the Victorian 
Department of Agriculture. Today the site is the Burnley campus of The University 
of Melbourne (Figs. 32.1–32.4).

The founding of research stations in Europe was spearheaded by the establish-
ment of the Rothamsted Experimental Station (now Rothamsted Research) in Eng-
land. This was followed by establishment of the John Innes Institute, East Malling 
Research Station, and the Long Ashton Research Station, all of which became world 
leading centres of excellence in horticultural science. Each was founded around the 
turn of the nineteenth century as self-governing trusts established by innovative 
farmers and growers. Similar research institutions were developed as either public or 
privately funded organisations worldwide. Universities and colleges took responsi-
bility for providing undergraduate, postgraduate and vocational and technical train-
ing that specifically targeted horticulture and/or horticultural science. Some of these 

Fig. 32.1  Boater hats and 
late Victorian clothing styles 
with seed collection from 
the English firm, Suttons. 
(Source: Burnley Archives)

Fig. 32.2 Ladies turning the 
soil circa 1890s. (Source: 
Burnley Archives)

    



1092 D. E. Aldous et al.

research and teaching institutions also sought to provide extension and advisory ser-
vices to industry. Two world wars fought within a generation during the first half of 
the twentieth century left governments determined to defeat famine on a global scale. 
The developed world successfully applied agricultural and horticultural scientific 
research, education and extension/advisory services on an unprecedented scale. The 
Green Revolution spearheaded by Norman Borlaugh applied the science of genet-
ics to cereal breeding and produced basic food self-sufficiency for China and India. 
Education, training and extension/advisory services in agricultural chemistry, plant 
breeding and crop nutrition through the late 1980s resulted in rising living standards 
and an increasing level of world trade and wealth. Regrettably, as demonstrated else-
where in these volumes, insufficient attention was given to the effects of massive 
over exploitation of the Earth’s basic resources of land, water and its atmosphere. 
Climate change, a devastated environment, and much diminished natural biodiver-
sity are the results. These problems present the current generation of horticultural 
scientists and future students with the biggest challenges their science has ever faced.

Fig. 32.3  Students learning 
pruning techniques circa 
1890s. (Source: Burnley 
Archives)

Fig. 32.4  Mowing Burnley 
Gardens. Copy of illustra-
tion in “Prize Essays,” by A. 
E. Bennett, published 1894. 
(Source: Burnley Archives)
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Today the global human population is over 7 billion and is expected to reach 
9 billion by mid twenty-first century. More than half of this population is now ur-
ban-based and lives and works in cities. The World Bank indicates that the global 
middle class comprises about 8 % of the world’s population, or 600 million people, 
and this percentage is projected to double in the coming decades. With increases 
in population, urbanisation, and affluence, there are increased expectations for the 
availability of a safe, affordable, healthy, and consistent food supply. Improving the 
quality, quantity and security of food produced becomes an imperative, achieved 
with better environmental safeguards. In the context of environmental, ecological, 
and socioeconomic sustainability there is an increasing desire for products that are 
“natural”, “organic”, and/or “local”. For this to be achieved, there is an increasing 
requirement for an intellectually able, highly educated and trained agricultural and 
horticultural workforce which is capable of utilising the opportunities offered by 
scientific research and translating them carefully into sustainable husbandry.

The objective of this chapter is to: (1) establish the context within which horti-
cultural education is part; (2) describe the institutional structures that target horti-
culture and horticultural science education and training internationally; (3) exam-
ine changing educational formats, especially distance education; and (4) consider 
strategies for attracting and retaining young people in the delivery of world-class 
horticultural education.

The Wider Context of Horticultural Education

National and international educational policies set the context within which all 
aspects of horticultural teaching, learning, scholarship, research, training and out-
reach take place. In common with many other disciplines, there is often a mistaken 
tendency to view the provisions for horticulture in isolation from the surrounding 
educational world. While imbuing students with professional pride in their chosen 
discipline is creditable and productive, encouraging them to consider that they are 
in some way different from others within their peer group who have chosen alterna-
tive disciplines is a grave and often very damaging mistake. Horticulture is a rela-
tively small discipline for which isolation diminishes students’ comprehension of 
their wider context and limits the vision of those responsible for course provision.

Possibly the largest single and most radical educational change witnessed over 
the past half century has been an acceptance by governments that education should 
be spread as widely as possible within their populations. This recognised the need to 
encourage in students aspirations that will take individuals as far as possible along 
the educational road. This may now seem self-evidently sensible and economically 
advantageous but that was not the case before the provision of universal second-
ary education or extending opportunities for entry into universities. Cognitive abil-
ity theory shows that increasing peoples’ educational competencies is decisive in 
raising a community’s economic wealth. Education and wealth creation go hand 
in hand. Encouraging achievement by higher ability groups is important since it 
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stimulates growth through artistic and scientific-technological progress (Rinder-
mann 2012). Devising pedagogic processes that permit achievement is the role of 
educators.

Educators have sought to fulfil this responsibility by changing from syllabus-
based teaching to competency-based learning. Syllabuses set out broad areas of 
teaching that provide students with an understanding of their subject in its totality 
and their understanding was tested largely by end-of-session examinations. Com-
petency-based learning moved responsibility for learning towards the student by 
dividing the subject into sub-sets, termed modules or units. Each of these provided 
knowledge of an aspect of the subject either delivered by formal face-to-face teach-
ing or from studying prescribed documents. Learning capacity or competence for 
each aspect was tested by a series of instruments of assessment. These varied from 
simple ‘yes/no’ questions and answers to extended essay responses. Once students 
could demonstrate acceptable competency they moved on to other similar or more 
advanced aspects of the subject. Modularisation was seen to offer ease of access by 
students of mixed ranges of ability to individual components of courses; flexible 
accumulation of qualifications over several years; ease of updating in response to 
technological and social change; the identification and provision of common ele-
ments in different courses and the motivation and clarity of purpose that can be 
engendered by short-term targets.

Opinion is divided now over the value of modularisation. Some educators 
believe it can lead to fragmentation and trivialisation of learning. It can also con-
tribute to over-assessment and assessment-driven learning, and necessitates an em-
phasis on internal assessment which, though welcome in certain circumstances, 
ought to be only one element in a balance of assessment modes (McVittie 2008). 
Coherence between and within cohorts of students becomes difficult to sustain 
where modules are employed. As a result, previously successful programmes that 
allowed student options for intercalated periods of work-experience in industry lost 
their educational attraction and became administratively difficult to operate, with 
the inevitable consequence that they were discontinued. That process was acceler-
ated since they were financially expensive in staff time and apparently did little to 
embellish the reputation of the educational provider. Some authorities consider that 
describing educational goals in terms of competencies instead of knowledge levels 
has played a crucial role in modernizing the higher education systems for example 
in The Netherlands (Trip et al. 2004). Dutch teachers were generally positive about 
the use of modules but they did not believe that they would improve students’ re-
sults. Employers were neutral with respect to the change to competency models, 
doubted the relevance of half of the formalized competencies, but were positive 
about the other related changes such as developing closer connections between 
education, the job market and the international focus. Students see the relevance of 
the majority of formalized competencies and consider they will be better equipped 
for working in teams than their predecessors.

Those who favour changes to competency-based studies suggest that they have 
entirely laudable foundations. They reflect the ideas of early German educators 
such as Wagenshein, a mathematician who believed in “open learning”, that is, the 
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need to understand and argue with knowledge not simply accumulate facts (Jung 
2012). It could be suggested that a syllabus-based system also achieves these objec-
tives. No doubt the quality of the results achieved by either system will depend on 
the level of resources, including available staff. This was highlighted by one of few 
attempts at analysing pedagogic thinking as it relates to horticulture by an author-
ity from outside the discipline (Parker 2005). She identified key themes developed 
in Australia, Great Britain and the U.S.A. Major efforts have added focus to the 
critical evaluation of student work. Better design of assessments which identify 
improvements in student knowledge, skills, attitudes and values has been a major 
advance as has greater accountability for both institutions of learning and teachers. 
Parker (2005) makes the plea, however, that such accountability should not stifle in-
dependent and individual initiatives by teachers, termed “lone-ranger” approaches 
as these may ultimately be adopted much more widely. She also identifies the need 
for diversity amongst teaching institutions and staff. This is a feature of the manner 
by which horticultural education has evolved since about 1990.

The opportunities provided by modularised approaches have been analysed in 
the U.S.A. Recent applications of competency-based curricula involving the defini-
tion of knowledge, skills, and values for horticultural education are described by 
Basinger et al. (2009). This national Delphi study is the first concise list of compe-
tencies described for a horticulture curriculum in the U.S.A. Twenty-two expert hor-
ticultural educators within the United States were selected as experts in education 
and curriculum improvement. The final compilation of competencies describes 108 
specific learning outcomes comprising 41 horticulture technical competencies, 34 
life science technical competencies, and 33 professional competencies. Table 32.1 
provides an abridged version of horticultural competencies.

Internationalisation of education has developed in parallel with greater oppor-
tunities for travel and communication. European partnerships arranged through 
European Union (EU) have instituted programmes aim at increasing staff and stu-
dent mobility. One of the earliest to be established was the Erasmus ( EuRopean 
Community Action Scheme for the Mobility of University Students), and still en-
courages study in other relevant international centres. The philosophical model for 
this programme is the medieval student who journeyed between centres of excel-
lence gaining knowledge from expert professors. Transnational collaboration offers 
substantial benefits for the staff who are required to develop a network of peers 
throughout Europe and perhaps more widely. The students participating in these 
programmes gain valuable understandings of their discipline viewed from alterna-
tive perspectives, interact with others from differing cultural heritages and develop 
better language skills. This has proven to be especially valuable for horticultural 
students coming as they do from small cohorts in their home institutions (G R Dix-
on, personal communication). Opportunities for Erasmus exchanges have improved 
as coherence in the delivery of disciplines has been encouraged by the European 
Union (EU) Bologna and Copenhagen Agreements.

In a response to increasing worldwide competition for the benefits of a “knowl-
edge society” the EU has attempted to develop comprehensive European education 
models (Powell et al. 2012). This is influenced by systems historically developed 
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Topic area that includes 
the competency

Delphi round 
number when 
accepted

Competency description example Acceptance 
rate (%)a

Plant identification 100
1 Identify plants commonly used in the 

discipline by scientific and common 
name

  100

Field and greenhouse 
management 95

1 Define and select plant methods for dif-
ferent horticulture crops

  100

Technology 95
1 Understand new technologies within the 

horticulture discipline
  100 

Biological science 90
1 Demonstrate fundamental knowledge of 

biological science
  100

Plant genetic/
biotechnology 60

2 Recognize how a plant responds to 
environmental stress

  100

Basic plant breeding 65
1 Recognize the potential impact plant 

breeding has on agriculture
   90

Abiotic/biotic factors -
1 Recognize the common biotic and 

abiotic stresses
 100

Principles of soils 100
1 Understand the influences of soil pH on 

plants and fertilization methods
  100

Environmental 
awareness 75

1 Understand the impact of human activi-
ties on the environment

   96

Writing/verbal skills 100
2 Apply critical thinking with respect to 

analysing and interpreting available 
information

  100

Research skills 50
1 Understand the scientific method    96

Problem solving skills 95
1 Work effectively with others on complex 

issues
  100

Decision making skills 100
1 Make decisions on the basis of thorough 

analysis of a situation
   91

Table 32.1  Abridged table from competencies for a U.S. horticulture undergraduate major: a 
National Delphi Study (Basinger et al. 2009) with study topic area, Delphi round of acceptance, 
competency, description, and acceptance rate of topic and competency
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in Germany, France, Great Britain, and the USA. The result is a bricolage (do-it-
yourself) approach that integrates diverse characteristics of the influential models. 
The key outcome is a change to the bachelors-masters-doctoral degree process with 
each stage shortened to conform with the basic British-American pattern (3–4 years 
+ 1 year + 3 years) compared with the open-ended approach favoured previously in 
much of Europe. The pace and effects of the Bologna protocol is reviewed with 10 
years perspective in Germany by Mechan-Schmidt (2012). Students have adapted 
very quickly and with benefit since they can see the advantages of shorter periods 
of study; some staff have taken longer and with less enthusiasm.

Vocational and skills training should be available throughout a professional’s 
career in what is now termed ‘life-long-learning’. This is intended to ensure that 
professionals continuously improve and upgrade their knowledge and skills in line 
with scientific discoveries and technological developments. Most professional bod-
ies now offer their members systems of “continuing professional development” 
(CPD). Not infrequently it is a condition of professional membership that knowl-
edge and skills are demonstrably updated annually. These principles are enshrined 
by EU protocol in the twin Bologna and Copenhagen processes for higher education 
and vocational training. A review of provisions and advances resulting from these 
initiatives as they affect horticulture is provided by Sansavini (2010). Typical of 
the bricolage approach are the master degrees in horticultural science ranging from 
those offered by the universities in Great Britain to those obtained from institutions 

Topic area that includes 
the competency

Delphi round 
number when 
accepted

Competency description example Acceptance 
rate (%)a

Leadership/collabora-
tive skills 90

1 Work effectively in a team situation as a 
leader or a participant

   91

Professionalism 100
1 Realize the need for continuing educa-

tion through short courses, seminars, 
and conferences

  100

Ethical/professional 
judgement 90

1 Understand ethical issues involved in 
the formation of professional judg-
ments of horticulture

   91

Lifelong learning skills
1 Stay updated on latest developments in 

horticulture
Visioning -

1 Understand the scope of horticulture and 
its relation to other disciplines

   86

a Percentage of acceptance of the identified competency after three rounds of surveys. The mini-
mum threshold for inclusion of the competency in the curriculum was 75 %

Table 32.1  (continued)
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such as the Royal Horticultural Society (RHS) that offer the Master of Horticulture 
(M.Hort). The latter award testifies to the holder’s competence in practice as well as 
his/her scientific and technical knowledge.

The need for practice based learning is regaining prominence in education and 
training. Frameworks for developing applied learning are emerging (Pridham et al. 
2012) and are of particular relevance to subjects such as horticulture. Whereas pre-
vious generations of students were drawn largely from rural backgrounds and car-
ried inherent cultural understanding of the practicalities of crop and animal produc-
tion, many students are now drawn from urban backgrounds. Horticulture itself has 
also evolved requirements for much broader and deeper scientific understanding 
related to expanding environmental and social dimensions of the discipline. Thus 
the provision of horticultural education and training needs to be fit–for-purpose for 
such students whose professional careers will extend into the 2050s (Dixon 2005a, 
b, 2001, 1991; Scott and Dixon 2004).

In the twenty-first century, there has been renewed interest in vocational edu-
cation and training (VET) amongst the international community (McGrath 2012). 
Governments in developed countries (e.g. Organisation for Economic Co-operation 
and Development, OECD countries) consider VET as a means of increasing the 
education and skills of their labour forces and hence raising wealth whilst diminish-
ing the cost of social welfare. For similar reasons, international aid agencies view 
the encouragement of VET in developing countries as a means of moving families 
out of poverty and deprivation. VET is likely to be most successful where there is a 
partnership between educators and industry (Strawbridge et al. 2011). The horticul-
tural industry in developed countries is increasing its demand for suitably qualified 
staff but the shortage of appropriately qualified staff limits business development 
in the sector. Industry requires the new knowledge and skills in technology and 
environmental management in order to capture opportunities and meet compliance.

Bridging the Binary Divide

The view that graduates gain their education and qualifications solely from rec-
ognised universities is now challenged. Other organisations considered to be less 
academically rigorous and some vocational course providers are gaining ‘degree 
awarding powers’ and, in some instances, university status. These institutions may 
be drawn from what were previously local or regional government administered 
sectors or charities and not-for-profit companies. Even more radical is the rise of 
education provided by ‘for-profit’ organisations which have gained a substantial 
foothold in North America. This trend is spreading into Europe, especially Great 
Britain. The potential pitfalls of radical approaches have been described by Harkin 
(2012).

Bringing agrarian higher education and vocational education into closer partner-
ships in Great Britain was advocated by Gill (2007). Progression between these 
different levels of education offers substantial opportunities for students who may 
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have been unsuccessful earlier in their lives. This process is described by St Hilaire 
and Thompson (2005) for North American students. Strengthening linkages from 
2-year community colleges to 4-year universities has fostered the transition of more 
students into higher education and enhanced student diversity. Course evaluations 
have shown that 63 % of students enrolled in the combined class rated the combin-
ing of a university and community college class as an above average or excellent 
model of education. It was concluded that this collaborative approach for teaching 
landscape horticulture enhanced horticultural education and fostered student devel-
opment.

Such an approach is especially suited to the discipline of horticulture, because it 
covers a unique array of extensive and intensive knowledge and skills matched in 
few other areas of academic and practical activity (Dixon 2005a, b). The discipline 
may be divided into three interrelating sectors: production, environmental sustain-
ability and social sustainability, with significant intellectual overlap among these 
components. Thus, scholars require an understanding of a knowledge base emanat-
ing from all three. Making concentrations of teaching expertise available within 
single monotechnic institutions is becoming increasingly expensive and adminis-
tratively difficult to sustain. Consequently, horticultural education is evolving away 
from the traditional solo institutional approach at the further vocational education 
level. Institutions are uniting in manners that exploit their particular strengths and 
approaches to teaching while retaining their own entities. Educational co-operation 
and collaboration may exploit partnerships across national boundaries. Within the 
joint Asian-European project DOCUMAP there is cooperation among three Asian 
universities where the horticultural and agricultural sector is being introduced in 
academic study programmes, in an effort to respond to demands on graduates seek-
ing jobs in rapidly changing horticultural and food sectors in China, Indonesia and 
Vietnam (Li et al. 2011).

Some of the finest examples of the provision of practice based education and 
training come from botanic gardens and similar institutions. For example the Ni-
agara Parks Commission (Ontario, Canada), established in 1885 (Klose and White-
house 2004), created a School of Horticulture in 1936. Hence the Botanical Garden 
has a role as both an educational institution for study and research, as well as a 
tourist attraction. This is seen elsewhere such as in the Royal Botanic Garden Kew’s 
diploma course founded 1963. The advantage of these practice based qualifications 
is that they attest to a high degree of plantsmanship knowledge. Their merit can be 
increased immensely by linking them with formal science-based degree courses 
that provide students with a continuum of diploma and degree qualifications, as was 
devised by the University of Strathclyde, Glasgow and Royal Botanic Garden Edin-
burgh (Dixon 1993). On completion of these courses, students possessed an array of 
valuable qualifications attesting to their robust scientific and technical knowledge 
plus substantial practical abilities in plantsmanship. This approach reached its ze-
nith with Dutch horticultural provision. In the Netherlands, a national agricultural 
research and education system was established in 1876 (Spiertz and Kropff 2011). 
Initially, the emphasis was strongly on education and applied research. The higher 
professional school for teaching agriculture, horticulture and forestry at Wagenin-
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gen was admitted to the status of technical university (‘Hoogeschool’) in 1918. 
Complementary to the university, a wide array of discipline-oriented research in-
stitutes and commodity-oriented research stations were founded; especially after 
World War II. Associating these with university education and providing students 
with opportunities for study in specialist locations where particular sectors of the 
Dutch industry were concentrated produced graduates with extensive and intensive 
practical and academic knowledge that allowed the Dutch horticultural industry op-
portunities for gaining commercial pre-eminence worldwide. A radical restructur-
ing into one organization for research and education—Wageningen University and 
Research Centre—occurred in 1998 and provides for the needs of modern scientific 
approaches while still offering to produce wealth creators for industry.

The Education Options

Worldwide, horticultural education and training have generally involved one of 
three sectors: the universities and/or polytechnics, which provide undergraduate and 
postgraduate education, and where much of the horticultural research is undertaken; 
the community or technical colleges, where vocational and skills level training are 
provided; and adult education and training, which can be offered by all sectors 
for industry and personal use. Across North America, undergraduate education in 
horticulture has been dominated by academic programs at research-focused land-
grant universities, non-land grant universities, community and technical colleges, 
as well as cooperative extension and other agencies that offer adult, continuing, or 
lifelong education. In the United Kingdom, education is provided at three levels; the 
universities, the colleges of further and higher education, and institutions and agen-
cies that offer adult, continuing or lifelong education. In Australasia, baccalaureate 
and postgraduate training in horticulture and horticultural science has been offered 
through the university system, with VET institutes and other registered providers 
offering apprenticeships, national certificates, and diploma programs (McSweeney 
et al. 2009; Rayner et al. 2009; McEvilly and Aldous 2009). All levels offer adult, 
continuing, or lifelong education, with universities and the VET institutes offering 
industry and other professional short courses.

In recent years, the national financial pressures in many countries have resulted 
in the restructuring and amalgamation of higher education departments and aca-
demic programs. This has led to a loss of horticultural identity that compromis-
es undergraduate courses serving the discipline. Of the more than 200 land-grant 
institutions in the United States, only 20 currently offer an undergraduate degree 
with the word “Horticulture” or “Horticultural” in the name. Most of the land-grant 
institutions have consolidated horticulture, agronomy, and in some cases, soil sci-
ence, landscape architecture and other disciplines into more general plant science 
departments and/or degrees. In Australia there has been a reduction from 23 to just 
9 university campuses that provide agricultural and horticultural education courses 
(McSweeney et al. 2009; Rayner et al. 2009), with only one university currently 
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retaining an undergraduate degree in horticulture (Pratley 2012b). In Great Brit-
ain 16 institutions offer courses which are officially labelled “horticulture” (Anon 
2012a). Whilst there is diversity in offerings, few, if any, provide an education di-
rected towards careers in the production horticulture industry. Many are oriented 
towards landscape design and management. As institutions came under financial 
pressures there was a regrettable tendency to chase those topics which provided 
“bums-on-seats” and hence in Great Britain at least the Further Education (FE) col-
leges which edged into Higher Education (HE) have promoted for example courses 
in “garden design”. The result is a large number of qualification holders chasing a 
diminishing pool of employment in a very specialised aspect of horticulture and 
with little intellectual capabilities which would allow them to move elsewhere when 
the career market alters.

Traditionally, agricultural and horticultural science degrees have been 3 to 4 
years in duration, with or without an Honours year, are generally taken on a full 
and/or part-time basis, and are largely funded through the Federal Government of 
the country. While some programs have previously led to a degree in horticulture 
and horticultural science, the Australian university system now offers only a broad-
er agriculture, science or biotechnology program, where horticulture is offered as 
a major, minor or single unit. In Australia, only 7.8 and 4.6 % of the population 
have undergraduate level qualifications in agriculture and horticulture respectively, 
whereas in the United States approximately 25 % of staff in the agricultural industry 
have BS degrees (Pratley 2012a, b). Postgraduate qualifications in agriculture, hor-
ticulture and other allied areas are also available at the Graduate Diploma, Masters, 
and PhD levels in Australia, and at the Masters and PhD levels in the U. S.

In recent years there has been a range of collaborative efforts by universities, 
VET providers, state and federal government departments, and industry associa-
tions to assist in retaining young people in horticulture and in delivering courses to 
meet the needs of students and employers. For example, the University of Western 
Sydney collaborates with a VET provider in the delivery of their landscape horti-
culture sub-major, the School of Agriculture and Food Sciences at the University of 
Queensland collaborates internationally with Pennsylvania State University, USA 
to provide web-based higher education training in turf management, and the Central 
Queensland University has collaborated with a Queensland State Department in 
developing a jointly funded Chair in Vegetable Science. The United States Depart-
ment of Agriculture (USDA) supports a federally-funded Higher Education Chal-
lenge grant program that requires inter-institutional collaboration in proposals that 
focus on increasing the number and diversity of students who pursue and complete 
a postsecondary degree in the food and agricultural sciences, and to enhance the 
quality of secondary and postsecondary instruction in order to help meet national 
food and agricultural science needs. Although not focused solely on horticulture, 
this program does emphasize systems approaches to sustainable food production 
and security.

Worldwide, the VET programs are commonly available at technical institutions 
and community colleges, and strengthen the skills-training associated with the 
horticultural trades. In Australia in recent years, this sector has undergone several 
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reviews, but generally has experienced growth in program diversity, provider and 
student numbers across the broad field of agriculture, horticulture and the envi-
ronment (NCVER 2007; Puflett 2009). The United States has experienced simi-
lar increases with their two and four year horticultural programs offered through 
the non-land grant community and technical college system. Currently there are 
almost 300 two year horticulture programs offered through these institutions (In-
gram 2012). Traditionally the VET system offers apprenticeships in horticulture and 
traineeships in the more service-oriented vocations in Australia. Apprenticeships 
typically last for up to four years and traineeships only one or two years in specific 
vocational areas nursery production, arboriculture, turf management, landscape 
construction, and parks and gardens management.

Universities, community colleges, VET institutes, and other non-profit agencies 
can all offer adult, continuing, or lifelong education in horticulture where there is a 
need to educate better the industry and general public about the scope of horticul-
ture in the community and wider industry. The objective of many of these education 
providers is to achieve learning outcomes that have been designed for personal 
enrichment and skills development for both industry and personal use.

There have been considerable shifts in education and training of horticulture and 
horticultural science since the mid twentieth century, particularly in many west-
ern countries. This period contrasts with the previous 100 years, where there was 
growth in student numbers, the range of career opportunities, and stability in the 
number of Universities providing undergraduate horticulture training. Since the 
1980s, institutions have experienced declining undergraduate and graduate student 
numbers (Darnell and Cheek 2005; Guisard and Kent 2009; Pratley 2008; Prat-
ley and Copeland 2008; Pratley 2012b), a resultant industry shortfall in graduates 
(Chapman 2006; Collins and Dunne 2009; Guisard and Kent 2009; Pratley 2012b), 
a decline in the use of horticulture in course titles and a consolidation of academic 
programs (Looney 2004; McSweeney et al. 2009; Rayner et al. 2009), departments 
and faculties (Falvey 1998; Coons 2001; Pratley 2012b).

Figure 32.5 shows the decline in horticulture graduate numbers for Australian 
universities over the period 1986 to 2010.

Although the number of undergraduate and graduate degrees awarded has been 
decreasing over the past years, the demand for trained graduates is expected to 
grow. The USDA estimates that between 2010 and 2015, almost 20 % of its staff 
will retire (Gerwin 2010). Industry is also expecting to increase staff; for exam-
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ple, Pioneer Hi-Bred International seed company has recently hired more than 700 
scientists and support staff globally (Gerwin 2010). Corporations such as Monsanto 
are instituting in-house internship programs to aid students in developing their sci-
entific skills, with the ultimate goal of obtaining a permanent position at Monsanto 
(Gerwin 2010). In particular, job growth in the horticulture industry is expected in 
fruit and vegetable production, speciality crops that have medical or energy appli-
cations, landscape and turf production, and organic farms (Anon 2009). Thus, the 
need for trained horticulturists is growing and it presents a challenge to educational 
institutions to respond to that need. In addition the industry needs to promote career 
opportunities within its industry and encourage students through its respective edu-
cation and training system.

The VET sector has responded more positively than higher education to industry 
need in Australia, particularly in the traditional horticultural trades, by introducing 
competency based workplace training, focussing on one to two qualifications in the 
general horticulture training package, stimulating demand for training at higher lev-
els within the VET sector, making provision for distance education, external, off-
campus delivery of units, and reinvigorating the advanced standing mechanisms into 
higher education horticulture (McSweeney et al. 2009). The challenges ahead are to 
find out if these national Australian qualifications meet the needs and demands of the 
workplace or horticultural businesses and whether the continued financial pressure 
from the Australian State and Federal Government sources will impact on the future 
restructuring of the VET sector. Horticultural industry-based training works because 
of the training system and regulations that are provided to deliver relevant national 
qualifications that meet the skills needed for a growing economy (Puflett 2009). 
Data by Pratley (2012b) in Fig. 32.6 indicate that the industry has about 35 % of its 
workforce with vocational training qualifications and that the number of completions 
is sufficient to maintain that level. The qualifications are not uniform however across 
the various components of the horticulture industry. An example of collaboration be-
tween horticultural academics at the University of Reading, The Horticultural Trades 
Association (HTA), and the levy raising board Horticultural Development Company 
(HDC) in Great Britain is providing a suitable mechanism for the provision of VET 
into hardy nursery plant raising companies. Here academia and industry are working 
collectively to ensure that staff gain the knowledge and skills needed by particular 
sectors of the production industry (G R Dixon, personal communication).

Fig. 32.6  Completions 
in vocational horticulture 
courses in Australia 2004–
2007. (Pratley 2012b)
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Constraints to Attracting Young People into Horticulture

Coutts et al. (2004), Bogers (2006), and Guisard and Kent (2009), inter alia, sug-
gest that horticulture has a poor image, with the negative perceptions associated 
with poor remuneration relative to levels of profitability in the industry, the extent 
of manual work, and a lack of awareness of the range of career opportunities (Cec-
chettini et al. 1992; Matthews and Falvey 1999). This image was cited by academic 
programme administrators as the most important factor leading to lack of interest in 
agricultural sciences as a career by USA high school students (Anon 2009). Public 
understanding of horticulture is poor and many people are unaware of where their 
food comes from and the multi-faceted nature of the horticulture industry. Hor-
ticulture was listed as the second most “useless degree” by Newsweek magazine 
(LaWell 2011). Similar experience has occurred in Great Britain where there has 
been a tendency for career advisory staff to treat horticulture (in their eyes “garden-
ing”) as suitable for the mentally challenged and less able students. This damage 
has been compounded by multitudes of television programs which simply ‘dumb-
down’ the whole discipline propelled by naive “celebrities”. As a result, parents 
and students see horticulture as a “low-pay-low-skill” job, even though it requires 
considerable knowledge interwoven with practical abilities for those who wish to 
make progress beyond the most basic grades.

Falvey (1998) suggested that the decline in number of students entering horti-
culture programs was associated also with a decline in demand for science more 
generally. Although horticulture will always retain a “hands on” component, mod-
ern horticulture has become more intimately associated with the sciences and now 
requires a more highly skilled, innovative and versatile workforce to manage the 
technological, financial and marketing systems along the production and environ-
mental horticulture supply chain. Looney (2004) suggests finding a way to posi-
tion horticulture more effectively as an essential life science in modern society that 
requires further investment in education and training to answer these challenges. 
If these economic and social trends continue and enrolments in horticulture do not 
improve, there will be continued compromise in programs and likely cuts in staffing 
levels, all of which will seriously damage the economic development and future of 
innovative horticultural industries.

The definition of horticulture also contributes to the educational decline (Darnell 
2006), as the traditional description of the “art or science of cultivating gardens” is 
now outdated. Horticulture has been better described as the science, technology and 
business of intensive plant cultivation for human use (Anon 2012d). Alternatively 
horticulture could be described as the manipulation of plant growth and reproduc-
tion for the sustainable generation of profit in industry, the environment or social 
context. This lack of definition and the inability to communicate the meaning of 
“horticulture” may be contributing to the lack of knowledge about the fields of 
study and career opportunities. Many students today not only want careers that are 
financially rewarding, but perhaps increasingly, they want careers that are reward-
ing in terms of their personal values. These values may include work-life balance, 
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opportunities for creativity, and environmental stewardship (Anon 2009d). The con-
flict in understanding what “horticulture” is and the relationship between “horticul-
ture” and “gardening” has contributed to the poor image of the former. It is becom-
ing evident however that mature, returning, second-career students can make a very 
effective contribution to the discipline. They bring knowledge and experience in 
other spheres concerned with science, business and technology which they wish to 
deploy into a new plant-based occupation.

Strategies for the Attraction and Retention of Students

Strategies to attract and retain students should include (1) development of smarter 
partnerships with industry, institutions, and government to promote horticulture and 
horticultural science, (2) continuous evaluation, revision and marketing of curri-
cula by academic institutions, (3) increased use of different delivery formats, i.e. 
distance education, and (4) development of a strong advocacy agency that engages 
with industry, institutions and government on horticultural education and training 
agenda issues.

Thompson and Russell (1993), Russell et al. (2004) and Russell et al. (2006) 
found that specific agricultural science programs in secondary schools carried out 
in partnership with universities, government organizations and industry led to in-
creased enrolments and higher student retention rates in university agricultural sci-
ence courses. Programmes included school visits to senior secondary school sci-
ence classes by selected academic staff, industry placement scholarships for short 
internship-type activities, professional development activities for senior secondary 
school science teachers, and production of teaching packages to provide teachers 
with appropriate resource material. The outcomes observed by Russell et al. (2006) 
are supported by Stone et al. (2005), who suggested development of specialized 
information programs in partnership with industry and government agencies to pro-
mote horticulture to high school students.

Encouraging better partnerships between universities and high school career 
counsellors and securing greater involvement in student recruitment by alumni and 
industry have been cited in a Canadian Labour Market Information on Recruitment 
and Retention in Primary Agriculture Report (2009) as important factors that attract 
young people into horticulture. Bell and Biddulph (2009) also found that previous 
experience in, or connections with agriculture, an interest in science and learning, 
the possibilities of real-world employment, and the potential lifestyle benefits were 
important in studying agriculture at university. Further, they concluded that to in-
spire young people to take up a career in agricultural science required a strong com-
mitment from the industry to secure the levels of remuneration comparable with 
other equally qualified professions, to improve the career path by providing for job 
security and continuity, and to promote the wider social issues that are associated 
with these work opportunities. Partnerships with industry, educational institutions, 
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and/or government agencies can supply these experiences, making it more likely 
that students will enter into horticulture programs at the college or university level.

Successful programmes that have inspired young people towards a career in 
horticulture and horticultural science range from industry websites that promote 
the benefits of careers in horticulture (Cooper 2009; McEvilly and Aldous 2009; 
Aldous and McEvilly 2011) and short videos that showcase the diverse career op-
tions within horticulture and horticultural science (Chapman 2006) to an alumni 
online mentoring program (Lineberger 2009a, b, c). Coutts et al. (2004) suggested 
a whole-of-horticulture employment service that not only engaged the employer 
with potential employees through a website, but also listed vacancies for interested 
persons to lodge their resume.

Most Government Departments, University and VET providers and the wider 
horticultural industry in Australia have initiatives that communicate information 
about postgraduate, undergraduate and vocational and technical education courses. 
Successful institutional initiatives in Australia range from programs like field days 
and expo activities to career markets. Many universities are involved with programs 
such as “Science in School”, “Science in the Bush” and “Science in the Suburbs”. 
Other universities provide for Year 11 agriculture camps, Supermarket Botany road 
shows and a Giant Science program to interest primary school students. A success-
ful event has been the “Degree in a Day Talented Students” programmes offered 
for Year 11 and 12 students as well as field days in local rural locations where they 
offer small science-based activities. The successful video production of “Pick of the 
Crop” features New Zealand horticulture and promotes the diverse range of posi-
tions and vocations.

Many USA universities have similar programmes, including Summer Science 
Enrichment programmes for high school students, agricultural career expos, alumni 
recruitment activities and K-12 programmes that provide resources to enhance agri-
culture curriculum in elementary and secondary schools. “Agriculture in the Class-
room” is a programme coordinated by the United States Department of Agriculture 
(USDA) to provide a network that seeks to improve the awareness, knowledge, and 
appreciation of agriculture among K-12 teachers and their students (Anon 2012e). 
The programme is carried out in each state by representatives from industry, educa-
tion, and government. There are also less formal opportunities to expose precollege 
students to agriculture in the form of youth enrichment programmes such as 4-H 
and the National Future Farmers of America.

Many USA universities have articulation agreements with state community col-
leges, where any graduate of a state-approved public community college is eligible 
for admission to a state university if the student has completed the prerequisites for 
their intended major. For example, the College of Agricultural and Life Sciences at 
the University of Florida has a long tradition of working with community college 
students and advisors to aid in transferring to the University, particularly in applied 
agriculture majors such as horticultural sciences (Anon 2012e). Community college 
or vocational education programmes that foster progression of students into univer-
sity programmes offer substantial opportunities for students who may have been 
unsuccessful earlier in their lives.
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The Report “Transforming Agricultural Education for a Changing World” (Anon 
2009) recommended that academic institutions with undergraduate programmes in 
agriculture develop a range of steps with industry and government that better meet 
the needs of students, employers, and the broader community. Similarly the Inter-
national Society for Horticultural Science (ISHS) on-line “Forum: Future of Horti-
cultural Science within Academia” discussed the opportunities associated with the 
research, teaching and extension of horticultural science (Bogers 2006). In the Unit-
ed Kingdom, the “Future of UK Horticulture” report (Anon 2006) recommended, 
inter alia, that a radical change was required in terms of the use of higher levels of 
technology, better wages, and improved career prospects in the education/training 
in horticulture for improved horticultural production performance.

Smarter partnering should include changing the perception of horticultural sci-
ence to a more dynamic, rewarding career. Such careers should demonstrate the 
positive impact that horticulture has on the economy and quality of life through bet-
ter nutrition and health, improved environmental and social sustainability, as well 
as enhanced community amenities for sport and recreation.

Although partnering is an important strategy for addressing the problem of de-
clining student enrolment in horticulture, this strategy will be unsuccessful unless 
colleges and universities develop a more innovative and flexible horticulture cur-
riculum. Reganold et al. (2011) concluded that a “transformative approach” that 
builds on the understanding that agriculture is a “complex socioecological system” 
is required to improve USA agriculture and that whole system redesign—not single 
technological improvements—is needed. So, too, must the curriculum undergo con-
tinuous assessment and “whole system redesign” in order to meet the current and 
future challenges facing horticulture and horticultural science? Evidence suggests 
that many students are interested in the science, business, environmental, and social 
issues related to food production, but “educators have not helped students…make 
the connection between those issues and a degree in agriculture” (Anon 2009).

Academic institutions must maintain relevant curricula in the face of the current 
focus on multi-disciplinary scientific approaches to solving horticultural problems, 
rising concerns for environmental issues, increasing consumer demand for organic 
and/or local food, and the changing demographics of students. New horticultural 
majors, ranging from Organic to Sustainable Cropping Systems to Food Systems to 
Plant Molecular/Cellular Biology, have been developed in several land-grant uni-
versities in the US to address these issues. But curriculum must remain flexible, and 
faculty must remain committed to assessment and revision, so that future issues in 
horticulture continue to be addressed.

Opportunities outside of formal classroom settings must also be available to stu-
dents in order to increase retention. Research experiences for undergraduate students 
have been shown to help recruit and retain students in their major (Anon 2009) and 
the precedent for this has been established in basic science, through the National 
Science Foundation, National Institutes of Health, and the Howard Hughes Medi-
cal Institute (HHMI). The Horticultural Sciences Department at the University of 
Florida has an established history of recruiting students into their Plant Molecular/
Cellular Biology option within the Horticultural Science degree through the HHMI 
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program. Study abroad programs are another avenue that attracts students into hor-
ticulture, particularly those interested in international agriculture experience.

Employers are seeking not only students knowledgeable in scientific content, but 
also those skilled in “transferable competences, including interpersonal communi-
cation skills, critical thinking skills, writing skills, and computing skills” (Anon 
2009). Team-building, leadership, and conflict resolution skills are also being 
sought, as is the ability to work in diverse, sometimes global, environments. Thus, 
horticultural curricula and/or extracurricular activities should encompass aspects of 
all these skills.

Distance Education and Electronic Delivery

Opportunities for studying at a distance from formal institutional educational fa-
cilities and at a pace controlled by the individual student have many academic and 
practical attractions. This process may be defined as structured learning where the 
student and teacher are separated by space and possibly time. This is the fastest 
growing form of domestic and international education across most disciplines (Gu-
nawardena and McIsaac 2004). Distance learning is not new, as from the late 1800s 
the University of Chicago offered correspondence courses. Australia developed its 
schools of the air as an offshoot of the Radio Flying Doctor Service from 1946 on-
wards. Currently, this still serves the needs of people who inhabit 1.5 million km2 
of Australian Outback. Even in a country as confined geographically as Great Brit-
ain school radio broadcasts were important supplements to formal education in the 
years immediately after World War II. This was followed in the 1970s with the es-
tablishment of the Open University, and in 1986 by Wisconsin University’s innova-
tive development of distance learning. Opportunities offered by electronic technol-
ogy were identified as ready for exploitation by Kerry and Isaksson (2000) in their 
report to the US Congress “The Power of the Internet for Learning”.

Technology-mediated instruction is now a term applied collectively to a variety 
of methods that use digital technology in its many forms to facilitate the acquisi-
tion of knowledge by students. Increasing opportunities for distance learning have 
many academic and practical attractions and is an important recruitment tool es-
pecially for place-bound students. Distance education is the fastest growing form 
of domestic and international education across most disciplines (Gunawardena and 
McIsaac 2004). Technology-mediated instruction is now a term applied collectively 
to a variety of methods that use digital technology in its many forms to facilitate 
the acquisition of knowledge by students. Early adopters used the World Wide Web 
(www) for archiving and delivering instructional materials such as class notes, slide 
sets, and assignments. Concomitant with the development of advanced web browsers 
and wider availability of broadband connections, a wide array of interactive tools, 
including streaming video delivery and desktop conferencing, have enabled instruc-
tors to create a virtual classroom environment that is independent of distance and 
time. Horticultural teaching and learning have grasped the opportunities offered by 
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these facilities (Dixon 2005b; Lineberger 2009a, b, c). Electronic technology may 
be used for simple short courses, individual assessments of teaching and learning as 
described by Mason (2005), or for extended provision of complete courses. Excel-
lent courses in specialty topics such as arboriculture and turfgrass science have been 
developed for undergraduates who wish to pursue their studies on a part-time, home-
based basis as developed by Myerscough College, Lancashire, England (www.my-
erscough.ac.uk). Similar developments in this specific sub-discipline are reported 
from the USA. Access to specialized course content such as Introductory Turfgrass 
Science (Bigelow 2009) indicates that this online version of the course is a suitable 
substitute for those students unable to take the traditional lecture version but wishing 
to gain fundamental knowledge related to turfgrass science.

In the US, regional teaching collaboration uses web technology to design, de-
velop, and deliver academic coursework (Lineberger 2009a, b, c). The growing im-
portance of providing continuing education and “re-education” of former students 
who are extending and changing careers means that traditional semester-long, on-
campus approaches to degree programmes are insufficient. Currently, students who 
are place-bound by work or family obligations require distance-delivered degree 
programmes. Furthermore, the rate of change of horticultural production technol-
ogy has increased such that all practitioners must constantly update their knowledge 
and skills.

Some of the problems inherent in electronic teaching and learning as used at 
the von Humboldt University, Berlin, are described by Tietze and Schmidt (2008). 
Specialized technical and methodological skills for handling information and using 
communication technology are required from both students and lecturers. Teachers 
are required to revise their teaching approaches. It is not sufficient simply to at-
tempt to transfer existing face-to-face lecture materials straight into an e-format. All 
material including assessments and examinations requires to be changed in order 
to suit the new leaning environment. Institutional managers must not be allowed to 
think that electronic teaching and learning is simply a cheaper alternative to face-
to-face provision. When used effectively electronic teaching and learning requires 
high grade pedagogic knowledge and skills of no lesser quality and quantity to other 
systems. Communication gaps, a lack of human resources, and the inertia of stu-
dents are problems which will emerge once these systems are put in place. But once 
students and teachers embrace this technology it can provide a very effective means 
of knowledge exchange and there is some unquantified evidence that the students 
collaborate and communicate with each other more than in conventional education. 
Communication gaps, a lack of human resources, and the inertia of students are 
problems which will emerge once these systems are in place. Such systems are ap-
propriate for horticultural teaching and learning at all levels. For example, computer 
simulation software has been used to model the influence of climate/environment 
on the phenology and growth of horticultural crops (Kobayashi 2003). The software 
enabled students to run multiple rapid and easy simulations with attractive graphs 
and tables. This made active learning possible by providing hands-on experience for 
students. Similarly, an understanding of crop genotype x environment interactions 
using simpler modelling is described by McKay et al. (2005) and McKay and Fisher 
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(2005). Their systems illustrated relationships between crop density and yield using 
carrots and maize, respectively.

Manual skills training may also be provided by distance learning, as described 
by Hennigan and Mudge (2004) and Mudge and Hennigan (2001). Their web/CD-
based course, “The How, When and Why of Grafting”, was used to teach the hands-
on horticultural skill of grafting to non-traditional students in collaboration with 
Cornell Cooperative Extension. Hibiscus plants, grafting knives, and other grafting 
supplies were provided to the students in advance for the grafting laboratory ex-
ercises. Students and instructors independently evaluated student grafts after four 
weeks based on pre-defined criteria of grafting success. Student self-evaluations 
indicated that it is possible to learn grafting at a distance in the absence of face-to-
face instruction. Similarly Cornell University’s “The Nature of Plants” programme 
is aimed at acquainting students with nature through experiential learning (Bauerle 
and Park 2012).

The Extension Master Gardener (EMG) volunteers are a key means for dis-
seminating horticultural information to the U.S. public. Electronic techniques that 
increase the capacity and effectiveness of EMG volunteers have been identified. 
Regional web-based, advanced training was used to expand volunteers’ knowledge, 
increase their effectiveness, and reduce the costs normally associated with face-
to-face training (Anon 2012c). This type of approach can be of immense value in 
countries such as India and China with huge rural populations who need access to 
education. Ramachandraiah (2000) describes course content and mode of instruc-
tion of a Certificate Program in Mushroom Cultivation offered in Open University 
format at Hyderabad University, Andhra Pradesh, India. Extensive use of electronic 
technology as described by Dixon et al. (2003) and Bauske et al. (2011) is valuable 
in practice for extension and advisory services. Web delivered services included 
information on crop monitoring and protection, weather forecasting, yield evalua-
tion and accountancy and taxation services. Future technologies will be of increas-
ing benefit in the teaching, research and extension of horticulture and horticultural 
science.

A further strategy to attract and retain students is to develop advocacy agen-
cies for horticultural education. Bogers (2006) reported that, from the European 
perspective, stronger advocacy measures of the horticultural sector are needed and 
the industry should take responsibility for making its educational needs clear to 
government and other funding bodies. Although many agencies advocate and lobby 
with respect to horticulture production, few advocate in respect of the need for, and 
improvements in, agricultural and horticultural education and training. One such 
Australian body is the Australian Council of Deans of Agriculture (2009) that plays 
an important ambassadorial role in horticultural and agricultural education and has 
engaged effectively with industry, institutions and government for the common 
good (Pratley 2012a, b).
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Conclusions

This paper has endeavoured to canvass the issue of the need for better education and 
training in horticulture and its provision. Such a review has generated the following 
outcomes:

• to provide for undergraduate and postgraduate education in horticulture and hor-
ticultural science there need to be effective strategies and partnerships put in 
place by the institution, the government and most importantly the industry;

• horticulture must regain its position as a subject recognised for its intellectual 
rigour and its key role in solving the major social and economic problems facing 
mankind resulting from climate change, the erosion of natural biodiversity, over 
population and diminishing food supplies;

• successful programmes and case studies need to be developed to provide better 
information to high school career counsellors, improve the image of horticulture 
and encourage greater involvement from alumni and the industry in recruitment 
such that attraction and retention of young people into horticulture and horticul-
tural science are enhanced;

• the providers of horticultural education must ensure that courses are offered us-
ing the latest forms of electronic technology since the coming generations of 
students will expect nothing less;

• initiatives to improve career aspirations, promote greater awareness and recog-
nition of the profession in the wider community, ensure improved levels of re-
muneration, promote the social features of the profession, and provide for job 
security and continuity need to be developed;

• educational institutions, government, and industry need to work together to im-
prove communication about horticulture and horticultural science, in order to 
attract enrolments of more and talented students to ensure the future prosperity 
and sustainability of the industry; and,

• horticulture curricula must be continuously assessed and revised so that they 
remain relevant to future challenges facing the industry.
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Introduction

Much has been written regarding the many dimensions surrounding extension for 
agriculture and horticulture. ‘Extension’ is a construct which has gained meaning 
through its praxis. It is linked to concepts such as outreach, knowledge or  technology 
transfer, innovation diffusion, change management, capacity building, empower-
ment, ‘suasion’ and, to some extent, business incubation. The term ‘rural advisory 
services’ (RAS) has also gained recent currency as an alternative to the perceived 
outdated term of ‘extension’ (Adolph 2011). Implicit in all of these terms is the as-
sumption of a pool of referent knowledge in specialist discipline areas, much of this 
based on research and development built up over many years.

Roling (1988) refers to extension science as the development of the body of 
knowledge (from extension research) into extension practice. Early agricultural 
extension involved the linked functions of diagnosis of farmer situations and op-
portunities, message transfer, gathering feedback and developing linkages between 
industry participants (Farrington 1995). On an international scale, approaches tend 
to differ between and within countries, and are shaped by the history and culture of 
extension, the governance of extension at a national, state and industry level, the 
degree of involvement of the public and private sector and the maturity and varying 
needs of sectors. While the provision of the extension function has had its roots in 
public service administration, models for extension provision are continually evolv-
ing in response to the growing sphere and need for extension services particularly 
within the challenge of fewer public resources. In some contexts, the outlook for 
future extension is a pessimistic one. Hunt et al. (2012) take the view that following 
periods of maturation and growth, the traditional extension models are “unravel-
ling” which is directly related to government policy shifts, which in the Australian 
context at least, are moving away from public sector extension.

The focus of this chapter is towards the changing extension climate surrounding 
the horticultural industry and the implications for horticultural extension now and into 
the future. Initially we define the term ‘horticulture’, expanding on the historical con-
text surrounding public and consumer horticulture in particular. We consider trends 
and recent tensions and challenges surrounding extension more broadly with particu-
lar reference to institutional changes affecting  extension,  funding arrangements and 
the relative involvement of the public and private  sector. We review changes in exten-
sion delivery models and extension roles and  review the key skills and competencies 
of extension practice. We then return to the  horticultural  sector, separating out some 
selected industry segments with  respect to their extension needs, including mature 
areas of the horticulture industry (e.g.  environmental or  ornamental horticulture), pi-
oneering and growth areas (e.g.  urban green  infrastructure), with particular reference 
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to the Australian context. We  consider some of the models or paradigms that might 
assist the industry to develop the innovative thinking and  capacity  required across the 
development of green  infrastructure, an emerging knowledge area.

Defining Horticulture

Horticulture as an industry and discipline has always been difficult to define. Two 
broad industry-based definitions have historically been used – ‘amenity or orna-
mental horticulture’ and ‘production horticulture’. In recent times these definitions 
have been challenged through more specific industry sectors and/or groupings, and 
also through economic, social and technological changes driving industry develop-
ment, diversification and employment. Amenity horticulture has included arbori-
culture, interior plant hire, landscape design and construction, nursery production 
and retailing, parks and gardens and turf production and maintenance. Amenity 
horticulture is also referred to as ‘environmental horticulture’, ‘landscape horti-
culture’, ‘lifestyle horticulture’ and ‘urban horticulture’. The latter definitions also 
encompass newer design and community-based applications, particularly in urban 
and peri-urban settings, such as green infrastructure technologies, urban agriculture, 
therapeutic horticulture, community gardens and related areas. Production horticul-
ture as it suggests is based around the more agricultural and productive food and re-
source industries and encompasses fruits, vegetables, flowers, mushrooms, nuts and 
some specialised crops. Some definitions also include nursery and turf production.

Urban horticulture can be usefully divided into two related sectors: private, resi-
dential landscapes, gardens and amateur gardeners, called consumer horticulture 
here; and then there is public landscape and vegetation management, comprising 
advanced vocational and professional skills, referred to here as public horticulture. 
Whilst the two sectors have historically been closely linked, since the 1980’s there 
has been increasing divergence in their respective needs for information, practice 
and management. In public horticulture this has been driven by the increasing com-
plexity of open space, landscape and vegetation management and the rise of rel-
evant degree and post-graduate qualifications. In consumer horticulture differences 
have been driven by the growth of residential gardens and landscapes for leisure 
and recreation and the development of service and landscape businesses in support 
of these outcomes. There are however fundamental differences between the two, 
which also reflect the provision of extension services.

Consumer Horticulture

Consumer horticulture, or amateur and residential gardening, is largely a product 
of the rapid development of suburban landscapes in many countries over the last 
century, but particularly in the USA, Australia, United Kingdom, New Zealand and 
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Canada. A strong gardening culture emerged as middle classes grew more wealthy 
and leisured, aided by an increased focus on suburban development and sizable 
domestic gardens (Pollan 1996). It was further assisted by improved access to 
home garden machinery, equipment and materials and new plant introductions, sup-
ported by the plant nursery industry, garden-based media and publications, garden 
clubs and interest groups. Consumer horticulture places a high priority on speci-
men values and seasonal display, largely achieved by intensive garden practices and 
 resource inputs to optimize soils, growing environments and maintenance.

The needs in consumer horticulture are largely derived from gardening culture 
translated freely into the horticultural practices found in public parks and gardens 
and vice versa. Indeed there was an expectation that skilful horticultural display in 
parks provided a model for private gardens. The nineteenth century vision of the 
urban parks movement was to create public spaces that used landscape design and 
horticulture as a civilising influence on the population as a whole. At the same time, 
private gardening was also seen as an important part of nation building and foster-
ing civic pride. As secular, compulsory and free education expanded many govern-
ments created gardening classes for children (Whitehead 2001).

The focus on specimens and display has driven extension practice in consumer 
horticulture. Much of this has been delivered as garden cultivation information 
around plant groups (e.g. dahlias, roses, conifers, etc.), life forms (e.g. small trees, 
bedding plants, etc.) or garden practices (e.g. pruning, composting, pest and dis-
ease control, etc.). As private gardening developed, all the perceived inputs needed 
to optimise plant performance created a lucrative market for sales of horticultural 
products. This market grew rapidly after the Second World War, with extension in-
creasingly becoming focused on translating agricultural research outcomes, aimed 
at commercial farmers, into advice pitched to the consumer horticulture sector. 
Home gardeners were encouraged to use pesticides, fertilisers and soil modifiers 
which had been developed for broadacre industrial agriculture, including chemicals 
that have subsequently been banned such as DDT (Anon 1965).

Since the advent of the environmental movement following the publication of 
Rachel Carson’s Silent Spring in 1962 (Carson 1962), there has been increasing 
availability of ‘organic’ and environmentally friendly products. Like their main-
stream counterparts, these are sometimes not tested for amenity horticulture ap-
plications and there is often minimal independent scientific evaluation of their ef-
fectiveness. In other words, the alternative products for home use, like those derived 
from agricultural research are not really subjected to dispassionate, objective re-
search and then integrated into extension programs. A key question for responsible 
extension in this context is establishing whether recommended agricultural inputs 
are really necessary for optimal plant growth in the amateur gardening context? For 
example a common reason given for using gypsum in home gardens and promoted 
as such by many sources of gardening information is that will make it easier to 
dig into compacted soils. The reality is that gypsum, as tested for agriculture and 
production horticulture, is recommended for frequently cultivated sodic clay soils, 
cropped annually and not for soils that are simply “hard to dig” and then planted 
with perennial shrubs and trees (Chalker-Scott 2010).



112133 Extension Approaches for Horticultural Innovation

In North America the tradition of extension to home gardeners has been largely 
maintained through the Cooperative Extension System delivered by state land-
grant universities. Since the 1970’s this has also encompassed Master Gardener 
programs, particularly in the USA. Delivered through universities using rigorous, 
scientifically-based curricula (Chalker-Scott and Collman 2006), Master Garden-
ers act as volunteers in training and education programs, provide residential horti-
cultural advice (often at county offices), work in community gardens, schools and 
undertake a variety of other garden and horticultural outreach projects. An evalu-
ation of the Washington State University Master Garden program over 30 years 
(1973–2004) identified 4,015 active volunteers, servicing > 350,000 clients with an 
estimated dollar value (of hours) at $US 4,058,796 (Chalker-Scott and Collman 
2006). Recently land grant universities have responded to public interest by deliv-
ering programs on organics, home food growing and nutrition (Weisenhorn 2012), 
increasing their relevancy and currency to consumers. One of the more interesting 
recent examples of extension practice in action for home gardeners is the work of 
plant physiologist Linda Chalker-Scott at Washington State University in the USA. 
Chalker-Scott’s blog and books set out to explain or de-bunk horticultural myths 
and to separate gardening folk-lore from scientific fact. Chalker-Scott examines 
topics as diverse as compost tea, water crystals, tree-staking and xeriscaping set 
within the context of how particular products or practices are heavily promoted 
through popular magazines or websites. She then uses peer-reviewed academic lit-
erature and her own experience as a scientist to examine the validity of claims made 
for various consumer horticulture products or practices (Chalker-Scott 2008, 2010).

In England extension services for consumer horticulture are provided through a reg-
istered charity, the Royal Horticultural Society (RHS). The RHS claims horticulture 
to be the biggest employer across the United Kingdom with 18.5 million gardeners, 
spending more than £ 2,000 million a year on plants and gardening products (www.
rhs.org.uk). RHS services include its impressive information-rich and interactive web-
site, public gardens, horticultural publications, garden shows and events, training and 
education programs and an increasing involvement in school and community garden 
programs. In 2012 the RHS had 383,046 members, an increase of 70,197 from the pre-
vious year, and recorded 1.455 million visitors to its four flagship gardens at Wisley, 
Rosemoor, Harlow Carr and Hyde Hall (Royal Horticultural Society 2012).

In Australia, agency based extension to residential gardeners has largely been pro-
vided through garden advisory services. Most of these state-based services were ter-
minated in the 1990s after government cut backs, but many of the publications remain 
on-line and cover a range of topics as diverse as composting, lawns, indoor plants, fruit 
tree pruning and mulches (Garden Advisory Service 1989). While these agencies no 
longer exist, governments have more recently had to respond to the  challenge of  severe 
droughts and water restrictions, particularly the impacts on residential  gardening. 
New agencies have been funded to assist extension in this area, including savewater!® 
(www.savewater.com.au). Formed through an alliance of eastern  Australian water 
retailers, savewater!® provides detailed advice on water  conservation for residential 
landscapes. This includes design, plant selection, irrigation and garden practice infor-
mation and participation in garden shows, including demonstration gardens.

http:\\www.rhs.org.uk
http:\\www.rhs.org.uk
http://www.savewater.com.au
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Public Horticulture

While gardening as a trade is well established, public horticulture as an advanced 
vocation and profession is more recent. Built around urban landscapes that comprise 
diverse vegetation elements and systems, extensive community engagement, com-
prehensive resources and assets and related issues of use and safety, over the last 30 
years public horticulture has been transformed from parks and gardens maintenance 
to the management of designed and complex spaces with multi-purpose outcomes 
and needs (Cobham 1986). This has also occurred in the wider context of greatly 
reduced budgets for public landscapes, while at the same time more professions and 
disciplines have begun analysing and promoting the wider social, economic and 
social benefits of urban green space (Ward-Thompson and Travlou 2007). This has 
increased the need for more scientifically informed management and more sophisti-
cated approaches to urban landscape management (Hitchmough 1994).

Public horticulture is largely derived from the extensive growth of cities over 
the past 150 years and the consequent creation of urban parks and gardens. Iconic 
urban green spaces such as Central Park in New York City have provided models 
for parks across the western world from the latter half of the nineteenth century. 
The philosophy behind the urban parks movement is well-documented and is 
essentially one which values the ideal of rus in urbe (‘country in the city’) as a 
way to provide beauty and health benefits to the wider population. In order to cre-
ate the experience of the ‘country in the city’ the most influential designers and 
landscapers of the Victorian era combined elements of the picturesque and the 
gardenesque at the same time. In other words, public open space at its best sought 
to combine the experience of being in larger, free space, enjoyed through walking 
and taking in views, along with admiration for the display of carefully tendered 
individual plant specimens and planting beds. With varying degrees of success, 
but with great overall commitment over several generations, municipal parks and 
gardens became an essential part of the ‘green infrastructure’ of urban life.

By the middle of the twentieth century, the quality of urban green space began 
to decline in the West even while public open space, its need enshrined in local 
planning law, was still being created. This was the period of “middling Modern-
ist” municipal park creation (Rabinow 1989) that saw many cookie-cutter spaces 
created, using simple combinations of mown turf and scattered trees and shrubs 
with a standard set of play equipment inserted for children and mothers. This ur-
ban “non-descript” was thus essentially “non-designed” in the sense that a formal 
design process was absent for the space as a whole but also in terms of where and 
why a particular planting regime would be used (Clouston 1986). A standard list 
of trees and shrubs used over many decades acted as a ‘plant selection process’. 
In this context, extension for amenity horticulture was as largely informal and 
anecdotal as it was for private gardening. Information was largely relayed through 
the gardening apprenticeship system which prevailed in municipal government 
during this time.



112333 Extension Approaches for Horticultural Innovation

The era of neo-classical economics, exemplified by the elections of Margaret 
Thatcher and Ronald Reagan in 1979 and 1980 respectively, marks the beginning 
of privatisation of many government services or their complete closure. For  amenity 
horticulture this meant the end of the era for in-house horticultural crews at the 
municipal level. It can be argued that urban green space had been in decline for sev-
eral decades despite over-employment of parks gardeners. However, it can equally 
be argued that compulsory competitive tendering for routine maintenance in mu-
nicipal green space saw this decline only exacerbated. Whatever the complexity 
of this situation, it also seems the case that this process of outsourcing traditional 
in-house vegetation management focused the minds of professionals on a couple of 
long neglected issues: firstly, on how to do more for less i.e. defining and achiev-
ing quality cost effectively; and, secondly, on setting objectives and outcomes to 
work towards and in ways that were more responsive to what clients/customers 
(tax payers) actually wanted from urban green space. What emerges is some kind 
of rudimentary value chain for the kinds of services to be derived from professional 
amenity horticulture.

Several prevailing trends have led to this situation. One of these has been the 
rise of landscape architecture as a profession, especially since the 1970s and 1980s. 
As a design profession, landscape architecture has provided a much needed cri-
tique of the old horticultural formula of mown turf, scattered trees and some play 
equipment as the basis of park implementation. Interest in quality of life through 
good design has put the spotlight back on the greater aspirations for public open 
space and its central role in creating stimulating and sustainable landscapes. Ecol-
ogy too has taken a greater interest in urban areas since the 1980s, helping to make 
the protection of nature and the restoration of ecosystems a standard component 
of managing city environments. Projects to bring nature back to cities frequently 
need on-ground implementation by staff with horticultural training. Arising out of 
broader ecological and sustainability concerns the concept of green infrastructure 
has gathered sometimes disparate uses of urban vegetation under one umbrella. 
This has been especially influential for our understanding of the ecosystem services 
delivered by trees in parks and streets, for example, in terms of energy efficiency. 
Ecology has also given horticulture new intellectual tools with which to manage 
urban vegetation.

Public health advocates and policy makers have begun looking at public open 
space as places to facilitate respite from stressful urban living and to provide 
 physical exercise. This is essentially the same agenda that created the urban parks 
movement in the nineteenth century now framed within discourses about epidem-
ics of mental illness, diabetes and obesity. For the first time since the allotment 
 gardens of the Second World War, a range of advocates, both agency-based and 
non- governmental organisations (NGOs) are also calling for more food to be grown 
in  cities and sometimes by the community at the municipal level in public open 
space.  Essentially the confluence of design, ecology, urban health and financial 
constraint concerns have heightened awareness of the serious information gaps and 
associated extension needs in public horticulture.
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Changing the Understanding of Extension

In examining the extension needs and challenges for the horticultural industry seg-
ments, a broader perspective on extension is also appropriate. Coutts and Roberts 
(2011) segregated recent extension history and influences into phases associated 
with linear or technology transfer (1960s), the influence of farmer discussion groups 
on farming systems research (1970s), systems thinking (1980s), pluralist approach-
es incorporating participatory methods (1990s) and then the capacity building and 
community engagement movement of the 2000s.

Early extension, based around top-down service delivery, and employing lin-
ear, unidirectional information flows, was frequently criticised. Such an approach 
did not make use of the multiple sources of “new agricultural inputs, ideas and 
practice” (Farrington 1995). The ‘training and visit’ (T and V) system, sometimes 
disparagingly referred to as the ‘touch and vanish’ system, was also criticised in 
part, at least in development agriculture, for its failure to achieve cost-effective 
change (Howell 1982). The ‘train the trainer’ model, also linked to extension, was 
also dependent upon people being adequately trained in a range of core discipline 
areas. The disconnect occurs with this approach when there is a mismatch between 
the knowledge and capacity of extension staff and the specialist programs required 
(Ward et al. 2011).

Over time, extension has applied different lenses in responding to changing needs 
of client groups. The traditional foundations for much extension work lies in agri-
cultural science and horticultural science (i.e. building agronomic or horticultural 
 expertise) and agricultural economics (i.e. enterprise decision making for profit). The 
Food and Agriculture Organization of the United Nations (FAO) encourages ‘Good 
Agricultural Practice’ (GAP) as a suitable basis for “local development of optimal 
good agricultural practice’’ (Poisot et al. 2007). This extension lens builds upon the 
three pillars of economic viability, environmental sustainability and social acceptance.

The agribusiness model also provides a framework to analyse enterprise perfor-
mance within the supply/value chain. According to Ward et al. (2011, p. 135) agri-
business extension is directed to “improving management skills, decision making, 
and strategic thinking within value chain development”. The process of value chain 
thinking also tends to sharpen managerial focus on responding to customer needs as 
opposed to a single production lens.

The role of extension has also been examined within a broader social context. 
Macadam et al. (2004) discussed extension programs as being complementary to 
capacity building. In this sense, agricultural extension overlaps with rural exten-
sion which takes on a broader rural development perspective. Taking the Rutgers 
New Jersey Agricultural Experiment Station (NJAES) Cooperative Extension as a 
typical example, its mission is to help “the diverse population of New Jersey adapt 
to a rapidly changing society and improve their lives and communities through 
an educational process that uses science based knowledge. Through science-based 
educational programs, Rutgers Cooperative Extension truly enhances the quality 
of life for residents of New Jersey and brings the wealth of knowledge of the state 
university to local communities.” (http://njaes.rutgers.edu/extension/)
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The breadth of contemporary extension and its directions far beyond strictly 
agrarian needs can be captured within the ambit of co-operative extension within 
the USA. Robson (undated) provides an overview of extension in the USA as part 
of the Land Grant System which has the three pillars of teaching, research and ex-
tension. In 1862, during the Civil War in the USA, the Morrill Act (1862) passed 
which provided grants of federal lands to create public institutions for teaching ag-
riculture and mechanical arts. The subsequent Hatch Act (1887) established federal 
agricultural experiment stations to conduct research at land-grant institutions. In 
1914 the Smith-Lever Act passed, established the Agricultural Extension Service at 
each land-grant institution with the intent of extending non-biased, scientific-based 
research findings to the citizens. The term ‘cooperative’ comes from the partner-
ship of federal, state, and local government who share the funding and established 
Cooperative Extension Offices in every county in the USA to serve the citizenship.

The capacity of communities to deal with change in this context aligns with 
contemporary definitions of extension. For example, Coutts et al. (2005, p. 7) states 
that “extension is the process of engaging with individuals, groups and communi-
ties so that people are more able to deal with issues affecting them and opportunities 
open to them”. A group of Australian state extension leaders (State Extension Lead-
ers’ Network)(Anon 2006) defined extension as “the process of enabling change 
in individuals, communities and industries involved in the primary industry sector 
and with natural resource management’’. A change response is also implicit in the 
definition by Leeuwis and van den Ban (2004) which states that “[e]xtension [is] a 
series of embedded communicative interventions that are meant, among others, to 
develop and/or induce innovations which supposedly help to resolve (usually multi-
actor) problematic situations.”

As the delivery approaches, lenses and capacities of extension adapt and adjust 
to the changing operating environment, it is increasingly suggested that the term 
‘extension’ itself is losing currency. In a broad ranging synthesis report Adolph 
(2011) suggests the term rural advisory services (RAS) better represents “…the 
different activities that provide the information and services needed and demanded 
by farmers and other actors in rural settings to assist them in developing their own 
technical, organisational and management skills and practices, so as to improve 
their livelihoods and well- being” than the term ‘extension’.

Changing Institutional Roles to Extension

Extension approaches adopted by individual countries are driven by many factors. 
As Coutts et al. (2005) state, “[e]xtension approaches do not develop in a vacuum. 
The structural, social, political, economic and philosophical contexts of the time 
all contribute to the types of projects that are developed, proposed and funded”. So 
given the many variables at play within any one country and across countries, it is 
natural to find considerable diversity in approaches to extension. Extension practi-
tioners and analysts, in seeking strategic, coherent mixes of extension solutions to 
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their own problems, will logically explore and learn from the approaches used in 
contexts similar to their own in addressing the common challenges.

Extension is also frequently claimed to be a strategic policy instrument (Anon 
2006), and there is evidence supporting the effectiveness of systematic change 
through considered policy initiatives.

In the context of agricultural development, Rivera (2001) argues that “no single 
approach best suits extension development in all circumstances, just as there is no 
single approach that best suits development. Otherwise the problems of extension 
and, for that matter, of development, would have been solved long ago.” Fig. 33.1 
highlights the diversity of approaches adopted across the globe with different in-
country institutional arrangements and responses of NGOs many of which are high-
ly idiosyncratic. In some of these countries, policy surrounding extension is clearly 
articulated. In others, the direction and sphere of extension efforts is much less 
clear. This is particularly the case in countries using pluralist approaches combin-
ing private and government service delivery, especially where government support 
operates through multiple tiers. Australia is one example of a country applying plu-
ralist approaches to both funding and delivery of extension.

Fig. 33.1  Public sector extension reform strategies. (Source: Food and Agricultural Organization 
of the United Nations, 2001, Rivera, W.M., Agricultural and rural extension worldwide; options 
for institutional reform in developing countries. Extension, Education and Communication Ser-
vice. ftp://ftp.fao.org/docrep/fao/004/y2709e/y2709e.pdf)
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Funding or financing extension services or programs has been a particularly 
vexed issue. Any recent dissection of extension reforms and practices has focused 
on the divergent responses to funding shortages and to the consequences for ex-
tension efforts. This has applied to developed, developing and least-developed 
countries alike. Farrington (1995) discusses the fiscal crisis impacting on public 
sector services in least-developed countries and describes the “picture [as] one of 
resources spread too thinly to be effective, inflexibility and inability to respond to 
the changing infrastructural and institutional contexts” (p. 540). According to Kidd 
et al. (2000) “[a] particular challenge will be to find a strategy with a coherent mix 
of mechanisms for financing and providing extension that can help rigid public 
extension systems to evolve gradually in a flexible manner”.

While scarcity of resources invariably focuses attention on privatisation and com-
mercialisation of extension services, such pathways can be problematic in terms of the 
ideological tensions they may create, or, counter-productive impacts such as reduced 
knowledge sharing and learning stifling productivity and innovation. For  example, 
Rivera (2008) argues that there is “a significant divergence between privatisation mea-
sures”. There is an expectation privatisation brings “demand-led  extension”, “farmer 
participation in extension decision-making” and “farmer empowerment”. This has 
proven not to be the case in all circumstances with potential risks of farmers becoming 
increasingly “beholden to commercial forces” (Rivera 2008).

A review of some of the studies into private and public investment in  extension 
demonstrates some of the issues. Developed economies have adopted  different mixes 
of public and private extension. The Netherlands, New Zealand, England and Wales 
have commercialised/privatised agricultural and related extension ( Rivera 2001) with 
New Zealand “at the forefront of privatisation of government services since 1983….” 
(Botha et al. 2008, p. 125). The transformation of New  Zealand’s  government exten-
sion services over the last 20 years has been  particularly  contentious. Whilst it has 
been argued that the transition to private consulting services has led to improvements 
in the quality, relevance and timeliness of advice provided at an individual  grower 
level, this has come at the cost of a lack information sharing, more regionally- 
focused service delivery, poor staff recruitment and a decline in horticultural statis-
tics compilation, biosecurity capability and the provision of leadership and advocacy 
( Warrington et al. 2004).

Countries like Australia are clearly at the crossroads in the extension space in 
terms of ‘who does what and for whose benefit’. Marsh and Pannell’s (2000) view 
on Australia was that “rapid change [was] occurring at the federal level and in all 
states …” (p. 605) and that “[a]gricultural information [was] increasingly perceived 
by policy-makers to have ‘private-good’ characteristics”. In drawing on the lessons 
from neighbouring New Zealand’s experience, Stantiall and Paine (2000) observed 
that “[while] it is legitimate to devolve consultancy to the private sector, it is cru-
cial to retain a critical mass of extension capability to achieve public-good goals”. 
Overall, Australia’s extension approach sees the work of industry extension dis-
tributed among layers of government and private service providers. The country 
also employs research and development corporations (RDCs) which are designed to 
integrate the industry linkages and efforts in research and development initiatives. 
The RDC model works on a matching funding system where government matches 
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industry funds raised through industry levies. A recent Australian Productivity 
Commission report into Rural RDCs (Anon 2011) acknowledged the ‘systems inte-
grating’ role of the RDCs yet questioned the return to the community on the sizable 
government investment. This focus is significant for horticulture in the sense that 
Horticulture Australia Limited (HAL) is one of the largest of the rural RDCs. The 
Productivity Commission identified many initiatives that could have been funded 
directly through farmer levies or stakeholder support. It should be noted that in a 
study of farmer levy-funded research, development and extension arrangements in 
the Netherlands, Klerkx and Leeuwis (2008) found that although end-users had the 
opportunity to raise issues, other groups in the research and development (R&D) 
planning process influenced the process so that farmers’ innovation needs were not 
adequately reflected in the outcomes.

The USA is similarly challenged in a resourcing sense. In discussing the Californian 
extension system, Murray (2005) identifies the challenges as “[being] declining public 
support monies, changing societal needs or situations, the inability to behave as ‘change 
agents’ we so often claim to be, and competition from the public sector for many of the 
services we have traditionally offered”. The “Great Recession” of 2008 has increased 
these challenges. As public funding continues to shrink, extension is turning to ‘eXten-
sion’, webinars and other technologies to ‘do more with less’ and provide information 
to its clients in a more cost-effective way. Much of this mirrors, or is linked, to the use 
of web-based technologies, communications and instruction methodologies in horticul-
tural education and training (Lineberger 2009a, b, c).

Evolving Enabling Environments

Overlapping with the above discussion regarding the changing institutional land-
scape and ‘private/public good’ debate in extension are trends within what may be 
described as the enabling environment surrounding extension. This includes some 
analysis of agricultural, horticultural and related education and the development of 
extension (or rural advisory services) capacity.

Commenting on agricultural education to start with, worldwide, there is con-
siderable diversity in the relationship between agricultural and related education 
and research, advisory services, networks and stakeholder relationships (Adolph 
2011). For example, in countries where agriculture remains the main economic and 
employment driver, the provision of agricultural and related education at secondary, 
vocational and higher education levels seems largely intact (Adolph 2011). On the 
other hand, the experience with some of the developed economies is quite differ-
ent. Again, using Australia as the example with which we are most familiar there 
has been a steady decline in the uptake and provision of higher education (HE) 
agricultural and related programs since the 1990s (McSweeney and Rayner 2011). 
The reality is that more students are gravitating to areas of increased interest e.g. 
environmental sciences, biofuels, food science etc. and away from traditional major 
areas of study. One consequence of this lack of interest is the adverse effect on the 



112933 Extension Approaches for Horticultural Innovation

professional services and extension capacity necessary for a vibrant rural sector 
(Falvey 1998; Malcolm 2010; Pratley 2008).

Closely allied to the changes in traditional areas of agricultural education, enrol-
ments in most areas of Australian horticultural education at HE levels have fallen 
significantly (Collins and Dunne 2009; Dunne 2010; McSweeney and Rayner 2011; 
Pratley 2012a and b). While enrolments at vocational education and training (VET) 
levels seem somewhat more stable, they remain concentrated at the lower curricu-
lum levels (Rayner et al. 2009). Of concern for the development in professional 
capacity in horticulture are the lack of pathways between VET and HE systems and, 
not surprisingly, low levels of upward student progression. McEvilly and Aldous 
(2010) also highlight the difficulty of communicating and guiding young people 
into areas such as horticulture.

Following on from the trends surrounding public and consumer horticulture dis-
cussed earlier in this chapter we attempt to synthesise in Fig. 33.2 the current levels 
of support for horticulture in formal training (VET and HE), research and extension 
services, again for the Australian context. The four categories chosen are not mutu-
ally exclusive (e.g. public horticulture overlaps with green infrastructure), yet they 
serve to highlight some of the changes in terms of enabling support for the sector. 
Of particular interest with Fig. 33.2 are:

• the declining HE presence and increasing VET significance in traditional areas 
of consumer, public and production horticulture,

• the declining government role in extension in these segments and the growing 
reliance on industry-funded support for horticulture,

• the significant transformation away from the traditional advisory service models 
for consumer horticulture,

• how growth areas e.g. green infrastructure, are to be supported in light of trends 
in education, and

• to what extent niche curriculum areas will be developed and sustained in light of 
the growth areas.

It is also important to recognise that horticulture comprises segments that are at dif-
ferent stages of maturity which are supported by different levels of  industry-driven 
extension facilitation. For example, both public and production horticulture seg-
ments typify mature segments in one sense in that they have progressed from 
cottage-type industries to those where larger scale commercial operations are 
more prevalent. In terms of the enabling environment for public and production 
 horticulture, there are isolated pockets of higher education (HE) delivery into some 
traditional areas (nursery, turfgrass, cut flowers, parks and landscapes), yet most 
support comes from the vocational education and training (VET) sector through 
generic training packages or industry specific training initiatives.

In horticultural production and service areas, many enterprises are self-suffi-
cient in technical expertise and employ in-house training; many remain family-
owned and managed yet are operating on a larger scale; and many can access 
and afford  agronomic and other technical advice as required. The sector is gener-
ally well supported through relevant industry associations. In Australia’s case, the 
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Fig. 33.2  Enabling environment elements supporting areas of Australian horticultural extension

 

aforementioned Horticulture Australia Limited (HAL) (Anon 2012a) is the peak 
industry body funded mainly by a combination of statutory industry levies, volun-
tary contributions, and Commonwealth government matching funds. Such funds 
are applied strategically to research and development and extension and provided 
 primarily through industry development officers. One horticultural sector organisa-
tion that operates under the auspices of HAL, Nursery and Garden Industry Aus-
tralia (NGIA), provides a useful illustration. In recent years the NGIA has shifted 
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its focus more towards urban landscapes, green infrastructure, urban forestry and 
lifestyle horticulture activities. To drive industry development and investment, this 
focus, together with outcomes in improved communications and enhancing skills, 
knowledge and practice, form part of the NGIA’s strategic investment plan over 
coming years (Anon 2012b).

One could argue that the traditional industry research and education foundations 
systems have supported horticulture well. Significant innovations in horticulture 
and horticultural science have taken place through plant breeding, plant biotechnol-
ogy, production system innovations, environmental management, improvements in 
media and fertilisers, irrigation design and protected cropping, plant health, integrat-
ed pest management, postharvest protocols and improved market access, to name a 
few. In more recent years, production horticulture has been exposed to some level of 
automation, mechanisation or sophisticated application of greenhouse technology.

Moving away from a mature segment, such as production horticulture, the growth 
of ‘green infrastructure’ in cities has brought about a new and pioneering approach 
to extension within horticulture, where new and different extension skills and 
knowledge are required in communicating. Green infrastructure has been defined 

Fig. 33.2  (continued)
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as “all natural, semi-natural and artificial networks of multifunctional ecological 
systems within, around and between urban areas” (Tzoulas et al. 2007). Operating 
at a range of scales and spaces, it includes traditional urban greening, such as trees, 
turfgrass, parks and gardens, etc., newer technologies, such as green roofs and green 
walls, and water-sensitive urban design strategies, such as rain gardens and swales. 
Green infrastructure is often hampered by the need to incorporate a range of dif-
ferent disciplines and skills, particularly in the design phase. Horticulture is ideally 
placed to ensure that functional outcomes from green infrastructure are achieved as 
it requires integrating design principles with a knowledge of plant materials, soils, 
plant husbandry, engineering, irrigation and climate systems. The challenge is to 
ensure this integration occurs in urban horticulture through research, education and 
teaching, and then relates this effectively and appropriately to extension.

To what extent and how extension provision in its broadest sense will be impact-
ed in the long term by such trends in the underpinning education systems is unclear. 
The reality is that in the short to medium term at least, government agencies, indus-
try associations, educators and private firms will be faced with declining output of 
graduates from traditional sources. This will be more critical to some segments than 
others. While at face value this is problematic it may be that human resource capac-
ity to meet industry needs and the extension and advisory service provision into the 
future may be sourced and developed in a different way.

Evolving Extension Practice in Horticulture

In recent years, as a result of the sharply declining institutional extension capac-
ity, the growth in horticultural information needs and rapidly changing models for 
information sharing, consumer horticulture, in particular, has experienced an explo-
sion of on-line gardening information. User-generated content on the web, largely 
by private gardeners, provides information about plants and horticulture that far 
outweighs the available extension information provided by universities and colleg-
es. Nevertheless, for those who seek less anecdotal information on plants, practices 
and products, science-based advice, partly sponsored by governments, still exists in 
some jurisdictions.

In public horticulture, while the information needs are potentially great, the 
sources of quality information are either lacking or belong to diverse and often in-
formal networks. We can, however, conceive of an enabling environment for access 
to better quality information and therefore to different forms of extension for this 
sector. This enabling environment is derived from the resurgent interest in public 
open space and vegetation to achieve positive social, environmental outcomes for 
urban communities. Internationally, there are few examples of well developed ex-
tension services that support public horticulture. The United Kingdom, with its fo-
cus on gardening as a major leisure and recreation activity, also has a large number 
of representative industry organisations that support members engaged in public 
horticulture. This includes the Horticultural Trade Association (HTA),  Institute of 
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Horticulture (IOH), Professional Gardeners’ Guild, GreenSpace, British Association 
of Landscape Industries (BALI), The National Trust UK, The National Trust for 
Scotland, English Heritage, Botanic Gardens Conservation International (BGCI), 
The Arboricultural Association (AA), and the Institute of Groundsmanship (IOG). 
The range of extension services provided by these groups is impressive and includes 
business and technical information, guidance and publications, visual media and 
training resources, professional development through specific  conferences, seminars 
and training and participation in shows, events and related outreach  activities. There 
is also a weekly trade magazine, “Horticulture Week” (www.hortweek.com) which 
has a focus on key issues across all areas of horticulture and  specifically on careers.

In the American context, extension for urban horticulture is seeking contempo-
rary relevance in the face of new policy concerns. This requires extensive inter-
disciplinary collaboration to meet new extension challenges. Programs that tackle 
childhood obesity, diabetes, and crime in urban areas often use gardening and hor-
ticulture projects as part of their package of strategies e.g. 4-H programs on nutri-
tion and anti-gang education for youth. At the same time, the resurgence of farmers 
markets and growing food generally has created opportunities for horticultural 
extension to provide good quality advice to home gardeners and small-scale com-
mercial producers. Niche growers now grow and sell food, plants, and flowers to 
local specialty markets and upscale restaurants and need advice on a range of novel 
edible species that are relatively new to mainstream horticulture (Carlson 2012). 
Seeking commercial opportunities for extension services in these niche areas has 
become especially important in the post-GFC American economy when funding 
streams from federal, state, and county governments have declined or have been 
cut altogether.

Despite the many changes and challenges for extension and the continued question-
ing of the relevance of the term itself to the current needs of agriculture and horticulture, 
the recognised practices of extension appear to be increasingly in demand. Knowledge 
of farming or horticultural systems, an ability to understand and work with the goals and 
aspirations of producers and land managers (Nettle and Lamb 2010), an ability to un-
derstand, interpret and translate science to practice and policy (Nettle and Paine 2009), 
facilitation, communication and networking skills are referred to as essential capacities 
for agricultural industries and rural development more broadly (Roberts et al. 2004). The 
need for social and organisational capability, not just technical knowledge is considered 
part of an ability to support farm business systems in their community and environmen-
tal context (Nettle 2003, p. 4). Further, emerging challenges for agricultural and horticul-
tural industries represent new professional situations requiring rural advisory services to 
engage in workplace learning alongside and with their clients, rather than fulfill informa-
tion delivery functions (Nettle and Paine 2009). Finally, as agricultural and horticultural 
innovation systems emerge as an alternative conceptual framework in contrast to agri-
cultural or horticultural ‘RD&E’, it is interesting to note that the features ascribed to the 
central role of “innovation intermediaries and brokers” (Klerkx and Leeuwis 2009) for 
successful innovation mirror the extension capacities described above. Despite this, as 
already discussed, the training ground for extension skills and capacities (via public sec-
tor agencies and in Universities) has declined in recent years alongside broader trends.

http://www.hortweek.com
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Extension Models to Support High Innovation 
Requirements

The growing demand for the skills underpinning innovation intermediation/broking 
is best illustrated in the green infrastructure industry segment. The development of 
knowledge and capacity underpinning the expansion of green infrastructure, par-
ticularly new technologies such as green roofs and green walls, for urban domestic 
and commercial applications provides an excellent case for considering the future 
of extension direction in Australian horticulture. Fig. 33.3 captures the traditional 
elements of a seemingly straightforward supply chain (marketing, sales, design, 
procurement etc) for any green infrastructure installation, yet more importantly it 
emphasises the knowledge requirements essential for the area (knowledge genera-
tion, adaptation, dissemination, application). Such knowledge roles are performed 
by multiple actors, institutions and intermediaries. For a horticultural segment in its 
relative infancy, the linear unidirectional information flows associated with tradition-
al extension, as discussed early in this Chapter, are by necessity being replaced by 
many interactions. While many of these interactions collectively form the basis for 
‘small step’ or incremental improvements; others contribute to ‘big step’ innovation.

The green infrastructure segment is but one challenge faced by agriculture and 
horticulture alike to consider the traditional agricultural and horticultural RD&E 
‘ pipeline’ and its replacement with ‘innovation systems’ thinking. This call flows 
from an increasing recognition that there are many sources of innovation (not just 
science) and innovation is a process of co-production of new knowledge, products 
and processes. The purpose of innovation is to provide benefits in society and requires 
technological, social, economic and institutional change (Hekkert et al. 2007). In this 
process, research and extension are part of a broader network of actors (Knickel et al. 
2009) including in the case of green infrastructure, designers, ecologists, consumers, 
urban health specialists, and financiers. The environment for innovation to proceed re-
quires institutional frameworks that support innovation as a co-production process and 
effective governance arrangements that allow people to work across organisational 
boundaries, work adaptively and create pathways to the desired benefits. Extension in 
an innovation context becomes an important practice for stimulating networks, trans-
lating different disciplinary knowledge, helping the piloting of new approaches and 
 facilitating rapid learning (Howells 2006; Klerkx and Leeuwis 2008, 2009; Klerkx 
and Nettle 2013). In an Australian context, a program-team  model drawing on innova-
tion systems ideas has been described as one mechanism emerging  within the current 
extension climate in Australia (Nettle et al. 2013).

Conclusion

Contemporary horticultural extension has become a diverse, multi-dimensional en-
terprise that has moved largely away from facilitating the adoption of new tech-
niques or products by growers and farmers. Extension still embraces the need to 
provide objective, science and technology-based advice to producers, users and 
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managers of vegetation, but the overall scope has greatly expanded to include issues 
such as succession planning, natural resources management, rural development and 
emerging greening technologies. However, even within the broader rubric, exten-
sion for public horticulture has long been less formal and focused than extension to 
agriculture and production horticulture. Arguably, this is simply because the sector 
has always had fewer commercial and economic imperatives to drive the perceived 
need for practice change in ways comparable to agriculture. Significant components 
of horticulture have effectively by-passed the top-down phase of science-driven ex-
tension, despite the fact that there is a pressing contemporary need for this in many 
sectors, particularly in emerging, multi-disciplinary areas, such as green infrastruc-
ture. The broad challenge for horticultural extension in the future is to create an 
overall enabling environment that sustains and builds capacity in order to foster and 
support innovation and change toward industry development and growth.

Fig. 33.3  Integration of value chain and innovation for green infrastructure. (Source: Adapted 
from Anandajayasekeram and Gebremedhin 2009)
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Abstract Smallholder farmers will be critical to meeting the growing demand for 
food in the next 40 years. However, currently they face many challenges in meeting 
the changing demands of modern markets, including the effects of climate change, 
deficiencies in their enabling environment, resources, capacities and institutional 
models for change and development. In this chapter we set the context by defining 
these deficiencies and their implications for development of the smallholder horti-
cultural sector. We present a dualistic agribusiness systems framework that helps 
focus analysis on the interactions in the system and the complexity of the problems. 
This framework helps highlight the need to develop new institutional approaches 
to link smallholder farmers to markets and to improve their productivity. We then 
review some options for linking them to markets and conclude that a range of solu-
tions will be required, but that contract farming and traditional cooperatives will 
only be relevant to a limited range of contexts. We suggest that cluster marketing 
arrangements will be another important solution, because they are suited better to 
smallholder resources and capacities. They can also be used as a means to develop 
a horticultural innovation system that meets the needs of smallholder farmers rather 
than just the needs of larger enterprises.
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“Business as Usual” is not an Option

‘“Business as usual” is not an option’ is the striking heading at the beginning of the 
World Economic and Social Survey 2011 (DESA 2011 p. v). The statement refers to 
the need for a transformation of the models of economic growth and development 
because the current paradigms will lead to the depletion of the world’s resources 
and the pollution of the natural environment. It also acknowledges that economic 
progress must improve if the populations of developing countries are to have a 
decent standard of living. This coincides with an increasing awareness by world 
organisations such as the World Bank (WB), the Food and Agriculture Organiza-
tion of the United Nations (FAO) and the Organisation for Economic Co-operation 
and Development (OECD), non-government organisations (NGOs such as OXFAM 
and the International Food Policy Research Institute (IFPRI)) and national govern-
ments that investment in agricultural development and innovation has not kept pace 
with the rising demand for food (Viatte et al. 2009; Nelson et al. 2010; OECD/FAO 
2012). Underinvestment in agricultural productivity, population growth and the ef-
fects of severe climatic disturbances have caused more volatile and higher world 
food prices. The undernourished population worldwide had been declining from 
around 20 % in 1990 (Nelson et al. 2010), but this trend began to reverse at the turn 
of the century, with numbers increasing to over one billion following the food price 
spikes of 2008, 2011 and 2012 (DESA 2011). Food production will need to increase 
to meet the increased demand, with much of this increase to come from smallholder 
farmers, many of whom produce horticultural crops (DESA 2011).

To enable smallholder horticultural farmers to improve their productivity so that 
they can become part of the solution to the emerging food security problems, a 
transformation of the horticultural sector is required in developing countries that in-
volves the whole agribusiness system and the food chains that smallholder farmers 
currently supply and will supply into the future. The focus of this chapter is there-
fore on the social, economic and environmental justifications and the approaches to 
including smallholder farmers in horticulture food markets, including the modern 
institutional markets. It begins by discussing the context for increasing the role of 
smallholder farmers in a discussion of constraints in the enabling environment that 
currently limits their ability to compete with larger farms. It outlines a framework 
for analysing the agribusiness system incorporating the enabling environment, the 
actors in the chain and other elements required to develop solutions to the complex 
range of issues to be addressed if smallholder farmers are to be involved in mod-
ern markets. Finally, it discusses some models for linking smallholder farmers to 
these markets and suggests that small cluster marketing groups will be an important 
solution to this issue as well as providing a means to integrate them into research, 
development and extension programs to meet the needs of smallholder farmers.
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The Context for Increasing the Role  
of Smallholder Farmers

Need for Increased Food Production and Productivity

At the High-Level Expert Forum on How to Feed the World to 2050, attention was 
drawn to the greatest challenge humankind is facing—how to feed a growing popu-
lation in the face of declining growth in agricultural productivity, climate change 
and a fast changing consumer demand (FAO 2009). According to FAO, by 2050, 
the world’s population would have grown to over 9 billion, with the majority of this 
increase occurring in developing nations, where most of the poor live and where 
most of the smallholder farmers reside. Failure to meet the food requirement will 
lead to food insecurity with consequences for the entire world including hunger, 
malnutrition and conflict.

Undernourishment is a key indicator of food insecurity, with increased food in-
security for the latter part of the last decade causing rioting in some countries and 
resulting in changes to governments and political systems. This has the potential 
to become a continuing issue that will have consequences for all countries because 
of the projected increase in the world’s population (DESA 2011). The projected 
increase in population, along with increased living standards in some countries, will 
lead to increased demand for food, requiring food production to increase by at least 
60 % by 2050 (DESA 2011; OECD/FAO 2012).

While the so-called ‘green revolution’ of the 1960s and 1970s increased food 
productivity and food production, it did not lead to sustainable management of re-
sources (DESA 2011). The increases necessary to meet the demand for food by the 
current world population have led to adverse environmental outcomes including 
land degradation, loss in biodiversity, climate change, reduction in forests, and pol-
lution of water and marine ecosystems. The exponential increase in some of these 
adverse outcomes will have serious consequences if we do not adopt more sustain-
able production systems at the same time as we are increasing food production to 
meet the growing world demand (Nelson et al. 2010; DESA 2011; OECD/FAO 
2012). At the same time, we face additional problems due to increased CO2 in the at-
mosphere (leading to global warming and climate change), increasing prices of tra-
ditional energy sources, and little additional arable land available for development.

Climate change is leading to drying climates in some parts of the world and 
could be the reason for the increased volatility in world grain prices between 2007 
and 2012 due to droughts in the grain belts of Russia, Ukraine, USA and Australia. 
In other places it is leading to increased flooding and other violent weather events. 
It appears that the effect of climate change is to increase the probability of extreme 
weather events (DESA 2011), which accentuate yield volatility and hence price 
volatility. Food inventories may need to be increased in many countries to provide 
a safety net for the poor.

Increased fossil fuel prices are a problem for the developed country production 
systems in particular because their key inputs such as diesel, fertiliser, pesticides 
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and transport are linked closely to energy prices. Many of the green revolution in-
novations in developing countries also relied on these inputs (DESA 2011) and they 
are a key component of grain and some export crop production in these countries. 
Increased energy prices and concerns about CO2 emissions have led to increased 
demand for biofuels, which compete with food crops for land and inputs and drive 
up the price of food. The pricing of carbon to tackle CO2 emissions and climate 
change will increase the price of fossil fuel-based inputs further and drive research 
and development to find alternatives.

Competition for land and water resources will also increase from alternative uses 
such as the growth of cities and recreational and environmental uses. While OECD/
FAO (2012) predicts a slight increase in arable land used for agriculture by 2050 
(less than 5 %), this will be due to an increase in some developing countries offset-
ting a decline in developed countries. However, they also predict a decline in water 
availability for agriculture by 2050, with uneven distribution being a key constraint. 
Consequently, the required increases in food production will have to come from 
improvements in land and water productivity rather than from increased land area.

Despite the need for agricultural production to grow and meet demand, OECD/
FAO (2012) predicted agricultural production is to slow from 2 % in recent decades 
to 1.7 % in the next decade. Consequently, the ‘key issue facing global agriculture 
is how to increase productivity in a more sustainable way to meet the rising demand 
for food, feed, fuel and fibre’ (OECD-FAO 2012, p. 15). While productivity has 
been increasing, the increases have not been consistent across regions (DESA 2011; 
OECD/FAO 2012), with the largest increases being in developed countries. Howev-
er, there is evidence that productivity has begun to slow in developed countries and 
developing countries (OECD/FAO 2012), which has been partly linked to pressure 
on resources, but also because the easier options of improved seeds, fertilisers and 
other inputs have been adopted in many cases (Hazell et al. 2006). Accordingly, the 
largest increases in production and productivity in the next 40 years are projected 
to come from developing countries. This is due to a greater availability of land for 
agriculture and greater potential to increase productivity through reducing the gap 
between actual and potential crop yields and efficiencies. Therefore, farmers in de-
veloping countries will have a major role in providing the increase in food required 
for humankind.

Importance of Smallholder Agriculture in Meeting the Challenges

The increases in food production resulting from the ‘Green Revolution’ of the 1960s 
and 1970s and the influence of free market thinking on investment priorities, led to 
a level of complacency about food supplies and resulted in a decline of investments 
in agricultural productivity by developing country governments and international 
donor agencies (Oxfam 2008; FAO 2010; Heady and Fan 2010; Nelson et al. 2010; 
DESA 2011; Islam 2011). This also coincided with a declining importance of the 
agricultural sector as a proportion of GDP and in some countries expanding mineral 
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and manufacturing sectors that are perceived to provide a better return. However, 
some governments, donor agencies and international institutions have recognised 
that this has gone too far and it has begun to be reversed (FAO 2010; Heady and 
Fan 2010).

Most food (particularly fresh fruit and vegetables) is locally produced and con-
sumed, much of it by smallholder farmers (DESA 2011). In the developing world, 
3 billion people live in rural areas, of which 2 billion live on small farms (less than 
2 ha) (Hazell et al. 2006). These people include half the world’s undernourished 
people and a majority of the people living in absolute poverty. Consequently, small-
holder farmers are at the heart of the food insecurity challenge (DESA 2011).

Historically, economic development has led to a migration of people from rural 
areas to higher paying jobs in urban areas and an increase in farm size, reducing the 
disparity in incomes between the rural and urban populations (Davis and Goldberg 
1957; Hazell et al. 2006; DESA 2011). This development has mostly been com-
bined with investment to improve agricultural productivity, which has been both an 
engine for economic growth and a major contributor to decreasing poverty. How-
ever, the scale and speed of the changes necessary to meet the rising food demand 
in developing countries over the next 40 years, means that these changes may not 
occur quickly enough (Hazell et al. 2006). Conversely, when governments have 
invested in improved agricultural productivity on small farms, poverty and under-
nourishment in rural areas have been dramatically reduced (Diao et al. 2010). In 
fact, investment in agriculture and particularly in staple foods leads to much greater 
reductions in poverty than investments in other areas (Oxfam 2008). It also leads 
to broad-based growth and through reducing food prices, leads to improvements in 
the local economies. Evidence from the Philippines is that it leads to increased local 
employment and spending (Rola-Rubzen et al. 2012). When this investment does 
not occur, the rural poor remain so and this often leads to degradation in the ecosys-
tem (DESA 2011) and resultant political unrest. Therefore, investment in improve-
ments to smallholder agricultural productivity is required to meet the rising food 
demand, but also as a driver of economic development and declining poverty levels.

Another key to improving the diet of poor people is to increase their consump-
tion of vegetables and fruits. Much of this product is perishable and therefore has to 
be grown close to the point of consumption if it is to be affordable (Moustier 2012). 
Therefore, smallholder horticultural farmers will have an especially important role 
in these markets. The increasing role of global trade and the emergence of global 
food manufacturers, food service chains and global retailers present both an oppor-
tunity, but also a problem for smallholder farmers.

Changing Global Agrifood Industry

With economic development, significant changes become evident in food supply 
chains. In the first instance, greater urbanisation means a larger proportion of the 
population is disconnected from food production and reliant on the food distribu-
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tion system. Rising incomes lead to a substantial reduction in the consumption of 
cereals, roots and tubers and an increased demand for meat, dairy, oil and fresh fruit 
and vegetables (Gehlhar and Regmi 2005). In parallel, there is a marked increase in 
the consumption of food away from home and with more busy lifestyles, an increas-
ing demand for more convenient ready-to-eat foods. With the greater ownership 
of motor vehicles, refrigerators and microwave ovens, consumers not only shop 
less regularly, but they are more inclined to purchase from modern retail outlets 
 (Shepherd 2005).

Not only is there a greater demand for a greater variety of food, but consumers 
are showing a greater interest in the holistic attributes of the food that they con-
sume. Consumers want to know who produced the food, where and how. There is a 
growing demand for food that is more healthy, that contains less fat, less salt, less 
sugar, fewer additives and fewer preservatives (Batt et al. 2006). The desire for bet-
ter health and greater nutritional value leads to the development of more functional 
foods with added vitamins, minerals and fibre. The growing awareness of the im-
pact of food miles on greenhouse gas emissions has led to a growing desire for local 
food that has been produced in a more sustainable manner.

However, few producers sell directly to consumers; most sell through one or 
more market intermediaries. In this respect, the increasingly globalised nature of the 
food processing, retailing and food service sectors is having a profound effect on 
producers. In the first instance, the amount of fresh produce traded internationally 
has increased rapidly (Humphrey 2006). Not only has the composition of exports 
changed dramatically, there has been a marked increase in the number of alterna-
tive suppliers, intensifying the competition in the market. In parallel, in response 
to saturation in their home markets and new opportunities arising from economic 
growth, population growth and a progressive easing of the restrictions on foreign 
direct investment, aggregation and concentration in food processing, manufactur-
ing, retailing and the food service sector have intensified (Batt 2006).

For these large institutional buyers, purchasing on the spot market is no longer a 
viable option. The inherent variability in the quantity, quality and range of products 
makes it impossible to adequately price the product or to engage in any generic 
promotion or product merchandising (Batt 2006). To overcome these impediments, 
food retailers, processors and manufacturers have developed alternative purchasing 
strategies including centralised procurement, specialised or dedicated wholesalers, 
preferred supplier systems and concessionaires (Shepherd 2005).

Preferred suppliers are able to offer a regular and reliable supply of a range 
of good quality products at a predetermined price. While quality is a physical de-
scription of the product in terms of its size, shape, colour, freedom from pests and 
diseases, purity (in terms of its freedom from chemical contaminants, pathogenic 
organisms and genetically modified plants), maturity or freshness, it also describes 
the manner in which the product has been packed and the way a supplier goes about 
delivering the product to the customer (Batt 2006). Though this means being able 
to deliver the product when the customer wants it, by implication it also involves 
many inter-related activities such as production scheduling, post harvest storage and 
warehousing, logistics, ordering and invoicing.
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With the need to differentiate products in saturated markets, Codron et al. (2005) 
extends the quality concept to include the sensory attributes, health attributes, pro-
cess attributes and convenience. The sensory attributes refer to the classical aspects 
of food quality: taste, appearance and smell. Health, as a choice criterion, is primar-
ily about communicating both the short-term and long-term benefits arising from 
the consumption of various foods. The process attributes relate to the consumers 
interest in the processes used in food production, even though such processes may 
have no tangible impact on the final product. Nevertheless, greater numbers of con-
sumers are demonstrating that they are willing to pay significant price premiums for 
natural or organic products, Fairtrade products (products registered as coming from 
smallholder producers) and those that minimise the impact on the environment. The 
convenience attributes are those aspects of a food product that reduce the amount of 
time household members typically spend on shopping, food storage, food prepara-
tion, eating and food disposal. Convenience is also associated with ‘eating on the 
run’, where consumers chose those products that can be eaten in one hand without 
making a mess (Martech Consulting 2005).

However, implicit in any definition of food quality is the underlying assumption 
that the food is safe to eat. Regrettably, with the increasing reliance on convenience 
foods, the greater consumption of food away from home, the increased volume of 
trade in fresh and processed food products, and the increasing desire for fresh and 
natural food products, there has been a marked increase in the number of food safety 
incidents (Kaferstein 2003). For fresh produce, the major health concerns appear 
to relate to the presence of chemical residues (Shepherd and Galvez 2007). With 
limited knowledge, illiteracy, inappropriate labelling and persuasive sales represen-
tatives, the overuse of chemicals is frequent among smallholder farmers (Ketelaar 
2007). Many smallholder farmers apply pesticides too often, at rates often much 
greater than label recommendations and too close to harvest (Shepherd and Tam 
2008). Other farmers apply chemicals immediately prior to harvest to improve the 
physical appearance (Davies et al. 2006; Shepherd and Tam 2008).

More recently, the microbiological contamination of fresh produce has become a 
major issue, with some of the most recent and serious food safety incidents involv-
ing spinach in the US and organic bean sprouts in Germany. Biological contamina-
tion may arise from the irrigation or washing of fresh produce in water contami-
nated by both human and animal waste, poor personal hygiene and the frequent use 
of poorly composted animal manures (Shepherd and Tam 2008). In some instances, 
the reuse of fertiliser bags or bags used for the transport of animal manures is a 
common practice.

In order to protect both consumers and the integrity of their brands, most retailers 
and food manufacturers have implemented one or more quality assurance programs 
to identify those critical steps in the chain that are most likely to lead to contamina-
tion. Rather than rely on end-point inspection, the preferred strategy for minimising 
the risk of contamination is the Hazard Analysis Critical Control Point methodology 
(HACCP), which focuses on prevention (Baines et al. 2006).

In addition to requiring suppliers to meet food safety standards, several global 
retailers and food manufacturers have also specified product quality criteria. Not 
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only does this enable buyers to specify how products should be grown, harvested, 
transported, processed, packaged and stored, it has provided them with the power to 
impose their requirements on other actors in the value chain and to reward compli-
ance (Humphrey 2006). The majority of these standards are based on Good Agri-
cultural Practices (GAP), which not only provide an assurance of food safety, but 
also focus greater attention on the adoption of sustainable farming practices. These 
endeavour to ensure that farmers are adopting and following prescribed crop rota-
tions, minimising the application of fertilisers, pesticides and herbicides to reduce 
environmental contamination, protect ecological diversity and minimising the eu-
trophication and pollution of waterways from excessive run-off. Good practices ex-
tend to the appropriate use of chemical storage facilities and protective equipment 
to protect against accidental poisoning, occupational health and safety, and animal 
welfare (Akkaya et al. 2006).

Recent shifts in the regulatory environment have exacerbated the widely held 
view that smallholder farmers may be marginalised—if not excluded completely—
from participating in modern supply chains (Humphrey 2006). Many buyers believe 
that smallholder farmers, even when they are organised into collaborative market-
ing groups, are unable to supply a sufficient quantity of good quality product. Even 
with appropriate training, as the farmers effectively pool their produce, the risk of 
non-conformance to prescribed standards is multiplied greatly, thereby demanding 
more frequent monitoring and inspection. Furthermore, the majority of smallhold-
er farmers are unable to comply with many of the requirements such as concrete 
floors, foot operated hand basins, or to provide a reliable source of potable water 
(Shepherd 2005).

Constraints in the Enabling Environment  
for Smallholder Agriculture

De Oliveira (2007, p. 57) defined the enabling environment as ‘all the factors that 
are external to the agribusiness itself but which affect the way businesses operate 
and impinge on the development of the private sector’. This is based on the context 
that the government should lay out policies that are conducive for the business of 
the private sector. Rottger and Da Silva (2007, p. 5) identified that the factors for 
creating an enabling environment included ‘macroeconomic and political stability, 
efficient land markets and tenure systems, consistent open trade policies, rural and 
agricultural financial service delivery, availability of human resources, well-func-
tioning public-private partnerships (PPP), good governance, and the availability of 
improved technologies’. Conditions in the enabling environment were categorised 
by Christy et al. (2009) as including essential, important and useful enablers. Es-
sential enablers include land tenure and property rights, infrastructure and trade 
policies. Important enablers are financial services, standards and regulations, and 
research, development and extension services. Useful enablers include business 
development services, business linkages and ease-of-doing business. In the Philip-
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pines, impediments to investments in agriculture are summarised by Habito and 
Briones (2005) as including access to public and private land, inadequate infrastruc-
ture, poor local governance, limited access to long-term finance, limited access to 
technology, limited access to raw materials, lack of global market access, unstable 
peace and order, widespread corruption and weak enforcement of contracts.

Land Tenure and Policy

Land is a necessary resource in agriculture production and a limiting factor, because 
only so much can be grown on a given area. In the Philippines, average land sizes of 
farms were reduced to 2 ha in 2002 from an average of 3.2 ha in the 1960s (Canlas 
et al. 2011). The reason given for this reduction in average farm size is that land is 
divided among children for their inheritance.

Aside from the reduction of farm sizes, there is also the threat of competition 
for agricultural land from foreign companies (Polack 2012). Foreign companies in 
biofuel production and plantation crops such as bananas are investing in land. There 
is also the conversion of land use from agricultural to industrial, residential and 
commercial (Kelly 2003). Agricultural land located in the periphery of urban areas 
is converted to other uses as population increases and urban areas expand. Both of 
these concerns occur because of weak policies (Kelly 2003; Polack 2012).

The agrarian reform program in the Philippines aimed to provide access for land-
less farmers to land resources. It was able to provide positive impacts to beneficia-
ries with evidence of higher income and reduced poverty incidence (Reyes 2002). 
Access to land can be of equal importance to ownership when it comes to land con-
cerns. Marginalised farmers have lesser land to cultivate which limits their produc-
tivity. However, if access to land is granted through institutional mechanisms such 
as policies that provide disincentives for idle lands, then smallholder producers can 
be granted opportunities to expand their production (Smit and Nasr 1992).

Access to land for crop production does not necessarily require providing owner-
ship to smallholder producers. Rather, what is necessary is that there are policies 
and tenure instruments that provide access and security in the use of land. It is a 
matter of implementing policies and creating innovative solutions to provide small-
holder producers access to a necessary resource. It is also necessary for the govern-
ment to set priorities for the allocation of land between uses and users.

Infrastructure

National government projects such as the Strong Republic Nautical Highway 
(SRNH) in the Philippines provided benefits to agricultural producers by reduc-
ing transportation costs by as much as 33 %, and providing access to new markets 
(Basilio 2008). Teruel and Kuroda (2005) concluded that the reduced investment 
in infrastructure is one of the causes of the decrease in the productivity of agricul-
ture in the Philippines. The presence of national level infrastructure that connects 
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communities helps in utilising comparative advantages in agricultural/horticultural 
production, which can enhance efficiency in the use of national resources. This can 
also create better access to commodities for consumers.

Communication facilities improve coordination among smallholder producers. 
It is also used in expanding the coverage of extension services (Olchondra 2010). 
Communication services are limited in that these are usually owned by the private 
sector and investments are made where it will be most profitable. Schrekenberg and 
Mitchell (2011) suggested that governments can provide policies and incentives to 
the private sector to expand coverage of communications services. Public-Private 
Partnerships (PPP) is an avenue that can be used in improving infrastructure fa-
cilities in rural areas, but requires projects to be profitable (Warner et al. 2008). 
In this regard, delivering conditions that will assist smallholder producers should 
also involve providing conditions to the private sector that can assist smallholder 
producers.

Research, Development and Extension

Research, development and extension remain important to smallholder producers 
because of changing consumer demands, changing structures and climate change. 
Smallholder producers need to be able to adapt to consumer demands with respect 
to variety. Increasing demand will also mean that productivity must be enhanced. As 
agricultural productivity has plateaued, it is critical that research and extension con-
tinue to spur growth in the agricultural sector (FAO 2009). According to Beintema 
and Elliott (2009), declining rate of growth in agricultural/horticultural R&D invest-
ment has been associated with a decline in the growth of agricultural/horticultural 
productivity, which has been statistically linked to the change in the composition of 
research away from productivity-enhancement at the farm or grower level.

Of equal importance are extension services that bring research outputs to rural 
communities. In the Philippines, weaknesses in the extension services can be traced 
to the decentralisation of agriculture services from the national to the local level 
(Prantilla 2011). Prantilla (2011) found that the performance of agriculture exten-
sion services is dependent on the support given to agriculture by the local chief 
executive. Coordination between the levels of government was reduced because 
decentralisation gave local governments autonomy in deciding priorities and devel-
oping and implementing agriculture programs.

Financial Services

Interest rates given to larger firms by financial institutions are 7 % per annum while 
smaller firms are charged 10-12 % per annum (Canlas et al. 2011). However, the 
higher interest rates can be explained by higher risks and the operational expens-
es involved when dealing with smallholder producers (Armendariz and Morduch 
2010). Microfinance institutions (MFIs) are committed to serving their clients by 
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ensuring that they are able to reach them even with high operational costs (Mendoza 
and Vick 2010).

Microfinance in the Philippines has been deregulated, giving MFIs the freedom 
to develop their own strategies (Quinones and Seibel 2000). MFIs tend to favour 
clients who have better capacity to repay their loans, which results in mission drift 
(Aubert et al. 2009). Mission drift can put smallholder producers at a further disad-
vantage due to limited access to financial services.

High interest rates charged by MFIs to smallholder producers is a constraint that 
cannot be solved easily because this is tied to operational effectiveness of firms. 
Without higher interest rates, the viability of the operations of MFIs can be compro-
mised, leaving smallholder producers with less access to financial services.

Business Development Services

As farming enters the century of globalisation, smallholder farming increasingly 
has to operate in a complex business environment. Unfortunately farmers are often 
ill-equipped to deal with players in the modern chain, and access to business devel-
opment services can facilitate their participation in modern markets.

Business services are delivered by public sector providers, private providers, 
NGO providers and cooperatives or membership-based organisations (Kahan 
2007). Business development services can be a function performed by non-govern-
ment organisations that operate on a specific timeframe and project budget. Upon 
the completion of the project, business development services can cease to exist 
except if they build in sustainability of operations. UMFI adopted a model whereby 
they provide paid services to the communities they serve. This means that they can 
generate funds to sustain their operations.

The Pecuaria Development Cooperative Incorporated (PDCI) was supported by 
the Upland Marketing Foundation Incorporated (UMFI) (Concepcion et al. 2011) 
to find the right marketing channel for their organic rice. Services also included 
developing the brand of the organic rice including labelling and development of 
packaging. It was able to provide higher income for smallholder producers as it 
realised the potential value of organic rice.

Issues at Different Levels

Constraints in the enabling environment emerge at the national, meso and micro 
levels, although most of the constraints may emanate from national level decisions 
because of conflicting policies. For example, the decentralisation of agricultural 
services in the Philippines was designed to enhance the provision of services based 
on the rationale that it is the local government that knows the local situation better, 
and thus it is in the best position to provide services. The policy inadvertently weak-
ened agricultural services because not all local government units had supportive 
local chief executives.
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Institutions at the micro level are in a better position to provide favourable con-
ditions to smallholder producers primarily because they have greater control of the 
situation, and macro level influences are also beyond their control (Bryant 1989). 
Even though there are macro-environment factors that are exerted at the micro level, 
institutions and stakeholders at the local level can make the necessary adjustments.

Smallholder producers find it difficult to comply with modern market require-
ments in terms of quality, variety, volume and consistency. However, research by 
the Regoverning Markets Programme found that modern markets do not necessar-
ily exclude smallholder producers (Vorley 2011). Examples in the Philippines like 
PDCI and NorminVeggies show how smallholder producers are able to supply su-
permarkets and institutional buyers with the help of non-government organisations 
(Concepcion et al. 2007a, b).

Pinstrup-Andersen and Watson (2011) found that the role of the government in 
food policy passed through several phases. These phases included leaving markets 
alone, followed by heavy interventions, then the “government as a problem” phase, 
and “getting the institutions right”. Heavy interventions resulted in governments 
creating more problems rather than setting things right. The recognition that harm 
has been done by heavy government interventions needs to be corrected by getting 
the institutions right. This highlights the recognition of the importance that public-
private partnerships can contribute in promoting inclusive growth.

The fourth phase of getting institutions right recognises that each stakeholder has 
its role to fulfil in the agribusiness system. Addressing constraints in the enabling 
environment involves participation from different stakeholders of the agribusiness 
system. It is also acknowledged that these stakeholders have their own objectives 
to meet, and implies that compromises should be made. The role of the government 
is to support policies that will allow the private sector to support the inclusion of 
smallholder producers.

Summary of the Context for Increasing the Role  
of Smallholder Farmers

In this section, we have shown that the world has serious and complex problems to 
address if it is to continue to feed its growing population, while maintaining a live-
able quality environment. The ‘success’ of the ‘Green Revolution’, which resulted 
in lower food prices and declines in the proportion of the world’s population who 
were undernourished led to complacency about food security and underinvestment 
in agricultural research and development. The recent food price spikes have led to 
increased focus on food insecurity in recognition of the rapidly increasing popu-
lation, combined with rising energy prices, global warming and climate change, 
and depleting natural resources. Because of their intimate involvement with the 
production of food and the large numbers of farm households living impoverished 
and undernourished lives, they will need to be actively involved in meeting these 
challenges. Apart from their obvious lack of human and produced economic capital, 
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they face additional issues in increasing their productivity including difficulties in 
accessing the expanding value chains, which in turn are constrained by deficien-
cies in their enabling environment. Nevertheless, solutions to these challenges are 
required, so the rest of this chapter will outline some ideas about how smallholders 
can become part of the solution rather than part of the problem.

A Framework for Undertaking a ‘Sustainable Agribusiness 
Transformation’ in the Horticulture Sector of Developing 
Economies

Because ‘Business as usual’ is not an option, we must craft new ways to address 
the complex issues involved in developing innovative smallholder farming systems 
able to adapt fast enough to meet food production targets. We argue that a ‘Sustain-
able Agribusiness Transformation’ is required rather than simply another ‘Green 
Revolution’ to meet the economic, social and environmental requirements for future 
generations. This section outlines a framework for this to occur. This requires a 
holistic approach to analyse and understand the issues involved.

Defining the Elements of an Agribusiness System

John Davis (1955) was the first to publicly use the term agribusiness in a presenta-
tion to the Boston Conference on Distribution in 1955. In 1957 Davis and Goldberg 
(1957, p. 2) defined agribusiness as:

the sum total of all operations involved in the manufacture and distribution of farm sup-
plies; production operations on the farm; and the storage, processing, and distribution of 
farm commodities and items made from them.

In other words, agribusiness is the set of interacting organisations that jointly pro-
vide food and fibre products for consumers. It includes all organisations that pro-
duce process or distribute food and fibre products and those organisations that pro-
vide inputs to those organisations. Davis and Goldberg (1957, p. 74) went on to say 
‘the problems of commercial agriculture … need to be approached as agribusiness 
issues because both their cause and their solution encompass the off-farm functions 
of supply manufacturing and processing-distribution as well as on-farm production. 
The point is that the approach to solutions must be as comprehensive as is the bases 
of the problems themselves’ (original italics). Essentially, they were arguing that 
the food system needs to be treated as a holistic holistic system and that attempts 
to address problems in the food system will fail if they attempted to address only 
portions or segments of the system.

Their arguments can be extended by drawing on general systems theory to con-
sider the food system as an open system—an open agribusiness system. General 
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systems theory stresses the need to understand the system as a whole and the ar-
rangements of the components and relationships in the system (von Bertalanffy 
1968; Checkland 1981; Kaine and Cowan 2011). Open systems interact with their 
environment, and the state of the environment influences its behaviour and changes 
in the state of the environment will change the behaviour of the system.

An agribusiness system can therefore be considered as those organisations that 
produce, process and deliver food and fibre products to consumers and it exists 
within a socio-economic and political or enabling environment that provides a 
framework of institutions and norms and values that define and constrain the opera-
tions of the system (Murray-Prior and Ncukana 2000). Such a representation is con-
sistent with the call in DESA (2011, p. 83) that ‘all actors, institutions and process-
es, within the whole food chain must be part of the policy innovation framework’.

For example, the vegetable agribusiness system for smallholder farmers in Min-
danao in the southern Philippines can be represented as a supply chain with its 
associated components and actors and the associated environmental suprasystem 
(Fig. 34.1). In this diagram the systems boundary is defined for the actors and func-
tions for a particular industry, although, it is possible to consider a broader system, 
incorporating all elements of the food system within a country (Murray-Prior et al. 
2004). The suprasystem consists of the socio-cultural and political environment 
(which incorporates the enabling environment) and the agro-climatic-ecological 
environment (which incorporates the natural capital and effects of environmental 
changes). The issues affecting the suprasystem have been discussed in the global 
context in the previous section. Traditionally, smallholder vegetable farmers in 
Mindanao supply the wet markets through a system of traders that deliver vari-
able quality product to the poorer consumer segments. The product passes through 
many hands and its quality is affected by the inefficient and substandard produc-
tion, packaging, handling, logistic and marketing systems. While the markets are 
generally competitive (although not always for farmers), relationships are often 
adversarial. Information flows from the market back along the chain are mostly 
non-existent and most elements of the chain have a poor understanding of market 
requirements and demand. Consequently there is no mechanism in the traditional 
system for smallholder farmers to receive a higher price if they produce a premium 
product. In fact they have little understanding of the market requirements outside 
their immediate locations.

The model in Fig. 34.1 also shows products being delivered to supermarkets. 
While much of the vegetable product in supermarkets in the Philippines comes from 
traditional supply chains, mostly from wholesalers in the wet markets, increasing 
amounts of product are being supplied by sophisticated value chains, either sourced 
from large corporate farms or imported from overseas. The quality of much of 
this product meets the requirements of value chains for reliable, consistent quality 
that incorporates food quality, safety and traceability systems. Conceptually, these 
chains can be considered as a dual system to the traditional system.
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A Model to Analyse the Dual Agribusiness Systems  
for Horticultural Industries in Many Developing Economies

The model of a dual agribusiness system was developed by Murray-Prior and Ncu-
kana (2000) in order to conceptualise the issues facing agricultural development 
in South Africa. It provides a framework to analyse some of the issues that arise in 
attempting to outline a way forward for people in the ‘resource poor’ chains that 
supply traditional markets. Theoretical models of dual economies began with Lewis 
(1954) and were based around the ideas of two sectors in the economy, one an 
‘advanced’ capitalist sector and the other a ‘backward’ predominantly rural sector. 
Singer (1970) outlines four key elements of dualistic economies:

1. The dual systems exist in a given space or country. The coexistence of these 
systems is often based on a dependency relationship.

2. Coexistence is persistent and will not necessarily disappear over time.
3. There may even be a tendency for the discrepancies between the two systems to 

increase rather than decrease.
4. There is no ‘trickle’ down effect from the ‘advanced’ sector to the ‘backward’ 

sector, in that the former does not pull up the latter and may even keep it down.

In many postcolonial, developing countries a ‘resource rich’ agribusiness sector 
coexists with a ‘resource poor’ agribusiness sector, with the former drawing on la-

Fig. 34.1  Simple representation of the agribusiness system for smallholder vegetable farmers in 
Mindanao, southern Philippines. (Adapted from Murray-Prior et al. 2004)
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bour and some product from the latter, but providing little of value to it. In fact the 
existence of a highly developed, ‘resource rich’ agribusiness sector with its econo-
mies of size, complex systems of management and high standards of quality control 
make the markets they supply extremely difficult for ‘resource poor’ chains to pen-
etrate. The latter are also at a disadvantage when competing for resources, whether 
the resources are physical, financial or human.

A dualistic agribusiness system can therefore be characterized as having two 
types of chains: a ‘resource-rich’ value chain that supplies high quality product to a 
higher priced market and a ‘resource-poor’ supply chain that supplies poorer quality 
product to a lower priced market. A good example of this can be found in Papua New 
Guinea’s Arabica coffee industry in the highlands (Fig. 34.2). It has a plantation-
based sector that produces Arabica green bean that is mostly sold to the speciality 
coffee markets and ends up in coffee houses such as Starbucks (Murray-Prior and 
Batt 2007). In this chain coffee cherry is processed in large wet factories that are run 
commercially and have exacting quality control standards. Green bean from these 
chains is sold at a premium to the Other Mild Arabicas contract on the New York 
ICE Futures market. On the other hand, green bean from the smallholder sector is 
sold to coffee roasters and is blended to produce soluble instant coffee. Smallholder 
coffee cherry is processed using village smallholder processing techniques that lead 
to variable quality and other defects in taste and presentation. Consequently it is 
sold at a discount to the Other Mild Arabicas contract. However, smallholder coffee 
cherry when processed through commercial wet factories (as is shown in Fig. 34.2) 

Fig. 34.2  Model of the dualistic agribusiness system for Arabica coffee in Papua New Guinea. 
(Adapted from: Murray-Prior et al. 2008)
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is sold to the speciality market. The use of such models provides a framework for 
analysing and finding solutions to the problems faced by smallholder farmers in 
these dualistic chains (e.g. Murray Prior et al. 2006, 2008). These solutions involve 
changes to the system and also to the enabling environment.

More broadly a dualistic agribusiness systems model has been incorporated 
within a pluralistic research framework, based on Checkland’s soft systems method-
ology, to conduct research and development with agribusiness supply chains (Mur-
ray-Prior et al. 2004, 2007a). It enabled the research teams to identify which issues 
needed to be researched, what methodologies were appropriate for that research and 
to integrate research conducted by a multidisciplinary team of researchers.

Summary of a Transformation Framework

In this section we have expanded the concept of agribusiness first expounded by 
Davis (1955) and Davis and Goldberg (1957) into a dualistic agribusiness systems 
framework that helps an analyst take a holistic view of the policy and research chal-
lenges facing the development of horticultural industries in the developing world. It 
also helps identify the components and the relationships critical to the functioning 
of a horticultural system, particularly those along smallholder supply and value 
chains and the constraints in the enabling environment that limit its ability to adapt 
and respond to the challenges it faces. This requires a focus along the value chains. 
One of the key issues identified in the context section and through the use of the 
agribusiness systems framework is the need to find ways to integrate smallholder 
farmers from developing countries into the changing modern markets. By doing so 
they will be able to help meet the increasing demand for food as well as improve 
their incomes to help move them out of poverty which the DESA report suggests 
is required.

Some Models for Linking Smallholder Farmers  
to Modern Markets

The small volume produced by smallholder farmers as individuals means that an 
arrangement is required whereby their product can be consolidated to achieve the 
volumes required by modern retail markets. There has been a range of reviews of 
models for involving smallholder farmers in value chains (Batt 2007; Singh 2007; 
Vorley et al. 2009; Vermeulen and Cotula 2010; Moustier 2012). These models can 
be conceived as following two broad approaches: ‘top down’ approaches that in-
volve a company structuring its arrangements with smallholder farmers in order 
to capture value and ‘bottom up’ approaches that involve smallholder farmers or-
ganising themselves in order to supply institutional markets. Of course, these are 
the two ends of the spectrum and there are examples of partnership models in the 
middle of the spectrum. There is insufficient space in this chapter to undertake a 
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detailed examination of all the models, so our approach is to define the elements of 
the different approaches briefly while focussing on the ‘bottom up’ and partnership 
approaches.

‘Top Down’ or Buyer Driven Models

Two drivers in modern value chains have led to the interest in buyer driven models 
that involve smallholder farmers. These are the move by supermarkets to source 
from preferred suppliers rather than wholesale markets (Vorley et al. 2009) and 
the large-scale acquisition of land by investors to supply institutional value chains 
 (Vermeulen and Cotula 2010). Partly because of backlashes to some of these chang-
es, but also because of the recognition that they are leading to the marginalisation 
of smallholder farmers and the concerns of some consumers about social and envi-
ronmental issues, some businesses have begun to develop models for dealing with 
smallholder farmers.

Buyer driven models are normally organised through contracts between retailers 
or processors and farmers and are commonly known as contract farming arrange-
ments. It is a form of vertical integration in which retailers or processors try to gain 
a competitive advantage over their competitors through creating efficiencies in the 
chain or improved product quality. They do this by establishing greater control over 
production processes and therefore improving reliability, consistency and quality 
of the final product (Vorley et al. 2009; Prowse 2012). It can also enable them to 
implement quality assurance procedures, which has risk management advantages. 
While other models are possible, such as management and lease contracts and joint 
ventures, these are not necessarily associated with linking smallholder farmers to 
market and are not considered in this discussion.

Contract farming arrangements involve advance contracts between farmers to 
deliver a specified quantity and quality of a product to a buyer at a specified time, 
place and price (Singh 2007; Vermeulen and Cotula 2010). Singh (2007) divides 
the contracts into three main types: procurement or marketing contracts, which are 
only about obtaining access to the product from the farmer; partial contracts, which 
involve a marketing contract and the provision of some inputs to the farmer; and a 
total contract, which involve a marketing contract and the provision of all the inputs 
and the management systems, with the farmer mainly supplying the land, labour and 
day-to-day monitoring services. Variations of contract farming include: a central-
ised model, involving contracts between a firm and a large number of independent 
farmers; a nucleus-estate model, involving a plantation that obtains extra product 
from independent farmers; a tripartite model, involving a joint venture of a public 
entity and private firm that contracts with farmers; an informal model, involving 
smaller firms organising annual agreements with a limited number of farmers; and 
an intermediary models, involving a firm sub-contracting to an intermediary who 
obtains product from farmers (Singh 2007; Prowse 2012). The types of contract for 
these variations will differ depending on the structure of the model.
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Contract farming can have benefits for farmers including: access to markets, 
improvements in financial approval, improved prices, technical assistance, special-
ised inputs and new technologies; reduced price variation and risk; all of which can 
increase income and help with rural development (Key and Runsten 1999; Singh 
2007; Prowse 2012). It can also be an alternative to corporate farming that makes 
smallholder farming competitive, while allowing firms to have improved product 
quality and lowering transaction costs for firms as well as farmers. However, many 
contract farming arrangements favour larger farmers, particularly in dualistic agrar-
ian economies, which can exclude smallholder farmers and exacerbate income and 
asset inequalities. The total contract arrangements can lead to a loss of control with 
farmers becoming ‘serfs with two-way radios’ (Singh 2007) and be patchy in capac-
ity building, with the emphasis being on technical competency rather than mana-
gerial competency (Vorley et al. 2009). Other disadvantages of contract farming 
include the loss of flexibility in choosing crops or enterprises, increased market 
power of agribusiness firms and in some cases, manipulation of quotas such that 
not all farm production is purchased by the company leaving farmers to shoulder 
production losses (Sofranko et al. 2000; Eaton and Shepherd 2001; Singh 2007). On 
the other side of the coin, there have been studies showing that some farmers do not 
honour the contracts either deliberately or due to misinterpretation or differences 
in interpretation of the contract (Glover and Kusterer 1990). If a firm has market 
power as a monopsony buyer (the only buyer), it can influence markets. They can 
demand exclusivity of supply or reduce the availability of market signals from spot 
markets, which reduce the ability of farmers to determine realistic prices for their 
product (Singh 2007; Vorley et al. 2009).

The success or otherwise of various contract farming initiatives seems to be 
highly dependent on context, including such issues as culture, policy, land tenure 
systems, asymmetry of information, differential access to information, differences 
in negotiating power and other characteristics of the enabling environment (Singh 
2007; Vermeulen and Cotula 2010; Prowse 2012). These issues have implications 
for the design and implementation of buyer-driven models for linking smallholder 
farmers to modern markets. Most contract farming models struggle in a competi-
tive environment, particularly where there are economies of scale, unless they have 
a comparative advantage. Prowse (2012) reviewed 44 cases and concluded that 
economies of scale, variations in quality, perishability and price per kilogram were 
linked to success of models. Some fruits, vegetables and tree crops were suited to 
contract farming, but Singh (2007) suggests that in some cases these schemes may 
wither when the reasons for their comparative advantage are removed.

Vermeulen and Cotula (2010) suggest a common set of principles that sum to 
‘systemic competiveness’, based on collective efficiencies rather than individual ac-
tor efficiencies are apparent in successful models. This means that the business 
must focus on a new approach to corporate social responsibility that incorporates 
an inclusive model and facilitates collaborative problem solving rather than on sup-
plier codes and compliance. The key is to build a chain model ‘that balances risk, 
responsibilities and benefits along the chain while not undermining competiveness’ 
(p. 217).
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‘Bottom Up’ or Farmer-Driven Collaborative Marketing Models

Farmer-driven models for linking farmers to markets have a long history and are nor-
mally associated with cooperative models. Cooperatives have provided farmers ac-
cess to inputs, access to credits, encouraged sharing off agricultural knowledge, fos-
tered new technologies and innovations, facilitated transport, storage and processing 
and linked farmers to markets (Trewin 2004; Bacon 2005; FFTC 2006; Bakucs et al. 
2007; Bernard and Spielman 2009). Often farmers form groups to increase their 
bargaining power, pursue a common enterprise or interest including accessing gov-
ernment or other external programs that require group membership (Trewin 2004).

We prefer to use the term collaborative marketing models or collaborative mar-
keting groups (CMGs) as an all-encompassing term to describe ‘a group of farm-
ers who have organised to collectively market their produce’ (Murray-Prior 2007b, 
p. 2). This definition includes structures such as cooperatives, growers associations, 
cluster marketing groups and bargaining cooperatives. Historically farmers have 
formed cooperatives for three main reasons: increasing bargaining power (often 
with processors), in response to government programs and policies, and to take 
advantage of entrepreneurial opportunities.

The outcomes from cooperatives and CMGs organised by or for smallholder 
farmers in developing countries have been mixed, with many examples of their fail-
ure (Lele 1981; Murray-Prior 2007b; Vorley et al. 2009). Most of the literature on 
the deficiencies of traditional cooperative forms have been for developed countries 
(e.g. Cook and Chaddad 2004; Nilsson et al. 2012), but there is a growing literature 
(Chibanda et al. 2009; Batt and Murray-Prior 2011; Thomas and Hangula 2011) as-
sessing CMG models that are appropriate for developing countries, which will be 
the focus of this section. Although Reardon and Huang (2008) found membership of 
producer organisations was correlated with participation in modern markets for 4 out 
of 8 developing countries, we believe smallholder CMGs will be a key part of the 
solution to meeting the increasing demand for food over the next 40 years and in cop-
ing with changes in the agribusiness sector and in the climate. The key will be finding 
contexts and models that are suited to improving smallholder access and profitability.

However, if CMGs are to be successful, they must have a comparative advantage 
over alternative marketing structures, within the environment of smallholder farm-
ers in developing countries, and they must be able to deal with the issues of trust and 
member commitment (Murray-Prior 2007b). As with contract farming, there are 
many structures and models for cooperatives and CMGs, but in this section we will 
briefly discuss two forms: cooperatives, mainly linked to Fair Trade and organic 
markets and cluster marketing groups (Cluster MGs).

Cooperatives

Most successful supply or marketing cooperatives have been in a few developed 
countries and many have been associated with processing activities. However, in 
developing countries the chances of success for these types of cooperatives if they 
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are managed by smallholder farmers are more problematic. For a start, they have 
to compete with internationally competitive processing companies because of the 
more globalised environment for most agricultural products. This means it is very 
difficult for them to achieve the economies of size, raise the capital to build the 
plants and to acquire the management expertise to run the operations (Murray-Prior 
et al. 2009). Without substantial and long-term outside assistance, their chances of 
setting up and succeeding are very small.

If a marketing cooperative is to have a comparative advantage for smallholder 
farmers in a competitive environment, then it has to find a market where this form 
of organisation has an advantage. Fairtrade (FT) and to a lesser extent organic mar-
kets can be niche markets for smallholder farmers in some countries and in some 
industries. FT is most prevalent for non-perishable products such as coffee, cocoa, 
cotton and rice (Fairtrade International 2012). While some fresh fruits are sold un-
der the label, they have a relatively limited market penetration, so to a certain extent 
this option is only available for a limited number of farmers. Because FT consum-
ers are in developed countries, smallholder producers in developing countries who 
produce perishable horticultural fruits and vegetables are mostly excluded by virtue 
of the distance, transport, packaging standards and associated constraints.

Particularly in the coffee industry, smallholder farmers can obtain organic and 
FT certifications that enable them to access these markets and potentially gain 
an advantage over large and corporate farms, which cannot obtain FT certifica-
tion. Evidence of smallholder gains from participating in these markets is mixed. 
 Becchetti et al. (2011) found participation in FT and organic certifications through 
cooperatives increased per capita income for rice farmers in Thailand. Two studies 
of FT-organic coffee production in Nicaragua suggest a slightly different picture, 
with Valkila (2009) finding that participation increased income for low intensity 
farmers but that this type of farming did not produce much coffee or income so that 
the farmers remained in poverty. However, Beuchelt and Zeller (2012) found no 
clear income affect and suggest that the business model of a cooperative was a more 
important factor in their success. In Tanzania, the benefits of involvement in FT 
cooperatives appear to be less than they are in Nicaragua, which is attributed to the 
large size of the Tanzanian cooperatives leading to a lack of member commitment 
to producing quality coffee (Pirotte et al. 2006).

One of the key problems for FT and organic certification is the requirement to 
have a functioning cooperative and to be able to meet the FT certification standards 
(Batt and Murray-Prior 2011). Considerable time and effort is required to establish 
and maintain such groups and this relies either on the smallholder farmers having 
the necessary human and social capital to achieve this or a private company or non 
government organisation (NGO) to provide the expertise and support. If a private 
company provides the necessary expertise and support and markets the farmers’ 
product, it then has to overcome perceptions that it is acting fairly (Murray-Prior 
et al. 2009). This requires a mechanism or structure to maintain trust between farm-
ers and management. One mechanism to achieve this is the involvement of third 
parties to act as arbiters and referees (Murray-Prior et al. 2009; Moustier 2012; 
Prowse 2012). The other issue is the time required to obtain organic and to a lesser 
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extent FT certification, during which premiums are not available, but costs need to 
be borne to undertake the certification process. Therefore, while FT-organic mar-
kets are an option, they appear to provide limited opportunities for many small-
holder horticultural farmers in developing countries.

Cluster Marketing Groups

Because of the abundant evidence that collaborative marketing groups of smallhold-
er farmers in developing countries are often not competitive in institutional markets, 
or even when competing with intermediaries in traditional markets  (Murray-Prior 
2008), models of collaboration are required that enable smallholder horticultural 
producers to be competitive in institutional markets and to be sustainable. One such 
approach that has shown promise is the clustering approach developed by the Inter-
national Center for Tropical Agriculture (CIAT) and adapted by the Catholic Relief 
Services in the Philippines (CRS). CIAT developed the Territorial Approach to Ru-
ral Agro-enterprise Development (Lundy et al. 2005) as a guide for service provid-
ers to facilitate collective marketing by smallholder producers and to strengthen 
the capacity for them and their chains to compete in their selected markets. CRS-
Philippines (2007) have since adapted this process to organise ‘small farmers into 
marketing clusters to enable them to equitably participate in the opportunities of 
evolving dynamic markets’ (p. xv).

The CRS Clustering Approach to Agro-enterprise Development is referred to as 
the Eight Step Clustering Approach (CRS-Philippines 2007) (Fig. 34.3). In Step 1, 
the site is selected and partnerships are built with farmers and other stakeholders. 
Step 2 involves a process in which members of the farmer group identify the com-
munity’s resources, products and production and marketing practices and decide 
what product or products they will focus on. In Step 3, farmers are trained to under-
take a market chain study involving market visits to develop their understanding of 
the chains for their selected products. They also negotiate preliminary trading terms 
with potential buyers.

Step 4 involves formation of the cluster, selection of the leaders and agreement 
on a basic cluster arrangement and objectives. Normally, the number of farmers 
in a cluster ranges from 5 to 15, with most clusters kept below 20 in an attempt to 
ensure effective communication and maintain a trusting environment. In Step 5, a 
planting and harvest calendar for the products of the cluster and a test marketing 
plan are developed. The test marketing activities (Step 6) involve at least four trial 
product deliveries. After each delivery, the cluster assesses performance and adjusts 
the plans to improve performance. When the cluster and facilitators judge the test 
marketing activities to be successful they appraise the readiness of the cluster for 
scaling up and begin planning and conducting a scaling up process (Step 7). This 
involves producing more or additional products to supply existing or more diversi-
fied markets. Step 8 (cluster strengthening) comprises improving cluster maturity 
through expanding cluster capacity and networks with other clusters and businesses.
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This clustering process was evaluated as part of an Australian Centre for Inter-
national Agricultural Research project in Mindanao, southern Philippines that fa-
cilitated the establishment and development of 29 clusters that marketed vegetables 
and involved about 360 farmers (Rola-Rubzen et al. 2012). It found that cluster-
ing had a positive economic impact and increased the household income of clus-
ter members over non-cluster members through increasing the range of vegetables 
produced and the volumes and prices of most vegetables. The process improved the 
production and marketing capacity of cluster members and in particular improved 
their negotiating skills, bargaining power, access to government, NGO and private 
sector services, and the quality and yields of their products.

These findings are consistent with Vorley et al. (2009) who analysed a range of 
business models and concluded that producer organisations can lead to improved 
negotiating skills and access to services. Furthermore, Moustier (2012) suggests 
they lead to reductions in transaction costs associated with training and quality in-
spections, two issues that are the focus of the clustering process. The size of the 
clusters also helps overcome the issues of trust and member commitment required 
to sustain successful CMGs (Murray-Prior 2007b). Clusters have a comparative ad-
vantage because they can combine products to achieve more marketable volumes, 
sort for quality, and improve packaging and transport that together enable access to 
higher priced markets.

Towards New
Clusters/Enterprises8

Cluster
strengthening

7
Scaling up

6
Test marketing

5
Cluster plan formulation

4
Cluster formation

3
Market chain study

2
Product Supply

Assessment & Selection

1
Site Selection,

Partnership Building,
Form Working Group

Fig. 34.3  Eight-step process of the clustering approach to agro-enterprise development. (Source: 
CRS-Philippines 2007)
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Despite these successes, Murray-Prior et al. (2012) suggested the CRS Eight 
Step Clustering Approach should be adapted to incorporate processes to reduce 
some of the problems such as: input financing; risk of production failure; main-
taining relationships with buyers; and building group resilience and independence. 
They also suggested the need for a formal exit strategy for the donor agencies. They 
suggested a Three-phase Clustering Framework incorporating: Phase 1—Establish-
ment; Phase 2—Building Resilience; and Phase 3—Implement an Exit Strategy.

Markelova and Mwangi (2010); Vermeulen and Cotula (2010) suggest donor 
agencies develop clear milestones and exit strategies from the onset of a project to 
lessen dependency issues and to help increase the chances of the group being sus-
tainable. The CRS clustering process already includes criteria for assessing cluster 
maturity (see CRS-Philippines 2007, p. 140), so the focus here is on how to incor-
porate these into a process for implementing an exit strategy for the donor agency. It 
should be made clear to the farmers from the beginning of the project that intensive 
support will be provided for a finite period and it is important to emphasise this 
reality to the cluster members and to the donor agency staff.

Summary of Methods of Linking Smallholder Horticultural 
Farmers to Modern Markets

Improving the productivity of smallholder farmers and linking them to modern mar-
kets will be a key component of transforming the horticultural sector in developing 
economies. Our belief is that there is a need to focus on ‘bottom up’ and partnership 
approaches. Large scale acquisitions of smallholder land by investors are likely to 
lead to social unrest, while contract farming tends to favour large farmers and to be 
highly dependent on context. Some authors suggest a more collaborative approach 
is required. On the other hand cooperatives also have a variable track record and 
are less likely to be a solution for many smallholder horticultural farmers. Even 
cooperatives linked to FT and organic markets can struggle. New models of cluster 
marketing may help in other situations because they overcome some of the prob-
lems associated with larger cooperative models, but more research is required into 
the factors that improve the sustainability of these models without special donor 
support.

Using Cluster Marketing Groups to Transform  
the Horticultural Innovation System

As we have argued above, a transformation of the horticulture sector requires devel-
opment interventions along the smallholder chains, including the services and en-
abling environment to support the chains, a view that is supported by other authors 
(Anandajayasekeram and Gebremedhin 2009; Davis 2010; Christoplos et al. 2011; 
Hawkes and Ruel 2011). This needs to occur at multiple levels, the farmer-group 
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level, the chain level and the industry and political level. Cluster marketing groups 
and their chains could form an important part of a horticultural innovation system 
if they are integrated into a multi-level, action-learning and action-research process 
(Murray-Prior 2011). The groups could help identify the binding constraints to de-
velopment and when linked with research and development activities that work on 
clearly identified and relevant priorities, would develop appropriate solutions that 
could be scaled up and out with greater confidence and improved impact. Such a 
system would be more dynamic and could respond more quickly to emerging chal-
lenges. It would focus directly on developing solutions to smallholder opportunities 
and problems, rather than for medium and large-scale farmers, which is the norm 
with current research and development strategies.

Conclusions

Smallholder horticultural farmers will be an important source of food to supply 
the growing world demand in the next 40 years, but if they are to achieve the im-
provements in productivity and effectiveness required, a transformation of the hor-
ticultural sector is essential. The complexity of the problems involved requires a 
holistic approach to transformation that needs to recognise the constraints in small-
holder resources and enabling environments and involves addressing issues along 
the smallholder chains. An agribusiness systems framework is outlined, which for 
many developing economies is a dualistic agribusiness system that helps focus anal-
ysis on the critical constraints and opportunities for smallholder chains in supplying 
modern horticultural markets. A key issue is the need to adapt existing institutions 
and develop new institutions to help link smallholder farmers to modern markets. 
While contract farming works in some contexts, it tends to favour larger farmers 
and to only be appropriate in selected contexts. Cooperatives also have a role, par-
ticularly those linked to FT-organic markets, but once again depend on context and 
product and hence will also only be part of the solution. We argue that cluster mar-
keting arrangements, because they are more suited to the resources and capacities of 
smallholder farmers will be an important component of the models for linking them 
to markets. They also provide an opportunity to identify research priorities, develop 
appropriate solutions to the relevant problems and opportunities, and test and scale 
these solutions out and up.
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the inconsistencies in the application of plant biosecurity measured internationally. 
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Introduction

Humans have traded and transported horticultural products including live plants for 
millennia. The rate of trade accelerated at the end of the Middle Ages (1400s) and 
again at the beginning of the Industrial Revolution (1800s). The 21st century has seen 
another marked acceleration in the movement of plants and plant products around 
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the world with the Era of Globalization (Hulme 2009). The 17th and 18th centuries 
in particular saw the beginnings of a boom in horticultural exploration, collecting 
and introducing plants into Europe from throughout the world. John Tradescants the 
Younger (1608–1662), Joseph Banks (1743–1820), William Bartram (1739–1823), 
Alexander von Humboldt (1769–1859) and Sir Joseph Dalton Hooker (1817–1911), 
amongst other explorer naturalists, collected both living and dead plant specimens. 
Banks collected vast numbers of mostly non-living specimens (3,000 species on 
the Transit of Venus voyage of 1768–1767) and a few live plants (Paterson 2000). 
As well as improvements in transport, the invention of the Wardian Case (Anon 
2012) enabled the transport of live plants over the long distances and often several 
months’ journey back to Europe. Even during this early era of plant collecting and 
transportation, founding taxonomist Carl Linnaeus (1701–1778) identified the need 
to practice some form of quarantine to reduce the spread of plant disease (MacLeod 
et al. 2010; Usinger 1964).

The benefits to human societies of the trade in plants and plant products has 
been immeasurable and has contributed strongly to increases in human population 
size and richness of experience in terms of the diversity of produce available to be 
grown and enjoyed throughout the world. Increasingly, food and other horticultural 
products have shifted from that which was available locally and seasonally to that 
which is available globally and all year round. In many parts of the world, when we 
enjoy a meal much of the produce we consume will have been grown in any num-
ber of different countries and continents. That which is sourced locally will almost 
certainly be derived from plant species or varieties that originated elsewhere. For 
example, most of Australia’s agricultural and horticultural systems are based on 
introduced plants. The economic benefit to Australia from plant-based industries 
has been estimated at over $ AUD 50 billion annually and these industries provide 
unmeasured social and environmental benefits (Virtue et al. 2004). These benefits 
from world-wide trade, however, come at a cost and this is in the form of a rise in 
alien invasive species (AIS) worldwide. Biological invasions by alien species are 
currently recognised as the second cause of loss in biological diversity, behind the 
destruction of habitats, and have also wide economical consequences (Mack et al. 
2000; Perrings et al. 2005; Pimentel et al. 2005; Vitousek et al. 1997; Wilcove et al. 
1998). The annual monetary impact of alien invasions in Europe has been estimated 
as close to € 10 billion, a value that is thought to be an underestimate (Hulme et al. 
2009).

In plants, the AIS that have impacts are pests that attack and cause emerging 
infectious diseases (EIDs). Here we refer the term IAS to a species, subspecies, 
race, or forma specialis which is introduced into a country where it was previously 
unknown, behaves as an agent of disease, and threatens the biological diversity of 
native or exotic forest trees and shrubs, as defined by Santini et al. (2013). This 
encompasses plant pathogens, invertebrates and weeds. Once introduced into a new 
ecosystem, AIS can become widespread and can have a remarkably broad range of 
economic, environmental and social impacts. Whether an ecosystem is prone to in-
vasion is both due to biological traits of the invasive species and the environmental 
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and community features in the new and original ranges (Goodwin et al. 1999; Mitchell 
and Power 2003; Alpert et al. 2000). Social and economic factors are crucial for 
species introduction (Sakai et al. 2001; Guo et al. 2012), whereas biogeographical 
and ecological factors are important for naturalization, with evolutionary forces 
being key mediators of invasiveness (Sax 2001). Countries with a wider range of 
environments, and higher human impact and international trade issues host more 
invasive forest pathogens (IFPs) (Santini et al. 2013) and invertebrates (Roques 
et al. 2009).

Well-documented impacts of plant pest introductions resulting from plant trade 
include the devastation of potatoes in Ireland during the period 1845–47 caused by 
potato blight ( Phytophthora infestans) that led directly and indirectly to deaths of 
over 1 million people and ensued mass migration out of Ireland to the Americas and 
other destinations. This pathogen probably coevolved with wild potato ( Solanum) 
species and initially emerged as a disease of the cultivated potato ( tuberosum) when 
P. infestans was transported to Mexico from the South American Andes (Nieder-
hauser 1991). It was introduced into the USA around 1840, and subsequently into 
Europe. From Europe, potato blight was introduced into Asia, Africa and South 
America, with further introductions from Mexico into the USA and Canada during 
the early 1990s (Goodwin et al. 1994, 1995). Around the world the disease causes 
around $ US 6 billion of damage to crops each year (Nowicki et al. 2012).

The reason for biosecurity legislation and agreements is to manage what is seen 
as an obvious link between the movement of people and goods, and the risk of 
introducing pests from the exporting country or region to the place of import. The 
formal regulation of plant trade to guard against risks posed by these associated 
pests (harmful, pathogens, invertebrates and weeds) is a relatively recent develop-
ment. Today there are 180 signatory countries to the International Plant Protection 
Convention, the central regulatory mechanism for establishing phytosanitary mea-
sures to control the spread of pests of plants and plant products. The ever increas-
ing growth in international trade (e.g. 33 % per decade over past 4 decades in the 
US) throws up ever increasing challenges in the management of biosecurity risks. 
There are myriad approaches to managing those risks across various plant protec-
tion organisations within and across national borders. Although the World Trade Or-
ganisation (WTO) works to harmonise national practices, there remains divergence 
between states depending on perceptions of risk and the setting of an appropriate 
level of protection (ALOP) by individual member states.

In this chapter we explore the current status of plant imports and international 
biosecurity regulatory mechanisms to safeguard economic, social and economic 
well-being of nations, states and economic regions. We provide an account of the 
international biosecurity framework in a historical context. In doing so we outline 
some of the common approaches to managing and regulating biosecurity risks as-
sociated with plant trade. This exploration identifies many of the inconsistencies in 
the application of plant biosecurity measures internationally. The approaches for 
regulation of live plants are compared amongst regions and future improvements 
are identified.
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The Link Between Trade and Alien Invasive Species

The introduction of alien pathogens or hosts that leads to disease emergence is the 
most important driver of plant EIDs (Anderson et al. 2004). Many authors have de-
scribed a correlation between the level of trade, transport, travel and tourism,—the 
“four T’s”, and the global scale and patterns of alien invasive species (Perrings et al. 
2005; Hulme 2009).

The industrial revolution ushered in a period of acceleration in the construction 
of canals, railways, roads and steam powered shipping. This served to increase the 
extent of transport networks as well as the speed and volume of commodity trade 
and movement of people. Rapid transportation and reduced delivery times increase 
the survival of pathogen propagules and their chances to establish in a new envi-
ronment. Political, economic and the above-mentioned transport efficiencies also 
facilitated the emigration of over 50 million Europeans around the world at the 
end of the 19th and beginning of the 20th centuries (Findlay and O’Rourke 2007; 
Hulme 2009). These populations served as vectors of horticultural products and 
crops, many of which were accompanied by pests or were invasive in their trans-
planted habitat. The fall of the Iron Curtain started a period of important political 
changes, the increase of globalization and transport of goods, and consequently the 
faster rate of alien pest and pathogen introductions. In the USA, the rate of accu-
mulation of pests has been relatively constant since 1860, however the wood-borers 
have increased faster than other insect guild since the 1980s. The number of alien 
pests introduced in Europe has increased exponentially in the last 200 years, with a 
boost after World War II (Fig. 35.1).

During the last 40 years, as the world economy has entered the era of globalisa-
tion, the trends in transport and trade have accelerated. The volume of sea cargo has 
risen by over 400 % since the 1970s (Anon 2012a), with a current world fleet over 
1.5 million vessels (Anon 2012a). Positive correlations between the amount of trade 
imports and numbers of invasive species in European countries have been docu-
mented for a range of taxa (Westphal et al. 2008), including alien fungi (Desprez-
Loustau 2009), plants (Pyšek et al. 2009) and invertebrates (Roques et al. 2009). 
Other indirect measures of trade volume, such as GDP, are also shown to correlate 
with invasive pest introductions, for example plants into China (Liu et al. 2005).

The plant sector (plant products, germplasm, grafts and live plants) has been part 
of the general trend in increased trade. The importance of plant trade as an inva-
sion pathway has been recognized by several authors. At least 43 % exotic insect 
introductions into Switzerland and Austria and 38 % of exotic arthropod introduc-
tions in Europe were the result of the horticultural and ornamental trade, including 
cut flowers and seeds (Kenis et al. 2007; Roques et al. 2009). The greatest risk for 
the introduction of plant pests is associated with live plants, including bare-rooted 
plants, bulbs, non-rooted cuttings destined for propagation and bonsai production. 
Smith et al. (2007) have estimated that 90 % of exotic invertebrate introductions 
into the UK during the period 1970–2004 were associated with the live plant trade. 
In the USA almost 70 % of damaging forest insects and pathogens established since 
1860 were introduced via the live plant trade (Liebhold et al. 2012). Most (> 75 %) 
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of the alien insect species in Europe came in as plant contaminants, whereas a few 
(< 10 %) travelled as hitchhikers. For example the horse chestnut leaf miner ( Cam-
eraria ohridella) and several ant species. Less than 2 % were the result of deliberate 
human activities such as biological control or leisure (Roques 2007).

Among the groups of pathogens, plant EIDs are caused mainly by viruses (47 %), 
fungi (30 %) and in lower proportion by bacteria, phytoplasmas and nematodes 
(Anderson et al. 2004). The rate of introduction of ascomycetes and oomycetes has 
increased dramatically since the beginning of 19th century. Of these IFP’s 27 % 
are European species previously restricted to small areas of the continent, 22 % are 
aliens from temperate North America, and 14 % are from Asia. Alien terrestrial in-
vertebrates, mostly insects (nearly 94 %), represent one of the most abundant groups 
of introduced organisms in Europe. A total of 1,296 alien species have established 
so far (Roques et al. 2009). The origin of invasive species has changed in the last 30 
years, with a great increase in the number of pathogens from Asia and the appear-
ance of new hybrid species (Brasier 2000; Roques 2007; Santini et al. 2013). The 
increment in the numbers of records of pests arrivals is associated with the increase 
of the “four T’s”, but can be also partially explained by the development of more ef-
fective diagnostics methods and greater attention given by the scientific community 
to the biological invasions. In comparison to Europe, Waage et al. (2008) found that 
Africa experienced an increase in reported invasive plant pests at the beginning of 
the 20th century which peaked mid-century and has since declined. The plateau in 
reports of new pests may reflect a possible improvement in the control of invasion 
pathways, or a decline in the emergence of new pathways through trade into Africa, 
that niches for invasive pests are increasingly occupied, or it may reflect a decrease 
in effort to detect pests.

Fig. 35.1  Total number of alien invertebrate ( grey bar) and pathogen taxa ( black bar) in Europe, 
since 1800, based on data adapted from Roques et al. (2009), Hulme et al. (2009) and Santini et al. 
(2013). (Graph used with permission from Elsevier.)
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Impact of Recent Structural Change in Horticultural 
Production on Phytosanitary Risks

In addition to the growth in trade volumes, other trends that may shape plant pest 
management include the development of trade in South America, Asia and Africa, 
and the enlargement and economic integration of the European Union (Dehnen-
Schmutz et al. 2010a). The small number of invasions in previous members of the 
Soviet Union may partly be the result of commercial isolation during the Soviet 
era. Future influences that carry biosecurity implications are climate change and 
the phasing out of chemicals such as methyl bromide for use in managing quar-
antine pests. Of current biosecurity impact have been some of the recent struc-
tural changes to the horticultural export industries (Dehnen-Schmutz et al. 2010a). 
Relevant changes include intensification of production, concentration of owner-
ship in production and distribution, increased adoption of new technology such as 
micro-propagation, expansion of number of ornamental species traded internation-
ally, proliferation of phytosanitary certification and accreditation schemes, and the 
adoption of more accurate and rapid diagnostic tools.

World-wide there has been an increasing concentration of horticultural produc-
tion for both produce and ornamental trade into fewer entities. These entities have 
greater control over production values and distribution chains, which are also in-
creasingly concentrated (Dehnen-Schmutz et al. 2010a). This trend may have both 
positive and negative implications for biosecurity pest management. The increas-
ing role of supermarket chains and the overall concentration of horticultural en-
terprise is documented in parts of Africa (Neven and Reardon 2004), the Ameri-
cas (Park and McLaughlin 2000), Europe, the Pacific and Asia (Dehnen-Schmutz 
et al. 2010a). This change has also been accompanied by increased penetration of 
distribution networks and the rapid deployment of produce across those networks. 
Some countries act as super-connected nodes for re-distribution of specific horticul-
tural products. For example, the Netherlands acts as a super-connected node for cut 
flower and ornamental plant trade in that it dominates world production and export 
(O’Riordain 1999), as well as serving as a centre for redistribution from parts of 
Africa and Europe (Anon 1999; Lunati 2007), Asia and South America. Figure 35.2 
shows the connectedness of European centres of horticultural trade and the central 
role played by the Netherlands.

The implications of the concentration of production and transport of the increas-
ingly large number of live plants through a relatively small number of producers 
and transport hubs for pest distribution may be better managed through a more 
concentrated supply chain. However, on the negative side, when a new pest or dis-
ease does emerge and is not detected it may be dispersed much more rapidly and 
widely than through a diversified supply chain. Some models of disease distribution 
along networks suggest that highly interconnected nodes facilitate rapid pest spread 
(Jeger et al. 2007; Ercsey-Ravasz et al. 2012) and therefore more diverse supply 
chains, such as occur in Italy (Guzmán et al. 2009) and France (Anon 1999), may 
slow down the spread of emergent pests. A useful principle to apply from network 
theory is that control measures be targeted to critical (super-connected) nodes, as 
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has been shown for network modelling of human disease pandemic (Hufnagel et al. 
2004). However, pest management at the place of production, or more generally, in 
the country of origin to avoid entry of pests into transport may be the most effective 
prevention strategy.

Increased adoption of new technology such as soil-less production and micro-
propagation has been taken up world-wide and benefits and limitations have been 
outlined, for example in the UK hardy nursery industry (Dixon 1987). Anticipa-
tion of new developments and recognition of their risks allows for strategies to 
be implemented that enable the benefits whilst minimising any associated risks 
(Dixon 2000). Micro-propagation facilitates a safer product when tissue culturing 
techniques are used. The inherent phytosanitary safety of this type of material is 
recognised in the Australian import conditions which allow for less stringent condi-
tions on the import of certified medium risk genera as tissue culture plantlets than as 
bare-rooted plants (Anon 2013). New Zealand also has less stringent conditions for 
the import of tissue cultures than for the import of other live plants (Anon 2013a).

The inclusion of new ornamental plant species or varieties, or new origins of 
existing species in the international nursery trade may lead to new opportunities 
for movement of pests. Many pests were not known to be of harm in the region 
of origin before they became known as harmful AIS in the introduced range; or 
were previously undescribed species. Most countries around the world operate a so-
called black-list approach and these countries regulate relatively few, known harm-
ful pests. In practice this means that consignments of live plants or plant products 
must be free of the species listed by the importing country (see text of phytosanitary 

Fig. 35.2  Network of trade interactions of European countries. Figure based on the sum of imports 
and exports of ornamental horticultural products (excluding seeds, 2003; from Anon (2004). Line 
thickness is proportional to trade volume. Albania, Andorra, Iceland, Kosovo, Liechtenstein, 
Macedonia and San Marino not shown for lack of data. Used with permission from (Dehnen-
Schmutz et al. 2010a)
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certificate, ISPM 12). In order to deal with new plant species and new origins, and 
to reduce the risk of introducing new pests on them, many countries require import 
permits and perform risk analysis on new commodities or pathways.

Plant Biosecurity Regulation Past and Present: 
International and Regional Agreements

The increase in global horticultural trade in recent decades has been enabled by 
marked growth in production, and facilitated by the adoption of trade agreements 
and international and regional phytosanitary agreements. The current raft of inter-
national agreements can be understood in the context of the past evolution of these 
agreements.

Probably the earliest documented phytosanitary legislation was enacted in Rouen 
France in 1660 in a law that directed landholders to destroy barberry ( Berberis vul-
garis)` in order to protect wheat crops from black stem rust ( Puccinia graminis) 
(Dehnen-Schmutz et al. 2010a). The first international phytosanitary agreement was 
the International Convention on Measures to be taken against Phylloxera ( Phyl-
loxera vastatrix) of 1878 and signed by seven European countries. This pest was 
introduced into Europe on imported infested US vines in 1862. The Convention out-
lined several measures, which still form the basis of many phytosanitary agreements 
today. These included providing written assurance of the Phylloxera free status of 
host material, providing powers to inspect and destroy infested material; and the re-
quiring of signatories to establish an official body to administer and implement the 
measures. In the early part of the 20th century several nations enacted quarantine 
legislation, for example: the Australian Quarantine Act (1908), the Plant Quarantine 
Act in the USA (1912) and the Destructive Insects and Pests Act in Britain (1907).

The historic development of the scientific understanding of the role of micro-
organisms in causing plant disease was an important precursor in the evolution of 
quarantine procedures and subsequent legislation. Early work that demonstrated 
the role of microorganisms in causing plant disease can be traced back to Isaac 
Prevost (1755–1819) who in 1807 proved conclusively that wheat bunt was caused 
by a fungus and controlled by dipping in copper sulphate, and the work of Hein-
rich Anton deBarry (1831–1888) who in 1861 showed that Phytophthora infestans 
was the cause of potato blight (Prevost 1864; deBerry 1861). Prior to this, plant 
disease was thought to generate spontaneously (MacLeod et al. 2010). Without an 
understanding of the causes of plant disease and pest biology known more broadly 
the sophisticated phytosanitary measures of today could not have evolved. The po-
tato blight, that was mentioned earlier, is a widely used example of a plant disease 
epidemic resulting from a new pest introduction (Schumann 1991). Contributing 
factors to the disease were that it was spread from related potato hosts in Mexico 
against which there was little natural resistance in the Lumper cultivar, a varietal 
white potato, grown as a monoculture in Ireland. Conditions such as the lack of ge-
netic variation in Irish potatoes and the subsequent environmental conditions, were 
conducive to the disease at the time and there were no known fungicides with which 
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to manage the disease. Although this event did not spawn the immediate introduc-
tion of quarantine measures, later potato pests did stimulate plant health legisla-
tion in Europe. In 1877 Britain passed the Destructive Insects Act which had the 
objective of preventing the introduction and establishment of the Colorado potato 
beetle ( Leptinotarsa decemlineata) (Dehnen-Schmutz 2010b). As more pests were 
identified and their biology understood, governments began to regulate for a range 
of pests. For example, the British legislation was broadened with the Destructive 
Insects and Pests Act of 1907, to prevent entry of pathogenic fungi (Ebbels 1979) 
and later and viruses` and bacteria were included in the same Act of 1927 (Dehnen-
Schmutz 2010b).

In June 1905, governments came together to form the International Institute of 
Agriculture (IIA) in Rome. Although the IIA did not deal specifically with phyto-
sanitary measures, it published material relating to agricultural statistics, econom-
ics and legislation. Other events led to the 1929 International Convention for the 
Protection of Plants. Signatories to the Convention were required to establish an of-
ficial inspection service to inspect and certify plants and control plant movements, 
establish a service to suppress dangerous plant diseases and to establish institutes 
for research to advise government. Countries could create their own actionable pest 
lists based on agreed criteria of pest impact, pest absence in importing country, and 
pest presence on import pathway (Dehnen-Schmutz et al. 2010a). Similar criteria 
are found in current phytosanitary agreements. However, the 1929 agreement was 
not particularly effective with only 12 states ratifying the agreement and the inter-
vention of World War 11. In 1945, following World War II, the IIA was replaced by 
the Food and Agricultural Organization (FAO) which operates under the auspices 
of the United Nations (UN). Through the FAO, the International Plant Protection 
Convention (IPPC) was adopted in 1951 and remains the preeminent body for deal-
ing with phytosanitary issues amongst a range of other current international agree-
ments. As of 2013 there are currently 178 signatories to the Convention (Anon 
2013b).

Amongst the almost 50 international agreements or guidelines that deal with 
invasive alien species, there are 4 that are key instruments for managing plant bios-
ecurity and trade (MacLeod et al. 2010). These are the IPPC, the WTO Agreement 
on the Application of Sanitary and Phytosanitary measures (SPS Agreement), the 
Cartagena Protocol on Biosafety (CP) and the Convention on Biological Diversity 
(CBD). The interaction of these four agreements is summarised in Fig. 35.3. The 
SPS Agreement is under the auspice of the WTO which functions to reduce barriers 
to world trade and hence the SPS Agreement’s purpose is to ensure that phytosani-
tary measures are based on science and are least restrictive to trade. The purpose of 
the CBD is to protect biodiversity and deals with the biodiversity threat posed by 
invasive pests. The IPPC and the CBD overlap in their influence. The Cartagena 
Protocol on Biosafety (CP) is an agreement under the CBD on the use of genetically 
modified organisms and may overlap with other agreements where those GMO’s 
pose a threat as invasive pests or plants under a plant protection agreement.

The IPPC aims to prevent the introduction and spread of pests of plants and plant 
products, and to promote appropriate measures for their control internationally. 
Principles agreed to through the IPPC are similar to those of the IPPC of 1929: 
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necessity, technically justified, transparent, non-discriminatory, and minimal inter-
ference with international trade (Anon 2002). The IPPC is governed by the Com-
mission on Phytosanitary Measures (CPM) upon which National Plant Protection 
Organisation (NPPO) representatives may sit. Some of the roles of the IPPC are to 
set International Standards for Phytosanitary Measures (ISPMs), to share biosecu-
rity pest information and to provide technical assistance, for example on the imple-
mentation of ISPM’s. Examples of ISPM’s include ISPM No. 1 (1993) Principles 
of plant quarantine as related to international trade, ISPM No. 2 (1995) Guidelines 
for pest risk analysis, ISPM No. 7 (1997) Export certification system, ISPM No. 23 
(2005) Guidelines for inspection, and the recent ISPM No. 36 (2012) Integrated 
measures for plants for planting.

The national legislation of most countries is based on the principles of the IPPC, 
but the approach to biosecurity and the laws that regulate the implementation differ 
from country to country. However, there are several characteristics that are common 
to all countries and reflect the basic premises of the IPPC (and that go back to the 
International Convention on Measures against Phylloxera vastatrix). Each import-
ing country collates a list of regulated organisms that it considers harmful to plant 
health and stipulates that imported plants should be free of those pests. Any consign-
ment must be accompanied by a phytosanitary certificate on which the NPPO of the 
exporting country declares that, during pre-export inspection, the listed pests were 
not found. The importing country often requires additional measures to be taken 
in order to ensure the absence, or reduction in the prevalence of particular pests or 
the pest-free status of particular host plant species. Such measures vary, depending 
on the importing country and the targeted pest or host. Possibilities include a certi-
fied pest-free place of production, prescribed pesticide treatments, and a ban on the 
import of hosts from certain countries or regions. Additional declarations on the 

Fig. 35.3  Links between international agreements protecting plant health. Key: IPPC = Interna-
tional Plant Protection Convention, SPS = WTO Agreement on the Application of Sanitary and 
Phytosanitary measures, CP = Cartagena Protocol on Biosafety, CBD = Convention on Biological 
Diversity, LMOs = Living Modified Organisms. From an original diagram by Lesley Cree, Cana-
dian Food Inspection Agency Used with permission from MacLeod et al. (2010)
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phytosanitary certificate can be required to ascertain that these additional measures 
have been undertaken. When the consignment is imported, the NPPO of the import-
ing country carries out an inspection that is primarily aimed as a check for compli-
ance with the required phytosanitary measures, including that of pest-free status. 
In the case of non-compliance, the consignment can be treated to kill any pests, or 
it may be returned or destroyed. The application of standards and guidelines, such 
as the ISPMs, is open to interpretation amongst trading partners and this may lead 
to disputes that may be resolved through direct negotiation, appeals within trade 
jurisdictions or through the WTO (MacLeod et al. 2010).

Regional phytosanitary agreements, regulations  
and organisations

In addition to the overarching international phytosanitary agreements and cooperat-
ing organisations, there are 10 regional plant protection organisations (RPPO’s) that 
were set up under the IPPC (Table 35.1). The RPPOs input the IPPC, for example, 
through ISPMs development and the drafting of standards. The RPPOs facilitate 
cooperation on phytosanitary issues on a regional basis and several provide report-
ing services for emerging pests (Anderson et al. 2004).

There is some overlap in terms of territory covered and membership to these 
organisations. For example, Australia and New Zealand are parties to both the 
APPPC and the PPPO, and the USA is party to both the NAPPO and the PPPO. 
Regional bodies consist of individual states with often differing capabilities and 
nominated degrees of ALOP. However, member states often cooperate to facilitate 
arrangements that strengthen the overall protection of the regions from movement 
of plant pests and hence serve the interest of individual states. Some examples of 
the type of diversity in membership and approach amongst the RPPO’s are outlined 
in Table 35.1.

Africa The Inter-African Phytosanitary Council (IAPSC) is the pre-eminent Afri-
can Plant Protection Organization with headquarters in Cameroon. IAPSC has 53 
members under the umbrella of the African Union. It coordinates plant protection 
in Africa with 4 sections responsible for Phytopathology, Entomology, Documenta-
tion, Information and Communication, and Administration and Finance. IAPSC car-
ries out its work through the 8 African Regional Economic Communities (RECs). 
The IAPSC works to manage pest impacts on African crop production, non-compli-
ance with ISPM’s trade regulation and equivalents, and improve phytosanitary data 
collection and analysis. There is a variation in quarantine standards, resources and 
structures amongst member states of the IAPSC and the council seeks to promote 
regional cooperation and sharing of information to improve the overall standard of 
quarantine measures throughout Africa. Some countries have operational quarantine 
stations but others do not. Key collaboration of the IAPSC is in working to manage 
banana and cassava in pest diagnostics and control technique methods, germplasm 
and planting material exchange, along with and harmonization of  African countries’ 
phytosanitary systems (Anon 2013c).
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Biosecurity strategies in Africa include the use of “open quarantine” stations for 
the safer introduction of new plant genotypes with desirable traits. Rather than rely 
on costly infrastructure, such as quarantine greenhouses, this approach facilitates 
the introduction of new material and manages the risks through cultural and pro-
cedural strategies of the open quarantine facility. Such facilities were used in East 
and Central Africa for introductions of cassava material resistant to African cassava 
mosaic virus in the 1990s (Mohamed 2003). The success of this approach has at 
times been limited by inadequate diagnostic capability (MacLeod et al. 2010) and 
so the IAPSC continues to work to improve these systems. In order to meet inter-
national phytosanitary standards, some African countries pool their resources to de-
velop pest databases, biosecurity tools and infrastructure. For example through the 
Centre of Phytosanitary Excellence (CoPE) based in Nairobi, Kenya (Anon 2013c).

Europe The European and Mediterranean Plant Protection Organization (EPPO) is 
the regional plant protection organisation for Europe, with ca. half of the 50 mem-
ber states being members of the European Union (EU). EPPO is responsible for 
cooperation and harmonisation of phytosanitary matters in Europe and the Mediter-
ranean area. The organisation seeks to develop an international strategy against the 
introduction and spread of pests that damage cultivated and wild plants, encourage 
harmonization of phytosanitary regulations and action, promote the use of mod-
ern, safe, and effective pest control methods and provide a documentation service 
on plant protection. Two working parties carry out a large part of EPPO’s techni-
cal activities, which are the working party on phytosanitary regulations and the 
working party on plant protection products. The activities of these working par-
ties concern limiting the spread of quarantine pests between and within countries, 
respectively. Other activities include the development and maintenance of EPPO 
Standards, the publication of a scientific journal on regulatory plant protection and 
informing member states through a monthly newsletter on developments of phyto-
sanitary concern. EPPO also maintains lists of pests recommended for regulation as 
quarantine pests (A1 and A2 lists), which comprise ca. 310 taxa.

Table 35.1  Regional Intergovernmental Plant Protection Organisations
Agreement Region covered Number of 

signatories
Asia and Pacific Plant Protection Commission (APPPC) Asia and Pacific 23
Comunidad Andina (CAN) South America 4
Comité Regional de Sanidad Vegetal Para el Cono Sur 

(COSAVE)
South America II 6

Caribbean Plant Protection Commission (CPPC) Caribbean 27
European and Mediterranean Plant Protection Organization 

(EPPO)
Europe and 

Mediterranean
50

Inter-African Phytosanitary Council (IAPSC) Africa 53
North American Plant Protection Organization (NAPPO) North America 3
Near East Plant Protection Organization (NEPPO) Middle East 12
Organismo Internacional Regional de Sanidad Agropecuaria 

(OIRSA)
Central America 9

Pacific Plant Protection Organisation (PPPO) Pacific 26
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The EU comprises 27 member states that share a common plant health policy 
(the Plant Health Directive, Council Directive 29/2000/EC; Anon 2000). European 
Commission Directives require that individual states reflect them in their domestic 
legislation; for example in Britain the previous Plant Health Directive (77/93/EEC) 
was legislated in the Plant Health (Great Britain) order 1993 (MacLeod et al. 2010). 
Although under regular inspection by the European Food and Veterinary Organisa-
tion, it is possible that differences in inspection methods exist. Swiss plant health 
legislation is similar to this piece of EU legislation and Switzerland is from the 
phytosanitary perspective part of the European Union. One of the central premises 
of the EU Plant Health Directive is that any consignment of plants imported from 
non-EU member states must be inspected at the first point of entry into the EU, but 
that no further phytosanitary inspections take place for movement within the EU. 
Instead, a Plant Passport is issued for intra-EU trade in certain plants and plant prod-
ucts that certifies that consignments are free of the regulated pests that are listed in 
the Annexes of the Plant Health Directive. The EU has a “black list” approach to 
biosecurity, with ca. 210 taxa regulated, primarily on species and genus level; un-
regulated plant species are allowed into the EU, unless these organisms are found. 
The EU has post-entry quarantine for a restricted list of plant species; the majority 
of species are allowed into the Union if the outcome of the import inspections were 
satisfactory.

Some authors have identified shortcomings with the current European phytos-
anitary system (MacLeod et al. 2010). These shortcomings include that plants not 
regulated by the Plant Health Directive are allowed entry into the EU with minimal 
regulation. Therefore, new pathways are not subject to sufficient analysis and only 
after pest incursions occur and new pests establish is the risk identified, by which 
time it may be too late to implement phytosanitary measures at the border. On the 
other hand, stringent controls are applied to some pathways that are compliant and 
pose very low risk, for example apples from New Zealand and USA (MacLeod et al. 
2010).

A recent evaluation of the Common Plant Health Regime conducted for the 
European Commission (Anon 2010) concluded that although the Common Plant 
Health Regime had been broadly successful in safeguarding plant health in the EU, 
there were a number of improvements that could be made to the system. These 
were put to the European Commission as recommendations to be incorporated into 
proposed new plant health legislation to be developed and implemented over the 
next decade. The two issues broadly identified were that plant health risks have 
increased due to globalisation and climate change. Fifteen recommendations were 
made and these included a need to focus on prevention and better risk targeting, 
broaden the scope to invasive plants with wider/environmental impacts, take com-
plementary measures on imports, in particular for emerging risks, e.g. on new trade 
in plants for planting, strengthen measures for plants for planting via official post-
entry inspections and proceed to import bans where necessary, introduce mandatory 
general epidemio-surveillance, and the stepping up of emergency action and con-
trol/eradication measures. Interestingly, many of the themes of the European review 
are reflected in a government commissioned review of the Australian quarantine 
system (Beale 2008).
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Asia and Pacific The 24 member states of the Asia and Pacific Plant Protection 
Commission (APPPC) vary considerably in size and level of economic development. 
The association includes most countries of the region. While IPPC is primarily con-
cerned with transnational phytosanitary measures, APPPC addresses a greater range 
of plant protection functions within the region. In comparison with the EU member 
states, which share common legislation, there is a great deal of variation in the 
number and nature of biosecurity measures implemented by member states of the 
APPPC.

The economic, social and political diversity of the region is reflected in the varia-
tion in terms of the implementation of various ISPMs throughout the APPPC. An-
other contributing factor is the ALOP nominated by individual states in the region. 
For example, Australia has a very low level of acceptance of produce exported 
under ISPM 29. This is because ‘areas of low pest prevalence’ are not deemed suffi-
cient unless accompanied by other supporting measures which act in combination to 
reduce the risk to an acceptably low level (Anon 2011). New Zealand has a similar 
low ALOP and, consequently, these countries require more stringent phytosanitary 
measures to be applied to live plants than other APPPC member states, or indeed 
than most, if not all other countries in the World. Such measures include obligatory 
insecticide and acaricide treatments prior to export to these countries and a post-
entry quarantine after passing phytosanitary inspections at the border for all live 
plants, with exception of tissue cultures.

In general terms Australia, China, Japan (not a signatory), New Zealand and 
the Republic of Korea have implemented the most ISPMs` of the region. Of 16 
survey respondents, 9 countries reported a ‘large’ degree of implementation, 3 a 
‘partial’ implementation and 4 a ‘low’ implementation rate (Anon 2011a).  Factors 
 reported to contribute strongly to ISPM implementation were relevancy of the 
ISPM,  sufficient resources, and supporting policies and manuals. Conversely, the 
 factors that contributed strongly to a low degree of implementation were  insufficient 
capacity building, and lack of qualified staff and resources. Export certification 
(ISPM No. 7) and phytosanitary certification (ISPM No. 12) had the most factors 
that contributed to a high degree of implementation. ISPM No. 4 (pest-free areas), 
No. 9 (pest eradication) and No. 11 (quarantine pests) listed the most factors that 
limited their implementation.

ISPMs that most directly affect market access or are most easily implemented 
at the border to protect internal markets are more commonly implemented. For ex-
ample, access to overseas markets is almost universally predicated on an export 
certification system, requiring all consignments of live plants to be accompanied 
by a phytosanitary certificate that is issued by the NPPO of the exporting country 
to certify that the consignment is free of regulated pests and that any additional 
phytosanitary requirements of the importing country have been met. Surveillance 
systems can be expensive to maintain and the cost is not easy to pass on directly to 
the relevant stakeholder, whereas charges may be more easily applied and accepted 
by an exporter for certification, or an importer for inspection fees at the border. 
Good surveillance is required to detect new incursions and also for the generation 
of robust pest free production status. However, this is a relatively resource-intensive 
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activity and requires highly trained staff. The fact that many APPPC countries re-
ported a lack of skilled staff and insufficient laboratory capacities may have an 
influence in the inconsistent uptake of surveillance and pest eradication. For the 
period 2007–2010 new exotic species were reported in 7 countries; most new pests 
were reported in New Zealand (75 in 2007/08) (Anon 2011a). The reporting of pests 
may reflect the effort that has been expended on surveillance for new pests rather 
than actual invasion rates.

Biosecurity Failures and Success: Lessons Learnt

The single greatest cause of emerging plant disease epidemics (at 56 %) is the in-
troduction of new pathogens in to a region (Anderson et al. 2004). New pathogen 
introductions are a more significant cause of emerging plant disease epidemics than 
changes in farming practices, weather and pathogen evolution. Much can be learnt 
from examples of disease epidemics resulting from new pest introductions.

Recently, Potter et al. (2011) modelled the response to the Dutch Elm Disease 
epidemic, caused by Ophiostoma ulmi and that occurred in the UK during the 
1970s, with the purpose to learn and to define better methods for prevention man-
agement and control. The aim was to be able to take those lessons and apply them 
to the current outbreak of sudden oak death ( Phytophthora ramorum) in the UK and 
elsewhere. The simulation was based on historical records in the UK and included 
biological and policy factors in a spatial model. Although the short-term (4 year) 
simulation showed a reduction in total disease levels with strong intervention com-
pared with the actual response in the period 1964–1968 the longer term simulations 
indicated that management scenarios and a no intervention policy eventually con-
verge to a similar final outcome. The conclusion from their simulation is that the 
biology of Dutch Elm Disease, associated vectors and the available means of con-
trol and management at that time could not have prevented the eventual devastating 
impact of the disease once it was established in the UK. The over-riding message is 
that for fungal diseases with a similar biology the most effective means of control is 
to prevent the incursion through strong biosecurity measures.

One of the most recent examples of the world-wide movement of a pest through 
the international trade in live plants is that of sudden oak death ( Phytophthora 
ramorum) (Fig. 35.4). This disease emerged in the 1990s as a devastating forest 
pathogen of oak and tanoak in the US (Liebhold et al. 2012) and rhododendron, 
viburnum, beech, and other trees and ornamentals in Europe (Brasier 2008). The 
disease is thought to have originated in Asia and to have been moved throughout 
Europe and North America via the live plant trade (Brasier 2008; Ivors et al. 2006; 
Mascheretti et al. 2008). This is a previously unknown pathogen that has alerted 
some regulators to some of the flaws in current regulatory systems. For one, pro-
tocols are usually predicated on lists of named pests. Often this information is well 
known for economically important plants. However, for newly traded and lesser 
known ornamentals there is less available knowledge of pests and what is known 
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may be based on inaccurate taxonomy, due to the small amount of research ef-
fort expended. The biology and potential host range of these pathogens is often 
unknown and it is not tested until they encounter new hosts in their transplanted 
habitat. Phytophthora ramorum, probably introduced on rhododendron, now has a 
known host range of over 100 native and non-native trees and shrubs in the USA 
and over 30 hosts in the UK and Europe (Brasier 2008). There may also be a lag 
in the time taken for the pathogen to establish and show the extent of its impact by 
which time cost-effective control and eradication is really too late, as described 
by Potter et al. (2011). Many other ‘newly escaped’ organisms were unknown to 
science before they escaped including Dutch elm disease, Phytophthora disease 
of alder, and box blight. Other lessons from the P. ramorum epidemic outlined by 
Brasier (2008) are problems with inspection and the implementation of regulations 
and a lack of penalties for breaches. Partly in response to the sudden oak epidemic 
and the issues that it illustrates, both the US and the EU have initiated reviews of 
their plant health legislation, particularly with respect to plants for planting (Anon 
2008; Anon 2010).

The modality of the interception of Fusarium circinatum, the pitch canker-
causing fungus, on Douglas fir ( Pseudotsuga menziesii) scion imported from the 
United States to New Zealand confirms how the success story in biosecurity are the 

Fig. 35.4  Symptoms of Phytophthora ramorum infection causing sap bleeding (a) and cankers 
(b) on oak ( Quercus sp.); and cankers (c) and petiole lesions (d) on tanoak ( Notholithocarpus 
densiflorus). Photos used with permission from Daniel Huberli
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 outcome of a mix of variables. A proper inspection protocol, the existence of a clear 
regulation, a wide knowledge (supported by proper training) of staff operating in the 
sector, created a short circuit capable to intercept an alien species (Ormsby 2004).

International Variation in the Management of Pests 
and Pathways

Generally, countries regulate species based on the perceived risk. The most strin-
gent action is prohibition of import of certain species or species from certain ori-
gins, if the risks are deemed too great or cannot be effectively managed. There are, 
however, large differences in the perception of risk and the approaches to plant 
biosecurity taken by countries around the world and some of these countries are 
in the process of reviewing their legislation, including the USA, Australia, and the 
European Union. Against this background, it may be informative to look at some 
of the phytosanitary measures available and the international differences in their 
implementation to identify opportunities for improvement.

Plant biosecurity efforts can be managed at three key points in the plant trade 
network: pre-border, border and post-border. The most effective biosecurity efforts 
involve phytosanitary measures prior to export to minimise the arrival of IAS in 
the country (see the preceding section). However, phytosanitary inspections at the 
point of entry and plant quarantine between those inspections and final release of 
the goods into the country are important components of the phytosanitary strat-
egy of many countries. The primary aim of these inspections often is to check for 
compliance with the required phytosanitary measures in the exporting country and 
the inspections also target the presence of regulated pests that may not have been 
noticed prior to export. Because of the large volume of trade it is often impossible to 
inspect all imported live plants and so strategies to identify high-risk commodities 
and consignments are of great importance. As part of the post-border biosecurity ef-
forts, some countries have included obligations to report new species (for example 
New Zealand) or to eradicate newly arrived IAS` (e.g. the European Union) in their 
phytosanitary legislation. Interactions between NPPOs and the public, producers, 
traders and consumers are a key aspect of many successful biosecurity strategies.

In Australia, preparation for emerging plant disease epidemics is managed 
through production of diagnostic manuals for economically important plant diseas-
es and these inform post entry quarantine assessment of plant consignments. Con-
tingency plans are prepared through industry bodies and responsible government 
agencies and these provide guidelines to stakeholders on diagnostics, surveillance, 
survey strategies, epidemiology and pest risk analysis as well as legally binding 
plant pest response deeds that set out cost sharing arrangements amongst industry 
stakeholders and state and federal government.

In countries with a black list approach, i.e. where pests are regulated on an indi-
vidual basis following Pest Risk Assessment, the phytosanitary measures required 
for specific plant genera or origins are often based around ensuring the absence of 



1188 A. Maxwell et al.

these named pests. However, regulating for specific pests carries the hazard of not 
controlling for unknown pests, and that inspection and diagnostics at the border 
may be too slow to detect and identify a pest in a timely manner. A systems ap-
proach that attempts to control many pests that may be associated with a live plant 
pathway is generally accepted as the most effective. In a systems approach the risks 
are managed through combinations of phytosanitary measures that are put in place 
at all or components of the production and trade in live plants. The implementation 
of multiple measures has the advantages that it is likely to impact on several pests 
and that the level of security/protection is less affected by the failure of a single 
phytosanitary measure.

The effectiveness of the system is monitored through a quality assurance system 
that may be independently audited. Examples of certification schemes that may be 
used for biosecurity export services include the Netherland’s Naktuinbouw which 
is responsible for a range of horticultural plant quality certification services (Anon 
2013d) and the certification scheme for plant producers in Ohio to reduce the preva-
lence of Phytophthora (Parke and Grünwald 2012). Although the latter example 
is focussed on plants for the domestic market in the USA, similar schemes could 
contribute to reducing the international movement of pests. At present there are, 
unfortunately, few numerical examples that illustrate the effectiveness of individual 
components of systems approaches, or combinations thereof, in plant production.

Where the risk cannot be adequately managed for the required ALOP solely 
through off-shore production processes and certification, additional measures may 
be required. An example is illustrated of managing pathways to prevent the intro-
duction of pine pitch canker (PPC) ( Fusarium circinatum) to Australia (Fig. 35.5). 
Although targeted to a known pathogen of high concern, the systems in place also 
address a range of other pests that may be on the various pine related pathways.

The EU has a comparatively open system for live plant imports, where most 
plant genera can be imported and special phytosanitary requirements are defined 
based on the list of regulated species in the annexes of the plant health legislation 
(Anon 2000). Most countries outside the EU stipulate that an import permit must 
be obtained from the NPPO prior to shipment of the consignment in the export-
ing country. The NPPO generally assesses the risks associated with the proposed 
product prior to issuing the licence. Recently, the United States has created a new 
"grey list" of genera for which the risks are not well known, called Not Approved 
Pending Pest Risk Assessment (Anon 2011). The import of plants of those gen-
era, from the specified origins, is prohibited until a pest risk analysis is carried 
out that determines whether the species can be imported or not. In Australia, an 
import risk assessment (IRA) is carried out by Department of Agriculture Fisheries 
and Forestry (DAFF) for the introduction of a proposed product. This involves an 
analysis of all known pests on the pathway and an assessment of their potential to 
establish and likely impact is made. Mitigation measures are identified that include 
pre-border inspection to ascertain freedom from pest and disease, which must be 
declared on the Phytosanitary Certificate that accompanies the consignment. For 
example, nursery stock (‘Plants for Planting’) is required to come from a PPC free 
country and requires a phytosanitary certificate stipulating freedom from pest and 
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Fig. 35.5  Illustration of how the measures along the biosecurity continuum are applied pre-border, 
border and post-border to protect Australian horticulture and forestry industries from pine pitch 
canker ( Fusarium circinatum) introduction (Maxwell and Brelsford 2012)
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disease symptoms and freedom from soil and other contaminating material. There 
is mandatory requirement for a 100 % inspection of the consignment at the border 
followed by pest treatment when required to manage arthropod pests. Following 
treatment the plants must be grown in an accredited ‘high risk’ post entry quarantine 
greenhouse with measures in place to minimise the risk of pest or pathogen egress. 
The plants require mandatory inspections over the 2 year period by an accredited 
plant pathologist. The facilities are audited for compliance by DAFF. Similar mea-
sures are required for other high risk nursery stock and in some cases, such as for 
grape vines ( Vitis spp.), mandatory testing against known pathogens is required.

Most medium risk nursery stock undergoes a similar pre-border and border pro-
cess including extensive visual inspection. However, the post entry quarantine pe-
riod is reduced to 3 months along with inspections by DAFF staff; and there is no 
requirement for mandatory testing against known pathogens. This is in contrast to 
most other countries around the world where inspection of medium risk ornamen-
tals is usually followed by release without a period of post entry quarantine assess-
ment (Liebhold et al. 2012; Brasier 2008). In many countries only a percentage of 
consignments are inspected at the border; and of those consignments only a small 
percentage of plants are inspected (Liebhold et al. 2012; Brasier 2008).

A broad-spectrum measure aimed at preventing the introduction of a range of 
soil pests that is part of many countries’ legislation is the prohibition of soil imports, 
or the import of plants with soil attached. However, there are often exceptions to 
such rules in order to ensure that plants stay alive during transport, including al-
lowing specific plant types to be imported in sterilised growth media, or enough 
soil may be allowed to keep the plant alive. Various countries stipulate pesticide 
treatment of consignments of live plants or plant products against arthropods. These 
include pre-export treatments, such as dipping in insecticide and acaricide baths 
required for all plants to be imported into New Zealand (Anon 2012a). Although 
these pesticide treatments are effective, not all countries requires treatment of all 
imported live plants.

Phytosanitary inspections at the point of entry are a common component of 
phytosanitary practices, but there are large differences in the prescriptions for the 
inspections. In Australia, most medium-risk nursery stock undergoes a similar 
pre-border and border process including 100 % inspection. The legislation in New 
Zealand stipulates inspection of all plants in consignments with up to 600 plants, 
and inspection of 600 units in larger shipments. In many countries, however, only 
a percentage of consignments may be inspected at the border (Liebhold et al. 2012; 
Brasier 2008). Moreover, whereas the inspections in some countries focus on regu-
lated pests, inspectors in other countries look for any organism on the plants. No 
inspection can ascertain freedom of pests, in particular when considering cryptic 
life stages, but the sampling intensity affects the maximum infestation level that 
can be ascertained: the more plants inspected without infestations found, the lower 
the overall infestation level of the consignment (Venette et al. 2002). Unfortunately 
only very few countries, including the USA and New Zealand, keep records of the 
outcome of inspections of sufficient detail to allow an estimate of the level of pest 
infestation to be made. Moreover, it is often unknown what fraction of pests goes 
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unnoticed during phytosanitary inspections at the point of entry, although this may 
be large (Liebhold et al. 2012). Such information would be valuable for improving 
inspection policy.

Many countries have some degree of quarantine requirement for live plant im-
ports. Some countries stipulate that high or medium risk plants must be kept in a 
quarantine facility for a specified time after they have been brought into the country 
(“post-entry quarantine”). Whether post-entry quarantine is required depends on 
the perceived risk associated with the plant species and its origin. In Australia and 
New Zealand, all live plants must go into post-entry quarantine. In New Zealand, 
the standard minimum period is 3 months, but this can be longer depending on the 
plant species (Anon 2012a). During this period, the plants are regularly inspected 
by inspectors from the Ministry for Primary Industries and if any pests are found 
the consignment is either treated or destroyed. Post-entry quarantine has been found 
to be particularly effective for the detection of pathogens, since plants may not be 
symptomatic at the time of import and can develop these during their time in post-
entry quarantine. This strict procedure is in contrast to most other countries around 
the world where inspection of medium risk ornamentals is usually followed by re-
lease without a period of post entry quarantine assessment (Liebhold et al. 2012; 
Brasier 2008).

Conclusion

Historically, measures to manage the risk of pest introductions associated with hor-
ticultural trade have been made in response to identified threats and improvements 
in the understanding of those pest threats. The current biosecurity framework in 
many countries is based in legislation that was first promulgated in the early 1900s 
and since amended. This legislation often evolved to control major pests of high 
value agricultural crops after they became known. The growth in international trade 
has undergone exponential shifts firstly through the industrial revolution and then 
through the current era of globalisation. As the trade in horticultural products has 
increased and market structure evolved, so too has the number of pests introduced 
to new areas grown. However, although measures have been put in place to man-
age the risk of pest introductions, those measures have not kept pace with the rate 
of increase in horticultural exports. Although technologically more sophisticated 
today, the main principles governing international phytosanitary requirements have 
not altered significantly in 100 years. The international framework for biosecurity 
measures is based on the identification of known pests and managing those pests. 
Increasingly, previously unknown pests are emerging from the trade in ornamental 
plants and these are invading before the regulatory system can adapt to control 
them. The implementation of ISPM’s is variable across the world depending on re-
sources and nominated ALOP. Many countries are recognising that their biosecurity 
legislation is in need of modernising and that more effective systems need to be 
developed to cope with the volume and structural changes in plant trade. This has 
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been seen in the recommended review of the EU’s legislation (Anon 2012), the US 
regulatory reviews (Anon 2008) and Australia’s recent legislative review by Beale 
(2008).
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Abstract One of the unique characters of horticulture as an agricultural discipline 
is that it has an esthetic component. There are two approaches to the esthetics of 
horticulture: (1) art in horticulture, the direct use of plants alone and in groups as 
pleasing visual objects, and (2) horticulture in art, the use of horticultural objects as 
a basic component of artistic expression. Art in horticulture revolves around plants 
as beautiful objects, individually and en masse. This concept has generated distinct 
disciplines such as flower arranging and the floral arts, garden design and devel-
opment, and landscape design and architecture. Horticulture in art, refers to the 
depiction of horticultural plants in connection with various manifestations of the 
visual arts such as sculpture and mosaics, drawings and painting, and embroidery 
and tapestry. The depiction of plants is one of the great themes in artistic expression 
as exemplified in their widespread use in the decorative patterns in the design of 
innumerable objects from floor and ceiling patterns, silverware, pottery and ceram-
ics, coins and banknotes, to heraldry.

Keywords Floral arts · Gardens · Landscape architecture · Mosaics · Painting · 
Sculpture · Tapestry

Introduction

Horticulture is unique among the agricultural disciplines in that it has an esthetic 
dimension (Janick 1984). There are two approaches to consider in the relation of 
horticulture to artistic expression: (1) art in horticulture, the direct use of plants 
alone or en masse as pleasing visual objects, and (2) horticulture in art, the use of 
horticulture objects and subjects as a basic component of artistic expression in vari-
ous art forms such as drawings and painting, sculpture, mosaics, photography, and 
tapestry (Janick 2007). The relation of horticulture and art has created unique disci-
plines including the floral arts, garden design, landscape architecture, and still life 
painting. The depiction of plants is one of the great themes in artistic expression and 
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has spawned the use of plants in decoration of innumerable objects such as floor and 
ceiling patterns, sculptural columns, silverware, ceramics, banknotes, and heraldry.

Art in Horticulture

Horticultural plants are often considered beautiful and pleasing objects in them-
selves based on a combination of shape, texture, color, form, design, symmetry, as 
well as fragrance and taste (Janick 1984). Plants also may be viewed individually or 
arranged as components in a larger context and became an essential part of three ar-
tistic disciplines: the floral arts, garden design, and landscape architecture. There is 
no clear distinction between these three components except that of scale. The grow-
ing of horticultural plants for esthetic purposes in the home and in the landscape has 
developed a huge part of horticulture now referred to as the “green industry.”

The Esthetic Value of Plants

Our perception of beauty is strongly affected by our emotional feelings and by our 
cultural attitudes towards objects. Thus, things that are feared such as snakes or 
spiders are thought by some as ugly despite having many attributes we ascribe to 
beautiful objects. Basically, the things that have been accepted as beautiful for long 
periods of time, and which are more or less universally admired, have a basic sim-
plicity and harmony of form and function. Thus, our concept of beauty is made up 
of two parts; sensory stimulation and a cultural component.

Most plants have an inherent capacity to visually stimulate. The most obvious 
feature is their coloring, not only the brilliant hues of flowers, fruits and leaves, but 
the muted tones of stems and bark. Green of course is the most common environ-
mental color and our positive response is probably more than coincidental since it 
also psychologically is the most restful. Structure and shape (form) of plants shows 
tremendous variation from turf and creeping ground covers, to shrubs, and trees of 
various sizes and shapes. Symmetry makes random shapes orderly. All plants show 
some types of symmetry a common feature of plant growth which in inherently 
pleasing (Fig. 36.1a). However, the use of plants in asymmetrical patterns or ar-
rangements also produces visual interest. (Fig. 36.1b).

Gardens

With the possible exception of arctic peoples, human cultures have developed in 
plant-dominated environments. Plants provide food for people and their animals, 
as well as fiber, shelter, and shade. Our dependence upon plants has influenced 
and molded our esthetic consideration of them. And no doubt plants have been 
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culturally accepted as beautiful partially because they are useful. In modern cultures 
only a relatively few people are directly involved with the growing of plants, but 
we all depend on them. At present, the production and management of ornamentals, 
known collectively as the green industry, remains one of the important parts of 
modern horticulture. Horticulture has a place in all our lives.

Civilizations create gardens (Groening 2007). The origin of the garden is rooted 
in the human desire to be surrounded by plants, both useful food plants such as, 
trees for shade, fruits, vegetables, and spices for sustenance and pleasure, as well 
as plants that are esthetically pleasing based on appearance and fragrance. Thus we 
speak of pleasure gardens and kitchen gardens. In many cases it is often difficult to 
separate the purely functional from the esthetic. The first gardens in recorded his-
tory are found in ancient cultures of Egypt, Mesopotamia, and China but gardens 
have been greatly influenced in England, Greece, Japan and Persia (Thacker 1979). 
The two opposing traditions in gardens—formalism and naturalism—originated in 
Egypt and China, respectively.

Formalism The orderly, non-natural arrangement of plants represents an essen-
tially artificial environment using plants as structural material. The formal garden 
represents the human dominance over nature. Formalism is achieved by orderly 
placements of plants, emphasis on symmetry, severe plant pruning and training. 
Formalism was developed in ancient Egypt where the natural vegetation was scarce, 
and the garden in a sense represents an artificial oasis. The dry climate demanded 
irrigation which in turn demands orderly arrangement of plantings. The Egyptian 
garden was enclosed, typified by water and shade, with pools, and orderly arranged 
plantings was copied everywhere (Fig. 36.2). Although altered by local variations 
in plants and climate, formalism spread to Persia, Syria, and India and ultimately 
to the Rome empire. It is still a major force in modern public gardens throughout 
the world.

Fig. 36.1  Symmetry and balance: a symmetry in the rose; b graphic representation of symmetrical 
and asymmetrical balance. (Source: Janick 1984)
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Naturalism Naturalism is an attempt to live with rather than dominate nature. The 
concept of naturalism is to emulate the natural world and to achieve the effect of 
being in a happy accident of nature. Unlike the formal tradition where the plants 
are pruned to geometric shapes, in naturalism, the free form is emphasized and 
exaggerated. Although the separation between gardens and landscapes in formal-
ism is severe, in naturalism it is vague and indistinct. The landscape blends into the 
garden. If formalism is the straight line of geometry, naturalism is the free curve.

The concept of naturalism originated in China, and reached its highest develop-
ment in Japan where there were beautiful natural landscapes to copy (Fig. 36.3). 
Naturalism also developed independently in the West, specifically in England 
where the natural landscape—verdant meadows and rolling hills—were emulated. 
However, the methods to achieve naturalism are as artificial as those of formalism. 
It involves severe training and pruning, and is combined with the wide use of many 
natural materials such as stones and wood. In the Eastern tradition, plants further 
assumed symbolic significance.

Combinations The fusion of Eastern naturalism and Western formalism took place 
in eighteenth century England where the influence of Asian cultures coincided with 
a movement away from formalism to take advantage of the English landscape. The 
marriage was not always successful. Some English gardens became interspersed 
with Chinese pagodas amid fake antique Gothic ruins. This influence of English 
gardens survives today in the use of curved walks, artificial wishing wells, and 
herbaceous borders.

Fig. 36.2  Formalism in garden design as represented in an ancient garden plan for a wealthy 
Egyptian estate. (Source: Singer et al. 1954)

 

J. Janick
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The contemporary trend in gardens is to develop a meaningful design for living. 
Freed from the confines of “formalism” or “naturalism” modern gardens strive to 
reach esthetic expression through the capacity for both abstraction and utility. Plants 
and people, as in the past, make good companions. We have turned full circle with 
the concept of the garden and now consider it primarily as a vital need in our society 
and not merely as an esthetic mix.

Landscape Architecture

Landscape architecture in its broadest sense is concerned with the relationship be-
tween people, plants and the landscape and is involved with all aspects of land use. 
The profession deals with site development, building arrangement, grading, pav-
ing, plantings, gardens, playgrounds, and pools. It is concerned with the individual 
home and the entire community. Thus it deals with parks and parkways, shopping 
centers, and urban planning. Landscape architecture is ultimately concerned with 
the allocation of space and the interaction of people and the environment. If the 
landscape architect must be first an artist, he or she must also be a horticulturist 
and a civil engineer. Although landscape architecture was in the past intimately 
associated with architecture—two opposing sides of the same door—the two have 
become rather distinct professions. The objectives of the landscape architect have 
been to functionally and esthetically integrate people, buildings, and site.

During the Renaissance, the grand period of the West’s cultural revival, the con-
cept of the garden was transformed from relative insignificance to a magnificent 
splendor befitting the age. The grounds design became the important concept, while 
the plant was treated rather impersonally as merely an architectural material. The 
plant was pruned, clipped, and trained to conform to the design plan. Even architec-
ture became subservient to the landscape plan, the landscape engulfing and domi-
nating the stately palaces or grand residences, especially those of royalty or high 
ranking dignitaries. The resultant “noble symmetry” included courtyards, terraces, 
statuary, staircases, cascades, and fountains. The emphasis was on long symmetrical 

Fig. 36.3  A naturalistic 
garden in Kyoto, Japan. (Pho-
tograph by Jules Janick)
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vistas and promenades. The small enclosed garden remained but only within the 
walls of the buildings, as a component part of the grand plan. Formalism reached its 
peak in seventeenth century France in the Age of Louis XIV (1635–1715). The mas-
ter architectural gardens of André Le Nôtre (1613–1700) still remain unsurpassed 
examples of this concept of design predominating over nature (Fig. 36.4).

A modern trend in landscape architecture considers the landscape itself as an 
art form (Sovinsky 1995). This is achieved by various installations and construc-
tions many of which use different plant forms. A splendid example is the instal-
lation of a creation consisting of red maple and black willow saplings at Purdue 
University by the artist Patrick Dougherty (b. 1945) in 2011 entitled Sidewinder 
(Fig. 36.5). Many of the willow saplings have rooted which has created a living 
sculptural form that can be entered permitting an intimate interaction between ob-
server, plant, and form.

Floral Arts

The floral arts include the decorative use of flowers and plants in various arrange-
ments usually but not always on a small scale, from individual flowers in a vase, cor-
sages, container plantings, and large floral floats. Floral design bears about the same 

Fig. 36.4  Seventeenth 
century gardens at Versailles 
designed by André Le Nôtre

 

Fig. 36.5  Sidewinder, a land-
scape form of Patrick Dough-
erty consisting of red maple 
and black willow saplings 
constructed by students and 
faculty at Purdue University, 
2011. (Photo courtesy Ann 
Hildner)

 

J. Janick
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relationship to landscape architecture, as a string quartet to a symphony orchestra. 
The principles are the same but the scale is reduced. The arranging of flowers and 
decorative parts of plants has long been used for home decoration. In Japan, flower 
arrangement ( ikebana) has a continuing tradition that has been an integral part of 
cultural life for over thirteen centuries. Unlike the occidental concept, the Oriental 
tradition emphasizes the element of line over form and color. In the classical con-
cept, line is symbolically partitioned into a representation of heaven (vertical), earth 
(horizontal), and humanity (diagonal and intermediate). The chief aim is to achieve a 
beautiful flowing line. To accomplish this, the most ordinary materials may be used. 
The concept of naturalism is expressed throughout. Symmetry is avoided.

The floral arts are still an important component of Japanese life. There are many 
different styles and schools: ikenobo, classical arrangements, rikka, large ornate 
upright reproduction of the landscape by means of flowers and plants, nageire, sim-
ple naturalistic arrangements, and morbiana, expressive scenic arrangements with 
greater use of foliage and flowers. Other typical Oriental types of artistic expression 
involve growing plants. Bonsai, the culture of miniature potted trees, dwarfed by 
pruning and controlled nutrition, is a spectacular example of the horticultural arts. 
Living trees, some over a 100 years old and yet less than a meter in height are gown 
in containers arranged to resemble a portion of a miniature landscape (Fig. 36.6). 
Bonseki is the construction of a miniature landscape out of stone, sand and living 
vegetation.

In both the East and West, flowers are now an important part of cultural life. 
Flowers and potted plants are readily purchased in the market place, both in special 
shops and supermarkets, and are in common use as part of normal living. Flowers 

Fig. 36.6  Bonsai or tray 
culture is an oriental art form 
achieved through pruning and 
controlled nutrition. (Photo-
graph by Jules Janick)
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are emphasized in special occasions such as formal dining, decoration in religious 
holidays, appropriate remembrances (weddings, funerals birthdays, anniversaries, 
get well gifts) and as gifts for special remembrance (they are prominent at Val-
entine’s Day and Mother’s Day). Corsages were once important parts of proms 
and formal dances. In many parts of the world street floral displays are part of the 
culture.

The plant itself may become the basis for artistic construction. Certain woody 
shrubs can be trained and pruned in a great variety of shapes, limited only by the 
imagination of the horticulturist (Fig. 36.7). Plant sculpture, known a topiary, ex-
ploits the plasticity of the growing plant to create various shapes, including animals 
and architectural facades. In addition, many unnatural architectural forms can be 
achieved with the aid of grafting.

Fig. 36.7  Topiary: a hedge 
sculpture in Portugal, pho-
tograph by Jules Janick; b 
aboriscultptural forms made 
by grafting. (Source: Mudge 
et al. 2009, Fig. 9.2)

 

J. Janick
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Horticulture in Art

Horticultural plants are a major component of artistic expression. There are nu-
merous sources of plant iconography: cave paintings, ancient mosaics, sculpture, 
carvings and inlays, frescos, tapestries, illustrated manuscripts, herbals, books, and 
photography. Furthermore, works of art involving plants from prehistory and antiq-
uity to the present constitute an alternate source of information on plants and crops 
(Janick 2007; Janick et al. 2011). Plant iconography becomes a valuable resource 
for investigations involving genetic and taxonomic information, as well as crop 
history including evolution under domestication, crop dispersal, and lost and new 
traits. Crop images are one of the unequivocal tools for assessing the historical pres-
ence of botanical taxa in a particular region and are an especially valuable resource 
for determining morphological changes of crops from antiquity to the present. Al-
though a plethora of ancient plant images exists, they are widely scattered among 
libraries and museums, and are often difficult to locate and to access. Recently, 
the digitization of information by some of the major world libraries has greatly 
facilitated the search for ancient illustrations, although they still remain expensive 
to publish because of copyright issues.

Sculpture

Prehistoric stone sculptures of voluptuous women known as Venuses dating 
25,000–30,000 years ago indicate a keen interest of early humans in fertility that 
still engender an emotional impact. A number of them show evidence of clothing 
made from local plant sources (Fig. 36.8) that indicate the development of weaving 
and textile technology.

The ancient Near East cultures, known as Mesopotamian civilization, are largely 
based on Semitic populations that existed between the Tigris and Euphrates Riv-
ers that expanded to the area known as the Fertile Crescent, which includes parts 
of present day Israel, Jordan, Lebanon, Syria, Iraq, and Iran. A second Neolithic 

Fig. 36.8  Woman figures 
of the Paleolithic period 
showing evidence of textile 
technology
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Revolution between 6000 and 3000 bce (the Bronze Age)  involved the change from 
villages to permanent urban centers and the development of a settled agriculture 
coinciding with the beginning of fruit culture. This is well documented in the deco-
rations of a vase of the late 4th millennium bce (Fig. 36.9), found in Uryuk (biblical 
Erekh), an ancient city on the Euphrates north of present-day Basra, Iraq, that is 
associated with Sumerian civilizations, where writing was invented. It portrays bar-
ley and sesame above a watery matrix, domesticated sheep, and attendants bearing 
baskets of fruit to a wedding between a priest king and the goddess Inanna (Istar). 
Evidence of agricultural technology includes the refinement of a plow with a seed 
drill from a cylinder seal and date palm pollination from a bar relief (Fig. 36.10).

Plants in sculptured form are found in Egyptian, Greek, Roman, pre-Columbian 
American, Indian, and European Renaissance art. In ancient Egypt, the papyrus 
and lotus were symbols of the upper and lower Nile region; and the reunification of 

Fig. 36.9  Uryuk Vase ca. 4th 
millennium bce with wedding 
attendants offering fruit in a 
wedding ceremony between 
a priest king and the goddess 
Innana. (Source: Janick et al. 
2011)

 

Fig. 36.10  Date palm pol-
lination depicted by Assyrian 
bas reliefs, 883–859 bce. The 
pollinator assumes the form 
of a godlike figure (genie) 
and the date palm has been 
transformed into a symbolic 
tree. (Source: Paley 1976)
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Fig. 36.11  Intertwining lotus 
symbolizing the reunification 
of upper and lower Egypt. 
(Source: Janick 2002)

 

Fig. 36.12 Sculpted acanthus 
leaves ca. 450 bce from a col-
umn in the Delphi Museum. 
(Photograph by Jules Janick)

   

Fig. 36.13  Bar relief of 
snake melon ( Cucumis melo 
var. flexuosus from Merida 
Spain, fourth century ce. 
(Photograph by Jules Janick)
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Egypt in the third millennium bce is shown in illustrations where these two plants are 
intertwined (Fig. 36.11) and these forms are also found in architectural columns. A 
greek column at Delphi about 400 bce representation an acanthus leaf (Fig. 36.12). 
Roman bas relief of snake melon from Merida, Spain is identified by its leaves 
and striated fruit (Fig. 36.13). In pre-Columbian American ceramics celebrate the 
domestication of indigenous crops such as potato, peanut, and cacao (Fig. 36.14). 
The cathedral bronze doors in Pisa, Italy dated 1601, are rich in sculpted food crops 
that surround the panels of religious scenes and include eggplant, cucumber, and 
tomato (Fig. 36.15).

J. Janick

Fig. 36.14  Precolumbian ceramic jars from Peru a peanut, b potato, c squash, d cacao pod. 
(Source: Leonard 1973)

 

Fig. 36.15  Fruits of eggplant, 
pepper, tomato, and cucum-
ber adorning the bronze 
doors of Pisa Cathedral at the 
Piazza dell Duomo. (Photo 
by Jules Janick)
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Mosaics and Inlays

The assemblage of images from small pieces of colored glass, stone, or gems re-
ferred to as mosaics, date to the third millennium bce. Mosaics were popular in 
ancient Greece and Rome and survive in Christian and Islamic art up to the pres-
ent time. Mosaics were prominent as decorations on floors, walls, and ceilings of 
private residences and public buildings, especially churches, mosques, palaces or 
mansions and constitute some of the glories of ancient, medieval, and Renaissance 
art in the West. Mosaic art spread throughout the Roman Empire and is particularly 
rich in areas that today are in Italy, Tunisia, Libya, Syria, and Turkey. Roman mosa-

Fig. 36.16  Cucurbits in Roman mosaics: a Snake melon ( Cucumis melo Flexuosus Group) from 
Tunisia second century, b immature and mature snake melon showing fruit splitting Tunisia third 
century, c round striped melon ( C. melo) Tunisia fourth century, d bottle gourd ( Lagenaria scier-
aria showing characteristic swelling on the peduncular end, e youth holding bottle gourd in right 
hand and watermelon ( Citrullus lanatus) in left hand Tegea Episkopi, Peloponnese. Late fourth to 
fifth century. (Source: Janick et al. 2007)

 

Fig. 36.17  Apple culture in mosaics, Saint-Roman-en-Gal, third century, Vienne, France; 
a detached scion grafting; b fruit harvest; c juice extraction. (Source: Janick 2007)
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ics included rich scenes of horticultural plants that included cucurbits such as the 
snake melon, bottle gourd, and watermelon (Fig. 36.16) A third century panel from 
St. Roman-en gal, in Vienne, France depicts fruit culture scenes and contains the 
first image of detached scion grafting (Fig. 36.17).

Mughal mosaics and motifs are found among the decorations of the Taj Mahal, 
constructed in Agra, India, by Shah Jahan (1592–1666) from 1632 to 1658 as a 
memorial to his wife known as Mumtaz Mahal (1592–1666) (Janick et al. 2010). Is-
lamic decoration restricts graven images of humans but is rich in botanical subjects 
and includes floral inlays known as pietra dura and bas relief sculptures known as 
dados. The plant images are dominated by ornamental geophytes (bulb crops) com-
mon to the region (Fig. 36.18).

Paintings

Paintings from antiquity to the present have often used plants and crops as themes 
for their esthetic and/or symbolic value. Cave paintings are rich in animal forms but 
crude depictions of plants can be found (Fig. 36.19). The ancient technology of agri-
culture can be vividly reconstructed from the artistic record, paintings and sculpture 
in tombs and temples dating onward from 3000 bce. Agricultural activities were 
favorite themes of artists, who illustrated lively scenes of daily life that adorn the 
tombs of the pharaohs and dignitaries. The artistic genius engendered by Egyptian 
civilization, the superb condition of many burial chambers, and the dry climate have 
made it possible to reconstruct a detailed history of agricultural technology. Ancient 
Egypt is shown to be the source of much of the agricultural technology of the West-
ern World. Illustrations of these artifacts can be gleaned from four key references: 
Keimer (1924), Singer et al. (1954), Darby et al. (1977), and Manniche (1989).

Examples of the presence of plant images from ancient Egypt are shown in a 
brief sampling of the artistic record. This includes grape harvest and wine mak-

J. Janick

Fig. 36.18  Floral motifs in 
the Taj Mahal, seventeenth 
century: a stone inlays (pietra 
dura) of chrysanthemum; 
b bas reliefs (dado) show-
ing iris in the center and in 
descending order columbine, 
daffodil, columbine, wind-
flower, tulip, windflower, 
poppy capsule, delphinium 
and daffodil. (Source: Janick 
et al. 2010)
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Fig. 36.19  Paleolithic images 
of plants, 17,000–30,000 
years ago: a aurock with a 
primitive plant image; b more 
sophisticated imaged carved 
on a reindeer horn. (Source: 
Tyldesleay and Bahn 1983)

 

Fig. 36.20  Egyptian wine 
making: a grapes collected 
from a round arbor with 
grapes crushed by stomping 
before storage in amphorae; 
b Pressing grapes in a bag 
press; c bag press encased 
in a frame. (Source: Janick 
2002a)
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ing (Fig. 36.20) and a collection of cucurbits The absence of images of cucumber 
( Cucumis sativus) supports the conclusion that the many reference to cucumbers in 
English translations of ancient texts should be understood as being snake melons, 
Cucumis melo L. subsp. melo Flexuosus group (Janick et al. 2007a).

Frescoes, paintings on freshly applied plaster on walls and ceilings, are well 
preserved since the pigments seep into the plaster. The frescoes of Pompeii and 
Herculaneum in Italy have been preserved as a result of the eruption of Vesuvius in 
the year 79 ce and are valuable resources for ancient depictions of plants. Examples 
include images of fig and peach from Pompeii (Fig. 36.21).

Paintings of plants increased during the Italian Renaissance. The Roman resi-
dence (now known as Villa Farnesina)  of the wealthy Roman financier Agostino 
Chigi, decorated between 1515 and 1518, is a splendid source of crop images. The 
ceiling of the Loggia of Cupid and Psyche illustrate scenes from Metamorphoses 
( The Golden Ass) by Apuleius, a second century ce Roman author, painted in fresco 
by Raphael Sanzio (1483–1520) and his assistants, including Giovanni Martini da 
Udina (1470–1535) who was responsible for the festoons that are a fantastic source 
of crop images. The thousands of images of 163 species in 49 botanical families in-
clude some of the first illustrations of New World plants (Janick and Caneva 2005; 
Janick and Paris 2006a). Included are the first images of maize showing three dis-
tinct ear types (Fig. 36.22).

The early paintings of the baroque artist Michelangelo Merisi (1571–1610), also 
known as Caravaggio, are particularly rich in the inclusion of fruits and vegetables 
(Janick 2004a). Furthermore, the photorealistic style makes it possible to distin-
guish diseases and examples of insect predation (Fig. 36.23). This genre of Ba-
roque paintings known as natura morta (still life)  emphasizing fruits vegetables, 

Fig. 36.21  Roman fruit 
paintings from Pompeii (first 
century): a figs; b peach. 
(Source: Jashemski 1979)

 

J. Janick

Fig. 36.22  The first images 
of maize in Europe in the 
Loggia of Psyche Villa 
Farnesina 1515–1518 painted 
by Giovanni da Udina. The 
encircled apples provide an 
estimate of size. (Source: 
Janick and Caneva 2005)
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and flowers is a rich source of information (Zeven and Brandenburg 1986). Ba-
roque painters found scenes of everyday life intriguing subjects to paint, and fruit 
and vegetable markets increasingly became a common subject. Two example of 
fruit market paintings are shown in Fig. 36.24. The Flemish painter Pieter Aertsen 
(1508–1575) entitled the Produce Seller (1567) is rich is Brassica crops includ-
ing head cabbage (7 green and 1 red) as well as cauliflower and various cucurbits 

Fig. 36.23  Fruit basket by 
Michelangelo Merisi, known 
as Caravaggio, showing evi-
dence of disease and insect 
injury including fig anthrac-
nose, quince scab, codling 
moth on apple, oriental fruit 
moth damage on peach, leaf 
roller damage on pear, grape 
mummies, and grasshopper 
injury. (Source: Janick 2004)

 

Fig. 36.24  Two fruit renais-
sance fruit markets: a Pro-
duce seller (1567) by Pieter 
Aertsen; b Fruit seller, (1570) 
by Vincenzo Campi. (Source: 
Janick et al. 2011)
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including bottle gourd, melon, pumpkin, and cucumber and also includes Belgium 
waffles! The Fruit Seller by Vincenzo Campi (1580) displays a plethora of fruits 
and vegetables in an Italian market—included in the upper right, a box of pears 
and young squash, Cucurbita pepo subsp. pepo Cocozelle group, with flowers at-
tached, still a common commodity in Mediterranean countries (Janick and Paris 
2005; Paris and Janick 2005). Other noteworthy painters of horticultural crop im-
ages include Guiseppi Arcimboldo (1521–1593), Giovanna Garzoni (1600–1679) 
and Bartolomeo Bimbi (1648–1723) (Fig. 36.25). Note that Bimbi includes a key to 

Fig. 36.25  Sixteenth and 
Seventeenth century horticul-
tural paintings: a Giuseppe 
Arcimboldo (1528–1593), 
b Giovanna Garzoni, 
(1600–1670), and c Bartolo-
meo Bimbi (1648–1723). 
(Sources: Ferino-Pagden 
2007; Meloni et al. 2000; 
Consiglio Nationale delle 
Ricerche 1982, respectively)

 

J. Janick

Fig. 36.26  Nineteenth and 
twentieth century horticul-
tural paintings: a apples 
and pears by Paul Cezanne, 
b sunflowers by Vincent Van 
Gogh; d jack-in-the pulpit by 
Georgia O’Keeffe; c pitayas 
by Freda Kahlo
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the cultivar names. The inclusion of fruits and vegetables continues to be a popular 
subject in the nineteenth century and twentieth century evidenced by the horti-
cultural paintings of Paul Cezanne (1839–1906), Vincent Van Gogh (1853–1890), 
Georgia O’Keeffe (1887–1986), and Freda Kahlo (1907–1954) (Fig. 36.26).

The illustrations of botanical and horticultural plants become a specialized art form 
in its own right. Plants and flowers are also found in early Oriental art (Fig. 36.27). 
Masters of the genre include Jacques Le Moyne de Morgues (1533–1588), Georg 
Dionysus Ehret (1708–1770), and Pierre Joseph Redouté (1759–1840) (Fig. 36.28). 
Plant forms also became a favorite subject of photography (Fig. 36.29). Finally 

Fig. 36.27  Fruit of loquat 
( Eriobotrya japonica), 
and a mountain bird by an 
anonymous Chinese artist 
(1127–1279)

 

Fig. 36.28  Botanical illustrations: a wide strawberry by Jacques Le Moyne (1533–1588); b lily 
by George Dionysus Ehret (1710–1770); and c Canterbury bells by Pierre-Joseph Redoute 
(1759–1840)
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plants themselves have become art material. In Korea dried flowers have been used 
to create special pictures including plants, landscapes, and animal forms.

Embroidery and Tapestries

The elaboration of textiles into decorated patterns is an ancient technique in vari-
ous cultures and horticultural plants are a common motif. In Peru, during the early 
Nazca period (400–600 ce) an embroidery shows a man holding two capsicum 
peppers with two fruits on a cord around his neck (Fig. 36.30). Tapestry, a form 
of woven textile, became an extremely popular art form in the Middle Ages and 

Fig. 36.29  Photograph of 
cabbage (‘Larry’s perfec-
tion’) by Charles Jones 
(1866–1959). (Source: Sex-
ton and Johnson 1998)

 

J. Janick

Fig. 36.30  Embroidery 
of capsicum pepper, Peru, 
400–500. (Source: Andrews 
1995)
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Renaissance and was carried out extensively in the seventeenth century in Flan-
ders, one of the regions and communities of Belgium. The Hunt of the Unicorns, a 
seven piece tapestry from 1495 to 1505 is especially rich in horticultural imagery 
(Fig. 36.31). Garden themes are common motifs in carpet weaving, an essential part 
of Persian art and culture (Fig. 36.32)

Fig. 36.31  The unicorn in 
captivity, one of the most 
famous medieval tapestries 
is resplendent with plants. 
(Source: Metropolitan 
Museum of Art, New York)

 

Fig. 36.32  Repeated floral 
motifs in a seventeenth cen-
tury Persian carpet. (Source: 
Michell 2007, p. 26)
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Illustrated Manuscripts

The Juliana Anicia Codex (JAC) or Codex Vindobonenis, 512 ce, a magnificent, 
illustrated manuscript from late antiquity found in Constantinople is based on the 
famous non-illustrated herbal Περί ύλης ιατρικής (Latinized as De Materia Medica, 
On Medical Matters) originally written about 65 ce by the Roman army physician 
Pedanios Dioscorides (20–70) born in Anazarbus, Cilicia in what is now southeast-
ern Turkey. The JAC, made as a presentation volume for the daughter of the Roman 
emperor Anicius Olybrius, contains descriptions, medical uses, and illustrations of 
383 plants listed alphabetically and can now be accessed through a two-volume 
facsimile edition, Der Wiener Dioskurides (1998, 1999). Four examples of horticul-
tural images from the JAC are included in Fig. 36.33.

A late medieval example of crop illustrations can be found in a series of lav-
ish versions of an eleventh century manuscripts known as the Tacuinum Sanitatis 
( Tables of Health) which probably were prepared as royal gifts in Europe. There 
are six major works (one is divided) in libraries in Liège, Vienna, Rome, Paris, 
and Rouen, which were commissioned by northern Italian nobility during the last 
decade of the fourteenth century and the course of the fifteenth century (Paris et al. 
2009; Daunay et al. 2009; Janick et al. 2009). The text is based on an eleventh-cen-
tury Arabic manuscript, Taqwim al-Sihha bi al-Ashab al-Sitta ( Rectifying Health by 
Six Causes), written as a guide for healthy living by the Christian Arab physician 
known as Ibn Butlan (d. 1063). Vivid agricultural imagery includes scenes of the 
harvest of vegetables, fruits, flowers, grains, and culinary and medicinal herbs, ac-
companied by a brief summary of the health aspects of each subject. Each of the 
manuscripts are drawn by different artists but are obviously related. The Vienna co-
dex Ser. N. 2644 contains the most accurate depictions, which include 9 cereals, 26 
vegetables, 33 fruits, 3 flowers, and 21 culinary and medicinal herbs. The illustra-
tions show crops at the optimal state of maturity and, moreover, are a rich source of 
information on life in the feudal society, with nobles engaged in play and romance 
while laborers worked on the estate. Illustrations of eggplant and watermelon from 
the Tacunum Sanitatis are presented in Fig. 36.34.

J. Janick

Fig. 36.33  Horticultural illustrations of the Juliana Anicia Codex 512; a cowpea, b nonheading 
cabbage, c turnip, d English ivy. (Source: Janick and Hummer 2012)
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Many illustrated medieval and renaissance books are filled with horticultural 
illustrations. A French Royal prayer book known as Les Grandes Heures d’Anne de 
Bretagne ( Manuscript Latin 9474) contains prayers with illustrated margins, and 
full page monthly calendars and paintings of religious themes (Paris et al. 2006). 
This stunningly illustrated manuscript was prepared for the personal use of Anne de 
Bretagne (1477–1514), twice Queen of France as wife of Charles VIII (1470–1498) 
and Louis XII (1462–1515), by the famous artist Jean Bourdichon (1457–1521), 
probably painted between 1503 and 1508, about a decade from the return of ex-
plorer Christopher Columbus (1451–1506) of Spain. There are miniature paintings 
of plants and small animals, mostly insects, on each page that can be searched on 
www.hort.purdue.edu/newcrop/bilimoff/default.html. Well over 300 plant species 
are included in this prayerbook. This work contains the first European illustration 
of a non-esculent gourd of Cucurbita pepo subsp. texana (Fig. 36.35). The seed 
source for this gourd cannot be determined but could have been obtained from 
various sources. Seeds from the voyages of Columbus were transmitted in 1494 
by Peter Martyr D’Angheria, Tutor to the Spanish royal household, to Cardinal 
Asconio Sforza secretary of state to the Vatican and seed could have reached France 
this way. Other possibilities include the voyages of Europeans including Amerigo 
Vespucci (1454–1512) who entered the Gulf of Mexico as early as 1498, or from 
various Bretons or Norman who reached the Americas by 1503, returning with par-
rots and Brasilwood.

Fig. 36.34  Eggplants and watermelon in the Tacuinum Sanitatis, Vienna 2644, an illustrated ver-
sion of a Latin of an eleventh century Arabic manuscript by Ibn Butlan (d. 1603). (Source: Paris 
et al. 2009)
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Printed Herbal Woodblocks

Herbals, botanical works emphasizing the medical uses of plants, are one of the most 
important sources of plant iconography (Eisendrath 1961). A splendid introduction 
to the field can be found in Agnes Arber’s 1938 book on herbals. Facsimile editions 
exist for a number of printed herbals, including the 1542 herbal of Leonhard Fuchs 
(Meyer et al. 1999), the 1597 Herball of John Gerard(e) (John Norton, London) 
and the 1633 edition amended by Johnson (Dover Publ.). The illustrations of Re-
naissance herbals are derived mostly from woodcuts and sometimes from original 
painted drawings. However many herbals copy parts of text and woodcuts from pre-
vious herbals or are based on an exchange of woodblocks by printers, thus they often 
contain errors in identification. Woodcuts of sweet potato ( Ipomoea batatas) and 
potato ( Solanum tuberosum), the first printed illustration of potato in Europe, from 
the famous English Herball of John Gerard(e) (1597) are presented in Fig. 36.36. 
Gerard is responsible for the confusion between potato, Solanum tuberosum (Indian 

J. Janick

Fig. 36.35  Cucurbits of Les 
Grandes Herues d’Anne de 
Bretagne (1505–1538) by 
Juan Bourdichon: a gourd 
( Cucurbita pepo), b bottle 
gourd ( Lagenaria siceraria), 
and c cucumber ( Cucumis 
sativa). (Source: Paris et al. 
2006)
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Fig. 36.36  Woodcuts from 
the 1597 herball of John 
Gerard(e): a sweet potato 
( Ipomoea batatas); b potato 
( Solanum tuberosum)

 

Fig. 36.37  A bouquet of 
peony, poppy, foxglove pansy 
and French marigold by Jean-
Louis Prévost (1760–1810). 
Florilegias and botanical 
illustrations were used as a 
source of motifs for designers 
of china and textiles. (Source: 
Saunders 1995)
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name papas) and sweet potato, Ipomea batatas (Indian name batatas), because he 
labeled his printed illustration of potato, the first one to be published in Europe, Bat-
tata Virginiana sive Virginianorum & Pappus, Potatoes of Virginia; Virginia being 
the area where the tubers he grew in his garden came from.

A study of the iconography of the Solanaceae (Daunay et al. 2008) shows the 
richness of information found in herbals. In the seventeenth and eighteenth centu-
ries, botanical art became a sensation and many Royal collections of plant images 
called florilegias were made for their sheer beauty and for conveying the knowl-
edge of exotic plants brought back by travelers around the world (Fig. 36.37). They 
became the source of floral art for commercial uses such as fabrics and wallpaper.

Conclusions

It is clear that horticulture and art are intimately entwined. Horticultural plants, 
flowers, and fruits are considered beautiful objects in themselves and it natural that 
they become motifs for artistic expression to adorn the body, the table, the home, 
and as principle objects in the canvas of the landscape. Horticultural plants have 
also become subjects in traditional art forms such as paintings and sculptures but 
also tapestries, weavings, mosaics, and photographs. The study of the images of 
plants (plant iconography)  involves both art and history. Furthermore, plant ico-
nography is an outstanding resource for research on crop evolution and genetic 
diversity. This is especially true in prehistory where images are older than writing. 
Plant iconography provides a valuable resource for investigations involving genetic 
and taxonomic information, as well as crop history.
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Abstract Horticulture and its related sciences have produced a rich diversity of 
literature ranging from highly specialised scientific journals and scholarly books 
to detailed manuals for producers, from technical and popular books on gardening 
and cooking to encyclopaedias on highly specialised topics, and from newspaper 
and magazine articles to entries on the World Wide Web. These publications span 
a period of over 200 years. Included are food crops such as fruit, nuts, vegetables, 
and condiments; ornamentals and landscaping plants including trees, shrubs, and 
cut flower and bedding crops; turf grasses; medicinal plants and the use of plants 
for human wellbeing and therapy. This chapter presents selected examples of how 
horticulture has contributed to scholarship and literature. It also includes examples 
of how horticulture has been recorded in classical literature and become an integral 
part of many every-day sayings.

Keywords Scholarship · Literature · Art · Teaching · Science · Technology · 
Poetry · Aphorisms

Introduction

Scholarship associated with horticulture is multifaceted. The literature relating to 
the science and technology of horticulture is diverse and prolific, and goes back 
to antiquity. Horticultural information forms a vital part of human knowledge. It 
ranges from highly specialised scientific journals and treatises to detailed manu-
als for producers, from technical and popular books on gardening and cooking to 

G. R. Dixon, D. E. Aldous (eds.), Horticulture: Plants for People and Places, Volume 3,  
DOI 10.1007/978-94-017-8560-0_37, © Springer Science+Business Media Dordrecht 2014
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encyclopaedias on highly specialised topics, and from newspaper and magazine 
articles to entries on the World Wide Web. All fill a niche in covering those topics 
that define horticulture. Included are food crops such as fruit, nuts, vegetables, and 
condiments; ornamentals and landscaping plants including trees, shrubs and cut 
flower and bedding crops; turf grasses; medicinal plants and the use of plants for 
human wellbeing and therapy. Incorporated in this literature are all of the elements 
of science and the details of techniques and technologies that are associated with 
horticulture: plant breeding and cultivar selection, seed technology, pruning and 
training, harvesting, quality assurance, disease and pest control, irrigation, fertilisa-
tion, and postharvest management. Horticultural science contributes directly and 
very significantly to primary knowledge about all phases of plant growth and devel-
opment. The role of the horticulturist is to apply that knowledge for the betterment 
of humankind through achieving sustainable and efficient production of food and 
ornamental crops, and to enhance human wellbeing in a myriad of different ways.

Horticulture is part of the literary tradition. Many of the beloved plants of horti-
culture—particularly tree and herbaceous fruits, and various ornamentals and espe-
cially flowers—are embedded in the writings of all cultures, including various holy 
books such as the Hebrew bible, New Testament, Qur’an, and sacred texts of Hin-
duism and Buddhism. There are frequent allusions to horticultural plants by many 
famous writers in the West from Shakespeare to James Joyce and in the East from 
scholars in countries such as China and Japan. Horticulture references in prose and 
poetry are a distinct part of our humanitarian heritage (Palter 2002). The object of 
this chapter is to provide a very brief overview of the enormous subject of scholar-
ship and literature in horticulture. The related topic of art and horticulture is covered 
in a separate chapter of this volume.

Scientific Journals

The outputs of what can be deemed to be “modern” horticultural science have been 
published for more than 200 years in many different and diverse scientific journals, 
books, industry magazines and the popular press. Many of the current scientific 
journals that are used to publish results from horticultural research have their ori-
gins in the horticultural science societies that were formed in many countries in the 
nineteenth century following the modernisation of agriculture. A further phase oc-
curred in the twentieth century with the emergence of scientific research as a critical 
and respected activity within modern society. These journals are typically hosted 
by scientific societies who organise the editorial policies, peer review processes 
and publishing, distribution, and marketing. The majority of these publications 
cover most aspects of horticultural science including all horticultural crops (fruit, 
vegetables, cut flowers, ornamental and landscape plants, viticulture, turfgrasses, 
mushrooms, medicinal plants, and others) and all of the technologies associated 
with horticultural research (Table 37.1).
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Horticultural science societies have retained the control and management of sci-
entific journals in spite of the activities of major publishing houses in this busi-
ness. These societies regard such publishing as providing a critical service to their 
members, a means of keeping publishing costs down through the voluntary efforts 
of members in editorial, reviewing, and publishing activities, and a means of show-
ing independence in the control of the dissemination of scientific findings.

Notwithstanding this independent role of the horticultural science societies, 
these same societies have had to make a number of changes, particularly over the 
past two decades, to remain relevant and competitive. This has included relatively 
simple changes such as the inclusion of coloured photographs, the adoption of new 
formats, and an increase in page number and size. The most significant change, 
however, has been the shift to include on-line availability of each issue of the jour-
nal, often before the physical version is printed and distributed. Many societies 
ensure that archived issues are available to download for a nominal fee or free of 
charge to members (see www.Pubhort.org and www.ashs.org). A sample of the jour-
nals that specialise in horticultural science is shown in Table 37.2.

As horticultural science is not a single discipline but is comprised of a great num-
ber of related and inter-dependent disciplines, it is not surprising that the outputs of 
horticultural science are not only published in journals that specialise in horticul-
tural science but in many other scientific journals that focus on related disciplines. 
A small sample of such journals is summarised in Table 37.3.These journals too are 
either managed by specialised professional societies or, more typically, by large, 
multi-national publishing companies.

A major development of the past two decades has been the emergence of impact 
and related factors for scientific journals and of citation ratings for individual ar-
ticles. These measures have been developed by organisations such as the ISI Web 
of Knowledge, provided by the private company Thompson Reuters. The merits 
or otherwise of these metrics (Janick 2008) have been extensively explored across 
many disciplines but the measures are now well established and are used to assess 
the relative rankings of journals, the importance of specific scientific papers, and 
even the weighting that should be given to an individual scientist’s publications 
when submitted in support of applications for academic promotion. The basis of 
the metrics underpinning measures such as impact factors rely heavily on publica-

Plant sciences: botany, ecology, genetics, plant physiology, plant 
molecular biology, plant breeding, soil science, taxonomy

Production technologies: irrigation, growing media, hydropon-
ics, plant nutrition, pruning and training

Computing and engineering: greenhouse design, grading and 
handling, mechanization, precision agriculture, storage

Plant protection: entomology, plant pathology, weed science
Enterprise management: enterprise structure and operations, 

sales and marketing, supply chain components and practices
Behavioral sciences: communication and information transfer, 

sensory evaluation, market research

Table 37.1  Disciplines 
associated with horticultural 
science
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tion volume (number of papers per journal issue, especially those that are recently 
published) and readership (citation) numbers. In many if not all areas of horticulture, 
these measures have to be interpreted very carefully when consideration is given 
to the very small numbers of scientists who work internationally on topics such as 
blueberry production, or the postharvest storage of melons, or the breeding of toma-
toes. On that basis, and given that there is a large number of journals covering the 
diversity that is horticulture, the rankings for horticultural science journals and for 
the papers that they publish are always going to be low. Furthermore the numbers of 
journals and journal articles that are published annually in horticulture are compara-
tively small within the total sciences in general or even within the plant sciences. 
For example, the Web of Science lists only 31 journals involved with horticultural 
science whereas there are 84 involved with the plant sciences (see http://admin-apps.
webofknowledge.com). Within the horticultural science journals listed by ISI, 3156 
papers were published in 2011. However, nine of 31 journals published fewer than 
50 papers per annum; the highest number (421) appeared in Scientia Horticulturae.

Table 37.3  Selected international journals with significant content relating to horticultural science
Journal title Country of origin Year established Publisher
Annals of the Entomological 

Society of America
USA 1908 Entomological Society of 

America
Annals of Botany UK 1887 Oxford University Press
Canadian Journal of Plant 

Science
Canada 1920 Agricultural Institute of 

Canada
Communications in Soil Sci-

ence and Plant Analysis
USA 1970 Taylor and Francis

Critical Reviews in Plant 
Sciences

USA 1983–84 Taylor and Francis

Economic Botany Germany 1947 SpringerLink
Journal of Economic 

Entomology
USA 1908 Entomological Society of 

America
Journal of Natural Products USA American Society Phar-

macognosy; American 
Chemical Society

Journal of Plant Nutrition USA 1979 Taylor and Francis
Journal of the Science of Food 

and Agriculture
USA 1950 Wiley-Blackwell

Physiologia Plantarum USA 1948 Wiley-Blackwell
Phytopathology USA 1911 American Phytopathology 

Society
Plant Physiology USA 1926 American Society of Plant 

Biologists

I. Warrington and J. Janick

http://admin-apps.webofknowledge.com
http://admin-apps.webofknowledge.com
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Textbooks

Teaching of horticultural science degree programs in universities throughout the 
world has brought with it the need to have specialised texts on horticulture, on hor-
ticultural science, and on many of the specific related sciences and technologies that 
are included in such training programmes. A sample of such textbooks (published 
in English) is as follows:

General Horticulture and Horticultural Science

Horticulture. R Gordon Halfacre and John A Barden (1979).
Horticultural Science. 4th edn. Jules Janick (1986).

Fruit

Temperate-Zone Pomology. Physiology and Culture, 3rd edn. Melvin N Westwood (1993).
Modern Fruit Science: Orchard and Small Fruit Culture. Norman F Childers et al.,  
 G Steven Sibbett and Justin R Morris (1995). 
Introduction to Fruit Crops (Crop Science). Mark Rieger (2006).

Viticulture

Biology of the Grapevine. G Mullins, Alain Bonquet and Lorry E Williams (1992).
Wine Science: Principles and Application. Ronald S Jackson (2008).

Vegetables

Vegetable Crops. Dennis R Decoteau (2000).

Postharvest Biology

Postharvest Biology. Stanley J Keys and Robert E Paull (2004).
Postharvest Biology and Technology of Fruits, Vegetables and Flowers.  
 Gopinadhan Paliyath Dennis P Murr, Avtar K Handa and Susan Lurie (2008).
Postharvest Technology of Horticultural Crops. Adel Kader (2002).
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Floriculture

Introduction to Floriculture, 2nd edn. Roy A Larson (1992).
Floriculture: Principles and Species, 2nd ed. John M Dole and Harold F Wilkins (2004).

Greenhouses Greenhouse Operation and Management

Greenhouse Operation and Management, 7th edn. Paul V Nelson (2011).
The Commercial Greenhouse, 3rd edn. James Boodley and Steven E Newman (2008).

Plant Propagation

Hartmann & Kester’s Plant Propagation: Principles and Practices, 8th edn.  
 Hudson T Hartmann, Dale E. Kester, Fred T Davies and Robert Geneve (2010).

Turfgrass Management

Turfgrass Management, 9th edn. A.J. Turgeon (2011).
Turfgrass Management, 4th. edn. R. Emmons (2007).

Parks Management

Designs for Parks and Recreation Spaces. TD Walker (1987).
Arboriculture: Integrated Management of Landscape Trees, Shrubs and Vines, 4th edn.  
 RW Harris, JR Clark and NP Matheny (2003).

Landscape Design

The Essential Garden Design Workbook. R Alexander (2009).
Garden Design Workbook. J Brookes (2001).
Introduction to Landscape Design. JL Motloch (2000).
Landscape Design: A Cultural and Architectural History. Elizabeth Barlow Rogers (2001).
RHS Encyclopedia of Garden Design, Chris Young (2009).

Many of the texts that are outlined above are used in different countries around 
the world to teach the specialised elements of horticulture and horticultural sci-
ence, including those where English is not the first language. However, in addi-
tion to the above, a number of texts on elements of horticulture are published in a 
range of languages including, for example, Italian (see Baldini 1996; Fabbri 2001; 
Sansavini et al. 2012; Marenghi 2005; Vezzosi 1998), German (Link 2002, 2011; 
Bettin 2011; Wonneberger et al. 2004; Friedrich and Fischer 2000; Keppel 1998; 

I. Warrington and J. Janick



1233

Crüger et al. 2002; Wohanka 2006), Korean (Lee and Lee 2011; Lee et al. 2007) 
and Japanese (Mizutani 2002; Abe et al. 1979; Suzuki et al. 1993). Recently, Indian 
publishers have been releasing a large number of texts relating to horticulture (e.g., 
Chundawat and Sen 2002).

Books, Monographs, Encyclopedias

Amongst the earliest recorded publications relating to horticulture are those by 
Theophrastus (372–288 BCE.), a Greek philosopher who has been termed the 
“father of botany” (Mitchell 2011). Theophrastus published a number of texts of 
which very few survive, but those that do include: History of Plants (Grk: Iστορία 
των φυτών, Ltn: Historia de Plantes) and Causes of Plants (Grk: Τα αίτια των 
φυτών, Ltn: De causis plantarum) which were the greatest and amongst the ear-
liest treatises of their kind in the ancient world. These provide an encyclopedic 
knowledge and analysis of plants (Gundersen 1918). Significantly and remarkably, 
Theophrastus wrote about growth, propagation, and the development of plants (for 
example, from seeds, grafting, and budding); environmental effects on fruits, trees, 
and other plants; meteorology and geology, and their relation to plant growth; the 
consequences of plant spacing to growth; he noted the movements of flowers and 
leaves at certain times of the year or day (now termed tropisms); the proper tech-
niques for cultivation of some plants (including soil choice, trimming, watering, 
fertilizer choice/method, and weeding). He also noted that plants which grow too 
close together will both deplete the pool of available nutrients, and that “artificial 
and unnatural” forces impact on plants (such as through decay and disease), and 
finally on the odour and taste of different plants (now the subjects of sensory sci-
ence) (Sengbusch 2003).

Earlier, Homer in The Odyssey (900 bce) described fig, apple, pear and grape 
cultivation in the orchards of Alcinous (Roach 1985).

The Romans were also strongly engaged in horticulture where the most nota-
ble publication is De Materia Medica (77 ce) by Dioscorides who identified many 
plants and described their medicinal value.

Horticultural crops were also featured strongly in the writings from Eastern cul-
tures. For example, the culture of pears is recorded as far back as 2,500–3,000 years 
ago and peaches and plums are also mentioned from these times. Notable is descrip-
tion of the use of rootstocks and the selection of productive scions (Shen 1980).

Early plant scientists in the modern era who had a close involvement with 
horticultural crops included Carl Linnaeus (1707–1778; the new science of plant 
nomenclature), Charles Darwin (1809–1882; descriptions of geotropism and pho-
totropism)  and Gregor Mendel (1822–1884; establishing the foundations of modern 
genetics and breeding, using the garden pea as the main subject of study).

A number of the classic papers in horticultural science have been collated and 
represented by Janick (1989).
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One of the most famous treatises in horticulture is The Cyclopedia of American 
Horticulture by Liberty Hyde Bailey and Wilhelm Miller (1900), later reorganized 
and expanded as The Standard Cyclopedia of Horticulture (1914). This huge work 
of 3,639 pages still remains a most useful resource for horticulture.

Fruits and Vegetables

Hundreds of books have been published on various horticultural crops and the dif-
ferent management practices that are associated with them. Many of these refer to 
the science that underpins current practices. Treatises on various aspects of horti-
cultural crop management, including the description of tree training and pruning, 
grafting, and cultivar selection, for a crop such as apple, can be traced back to the 
early to mid seventeenth century ( see Juniper and Mabberley 2006). These have 
texts with wonderful titles such as:

A Treatise on Fruit Trees Shewing their Manner of Grafting, Pruning,and Ordering, of 
Cyder and Perry, of Vineyards in England by J. Beale (1653).

A Treatise of Fruit-Trees Shewing the Manner of grafting, Setting, Pruning, and Ordering 
of them in All Respects: According to Diverse New and Easy Rules of experience; Gathered 
in the Space of Twenty Years by R. Austen (1657).

Systema Agriculturae, the Mystery of Husbandry Discovered by J. Worlidge (1669); and
The Art of pruning Fruit-Trees…with an Explanation of Some Words Which Gardiners 
Make Use of in Speaking of Trees. And a Tract of the Use of the Fruits of Trees, for Preserv-
ing Us in Health, or for Curing Us When We Are Sick. Translated from the French Original, 
Set forth in the Last Year by a Physician of Rochelle by N. Venette (1685).

A typical characteristic of early fruit growing was the very large number of dif-
ferent cultivars that were grown on individual orchards. This provided a range of 
choices for the consumer throughout the season, diversity within the orchard to 
better cope with losses due to extreme weather and pest events, and the opportunity 
to store some better suited cultivars beyond the end of the production season. For 
fruit crops such as apple, this applied as much to fresh as it did to cider cultivars. 
One of the consequences of these practices was the publication of impressive texts 
that defined, in great detail, the characteristics of individual cultivars—the so-called 
“pomonas”. Good examples of such publications include:

Pomona Londinensis Containing Coloured Engravings of the Most Esteemed Fruits Culti-
vated in British Gardens by W. Hooker (1818); and
The Herefordshire Pomona Containing Original Figures and Descriptions of the Most 
Esteemed Kinds of Apples and Pears by R. Hogg. and H.G. Bull (eds) (1876–1885).

Some of the most famous pomonas in the twentieth century were organized by the 
New York State Experiment Station in a series known as the “Fruits of New York” 
including grapes (Hedrick 1908), plums (Hedrick 1911), cherries (Hedrick 1915), 
peaches (Hedrick 1917), pears (Hedrick 1921) and small fruits (Hedrick 1925). 
There are also pomonas in many other countries that are too numerous to list here.
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A similar range of early references for vegetable production was also published 
and goes back to the seventeenth century, including:

Kalendarium Hortense by John Evelyn (1664);
Directions for the Gardiner by John Evelyn (1686) (see Campbell-Culver 2009); and
History of cultivated vegetables: comprising their botanical, medicinal, edible, and chemi-
cal qualities; natural history; and relation to art, science, and commerce by H Phillips 
(1821).

Modern books often form part of a series that is devoted to different fruit and veg-
etable crops—such as CABI Publishing’s “Crop Production Science in Horticul-
ture” series with issues specialising in blueberries (Retamales and Hancock 2012), 
raspberries (Funt and Hall 2012), grapes (Creasy and Creasy 2009), olives (Therios 
2008), bananas and plantains (Robinson and Galán Saúco 2010), peach (Layne and 
Bassi 2008), peppers (Bosland and Votava 2012), onions and other edible alliums 
(Brewster 2008), lettuce, endive and chicory (Ryder 1999), brassicas and related 
crucifers (Dixon 2007), tropical fruits (Paull and Duarte 2012), and citrus (Albrigo 
et al. 2012).

In another CABI series covering “botany, production and uses”, volumes are 
available, for example, on apples (Ferree and Warrington 2003), peppers (Russo 
2012), avocados (Schaffer et al. 2013), mango (Litz 2009), and peach (Layne and 
Bassi 2008).

Other CABI texts cover topics such as Principles of Tropical Fruit Production 
(Midmore 2012), Principles of Fruit and Nut Production (Andrews 2013), and Veg-
etable Production and Practices (Welbaum 2013). They have also published a ma-
jor Encyclopaedia of Fruit & Nut Crops (Janick and Paull 2006).

CRC Press offers texts on subjects such as propagation (Beyl and Trigiano 
2008), tissue culture (Trigiano and Gray 2010), and organic farming (Barker 2010), 
a handbook on plant nutrition (Barker and Pilbeam 2006) and a dictionary of plant 
breeding (Schlegel 2009).

The publisher Elsevier (Academic Press) has a large catalogue of texts relating 
to fruits and vegetables within which there is an extensive series on diseases and 
pests including those on fruit crops (Alford 2007), lettuce (Blancard et al. 2006), 
mushrooms (Gaze and Fletcher 2007), peas and beans (Biddle and Cattlin 2007), 
tomatoes (Blancard 2012) and vegetables (Koike et al. 2006).

Amenity Horticulture

The fascination with plants for use as ornamentals, for cut flowers, and for land-
scaping in the western world stretches back to antiquity and the Renaissance. The 
design of ornamental gardens occurred in early civilisations, even preceding the 
Greeks and Romans, and included the use of plants for both food production and for 
purely leisure and aesthetic purposes. The Hanging Gardens of Babylon are likely 
the most recognised in this respect. The Egyptians, Persians, Greeks and Romans, 
followed by Byzantium and Moorish cultures all contributed elements to the de-
sign of managed gardens. In addition, Chinese and Japanese influences were very 
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important in eastern cultures. In the thirteenth through to the sixteenth centuries, 
the development of formal gardens was very significant in France, Italy and Spain 
through to the development of the Italian Renaissance garden and the very for-
mal style of the Gardens of Versailles. These developments were succeeded by the 
English and French landscape gardens in the eighteenth century following which a 
number of other influences emerged in the nineteenth and twentieth centuries (see 
Rogers 2001).

In the eighteenth and nineteenth centuries, as some sections of society became 
more affluent, as voyages of global exploration dramatically increased, and as soci-
eties went through a particular fascination with the natural world, opportunities for 
new developments in landscape horticulture were markedly enhanced. It was an era 
when the activities of apothecaries, who were heavily reliant on plants and plant ex-
tracts for their profession, and the early horticulturalists converged. In addition, new 
wealth enabled landscaping on a massive scale for both private and public gardens. 
The voyages of discovery allowed the collection and display of plants which came 
to be admired and even celebrated in ways never before possible.

The origins of many current publications can be traced back to these times. The 
Curtis Botanical Magazine (now the Kew Magazine), with its wonderful coloured 
hand drawings of ornamental plants, was established in 1777. This history is de-
scribed in considerable detail by Desmond (1987) including descriptions of the ac-
tivities of the plant collectors of that time.

Throughout modern history, large treatises have been published to outline the 
botanical descriptions and horticultural uses of ornamental plants, flowers, trees and 
shrubs. Earlier versions of such publications included An encyclopaedia of garden-
ing; comprising the theory and practice of horticulture, floriculture, arboriculture, 
and landscape-gardening, including all the latest improvements; a general history 
of gardening in all countries by J.C. Loudon (1828).

More recent volumes include the Royal Horticultural Society’s series that in-
cludes Plants and Flowers (Brickell 2010), Perennials (Rice 2006), Gardening 
(Brickell 2007), and the A–Z of Garden Plants (Brickell 2003); or the Reader’s 
Digest Gardener’s Encyclopaedia of Plants and Flowers—the Definitive Refer-
ence Work for Australia & New Zealand (Macoboy et al. 2010); or The American 
Horticultural Society’s New Encyclopaedia of Gardening Techniques (American 
Horticultural Society 2009).

Separate encyclopaedias are devoted to trees and shrubs—such as Dirr’s Ency-
clopedia of Trees and Shrubs (Dirr 2011); the Timber Press Encyclopedia of Flow-
ering Shrubs (Gardiner 2012); The Hillier Gardener’s Guide to Trees and Shrubs 
(Kelly 2004); and Techniques du Jardinier L’encyclopédie (Bureaux 2011).

A characteristic of horticulture publications is that books can be identified 
that cover almost any specific group of ornamental plants ranging, for example, 
from roses: The Ultimate Rose Book (Macoboy 2007), the American Rose Soci-
ety Encyclopedia of Roses (Quest-Ritson and Quest-Ritson 2010); to perennials 
( Encyclopedia of Perennials (Rice 2006), Rodale’s Illustrated Encyclopedia of 
Perennials (Phillips and Burrell 1999), Armitage’s Garden Perennials (Armit-
age 2011)); orchids ( Botanica’s Orchids: over 1200 species (Botanica 2002), The 
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Illustrated Encyclopedia of Orchids (Pridgeon 1992)); and bulbs ( Bulbs (Bryan 
2002), and The Complete Practical Handbook of Garden Bulbs: How to create a 
spectacular flowering garden throughout the year in lawns, beds, borders, boxes, 
containers and hanging baskets (Brown 2009)).

Notwithstanding these very large books on various aspects of ornamental plants, 
there are equally a considerable number of very small but authoritative texts in 
this field, such as The Timber Press Pocket Guide Series that includes volumes on 
topics such as conifers (Bitner 2010), hostas (Grenfell and Shadrack 2007), bam-
boos (Meredith 2009), palms (Riffle 2008) and shade perennials (Schmid 2004). 
Similarly, the Expert Books’ series includes separate books on lawns, flowering 
shrubs, trees and shrubs, greenhouses, house plants, fruit, vegetables and herbs 
(e.g., Hessayon 1991 and 1997).

Landscape architecture is a highly specialised area of horticulture that has its 
own extensive literature which records developments over recent centuries, links 
those developments with changes in societies and across different cultures, and re-
lates the management of green spaces to changes in building architecture and art.

Harvard University Press has published an interesting series on landscape, his-
tory and cultures that form the Dumbarton Oaks Colloquium Series in the History 
of Landscape Architecture. Titles include the following:

Botanical Progress, Horticultural Innovations, and Cultural Changes (Conan and Kress 
2007);
Sacred Gardens and Landscapes—Ritual and Agency (Conan 2007); and
Perspectives on Garden Histories (Conan 1999).

Other titles from the same publisher, but not in the series, include:
Gardens, City Life, and Culture: A World Tour (Conan and Wangheng 2008); and  
Gardens and Cultural Change—A Pan American Perspective (Conan and Quilter 2008).

A significant characteristic of the last 60 to 80 years has been the urbanisation of 
societies. This has brought with it the development of urban landscaping within 
major cities where special attention has been given to landscaping freeways and 
city streets through to the development of roof-top gardens that are used primarily 
for “green spaces” but also for the production of food. Publications specific to these 
applications of horticulture include:

Rooftop Gardens: the Terraces, Conservatories, and Balconies of New York (Calicchio and 
Amon 2011); and
Skygardens: Rooftops, Balconies and Terraces (Nielsen 2004).

Horticulture and Health

The present-day emphasis on horticulture and health has an ancient tradition based 
on medicinal uses of plants and diet (Daunay et al. 2009; Janick and Hummer 2010). 
Plant cures have long been a basic component of medicine and there are treatises 
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found in ancient Sumer, Egypt, Greece, China, India, and Mesopotamia. The Greek 
herbal of Pedanious Dioscoredes of Anazarba written in the year 65 lists health-giv-
ing properties of 500 plants and an illustrated version from 512 known as the Juli-
ana Anicia Codex survives and became the basis of the illustrated herbal tradition in 
the Renaissance (Arber 1965; Janick and Hummer 2012). Botany, horticulture, and 
medicine were essentially in step during the eighteenth century when each turned 
scientific and from this juncture botanical works would essentially ignore medici-
nal uses while medicinal works were devoid of plant lore. However, the medicinal 
use of plants continues as an alternate form of medicine and remains popular to the 
present day despite the questionable efficacy of many popular herbs and the reliance 
of a number of herbal recommendations on superstition and astrology. The Journal 
of Natural Products (original Lloydia), the official journal of the American Society 
of Pharacognosy (now co-published by the American Chemical Society), contains 
many articles on the medicinal chemistry of horticultural plant products, many of 
pharmaceutical interest.

The importance of horticulture to the overall mental health and wellbeing of 
humankind has received increasing attention over the past two decades as positive 
aspects of horticultural therapy have received more attention and as the negative 
aspects of high density housing, the absence of “green spaces” in modern cities 
has increased, and as the relationships between human behaviour and the natural 
environment have become better understood. Authors such as Kaplan and Kaplan 
(1982), Kellert and Wilson (1995) and Lewis (1996) have explored and defined 
these issues.

Extension Publications

Twentieth Century

An iconic feature of government and state-funded extension services throughout 
the twentieth century was the large number of well prepared and well presented 
extension bulletins and advisory booklets that were produced for producers in 
various horticultural industry sectors. These were a particular feature of national 
departments of agriculture in countries such as the USA, the United Kingdom, 
New Zealand, Australia and Canada. Their preparation and distribution was also 
a key element within the activities of agricultural and horticultural faculties in 
US Land Grant Universities, especially in states such as California, New York, 
Michigan, Ohio, Massachusetts, North Carolina, Georgia, Florida, Texas, and oth-
ers. These publications, which were usually distributed free of charge, covered 
many different production-related subjects. They were developed over a number 
of years and revised frequently by specialists who had often spent decades work-
ing in their respective fields. Consequently, these extension publications were the 
most current, up-to-date and validated sources of reliable information that were 
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available to local producers. They were also prepared independently of any com-
mercial influences.

Throughout the 1990s and 2000s a number of these publications became un-
available in printed form but were rapidly transferred to on-line web-based ver-
sions. A number of these remain but the range now available is markedly reduced.

The disbanding of government support for agricultural advisory services in the 
later part of the twentieth century and the early part of the twenty-first century in 
many countries has seen an immediate loss of such services and with that a cessa-
tion of the publication of such helpful and at times critical information for produc-
ers. In some instances, this loss of independent state-funded information has been 
replaced with proprietary sources such as those from fertilizer and seed companies, 
as well as from private consultants (but in that case only to fee-paying clients).

Some of the professional societies that are associated with horticultural science 
do continue to publish technical material which is of direct relevance to industry. 
For example, the American Society for Horticultural Science publishes a number 
of works on different crops such as watermelons (Maynard 2001) as well as those 
on subjects such as weed management (McGiffen 1997) and organic composting 
(Tyler 1996). The Entomological Society of America publishes volumes on subjects 
that include, for example, a handbook on turfgrass insect pests (Brandenburg and 
Villani 1995) while the American Phytopathology Society publishes texts on plant 
diseases such as those on chrysanthemum (Horst and Nelson 1997), rhododendron 
(Coyier and Roane 1986) and herbaceous perennials (Gleason et al. 2009).

Industry Publications

Many industry groups around the world publish magazines on a regular basis that 
disseminate information to producers about the application of recent research dis-
coveries, technical details about new products and new cultivars, market intelli-
gence, and industry politics. Plant nursery catalogues are often a very good source 
of information about the origins and timings of new plant introductions into a 
country or region as well as informing about the introduction of new cultivars of a 
particular crop. Examples of such publications are shown in Table 37.4. Some of 
these have been produced for many decades including the Gardener’s Chronicle—
now Horticulture Week - which began publication in 1841 and the American Fruit 
Grower which began in 1880.

Gardening

Gardening provides an important leisure activity for many people around the world. 
The results of these endeavours include a beautification of the landscape for both 
personal and public enjoyment, the production of fruit and vegetables for personal 
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consumption, physical exercise and recreation for the participants, and in the case of 
community gardens, social interaction amongst those involved. It can range in scale 
from many hectares where the managed spaces surround private homes or where the 
garden is an integral part of the larger landscape, to small green spaces on rooftops 
of modern apartments. Gardening as a leisure activity and as an art form is practised 
in many different countries throughout the world and is as strong in many eastern 
countries as it is in western ones.

Those involved in gardening receive their information and inspiration from a 
number of sources including membership of garden clubs, television programs, 
magazines and newspapers, and of course from books. A number of such books are 
covered in the sections above that refer to fruit crops, vegetables, and ornamental 
plants. Examples of other significant texts include:

Complete Idiots Guide to Small-Space Gardening (McLaughlin 2012);
The Complete Gardener (Don 2009);
The Blooming Great Gardening Book—A Guide for All Seasons (Whysall 2000);
The New Encyclopedia of Gardening Techniques (American Horticultural Society 2009); 
and
RHS How to Grow Practically Everything (Royal Horticultural Society 2010).

Particular styles of gardening can be recognised as being influenced by specific 
countries such as Japan. As a consequence, books have been published that describe 
in detail the history and nature of those gardens (e.g. Keane (2007); Ohashi (2000)) 
while others cover the ways in which those styles and principles can be applied in 
a western context (e.g. Kawaguchi 2008). Similarly, French gardens have had a 
major influence on the design of gardens elsewhere in the world (e.g. Babelon and 
Chamblas-Ploton (2001) and Smithen (2002)).

Food Guides and Cookbooks

An unusual but significant segment of literature that relates to horticulture is that 
of food guides and cookbooks that focus on the use of fruits and vegetables in hu-
man diets. Cookbooks have an ancient tradition (Darby 2003) and are a very useful 
source of information on horticultural crops. With the growing awareness of the 
critical importance of horticultural crops for providing essential minerals, vitamins 
and other active compounds in diets and for enhancing health, this segment of liter-
ature has grown markedly in recent years. This awareness has been enhanced within 
many communities through “5 plus a day” nutrition programmes and through the 
promotion of specific crops with high concentrations of known or claimed health-
enhancing compounds such as antioxidants and bioflavonoids.

Some texts provide general information about such properties across a range of 
crops (Heaton 1997; Watson and Preedy 2009) while others are very specific—for 
example, for crops and products such as olives and olive oil (Preedy and Watson 
2010) or oriental vegetables (Larkcom 2008). Other texts provide information on 
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cooking in general with fruit and vegetables or for maintaining a vegetarian diet 
(Bittman 2007; Madison 2007).

Horticulture in Literature

References to horticultural crops and practices in literature are so widespread that 
only a brief sampling can be provided here. In the following, we use examples of 
horticultural allusions from Sumer, Homer’s Ulysses, Laws of Hammurabi, vari-
ous “bibles” including the Hebrew bible, the New Testament, and the Qu’ran, Arab 
poetry, different authors such as Shakespeare, Jane Austin, and James Joyce as well 
as references which are the source of popular and well-used sayings that allude to 
horticulture.

Ancient Sumer

The Disputation between the Hoe and the Plow, dated from ca. 2500 bce is perhaps 
the first poetic statement contrasting the state of the ordinary folk with the exalted 
and wealthy based on agricultural metaphors. The common man represented as the 
hoe argues his status against the rich and mighty (represented as the plow). The 
following translation is found in Hallo (2002). Only three of about 25 “stanzas” are 
presented.

Hoe picked a quarrel with the Plow. Hoe and Plow—this is their dispute.
Hoe cried you to Plow

O Plow, you draw furrows—what is your furrowing to me?
You make clods—what is your clod making to me?
You cannot dam up water when it escapes.
You cannot heap up earth in the basket.
You cannot press clay or make bricks.
You cannot lay foundations or build a house.
You cannot strengthen an old wall’s base.
You cannot put a roof on a man’s house
O Plow, you cannot straighten a street.
O Plow, you draw furrows—what is your furrowing to me?
You make clods—what is your clod-make to me?

The Plow cries out to the Hoe “I am Plow, I was fashioned by the great owers,
assembled by noblest hands!
I am the might registrar of God Enlil!
I am the faithful farmer of Mankind!
At the celebrations of my harvest-festival in the field,
Even the King slaughters cattle for me, adding sheep!
Drums and tympans sound! The king himself takes hold
of my handle-bars;
My oxen he harnesses to the yoke:
Great noblemen walk at my side;
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The nations gaze at me in admiration,
Land watches me in Joy!

Ancient Greece

Homer in the Odyssey, nineth century BCE, refers to the Garden of Alcinöus owned 
by the King of the Phaeacians, a legendary country, which is rich in descriptions of 
fruit trees.

And without the courtyard by the door is a great garden, of four plough-gates,
and a hedge runs round on either side. And there grow tall trees blossoming,
pear-trees and pomegranates, and apple-trees with bright fruits, and sweet
figs, and olives in their bloom. …. Pear upon pear waxes old, and apple on
apple, yea, and cluster ripens upon cluster of the grape, and fig upon fig.
.…..These were the splendid gifts of the gods in the palace of Alcinöus.
The Odyssey Book VII, Hedrick 1921.

Mesopotamia

The Laws of Hammurabi (1750 BCE) predate the mosaic ten commandments. Laws 
64 and 65 relate to pollination of date palm are clearly quite sophisticated legally 
and might be considered the beginning of agricultural economics.

64. If a man give his orchard to a gardener to pollinate (the date palms), as long as the gar-
dener is in possession of the orchard, he shall give to the owner of the orchard two thirds of 
the yield of the orchard, and he himself shall take one third.

65. If the gardener does not pollinate the (date palms in the) orchard and thus diminishes 
the yield, the gardener (shall measure and deliver) a yield of the orchard to (the owner of 
the orchard in accordance with) his neighbor’s yield.

Biblical References

The Hebrew bible is rich in allusions to viticultural practices and wine making.
Now will I sing to my wellbeloved a song of my beloved touching his vineyard. My well 
beloved had a vineyard in a very fruitful hill. And he fenced it, and gathered out the stones 
thereof, and planted it with the choicest vine, and built a tower in the midst of it, and also 
made a winepress therein: and he looked that it should bring forth grapes, and
it brought forth wild grapes. And now…judge…betwixt me and my vineyard. What could 
have been done more to my vineyard, that I have not done in it? Wherefore, when I looked 
that it should bring forth grapes, brought it forth wild grapes?
Isaiah 5:1–7 & 10
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Protection of grapes from birds and thieves is a common feature of the early cultiva-
tion of wine, and the construction of walls and towers is associated with vineyards 
in ancient Israel. Various techniques were developed for over-wintering, including 
covering sprawling vines with soil, techniques that still exist in Afghanistan. Grapes 
were preserved by sun drying to produce raisins, or by transforming grape juice to 
wine. The culture of grapes and the technology of wine making are common themes 
in biblical writings, and become infused in Jewish and Christian religious practices 
and social encounter. Wine was associated with blessings and joy, although drunk-
enness was frowned upon. Grapes and raisins are highly prized in the Qu’ran and 
although wine is prohibited in Islam “rivers of wine” are promised in Paradise.

Olive, along with grape, is the most mentioned fruit in the Hebrew bible and their 
importance permeated the western world. The olive tree became a symbol of beauty, 
freshness, fertility, wealth, fame, and peace. Its importance is reflected in the wide-
spread use of oil for religious purposes such as consecration ceremonies (anointing) 
in Judaism and Christianity; the word messiah (Christ) literally means “the anointed 
one.” Although grafting is not referred to in the Hebrew bible, grafting of olive is 
mentioned in the New Testament:

And if some of the branches be broken off, and thou, being a wild olive tree, wert graffed in 
among them, and with them partakest of the root and fatness of the olive tree…For if thou 
were cut out of the olive tree which is wild by nature, and were graffed contrary to nature 
in a good olive tree: how much more shall these, which be the natural branches, be graffed 
into their own olive tree? 
Romans 11:17 & 24

Fig is another iconic Mediterranean fruit that some believe was the original tree of 
knowledge in the Garden of Eden.

A certain man had a fig tree planted in his vineyard; and he came and sought fruit thereon, 
and found none. Then said he unto the dresser [cultivator] of his vineyard, Behold, these 
three years I come seeking fruit on this fig tree, and find none; cut it down; why cumbereth 
it the ground? And he answering said unto him, Lord, let it alone this year also, till I shall dig 
about, and dung it: And if it bear fruit, well: and if not, then after that thou shalt cut it down. 
Luke 13:6–9

Finally, horticultural metaphors are associated with love making in the Song of 
Songs:

An oh, may your breasts be like clusters
Of grapes on a vine, the scent
Of your breath like apricots,
Your mouth good wine–

Arab Poetry

Medievel Arab poetry often uses horticultural allusions. In 1123, the eggplant 
( Solanum melongena) inspired the poet Ibn Sara of Santarem (now Portugal) to 
write the following:

Spheroid
Fruit, pleasing
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To Taste, fattened
By water gushing in all
The gardens, glossy cupped
In its calyx, ah heart
Of a lamb in
A vulture’s claws
translated by C. Middleton and L. Garzon Falcon (1997).

Compare this to a modern poem on the same subject by an anonymous author.
Who am I?
My skin is black and glossy,
It can be white as snow.
Sometimes I’m plump and saucy.
My roots go down below.

I reach out for the burning sun,
But grovel in the dirt.
My daggers will pierce anyone,
I draw blood and hurt.

My flesh is bitter, spicy,
But kiss me just the same.
Caress me, be not icy,
I dare you speak my name.

Chinese Poetry

Chinese poets referred to many different horticultural crops and ornamental plants 
in early writings. Two examples follow.

During the Tang dynasty (618–906 ce), the lychee was celebrated and treated 
as a delightful exotic fruit in poetry and art and enjoyed great prestige. The lychee 
was so greatly favored by Emperor Xuan-zong’s concubine, Yang gui-fei, that he 
had couriers on speedy horses from Szechwan province deliver fruit to the capital 
of Chang-an.

From Changan the palace embroidered the scene,
On the mountain top palace gates opened one by one,
One horse rider kicking up red dust, the concubine laughs,
No one knew it was the lychee express arriving!

The green trees of Xinfeng covered with dust,
As the emissaries to Yuyang returned with favorable news.
The sounds of Rainbow Feather Shawl embraced the peaks,
And graceful dancing feet trampled the nation.
Passing the Hua Qing Palace by Du Mu (803–852)

Another important Tang Dynasty poet was Meng Haoran who wrote strongly of 
pastoral life and leisure.

Preparing me chicken and rice, old friend,
You entertain me at your farm.
We watch the green trees that circle your village
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And the pale blue of outlying mountains.
We open your window over garden and field,
To talk mulberry and hemp with our cups in our hands.
...Wait till the Mountain Holiday—
I am coming again in chrysanthemum time.
Stopping at a Friend’s Farmhouse by Meng Haoran (689 or 691–740)

Shakespeare

William Shakespeare (1533–1603) is considered the greatest writer in English if not 
in any tongue. His plays and poems are a rich source of horticultural information 
in the Elizabethan period (Ellacomber 1884). Of all nature’s images, the greatest 
number is devoted to horticulture (Spurgeon 1935). The bard displays an intimate 
knowledge of plant growth, propagation, grafting, pruning, manuring, weeding, 
ripeness, and decay. Almost 200 plants are referenced. The following two garden 
scenes are rich in horticultural imagery.

In Richard II, the mismanagement of England is reflected in a conversation be-
tween two gardeners.

Go, bind thou up yon dangling apricocks,
Which, like unruly children, make their sire
Stoop with oppression of their prodigal weight;
Give some supportance to the bending twigs.
Go thou, and like an executioner,
Cut of the heads of too fast growing sprays,
That look too lofty in our commonwealth:
All must be even in our government.
You thus employed, I will go root away
The noisome weeds, with without profit suck
The soil’s fertility from wholesome flowers.
Richard II. III.iv

In a rural scene in Bohemia from The Winter’s Tale, Perdita, unknown to her the 
daughter of King Leontes, King of Sicilia, has being abandoned and is being brought 
up by shepherds due to the supposed infidelity of his wife by his friend, Polixenes. 
In this scene, the falsely accused Polixenes, King of Bohemia, checks out Perdita 
for his son who has fallen in love with her. In a famous repartee concerning streaked 
gillyvors (variegated carnation)  which Perdita assumes to be due to either unnatu-
ral breeding or grafting, a philosophical discussion ensues on the nature of what 
is natural and what is unnatural. Perdita, as many today, will have none of it. This 
controversy still resonates in horticulture.

Perdita
Sir, the year growing ancient,
Nor yet on summer’s death, nor on the birth
Of trembling winter, the fairest
Flowers o’ the season
Are our carnations and streak’d gillyvors
Which some call nature’s bastards: of that kind
Our rustic garden’s barren; and I care not
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To get slips of them.

Polixenes
Wherefore, gentle maiden,
Do you neglect them?

Perdita
For I have heard it said
There is an art which in their piedness shares
With great creating nature.

Polixenes
Say there be;
Yet nature is made better by no mean
But nature makes that mean: so, over that art,
Which you say adds to nature, is an art
That nature makes. You see, sweet maid, we marryA gentler scion to the wildest stock,
And make conceive a bark of baser kind
By bud of nobler race; this is an art
Which does mend nature, change it rather, but
The art itself is nature.

Perdita
So it is.

Polixenes
Then make your garden rich in gillyvors,
And do not call them bastards.

Perdita
I’ll not put
The dibble in earth to set one slip of them;
No more than were I painted, I would wish
This youth should say, ’twere well, and only therefore
Desire to breed by me.
The Winters Tale IV.iv

Other notable extracts from Shakespearian works include:
That which we call a rose
By any other name would smell as sweet
Romeo and Juliet II.ii

When I have plucked the Rose,
I cannot give it vital growth again.
It needs must wither. I’ll smell it on the tree
Othello V. ii

My salad days
When I was green in judgement
Anthony and Cleopatra I.v

Mine eyes smell Onions, I shall weep anon
All’s Well that Ends Well V.iii

This is the state of man: today he puts forth
The tender leaves of hopes, to-morrow blossoms,
And bears his blushing honors thick upon him:
And third day comes a frost, a killing frost
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And, when he thinks, good easy man, full surely
His greatness is a-ripening, nips his root,
And then he falls, as I do
Henry VIII, III,ii.

Rough winds do shake the darling buds of May.
Sonnets XVIII.

Jane Austen

This quintessential and still beloved nineteenth century British author of manners, 
is known for her table talk and horticulture and gardens are frequently referenced. 
In Mansfield Park, she alludes to a well known apricot named ‘Moor Park’ and 
provides information on the cost of the tree:

Sir it is a Moor Park, we bought it as a Moor Park, and it cost us—that is, it was a present 
from Sir Thomas, but I saws the bill—and I know it costs seven shillings, and we charged 
as a Moor Park.

You were imposed on, ma’am replied Dr. Grant. “these potatoes have as much the flavour 
of a Moor Park, as the fruit from that tree. It is an insipid fruit at the best, but a good apricot 
is eatable, which none from my garden are.”

“The truth is, ma’am” said Mrs. Grant, pretending to whisper across the table to Mrs. Nor-
ris, “that Dr Grant hardly knows the nature of taste of our apricot is, he is scarcely ever 
indulged with one, for it is so valuable a fruit, with a little assistance, and ours is such a 
remarkable large fair sort that what with early tarts and preserves, my cook contrives to get 
them all.” 

James Joyce

Finally we include a reference to melons in Ulysses, Joyce’s masterpiece that de-
scribes a single day, June 16, 1904, in Dublin. This choice verbally wild snippet 
can be considered a sampling of the rich use of horticultural imagery in sensual and 
erotic literature:

He kissed the plump mellow yellow smellow melons of her rump, on each plum melonous 
hemisphere, in their mellow yellow furrow, with obscure prolonged provocation melon-
smellonous osculation.

Aphorisms and Proverbs

Many references are made to horticulture in common speech, proverbs, and apho-
risms. These include references to fruits, vegetables, and flowers as well as to vari-
ous horticultural practices such as pollination, grafting, and weeding. These sayings 
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and proverbs have many different and varied sources. The meaning and origins of 
the proverbs can be found in texts such as Pickering (2001).

Selected examples include the following:
Life is just a bowl of cherries
 -by Ray Henderson, song with lyrics by Lew Brown (1931)
Rose is a rose is a rose.
 -Gertrude Stein: Sacred Emily.
Cauliflower is nothing but a cabbage with a college education.
 -Mark Twain: Pudd’nhead Wilson (1894)
An apple a day keeps the doctor away (English)
If apples bloom in May, you may eat them night and day (English)
April showers bring forth May flowers (English)
Apples, pears and nuts spoil the voice (Italian)
The apple never falls far from the tree (German)
Like tree, like fruit (English)
A good tree brings forth good fruit (English)
The best wine comes out of an old vessel (English)
Cabbage twice cooked is dead (Greek)
There is a devil in every berry of the grape (English)
If you would enjoy the fruit, pluck not the flower (English)
Great trees keep down little ones (English)
The higher the tree, the sweeter the plum (English)
Old friends and old wine are best (English)
Soon ripe, soon rotten (Roman)
Walnuts and pears you plant for your heirs (Greek)
The rotten apple injures its neighbours (English)
One generation plants the trees; another gets the shade (Chinese)
No matter how tall the tree is, its leaves will always fall to the ground (Chinese)
Flowers leave a part of their fragrance in the hands that bestow (Chinese)
A flower cannot blossom without sunshine nor a garden without love (Chinese)
A beautiful flower is incomplete without its leaves (Chinese)
 Peach and chestnut bear fruit three years after germination while persimmon 
takes eight years to bear first fruit after germination. (A long time is necessary to 
accomplish something valuable). (Japanese)
 It is stupid to prune ornamental cherry trees while it is stupid not to prune 
Japanese apricot trees. (Japanese)

The Future

The scholarship and literature of horticulture, although scattered, had long been 
preserved in part in specialized libraries. These include, but are not limited to, 
such collections at the Royal Horticultural Society in London (Lindley Library), 
St George’s Chapel Windsor Archives, The British Library, Natural History Mu-
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seum Library, The Garden History Museum, Royal Botanic Garden Kew, Royal 
Botanic Garden Edinburgh, the National Agricultural Library of the United States 
in Beltsville Maryland, The Dumbarton Oaks collection in Washington DC, The 
Arnold Arboretum Horticulture Library at Harvard, Jamaica Plain, Massachussets, 
The library of the Missouri Botanical Garden in Saint Louis, The Lloyd Library in 
Cincinnati, Ohio, and the German Horticultural Library in Berlin. Many of these li-
braries have very special collections, for example the National Library in Beltsville 
contains a huge record of nursery catalogues used in the United States. In the past it 
was often difficult and expensive to access the horticultural literature but the recent 
digitization of all scientific and horticultural literature is transforming and easing 
this situation.

The publication of scientific journals and books has undergone major changes 
in the past decade with the advent of web-based search options and the personal 
computer. Most if not all scientific journals are now available on-line either prior to 
being printed or certainly soon afterwards. As a consequence, research findings are 
not subject to the same delays due to printing and distribution requirements. Many 
subscribers now choose to elect for electronic on-line delivery (usually at a lower 
cost) rather than delivery of a printed version of the same material. The same has 
occurred with the evolution of e-books.

The direct use of the world-wide web as a repository of technical information 
is expanding rapidly. Such material typically includes text and graphics, but in-
creasing includes video material and sophisticated imagery. For example, a current 
search on “apple grafting” will result in identifying close to 1 million entries on 
the web ranging from encyclopaedic entries such as Wikipedia (http://en.wikipedia.
org/wiki/Grafting) which includes pertinent published references, YouTube videos 
of grafting practices (http://www.youtube.com/watch?v=LTqG8-OhElY), and over 
400 photographic and diagrammatic images of grafts, grafting tools, and different 
grafting methods. However, printed material will remain important as a means of 
summarising, validating, and interpreting the enormous literature of horticulture in 
an authoritative and informed way.

The literature of horticulture is rich and diverse. It has impacted our lives for 
centuries and is likely to do so for centuries to come.
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Abstract Literature about horticulture (fruits, flowers and vegetables) has long 
been produced by georgic writers and experts in agriculture. Generally it comprises 
testimony of experience and the desire to disseminate knowledge about plants and 
how to grow them. This has been true since ancient times and is particularly true 
of the Mediterranean area. Often, authors copied from their predecessors and the 
contents of a book were handed down over the centuries. This was the case until the 
mid-eighteenth century, when agriculture became the subject of scientific investiga-
tion and began to benefit from a knowledge of biology.

This chapter summarizes the writings of the Greeks (Theophrastus), Latin writ-
ers (Columella and Virgil), and then, moves forward about a thousand years, to the 
work of authors in the Middle Ages, often from Arabia and Italian sources (Ibn 
Al-Awwan and de’ Crescenzi), followed by the Renaissance (Aldrovandi) and then 
modern French (De la Quintinye) and Dutch (De Vries) and then to the more recent 
French and Italian sources (du Breuil and Gallesio).

In the nineteenth century, after the revolutions in the understanding of the work-
ings of the universe (Copernicus, Galileo, Newton) and the fall of the old schools of 
philosophy and medicine, Europe began to produce numerous works on pomology 
and horticulture. The first studies were carried out on applied biology and physiol-
ogy, together with investigations into reproduction and the fixing of characteristics 
by seed propagation and grafting. Frequently, the works described varieties (pomol-
ogy), soil management, fertilization, irrigation and the influence of the environment 
on production.

The great leap in the quality and quantity of horticultural products came with 
the discovery of the synthesis of nitrogenized fertilizers and a proper understanding 
of photosynthesis, involving the acquisition by plants of carbon and the synthesis 
of organic matter. Knowledge was also acquired concerning the roles of water and 
the soil in plant growth and fruition. In these areas, horticulture benefited from the 
research of the Europeans (particularly in Germany) and Americans. The author has 
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chosen about thirty authors, as representative of their age and for their significant 
contributions. The choice is subjective, of course, and some branches of knowledge 
may have been under-represented, but overall the hope is to achieve a fair balance, 
including some wrong turns and mistakes.

The green revolution changed agriculture—including fruit growing—in the sec-
ond half of the twentieth century, introducing genetic research in pomology and 
agronomy. In addition to breeders, professionals included pomologists and geneti-
cists, working along the lines established by Darwin and Mendel, and making posi-
tive contributions from the first decades of the twentieth century onwards. Agrono-
mists, physiologists and biochemists have also contributed, enabling the application 
of new technologies in orchard management. In modern times, bio-technologists, 
molecular biologists, mechanical and plant engineers enabled hitherto unthinkable 
results to be achieved at the end of the twentieth century, in line with the new philos-
ophy of eco-sustainable growth, preventing an excessive dependence on polluting 
chemicals and the use of non-renewable energy sources, which might have compro-
mised expectations and the future of the next generations. Our investigations end 
at the beginning of the twentieth century. What follows would deserve a chapter of 
its own (Sansavini, L’agricoltura verso il terzo millennio attraverso i grandi mu-
tamenti del XX secolo, pp. 307–382, 2002 and Sansavini, European horticultural 
challenges in a global economy: role of technological innovations, Chronica Hort. 
53(4): pp. 6–14, 2013).

Keywords History · Agriculture · Horticultural science · Pomologists · Plants

Foreword: Towards a history of the literature of pomology (Antonio Saltini)

A history of the literature of agronomy is based on written texts which do not neces-
sarily have to be specialist works. Poetry, narrative literature and journalism, for 
example, can all provide us with valuable insights into the relationship between 
human societies and agricultural resources. There is one proviso however. Primary 
importance must be assigned to the nature and the source of the written text itself. 
Let me explain why. Societies have always had an artisan-farmer culture, a sys-
tem of traditions and long-standing practices comparable to a real science but one 
which was passed on by word of mouth and not in writing. Anthropologists who 
have tried to reconstruct these worlds see things from a different viewpoint and have 
not consequently succeeded in producing descriptions which meet our purposes. We 
are obliged to fall back on the specialist writings of the time.

Up until the Renaissance, the cultivation of fruit trees and vegetables was de-
scribed in the general writings on agronomy. Later, it was to branch off and become 
a discipline in its own right. From this time onwards, the major, classical works 
of the great agronomists had chapters dedicated specifically to pomology and the 
subject began to assume the status of a separate science.

We find the first real expression of thought on the cultivation of fruit trees in the 
Odyssey (8 to 9th bc) which describes the many cultivars already grown and propa-
gated, by grafting, to maintain their individual characteristics. All that remains of 
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Greek science are the meanderings about plant propagation written by Theophras-
tus (Third century bc) later to be repeated by Virgil (First century bc). The ideas of 
Theophrastus on reproduction were countered by those of Lucretius (First century 
bc). He propounded ideas about reproduction which were based on extraordinary 
insights into genetics which included observations on the constancy and variability 
in the progeny of every species. Columella (First century ad) provided an admirable 
summary of all the Greek and Latin literature on agronomy. His chapters on the cul-
tivation of the vine and the olive were masterful. His writings on fruit trees a little 
less so. Pliny took up the same themes but with less illuminating insights. Later, 
Palladius (Second or third century ad) wrote some colourful pages on horticulture 
during the decline of the empire.

In the Middle Ages we can pass over the peregrinations of Pietro de Crescenzi 
whose main work was published between 1304 and 1309. More striking in the 1350s 
were the perceptive writings of Ibn al-Awwām, an Arab author who followed in the 
footsteps of the great Arabian biologists. During the Renaissance, pomology was 
the subject of particularly detailed, broad ranging treatment in the works of the two 
great agronomists of the time—Agostino Gallo (1st edition 1564, definitive edition 
1569) in Italy and Olivier De Serres (1st edition 1600) in France. Gallo illustrated 
the cultivation techniques used in the Italian brolo or vegetable garden. He covered 
most aspects of planting, pruning, grafting, working the soil, manuring and the rip-
ening calendar of the main species. De Serres described the techniques for growing 
fruit in the gardens of a French villa and provided related advice. De Serres also 
illustrated the latest methods, providing, for example, precise instructions for grow-
ing fruit on flat frames against a wall. Gallo was the first to propose growing citrus 
fruit in greenhouses, an idea to be copied by his French counterpart.

In the 1600s various English authors wrote about fruit growing. Evelyn, for ex-
ample, writing in Pomona (printed in 1664) pioneered the cultivation of apples and 
pears for making cider. Undoubtedly the most important work of the time (published 
posthumously in 1690) remains that by Jean Baptiste de La Quintinie, superinten-
dent of the new orchards at Versailles. Here, with the assistance of the many garden-
ers and labourers available, he conducted experiments with the espalier technique 
of De Serres. He perfected the espalier method primarily on the basis of a deep 
understanding of the biology of plant growth and regrowth gained through close 
observation. The espalier method he described was hugely labour intensive. His 
mastery of everything to do with fruit trees was such that he can be considered the 
founder of modern day, scientific fruit growing. His principles and methods were to 
be employed for a century to come without any significant changes.

In the 1700s significant writings about fruit growing, vine cultivation and horti-
culture were penned by the Hungarian Ludwig Mitterpacher. The Habsburg govern-
ment ordered the original Latin edition (1777) to be translated into Italian. Notes 
were added to the Italian edition (1784) about the types of cultivation typical to the 
Kingdom of Lombardy-Venetia, written by agronomists from Lombardy. Noteworthy 
are the pages on the cultivation of the olive tree around the lakes of Insubria.

The 1700s also saw the publication of the great pomological atlases. Every na-
tion in Europe printed these monumental illustrated works cataloguing and clas-
sifying the fruit varieties grown in their countries. I have made a list of these and 
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although I have not examined their contents closely I do not think they contain any 
biological ideas which could be described as original. Italy was the last European 
country to print its own Pomona Italiana (1817–1839), authored by Giorgio Gal-
lesio. Prior to the Pomona Italiana, Gallesio had written a work which proposed a 
completely new approach to the biology of fruit growing and propagation (Traité 
du citrus 1811). Even though many of Gallesio’s ideas proved to be unfounded they 
were held in great consideration by Darwin when writing his Variation of Animals 
and Plants under Domestication (1868), another work to be considered in the his-
tory of the literature of pomology.

In the 1800s, after Gallesio, fruit growing science in Italy went through a long 
period of lethargy contrasted only by the works of the Roda brothers, royal garden-
ers at the Castle of Racconigi. Their highly original guide went through numerous 
reprints, some of them unauthorised, between 1845 and 1880. Volumes have been 
written about the work of the two brothers as park directors but nothing about their 
work concerning the renewal of fruit growing. Nothing, that is, until a recent thesis 
supervised by Mignani and Saltini for the 150th Anniversary of Italian Unity. This 
author may not have delved deep enough into the subject matter but did succeed in 
highlighting the stimulating innovations proposed in the manuals and guides pro-
posed by these two Piedmontese gardeners.

The dawn of the 1900s saw the arrival of works by the distinguished pomologist 
Hugo de Vries. Unfortunately I have not studied his texts. The Italian Girolomo Mo-
lon claimed the merit for having understood, from international publications, that 
a radically new form of fruit farming was taking shape in California. He undertook 
the long journey to America to study the farmers, their methods and the potential. 
The diary of his travels, published in 1918, is more the work of a diligent journal-
ist faithfully recording what he saw, rather than the work of professional scientist. 
Nevertheless, it should be said that in mapping out what was to become the future 
of fruit farming he made an invaluable contribution, in general terms rather than in 
terms of pure agronomy, to the history of horticultural literature.

1 st Part: The Latin/ Greek World

Lucius Junius Moderatus Columella (ad 4–ca. ad 70)

The author would like to start this brief history of scholarship in horticulture with 
a Latin author, Lucius Junius Moderatus Columella. At the start of his career, filled 
with an all consuming passion for the pruning and management of fruit trees, the 
author often liked to quote one of Columella’s maxims from De Re Rustica (Book 
V, Chapter IX): Nam veteris proverbii meminisse conveni, eum qui aret olivetum, 
rogare fructum; qui stertore, exorare; qui caedat, cogere. (“Remember the old 
proverb which says: he who ploughs the olive grove, asks for fruit; he who manures 
it, begs for fruit; he who prunes it, forces it to yield fruit”).

Columella, Spanish by birth, lived in Rome in the first century ad and wrote 
with a style which was both highly didactic and eclectic in the subject matter cov-
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ered. In his works he succeeded in transcribing and documenting his experiences 
as a farmer, a horticulturalist and an animal breeder. In De re rustica (Fig. 38.1) 
(Calzecchi-Onesti 1948), as an enthusiastic farmer he covered the universe of fruit 
species and the principal types of fruit trees including the fig, almond, pomegran-
ate and walnut. He reserves a special place for the olive tree, with a guide to its 
cultivation, its cultivars and the three types of grafting to be used: “cleft” performed 
after the winter pollarding; “insertion of the scion under the bark” in spring; and the 
“single eye” or “budding” graft in summer. Today, these continue to be the three 
most widely used grafting techniques. Columella was also aware that the olive tree 
seldom bears well two years in succession and consequently maintained that, in 
order to compensate for this biological phenomenon which endangered the profit-
ability of a farm in the poor years, it was necessary to force half of the rows with 
different cultivation methods so that every year the olive farmer could be assured of 
at least half of the harvest.

Columella’s knowledge and wisdom centres primarily on the vine. In Books 
III and IV (Calzecchi-Onesti 1948) he reviews propagation, an argument related 
to mass selection (a practice already adopted by the best vine dressers), planting, 
growing and pruning.

Noteworthy, in his instructions about how to perform these operations, is his 
frequent insistence on writing “…unlike the ancients, I counsel …” where the an-
cients were the leading personalities such as Virgil and Cato who lived one or two 
centuries before him. It is also worth noting how Columella was always trying to 

Fig. 38.1  Frontispiece of 
L.M. Columella’s “De re 
rustica”, vol. 1, REDA, 
Rome 1948
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convince his reader of the economic advantages of the operation he was proposing. 
He disputed, for example, the practice of mixing varieties when planting the vine-
yard. This, he maintained, required more work, increased harvesting costs and also 
worsened the quality of the wine, given the different ripening times of the grapes. 
According to Columella, vineyards were much more profitable than other forms of 
cultivation. Each iugero of vineyard (2,514.82 m2—28,000 ft2) yielded 600 urnae 
each holding 12.90 L of wine (Book III, Chapter III). For him the vineyard had to be 
tended well so that it achieved a higher yield and so that, as he says, “… still profit 
prevails over pleasure”. Thus, if you look after your vineyard or “Wheresoever the 
god has turned his goodly head”, the gods will be kinder to you. ( Sed haec quamvis 
plurimum delectent, utilitas tamen vincit voluptatem (…) et quod de sacro numine 
poeta dicit: “Et quocunque deus circum caput egit honestum”—But though for all 
these give the greatest delight, still profit prevails over pleasure. (For the head of 
the household comes down the more willingly to feast his eyes upon his wealth in 
proportion to its splendour;) and, as the poet says of the sacred deity “Wheresoever 
the god has turned his goodly head”, truly, wherever the person and eyes of the 
master are frequent visitors, there the fruit abounds in greater measure (Book III, 
Chapter XXI).

The author would also like to quote some of Columella’s advice which continues 
to be valid today. For example, to propagate the vine he suggests using “cuttings” 
from the stock in preference to vine shoots. In this case the cutting he advises is 
mallet-shaped, the shape being the result of cutting part of the old wood along with 
the stock so that it is kept joined to the cutting; he also recommends that the cutting 
itself is reduced to the minimum.

When it comes to growing he writes that “pruning must be done with plants 
made from both ‘leaf-bud cuttings’ and from ‘shoots’.” “The vine dresser must 
leave more or less stock according to the nature of each plant thereby to ‘encour-
age’ it to produce with longer ‘heads’ rather than to ‘slow it’ (the vine) with a rather 
‘short’ pruning.”

Also very interesting are his descriptions of vine plants, especially those he liked 
best, the specialist varieties, where at least 16,000 to 20,000 cuttings covered the 
cultivated area. At the same time he did not underestimate the attractiveness and 
utility of the hedgerow type of vine cultivation, the classic tree-lined row of vines 
dividing one field from another. These have survived to the present day and are 
still one of the attractive characteristics of the Emilian countryside. Here, the vines 
are “wedded” to a “living support” usually elm or ash trees (Book V, Chapter VI) 
whose fronds were also used as animal feed. In the Po valley area of Italy, in the 
last decades of the 1900s, field maple ( Acer campestre) was mainly used for these 
piantata (or alberata), or lines of trees supporting the vines.

Curiously, Columella the farmer was also concerned that farm estates at the end 
of the season should dry apples, pears (and plums) in the open air because “they 
serve in no small measure for the sustenance of slaves” ( Eorum si est multitudo, non 
minimam partem cibariorum per hiemen rusticis vindicant …) during the winter 
months (Book XII, Chapter XIV).
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Virgil (Publius Vergilius Maro) (70 bc—19 bc)

The poet Virgil was from a farming family and lived in the first century bc. As one 
of Rome’s greatest poets he had a major influence on Latin culture. It is enough to 
quote the Aeneid, an epic poem dedicated to philosophical meditation and in par-
ticular to Epicureanism. He found the hortus epicureo, the Garden of Epicurus, a 
private retreat and an ideal place to rediscover the tranquillity lost in life’s tempests 
(and in the bustle of Rome). The Epicurean garden was the inspiration for two of 
his best known works, the “Bucolics”, a pastoral work based on the Greek model, 
and the “Georgics”, an elegy to life in the fields. Virgil was a great and impassioned 
lyricist of the natural landscape and the works of the countryside. Pomona was the 
goddess of the fruits (Fig. 38.2).

In the Georgics (Virgilio Marone 1908), Virgil wanted to introduce the idea of 
Mother Earth, (today Terra Madre is the name of a global movement of small farm-
ers defending their traditions and combating the advance of multinationals in ag-
riculture), made fruitful by human effort, according to a scientific conception of 
Nature which had already inspired Lucretius. It was Virgil who, in the work of the 
farmer, found a great “epos”, an epic narrative combining human ethics and the 
sense of anguish linked to the hardships imposed by Nature which all too often en-
dangered crops and harvests. At the same time, it is Nature which induces humanity 
to perform grandiose works as a sort of reaction to the sufferings it imposes. Thus 
he foretold the destiny of Aeneas, the founder of Rome.

Fig. 38.2  Statue of Pomona, 
goddess of fruits (Galleria 
degli Uffizi, Florence)
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Book II of the Georgics is dedicated to the cultivation of trees, vines and the 
olive. The incipit announces: “Hactenus arvorum cultus et sidera caeli/ nun te, 
Bacche, canam, nec non silvestria tecum/ virgulta et prolem tarde crescentis oli-
vae”. (So much for the cultivation of fields, and the stars in the sky/ Now I’ll sing 
you, Bacchus, not forgetting the saplings/ of woodlands and the children of slow-
growing olives).

Virgil immediately reports that the olive produces much later than the vine. He 
recognises the importance of genetic variability in species and how this requires 
different approaches to cultivation and husbandry. He also sees the importance of 
differences in soil and is perhaps the first to introduce the idea of “habitat suitabil-
ity” or, in other words, “soil and climate vocation”.

He also makes a distinction between different propagation techniques (each spe-
cies having its own). Recounting his experiences with grafting he even goes as far 
as to write, with a poetic licence that pushes him beyond the bounds of reality, “And 
often we see one tree’s branches harmlessly/ given over to another’s, a pear al-
tered, or mutated, to carry grafted apples, and stony cornelian cherries blushing on a 
plum”—“Et saepe alterius ramos inpume videmus/ vertere in alterius mutatamque 
insita mala/ ferre pirum et prunis lapidosa rubescere corna”. His definition of ju-
venility is also rather original, “The tree that raises itself from scattered seed, grows 
slowly, creating shade for our descendants, its fruits degenerate, losing their former 
savour, and the vine bears sad clusters, a prize for the birds” (“Jam quae seminibus 
iactis se sustuiit arbos, tarda venit seris factura nepotibus umbram, pomaque de-
generant sucos oblita priores et turpes avibus praedam fert uva racemos”).

Cato (Marcii Porcii Catonis) (234 bc–149 bc)

According to Columella, Cato (or Catonis, in Latin) the Elder was the first person 
(Fig. 38.3), in the second century bc, between the second and third Punic wars, to 
write about agricultural science in Latin. Before this, there were only Greek sourc-
es, none of whom Cato trusted. In fact he wanted only to write about his personal 
experiences which followed the traditions of his homeland. His “Liber de agri cul-
tura” (“On Farming”) (Fig. 38.4) (Catonis 1964) is a practical guide, a notebook 
of instructions and advice written primarily for overseers (stewards) and slaves. 
According to E.V. Marmorale (1949) any attempt to find a shimmer of love for the 
earth similar to that found in Virgil will be in vain His writing was purely utilitarian. 
His writing did however force a change in mentality and marks a great step forward 
along the road which made the Greeks and the Romans the wise and observant writ-
ers of great popular works of information. The Greeks laid the scientific founda-
tions and developed the theories of agriculture. The Romans developed the methods 
employing them according to economic principles to accumulate assets and money 
thereby improving the quality of life.

Cato the Censor, to give him his Roman cognomen, forged a great political ca-
reer and became a “persecutor of luxury”, an intransigent upholder of tradition. Not 
a moralist but rather a defender of the ancient Civitas romanorum. He became an 
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Fig. 38.4  Frontispiece 
of M.P. Cato, “Liber de 
agricultura”, REDA, Roma

 

Fig. 38.3  Statue of Cato 
(Museo Lateranense, Rome)
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excellent farmer. “From the very beginning I toiled my entire adolescence in parsi-
mony, hardness and work, cultivating the stony Sabine hills, and working the stony 
ground and planting trees” (extract from oration no. 128).

Cato gave a detailed description of rural life in republican Rome before it came 
to know the scourge of the landed estates of latifundium and the ruinous upheav-
als of social strife. Unlike Columella, Cato described an agriculture fixed in time, 
empirical and still imbued with sorcery and sacred rites to the gods. He gave rules 
for the propagation and planting of olive trees and vines. He advocated the practice 
of green-manuring (with broad beans and vetch) to “fatten” the soil. He explained 
how to make wine and press olives but not without forgetting to propitiate the gods 
on feast days. His prose is somewhat meagre. In fruit farming he only mentions 
varieties of apple and pear, but this is not surprising given that the cherry, apricot 
and peach had still to arrive from the Orient (Lucullus brought these to Rome at the 
end of the first century bc). Cato dwells at length on “the cabbage and its digestive 
virtues” and offers advice on cultivating asparagus. He talks a lot about people. The 
overseer (or steward), for example, an important figure in the management of the 
estate and the farm. He proposes the outlines of contracts used to recruit labourers 
to thresh the grain and for all the other work in the fields such as picking olives 
and grapes. He also dedicates much attention to the housekeeper, a woman usually 
given in marriage by the master or pater familias to the overseer. The housekeeper 
had to keep the stores well supplied with dried apples and pears, sorbs, figs, raisins, 
sorbs in must, bunches of grapes in barrels or in grape pulp in buried pots, quinces 
and fresh Praenestine nuts also preserved in buried pots. The woman had to know 
how to spin, weave and sew clothes. She was assigned numerous tasks such as the 
“keeper of the hearth” and the provider of ritual devotions and offers but was dis-
suaded from performing acts of witchcraft. Only the master could order the sacri-
fices to be offered to the gods.

Some of his precepts were of doubtful value even at the time they first appeared; 
his reasoning was unconvincing and lacked credibility. This probably stemmed from 
the author’s desire to remain faithful to popular traditions and beliefs. Cato indi-
cated, for example, a remedy “… to prevent chafing: When you set out on a journey, 
keep a small branch of Pontic wormwood under the anus.” (chapter CLIX). This 
sounds more like the advice given to boy scouts before they start a camping trip.

Here it is enough to quote his “propitiatory rite for purifying the land”, an event 
which took place in spring and involved the sacrificing of a suckling pig, a lamb and 
a calf to Mars. Thus, the master sought the favour of the gods while trying to govern 
his people with “equity and honesty” ( bonus dominus). In the final analysis, Cato 
favours a humanism based on life in the countryside, something which he exalts and 
believes is exemplary in maintaining rural peace and community because, as he puts 
it, “it is from the farming class that the bravest men and the sturdiest soldiers come”. 
Today, there are those who still think like this.

Cato did however possess a “sour character” (according to Livio, the Roman 
writer) and was unyielding as a politician. Not surprisingly it was he who wanted 
to destroy Carthage (censeo Carthaginem esse delendam!) but died before Carthage 
burnt.
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Generally speaking, the period of greatest splendour for fruit arboriculture dur-
ing the Roman Empire started with the fall of Carthage and lasted until the fall of 
the Empire (Third century ad). The Romans were followers of the cult of the fruit 
tree. Pliny the Elder, the Roman author and writer of a natural history encyclopae-
dia (First century ad) proclaims the fruit tree “as the greatest gift given by the gods 
to man”. Varro (Marcus Terentius Varro, 116–27 bc) wrote at 80 years the treatise 
“De re rustica”, a very admirated and popular book in the Latin world for the high 
consideration of the Romans for the agriculture and horticulture. The Italian pen-
insula, he stated, was covered from fruit trees (Tota pomarium). Italy, at that time, 
had become “an orchard cultivated with art and science”, so much so that around 
the Gulf of Naples the earnings from fruit exceeded those produced by vineyards 
and olive groves, otherwise the two most important forms of cultivation in the area.

The walls of Pompeii testify that the Romans already knew of the varieties avail-
able, many of which had already been described by Columella (First century ad) 
and Palladio (Fourth century ad). It was Palladio, in particular, who had described 
better than anyone else the cultivation of citrus fruit.

Theophrastus (371 bc–287 bc)

The classical Greeks were the first to write about agriculture. They wrote mainly 
about the olive, a tree to which they assigned divine honours and strived to spread 
throughout their colonies. One of those who merits special attention is Theophras-
tus, who was to become for several centuries a point of reference for Italian authors.

Theophrastus was a pupil of Aristotle and therefore a philosopher, but one whose 
interests were far-ranging and who excelled at most things, dominating in most 
things “like an eagle that flies”. His passion for natural science led him to study 
plants just in the same way that Aristotle had studied animals. He was not interested 
in superficial knowledge or mere facts as his two treatises demonstrate. One was a 
work of biology, before its time, where he wanted to delve deeply into many topics 
and find a synthesis. He succeeded in this and in doing something which no one else 
was able to do for more than a thousand years still to come. He lived in the Fourth 
century bc and died in 297 bc. His first work, a contribution to botanical science, 
was “Enquiry into plants” (in nine books). The second, “On the causes of plants” (in 
six books), was a treatise on plant physiology and husbandry.

Theophrastus, like Virgil and other Latin writers, had a very limited view of 
the validity of the reproduction of plants by seeds, not corresponding to the uses 
and usefulness of propagation practices. He believed that plants derived from seeds 
were deformed compared to their parents, perhaps even “degenerate”; hence the de-
duction that, for the proto-historic propagation of fruit trees, only vegetative propa-
gation was able to reduce risks and maintain the identity of the tree, but according to 
Genesis, a sacred book par excellence, first drafted in the Fourth century bc, on the 
third day God said: “Let the earth bring forth grass, the herb yielding seed, and the 
fruit tree yielding fruit,” (1.11). “And the earth brought forth grass, and herb yield-
ing seed after his kind, and the tree yielding fruit, whose seed was in itself, after 
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his kind; and God saw that it was good.” (1.12) According to the historian, Antonio 
Saltini (2012), this is a better definition than the one provided by Theophrastus and 
others after him.

He also wrote about metaphysics and mineralogy. Some of his writings on natu-
ralist philosophical doctrines appear to anticipate certain themes of today’s environ-
mentalist movements. Worthy of a separate mention is his book “The Characters”. 
Here, Theophrastus outlines 30 ‘moral types’ in an analysis of character profiles 
which highlights ‘moral faults’. The analysis, seen from the ethical peripatetic 
viewpoint specifies through empirical observation the vices and virtues of human 
nature as already noted by Plato and taken up again later by Aristotle.

2 nd Part—Middle Age

Ibn Al Awwam (Abū Zakariyā Yaḥyā ibn Muḥammad)

Greek and Latin authors dominated in the writings about agriculture for centuries 
to come. After them, with the decline of the Roman Empire, the Byzantine era and 
the barbarian invasions, Europe did not produce anything of historical relevance in 
the world of agriculture. We have to wait until medieval times, after the year 1,000, 
to discover the contribution of the great scholar of agronomy Abū Zakariyā Yaḥyā 
ibn Muḥammad known as Ibn al-Awwām (end of the 12th century). At this time, 
the south of the Spanish peninsula and Sicily had already been settled by Arabs for 
several centuries. Ibn al-Awwām lived in Seville around the twelvth century and 
wrote a treatise on agriculture Kitab al-felahah (16 Chaps) later on translated into 
Spanish and French (several editions till nineteenth century). In the opinion of A. 
Saltini (2012), the scientific approach adopted in Kitab al-felahah makes this work 
the second real cornerstone of agronomy after De re rustica of Columella.

Let us try and outline the salient points that Ibn al-Awwām has left us in his writ-
ings about horticulture. First though, we need to say a few things about his cultural 
background. His knowledge referred back to that of the Nabataeans, an ancient 
Arab peoples whose cultural centre was the city of Petra, south of the Dead Sea. 
During the second century ad, Nabataean horticulturists were famed far and wide 
for their innovative methods. They were particularly known for their advice on to 
how to create and manage vegetable gardens and the soil and the different prac-
tices for cultivating each type of the numerous species of cultivated vegetable. The 
author lists many vegetables—garlic, onion, thistle, rape, melon, water melon and 
courgette. These were all species unknown in Europe but numerous varieties were 
already known and available in the Arab world. Ibn al-Awwām spread knowledge 
of the technical and scientific conquests in the world of Islamic agriculture. He 
states the principles to be followed when designing vegetable gardens and describes 
the irrigation techniques needed to produce a good result. He also had very clear 
ideas about the relationship between biological diversity and the different methods 
for treating each of the cultivated species individually. Mixings were to be avoid-
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ed because he thought they were incompatible. Saltini reports that Ibn al-Awwām 
wrote, “The trees should not be planted at random. One should, on the contrary, 
bring together related types, so as to avoid the more vigorous species absorbing all 
the nutrient juices of the soil and leaving the more delicate species unprovided for”. 
Virgil and Columella had already touched on this subject but the Arab botanists had 
gone to the heart of the matter in understanding the negative consequences of badly 
managing the mixing of various species; their understanding was such that their 
ideas, as Saltini writes, “are at the base of the modern theories on crop rotation”.

Ibn al-Awwām also proposes a method for designing an orchard or a plantation 
to match the species grown and the end use of the product, fruit or wood. He writes, 
“The distance from one tree to another should be decided according to the nature of 
the soil and its vitality”. For ornamental trees and trees used for their wood, he says 
that the species requiring longer growing times produce a wood which is harder, 
more durable and more suited for various uses.

For propagation, he lists the possibilities as using the seed (or the kernel), parts 
of branches, buds or root suckers. However, he does not advise grafting because he 
thinks this method does not correctly reproduce the tree but rather “modifies it char-
acteristics because of the use of a scion belonging to another species or variety”. 
True, but as we know grafting has other benefits. In effect, as Saltini shows, Ibn 
al-Awwām makes the same mistake as Theophrastus and Virgil.

Numerous other pages in Chapter 5 are dedicated to the methods for building 
a nursery and transplanting trees. Clearly, he recommends using well-tilled soil, 
fertilised with manure. To obtain a transplant, he recommends digging well around 
the tree taking care not to damage the roots and leaving the earth attached to the 
roots; this is a precursor of the current method of planting trees with the root ball in 
a container and the soil of the root ball intact. He provides much advice about sow-
ing, growing and transplanting the saplings. Saplings should be transplanted two or 
three years from birth without cutting the roots. The biological precept he deduces 
from this is that “each species reproduced from seed produces a new tree which is 
similar to the tree of origin”.

At that time, the present day idea of plant uniformity obtained by cloning had 
not fully emerged but this was already one step forward in comparison with Theo-
phrastus, as A. Saltini (2012) noted. Theophrastus maintained that plant seedlings 
could degenerate, “producing plants which are different to those from which they 
take their origin”. Ibn al-Awwām, on the other hand, found in practice that a seedling 
“does not produce another identical tree but rather one that is only similar to its par-
ent”. He goes on to explain that this is what makes it possible to obtain a new variety.

When discussing the temporary potting of plants obtained from air layering (a 
method he thought suitable for propagating myrtle, blackberry, pear, citrus fruit 
and other species), he recommends keeping plants in pots for no longer than a year 
before passing them temporarily to the nursery for cultivation until they were ready 
for final transplanting in the open field.

The climate of Andalusia must have been as arid in those times as it is today and 
not surprisingly he repeatedly recommends keeping the root system, in the pot and 
in the ground, well watered until it is well formed. Worth noting is the priority he 
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gives to preserving the roots rather than the foliage. When repotting, for example, 
he advised breaking the terracotta pot so as to avoid crumbling and breaking up the 
ball of earth protecting the roots.

Pietro de’ Crescenzi (1233–1320)

The Middle Ages left us numerous works of philosophy, literature, religion and 
naturalism, which the authors intended as compendia of all human knowledge on 
the subject, according to an ideal, unifying model.

Pier de’ Crescenzi, a contemporary of Dante, wrote a Latin compendium on ag-
riculture “Opus ruralium commendorum” (1486) (Fig. 38.5), which was very suc-
cessful in Europe and translated into many languages.

The book is Aristotelian (the theory of the recombination of physical properties: 
hot, cold, dry, moist, and the four elements—water, air, earth and fire) but also in-
cludes the teachings of the Arabs, with thousands years of experience in horticulture. 
All living things, wrote de’ Crescenzi, were a form of balance between the four basic 
elements. Imbalance was a “corruption of the humours” (the equivalent of sap to-
day). Agriculture was the effort to maintain or restore balance to plants and animals.

The most interesting volume is the second, “Della natura delle piante …”. Pier 
de’ Crescenzi describes the ancients’ understanding of natural phenomena within 

Fig. 38.5  “Incipit page” of 
the first Latin issue of De 
Crescentis “Opus ruralium 
commodorum” (1486)
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a philosophical framework (Saltini 1989). This inverted the theoretical hierarchy 
which put theology first, and hence the teachings of the Church; whereas de’ Cres-
cenzi had a scientific approach based on the material needs of man (Saltini 1989), 
which was out of step with the thinking of the time.

His work is an important source for the practices and understanding of agricul-
ture in the Middle Ages. For example, propagation, a subject debated for centuries, 
is described on a biological basis, sometimes erroneously (in the light of today’s 
knowledge), because authors tended to pass on what they had read in their source 
books, some of which went back to the Ancients.

The “Trattato dell’agricoltura” (“Treatise on agriculture”) (Fig. 38.6) started in 
1305 (1st edition) published in 1471, was consulted for at least five centuries (with 
translations into various languages). The author has consulted an Italian edition (De 
Crescenzi 1851), published in Verona.

De’ Crescenzi cited many authorities. For the genesis of trees he used Aristotle, 
for whom their origin was from seeds or plants. In Chapter VIII he becomes a little 
obscure when he describes “the change of one tree into another, where it occurs, in 
the woods, is the fault of the roots” which have “narrow and closed pores” prevent-
ing the creation of new plants “of other species”. Hence, “even fruit trees when cut 
and grafted with like trees will produce different fruit”. Prunes and cherries grafted 
on willows trees would give fruit without stones. Vines grafted on cherry and pear 
trees “will produce grapes that ripen in the period of cherries and pears”. Today, 
these statements raise a smile.

These errors were the result of a vivid imagination, and purely “virtual” experi-
ments without any basis in fact, probably copied from a source. The author ignored the 

Fig. 38.6  Title page of P. 
De Crescenzi’s “Treatise on 
agriculture” (Trattato della 
Agricoltura), published in 
Verona (1851)
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problems of grafting incompatibility between different species of trees. It is difficult 
to understand how such ideas were passed on for centuries, without being challenged 
and without correction in subsequent editions. Perhaps, no one noticed the oddities.

The book also contains however many valid and current ideas: a great deal of 
attention is paid by de’ Crescenzi to agronomic practices like ploughing in the 
springtime, to be repeated twice in the summer (June and August) if the soil is dry. 
This was a recommendation of Palladium “clay earth must be ploughed deeper than 
healthy loose, sandy earth”.

In Chapter XXII, de’ Crescenzi left also good statements. He says that propaga-
tion by seed is dangerous “because it requires too long hoping” and the result would 
be a wild and not a domestic plant, whilst planting a shoot segment of a domestic 
plant (cutting technique) prevents wildness from spreading and hence he recom-
mended this method (vegetative propagation) for vines, pomegranates and quince, 
and propagation by seed for stronger species such as walnut, almond, chestnut and 
peach; he also thought propagation by rooted sprouts (of shoots) valid for fruit trees 
bearing late, but forgetting the use of this practice for olive trees.

Chapter XXIII is dedicated to grafts; like Varro, he thought it an excellent meth-
od for propagating domestic but not wild trees, and quotes Columella’s quaint idea 
that vines could be grafted onto elms which is recognized today as an impossibility.

In Europe, the end of the Middle Ages and the start of the Renaissance in the 
1400s saw the fruit tree leaving the confines of cloistered convents and the walled 
gardens of patrician villas. Fruit trees were rediscovered, for their beauty, symbol-
ogy and pleasing appearance. Fruit was now more widely grown and was now con-
sumed by the wider population to whom it had previously been unavailable. This 
created a widespread, gradually increasing interest in the cultivation of fruiting va-
rieties, but for aesthetic rather than purely commercial reasons. Landowners started 
to plant trees and discovered fruit and vegetables. The 1400s and the 1500s were 
the Renaissance period when the great schools of Flemish, German and French art 
produced the famous masterpieces of still life. Science, or rather the renewed study 
of plants, stimulated the publication of many books throughout Europe. Most of 
these were derived from Latin works or were encyclopaedias. Very few were true 
horticultural studies. We have chosen two of the most significant works of the time, 
written by Ulisse Aldrovandi (1522–1605) and Agostino Gallo (1499–1570) in Italy 
and Olivier de Serres (1539–1619) in France.

3 rd Part: The Renaissance

Ulisse Aldrovandi, at the Dawn of Pomology (1522–1605)

Dawn of Pomology was the statement used by E. Baldini (2008), illustrious pro-
fessor of the Alma Mater Studiorum of Bologna, to describe the work of Ulisse 
Aldrovandi (1522–1605), written in Latin. Aldrovandi was an important naturalist, 
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Professor of the “Semplici” (plant varieties collection with medicinal properties) 
and founder of the first botanical gardens at Bologna University. See a dwarfing of 
that of Pisa (Fig. 38.7). His “Hortus Pictus” was, according to Baldini and Taglia-
ferri (1998), the first book of genuine pomological taxonomy. Aldrovandi left just 
under 2,000 drawings, the work of artists he paid himself, reproduced in folio in 
10 volumes; they accurately represented all the varieties of fruit grown at the time, 
drawn and painted so precisely the varieties can be distinguished.

For example, the books illustrate ten varieties of apples 200 years before Lin-
neo’s botanical classification: white apples ( Malus alba), red apples ( Malus rubra); 
‘rusty’ apples ( Malus ferrugineum), ribbed apples with lengthened form ( Malus 
angulosa), today not cultivated but known as ‘snout apples’. Aldrovandi explained 
the name: “Musabò vulgo dicta, quia rictus bovini in figuram habent”.

He illustrated the “Angelica” pear and listed and described the shapes of other 
varieties still common in various regions of Italy today: Pyra moscatella augustan, 
coinciding with cv Moscatella, Pyra zucchella, Pyra viridia (acidulous) and other 
varieties.

By correspondence he collected exotic fruit such as the exotic avocado, which 
he obtained from a Venetian traveller together with a drawing, included in his book.

He distinguished Persica lutea and Persica alba, i.e. peaches with yellow or 
white flesh, and described the pulp as more or less adherent to the stone, “quorum 
es a pulpa separatum” (cling peaches and freestones).

The tables include the very beautiful figure of a cedar ( Citrum piriforme) and 
other citrus fruits. He categorized some “prodigious or monstrous” fruit, i.e. chime-
ras, mutations or the results of unknown grafts; for example ‘bearded’ grapes ( mon-
strifica barbis insignita), then considered teratological, with a figure taken from 
the work of a German artist, C. Wolfhart (1557). Baldini thinks they were epiphytic 
threads of the dodder ( Cuscutum epythimum), which may have affected vineyards, 
causing the appearance of the bunches illustrated.

Aldrovandi published a posthumous “dendrology” (1668) ( Dendrologiae 
naturalis scilicet, arborum historiae. Libri duo, sylva glandaria, acinosumq. Po-
marium. Ubi, eruditiones omnium generum una cum botanicis doctrinis ingenia 
quaecunque non parum iuvant, et oblectant. By Ovidius Montalbanus), included 
in a work of O. Montalbani who ‘borrowed’ material left by Aldrovandi. The book 

Fig.38.7  Drawing of the 
“Giardino dei Semplici”, one 
of the first botanical gardens 
for medicinal plants (Pisa, 
Italy, 1723)
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was translated into German and published in Frankfurt in 1690, with subsequent 
re-editions (Fig. 38.8).

A near contemporary of Aldrovandi, a Jesuit priest, Gian Battista Ferrari (Siena 
1584–1655) wrote a treatise on citrus fruit with excellent illustrations, a forerunner 
of cytological studies, “Hesperides sive de malorum aureorum cultura et usu”.

Agostino Gallo (1499–1570)

Agostino Gallo was the author who probably exerted the greatest influence in the 
1500s on the development of fruit growing in Europe. His best known work was 
“The ten days of real agriculture and pleasures of the villa” (written in Italian Gallo 
1565). In practice, Gallo became the foremost advocate of vegetable and fruit gar-
dens in patrician villas. Not only had the gardens to meet the new aesthetic and 
architectural canons of the time but they had also to provide for the pleasures of the 
table and the health of the gardener. They should produce medicinal herbs, hay and 
fruit from trees. Gallo possessed great experience, and the accuracy of his descrip-
tions gives the impression that he could have been the designer of the things he de-
scribed. He recommended the use of fertile soil and the importance of constant irri-
gation. He warned against overwatering because this would lead to an imbalance in 
the growth (root suffering) and ripening of a fruit. Fruit which was too large because 
it had been overwatered would have less taste. This principle still holds true today. 
The same can be said for his recommendation not to plant trees too densely, “If the 
plants are close together, when the trees are mature they will not only crowd upon 

Fig. 38.8  Frontispiece of 
U. Aldrovandi’s “DenDro-
logiae, naturalis scilicet, 
arborum historiae. Libri duo, 
sylva glandaria, acinosumq. 
Pomarium. Ubi, eruditiones 
omnium generum una cum 
botanicis doctrinis ingenia 
quaecunque non parum 
iuvant, et oblectant. (By 
Ovidius Montalbanus” edited 
by O. Montalbani (1667))
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each other but will cost upon the grow beneath so that it will yield little or nothing 
at all”. Gallo also had much experience in planting methods and grafting. Clearly 
he was also superstitious, even to the point of suggesting that trees for transplant-
ing should be removed from the ground towards evening and then only on the days 
when there was a new moon. Much debated by Gallo was the choice of rootstock. 
The alternatives were to use young wild plants from woods and uncultivated areas 
or the seeds of seedlings of cultivated varieties. He favoured the latter solution by 
far because it gave better, larger fruit. He even goes as far as to suggest regrafting 
(i.e. top working) the trees obtained in this way with scions from the same plant, for 
the purpose, as always, of obtaining still better and larger fruit. As Saltini shows, 
this is the first time that ‘top working’ is described in the literature, even though the 
purpose was different from that of today. Today, top working is performed on adult 
plants in order to change variety. Gallo, accurately, describes what types of graft-
ing to use and how to perform them, using terms which are different from those of 
today: cleft, awl, budding and pipegraft.

Gallo is also worth quoting from another of his works, a pomological catalogue 
of apples and pears. In the introduction he writes that, “Pears are more delicate, 
sweeter and juicer than apples. They like sandy, gravelly soil; soil that is both dry 
and well-drained. … However, apples have a pulp that is more robust by nature … 
and they grow fine and large in rich, soft and humid soil”.

Alessandro Saltini in his “Storia delle Scienze Agrarie—A history of agricul-
tural science” (1984, 1987, 1989) writes “The use of grafting enabled the farmer to 
enrich his range of fruit trees, adding new varieties that he had encountered during 
his travels and from which he had been able to obtain scions. The result of patient 
research and courteous exchanges of species, the wealth of variety in his orchard 
was a source of pride for the landowner, who from late spring to autumn would thus 
be able to provide his guests with apples and pears straight from his orchards, the 
species that kept better were saved to serve both culinary and medicinal purposes 
during the winter months (in the sixteenth century, apples and pears figured not only 
in innumerable recipes but also as part of the recommended diet of those suffering 
from a wide range of illnesses). There were more varieties than those familiar to the 
modern supermarket shopper, whose choice is restricted to the few types that are to 
be found throughout the fruit-growing areas of the world”.

Gallo goes on to describe citrus fruits, calling on his experiences in the areas 
overlooking Lake Garda in northern Italy. Gallo gave citrons, oranges, lemons and 
key limes (later Gallesio was to consider the key lime as a probable hybrid between 
the orange and the lemon) the generic name of Adam’s pome. Gallo said they had 
two uses, first as food and second for the extraction of perfumes.

Gallo indicates also the species and varieties suitable for cultivation in protected 
struttures, (alias greenhouses). Here he describes how to build the protective struc-
ture with a mobile roof covering. He recommends removing the roof covering on 
sunny days but advises against uncovering too early at the end of winter because of 
the risk of frost damage. In his pomology, he complains that too often he had seen 
farmers lose their entire crop to the cold because they did not exercise sufficient 
care in the management of their “greenhouses”. Probably they relied too much on 
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the fact that the land around the shores of Lake Garda, in Italy and remained rela-
tively untouched by winter cold.

Olivier de Serres (1539–1619)

Olivier de Serres became famous in France towards the end of the 1500s for creating 
a model fruit farm on which his timeless work, “Theâtre d’agriculture et mesnage 
des champs” (De Serres 1600) (Agriculture and the cultivation of fields), is based. 
He introduced various species to France including the madder (used to make red 
dyes), the hop and the mulberry. He also introduced numerous varieties of pear, the 
best known of which bears his name and has survived to the present day. However, 
it is no longer cultivated and is only to be found in germplasm collections.

De Serres wrote how to build and manage gardens but not simply as a design 
exercise for the benefit of aristocratic families in the way that Gallo had done. For 
De Serres there was a second purpose—the sale of produce grown just outside cities 
(and therefore for sale in the suburbs) or grown close to waterways which enabled 
the rapid transport of produce to the marketplace. The sixth book of his Theâtre 
is entirely dedicated to the horticultural garden. There are four types: the “jardin 
potager” or vegetable garden; the “bouquetier” or flower garden; the “medicinal” 
or medicinal herb garden; the “jardin fruitier” or the fruit garden or orchard. The 
design of a garden, the form and layout of its trees, the layout of flowering plants 
and ornamental shrubs had above all to satisfy the wishes of the mesnager (the cul-
tivator) but at the same time had to be striking in its beauty and effect.

De Serres, in particular, had a detailed knowledge of variability in genetic phe-
notypes, their varieties and species. He collected and catalogued these and incorpo-
rated this deep knowledge into his garden designs which often became a potpourri 
of colours, shapes and heights. His landscaping designs and the techniques he em-
ployed were widely recognised for their excellence. His reputation was such that 
his principal invention, the growing of trees on a frame flat against a south-facing 
wall, became the passport to success for his spiritual heir, Jean de la Quintinye 
(1626–1688). De la Quintinye, who was Louis XIV’s consultant and administrator 
in Paris, later wrote a treatise on the techniques for growing and pruning of trees 
to obtain certain shapes. This became a guide followed for at least 200 years after-
wards. It was a defining moment, clearly marking the transition from the tree grow-
ing techniques typical of Renaissance social aristocracy to the techniques which 
were to become widespread during the socialisation and development of agriculture 
for economic ends in the nineteenth and twentieth centuries.

A. Saltini describes how Olivier de Serres differed from his two predecessors, 
Estienne and Liébault, by abandoning what had until that time been the dominant 
tendency to see the garden as a “single harmonic design”. Rather he preferred to 
offer a wealth of knowledge about the botany, pharmacology, comestibility and po-
mology of the single species cultivated. Medicinal plants, flowers, fruits, herbs and 
vegetables all had their proper place in the model vegetable garden, a place defined 
according to function. In describing these model gardens, De Serres makes refer-
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ence to the large projects underway throughout Europe. He talks, for example, about 
the system of greenhouses and covers built in France and also at Heidelberg in the 
Palatinate. Mention is also made to the medicinal herbs cultivated in the Giardini 
dei Semplici botanical garden in Florence or Pisa and also to the herbs grown in 
Languedoc both before and after the time of French reign. When deciding the di-
mensions of a garden and calculating the potential amount of produce, De Serres 
characteristically advises that one should always take into account market demand. 
Obviously the need to provide water and fertiliser was assigned primary importance.

Saltini writes once again that Olivier de Serres was truly “the first French agron-
omist to draw up an overall survey of the experience that had been acquired—and 
was still being acquired—thanks to the passionate interest of French landowners in 
gardening”. We can mention here at least two technical approaches which give us 
the ideas of how he improved the technical knowledge at that time:

1. First of all, to make a new orchard he wrote: “Many take still wild trees from the 
plant nursery and transplant them in the orchard, where they are grafted. Others, 
more skilful in this art, do the grafting in the nursery itself before replanting, so 
that the tree is franc when it is bedded in and the grower does not have to graft 
it at a later date. Indeed, going even further, they do not settle for grafting them 
a single time but come back repeatedly, to make them produce fine and valuable 
fruit trees”. In this sentence there are two concepts: the franc plants (i.e. the 
seedlings) are grown from seeds and are to be grafted with the necessary scion in 
the orchard and not those that have “undergone no grafting at all”. The second is 
the role, at that time, of ‘top working’ continuously used for the same tree, in a 
manner that each tree can change variety any number of times and at any time.

2. But the most important contribution of Olivier de Serres was on the tree forms 
(or shapes) and the related way of training the trees. In chapter XIX he discusses 
the espalier form as follows: “Espalier or Palisade [today “hedgerow”] is the 
name for that layout of orchards in which the trees, planted in rows, become 
intertwined with each other regardless of species, their branches, blossom and 
fruit growing in complete freedom, right up to the height that one decides upon 
… Reason argues and experience demonstrates that the fruit from an espalier is 
finer and better than that from other trees. This is because the trees planted in 
this manner have a much more abundant system of roots than of branches, given 
that in regulating the espalier one often trims back the vertical shoots … [This 
fact] works to the advantage of the fruit, which is more fully and freely nourished 
[by the roots and the foliage] and thus has a better quality. Though his descrip-
tion suggests an arabesque of different fruit trees intended primarily as a visual 
delight, De Serre’s account does give precise reasons why espaliers produce 
better fruit than free-standing trees”.

Today, as the reader knows, this theory it is no longer accepted as a reason for prefer-
ring espaliered trees (hedgerows) to full-foliage, free-standing trees planted at low 
densities. The taste of fruit and crop yields depends on orchard design and a host 
of pre-harvest and environmental factors and not just on the shape of the tree itself.

Probably, at the time De Serres was writing, the espalier produced better fruit 
simply because the espaliered tree was protected by the backing wall (no longer 
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used today) which created warmer temperatures and thus higher photosynthetic ac-
tivity of the foliage.

One last point the author wishes to emphasise about the pomologist De Serres is 
his description of how to build and manage an orangery dedicated entirely to citrus 
fruit growing in northern European climates. This time he did not copy Agostino 
Gallo who had previously described the coverings made in the Lake Garda area in 
Italy. He described a covering consisting entirely of glass, canvas, rigid pillars and 
brick walls (no plastic, of course). He made many recommendations to prevent cold 
damage. He confused the names of several species like lemons (limon), limes and 
the ornamental species Poncirus trifoliata. In his favour, though, it should be said 
that at that time botanists had probably still not fully classified all the numerous 
Citrus species being cultivated.

Jean Baptiste De La Quintinye (1626–1688)

“Agriculture is certainly a noble art, able to pass nobility on to those who practice 
it as a profession… all can see and admire their work.” This maxim by the ancient 
Greek Xenophon is one of the many cited by De La Quintinye to demonstrate the 
importance of the historical roots of horticulture, of which he which he considered 
himself an expert practitioner.

De La Quintinye, who is pictured in Fig. 38.9, wrote his treatise “Instructions 
pour les jardins fruitiers et potagers” (Fig. 38.10 1746) after seeing the “lack of 
knowledge and understanding in so many of the books written before [his own], 
down through the centuries, in many languages and reaching very different conclu-
sions”. He appreciated very few, one of his eminent predecessors being the “Curé 
d’Enonville”, who also wrote on fruit tree culture.

Another reason for his treatise was the existence of “too many botched orchards 
and gardens, where they have tried to imitate and apply my principles, without suc-
cess… For example they have not understood why in some cases I cut the branches 
short and in others I leave them to grow long…But the principal reason I write is 
that I wish for ‘my maxims’ to be properly understood and not applied only partial-
ly, because in that case it would not be my responsibility if the results were poor.”

De La Quintinye has the merit of describing how to design and look after gar-
dens and orchards, including nurturing, soil and tree management according to the 
practices of the time, based not on economics but on aesthetics, and which could be 
appreciated at a glance by any visitor; an aim—he often repeated—entirely compat-
ible with obtaining long-lasting fruit of excellent quality.

It is no accident that he begins his cited book by stating: “Whoever wishes to 
grow fruit trees or vegetables should have sufficient knowledge about how to do 
so” (an indication of the opinion he had of his readers). As the Director of Fruit and 
Vegetable Gardens under Louis XIV (Roi Soleil), he felt the serious responsibil-
ity of maintaining the gardens of Versailles as an example of French supremacy 
(Fig. 38.11).
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Fig. 38.9  Jean Baptiste De 
La Quintinye (1626–1688)
 

Fig. 38.10  Title page of J.B. 
De la Quintinye’s “Instruc-
tion pour les jardins fruitiers 
et potagers” (Paris, De la 
Quintinye 1746)
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These gardens were certainly of fundamental importance in building up knowl-
edge on the cultivation of fruit trees, flowers and vegetables, based on direct ex-
perience, breaking away from the common place and principles of Latin authors 
until the eighth century (the so-called “Age of Enlightenment” in the agrarian field 
as in many others). Nonetheless, the book says little except how to prune trees, 
the various techniques being classified and illustrated, and how to plant and man-
age the trees. These two main topics have little in common and the book is far 
from an organic whole, despite some final thoughts on roots, sap, the movement 
of sap and grafts (for example, vascular transfer was described as possessing a net-
work of “pores” that guided the sap within the fruit trees). The author made only 
a limited attempt to deal with all the factors contributing to success or failure. The 
author therefore dedicate more attention to a French author of the next century, 
M.Alphonse Du Breuil (1811–1870), whose merits in the field of horticulture in-
clude summarizing contemporary thinking, so that the understanding of tree culture 
at the time is very clear.

It is surprising that, along with the other defects of the book, La Quintinye should 
have written in such a prescriptive and self-referential fashion; at the end of the 
book there is even an Appendix praising the author, written by the famous writer, 
Charles Perrault, of the French Academy.

These brief remarks on La Quintinye would not be complete without his alter 
ego at the Gardens of Versailles, the architect André Le Nôtre.

Four hundred years after the birth of André Le Nôtre (1613–1700) Paris is dedi-
cating a series of exceptional events to commemorate the great seventeenth century 
architect and inventor of the “French” garden, which replaced the Italian model of 

Fig. 38.11  Incipit page with 
the drawing of Versailles 
jardins in De la Quintinye’s 
Book (see Fig. 38.10)
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the previous century. Le Nôtre was in the service of Louis XIV for over fifty years, 
and created the Royal Gardens of Versailles. This masterpiece inspired park design-
ers throughout Europe, striving for a balance between architecture and geography, 
geometry and design, to achieve aesthetic harmony with a touch of artistic imagina-
tion. He was the first to espouse the principle of inter-disciplinarity—what today 
we would call interaction—between agrarian knowledge (gardening) and city plan-
ning, architecture and engineering, hydraulics and art/sculpture. In Versailles, the 
park that rivals Kew Garden in London for the highest number of visitors in Europe 
is shaped by a “grand canal” in the form of a cross at the sides, from which tree-
lined avenues extend, with sculptures, flowers beds, bushes, lawns, fountains and 
pools, all opening onto the city. Versailles highlights the aesthetic force of nature 
modeled by Le Nôtre, and hence the victory of culture and order over ragged and 
savage nature, as well as the triumph of the modern over the ancient.

4th Part: Take Shape the Whole Discipline of Horticulture. 
Birth of the “Pomologies”

John Evelyn (1620–1706)

John Evelyn was the greatest and most colourful Englishman of the seventeenth 
century in this field. He was a prolific writer whose motto was “Omnia explorate, 
meliora retinete” (Explore everything, keep what is better). He travelled widely, 
above all to Italy, to avoid the English Civil War (1642 to 1651) only to become a 
Commissioner during the Second Anglo-Dutch War (1665 to 1667).

He was a great lover of trees, and wrote “Sylva: a discourse of forest-trees”, with 
an Annex entitled Pomona (1664), reprinted as far as into the nineteenth century. 
He also denounced air pollution in London and was a member of the group that 
founded the Royal Society in London in 1660. He learnt horticulture from French 
literature and in 1658 published “The French Gardener: instructing how to cultivate 
all sorts of fruit-trees”, translated from the French of N. de Bonnefons. In 1676 he 
published “A philosophical discourse of Earth”, reprinted later (1693) with the title 
“Terra, the Compleat Gardener”, a translation of the work by J. B. De La Quintinye.

Although not a professional horticulturist himself, he had great influence in dis-
seminating knowledge of horticulture in the Anglo-Saxon world. Truly a man of his 
age, after his death he was celebrated and remembered for achievements in a wide 
range of intellectual endeavours.

Lajos Mitterpacher (1734–1814)

This Hungarian author, a Professor at the University of Budapest, published a trea-
tise on agriculture that was highly influential in Europe and translated into many 
languages. The author has the Italian edition, “Elementi di agricoltura” (Fig. 38.12) 
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in six volumes, published in Turin (Mitterparcher 1797), adapted and integrated by 
G.L. Riccardi. The author stated that many books on agriculture were then available 
and that: “Mine summarizes the ideas of others (and hence “I do not wish to be ac-
cused of plagiarism”) mediated and filtered through personal experience”.

Among the vegetable volume, he says that “none of the various species has a 
better taste and more fragrance than wild mountain strawberries” ( Fragaria vesca). 
“Strawberries are advantageous every month, producing flowers throughout the 
year except in winter”. Evidently, the diploid “reflowering plants” of F. vesca were 
not corresponding to today’s “day neutral” everbearing strawberry (productive for 
several consecutive months). They are both cultivated. But the current strawberry 
belong to another 8-plopid species, Fragaria x ananassa (with big fruit), which 
through hybridization with another Chilean type, Virginiana glauca (carried out 
in California around 1950) could introduce the “day neutral” trait. This last type is 
grown in California and South Europe to produce strawberries continuously for 4 to 
8 months. During the Mitterpacher age, strawberry beds lasted 3 to 4 years and were 
also used to produce runners for propagation. Today, in most plantations annual and 
propagation bed are separate.

Volume three is dedicated to vineyards; it describes the best choice of environ-
ment and soil, and lists the moist common Italian and French vines and the wines 
produced from them. Most of the book deals with the propagation, grafting and 
pruning of vines. For the former, the author recommends self-rooting through layer-

Fig. 38.12  Title page of the 
Italian issue “Elementi di 
Agricoltura” of L. Mitter-
parcher, integrated by G.L. 
Riccardi (Turin 1797)
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ing, with the production of plants in own field rather than the purchase of cuttings 
or rooted plants, because “they involve more risks” (evidently at the time nurseries 
were unreliable, unlike today’s certified producers). He offers many tips on pruning. 
For example, Mitterpacher recommended shortening shoots during the year when 
the harvest was bountiful and leaving more fertile buds when it was less so.

Fruit trees are given less space (just 80 pages) than vines (over 200 pages); 
this was partly because, at that time, growers needed to defend themselves against 
thieves and partly because of the widespread belief that “fruits obstacle the fields 
and vines”. Certainly this was the belief in Piedmont, as the integrated edition in 
Italian makes clear. The author complains of the poor quality of fruit in that region.

Mitterpacher recommended cultivating only grafted plants, obtaining the wild 
seedlings from nurseries (seedbeds), a system not used much in Hungary (where, 
as elsewhere, nurseries had a bad reputation). For grafting, he recommended the 
techniques of Latin authors, distinguishing between those “with a segment of bud-
ded shoot, between bark and wood”, or “with cut and cleft of the stem” (in winter), 
or summer mono-bud shield (today all the same, with few variants). His descrip-
tion is valid today; he indicates a series of precepts, above all for crown grafting. 
He clearly describes offshoots and layering (as for vines) and illustrates transplant 
techniques. When pruning, he rightly says there is a difference between fruitful and 
non-fruitful branches (and shows the various types).

Some tips seem suited to today. For example, “Sometimes there is a top branch 
that flourishes more than others and this should be cut for the benefit of the whole 
tree”. Cutting is considered more important (and essential) in some countries (e.g. 
France) he says, whilst in Italy “too much old wood is left”. Strangely, he also deals 
with the tools used for pruning (numerous and with different shapes then as now).

He briefly examines the needs (above all environmental) of various species and 
distinguishes between growing tall trees and isolated trees against a wall (espalier), 
suitable mostly for stone fruit which can be harmed by the cold during springtime. 
He recommends cling peaches and the green pruning of peach trees, and the thin-
ning out of fruit, advice which is still valid today.

In Europe, in the eighteenth and until the mid-nineteenth century, books flour-
ished illustrating varieties of fruit, a discovery of the natural beauty of the world 
and hence an aesthetic, artistic and natural symbol for the bourgeoisie of the time. In 
almost all countries, under the influence of the French Enlightenment and the new 
discoveries of science, many “Pomologies” were published, often crossing over 
national borders.

Significantly, the Pomologies became a response to developments in art, where 
the “still life” painting of various naturalistic schools, the Flemish, Dutch, German 
and French, turned their attention away from overtly sacred works and towards the 
realistic representation of vegetables, fruit, meat, and game, with such precision 
that sometimes the specific species of the fruit can be identified (Sansavini 2004).

The iconography that made individual varieties perceptible and recognizable, 
as enshrined in the Pomologies, was often the work of professional artists familiar 
with still life painting, able to paint or draw with a high degree of precision.
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One of the most famous illustrators of fruit varieties in the seventeenth century 
was Bartolomeo Bimbi, Court painter to the Grand Duchy of Tuscany, who left an 
unrivalled series of paintings illustrating pomology, including all species of fruit, 
totaling hundreds of different varieties, all of them immediately recognizable (via 
the copies in cartouches). They are currently on display in the Florentine museums 
of the Casate dei Medici (Baldini 1982).

Giorgio Gallesio (1772–1839)

At the beginning of the nineteenth century, an Italian Pomologist, Giorgio Gallesio, 
with the help of several painters involved, estimated as a total of 10–15 drawers 
which documented and influenced strongly the work of fruit variety description and 
illustration.

The alliance between painters/drawers and pomologists was particularly evident 
in the masterpiece “Pomona italiana, ossia trattato degli alberi fruttiferi” (G. Gal-
lesio 1839) (Fig. 38.13) where the author, a self-taught pomologist “sui generis” 
worked with unknown artists of immense talent to create the plates. Gallesio be-
came a pomologist late in life, when serving as a Magistrate with some political 
connections internationally. He wrote a number of volumes, some left unfinished. 
They include “Traité du Citrus” which he published in Paris in 1811 and “Pomona 
italiana”, published in Pisa over a period of 20 years, from 1817 to 1839 the date 
of his death.

Fig. 38.13  Title page of 
“Pomona italiana”. (By G. 
Gallesio, Pisa (1817–1839))
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Gallesio (Fig. 38.14) astonishes first and foremost because he was the standard-
bearer for “periodicals”. His work comprises forty slender volumes (compared to 
the planned 45), published over the years and mailed to well of 1,000 subscribers. 
The work was singular and was, in fact, singled out for its beauty and the fact that 
Gallesio had financed the project entirely through sales, without a sponsor.

For each variety discussed, Gallesio provides a wealth of “reasoned” description, 
a plate illustrating the variety in colour, perfect even today, bearing some similarity 
to hyper-realist art or artistic photography. It is somewhat strange to note that Gal-
lesio the researcher did not keep a profile cards for the varieties he discussed but 
made informal notes along with his travel diaries (descriptions of what he had seen), 
which he wrote every day. He wanted to preserve his memory of things for posterity. 
He then made scientific descriptions of the varieties with the help of the technicians 
and specialists he met during his travels.

One of the reasons he was willing to get into debt to publish his work (his son 
accused him of squandering the family fortunes) was his outrage at the way current 
knowledge of orchard varieties was being lost in Italy, and the lack of appreciation 
of biodiversity. So he decided to get to know as many varieties of fruit as possible 
(one of the reasons it took him 20 years to complete his work). He began with citrus 
fruit and figs, then went on to apples, pears, peaches and lesser stone fruit, ending 
with grapes for the table and for wine. He made comparisons in an effort to settle 
questions of synonyms and homonyms. As before, in the study of pomology, he was 
not an expert linguist and earned himself a severe reprimand in 1820 for his use of 
foreign expressions, meaning non-Florentine words, in his case from Liguria; “in 

Fig. 38.14  Giorgio Gallesio 
(1772–1839)
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Tuscany—the criticism read—we appreciate the grace of the language, not defects 
and negligence”. Some of the fruit he described is still grown today, albeit in a niche 
ecological market; they include Angelica and Spadona pears, Brogiotto and Dottato 
figs, Astracan (Fig. 38.15), Renetta and Carla apples, Marzemino, Brachetto and 
Nebbiolo grapes, and Claudia plums (Baldini 2004).

Gallesio wasn’t only an important pomologist; he was a biologist ante-litteram, 
as shown by his “Traité du Citrus”, the first chapter of which discusses plant repro-
duction. It was a controversial attempt (which met with some resistance) to estab-
lish the taxonomy and origin of citrus fruit in an effort to correct the mistaken and 
incomplete classification of Linneo on citrus fruit. In the book, however, Gallesio 
widens his horizons and attacks certain empirical prejudices, in particular the belief 
that “the nature of can be modified by cultivation, climate and soil”, as many pro-
claimed. The error came from the fact that the best fruit was not wild or obtained 
from a seed, but was the result of grafting (Baldini and Tosi 1994).

Gallesio was the first to use the concept of “cloning” and vegetative material 
i.e. clonal propagation, as we now call individuals derived from “a single genetic 
source” (the mother plant) “multiplied by grafting over multiple feets” (rootstocks) 
or by offshoots “without being subject to change”. This dismantles the old idea of 
conventional and ancient agronomy, according to which grafting was “able to trans-
form the characteristics of fruit species”. Since he had personally crossed fruit and 
created hybrid varieties, he was able to show that the genetic “oddity” of a citrus 
plant producing more than one species was a “grafting chimera”.

Fig. 38.15  Drawing of the 
apple cv “Astracan” included 
in Gallesio’s “Pomona itali-
ana” (Pisa 1839)
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In this connection, Gallesio wrote: “generations vary to an infinite degree but in-
dividuals do not change … nature has established the forms of living things”. “The 
seed perpetuates the species, but is the source of the varieties … even where the 
characteristics are poorer than in the mother plant, these phenomena were observed 
in seeds from plantations with a mixture of species and varieties”.

The key to the phenomena of reproduction was therefore to be found in the “law 
of identity” together with the “law of recombination”, as he defined them. Gallesio 
suggested that “two different principles must be at work in the reproduction of all 
organized beings”.

Darwin was an enthusiastic reader of Gallesio’s work more than 50 years later, 
attributing to him the accolade of “precursor of the new conception of reproduction” 
(Saltini 1989).

M. Alphonse Du Breuil (1811–1890)

The knowledge acquired by De la Quintinye, the arch-strategist of pruning, was 
passed on throughout Europe, on the basis of his reputation and position as Director 
of Gardens for Louis XIV (1643–1715) and, in France, was inherited a century later 
by Professor M.A. Du Breuil, who wrote several books, particularly a treatise on 
the “Cultures des Arbres et Abrisseaux à fruit de Table—Cours d’arboriculture” in 
many editions, including a volume on “Les vignobles et les arbres à fruit à cidre” 
(Fig. 38.16), used in universities for courses on tree culture and reprinted so many 
times that it became a sort of standard textbook in Europe for many years.

And, truly, Du Breuil succeeded in making” tree culture” (or arboriculture) a 
separate discipline. For the first time, his book described not only trees fruits and 
their classification (pomology) but also the concept of tree culture as the interac-
tion of external soil and climate conditions (soil, temperature, sunlight, exposure), 
whose influence can be seen often at the level of a single species, as the outcome of 
knowledge and direct observation.

He studied trees not only as the producer of fruit but also for other functions (for 
wood and ornamentation). He also considered the vocation of the local environment 
and hence the reason why each species requires a particular kind of environment. 
He understood the importance of trees for ecology, their positive influence on the 
environment and their contributions to the health and wellbeing of mankind.

In relation to the discipline of fruit tree culture, Du Breuil (1863) begins by 
considering organography, which he believed was as necessary to understand as 
vegetable anatomy and morphology, in order to grow trees. This was because organ-
ography taught the “functions” of the tree, which were important to know in order 
to manage the tree, utilizing information from another botanical science, vegetable 
physiology, then a nascent discipline, able to help those interested in the cultivation 
of trees. For example, he wrote: “how can a tree be properly replanted if we do not 
understand the functions of the roots?” or “how can we prune a tree grown in trellis 
formation if we do not understand the importance of the leaves for the nutrition of 
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the fruit trees?”, and hence the need to restrict their number close to harvesting time 
in order to ensure that the fruit achieves a good colour.

The work of Du Breuil can also be appreciated for its beautiful drawings il-
lustrating the object of study, almost at the level of photographic perfection (pho-
tography not having yet been invented). He also provided excellent drawings of 
laboratory experiments illustrating the physiology of trees (for example how roots 
absorb water, endosmosis, sap pressure, and growth) and field drawings of grafts, 
pruning and tree management.

In relation to reproduction, Du Breuil introduced data about “inter-specific hy-
brids”. A number of pages describe the ripening of fruit, specifying the role of the 
organs, and contemporary practice for improving the quality of fruit is fully de-
scribed, including “ring incision” of the branches (an idea of Lancry in 1776).

However, in the field of the propagation and arrangement of trees, the treatise 
astounds even today for its description, in physiological terms, of the way trees re-
act to various kinds of treatment. For each main species (apple, pear and peach) he 
provided such detailed information as to comprise a gardener’s handbook. In many 
cases, the techniques described are valid today, for example where he recommends 
planting pre-formed trees in nurseries if they are over a year old and have the proper 
rootstocks, a practice which is maintained today, although at that time there was no 
selection process (e.g. using quince for pear trees, paradise apple for apple trees, 
peach seedling, wild species and plum for the peach trees, and P. mahaleb for cherry 
trees). He also recommended replanting young trees in the nursery at times when 
the roots could not be affected by cold, winds or dryness.

He also set out numerous rules for designing orchards and the distance between 
plants. The principles he used for pruning are now out of date, with branches re-

Fig. 38.16  Title page of 
M.A. du Breuil’s “Cultures 
des Arbres et Arbrisseux 
à fruit de table”, vol. III. 
Vignobles et les arbres à 
fruits à cidre, published in 
Paris, 1875
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duced to a few buds, making the process very lengthy indeed. He provided tables 
for each variety recommending where to plant (full wind, trellis, recommending a 
Verrier formation) and the exposure of the supporting walls or trees to the east, west 
or both. The geometries of tree skeletons (frame of the canopy) were extremely ac-
curate and can be seen today in living museums, especially for the pear tree (a very 
plastic species) in for example East Malling (UK), Bologna (Italy), and Skiernie-
wice (Poland). The chapters dedicated to defending the trees are highly detailed, 
with instantly recognizable figures of insects and diseases (e.g. pear clothes-moths 
and apple tree leaf borers). Defence was solely biological such as the harvesting and 
distribution of hibernating forms, collection on the ground and burning of the af-
fected leaves, to prevent or reduce subsequent attacks and protect future generations.

The recommendation to set up small storehouses after the harvesting of the fruit 
is somewhat strange, with entire rooms in large villas given over to the ripening of 
fruit to prolong its shelf-life. This was based on ventilation, the creation of space 
between the lattices, the circulation of air in the room, and so on. Du Breuil also 
discusses harvesting, post-harvesting and packaging according to the type of fruit, 
hard or soft. He was really a great scientific innovator.

5 th Part: The Modern Age

Hugo de Vries (1848–1935)

A Dutch botanist, he was considered one of the most eminent naturalists of his age, 
earning him in some quarters the nickname of “Darwin’s successor” (Hus 1906) 
and, indeed, he was famous for his studies of heredity and the “theory of muta-
tions”, integrating Darwin’s idea of natural selection.

He was an enfant prodige in the study of natural sciences, carried out first at the 
University of Leiden, where he specialized in plant physiology (inventing the mea-
surement of osmotic pressure via plasmolysis). After graduating in 1870, he studied 
in Germany (Heidelberg and Wurzburg), publishing a work that made him famous 
on the “mechanical causes of cell stretching”. He became Professor of Botany at 
the Amsterdam Institute and even to give lectures abroad including University of 
Berkeley, California, in the United States.

To understand the man, suffice it to say that when given a lifetime achievement 
award he used the money to build a greenhouse.

In his book “Die Mutations Theorie” (vol. I and II, Leipzig, 1901/1903), 50 years 
after Darwin’s theory of evolution, he set out to contradict popular opinion that 
species slowly evolve into “new types”, arguing for the importance of mutation 
according to which “species and new varieties originate in pre-existing forms by 
sudden jumps. The original type remains unchanged, but can repeatedly give rise to 
new forms, simultaneously and in groups or separately in periods that may be close 
or distant”. The following considerations are related to his book “Specie e varietà e 
loro origine per mutazione” (1909).
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De Vries intended his work to be “entirely in agreement with the principles of 
Darwin”, perfecting Darwin’s much vaguer intuitions regarding the role of muta-
tion in natural selection. A contemporary of de Vries, T. Hunt Morgan (1866–1945), 
another important researcher, published “Evolution and adaptation” (1903), which 
provided an accurate critique of the speculations concerning the theory of heritabil-
ity. He starts from the premise that, in nature, species such as apple and pear trees 
have a huge genetic variability which could be used to create new varieties. He im-
mediately discarded the hypothesis of De Candolle, Darwin and others, according 
to which varieties “owe their origin to the direct influence of cultivation”, espous-
ing the theory of the Belgian researcher J.B. Van Mons (1765–1842) (see “Arbres 
fruitiers ou Pomonomie belge”), a breeder himself, who demonstrated how over 
several generations of cross-breeding, new varieties could be created suitable for 
cultivation. He crossed varieties of apple trees already cultivated with several in-
teresting forms of apple tree from the wild (which he chose in the Ardennes, which 
is in the south-east of Belgium) for features such as a non-woody pulp, aromatic 
scent, good taste and the size of the apple. For apple trees he thought two or three 
generations would be enough. In the USA, another formidable researcher, L.H. Bai-
ley (1858–1954) (who left us the definition of variety), confirmed his ideas, with 
the seedlings of hundreds and thousands of seeds of cultivated or wild apple trees, 
originating varieties such as the “Wealthy” in the United States.

For pears he thought the same procedure could be used but that it would take 
more time, at least 6 generations to improve a new variety. It was still commonly be-
lieved that all the characteristics of the new varieties were already present in nature.

The true discoverer of the selective method by the choice of parental lines was 
Luigi Vilmorin who, towards the middle of the nineteenth century (working first 
with beetroot), applied selection procedures as they had been developed for ani-
mals. Virgil already believed that selection was necessary to keep cereals pure and 
prevent degeneration. In practice, what was being done in Europe and the USA was 
what today is called “mass selection”.

Hugo de Vries believed the difference between “elementary species” (subspe-
cies) and “varieties” was very distinct, because the latter “propagate by seed and are 
of pure, not hybrid, origin”. We only knew the latter because they were cultivated. 
Where de Vries failed to fully understand mutation was in his belief that individual 
variations (now called sport) identified by seedling were or could be “a sudden 
transformation in the structure of the species and not a hereditary characteristic”. 
Despite the many observations he had made and experiments he had carried out, de 
Vries was not immune from spurious theories such as the notion that some charac-
teristics, for example the spinescence of apple trees or the florigenic differentiation 
of buds was influenced or determined by the climate (“thorns are lost in moist air”). 
These interpretations, which today we would call “ecotypes” were never confirmed 
for the agamic propagation of fruit trees. Nonetheless, de Vries, despite reserva-
tions about forms that exhibited different kinds of variability, or the influence of 
the “vicinity” on “retrograde varieties”—theories that have been disproved—distin-
guished between “mutations” from “phenotypical variants” manifest in hybrids and 
more generally the “variability manifested with the observed segregation in seed-
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lings derived from crossbreeding”. In other words, he didn’t confuse mutants and 
the results of crossbreeding and hence the segregation of hereditary characteristics.

Luther Burbank (1849–1920) and Girolamo Molon (1860–1937)

The author would like to present two authors together, the first American, the second 
Italian, who distinguished themselves in different but complementary fields: breed-
ing and pomology. They are L. Burbank (1849–1926) and G. Molon (1860–1937).

Luther Burbank, the only important American breeder represented here, was a 
pioneer in the introduction of new varieties, which radically changed fruit grow-
ing. He was the most important twentieth century breeder in the USA, with almost 
legendary status. Before him, there were hundreds of “sowers” who selected plants 
at the time of fruiting. For example, from the millions of anonymous seedlings of 
the apple trees in the USA, varieties were selected which are still common today 
such as Golden Delicious and Red Delicious. Burbank, however, went much fur-
ther, going back to the crossbreeding piloting the choice of parents. Luther Burbank 
lived and worked in Santa Rosa, California, near Sebastopol, the name of one of his 
famous plum varieties with red pulp, still grown in Europe and the USA due to its 
unrivalled taste and aroma.

We can see Burbank through the eyes of the Italian pomologist Girolamo Mo-
lon, his potential opposite number in the form of his own records of a journey and 
meeting between the two, which took place in the summer of 1912, which became 
a momentous occasion.

Molon described Burbank graphically as: “a short man, lean, with a lively, rest-
less look in his eye. He was dressed modestly and had on a huge wide-brimmed 
hat hiding white hair … he lives in a small chalet … opposite which there is an 
office next to a small nursery … all his work is kept there … my conversation was 
brief, vague and inconclusive… He sang the praises of his Opuntie (prickly pears) 
without thorns (“I saw and tasted many”), his new plums and a very early sweet 
cherry… He spoke of the immense task he was carrying forward, publishing studies 
and discoveries about fruit growing (he has reached the 12th vol. of a work I could 
have bought in a shop not far from his chalet)… At the end of the visit and fruit tast-
ing, he shook my hand and bustled off hastily”.

Burbank left a practically unrivalled heritage. He created hundreds or varieties 
(about 800, including 200 fruit varieties), mainly of flowering plants and was the 
first to experiment with hybrids of the Prunus species, today documented on the 
web (Stansfield 2006)

In 1960, his nursery was turned into a “memorial park” dedicated to his memory, 
a testament to his formidable contribution. Dozens of schools in the USA bear his 
name. In 2004, Professor Jules Janick, wrote in the World Book Encyclopedia, that 
“Burbank cannot be considered a scientist in the academic sense” i.e. his results 
were based on a strong intuition and imagination, coupled with hard work. Janick 
surveyed Burbank’s publications, from 1893 with a catalogue of his new varieties, 
“New creations in fruits and flowers”, followed by a series of works in 12 vols, 
“Methods and discoveries and their practical application”, inspired partly by 
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Charles Darwin on domestication and by Gregor Mendel on interspecies hybridiza-
tion, which he developed and verified in person. He also knew of the experiments 
of G. Harrison Shull, who in 1908 had discovered and described the “hybrid vigour” 
derived from heterosis (still used today for the creation of hybrid maize, increasing 
yields from 1,000 to 10,000 kg per ha along the century). Burbank was among the 
first to understand the principles of genetics, which became applicable in the next 
century, including the possibility of the segregation in hereditary populations of 
certain characteristics of strength, tolerance to disease or abiotic stress.

The species he manipulated most was Prunus (he created 113 plums and prunes), 
followed by “fruiting cacti” (35), small fruit (16 blackberries and 13 raspberries), 
nuts (69), and hybrid plumcots (11). Sadly, he died four years before the law recog-
nized the rights of the creator (Plant Patent Act 1930).

He was a profound nature lover, writing: “What a joy life is when you have made 
a close working partnership with nature, helping her to produce for the benefit of 
mankind new forms, colours and perfumes in flowers which were never known 
before; fruit in form, size and flavour never before seen on this globe … new food 
for all the world’s untold millions for all time to come”.

Girolamo Molon was won over by Burbank and the meeting with him, which 
he described in a publication 6 years later which was delayed by the Great War of 
1914–1918). In the meantime he had collected a large quantity of statistical and 
commercial data on his travels in America (1912), which began in New York. He 
gave detailed descriptions of his visits to markets and cities, as well as research sta-
tions, that were responsible for the birth of the new American fruit industry. He was 
particularly struck by the aims of responding to market stimuli, almost unknown 
in Italy and the rest of Europe. Molon wrote that in Italy and Europe, at that time 
agriculture was “in a primordial state”.

Molon was already a distinguished professor at Milan University when he visited 
America for several months in order to compare fruit growing on the two continents 
(first he visited Amsterdam, London and Liverpool). His international report was 
requested by the Italian government, which wanted to understand how the Ameri-
cans had made such rapid progress, for example in creating specialist industrial 
crops, the importance of processing after harvesting and how the fruit industry, was 
so much more competitive than in Europe. Molon was impressed by the research 
centre in Geneva, New York (created in 1880) where the great pomologist U.P. 
Hedrick had 230 acres at his disposal, with a huge collection of the germplasm of 
temperate species, vines, apple and pear trees and all the varieties of Prunus, down 
to small fruit, for which pomological data was compiled each year, becoming the 
profiles in the centre’s volumes of the Pomona series. In Geneva, Molon wrote, they 
are “fervent recorders of data” for all the development phases of morpho-pheno-
logical characteristics (including production quantities), employing a staff of fifty. 
“All the information gathered will be used to improve and transform horticultural 
production in many regions of North America.”

Today, the words sound like a prophetic criticism of the failings of southern Eu-
rope, particularly Italy, a founder member of the European Union (1950s). Molon 
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wrote: “The Italian governing class is convinced that such is the natural environ-
ment of the country, with its extraordinary potential for the production of food char-
acteristic of the Mediterranean climate.…that its typical products (olive oil, wine, 
fruit and vegetables, cheese, sweetmeats) are of such quality (so think Italian politi-
cians and economists) that a bright future is assured in international markets, if not 
now then later.” But at the beginning of the twentieth century, European agriculture 
and its fruit industry was already facing a crisis from international competition and 
globalization (as many specialist European journals warned), so much so that in 
1902, Molon published a long article in the journal “The Chrysanthemum” praising 
American technology and its commercial power. He wrote: “competition with the 
US fruit industry may soon led to conflict which Europe is destined to lose” (at the 
end of the nineteenth century, the USA already exported 30,000 t of apples, prunes 
and dried fruit, the equivalent of 120,000 t of fresh fruit, leading Molon to believe 
the USA was the future world leader in the production and marketing of fruit.

Molon’s contribution as a pomologist with an understanding of the varieties pres-
ent in Italy began after 1892–1893, when the Ministry of Agriculture commissioned 
the dissemination of a list of pears and apples recommended for northern Italy. 
In 1901, Molon, then Professor of vine, fruit and vegetable growing at the Regia 
Scuola Superiore of Agriculture in Milan, published his first edition (in the Hoepli 
series of handbooks) of Pomology (Pomologia, descrizione delle migliori varietà di 
albicocchi, ciliegi, meli, peri, peschi) (1901) (Fig. 38.17). For each species (apricot, 
cherry, apple, pear, peach) he gave a brief botanical-taxonomic description, and 
then described the varieties from the most well-known areas of European pomol-
ogy, with tables on nomenclature, classifications, ripening periods and observations 
on accession. It was intended as a long list of fruit varieties, and the book became an 
invaluable source of what was being grown in Europe at the beginning of the twen-
tieth century. The descriptions were valid for the period and the terminology used 
was that of a professional pomologist. Molon does not touch on cultivation tech-
niques unless it is to mention, criticize or praise what he had seen with his own eyes.

It is appropriate to underline that in the same age of Molon a new representa-
tive way of fruit collection was the wax and material for modelling. One of the 
best, which helps to recognize the single varieties was that of Garnier—Valletti 
(Fig. 38.18), still visible at the University Museum in Milan.

Ulysses Prentiss Hedrick (1870–1951)

Ulysses Prentiss Hedrick, a native of Michigan, in the USA, was both a botanist 
and horticulturist. He acquired a culture in pomology in the 10 years he spent at 
three American Agricultural Colleges (Oregon, Utah and Michigan) before mov-
ing on to the New York State Agricultural Experiment Station, New york where he 
was awarded a PhD (Hobart College) from the Michigan Agricultural College and 
where he worked uninterruptedly until the end of his career (1937). He was also 
Director of the Geneva Station in the last 27 years.
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He was the first and greatest of the American pomologists. The pomologists, 
American or European, who came before him were self-taught, whereas he had the 
right scientific background and a huge collection of species and accessions from 
the world over.

Hedrick was a sort of ideal “pomologist”, motivated by a single mission: to dis-
seminate the systematic classification of fruit trees, with the final aim of the recog-
nition of individual varieties from not only by specialists but by the general public.

Hedrick wrote: “systematic classification must be a means not an end”. For him, 
descriptive pomology needed to begin with the botanical understanding of each spe-
cies, and reach not only their morphology but physiology as well (fruition habitus, 
resistance to cold and biotic adversities etc.). The ultimate aim was to encourage 
the cultivation of the best varieties and to improve the understanding of interactions 
with the environment, leading to genetic improvements and the appropriate choice 
of growing practices.

His six volumes, dedicated to six species (“Grapes of New York”, “Plums”, 
“Cherries”, “Peaches”, “Pears”, “Small fruits”, all with the New York suffix) took 
him seventeen years to complete, from 1908 to 1925. They are documents of im-
mense historical importance. The monumental tome on pears (640 pages), in par-
ticular, became an indispensible text book for researchers throughout the twentieth 
century.

When Hedrick published “Pears of New York” (1921) (Fig. 38.19), the Pyrus 
species included both pears and apples, although botanists already differentiated. 

Fig. 38.17  Title page of G. 
Molon “Pomologia” (Molon 
1901)
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Describing the P. communis as cultivated pears, Hedrick cited other well-known 
pear species, notably the P. betulaefolia (rootstock) and P. serotina, considered by 
Alfred Rehder (1863–1949), a famous European botanist, Hedrick’s contemporary, 
the leading Oriental pear species (Lindley thought Oriental pears in the P. sinensis 
species were no longer cultivated). Rehder also distinguished two botanical variet-
ies of the P. serotina, stapfiana (pear-shaped) and culta (apple-shaped). Hedrick 
described the latter in detail; he believed it had come from Japan but originated 
in China, where they were called Sand pears. The current name “Nashi”, of the P. 
serotina varieties, very common in the United States, was not used a century ago. 
Hedrick describes the differences to European pears, in particular the fact that the 
calyx is deciduous. He lists three hybrid varieties of P. serotina and P. communis—
“Kieffer”, “Le Conte” and “Garber”, all commercially available in the USA.

From the historical perspective it is interesting to note that unlike apples, where 
Europe is in debt to the USA for the many varieties obtained (Red Delicious, Gold-
en Delicious), the 80 varieties of European pear described by Hedrick were mostly 
brought to America from Europe and often have their original French names (Beurré 
Bosc, Doyenné du Comice, Dr. J. Guyot), Belgian names (Beurré d’Anjou), English 
names (Bartlett or Bon Chretienne William), and some with American names (e.g. 
Seckel), all of these still in common use, particularly Bartlett.

Hedrick described all the temperate deciduous species, pome fruit, stone fruit, 
vines, strawberries and other small fruits, adopting an annotation system from his 
own observations. In his collection, in Geneva, he brought together the most well-
known varieties and the newer ones introduced from Europe and the rest of the 

Fig. 38.18  Garnier—Valletti drawing (1891) of pear varieties utilized to sculpt a collection of wax 
fruits (University of Milan’s Museum)
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world. He noted that the work of a pomologist, irrespective of its scientific value, 
often failed to reach Colleges, Universities and practitioners as he would have liked. 
He therefore decided to disseminate the information himself. In 1925, he published 
“Systematic pomology” (Fig. 38.20), reworking a book he had published in 1900, 
which he hoped would become a text book in schools like the current Handbooks 
for laboratories and for practical exercises. He also wrote a “Cyclopedia of hardy 
fruits”, more or less a compendium of the six volumes of “Fruits of the State of 
New York”.

He wrote in a clear, concise and didactic style. Naturally, for each variety he 
discusses the pomological profile of each variety but not according to today’s stan-
dard method but rather summarizes the different behaviour of each variety in dif-
ferent environments. For example, describing the pulp of the apple and pear he 
distinguishes between coarse and fine; tender and tough, crisp, breaking, melting 
and—for buttery pears—juicy or dry, mealy as undesirable, and—for other pears—
granular or gritty. This classification, like that of flavour, aroma and quality, is still 
valid today.

Take, for example, the English pear “Williams’ Bon Chretien”, introduced into 
the USA in 1797 (or 1799) and shortly afterwards launched in Massachusetts by 
E. Bartlett with its new name. Hedrick’s description is as invigorating today as it 
was when he wrote it, listing qualities and defects (e.g. vulnerability to fireblight, a 
contagious disease affecting apples, pears and some other members of the Rosaceae 

Fig. 38.19  Title page of U.P. 
Hedrick’s book “Pears of 
New York” (Hedrick 1921)
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family, to the cold winters, the need for good pollination, etc.), and commenting 
that it was the “most desired of all pears by the canning trade”. Two hundred years 
later, it is still the most suitable if not the only variety of pear used for producing 
“Bartlett canned pears”.

Luigi Savastano (1853–1937)

The author would like to finish this summary of the great historical figures of hor-
ticulture at the end of the nineteenth and beginning of the twentieth century with 
a brief description of a relatively unknown Italian author, Luigi Savastano, who 
quickly learnt the lessons from France, chiefly through Du Breuil and his disci-
plined organization of horticulture, adding his experience and the results of his own 
experiments in agronomy, which had become fairly widespread throughout Europe, 
thanks to various agricultural academies, set up at the end of the eighteenth and 
throughout the nineteenth century.

Luigi Savastano was Professor at the Regia Scuola Superiore of Agriculture in 
Naples (Portici) and lived in the beautiful peninsula of Sorrento an area “covered 
with rich vegetation including citrus fruit, chestnuts, beech and fir trees”. In the 
opening pages of the edition (1914) of his 1903 “Arboricoltura”, “Treatise on tree 
growing” (Fig. 38.21) he summarized 20 years of research into trees, based on both 
theory and practice, because “it may not be difficult to grow well but it is certainly 
difficult to sell well” (a slogan still used by economists who underestimate the im-
portance of technique and the organization difficulties of production). He wrote that 

Fig. 38.20  Cover of U.P. 
Hedrick’s “Systematic 
Pomology” (Hedrick 1925)
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the “famous disagreement between theory and practice” between science and art 
does not exist; “they are two good sisters; whereas there are disagreements between 
theoreticians and practical growers, because each lacks the knowledge of the other 
whilst assuming that they do not”. Both may be guilty of presumption.

Savastano then pays homage to two important Italian researchers and declares 
himself their follower of G. Gallesio, whose profile has been discussed, and 
G. Inzenga, for many years the editor of the “Annual of Sicilian Agriculture”, 
whose technical studies brought new knowledge and innovative techniques to ag-
riculture.

“Italy’s geographical position makes it the fruit orchard of Europe … and so it 
must accept its civic duty to produce fruit for Nordic countries as well” in order 
to “satisfy not so much the taste of the wealthy as the needs of the poor”. He 
concluded that modern tree growers must have a proper understanding of “agron-
omy, physiology, botany, chemistry and pathology”. Savastano certainly under-
stood that tree growing was not a science in itself but needed the understanding 
of other disciplines and a synthesis of this knowledge; this concept, as he wrote, 
had inspired a group of Italian researchers who published a new treatise on Ital-
ian tree growing “Arboricoltura generale” (2012). According to Savastano, the 
“students, more than the tree growers themselves, must take their understanding 
from up-to-date scientific sources, no longer standing on their own or derived 
straight from rational growing, but filtered, mediated and adapted to the specific 
territorial needs of the various branches of study in the fields of horticulture and 
tree growing”.

After giving a history of tree industry and various civilizations down through the 
ages, Savastano describes the morphology of trees and new organs (with synoptic 

Fig. 38.21  Title page of L. 
Savastano’s “Arboricoltura”, 
Naples, 1914
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tables covering hundreds of species), making a classification of growing environ-
ments and stressing the role of “acclimatation”.

Two chapters are dedicated to the origin of varieties, the hereditary nature of 
the variations described by Darwin, but the author had not yet read Mendel (1866), 
whose work was yet to be rediscovered and disseminated at the beginning of the 
twentieth century. Certain basic concepts of fruit growing were still misguided, 
lacking a proper understanding of genetics. For example, Savastano wrote: “Once 
obtained, a variety can be blocked by two processes: grafting or selection”. Hence 
his recommendation of the method developed by the Belgian Van Mons, to “carry 
out the process of selection through subsequent generations of trees derived from 
controlled sowing”.

The chapters on grafting and pruning are excellent, as is his description of the 
various forms of plantation, although the principles of selection were still unduly 
influenced by aesthetic considerations and the “geometry” of trees, irrelevant for 
production and quality purposes, preferred today. Many pages are dedicated to soil 
management, fertilization (especially organic) and irrigation.

For example, Savastano reminds tree growers that trees are organisms that re-
spond to the wishes of the grower (always too demanding) only if properly guided 
(in proportion to their ability) but which “rebel against force and succumb if weak”. 
He stated: “Fertilization is the most important work on the tree after pruning”.

Another example was that considerable space is dedicated to the pros and cons 
of adopting the technique of not cultivating the soil by tillage (hence no hoeing or 
in-depth work). He concludes that the positive results obtained in France by Ravaz 
cannot be reproduced further south; in his experience after the first few years of 
using this technique, vineyards and orchards begin to suffer and age precociously. 
Comparing tree growing on flat land or in mountain areas, he cites a Latin proverb: 
“Bacchus amat colles apricos” (for vines, it is better to choose sunny slopes). He 
adds: “fruit trees prefer mountain climes, as the saying goes: “Praise the plateau but 
keep to the mountains”.

Many pages are dedicated in detail to growing small trees, to nurseries, trans-
plants and keeping allotments. He provides an economic analysis, with costs and 
likely revenues. The treatise is full of quotations from foreign authors and hence 
comprises a sort of review of current scientific knowledge and fin de siècle practice. 
The iconography of the book is its weakest part.

Its great merit is that it summarizes the changes in industrial and specialist tree 
growing over an entire century.

Savastano enlivens the book with philosophical remarks, put into the mouth of a 
tree grower friends of his: “Every good tree grower is an expert of his orchard and 
the best ones pass on their knowledge from the field”. “Trees speak clearly to us 
but we do not understand them”. “I continue to love Latin writers of ‘Scriptores rei 
rusticae’”. For them: “Bene colere optimum, optime vere damnosum” (leave well 
alone). Savastano wrote: “These words are still today the basis of agriculture”. He 
also cited a proverb from Cicero: “If agriculture is worthy of the free man, tree 
growing is worthy of the independent man, because over time the tree makes his 
character stronger: it breaks but does not bend”.
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So far we have described the most important contributions in the development 
of pomology. But when did orchard management begin to have a scientific basis? It 
would be wrong to omit a brief discussion of the disciplines and leading figures that 
made major contributions to agriculture and hence also to horticulture. The Treatise 
“Arboricoltura Generale” (Sansavini et al. 2012), has an up-date description of the 
pomology subjects, including orchard magament practices and a detailed focusing 
of physiological, biochemical and molecular mechanisms controlling tree growth, 
rooting fruiting and related metabolic processes.

6th Part: Pioneers of Chemistry and Physics  
Applied to Horticulture

F. Haber, N. T. De Sassure, J. Liebig, J. H. Gilbert, J. B. Lawes, F. Malaguti, 
J. Priestley, F. Blackman, C. B. Van Niel, L. J. Briggs

The First Synthetic Fertilizers. The Role of Nitrogen

As we have seen, the importance of the use of organic fertilizers was known way 
back, Ancient Greek and Latin populations made widespread use of manure and 
similar fertilizers, as well as green manure cropping from ad hoc plantations. No 
progress was made in this field until the discovery in South America (and importa-
tion in Europe) of mineralized organic substances such as “guano”. Some research-
ers immediately understood the importance of this development, among them the 
German genius Fritz Haber (1868–1934) who was the first person to synthesize 
ammonia, making industrial production a possibility. Others had the idea before 
but had not been able to convert the idea into an industrial product. After Haber, the 
production of nitrate and ammonia fertilizers began in earnest, along with calcium 
cyanamide, the latter being the brainchild of A. Frank and N. Caro who in 1895 
synthesized calcium carbide and nitrogen in an electric oven.

Haber (a physical chemist) managed to produce ammonia (with a yield of 5 % 
in volume) after numerous experiments via an exothermic reaction, combining H 
and N at a pressure of 200 atmospheres and at a temperature between 300 to 600 °C, 
in the presence of catalysts (osmium and uranium). Over twenty thousand experi-
ments were required to obtain the industrial patent granted in 1910, acquired by 
Basf, the process being perfected later by the chemist C. Bosch, Nobel laureate in 
1931 together with German chemist Friedrich Bergius, and were rewarded by Haber 
gaining the Nobel Prize in 1918. But his discovery—which some have called the 
most important of the century—was bound to cause controversy, despite the ben-
efits to agriculture and the pharmaceutical industry, because the processing of nitric 
acid was also used for the development of explosives. Haber supported the use of 
poison gas (yprite, aka mustard gas) in the Fist World War, provoking the suicide of 
his wife, a chemist, after the strategic attack on Ypres. Haber became wealthy and 
famous when in 1929, 40 % of the nitrogen produced in the world was synthetic 
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ammonia, which is still produced today using the Haber/Bosch process in quantities 
of about 120 million t a year. At the beginning of the twentieth century in Europe, 
nitrogen-based fertilizers were used massively, the first step in the green revolu-
tion, before the contribution of genetics, leading to the doubling and tripling of the 
yields of maize and corn in the 1930s. Horticulture also had huge advantages, espe-
cially fruit trees and among them, particularly peach trees. With Haber and Bosch, 
humanity no longer depended on the biological synthesis of ammonia. It has been 
calculated that the chemical synthesis of ammonia saved the lives of about 2 billion 
people by making nitrogen, and hence sources of vegetable and animal protein, 
more available (Taddia 2010).

Nevertheless, the acquisition of the concept of the fertilization of the soil was by 
no means immediate, despite the work of many researchers and scientists. It was 
agricultural chemistry that first responded to the population growth during the twen-
tieth century (from 1.6 billion in 1900 to nearly 6 billion at the end of the century). 
Without fertilizers and more rational soil management techniques, the world would 
not have been able to produce enough food. Today, in the Western world, many 
would like to return to more natural agriculture (e.g. biological cultivation), accusing 
the use of chemicals of terrible consequences for human health and the ecosystem.

At the same time as people are becoming aware of the dangers, chemicals are 
increasingly man’s ally, especially in fruit production, for the affirmation of cleaner 
and more ecological agricultural production, benefiting man and the environment. 
The author gives just one example from peach farming. In the mid twentieth century 
peach farmers were unaware of the amount of nitrogen needed by trees and ignorant 
of solubilization processes, soil leaching and the loss of nitrogen in the water table, 
and therefore the more active farmers distributed annually up to 250 to 300 units/ha 
of N, i.e. two to three times the amount required, with adverse effects on the ecolo-
gy. Now, thanks to research, the amount has been reduced to just 120 to170 units/ha.

Two other people stand out as fathers of chemical fertilization and, more gener-
ally, agricultural chemistry: the Swiss N.T. De Sassure (1767–1845) and the Ger-
man J. Von Liebig (1803–1874). The first is remembered for his book “Recherches 
chimiques sur la vegetation” (1804), which for the first time dealt with the influence 
of the exchange with the atmosphere of the oxygen and carbon dioxide on vegeta-
tive processes. De Sassure’s final statement was: “The presence or elaboration of 
CO2 (named as gas carbonique acid) is fundamental to the growth of the green 
plants to the sun; they die in dark conditions”.

Von Liebig, at the then University of Giessen, then Munich, launched industrial 
fertilizers, convincing scientists and growers that synthetic fertilizers were very 
useful. He cancelled the belief that carbon in plants was taken from the humus 
arising from the degradation of organic substances in the soil, replacing it with the 
absorption of carbon dioxide in line with the discoveries of others. But he made 
the mistake of including nitrogen—considered important for nutrition—among the 
elements absorbed from the atmosphere by plants. He was the first researcher to 
experimentally demonstrate the role of inorganic mineral compounds in nutrition, 
through the analysis of vegetable ash.

Whilst Von Liebig understood how to integrate or replace organic soil fertilizers 
(various types of manure) with synthetic fertilizers, the true merit for this change 
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lies with two English scientists, Joseph Henry Gilbert (1871–1901) and John Ben-
net Lawes (1814–1900) who, in strong disagreement with Von Liebig, demonstrat-
ed with experiments over many years carried out in Rothamsted, today one of the 
world’s oldest experimental stations investigating the principles and practices as-
sociated with no tillage, arable land and crops. These practices gradually increased 
the administration of ammonium nitrogen to increase yield, in contrast to the Von 
Liebig’s principles, which were based on even dosing, without excess. He claimed 
that the English scientists obtained their results partly due to the contribution of 
phosphorous rendered soluble by ammonium sulfate or nitrate. He believed that in 
1844 the needs of agriculture (wheat and beets), under certain conditions, were best 
met with natural nitrogen from rainwater for good yields.

The disagreement went on for over 40 years, with the two English scientists and 
their correction of Von Liebig’s “mineral theory” finally emerging victorious in 
1893. They had always believed that it was nitrogen that boosted production above 
all for wheat, as they had shown with tests involving a mixture of nitrogenized salts 
compared to Von Liebig’s synthetic fertilizer, that obtained higher yields. The sci-
entific world accepted the results of the Rothamsted station rejected by Von Liebig.

Among the many researchers who made contributions to the understanding of 
agricultural chemistry, the Italian (later naturalized French, during exile) Faustino 
Malaguti (1802–1878), a University Professor, wrote numerous books, including 
“Chemie appliquée à l’agriculture”, towards the middle of the nineteenth century. 
He introduced the concept of “chemical balance” between various elements, de-
scribed their distribution in plants and carried out pioneering research on the chemi-
cal effects of sunlight.

Chemical Compounds to Fight Disease

There is no father of synthetic pesticides but the origin of this branch of chemistry 
is probably the nineteenth century practice of curing cereal seeds to prevent “black 
blight” ( Ustilago tritici) then very widespread in Italy, using lime, calcium chloride, 
sodium sulfate and even copper sulfate. In Italy there is evidence of the use of sul-
fated seeds in Tuscany in 1835. Certainly, in 1834, in North America, vitriol (copper 
sulfate) was used to protect vines against downy mildew with the cryptogam agent 
Plasmopara viticola, which arrived in Europe towards the end of the nineteenth 
century destroying many vineyards, together with phylloxera (an aphid, Daktulos-
phaira vitifoliae). Copper sulfate was adopted in Europe too, and today the copper 
derivates oxychloride and copper hydroxide are used to combat downy mildew.

Photosynthesis and the Assimilation of Carbon

In relation to the discovery of photosynthesis, it is interesting to note that the most 
important physiological process of plants took three centuries to understand in terms 
of its biochemical mechanisms. Studies began with a Belgian chemist and doctor, 
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J. Baptiste Van Helmont (1579–1644), who noticed that a willow grown in a vase 
for five years grew in weight almost identically with the amount of water given (he 
did not consider the air), whilst the weight of the soil was unvaried. Subsequently, 
J. Priestley (1733–1804), an English chemist and philosopher, carried out an experi-
ment with a plant under a bell jar, from which he had removed oxygen by burning 
a candle under the jar. He discovered that the plant did not die and that after a few 
days a candle once again burnt under the jar. Hence the idea that the plant regener-
ated the air. Then De Sassure, mentioned above, and others, suggested that carbon 
in plants comes from carbon dioxide

A few decades later, we encounter F. Blackman (1866–1947), an English physi-
ologist, who—in 1905—affirmed the principle of “limiting factors” in the deter-
minism of photosynthesis. He established the importance of individual factors in 
chemical transformations, involved separately from others, particularly of sunlight 
and temperature. But it was not until the twentieth century that a Dutch biologist, 
C.B. Van Niel (1897–1985), living in the USA after taking his PhD in1928, demon-
strated for the first time through the study of violet and green sulfur bacteria, that 
photosynthesis is a redox reaction, dependent on sunlight, in which the hydrogen 
derived from an oxidizable compound reduces carbon dioxide to “cellular mate-
rial”. It was the water molecule, however, and not carbon dioxide that was split. 
From this he deduced that water provides the hydrogen for photosynthesis in green 
plants, giving off oxygen.

Water Needs and the Relationship Between Water, Soil  
and Plant

The use of methods of irrigation probably dates back to the beginning of agriculture: 
by examining artistic illustrations. Janick (2003) showed that ancient civilizations 
such has the Egyptians, Chinese, Persians and Assyro-Babylonian used rudimentary 
but efficient systems for the provision of water for crops, that included digging 
channels, carrying water manually, and the hoisting of water from wells by wheels 
or animals (Fig. 38.22). The Hanging Gardens of Babylon became legendary, and 
Mesopotamia, with the waters of the Tigris and Euphrates rivers, became the centre 
for fruit and vegetables many of which had been imported from China and India.

Literature tells us that one population, the Nabataeans (forefathers of the Arabs), 
the first nomadic farmers to settle south of the Black Sea from between the second 
and third centuries before the Christian era, had raised horticulture to the level of 
an art, especially by means of irrigation. The oldest treatise on arboriculture (Naba-
taean Agriculture, written in Aramaic) was the work of a Nabataean, Ibn-Vahschiah; 
it was a sort of encyclopedia for its time, cited many times over a 1,000 years later 
by the most important Arab-Spanish scientist Ibn Alò-Awwam.

Historically, there are plenty of sources of information about the importance and 
use of water as well as hydrological research and investigations into the relationship 
between crops, scientific studies of the physiology of water, research into the effects 
of drought or excess water on crops. Naturally, most of these sources also provided 
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practical advice on the management and use of water, as well as describing the risks 
of too much or too little water.

For example, in Italy, Pietro de’Crescenzi (1230–1321) warned against exces-
sive compaction and hardening of the earth “because it would not allow enough 
humidity to descend”. “In particular, in the case of the olive tree, it is not necessary 
for the water to go deep, because its excess produces stagnation”.

It wasn’t until the end of the nineteenth and beginning of the twentieth century, 
however, that the fundamental role of water in the soil and in plant growth was 
understood and therefore could be properly managed. American research stations 
played an important part in these investigations, particularly Utah State University 
which published Bulletin 183 in 1922, in which researchers O.W. Israelsen and 
Frank L. West introduced the concept of “water availability in the soil” in their 
“field capacity” studies.

American irrigation technology, however, as generally applied for example in 
California and other fruit-growing states in the second half of the twentieth cen-
tury presupposed the availability of enormous quantities of water, usually at no 
or little cost, with which the soil receives the water from furrows or was flooded, 
submerged each time it was irrigated.

During the same years, US researchers T.H. Kearney and L.J. Briggs carried out 
various studies to ascertain the relations between soil humidity and plant growth. 
They came up with a “wilting coefficient” which Australian scientist R.O. Slatyer, 
fine-tuned the relationship between soil salinity and autochthonous vegetation in 

Fig. 38.22  J. Janick’s cover 
of the “History of Horticul-
ture”. (West Lafayette, 2003)
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1957. Their research was carried out to compare results with and without irrigation. 
In 1898, one of the two, L.J. Briggs, described capillarity and the effect of the tex-
turing of soil on water retention and movement.

At the University of California in Davis, the two American researchers continue 
to carry out in-depth investigations into water, soil and the growth of fruit trees, 
which they had chosen as a model. They pointed out the mistakes and uncertainties 
of their predecessors in “water relations”. In particular, they showed that different 
soil conditions, including its moisture, caused different symptoms in the tree, in-
cluding the term “water deficit” which was due to an imbalance between transpira-
tion and available water for the plant. On the basis of the work carried out by Briggs 
and Shantz (USDA Bulletin 230 1912) they concluded that, for each soil, the wilting 
coefficient (“limit not to be exceeded for the leaf water deficit”) is a constant for 
all species, whilst the amount of moisture in the soil can vary greatly before any 
observable “permanent wilting” of the tree can be attributed to the moisture of the 
soil. In addition “It is wrong to think that water flows easily in the soil from wet 
to dry, non-irrigated areas”. In peach, apricot and plum trees planted in soil with 
good water availability, they observed stomatal leaf opening and water consump-
tion compared to trees which had reached the wilting coefficient.

Fundamental were the studies of other two other American scientists, F.J. Veih-
meyer and A.H. Hendrickson, who in 1927 discovered the physiological relations 
between water and trees (Veihmeyer and Hendrickson 1927).

Many other effects of water on plants had been investigated: for example, the 
larger leaf in peach trees being proportional to the increased water availability; but 
if the density of the plantation was increased this led to an earlier “decline” of the 
trees. They also noted the benefits of a “cover crop” to the orchard (not to be con-
fused with today’s grassing or meadow orchard) although it comprised only alfalfa. 
Evidently, they were looking at an orchard where too much water was given, by 
submersion or furrows.

It may seem strange but modern irrigation techniques, such as using sprinklers as 
a rain effect on foliage, began only in the second half of the twentieth century, and 
micro-irrigation (trickle, drip irrigation) only in the 1970s and 1980s, with “fertiga-
tion”, at least in Europe, coming afterwards, followed by the use of “sub-surface 
drip irrigation”, after the 1980s (Camp 1998).

These techniques have led to enormous savings in water, much less waste, a 
more rational approach to root systems and therefore a more efficient use of water, 
but are beyond the scope of this chapter. The most advanced research has been car-
ried out in the USA, whilst Israel and Australia have pioneered methods of micro-ir-
rigation in dry, semi-desert regions, adopting various solutions for “drip irrigation”, 
unthinkable on the basis of traditional irrigation techniques.

Claims and rival claims have been made about who first invented these new tech-
niques. For example, in Israel, Simcha Blan (1967) was a precursor of micro-irriga-
tion and went on to found the Netafim company, a leader in the horticulture sector, 
whilst the first examples of sub-irrigation were the results of experiments carried 
out in SDI (Subsurface Drip Irrigation), according to F.R. Lamm et al. (Transac-
tions of the ASABE, 2012, vol. 55:483–491) and dated back as far as about 1860, 
in Germany, using underground pipes both for irrigation and the drainage of water.
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Abstract Gardening and horticulture are both activities concerned with the cultiva-
tion of plants. While there is much overlap between the two activities, the former 
refers to a leisure activity practiced by home or hobbyist gardeners, while the second 
refers to a scientifically underpinned, and highly specialised, professional occupa-
tion. Despite the undoubted similarities there are big differences in the techniques, 
technologies and scales of operation. Different types of cultivation, such as organic 
gardening, are used to highlight the differences in approach between gardening and 
horticulture, while garden styles or practices such as patio gardening or allotment 
gardening are used to show that while gardeners are the consumers of products and 
services, professional horticulturists are not only providers of the products and ser-
vices, but have also developed the technology to make the style or practice possible. 
Commercial production and botanic gardens are examined as horticultural activi-
ties, while noting that some of the most skilled cultivators are, in the strict use of the 
word, amateurs, and are catered for by specialist societies. Techniques such as soil 
cultivation, propagation and pruning are examined for differences in approach and 
scale, and the chapter concludes with examples of the range of scientific endeavour 
underpinning plant breeding, glasshouse production and cultivation media.

Keywords Horticulture · Gardening · Cultivation · Horticultural technology

Introduction

Gardening and horticulture are both activities concerned with the cultivation of 
plants but the terms are usually applied in slightly different ways. Gardening nor-
mally refers to hobbyists or home gardeners while horticulture is usually applied 
to professionals who earn a living from their work. The terms are not precise and 
are often interchanged. Many people who work in the industry, particularly those 
in parks or botanic gardens, would informally describe themselves as gardeners but 
if they were being formal about it, then as horticulturists while amateur gardeners 
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would virtually always describe themselves as gardeners and not horticulturists. 
In some dictionaries horticulture is defined as the art of gardening while garden-
ing is defined as the act of cultivating or tending a garden, or the work or art of a 
gardener. This lack of precision is reflected in many societies and organisations that 
represent gardeners and horticulturists. The British Institute of Horticulture (Anon 
2013a), the Horticultural Trades Association (Anon 2013b) and the International 
Society for Horticultural Science (Anon 2013c) very clearly represent professional 
horticulturists but so does the Professional Gardener’s Guild (Anon 2013d) that rep-
resents paid, professional horticulturists who work in private gardens and estates. 
Likewise, the Worshipful Company of Gardeners represents professional gardeners 
(horticulturists), but uses the word ‘gardeners’, demonstrating that there are no clear 
established rules about how the words are used. First mentioned in City Corpora-
tion records in 1345, the Worshipful. Company of Gardeners is a survivor from the 
medieval craft guilds which exercised control over the practice of their particu-
lar ‘mysteries’ and ensured a proper training through the system of apprenticeship 
(Anon 2013e). In 1605, after existing for centuries as a “mystery” or “fellowship”, 
the Guild was incorporated by a new Royal Charter. The Charter sets out the op-
erations controlled by the Company: “The trade, crafte or misterie of gardening, 
planting, grafting, setting, sowing, cutting, arboring, rocking, mounting, covering, 
fencing and removing of plants, herbes, seedes, fruites, trees, stocks, setts, and of 
contryving the conveyances to the same belonging…”. Apart from some old termi-
nology and old fashioned spelling, these words are still a good description of what 
gardeners and some horticulturists do today, although the context within which each 
does it is very different.

The Royal Horticultural Society (RHS), one of the largest gardening societies 
and charities in the world, crosses the divide, with membership consisting mostly 
of amateur gardeners but with many professional horticulturists being members and 
the Society employs many horticulturists in their four gardens and its laboratories 
(Anon 2013f). The American Rhododendron Society is mainly populated by ama-
teurs but has a considerable dimension of professionalism at which point it too, like 
many other similar organisation, bridges the divide (Anon 2013g). Many profes-
sional horticulturists are also passionate gardeners, with superb gardens at home, 
separate from their working lives. One characteristic that tends to prevail in this 
environment is a passion for growing plants and a very high level of job satisfac-
tion meaning that many horticulturists continue to garden when they get home, 
often with little distinction between their day job and their preferred hobby or way 
of life. Likewise, many hobbyist gardeners develop their skills to such an extent 
that they can be more skilled than many trained, professional staff, spend consider-
able amounts of money on their enthusiasm, join specialist clubs and societies, take 
gardening holidays and attend gardening lectures, shows and events. Furthermore, 
while horticulture is regarded mostly as a science (but with art being an important 
component), gardening isn’t considered a science, it’s a leisure activity where one 
can garden for pleasure or garden at home, growing fruit and vegetables or derive 
pleasure from looking after the lawn, but it’s not a profession for those people. In 
general all outdoor home care for plants can be brought together into gardening. 
The two terms are therefore very similar but if the terms are applied strictly then 
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they are clearly different with horticulture referring to those who cultivate or man-
age plants as their paid employment and gardening being used to describe hobbyist 
or home gardeners. Botany, on the other hand is the science of plant life, cover-
ing aspects such as physiology, morphology and reproduction but dealing in the 
main with plants as ecological entities, although there is a branch subject embracing 
“economic botany”.

The shear diversity of activities that can be listed under gardening and horticul-
ture is immense. In this chapter a selection of these activities, such as turf care and 
propagation, are examined from both a gardening and horticultural perspective to 
demonstrate the differences between gardening and horticulture.

The entry for Horticulture in Wikipedia describes it as the science, technology, 
and business involved in intensive plant cultivation for human use and continues by 
providing a very good and comprehensive description of what is entailed in horti-
culture (Anon 2013h).

The Diversity of Horticulture

Gardeners and horticulturists differ in the techniques and technologies they use and 
in the scale of their operations. There are also differences in philosophy when ap-
proaching gardening or horticulture (Hobhouse 2004; Taylor 2006). The forms of 
gardening selected for discussion may appear to simply be forms of garden design or 
style but they are actually different from these as they really emphasise the attitude, 
approach, background or thinking to garden making and plant cultivation and care.

Seven types of garden forms are described. The first two forms of gardening, or-
ganic gardening and wildlife gardening take a philosophical approach to gardening 
or the attitude taken by the gardener to horticulture while the second two describe 
allotment and patio gardening. These forms of gardening have largely been brought 
about by changing environmental, social, cultural and economic circumstances. The 
last three to be examined are botanic gardens, commercial horticulture and special 
interest gardening and this is where the enthusiast differs from the professional in 
the specific selection of plant material, their cultivation and financial motivation. 
All seven examples demonstrate both the differences and similarities between gar-
dening and horticulture.

Organic Cultivation

Organic gardening is not one precise activity and many people practice it in dif-
ferent forms and to varying degrees of strictness. Essentially it is plant cultivation 
without the use of artificial pesticides or fertilizers, but it is really much more than 
that, it is a philosophy and a way of life, with those practicing it also being interest-
ed in composting, recycling, the promotion of wildlife in the garden and adhering to 
sustainability standards. Organic cultivation has its strict adherents who avoid any 
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artificial pesticides and who prefer to ‘work with nature’ in managing soil and con-
trolling pests and diseases. Professional horticulturists who grow and sell products 
labelled as organic, or who have declared that their garden is organic, certainly have 
to operate within strict guidelines (although there is sometimes confusion about 
which guidelines are being followed), often established by government regulatory 
bodies. However, there are many home gardeners who generally work in this way, 
believing that it is ‘a good thing’ that not only benefits themselves and the environ-
ment, in producing wholesome, fresh and tasty produce but then occasionally revert 
to the use of some pesticides and herbicides when pests, diseases or weeds get out 
of hand.

Organic gardening has its roots back in the early to mid twenteeth century in 
tandem with the explosion in the use of artificial pesticides and fertilizers (Heck-
man 2005; Taylor 2006). Concern for the environmental and health effects of these 
materials, however, was only expressed by a minority of concerned individuals until 
people like Lawrence Hills, who is sometimes known as the father of organic gar-
dening in Britain, started providing a scientific basis to what became known as ‘the 
organic movement’. He and others were responsible for the foundation of the Henry 
Doubleday Research Association, HDRA, now known as HDRA- the organic organ-
isation, which was established in 1954. The Soil Association, founded in 1946 and 
now with 27,000 members, is undoubtedly part of this story too. It is a membership 
charity campaigning for planet-friendly organic food and farming (Anon 2013i).

The organic movement is often associated with the social values and lifestyle 
of the 1960s with adherents often caricatured as long-haired, hippy, drop-outs and 
their produce thought of as small, badly shaped, pest and pathogen infested. But 
with concern for the environment becoming increasingly widespread from the 
1980s onwards and coupled with good quality underpinning research, organic ap-
proaches to cultivation have become widely accepted in many parts of the world. 
Many important gardens are now run organically, for instance Prince Charles’ gar-
den at Highgrove (Wales and Lycett Green 2001) and many high profile celebrities 
such as Gwyneth Paltrow, Julia Roberts and Nicole Kidman also promote organic 
gardening.

While private organic gardeners are at liberty to adopt any degree of rigour they 
wish, professional horticulturists producing fruit, vegetables and ornamentals for 
sale have to adhere to strict preparatory and marketing guidelines. The problem is in 
trying to produce a set of guidelines as there is no legally binding definition of the 
word ‘organic’. Likewise, there are many similar, but strictly different, issues which 
could be incorporated into any definition such as the cultivation and sale of geneti-
cally modified cultivars, fair trade and the question of air miles, in other words the 
distance that harvested crops are flown to markets, such as Peruvian asparagus be-
ing flown to Europe. Indeed, while the incorporation of animal manure into soil des-
tined for organic cultivation would generally be regarded as good organic practice, 
the use of manure from intensively produced cows cannot be used. Instead there are 
various guidelines, produced by different organisations which are subject to change 
and updating as knowledge and techniques evolve. So, while the market for organic 
produce continues to grow, the search for helpful definitions and clearly labelled 
food can be argued to be hampering progress.
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Despite these problems, organic gardening and organic cultivation which have at 
their core the care of the soil, absence of the use of artificial pesticides and fertilizers 
and environmental sustainability issues, continues to progress and is increasingly 
regarded as mainstream. Detailed information on organic gardening can be found 
from the following reference sources: Taylor (2006), Kruger and Pears (2001), Mar-
shall et al. (2009) and Anon (2013j, hh).

Wildlife Gardening

Wildlife gardening is mostly the preserve of home gardeners but many professional 
horticulturists working in large private gardens, botanic and heritage gardens often 
take a keen interest in promoting wildlife in and around their gardens too. Until the 
1970s and 1980s the generally held view was that that the countryside was teaming 
with wildlife whereas the suburban landscape was devoid of many species except 
for a few common animals, birds and insects. Gradually, however, and supported 
by wildlife surveys it has become apparent that modern intensive agriculture with 
its monocultures, large-scale fields and heavy reliance on pesticides was not as full 
of wildlife as once thought (Carson 1963; Jameson 2012). In contrast, the mosaic 
of suburban gardens with their variety of flowers, shrubs, vegetables and fruit were 
surprisingly rich in wildlife.

Taken together gardens add up to a surprisingly large area of land and surveys 
of individual gardens have shown that they can contain large numbers of species. 
A 30 year study of a garden in Leicester, England, revealed that over 2,200 insect 
species had been recorded and it has been suggested that a typical garden probably 
exceeds 8,000 species of insect (Owen 2010). The single biggest factor in the value 
of gardens to wildlife is diversity, even on the very small scale. They don’t have to 
be full of native species, but even a modest garden can accommodate a small tree, 
several shrubs, climbers, flowering plants, compost heaps, pond or water feature, 
vegetables, lawns, weeds and fruit and these, in turn provide shelter, nectar sources, 
natural habitats, food sources and water for different forms of wildlife. Gardens 
don’t have to be left unkempt to encourage wildlife, as once thought, and even ‘mini 
habitats’ such as short runs of hedging, small ponds, natural stone walls and small 
piles of logs can support a diverse range of wildlife, while climbers provide nesting 
opportunities and shelter.

Encouraged by TV programmes, magazine articles, mass recording projects such 
as Big Bird Watch by the Royal Society for the Protection of Birds (RSPB) (Anon 
2013k) and others, organic gardening, wildlife gardening, or wildlife-friendly gar-
dening emerged as a legitimate type of gardening from the 1990s onwards. This 
does not mean that country gardens were not good for wildlife, (Fig. 39.1) or that all 
suburban gardens are good for wildlife or that many gardeners hadn’t been wildlife 
friendly for many years. It simply meant that from the 1990s many urban and sub-
urban gardeners have realised that their gardens could be important for wildlife and 
that with small adjustments, they could be increasingly rich in wildlife. In the pro-
fessional environment it is no coincidence that many staff employed in both private 
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and public gardens are also interested in wildlife and are therefore keen to preserve 
and promote it in conjunction with the garden in their care. Furthermore, in the UK 
as in many other countries, businesses (which include public gardens), public and 
local authorities have a duty to preserve and promote wildlife (under the Biodiver-
sity Duty which came into force on 1 October 2006), and may be required by law 
to protect species on their property listed by Biodiversity Action Plans and will be 
required to survey and protect species if they hold an accredited environmental stan-
dard such as ISO 14001 (Anon 2013l), the international standard for environmental 
sustainability, which includes a small section on duty of care for wildlife. Detailed 
information on wildlife gardening can be obtained from the following reference 
sources: Thompson (2007), Tait (2006) and Baines (2000).

Allotment Gardening

Allotments or allotment gardens are plots of land set aside for non-commercial 
cultivation of fruit, vegetables and flowers and are therefore the preserve of ama-
teur gardeners although the word ‘amateur’ in this context can be very misleading 

Fig. 39.1  Wildlife bluebell 
garden, Dorset England 
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because many allotment gardeners are highly skilled, effective and respected grow-
ers. In North America they tend to be called community gardens but in Britain, 
such a term would mean a garden where members of a community came together 
on an individual plot of land to garden it whereas allotments tend to be gardened by 
individuals, families or, sometimes, a small group of friends. Allotments range in 
size from about 50–400 m2 and are usually grouped together, sometimes totalling a 
hundred gardens or more. Allotments tend to be found in cities, or peri-urban areas, 
where many people don’t have individual gardens and are located in all sorts of 
place such as corners of public parks or adjacent to railway lines. In some Scandi-
navian countries and parts of western Russia it is traditional for elaborate allotment 
gardens with small dwellings to be located out of town and used by flat dwellers at 
weekends to get out of town, reconnect with nature and grow fruit and vegetables.

Many allotments are gardened very intensively, producing large quantities of 
high quality fruit and vegetables but, like all forms of gardening, there are no limits 
on production. Likewise, the structures found in allotments vary enormously from 
production glasshouses, polythene tunnels and frames to tool sheds, summer houses 
with verandas and children’s play equipment. Either way, they are recognised as 
providing important socio-cultural and economic functions over and above the op-
portunity to enjoy the growing of plants. They provide opportunities for exercise, 
relaxation, social bonding and play, for the unemployed the feeling of being useful 
and not excluded as well as a supply of fresh vegetables at minimum cost, for immi-
grant families the possibility of communication and better integration in their host 
country and for the retired and elderly a sense of routine and purpose.

The history of allotments can be traced back to 1809 in the Wiltshire village of 
Great Somerford where the Free Gardens were created following a letter from Rev 
Stephen Demainbray to King George III in which he asked the king to spare, in 
perpetuity, 6 acres from the Enclosure Acts for the benefit of the poor of the par-
ish. Other well recorded allotments include St Ann’s Allotments in Nottingham, 
created in the 1830s. A brief history of allotments in the UK can be found at Anon 
(2013m), while Anon 2013hh provides an overview of allotments in countries such 
as Finland, France, Germany and the Netherlands. At the end of the nineteenth cen-
tury there were about 250,000 allotments in the UK but this number rose to about 
1,500,000 by 1918. Numbers dropped after this but rose again during World War II 
with the need for more locally produced food and the ‘Dig for Victory’ campaign. 
Numbers dwindled to about 600,000 by the late 1960s but interest started to rise 
again in the 1970s in tandem with the interest in organic, locally sourced food and 
the rise in environmentalism. Despite this growing interest numbers continued to 
decline as land was sold for development, dropping to less than 500,000 in 1977 
and 265,000 in 1997. In 2008 330,000 people held allotments whilst 100,000 were 
on waiting lists. So, while demand was at an all-time high, pressure from develop-
ment only decreased the number available. However, while less land is set aside 
for allotments, there is an increasing understanding of their value not just for the 
socio-economic and cultural benefits for food, exercise and relaxation gained by al-
lotment holders, but also for the broader issues of climate change, food security, the 
encouragement of biodiversity and environmental sustainability. The cultivation of 
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fruit and vegetables is currently experiencing an upsurge in popularity and a recent 
England & Wales Department for Environment, Food and Rural Affairs (Defra) 
report has shown that many household foods which have been home grown in gar-
dens or allotments have increased between 2007 and 2011, for instance beans, from 
28 to 33 % and apples from 3 to 9 % over this period. Additionally, garden owners 
growing their own fruit and vegetables has increased from 34 % in 2007 to 43 % in 
2011 (Anon 2011). Detailed information on allotment or community gardening can 
be obtained from the following reference sources: Anon (2013m), Akeroyd et al. 
(2010) and Clevely (2008).

Patio Gardening

Some might consider that ‘patio gardening’ is hardly a type of gardening but it is 
interesting to consider how a combination of circumstances can combine to create 
what at least is a ‘way’ of gardening. In this comparison between professional hor-
ticulture and the amateur or home gardener it is interesting to see how this form of 
gardening has been created by a combination of the demands of the gardener, the 
garden centre and modified technological developments of the professional horti-
culturist. Today a visit to the garden centre can provide the home gardener with a 
range of tools and equipment that is suitable for the smaller garden.

The word patio comes from Spanish where it means a courtyard or forecourt and 
in general terms patios are paved areas adjoining or close to a house. The degree to 
which many people now live in and around and adorn such areas with plant contain-
ers, space heaters and barbecues is remarkable and demonstrates that patio garden-
ing is at least a fashion, if not a style, born from a combination of late twentieth 
century influences.

One of the joys of garden making, whatever the size of the garden, is the creation 
of places to sit and enjoy the garden or a view outside of the garden. Finding the 
perfect spot out of the prevailing wind or to catch the last rays of the evening sun 
to enjoy morning coffee, al fresco eating or an early evening drink is undoubtedly 
one of the pleasures of gardening. These favourite spots, known affectionately in 
Scotland as ‘sitooteries’, range in sophistication from a couple of logs to elabo-
rate terraces with ornate outdoor furniture, pots, urns and planters. With the spread 
of suburban housing schemes, smaller gardens, greater affluence and more leisure 
time coupled with the joys of outdoor eating in paved and decorated courtyards 
brought back from Mediterranean holidays, the patio as a defined garden space has 
undoubtedly grown in popularity.

Developments in the professional horticulture industry also fuelled this type of 
gardening because patio gardening relied on recreating that ‘Mediterranean’ atmo-
sphere and called for bright annuals that grew well in containers. While the elabo-
rate bedding schemes that peaked in the Edwardian era continued as popular fea-
tures in urban parks right up to the 1970s, the labour costs associated with manual 
sowing, pricking out, growing on and then planting meant that gardening with half 
hardy annuals almost became an extinct style. Even home gardeners found that the 
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time, skill and greenhouse space taken to produce these displays meant that they 
were becoming redundant. However, the advent of sowing machines, cellular or 
modular production and mass handling systems, which all brought down costs, al-
lied to assured viability (that guaranteed no gaps in cellular trays), numerous new 
F1 cultivars bred to be uniform, floriferous and shorter, and therefore suitable for 
patio containers, revived the cultivation of half hardy annuals, albeit in a different 
style. Hanging baskets, wall baskets, terracotta and other pots all leant themselves 
to patios and the requirement for regular watering and liquid nutrition was easily 
dealt with by adapting existing professional irrigation systems to the home garden-
ing environment.

Patio gardening as a style or way of life has therefore been created from a com-
bination of modern influences including package holidays to the Mediterranean 
and other idyllic locations, plant breeding, plant cultivation and handling systems, 
adapted intensive irrigation equipment, greater affluence, modern housing and the 
perennial desire to sit outside and enjoy the view.

Botanic Gardens

The title of ‘Botanic Garden’ covers a multitude of activities and designations 
but usually infers that there is at least some scientific basis to the arrangement of 
the plants on show. There are about 3,000 botanic gardens in the world with the 
largest concentrations being in developed counties such as Germany, France, the 
UK and USA and fewest being located in developing counties, where, ironically, 
biodiversity is often greatest, and in greatest need of conservation and protection 
(Rae 1995). Their activities usually include research, conservation, education and 
amenity or display and at their best they include both serious research institutions 
with a broad range of schools and public education and high quality visitor attrac-
tions. At the other end of the scale, unfortunately, many botanic gardens languish 
with virtually no research, minimal public education and gardens that are poorly 
maintained. Designations range from government and university botanic gardens to 
private foundation and local authority gardens. In the last forty years it is probably 
university botanic gardens that had declined in number and quality the most due to 
the change in the focus of teaching and research from whole plant biology to molec-
ular approaches meaning that associated botanic gardens that supported anatomy, 
morphology and physiology teaching were judged to be no longer required. Fortu-
nately this trend may be beginning to reverse. Universities are finding that students 
judge them at least in part by the quality of their green environment. This can have 
a significant impact on student choice when deciding which university shall receive 
a student’s fees (I. Park, Estates Manager Exeter University, pers. comm.).

Whatever their focus, all botanic gardens at least have gardens and therefore em-
ploy horticulturists to maintain and develop them. Numbers employed and levels of 
training vary enormously. Entebbe Botanic Gardens, Uganda, for instance, employs 
three horticultural staff whereas King’s Park and Botanic Garden, Perth, Australia, 
employs 68 (Anon 2013n). Horticultural training for botanic garden staff can vary 
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from one having little or no experience through to certificates, diplomas and botanic 
garden-validated courses, to undergraduate degrees and those with PhDs. All levels 
are valued in the establishment and maintenance of botanic gardens.

Botanic gardens in the modern era, meaning post Renaissance (there were gar-
dens that could be termed ‘botanic’ before this period in countries such as Greece 
and Mexico) had their foundations in medicine, and therefore had a sound scientific 
basis. Generally described as physic gardens their purpose was to grow and distrib-
ute medicinal plants and train doctors and apothecaries in their use, so they also 
had an educational purpose. ‘Classic’ gardens of this period include Pisa, Padua, 
Bologna, Paris, Leyden and Montpellier, all founded before 1600. In the UK Oxford 
and Edinburgh Botanic Gardens and Chelsea Physic Garden were established in this 
tradition but were founded in 1620, 1670 and 1673 respectively. As plants became 
increasingly studied for interests beyond medicine, such as physiology, so botanic 
gardens adapted and supported teaching of these disciplines in universities. A good 
example of this is the research undertaken by Professor John Hope (1725–1786) at 
the Royal Botanic Garden Edinburgh in the latter part of the eighteenth century (the 
botanic garden having initially been founded as a physic garden in 1670). Again, 
there was a strong scientific basis for the garden and its collection of plants.

Botanic gardens have continued to evolve and develop reflecting the needs of 
society, with old gardens adopting new initiatives and new gardens being created 
for specific, new purposes. From those early days in medicine and physiology, bo-
tanic gardens have become involved in plant taxonomy and systematics, education, 
museum-like displays, acclimatisation of ‘new’ crops to different countries, plant 
discovery, conservation, biodiversity studies, interpretation and, most recently, 
well-being, social inclusion and food production. The most successful botanic gar-
dens have maintained their effort in the most important traditional activities such 
as plant systematics but have also embraced the newer and frequently more public-
focussed activities. The point is that for any of these activities, old or new, a plant 
collection maintained by trained horticultural staff is absolutely essential. This is 
why many botanic gardens concern themselves more with ‘the collection’, rather 
than the design or display of the plants, though the best gardens combine both suc-
cessfully. It is the fundamental importance for such collections to be amassed and 
developed to support the scientific purposes of the garden, and for the requirement 
to have detailed and accurate records, that sets botanic gardens aside from purely 
ornamental gardens.

In selecting the most appropriate species to fulfil the needs of the collection, 
which are often documented in a Collections Policy, and ensuring that they’ve been 
correctly sampled from the wild and managed according to a plan we find the es-
sence of curation, a word also used in museums and galleries. Few amateur gar-
deners would call themselves curators, but in the botanic garden world, the term 
is widely used and well understood and it is an important part of professional hor-
ticulture. Curators at the four gardens that make up the Royal Botanic Garden Ed-
inburgh, for instance, follow the guidelines laid out in their Collections Policy for 
the Living Collection which includes sections covering national and international 
conventions and policies that apply, service provision to stakeholders, standards of 
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information, targets, reviews, audits, presentation and design, collection types and 
acquisition (Rae et al. 2006). These and other management issues such as verifica-
tion and the wild origin content are the very essence of their jobs and it is a branch 
of professional horticulture that links the selection and cultivation of plants to their 
use by a vast range of stakeholders from molecular biologists through to school 
children, artists and the general visiting public.

Detailed information on botanic gardens and their histories can be obtained from 
the following reference sources: Oldfield (2007), Oldfield (2010), Johnson and 
Medbury (2007), and Taylor (2006) and also the following web sites: Wikipedia on 
botanic gardens ––Anon (2013o) and Botanic Gardens Conservation International 
Anon (2013p).

Production and Commercial Horticulture

Both of these categories are exclusive to professional horticulturists rather than gar-
deners and, while they overlap considerably, the common link is they are business 
ventures with the intention of making money. In the UK the production horticulture 
industry consists of 7,700 businesses, with 95,000 people and is worth an estimated 
£3 billion (Anon 2013q). The industry splits into the distinct areas of ornamental 
plant, flower and tree production (including retail nursery outlets) and food produc-
tion, also included are fruit, vegetable, salad, herb and potato production (Anon 
2013q). Some might argue that the production of food crops is the preserve of 
agriculture. However, in this context the intensive cultivation of crops like fruit, 
vegetables, salads and herbs is regarded as horticulture while the more extensive 
production of crops such as wheat, barley, maize and soya beans is regarded as ag-
riculture. While this division of terminology has been adopted for many years it is 
interesting to note that many vegetables, in particular, are now cultivated on such a 
scale that their cultivation is more akin to agriculture than horticulture. Pea growers 
in Lincolnshire and potato growers in East Lothian certainly consider themselves 
farmers rather than horticulturists, though the term ‘grower’ is a convenient way to 
avoid using either term. The precision required for the husbandry of many broad-
acre agricultural crops now closely resembles horticultural practice. Consequently, 
distinctions between “farmers” and “growers” is becoming blurred.

Commercial horticulture would include production horticulture but to their num-
bers, in the UK, would be added the 172,000 people employed in the landscaping 
and sports turf industries which include those involved in landscape construction, 
from initial earthworks, through hard landscaping and on to final planting, grounds 
men who manage sports turf from racing tracks to golf courses, and those managing 
parks, botanic and historic gardens (Anon 2013q), see also the Commercial Horti-
culture Association website, (Anon 2013r).

While home gardeners certainly grow ornamental plants, fruit, vegetables and 
herbs and while they also landscape their gardens and manicure their lawns, the 
scale of operation is completely different, the range of machinery and equipment 
is different, the training is different and the motivation is different,- production and 
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commercial horticulture being done for financial profit and home gardening being 
done, essentially, for pleasure.

The scale of many horticultural enterprises is considerable and at the upper end 
certainly eclipses anything that any enthusiast gardener could do. Three examples 
illustrate this point. Van Heyningen Brothers Ltd (VHB), a Sussex-based compa-
ny growing fresh herbs and seedlings have 230 full time employees and produce 
14 million fresh potted herbs and 12 million punnets of salad cress per year (Anon 
2013s). The Green Pea Company is a co-operative formed in 2006 and covering 
a wide geographic area in East Yorkshire and North Lincolnshire. They include 
230 growers, each of which have up to 1500 ha and collectively they grow nearly 
10,000 ha of vining peas. The scale of the operation is vast, being the largest pea 
cooperative in the world, producing around 45,000 t of high quality peas per year. 
Pea viner harvesting machines can harvest 1 ha per h and cost £ 300k (Anon 2013t).

The third example demonstrates landscape construction and horticulture on a 
massive scale. The London Olympic Park, created for the venue of the 2012 Olym-
pic Games was the largest new urban park to be developed in Europe for 150 years. 
The 100 ha site is situated in Stratford, East London and the master plan was devel-
oped by a consortium of the British landscape architecture practice, LDA Design, 
with the American landscape architecture practice, Hargreaves Associates. Profes-
sors James Hitchmough and Nigel Dunnett of the Department of Landscape, Uni-
versity of Sheffield were appointed in 2008 as principal horticultural and planting 
design consultants for the Olympic Park, working with LDA/Hargreaves. Their role 
has been to develop a whole-site planting strategy, and to produce concepts and 
detailed proposals for the herbaceous vegetation in the park. The planting approach 
is highly ambitious and revolutionary for a major UK urban park, being driven by 
biodiversity and sustainability objectives, whilst also providing for an outstanding 
aesthetic experience. The Olympic Park comprises two different character areas: the 
North Park which has a more extensive and informal character, and the South Park, 
which includes the main Olympic Stadium and has a more urban character. Plant-
ings in the North Park largely represent designed versions of native UK habitats and 
celebrate native biodiversity. They include species-rich meadows of different types; 
wetland plantings, including rain gardens and bioswales; woodland underplantings, 
and dramatic perennial ‘lens plantings’. Plantings in South Park focus on visual 
drama and have a strong horticultural basis. They include the 2012 Gardens, Dis-
play Meadows and the ‘Fantasticology’ art installation (Anon 2013u).

Created over four years, work on the Park included extensive demolition and the 
decontamination of nearly two million tonnes of soil (the largest ever soil-washing 
operation in the UK), the creation of vast areas of concourse, spectator lawns and 
landscape features like the London 2012 Gardens and Great British Garden, the larg-
est wildflower meadow ever planted in the UK, more than 4,000 semi-mature trees 
planted, wetland planting on a massive scale—more than 300,000 plants, including 
reeds, rushes and grasses grown from cuttings taken before construction began, cre-
ated new wildlife habitats, regeneration of the rivers and canals that weave through 
the site and transformation of the River Lee into wetland, swales, wet woodland, 
dry woodland and meadow to form crucial sustainable flood defences.
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The Eden project in Cornwall could equally well illustrate landscape construc-
tion and horticulture on a massive scale (Anon 2013v) (Fig. 39.2).

While it is difficult to tease out the number of horticultural staff and purely hor-
ticultural costs from all the engineers and construction staff there is no doubt that 
this was a massive horticultural project measured by any parameter but landscaped 
by professional horticulturists.

Special Interest Garden Societies

Many botanic gardens certainly hold large numbers of species (RBGE 13,300, 
Botanischer Garten, Berlin-Dahlen, 16,865, (Rae 2012)) and they often have staff 
with very specialist knowledge in particular plant groups such as succulents, ferns 
or carnivorous plants. However, when it comes to the minutely detailed cultivation 
of specialist groups of plants there is no doubt that talented enthusiasts can out-
perform even the best botanic gardens. In this example of contrasting professional 
horticulturists with ‘amateur’ (which is not a good word to use in this context) gar-
deners the latter are every bit as professional as the former, the only difference being 
that it’s not their full time, paid job. Many of the clubs and societies representing 
these special interests are so professional-looking in the quality of their publica-
tions, shows and cultivation knowledge that many professional horticulturists are 
members. Good examples of this level of expertise can be found in specialist soci-
eties such as the Alpine Garden Society (AGS) (Anon 2013w), Carnivorous Plant 
Society (Anon 2013x ), International Dendrology Society (Anon 2013y) and the 
National Vegetable Society (Anon 2013z).

Membership numbers and activities vary but most include web sites giving de-
tailed help and advice, produce publications and newsletters, arrange garden tours 
and distribute seeds. Many also take an active interest of their particular plants in 
the wild and arrange tours to view them growing in their native habitats. However, 

Fig. 39.2  Eden Project, 
relaxation and education
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when it comes to the skilled cultivation of plants no other activity compares with the 
competitive shows that most of these clubs and societies arrange. At these events 
individual entries are grouped together and judged by skilled judges who look for 
excellence and deduct points for the most minute of defects. The ensuing discus-
sion, advice and swapping of cultivation details is where younger or less experi-
enced members gain invaluable help in cultivating their plants. Garden tours to visit 
others members’ gardens and collections also facilitates this knowledge exchange.

The Alpine Garden Society (AGS) is a good example of all of the activities men-
tioned above. Started in 1929, and now with 7,000 members, the AGS describes 
itself as an “international society for the cultivation, conservation and exploration of 
alpine and rock garden plants, small hardy herbaceous plants, hardy and half-hardy 
bulbs, hardy ferns and small shrubs”. In pursuing these goals, they have a seed distri-
bution scheme, very high quality journal, arrange numerous competitive shows with 
many entry categories and award a wide range of cups and medals, have local and 
special interest groups and a slide and reference library. They hold national and re-
gional meetings and conferences and arrange workshops to demonstrate and discuss 
the cultivation of particular plant groups or cultivation techniques/structures such as 
alpine bulbs, saxifrages, scree gardens or alpine houses. They also arrange three or 
four tours a year to mountainous regions to see alpine plants in the wild and organise 
garden visits to both other members’ gardens and botanic and heritage gardens.

While the AGS concentrates mostly on flowering plant species the National Veg-
etable Society promotes the cultivation of edible vegetables. They were founded 
in 1960 and have 3,000 members. Their objectives are two-fold: “to advance the 
education of the public in the cultivation and improvement of vegetables” and “to 
advance knowledge of and further public interest in vegetables by the publication of 
information, by exhibition, by stimulating research and experiment and by award-
ing prizes open to public competition”. In pursuing these objectives they have nu-
merous national and regional shows, a web site packed full of helpful advice, main-
tain a network of local clubs, have an on-line shop selling books, leaflets and DVDs 
and arrange tours and demonstrations. While showing vegetables is not as popular 
as it once was, many shows are still well supported with numerous entries for each 
category. Competitors regularly produce vegetables of the highest quality and expe-
rienced judges are needed to select the very best from a range of entries that would 
be the envy of the average vegetable grower.

These examples of different types of approach, philosophy and motivation to 
gardening and horticulture demonstrate both the similarities and differences of the 
two vocations.

Horticultural Practices

The successful cultivation of plants, be they in a garden, orchard or glasshouse, 
requires a diverse range of skills or techniques. Considering the fact that wild plants 
have grown and survived unaided by human intervention for thousands of years, it 
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is remarkable that so many techniques to manipulate plants and the environments 
in which they grow have been developed to obtain so many different outcomes. 
These manipulations at their simplest include soil cultivation, propagation, envi-
ronmental adaptations and pruning and training, mulching, composting and plant 
protection from pests and diseases. Their inclusion here along with a small selec-
tion of applications on turf care are not intended to provide a text book description 
of the techniques, but a sufficiently inclusive account to demonstrate the different 
manipulations possible and the degree of difference between skilled craftsmanship 
delivered by gardeners and the professional approach developed by horticulturists 
and to further demonstrate the differences between horticulture and gardening.

Soil Cultivation

Soil cultivation includes primary and secondary cultivation, soil amelioration, 
mulching and physical forms of weed control. The purpose of primary cultivation 
is to bury weeds by inverting the soil to provide a weed free (and therefore com-
petition free) environment to promote successful seedling emergence. Ploughing is 
the main form of primary cultivation in horticulture and agriculture but has tradi-
tionally taken the form of hand digging in small scale gardening. While both may 
seem mundane to some, cultivation is almost an art form when executed skilfully. 
Ploughing with horses certainly required skill but so too does ploughing with pow-
erful tractors and both traditions have their enthusiastic followers who take part 
in fiercely contested competitions. Digging certainly requires skill, not to mention 
muscle power but, done by an experienced gardener, can appear almost effortless, 
resulting in straight lines, a level surface, a well prepared seedbed and absence of 
green material. As well as inverting the soil to give a clean weed free surface, dig-
ging also provides the opportunity to incorporate organic matter such as garden 
compost or horse manure to improve structure, retain moisture and increase soil fer-
tility. This is usually accomplished by double digging where the top spade’s depth 
is inverted to one side leaving a trench into which the organic material is added and 
incorporated with a fork (Brickell 2007). While ploughing, organic matter can be 
incorporated if it has first been spread over the surface with a ‘muck spreader’ but 
it is never incorporated to the same depth or with the same degree of amelioration 
achieved with hand digging.

Traditionally, and especially with heavy clay soils, primary cultivations are un-
dertaken in the autumn to allow the soil to settle over the winter and provide an op-
portunity for frost action to break down the lumps of soil making it easier to work 
with a ‘frost tilth’ later. In contrast, the use of powerful machinery and the rapid 
cycling of crops can usually render this traditional approach unnecessary or unaf-
fordable in intensive horticulture.

The purpose of secondary cultivation is to break down the large lumps of soil left 
from primary cultivation into a finer tilth, ready for sowing. Again, there is a clear 
difference between intensive horticulture where powered and non-powered harrows 
are used and gardening where hoes and rakes are used. Either way, the purpose is to 
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create a fine tilth so that seeds can more easily come into contact with water-provid-
ing soil particles and also so that they are evenly buried thereby ensuring even ger-
mination. Hoeing and harrowing are also used for mechanical weed control, leaving 
the soil weed free if done frequently enough although the mechanical action of both 
approaches can cause considerable damage to roots and stems if not done carefully.

Propagation

Seed sowing is an ancient horticultural and agricultural technique going back to 
biblical times and beyond. To the untrained layperson the simple act of scattering 
seeds on the ground may seem basic but the opportunities for failure are great, rang-
ing from factors such as poor seedbed preparation and wrong time of year to wrong 
sowing rate, depth and aftercare. Vegetable gardeners will quickly learn that one 
rule does not apply to all as some plants are more cold hardy than others and can 
therefore be sown earlier, some require deeper sowing than others, some are best 
grown in broad drills whilst other are best in single lines, some require thinning 
soon after emergence, and they all have different emergence rates and irrigation re-
quirements and more. And that is just for direct sown vegetables and can well apply 
to the wider range of horticultural crops.

Again, the approach taken by horticulturists and gardeners is different and driven 
by scale, economics and training. Vegetables grown by a home or allotment gar-
dener would always be sown by hand and with considerable time and trouble taken 
over sowing depth and density. The treatment of field grown vegetables is far more 
akin to agriculture with the use of precision sowing machines or planters pulled by 
tractors.

Half hardy ornamental annuals require sowing and early cultivation under pro-
tection before planting and, commercially, have undergone a revolution in produc-
tion during the last 20 years. Traditionally, both in commercial horticulture (prob-
ably parks and heritage gardens in this example) and home gardening the technique 
was quite similar, the only difference being one of scale and operator speed. The 
task was often painstakingly undertaken by skilled gardeners who relished the chal-
lenges offered and attained deep satisfaction in sowing or planting their gardens. 
For commercial horticultural staff the task might not have been regarded as quite 
so special but it was none-the-less undertaken with skill and precision but probably 
at a much faster pace than home gardeners. For both sectors seeds would initially 
be sown into pots or containers, pricked out to allow growth and development fol-
lowed by further growing under protection, hardening off to promote acclimatisa-
tion, and eventual planting out. Half hardy bedding displays in parks and heritage 
gardens almost ceased at the end of the last century due to the high costs associ-
ated with the process. In home gardening their popularity declined due to the sheer 
amount of work required or the costs involved in purchasing appropriate seedlings 
from a nursery. Half hardy bedding plant displays are once again popular due to a 
combination of factors including smaller home gardens, so-called ‘patio’ or contain-
er gardening but most of all because the cost has reduced both for public gardens 
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and also for home gardeners. This is because production techniques have become 
so automated that home gardeners can now buy relatively cheap half hardy bedding 
plants from garden centres or supermarkets, and parks and heritage gardens now 
buy in such plants from specialist professional growers or nurseries rather than 
producing them themselves. The reason for this is that the whole process has been 
streamlined by precision sowing, modular production and automated handling and 
irrigation. This, in turn, has been made possible by improvements in plant breeding 
which have increased uniformity of size, not only in visual attributes, but also in 
seed and seedling viability.

For plants that don’t produce a lot of seeds or where germination is slow or 
erratic or for cultivars with complex percentage, then vegetative propagation tech-
niques, which maintain parental genetic integrity, are used. These techniques, typi-
cally cuttings, grafting or layering, are ideal for woody shrubs, trees and half hardy 
perennials such as Pelargonium cultivars. Simple division or splitting is easiest for 
herbaceous plants. There are sound scientific principles underpinning propagation 
by cuttings and grafting including an understanding of callus production, rooting 
hormones, transpiration control, propagule maturity and root zone heating. The ap-
proaches adopted by gardeners and horticulturists do not differ greatly in their prin-
ciples, but certainly differ in their scale, use of equipment and speed of propagation. 
Propagation by cuttings requires skill and dexterity to accomplish the task carefully 
and effectively but a gardener is likely to propagate fewer plants, taking a lot of time 
in the process, using pots, bought compost, domestic propagators and then relying 
on small domestic often poorly environmentally controlled glasshouses. The suc-
cess of the task then relies on skill and judgement with experienced gardeners able 
to control temperature, humidity and the outbreaks of diseases while those without 
such skills often failing to root a single plant. Horticulturists, by contrast, deal in 
tens of thousands, combine skill with speed, use specialist modules and rely on 
climate controlled glasshouses where temperature and humidity are carefully con-
trolled and where outbreaks of disease are rare because of the precautions taken and 
the attention paid to climate control. All aspects of the environment are likely to be 
carefully controlled, from air temperature and humidity, air circulation, root zone 
temperature and substrate moisture content (Hartman et al. 2010).

Grafting requires skilful knife craft, knowledge of the different techniques avail-
able and which is best for different species, time of year and aftercare experience to 
maximize the union of the scion with the rootstock. While simple in theory, com-
petence only comes with long-term practice and experience and the names of the 
techniques used provides ample testament to the degree of ‘craft’ involved- whip 
and tongue, cleft and saddle grafting, budding, bridge grafting, awl, veneer and stub 
grafting (Garner and Bradley 2013; Alexander and Lewis 2008). While rootstock 
selection for ornamental plants such as Sorbus and Rosa is usually confined to seed-
grown wild species, that is not the case with cropping apples ( Malus) and pears 
( Pyrus) where there has been a huge amount of research into the effect of rootstocks 
on the scion, particularly as it affects vigour (Garner and Bradley 2013). The same 
scion material can be grafted onto numerous different rootstocks which control the 
plant’s vigour in varying degrees from dwarfing to vigorous. While some enthusi-
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astic gardeners may occasionally graft a few apples, Sorbus cultivars, or bud some 
rose ( Rosa) cultivars, this is an area of propagation that is predominantly the pre-
serve of horticultural specialists. Detailed information on propagation can be ob-
tained from the following reference sources: Hartman et al. 2010, Macdonald 2000, 
Toogood 2006 as well as the International Plant Propagator’s Society (IPPS) web 
site at Anon (2013aa).

Pruning and Training

Pruning has a sound scientific basis although for some it seems to be shrouded in 
myth and mystery. Pruning controls and balances plant growth regulators within 
the plant. In the cultivation of fruit trees such as apples and pears, pruning both 
promotes flower-bearing shoots and regulates the amount of flower buds (and hence 
fruit) on stems (Fig. 39.3). This avoids the otherwise typical boom and bust cycles 
where trees flower and fruit heavily one year followed by a year of poor fruiting. 
Removal of section of stem removes flower buds and thus regulates fruiting. In 
flowering shrubs, such as Philadelphus and Deutzia, pruning after flowering pro-

Fig. 39.3  Espalier trained 
rose
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motes the production of new, flower-bearing shoots for the following year whereas 
pruning roses (which flower on shoots produced in the current year) well before 
flowering stimulates vigorous new growth which supports good flowering. Severe 
pruning of all stems down to the ground, or stooling, on species such as coloured 
stem willows ( Salix) and dogwood ( Cornus) promote vigorous one year stems of a 
metre or more to sprout from the base. Since the colour, typically reds, oranges and 
yellows, are only produced on one year stems, this treatment produces thickets of 
coloured stems.

Pruning is also carried out on field grown trees or nursery stock to provide the 
necessary specification for a tree’s eventual landscape purpose, such as standard 
trees for street planting or feathered or multi stem stock for more natural planting 
situations. It also affords the opportunity to remove diseased stems and, undertaken 
with an artistic eye, allows shrubs to be kept within their allotted space, keeping 
them compact and well balanced. Pruning can therefore be regarded as both an art 
and a science, with the art more the preserve of gardeners and the science more the 
preserve of horticulturists. Taken up a level and applied to trees, pruning becomes 
arboriculture with the opportunity for crown reduction to reduce wind drag and 
crown lifting to allow more light to penetrate beneath the canopy (Fig. 39.4). These 
arboricultural operations are almost exclusively the domain of skilled and highly 
trained horticultural arborists.

Training, which virtually always requires pruning to accomplish, refers to the 
practice of forcing plants into particular shapes. This is sometimes done to increase 
production as in the case of fruit trees grown against sunny walls, or to make the 
most of restricted space, such as training the stems of a grapevine up the inside of 
a glasshouse or conservatory or in espalier grown apples. On other occasions it 
can make protection from predating birds easier such as when cherries are grown 
against a wall to make netting easier, or because it’s the most effective way to man-
age climbing plants such as Wisteria, climbing roses or Clematis. Often, plants are 
trained into particular shapes for design or aesthetic purposes such as cloud pruned 
box plants or climbing roses trained over a pergola. Sometimes art and science 
come together such as the traditional practice of growing espalier pears on the gable 

Fig. 39.4  Arboriculture
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ends of cottages which is both scientifically valid and aesthetically pleasing. The 
same is the case with step over and cordon grown fruit trees. In each case the train-
ing provides for efficient production and is visually pleasing.

Plant training might therefore be considered purely an aesthetic pursuit and 
therefore a home gardening technique rather than an operation carried out by com-
mercial horticulturists. Professional horticulturists employed in heritage or botanic 
gardens, however, spend considerable amounts of time training plants to create aes-
thetic displays and professional horticulturists at famous display gardens such as 
Longwood in Pennsylvania, USA (Anon 2013b) deploy considerable time and skill 
into training species from Chrysanthemum to Wisteria into dazzling shapes and 
spectacles. Going back in history, famous garden designers such as André le Notre 
(1613–1700), relied on training to achieve spectacular garden creations. Training is 
therefore the preserve of both gardeners and horticulturists with, again, scale of op-
eration being the major divide. Detailed information on pruning and training can be 
obtained from the following reference sources: Brickell and Joyce (2011), Brown 
and Kirkham (2009) and Joyce and Lawson (1999).

Composting

The process of organic matter decomposition and nutrient cycling (the carbon cy-
cle) is a natural process in the environment and both gardeners and horticulturists 
have harnessed this biological activity for their benefit for generations. In the wild 
dead leaves and other plant and animal remains are colonised by fungi and bacteria 
resulting in the liberation of heat, water, carbon dioxide, a reduction in volume, the 
liberation or recycling of some nutrients, and leaving a by-product, humus, that 
slowly continues to further decompose and reduce in size. In the garden situation, 
any organic material such as weeds, leaves, vegetable peelings, mown grass clip-
pings and unwanted herbaceous plants can be stacked in a heap and allowed to 
decompose. Undertaken with skill, the waste heat produced kills pathogens and 
weed seeds and the humus remaining (which will have reduced to about a quarter 
of its original bulk) can then be incorporated back into the garden where it increases 
fertility but, perhaps more importantly, helps improve soil structure making the soil 
easier to work and less prone to wind or water erosion.

Composting is frequently described as an art and it is certainly a craft, at least, 
with many gardeners lacking the necessary skills finding success difficult to 
achieve. Composting fits very well with organic and wildlife gardening and is very 
popular at the moment, often featuring very prominently in garden society lecture 
programmes and demonstrations.

In the professional horticulture environment, while composting has always been 
practiced to a greater or lesser extent over the last 50 years and more, the rise in popu-
larity of organic production, along with public pressure and coupled with imposed 
environmental legislation has forced up the usage and importance of composting and, 
with it, the machinery necessary to handle large quantities of material. In the recent 
past many parks and public gardens would collect and burn leaves, or throw organic 
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matter onto rubbish tips rather than compost heaps and there was certainly no thought 
that local authorities would collect domestic garden waste and compost it in munici-
pal compost heaps. Today progressive large botanic gardens now feature their mas-
sive compost heaps as educational opportunities allowing the public to see the tractors 
turning the heaps and witness the clouds of steam rising into the air. Composting on 
this scale is subject to strict legislation to promote public safety, monitor transpor-
tation and guard against environmental damage such as pollution of ground water. 
This and the size and cost of the machinery involved contrasts clearly with the home 
gardening approach. Detailed information on composting can be obtained from the 
following reference sources: Scott (2010) as well as Anon (2013bb).

Environmental Manipulations

While gardening itself is sometimes described as the art of plant manipulation, it is 
probably fair to say that gardeners manipulate the environments in which they culti-
vate plants almost as much as they manipulate plants themselves. Probably the most 
obvious way to benefit plants in northern temperate regions is to grow them on south 
facing slopes to benefit from the extra warming that provides as opposed to grow-
ing them on north facing slopes. The Romans understood this when they cultivated 
cherries in the Scottish Borders but it was well known long before that. On a smaller 
scale, Victorian gardeners would grow peaches and nectarines on south facing walls 
for the same reason and, apart from the benefit for fruit growing, gardeners growing 
ornamental plants know well the value of seeking out sunny spots for Mediterranean 
species while retaining cooler shaded spots for understory ferns and large leaved her-
baceous plants. The use of microclimates in this way to benefit from extra warm or 
avoid frost pockets is all part of both the art and science of gardening.

Not only do gardeners seek to benefit from small differences in site microclimate 
but they invest in numerous types of structure and equipment, all in the name of gar-
dening and the benefit, financial or for pleasure, in producing bigger, or earlier or 
more cold intolerant plants in places where they would not naturally grow. Different 
styles of greenhouses, cloches, cold frames, fleece, polythene, bell jars and heavy 
mulching are all ways to protect non hardy plants from frost, or to produce fruit 
such as tomatoes in places where they would not naturally ripen well. Wind breaks, 
both natural and synthetic provide shelter and tree tubes do this for individual plants 
aiding their establishment by reducing exposure. Mulching with both organic and 
inorganic materials smothers weeds, thereby reducing competition, and helping to 
retain moisture while all types and scales of irrigation equipment provide plants 
with extra water to help establishment or increase growth and yield.

The practices listed above are just a small insight into the craft or practice of 
gardening but demonstrate the intricate nature of what skilful plant cultivation at 
the amateur level can entail. Horticulturists employed in public gardens often adopt 
the same types of approaches and this is perhaps best seen in botanic gardens where 
a wide range of the world’s biodiversity is being grown on a single location. Every 
opportunity to manipulate the environment so as to cultivate plants that naturally 
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grow in deserts, shade, alkaline soils, waterlogged situations or on shallow mountain 
tops, for instance, are taken to successfully grow plants from other environments. 
The sophistication of professional horticulturists in adapting and controlling the 
environment is, perhaps, demonstrated to its extreme in glasshouse cropping. Here 
computer controlled environments manipulate day and night temperature, humidity, 
carbon dioxide levels, nutrient applications, pest and disease control, pollination, 
light levels and day length, while also maximising opportunities for environmental 
sustainability through rainwater harvesting, thermal insulation and renewable en-
ergy sources. Detailed information on environmental manipulations can be obtained 
from Cockshull et al. (1998).

Mulching

Mulches, to smother weeds and retain moisture, are traditionally composed of or-
ganic matter such as garden compost, leaf mould or farm yard manure. Inorganic 
materials do much the same job and are often used in intensive crop production, 
even if they are aesthetically less pleasing. Black polythene, woven geotextile 
membranes, gravel and even decorative, coloured recycled glass aggregates can all 
be used but don’t add to the soil’s fertility or improve its structure. In collections-
based gardens, such as botanic gardens, different types and depths of mulching 
can help diversify the range of species it’s possible to cultivate at a particular site. 
For instance, heavy applications of moisture retaining garden compost allow the 
cultivation of rhododendrons on the east coast of Scotland where the annual rainfall 
amounts to only 650 mm whereas such applications are unnecessary on the west 
coast where precipitation can reach 3,000 mm.

Pest, Weed and Pathogen Control

Pests of all sorts including insects, molluscs, pathogens and weeds have been the 
scourge of gardeners and horticulturists for as long as husbandry has been practiced. 
Killing, trapping, removing, scaring, shooting and burning have been traditional ways 
of trying to remove the source of the problem and there is even evidence of chemical 
control using sulphur, for example, as an insecticide and fertilizer going back more 
than 4,000 years. As a result of the agricultural revolution machinery became more ef-
fective and more widely adopted leading to massive changes in cultivation techniques 
which in turn led to more intensive cropping creating the conditions for some pests to 
become even more of a problem. Combating pests became consequently more serious 
with solutions being found in plant breeding and the production of resistant cultivars, 
cultivation techniques such as crop rotation and intercropping, more efficient chemi-
cal sprayers and machinery and, as the green revolution dawned, so the manufacture 
of more and more sophisticated and highly effective pesticides. Since the latter part 
of the twentieth century concerns regarding the damaging effect on human health and 
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the environment have caused a gradual shift away from chemical treatment to other 
forms of control using biological agents, physical techniques such as mulching for 
weed control, organic pesticides, holistic approaches and integrated techniques.

Possibly nowhere else is the difference between home gardening and profes-
sional horticulture more widely exhibited than in the control of pests and diseases 
but there are not simply two scenarios at different ends of the scale but three:- 
home gardeners, public ornamental gardens, such as botanic and heritage gardens 
and commercial horticultural crops. Many gardeners and horticulturists adopt an 
Integrated Pest Management (IPM) approach which combines minimal use of pes-
ticides with physical and cultural techniques of pest control (Radcliffe et al. 2008).

Turf Culture

Possibly no other area of plant cultivation more amply demonstrates the divide 
between horticulturists and gardeners than turf culture or lawn care. While they 
might have been regarded as only of a different scale in the past, the science and 
technology now applied to sports turf in particular, now places them far apart, at 
least at their extremes. Modern sports turf cultivation now requires a thorough 
understanding of soil texture, irrigation, draining, cultivar selection, aeration, top-
dressing, plant nutrition and disease and weed control. The perfect-looking swards 
achieved at famous sporting locations such as Wimbledon, Pebble Beach, Lords 
or Old Trafford Cricket Grounds each have very specific characteristics required 
from each sport and are managed with skill, backed by science and technology. 
The equipment required to create and maintain these surfaces includes not only 
numerous cutting and irrigation types of machinery but also technique such as sand 
and vibro slitting, overseeding, scarification, topdressing, rolling and a means of 
alleviating compaction.

The Science of Horticulture

Horticulture is both an art and a science. The art is expressed from the smallest ur-
ban garden right the way through to the grandest of designs such as Peterhof Palace, 
west of St Petersburg, Russia while the science underpins every stage of cultivation 
from plant selection right the way through to post harvest storage. Horticultural 
research has resulted in new cultivars, with greater pathogen resistance, greater co-
lour range, longer cropping season, higher yield, better flavour, different sizes and 
shapes and more. Cultivation research has led to improvements in propagation and 
handling, irrigation techniques, soil cultivation, urban tree survival, organic cultiva-
tion, effective pest, disease and weed control, cost effective harvesting, and post 
harvesting procedures to extend shelf life. In addition there is considerable art and 
science in amenity horticulture when we are dealing with the design, construction 
and maintenance of different landscapes.
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Science Associated with Growing Media

Sometimes known as potting composts or just compost for short (but not to be con-
fused with garden compost and composting), growing media describes the range 
of materials used to cultivate plants in containers, as opposed to plants growing in 
the open ground. Plants have been grown in pots or containers for many centuries, 
even if it was only to transfer them from one place to another. Using a predomi-
nantly mineral soil for this purpose is unsatisfactory because the frequent and heavy 
watering required when plants are containerised leads to a loss of structure. This in 
turn causes the loss of natural air spaces that would normally allow free drainage 
resulting in a material that does not drain leaving waterlogged conditions in which 
roots eventually die.

Up until the middle of the last century gardeners used mixtures of all sorts of 
materials to overcome this problem in the physical structure of growing media, 
along with a vast array of chemical additives to try and promote healthy plant grow. 
The main problem was that these materials had to withstand daily watering which is 
detrimental to soil structure and answers lay in a combination of organic matter and 
coarse sand or grit‒ the former have an extraordinary combination of high porosity, 
large surface area capable of retaining moisture and strong physical structure able 
to withstand the destruction of the hose or watering can. The latter add weight and 
improve porosity. Sources of organic matter usually consisted of garden compost 
or leaf mould. To these two basic material were usually added a certain amount of 
garden soil and a plethora of other ingredients such as charcoal, sawdust, broken 
up clay pots or river washed sand. Ingredients to provide plant nutrients consisted 
mostly of organic products such as ground bone meal, hoof and horn meal, dried 
blood and manure but also some mineral components like limestone. Mixed care-
fully and used skilfully there is no doubt that such materials could grow satisfactory 
crops and plants. The main problems, however, lay in procurement, consistency, 
sterility and the time taken in preparation. In commercial production and large mu-
nicipal parks, in particular, it became difficult and time consuming to source the 
materials, although this was less of a problem in estates and private gardens. Con-
sistency of product, which is so important in commercial production, was probably 
the main issue with the variable quality of each of the materials giving inconsistent 
results in terms of crop size, quality and harvest date. Finally, many of these materi-
als contained sources of pathogens leading to high levels of pest and disease infesta-
tion and they took a long time to prepare.

Many of these problems were at least partially overcome following research 
undertaken in the 1930s by William Lawrence and John Newell working for The 
John Innes Horticultural Institution which demonstrated that a reasonable degree of 
uniformity could be obtained by using just three components‒ loam, peat and grit, 
supplemented by a standard combination of chemicals added at stated weights per 
volume and increasing in amount with type of plant and the likely length of time 
that they would remain in the growth media (Anon (2013cc). Interestingly, this uni-
form approach to making compost was initially developed to remove the variables 
from crop experiments at the institute and were only commercialised at a later date. 
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This was true also of the University of California standardised peat and sand mixes 
which were developed first for standardisation demanded from research and were 
then commercialised (Flegman and George 1979).

While these composts marked a substantial advance in the science of plant cul-
tivation and were used by gardeners and professional horticulturists for many years 
(and are being revived today as part of moves to reduce the use of peat), the prob-
lems of procurement and standardisation remained, albeit at a reduced level, partic-
ularly with the use of loam which was supposed to be sourced from stacked turves, 
left to decompose 6 to12 months, then riddled to create an evenly sized product 
before steam sterilization to kill pests and pathogens. But, while the procurement, 
standardisation and use of the loam were problems, the procurement and use of peat 
was a revelation to many. While it was acid in reaction and devoid of any nutrients, 
its ease of procurement, superb physical composition and sterile nature made it an 
ideal constituent and led to further research on the possibility of using peat only, or 
peat with added grit for potting composts. More careful attention had to be paid to 
plant nutrition but these were easily added by readily available inorganic fertilizers, 
while the acid reaction was countered by the addition of ground limestone.

Peat-based composts were suitable for commercial and home use and were eas-
ily supplied in bulk to the former, particularly for its use in the nursery stock and 
garden centre industry, and conveniently in bags for home use. The product was 
clean, easily used and uniform, giving good, healthy growth and a uniform product. 
Many peat-based composts were only composed of peat with added nutrients but 
sometimes this was supplement with sand or grit to add weight or, for instance, 
perlite or vermiculite to increase aeration even more, particularly for use in propa-
gation. Unfortunately, the supply of peat is not sustainable and there have been 
increasing pressures put on the use of peat due to concerns about the loss of valuable 
wildlife habitats. Since the turn of the century alternative materials, such as coir and 
bark, have been sought and have been the subject of research but it has proved to 
be very difficult to find a product as good as peat. Today a variety of materials are 
available on the market but are arguably not as easy to use as peat-based composts. 
However, with an understanding of their nutritional requirements and, especially, 
irrigation needs, good results can be obtained.

The 1960s and 1970s also saw experimentation of the cultivation of plants with-
out soil at all, but in nutrient enriched water (Douglas 1976; Anon 2013dd). This 
generally took two forms, types of hydroponics, which found popularity in the com-
mercial specimen pot plant industry, particularly for interior landscapes such as ho-
tel lobbies, shopping malls and corporate board rooms (Manaker 1996). This type of 
cultivation involved containers with water reservoirs which could easily be topped 
up by unskilled staff and with plants supported by light expanded clay aggregate 
(LECA), a light material looking like gravel but with a pumice-looking internal 
structure. The other form of cultivation, commonly termed nutrient film technique 
(NFT), first found its outlet in the commercial production of tomatoes, aubergines 
and peppers but is now applied to many other vegetables produced for the super-
market such as lettuce and strawberries. Production involved plants growing in 
shallow channels of nutrient enriched water with the advantages of a very clean, 
soilless product which never experiences drought and in which the nutrient supply 
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is constantly monitored and automatically topped up. Add to this an almost sterile 
environment with the floor covered with polythene, ideal environmental conditions 
in controlled glasshouses and biological pest control, adding up to a commercially 
successful growing ‘package’.

Home gardeners have certainly benefitted from the research undertaken on com-
posts and are easily able to buy bags of ready-mixed high quality compost from gar-
den centres and supermarkets. To this extent they are using very similar materials, 
backed by the same research and development, as commercial horticulturists, the 
only difference being in the scale of delivery and use with gardeners buying modest 
sized bags and commercial users purchasing their compost in cubic metre sacks or 
in bulk by the trailer load. When it comes to fruit and vegetable production, while 
it is possible to by home-scale hydroponic kits, commercial scale production, along 
with its technology and equipment is very much the preserve of the commercial 
horticultural producer and is poles apart from home gardening.

Science Associated With Plant Breeding

Forms of plant breeding have existed for as long as humankind has been domesti-
cating agricultural and horticultural plants, probably for at least ten thousand years. 
The earliest application was probably the simple selection of useful characteristics 
such as size or disease resistance and the subsequent use of seeds from plants exhib-
iting these features. Over time such selections would have reduced the genetic vari-
ability within the species to a more uniform (but still genetically diverse) appear-
ance leading, eventually, to recognised landraces. With an understanding (or at least 
observation) of how pollination resulted in seed production so the opportunity for 
deliberate hybridisation resulted in the possibility of combining desirable charac-
teristics from two related species. However, this was still well before Gregor Men-
del’s (1822–1884) time and deliberate hybridisation was the preserve of farmers 
and growers who had no knowledge or understanding of genetics. It was Mendel’s 
methodical approach to hybridising peas that eventually lead to the new science of 
genetics and an understanding that there was a rational underlying explanation of 
what was being observed (Mawer 2006).

Traditional plant breeding uses crossing and backcrossing to combine useful 
traits such as high yield, increased quality and disease resistance and these tech-
niques were in use by commercial, mostly agricultural, seed producers in the latter 
part of the nineteenth century. In 1908 heterosis, the superiority of heterozygous 
genotypes with respect to one or more characters in comparison with the corre-
sponding homozygous, the phenomenon of hybrid vigour (Rieger et al. 1991), 
was described and explained and this ability of the progeny of a particular cross 
to outperform both parents was used widely in crop development. However, while 
scientists were steadily working away understanding the science of genetics and 
applying this gradually to crop development and improvement, large numbers of 
Edwardian Head Gardeners and commercial nurserymen were busy hybridising and 
selecting a vast array of ornamental plants, fruit and vegetables. Everything from 
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violets, antirrhinums, sweet peas and delphiniums to plums, pears, potatoes, cab-
bages and beans were the subject of breeding and selection and nursery catalogues 
bulged with vast lists of the cultivars available (Fig. 39.5).

The era when both the scientific and ‘gifted amateur’ approach to plant breeding 
and selection continued for many years with the former concentrating on more com-
mercial crops and the latter on ornamentals. However, with the increasing applica-
tion of technology such as protoplast fusion, mutagenesis, genetic modification and 
exploiting somaclonal variation to increase diversity that would not normally occur 
naturally, and the trend of chemical companies buying seed houses with the inten-
tion of ‘harmonising’ the cultivation of specific cultivars with the use of particular 
pesticide, so the day of the amateur plant breeder has declined, but has certainly not 
disappeared.

Science Associated with Glasshouse Production Technology

The purpose of glasshouse production is normally to raise the growing tempera-
ture to permit the cultivation of warm temperate or tropical crops like tomatoes, 
aubergines and peppers in northern latitudes. This is not always the case, however, 
and in some tropical countries glasshouse temperatures are cooled to enable these 
same crops to grow successfully. Glasshouse, or protected, cropping does more than 
simply heat or cool the temperature, it makes possible the complete control of all 
growing parameters within an almost closed, and therefore controllable, environ-
ment. This, in turn, makes possible the cultivation of high volume, high quality 
crops matched to precise harvest and sale schedules. The costs associated with both 
the infrastructure and on-going production are considerable but, given the value and 
profits possible, are considered to be worth it. Like any industry though, to keep 
ahead of competition and to make a profit requires investment in new technology, 
and this new technology needs to be underpinned by sound research. More research 

Fig. 39.5  Display of flower-
ing plants for hobby garden-
ers at the Chelsea Flower 
Show, London



1334 D. Rae

has probably been devoted to protected cropping than any other aspect of the hor-
ticultural industry.

Selected statistics demonstrate the scale of glasshouse production. Worldwide, 
the main greenhouse vegetable production areas include: Spain, the Netherlands, 
Mexico, Canada and the United States (Table 39.1). Production in Mexico and 
Spain consists of a variety of production systems ranging from low to high tech-
nology greenhouses. Spanish production consists mostly of shade cloth produc-
tion, not glass production. Production in the Netherlands, Canada, and the United 
States consists primarily of high technology greenhouses with significantly higher 
yields. Table 39.2 shows the production area of the major greenhouse crops in North 
America (Anon 2013ee). The Netherlands has around 9,000 greenhouse enterprises 
that operate over 10,000 ha of greenhouses and employ 150,000 workers, efficient-
ly producing € 4.5 billion worth of vegetables, fruit, plants, and flowers, 80 % of 
which is exported (Anon 2013ff). In the 1950s, the global flower trade was less than 
US$ 3 billion. By 1992, it had grown to US$ 100 billion. In recent years, the floral 
industry has grown six percent annually, while the global trade volume in 2003 was 
US$ 101.84 billion. While production has traditionally been centered around the 
main centres of population in North America and Europe and with Dutch growers 
leading production technology and volume, in recent years other countries such as 
Kenya and Ethiopia have been developing their capacity, based on cheap labour and 
efficient air transportation (Anon 2013gg).

Country Production area (ha)
Canada 876
United States 395
Netherlands 4,300
Mexico 1,520
Spain 70,000
Note: When comparing relative size of operations between coun-
tries the different production technologies should be taken into 
account. For example, production in Mexico and Spain consists 
of a variety of production systems ranging from low to high 
technology greenhouses. Spain consists mostly shade cloth pro-
duction not glass production. 1 ha = 2.471 acres. Source: BC Veg-
etable Marketing Commission.

Table 39.1  World green-
house vegetable production 
area (ha) (2002)a

Table 39.2  North American greenhouse vegetable production area (ha) of major crops (2002). 
(Source: BC Vegetable Marketing Commission)
Production area (ha)
Crop Canada US Mexico Total North America
Tomatoes 482 350 790 1,622
Cucumbers 199 25 118 342
Bell Peppers 174 20 210 404
Total 855 395 1,118 2,368
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Every aspect of infrastructure and cultivation technique impact on quality and 
yield and have been the subject of research and innovation. Many glasshouse com-
panies, university departments and governments carry out this research and whole 
research institutes are or have supported the industry. In the UK the Glasshouse 
Crops Research Institute was created for this very purpose and, in its heyday, em-
ployed over 200 scientific staff. In the northern hemisphere a lot of research has 
been devoted to maximising light levels and reducing heat loss as these two factors 
influence heating costs, and therefore production costs, the most. Even a 1 to 2 % 
increase in light intensity can make a difference to profitability and roof and crop 
orientation are both significant factors in these studies (Nelson 2011). In terms of 
reducing heat loss, cladding material (e.g. glass, polythene or plastics such as poly-
carbonate sheets) side wall insulation and thermal blankets are all important while 
the source of heat (e.g. gas or oil), the efficiency of combustion and distribution 
systems all have a role to play in glasshouse efficiency (McCullagh 1978; Nelson 
2011; Boodley 2008).

The cost of energy is such a major influence on cost and yield that even small de-
viations from ideal temperatures can have an impact. As a result electronic control 
systems and environmental management are important components of glasshouse 
cropping, while sustainable forms of heating such as ground source and air source 
heat pumps and the use of deep geothermal energy are being vigorously investigat-
ed. If CO2 enrichment and supplementary lighting systems are used, the interplay 
of light intensity (not just from supplementary lighting but also dawn, dusk and 
ambient intensity), temperature and CO2 can all be controlled for maximum effect. 
Temperature is affected naturally by outdoor temperature and light radiation pen-
etrating the house but can be controlled by a combination of ventilation and water 
temperature within heating pipes.

When it comes to cultivation, crop layout to maximise space by minimising 
walkways or using mobile bench systems, ensures that as much of the expensive 
glasshouse space is used for cropping as possible. Breeding programmes to increase 
yield and improve disease resistance have also made a major contribution as has re-
search into plant nutrition and cropping systems such as hydroponics, nutrient film 
technique (NFT) and modular systems of cultivation (Fig. 39.6).

Conclusions

While gardening and horticulture are both concerned with cultivating plants, this 
chapter has served to show that the motivation, scale and technology between the 
two is different. Gardening is primarily a leisure activity while horticulture is a paid, 
professional occupation. While gardeners pursue their hobby in gardens and allot-
ments, however large, horticulture is often on a large scale such as parks, botanic 
gardens and production nurseries. Finally, while gardeners however skilled, and 
many are exceptionally skilled, reply on domestic-based technology, horticulturists 
work in or with sophisticated machinery and equipment and in high-tech, highly 
controlled environments, backed by advanced scientific research.
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Anthesis, 98, 113
Anthochaera chrysoptera, 1032
Anthocyanidins, 119
Anthocyanin, 119, 165, 176, 212, 219, 236, 

245, 250, 251, 307, 315, 351, 970
Anthony and Cleopatra, 1247
Anthracnose, 231, 845
Anthraquinones, 650

Anthropocene, 801
Anthropomorphic interpretations, 1027
Anthurium spp., 418, 453
Anthus pratensis, 1035
Antibacterial properties, 977
Antibiotics, 661
Anticancer, 650
Anticarcinogenic, 981, 988
Anti-establishment activism, 865
Antifungal properties, 978
Anti-inflammatory, 981

responses, 982
Antimicrobial, 981
Antimutagenic, 981
Antiobesity, 981
Antioxidants, 76, 382, 383, 970, 978, 979, 

981–983, 990, 1241
activity, 843, 982
capacity, 970, 980, 982, 983
content, 846
effect, 982
enzyme, 985

Antioxidative capacity, 383
Antirrhinum majus, 408
Anti-transpirants, 186, 633
Antitumoral, 981
Anti-tumoral properties, 987
Antroposophic, 863
Antroposophism Movement, 862
Antroposopism, 862
Ants, 751, 1033
Ant species, 1175
Anxiety, 1013
Anxiety disorders, 1007
APETALA1 (AP1), 105
Aphid-borne viruses, 309
Aphids, 232, 306, 751, 832–834, 846, 847, 

1300
Aphid-vectored viruses, 832
Apical dominances, 99, 102
Apical meristem, 102, 103
Apiculture, 721
Apis mellifera, 146, 180
Apocarotenoids, 980
Apomixis, 109, 113
Apoplast, 381
Apoplastic, 209
Apoptosis, 981
Apospory, 113
Apothecaries, 1235
Appalachian Mountains, 722
Appellation, 200
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Apple, 1234, 1235
Apple (Malus domestica), 99, 100, 101, 109, 

111, 112, 114, 118–120, 198, 235, 289, 
344, 428, 474–476, 605, 613, 626, 822, 
831, 844, 845, 850, 1183, 1233, 1257, 
1260, 1264, 1271, 1273, 1283, 1286, 
1288–1294

Apple-scab, 830
Application of organic manures and the 

application of manufactured fertilisers, 
516

APPPC, 1181, 1184, 1185
Apprenticeship system, 1122
Appropriate level of risk (ALOP), 1173, 1181, 

1184, 1188, 1191
Apricot, 1247
Apricot (Prunus armeniaca), 99, 100, 101, 

109, 119, 821, 822, 1264, 1291, 1303
Aquaculture, 868
Aquaporin, 84
Aquatic ecosystems, 507
Aquatic life, 505
Aquifers, 805
Aquilegia, 455
Arabia, 266
Arabian Gulf States, 274
Arabic, 765
Arabica, 721
Arabica green bean, 1154
Arabidopsis, 84, 103, 106
Arab poetry, 1244
Arabs, 148, 160
Arachidna, 637
Aral sea, 606
Aranjuez, 674
Arborator, 673
Arboreta, 1001
Arboricoltura, 1295
Arboricoltura generale, 1296
Arboricultural, 708
Arboriculture, 13, 694, 702, 1119, 1285
Arbres fruitiers ou Pomonomie belge, 1288
Arcadia, 673, 674
Archaeology, 849
Architects, 783
Arctic, 804
Arctostaphylos uva-ursi, 447
Arduaine, 716
Areas of Outstanding Natural Beauty 

(AONBs), 795
A. reticulata, 140
Argentina, 139, 164–166, 170, 172, 199, 200, 

317, 438, 697

Arginine, 209, 211, 215
A. rhodanthea, 436
Arid, 381
Arid climates, 778
Arid environments, 841
Arid regions, 341, 354, 440
Aristotle, 160, 1265, 1266, 1269
Arizona, 86
Armendariz and Morduch 2010, 1148
Armenia, 198
Armeria maritima, 455
Armillaria, 635
Armyworm, 751
Arnold Arboretum Horticulture Library, 1249
Aroids, 408
Aroma, 120, 212, 241, 242, 244, 248, 249, 

385, 646, 650, 662, 663
Aroma-active compounds, 244
Aroma molecules, 211
Aroma note, 249
Aroma signal, 650
Aromatic, 843
Aromatic and medicinal, 13
Aromatic plants, 451, 457, 645, 646, 650, 662
Aromatic ring, 212
Aromatic wines, 240
Arrack, 722
Arrhenius, 819
Ars Poetica, 675
Art, 1197, 1205
Art deco, 764
Arteriosclerosis, 966
Arthropoda, 636, 637
Arthropod predators, 833
Arthur Tansley, 795
Artichokes, 78
Artificial environment, 1199
Artificial lighting, 336
Artificially raising CO2 concentrations, 507
Artificial ripening, 12
Artificial substrates, 371
Artisan-farmer culture, 1256
Artistic, 1197

expression, 1197, 1205
Art Nouveau, 413
Art therapy, 954
Ascertain the impacts of a proposed process, 

508
Ascomycetes, 1175
Ascorbic acid, 126, 190, 315, 335, 337, 353, 

375, 845
Ash, 1260
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Ash dieback, 1063
Ash trees, 1063
Asia, 76, 84, 99, 124, 128, 159, 160, 199, 

268–270, 282, 284, 312, 314, 438–441, 
453, 457, 466, 471, 648, 649, 662, 674, 
703, 708, 721, 723, 733, 790, 826, 829, 
1173, 1175, 1176, 1184, 1185, 1200

Asia and Pacific Plant Protection Commission 
(APPPC), 1184

Asia Minor, 97
Asian plum, 101
Asia Pacific region, 271, 286
Aspalathus callosa, 442
Asparagus, 78, 85, 606, 613, 981, 1264
Aspidistra, 767
A. squamosa, 140
Assam, 147
Assimilate supply, 340
Assyro-Babylon, 1301
Aster, 409, 766
Asteraceae, 436
Asthma, 775
Astilbe, 455
Astringency, 212, 239, 249, 250
Astringent, 250
Atemoya, 140
Aterra de Flamengo Park, 680
Atherosclerosis, 980, 984, 985
Atlantic poison oak (Toxicodendron 

pubescens), 722
Atria, 768, 777
Atriplex, 440
Attalea speciosa, 715
Attentional recovery, 1038
Attention deficit disorder (ADD), 1005, 1014
Attention restoration theory (ART), 1016, 

1037
Attentiveness, 770
Aubert, C., 1149
Auction house, 421
Aurantioideae, 161
Australasia, 441, 733, 804, 806
Australia, 91, 98, 124, 136, 164, 170, 172, 

199, 200, 219, 223, 229, 232–234, 238, 
264, 266–268, 270–272, 281, 289–293, 
304, 317, 318, 418, 421, 438–444, 446, 
448, 450, 454, 456–459, 716, 719, 721, 
733, 738, 744, 756, 795, 806, 831, 
839, 862, 868, 1029–1034, 1040, 1118, 
1119, 1121, 1125–1129, 1134, 1172, 
1177, 1181, 1183, 1184, 1187, 1188, 
1190, 1191, 1238, 1302, 1303

Australian Centre for International 
Agricultural Research, 1161

Australian Football League (AFL), 755
Australian horticultural education, 1129
Australian macadamia, 289
Australian Productivity Commission, 1128
Australian Quarantine Act (1908), 1178
Austria, 860, 1174
Autocatalysis, 117
Autogamy, 146
Automation, 1131
Autophosphorylation, 111
Auxin, 114, 115, 117, 181–183, 188, 191, 

625–627
Auxin-ethylene, 117
Available Work Days (AWD), 831
Avicenna, 648
Avocado (Persea americana), 124, 125, 128, 

143–147, 271, 272, 473, 480, 1271
Avocados, 1235
Awaji Island, 685
Awaji Yumebutai, 685
Axillary meristems, 105
Axonpus affinis, 734
Ayurveda, 648
Ayurvedic, 648
Ayurvedic medicine, 648
Azaleas (Rhododendron spp), 420, 621, 634
Azamboa, 160
Aztecs, 267, 284

B
Babaçu palm, 715
Baby carrots, 860
Babylon, 160, 678
Baby’s breath, 409, 417
Bachelor’s button, 409
Backcross introgression, 87
Bacteria, 831, 1030, 1175, 1179

algae, 514
plants, 514

Bacterial symbionts, 833
Bacterocera dorsalis, 845
Baghdad, 160
Bahamas, 168
Bahia, 285
Bahrain, 91
Bailey, L.H., 1288
Balconies, 456
Balcony plantings, 777
Balcony plants, 454
Balkan, 199



1345Index 

Balled and burlapped, 640, 641
Ball impact, 754
Ball-surface interaction, 753, 755
Baltic Sea, 675
Baltic States, 314
Bamboos, 764, 778, 1236
Banana, 120, 125, 127–131, 133, 134, 198, 

264, 271, 274–280, 282, 285, 332, 345, 
360, 369, 474, 610, 841, 844, 1181

and plantains, 1234
screenhouse, 345

Banana Cavendish, 473
Banana Musa AAA, 132
Banana Musa spp., 124
Bangladesh, 717, 721
Banksia, 418, 446, 1032
Banksia (Banksia hookeriana), 440
Banksia menziesii, 446
Banksia Production Manual, 458
Banksias (Banksia marginata), 409
Banksia spp., 442, 458
Banyan, 718
Baobab (Adansonia digitata), 715
Baptiste Van Helmont, J., 1301
Barbados, 168, 1032, 1033
Barberry, 1178
Barberry Berberis thunbergii, 457
Barcelona, 678
Bare-root, 640
Bare-rooted plants, 1177
Bargaining cooperatives, 1158
Bark, 378, 717, 722, 724, 726
Barley, 1206
Baroque, 411, 412

painters, 1213
park, 685

Bartholomew and Associates, 682
Bartlett, E., 1294
Bartolomeo Bimbi, 1214, 1282
Basf, 1298
Basil, 663
Basilio 2008, 1147
Basipetal gradient, 103
Basitonic, 102
Basket press, 240
Bassila, 722
Bastanbón, 160
Bat, 1031
Baths, 1028
Batonage, 241
Batrachochytrium dendrobatidis, 835
Bats, 724, 726, 1043

Battata Virginiana sive Virginianorum & 
Pappus, 1222

Batt, P.J., 1144, 1154, 1155, 1158, 1159
Baumea spp., 457
Bay, 663
B. cinerea, 226
Beans, 86, 1235
Bean sprouts, 1145
Bearded grapes, 1271
Beaujolais, 239
Beautiful garden art, 676
Becchetti, L., 1159
Bedding

crops, 1226
plant, 13, 408, 446, 452, 454, 456

Beech, 725, 840, 1185, 1295
Beech (Fagus sylvatica), 825
Beehives, 720
Beekeeping systems, 721
Bee-quarters, 1031
Bees, 109, 180, 751, 832, 1026, 1028, 1030, 

1032, 1033
Beet, 77, 823
Beetle, 751, 1031
Beetroot, 1288
Beets, 85, 1300
Begonias, 443
Belgian Congo, 722
Belgium, 781, 1041, 1217, 1288
Belize, 272
Bell flower, 412
Bell pepper, 353, 846

fruits, 356
Bemisia afer, 847
Bemisia tabaci, 847
Benchmarking, 701, 756
Beneficial insects, 751
Beneficial predators and parasitoids or 

important pollinators, 506
Ben Gairn, 316
Benign microbes, 823
Benign vertebrates, 835
Benin, 722
Benonite, 251
Bent neck, 356
Bentonite, 251
Benzene, 773
Benzene ring, 970
Benzene ring (C6H6), 250
Berberis, 627, 1031
Berberis thunbergia, 446
Berberis thunbergii, 457, 623



1346 Index

Berberis vulgaris, 1178
Berlin, 676
Berlin and Stuttgart Artificial Athlete, 753
Berlin Botanic Garden, 441
Bermuda grass, 748
Bernoulli equation, 359
Berries, 127, 201, 203–205, 207–210, 212, 

218, 226, 229, 980, 986–988
Berries (avocado), 127
Berry, 133, 205, 207–214, 219, 227, 229, 245

industry, 310
maturity, 211
metabolism, 211
number, 205
organisms, 243
phenolics, 219
ripening, 201, 210, 214
set, 218
size, 208, 209, 218, 219
skin, 209
softening, 208
splitting, 227
sugar, 227
volume, 209, 210
weight, 205

Berry polyphenols, 989
Best Bet Program, 448
Best practice, 512, 516
Beta-carotene, 843
Beuchelt, T.D., 1159
Beverage crops, 860
Beverages, 646, 722
Bhutan, 147
Bianchetti, 169
Biannual bearing, 104
Bible, 160
Bicarbonates, 746
Biddulph Grange, 672
Big Garden Bird Watch, 1036
Big step’ innovation, 1134
Big vine, 223
Bioactive compounds, 967, 990
Bioactive ingredients, 659
Bioactive phytochemicals, 983, 986
Bioactives, 651
Bioactivity, 646, 980
Bioavailability, 967, 983, 984, 990
Biochar, 378
Biocontrol, 781
Bio control agents (BCAs), 850
Bioconversion, 242

Biodiesel, 269
Biodiversity, 5, 278, 605, 724, 732, 788–790, 

792, 794–807, 809, 810, 860, 867, 
1002, 1026, 1030, 1042, 1043, 1062, 
1063, 1066, 1067, 1141, 1179, 1283

conservation, 808
loss, 803

Biodynamic
agriculture, 862, 864
farming, 863

Biodynamic Association, 864
Bio-Dynamic Farming and Gardening, 863
Bioenergy, 639
Bioflavonoids, 1241
Biofuel, 76, 266, 269

production, 1147
Biofumigation, 233
Biogenic amines, 215
Biological, 517

activity, 984
control, 306, 750, 1175
control agents, 518
control, habitat manipulation, 517
corridors, 724
diversity, 788, 790, 809, 1172, 1266
filtration, 513
invasions, 1175
nitrogen fixation, 516
pest and disease control, 513
processes, 514
resources, 809
rhythms, 818
systems, 819

Biomass, 203, 233, 244, 245, 335, 338, 352, 
360, 362, 363, 376, 377, 382, 514, 605, 
607, 610, 774, 824, 836–838, 841

Biomes, 437, 459, 764, 788
Biophilia, 772, 954, 1036, 1037, 1042
Biophilia hypothesis, 1004
Bio-prospecting, 806, 809
Bioreactor, 651
Bioregulators, 109, 112
Biosecurity, 504, 1173, 1176, 1178–1180, 

1182–1188, 1191
capability, 1127

Biosurfactants, 513
Biotechnology, 10
Biotic stresses, 321
Birch, 716, 722, 726

beer, 722
sap, 722



1347Index 

Birds, 724, 726, 835, 839, 1027, 1028, 1041, 
1043

baths, 1031
damage, 227
feeders, 1033, 1036
feeding, 1034
food, 1042
habitat, weed and insect control, 513
life, 724

Birdsong, 1026
Birmingham Botanical Gardens, England, 

1040
Biscogniauxia mediterranea, 825
Bitterness, 239, 249, 250
Biuret, 190
Blackberries, 310–313, 1290
Blackberry, 99, 310, 311, 313, 1267
Blackbirds, 1032, 1033
Black blight, 1300
Black-capped chickadees (Poecile 

atricapillus), 1033
Blackcurrant reversion virus (BRV), 316
Blackcurrants, 313–317

clearwing, 316
gall mite, 316

Blackman, F., 1301
Black raspberries, 307
Black rot, 831
Black scurf, 848
Black Sea, 199
Black Sigatoka, 279
Black spot, 231
Black stem rust, 1178
Blechnum gibbum, 764
Blissus leucopterus hirtus, 1029
Blister rust, 829
Blood oranges, 162, 165
Blood pressure, 770, 799
Blood Tree, (Harunga madagascariensis), 722
Blossom end rot (BER), 340, 352, 355, 356, 

363, 364, 384, 843
of tomatoes, 339

Blue baby syndrome, 505, 865
Blueberries, 310, 317–319, 321, 1234
Blueberry, 99, 320, 321, 973, 989, 1230

anthocyanins, 989
diet, 989
extract, 987, 989
juice, 989
polyphenol, 989
supplementation, 989

Blue Jay (Cyanocitta cristata), 1033

Blue water, 607, 608
B. napus, 828
Body mass index, 985
Bogota, 416
Bohemia, 1246
Bolivia, 87, 139, 289
Bologna University, 1271
Bolting, 823
Bonsai, 672, 1174, 1203
Bonseki, 1203
Borassus aethiopum, 722
Borate, 381
Borax, 750
Border, 446
Borneo, 286
Boron, 210, 634, 746
Bosch, C., 1298, 1299
Boston, 679
Boston Conference on Distribution, 1151
Botanical gardens, 13, 447, 799, 808, 1057
Botanic gardens, 13, 441, 447, 766, 790, 796, 

803, 1040, 1075
Botanic Gardens Conservation International 

(BGCI), 796, 1133
Bot canker, 231
Both fresh and saltwater, 505
Botryosphaeria, 231
Botrytis, 227, 228

bunch rot, 226
cinerea, 226, 232
grey mould, 355

Bottlebrush, 442, 1032
Bottle gourd, 1210, 1214
Bottling, 242
Bottom line benefit, 512
Boulevards, 678, 798
Bound sulfur dioxide, 251
Bouquet, 120
Bouquetier, 1274
Bower manuscript, 648
Bowling green, 736, 741
Box, 436
Box blight, 1186
Box (Eucalyptus angophoroides), 719
Boxwood (Buxus spp), 621
Boysen, 310
B. prionotes, 446
Brachyscome multifida, 448
Brain, 987
Brain function, 1005
Branding, 474
Branding factor, 685
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Brasilia, Brazil, 683
Brassica, 611, 828, 831, 1213
Brassicaceae, 111, 828, 987
Brassicacea spp., 973
Brassicales, 134
Brassica napus, 828
Brassica rapa var. chinensis, 829
Brassicas, 77, 86, 605, 823, 828, 829, 836, 

977, 982, 988, 1029, 1235
Brassica vegetables, 988
Brassinosteroids, 118, 208
Brazil, 8, 135, 136, 161, 163, 164, 268–272, 

284, 285, 287, 289, 306, 414, 441, 675, 
715, 717, 719, 781, 782, 795, 808, 822, 
868

fruit, 721
nuts, 289

Bread
fruit, 127
fruit (Artocarpus altilis Fosb.), 126

Breast, 984, 987
Breast cancer, 987
Breast cancer cells, 987
Breeding, 430
Breeding performance, 835
Briggs, L.J., 1302, 1303
Britain, 828, 1178, 1179, 1183
British Association of Landscape Industries 

(BALI), 1133
British Colombia, 720, 722
British Trust for Ornithology (BTO), 1036
Brix, 175, 210
Broadacre City, 682
Broad beans, 1264
Broadleaved species, 778
Broccoli, 78
Broccoli florets, 976
Broken tulips, 412
Brokerage, 420
Brokers to grower, 420
Bromeliad, 271
Bronx-River-Parkway, 683
Bronze Age, 1206
Brookings, Oregon, 421
Bryant 1989, 1150
Bryant Park, 961
Bryophytes, 775
B. tabaci, 847
Buchloe dactyloides, 734, 737
Bud

break, 98
burst, 201

differentiation, 104, 105
fruitfulness, 225
grafting, 626

Buddhist, 409
Budding, 625
Buddleia, 1031
Buddleia americana, 439
Buddleia davidii, 1031
Buddleia spp, 627
Building, 720
Building materials, 8
Bukina Faso, 721
Bulb crops, 1210
Bulbs, 1174
Bulgaria, 413
Bulk

density, 698, 779
produce, 468

Bullfinch, 1033
Bumblebee Conservation Trust, 1036
Bumble bees, 390
Bumblebees, 832
Bunch bunchstem necrosis (BSN), 215
Bunch end rot, 846
Bunch rot diseases, 232
Bundesgartenschau, 686
Bunjae, 672
Burbank, L., 1289, 1290
Burkina Faso, 840, 841
Burlap, 640
Burlapping, 640
Bürolandschaft, 767
Bush

fruit, 832
land, 802
pickers, 442

Business
as usual, 1140, 1151
development, 1146
development services, 1149
environment, 1149
models, 1161
services, 1149

Butterflies, 832, 1026–1029, 1031, 1032, 
1040–1042

Butterfly bush, 439, 1031
Butterfly Conservation Society, 1036
Butyrospermum paradoxum, 715
Butyrospermum parkii, 715
Buxus sp., 436
Buyer

driven models, 1156, 1157
power, 477
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Byturus tomentosus, 309
Byzantine, 409, 411
Byzantine era, 1266
Byzantine period, 411
Byzantium, 411

C
C3 grasses, 733, 734, 737, 744, 747
C3 plants, 837, 838
C3 turfgrasses, 750
C4 grasses, 737, 744, 747
C4 plants, 837, 838
C4 turfgrasses, 733, 737, 744
C4 weeds, 838
Cabbage, 78, 85, 86, 353, 842, 847, 1264
Cabbage looper, 1029
Cabbage root fly (Delia radicum), 834
Cabernet Sauvignon, 212
Cacao, 1208
Cacatua galerita, 1029
Cacti, 439, 778, 841
Cactus pear, 841
Calçadão de Copacabana, 680
Calceolaria, 419
Calcium, 85, 109, 210, 211, 355, 384, 385, 

634, 715, 967
Calcium carbide, 1298
Calcium carbonate, 190
Calcium chloride, 1300
Calcium cyanamide, 1298
Calcium deficiencies, 355
Calcium-dependant protein kinase, 84
Calcium nitrate, 185, 186, 190
Calcium oxalate, 355
Calcium sulphate, 385
California, 139, 164, 165, 167, 168, 170, 172, 

289, 302–304, 312, 415, 417, 442, 444, 
446, 456, 608, 621, 680, 681, 781, 821, 
822

Californian almond, 291
Californian chaparral, 438
Californian extension system, 1128
California Spring Trials, 415
California USA, 418
California Visual Learning Test, 989
Callistemon, 1032
Callistemon spp., 442
Callose, 108
Calories, 967
Calvert Vaux, 679
Camellia, 409
Camellia sasanqua, 443

Camellia sinensis, 266, 289, 441
Cameroon, 284, 285, 715, 719, 1181
Campanian villas, 673
Campanula pyramidalis, 766
Campanulastrum americanum, 821
Canada, 91, 97, 136, 317, 378, 411, 421, 446, 

723, 822, 828, 830, 868, 1029, 1030, 
1032, 1033, 1120, 1173, 1238

Canadensis, 623
Canals, 714, 716
Canary Islands, 130, 136, 148
Canary Islands (Spain), 127
Canberra, Australia, 683
Cancer, 650, 966, 981, 982, 987, 1013, 1050, 

1051
incidence, 978
prevention, 982

Cancer prevention, 982
Candida, 244
Candle, 722
Canellales, 143
Cangshan, 674
Canlas, D.B., 1147, 1148
Canna, 437
Canna (Canna x generalis), 437
C. annuum, 86, 87
C. annuum var. aviculare, 87
C. annuum x C. baccatum, 87
Canola, 233
Canopy, 203, 225, 226, 337, 358, 360, 

366–368, 390
architecture, 210, 225, 638
development, 201
health, 236
management, 223, 225, 228, 235
net radiation, 366
resistance, 366
structure, 330
temperature, 221, 222, 236
volumes, 236

Capacity building, 1118, 1124, 1157
Cape Biosphere Reserve, 442
Cape heaths, 442
Cape Hyacinths, 442
Cape Province, 438
Cape reed, 442
Capillary mats, 374
Capsaicinoids, 981
Capsaicins, 981
Capsicum/bell pepper aroma, 249
Capsicum peppers, 1216
Capsicum spp., 267, 649, 981
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Capsid bugs, 306
Capsules (durian), 127
Carambola, 125, 128
Carassius auratus, 1030
Caravaggio, 1212
Caraway, 663
Carbohydrate, 76, 118, 147, 174, 177, 

181–183, 203, 204, 206, 207, 213, 214, 
225, 242, 244, 245, 247, 351, 362, 364, 
388, 986

partitioning, 182
reserves, 741

Carbon (C), 633
allocation, 382
balance, 839
efficient, 520
emission, 520, 850
foot prints, 426, 427, 509, 511, 611, 612
sequestration, 603, 839, 1058
sink, 513
storage, 840

Carbon dioxide (CO2), 239, 246, 329, 360, 
365, 427, 428, 451, 612, 613, 725, 790, 
802, 803, 819, 820, 824–826, 836–838, 
843, 846, 848, 850, 1299, 1301

enrichment, 362
fixation, 808
foot prints, 428

Carbon dioxide equivalent (CO2e), 427, 507, 
612

Carbon exporters, 203
Carbonic maceration, 238, 239
Carbon isotope discrimination (δ13C), 222
Carbon monoxide (CO), 451, 773
Carcinogenesis, 987
Carcinogens, 987
Cardamom, 267, 663
Cardinal, 1030
Cardinalis cardinalis, 1030
Cardiovascular

diseases, 966, 978–980, 982, 984, 1007, 
1013, 1050

health, 984
homeostasis, 985
respiratory fitness, 1005

Carduelis carduelis, 1030
Carduelis tristis, 1030
Care Farming, 1015
Careless, 315
Cargill, 294
Caribbean, 264, 273, 274, 284, 438, 439, 721
Caribbean islands, 285

Carica, 137
Caricaceae, 134
Carica papaya, 137, 844
Carl Gottlieb Bethe, 676
Carl Linnaeus, 1172, 1233
Carl Per Thunberg, 441
Carmine production, 841
Carnations, 380, 412, 413, 419, 443, 453, 1246
Carnivore, 1029
Carob (Ceratonia siliqua), 648
Caro, N., 1298
Carotene, 335, 351, 980
Carotene (provitamin A), 126
Carotenoid pigments, 980
Carotenoids, 119, 175, 176, 182, 184, 335, 

336, 351, 383, 979, 980, 982–984, 990
Carpodacus mexicanus, 1035
Carrizo citrange, 187
Carrots, 77, 85, 86, 361, 612, 823, 842, 982
Cartagena Protocol on Biosafety (CP), 1179
Carthage, 1264, 1265
Carya illinoinensis, 289
Casein, 250
Cashews, 289
Caspian, 199
Caspian seas, 100
Cassava, 1181, 1182
Cassia, 663
Castanea sp., 289
Castasterone, 208
Castilla elastica, 270
Castle of Mey, 716
Castle of Racconigi, 1258
Castor oil, 269
Casuarina spp., 723
Catalases, 353, 982
Catalpa, 639
Catalytic degradation, 477
Caterpillar, 1029
Catholic Relief Services (CRS), 1160
Cation exchange capacity (CEC), 191, 378, 

628
Cato, 1259, 1262, 1264
Catonis, 1262
Cato the Censor, 1262
Cattle, 519, 716
Cattle fodder, 715
Cattleya, 418
Caucasus, 99, 100
Cauliflory, 128
Cauliflower, 78, 612, 842, 1213
C. aurantifolia, 162
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C. aurantium, 162, 171
Causes of Plants, 1233
Cavendish, 128, 133, 134, 271, 276, 279, 844
Cavendish bananas, 133
C. chinense, 86
Ce-based resistance, 316
Cecidophyopsis ribis, 316
Cedar, 635, 1271
Cedar-apple rust, 635
Cedrus spp, 456
Celeriac, 842
Celery, 78, 384
Celery (Apium graveolens), 648
Cell signaling, 967
Cell-signaling action, 967
Cellulose, 126
Cell volume, 79
Cemeteries, 1001
Centaurea cyanus, 409, 1032
Center for Plant Conservation (CPC), 796
Center for Urban Horticulture, 1077
Center pivot, 81
Centipedes, 751
Centradenia, 448
Central Africa, 1182
Central African Republic, 719
Central America, 91, 135, 139, 143–146, 267, 

269–271, 274, 284, 438, 719, 721, 795
Central England Temperature Archive, 820
Central Europe, 454
Centralised model, 1156
Centralised procurement, 1144
Central nervous system, 985, 986
Central Park, 679, 1122
Centre for redistribution, 1176
Centre of Phytosanitary Excellence (CoPE), 

1182
Centrifugation, 240
Ceramic pots, 765
Cercis, 623, 627
Cercosporella rubi, 313
Cereals, 77, 973, 1144
Cerebral inflammation, 988
Certification, 1180

process, 868
programs, 424, 431
schemes, 1188
systems, 868

Certified EMS, 508
Certified pest-free, 1180
Cervix cancer cells, 987
Ceylon, 270
Chaenomeles japonica, 625

Chaffing, 737
Chalara fraxinea, 795
Chalcones, 119
C. halimii, 162
Chalk down-land, 1002
Chamber of Agriculture in Germany, 454
Chamelaucium, 444
Chamelaucium spp., 444, 446, 450
Chamelaucium uncinatum, 456
Chandigarh, Punjab, India, 683
Changi airport, 768
Changing climate, 310
Changing demographics, 18
Charaka Samhita, 648
Charcoal rot, 848
Chardonnay, 240, 246, 249
Charles Darwin, 441
Charles VIII, 1219
Checkland 1981, 1152
Chelsea Flower Show, 797
Chemical control, 781
Chemical growth inhibitors, 741
Chemical pesticides, 506
Chemical residues, 1145
Chemicals Regulations Directorate, 781
Chemie appliquée à l’agriculture, 1300
Cherimoya, 139–143, 146
Cherimoya (Annona cherimola Mill.), 128
Cherimoyas, 139
Cherries, 100, 101, 109, 120
Cherry, 100, 101, 413, 725, 839, 1234, 1264, 

1269, 1286, 1289, 1291, 1292
Cherry (Prunus avium), 100
Cherry tomatoes, 353, 380, 382–384, 386
Chervil, 663
Chestnut, 99, 109, 110, 289, 1270, 1295
Chibanda, M., 1158
Chicago, 678
Chicory, 1235
Children’s health, 1050
Children’s Park, 679
Chile, 91, 139, 198–200, 271, 272, 303, 317, 

318, 419, 438, 439, 830, 1035
Chilean Matorral, 438
Chile piquin, 87
Chili pepper, 77, 663
Chilled fruit, 276
Chilli, 267
Chilling

hours, 821, 822
injury, 353
requirement, 98, 316
units, 823, 845
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Chilli pepper, 981
Chimeral, 151
Chimney flower, 766
China, 8, 76, 100, 101, 159, 161, 165, 166, 

172, 199–201, 252, 264, 266, 268–270, 
272, 289, 304, 306, 315, 317, 328, 409, 
413, 414, 419, 436, 438, 439, 441, 613, 
614, 648, 663, 672–675, 717, 721, 723, 
765, 781, 782, 804, 828, 842–844, 863, 
868, 1032, 1174, 1184, 1199, 1200, 
1226, 1237, 1293, 1301

Chinese cabbage, 352, 829
Chinese medicine, 648
Chinese New Year, 414
Chinese Poetry, 1245
Chipmunks, 1029
Chiquita, 278, 294
Chives, 977
Chloride, 381
Chlorinated water, 779
Chlorine, 634, 746
Chlormequat, 453
Chlorophyl-a, 390
Chlorophyll, 119, 182, 184, 382
Chlorophyll a, 338
Chlorophyllase, 184
Chlorophyll b, 338
Chlorophyll content, 339
Chlorophyll degradation, 175
Chloroplast, 382
Chocolate, 281–284, 285, 287, 288
Chocolatl, 284
Choke throat, 844
Cholesterol-lowering, 966
Chongsheng, 674
Christian Cay Lorenz Hirschfeld, 679
Christmas, 414
Christmas Bells, 450
Christmas bush (Ceratopetalum gummiferum), 

458
Christmas Day, 415
Christmas rose, 454
Christy, R., 1146
Chromista, 229
Chromoplasts, 119, 351
Chromosome doubling, 430
Chronic disease, 14, 966, 981, 982
Chronic inflammatory diseases, 966
Chrysanthemum, 349, 350, 408, 409, 413, 

414, 419, 430, 443
Chrysanthemum (Chrysanthemum x 

grandiflorum), 408

Chrysanthemum City, 414
Chrysanthemum indicum, 380
Chrysanthemums, 350, 409
Chrysanthemum spp., 443, 1041, 1239
Chrysanthemum x grandiflorum, 409
Chuao, 285
Chylomicrons, 983
Chytridiomycosis, 835
Cicero, 1297
Cider, 1234
Cilantro, 663
Cinnamomum zeylanicum, 267
Cinnamon, 267
Citranges, 172
Citrate, 119, 211
Citreae, 161
Citric acid, 182
Citriculture, 190, 194
Citrinae, 161
Citrine, 429
Citron, 160, 169, 1273
Citrulline, 84
Citrullus, 84
Citrullus lanatus, 84
Citrumelo, 172, 173
Citrum piriforme, 1271
Citrus, 109, 111, 113, 119, 159–162, 166, 

169–171, 173–184, 188–194, 212, 235, 
271, 289, 625, 721, 766, 767, 841, 844, 
1235, 1257, 1265, 1267, 1271, 1273, 
1276, 1283, 1284

aurantium, 160
blight, 172, 173
lemon, 110
mealybug, 781
medica, 160
pollination, 180

Citrus fruit, 1284, 1295
Citrus limon, 160
Citrus macrophylla, 173
Citrus medica, 160
Citrus nematode, 233
Citrus sinensis, 160
Citrus spp, 289
Citrus Tristeza virus (CTV), 171
Citrus volkameriana, 172
City

centres, 1009
environment, 440, 803
landscapes, 683, 783
parks, 1002
planning, 681
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Civic decency, 679
Civic pride, 17
Civic spaces, 958
Civitas romanorum, 1262
C. jambhiri, 162, 171
Clarification, 240
Clarified juice, 240
Classrooms, 772, 783
Clay flower pot, 765
Clearwing, 316
Cleistothecia, 228
Clematis chiisanensis, 447
Clementine, 167, 168, 183, 194
Clementine mandarins, 166, 176, 180, 181, 

184, 186, 188, 190, 192
Cleopatra mandarin, 171, 187
Climacteric, 117, 118, 477
Climacteric bananas, 476
Climate, 173

change, 5, 18, 80, 233, 234, 320–322, 520, 
694, 697, 708, 724, 801, 803–806, 808, 
819, 821

control, 328, 391, 392, 420
mitigation, 513

Climate change, 820, 822–827, 829–833, 
835–846, 848–850, 1047, 1049, 1058, 
1059, 1061, 1063–1066, 1077, 1141, 
1142, 1148, 1150, 1183

Climate strategy, 843
Climate systems, 1132
Climate warming, 831
Climatic

change, 309, 804, 818, 824, 828, 830, 832, 
833, 835–837, 842, 851

disturbances, 1140
niches, 832
phases, 822
stress, 835

Climbers, 764
Climbing plants, 436
Climograph, 346
C. limon, 162
Cling peaches, 1271
Clipping management, 740
Clone propagation, 103
Cloning, 1063
Clover mites, 751
Cloves, 267, 663
Clubroot, 828, 829
Clubroot disease, 828
Cluster capacity, 1160
Clustering Approach to Agro-enterprise 

Development, 1160

Cluster marketing, 1160, 1162
Cluster marketing groups, 1163
Cluster marketing groups (Cluster MGs), 1158
Cluster maturity, 1162
Clymenia, 161
C. maxima, 162
C. medica, 162
C. megalopetalum, 456
C. nobilis, 167
Coalbrookdale, 676
Coastal systems, 801
Coatings, 466
Coccinellids, 832, 833, 1031
Coccus hesperidium (soft brown scale insect), 

781
Cochineal, 841
Cockatoos, 1029
Cocoa, 264, 266, 267, 270, 280–288, 860, 

1159
Cocoa butter, 282, 283
Cocoa liquor, 283
Cocoa market, 287
Cocoa powder, 282, 283
Coconut (Cocos nucifera L.), 124
Coconut meat, 269
Coconut oil, 269
Coconut palm (Cocos nucifera), 722
Coconut palms, 719
Coconuts, 125, 127, 264, 267, 269–271, 

844, 845
Cocos nucifera, 269
Codes of practice, 516
Codex Vindobonenis, 1218
Codiaeum variegatum, 776
Codron, J.-M., 1145
Coffea arabica, 266, 289
Coffee, 263, 264, 266, 289, 424, 426, 721, 

844, 860, 973, 1154, 1159
Coffee rust, 795
Cognitive functioning, 1014
Coir, 378
Colaptes auratus, 1033
Cold

acclimation, 820
accumulation, 319
chain handling, 479
chilling, 821
frames, 416
pitting, 185
room, 470
shock, 353
soak, 238
storage, 428, 467, 469, 470
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stress, 845
supply chain, 89
tolerance, 86, 87

Cold Tolerance, 86
Coleus x hybridus, 776
Colinearity, 304
Collaborative marketing, 1158, 1160
Collaborative marketing groups (CMGs), 1158
Collaborative marketing models, 1158
Collective marketing, 1160
Colletotrichum gleosporoides, 845
Colombia, 91, 139, 416, 419, 426, 439, 782
Colon, 987
Colon cancer, 987
Colorado, 426, 439
Colorado potato beetle (Leptinotarsa 

decemlineata), 1179
Colorectal cancer, 988
Color intensity, 350
Colour intensity, 183
Columba palumbus, 836, 1032
Columbia, 264, 269
Columbus, 268, 416, 649
Columbus, Christopher, 1219
Columella, 1257–1260, 1262, 1264–1267, 

1270
Combretum glutinosum, 723
Combustion of natural gas, 507
Commercial industry, 850
Commission on Phytosanitary Measures 

(CPM), 1180
Commoditization, 474
Common Bushweed (Securinega virosa), 719
Common carp, 519
Common mandarin, 162, 166
Common oranges, 162
Common Plant Health Regime, 1183
Common reed (Phragmites australis), 457
Common scab, 848
Common sweet orange, 168
Commonwealth of Australia, 268
Commonwealth, Scientific and Industrial 

Research Organisation (CSIRO), 801
Communication, 1148
Communities, 788
Community, 17, 1055

cohesion, 5, 15, 801, 810
engagement, 1124
facilities, 962
forestry, 707
gardening, 1057
garden project, 1013

gardens, 686 , 790, 962, 1047, 1050, 1054, 
1055, 1060, 1061, 1068, 1076, 1119, 
1121

health, 1047, 1048
involvement, 705–707
spirit, 17

Community gardens, 1239
Com-munos, 957
Compaction, 504, 747
Companion crops, 233
Compatibility, 109
Competencies of extension, 1118
Complex spike, 132
Components of yield, 828
Compound fruits, 127
Compulsory competitive tendering, 1123
Computational Fluid Dynamics (CFD), 357
Computer-based monitoring, 371
Computerization, 420
Concentrate pesticide, 516
Concepcion, S.B., 1150
Condensation, 333, 334, 344, 355, 368
Condensation flux, 344
Condiments, 1226
Conductance, 344
Confucianism, 675
Congo, 270
Congo basin, 438
Coniferous trees, 438
Conifers, 408, 437, 456, 638, 1236
Conospermum spp., 440
Conservation, 722, 723, 727, 1034, 1035, 1042
Conservation agriculture, 6
Conservation dead wooding, 726
Conservation of wildlife, 1027
Conservation organisations, 1027, 1043
Conservation-oriented water, 723
Conservation or low soil tillage, 513
Conservation psychology, 1036
Conservatories, 416, 777
Constantinople, 411, 649, 1218
Consumer appeal, 621
Consumer demand, 1141, 1148
Consumer horticulture, 1077, 1118–1121, 

1129, 1132
Consumers, 869, 870
Consumer trends, 88
Contact with nature, 953
Container-grown, 621, 640, 641, 849
Container-grown ornamentals, 628
Container-grown stock, 850
Containerised, 849
Containerized plants, 621, 631
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Containerized transplants, 78
Container nurseries, 622, 629–632
Container production, 621, 622, 631
Container stock, 631
Contaminate surface water, 505
Contamination, 505
Contamination from nitrate and phosphate 

fertilisers occurs in aquatic ecosystems, 
505

Contemporary gardens, 959
Continuous screw presses, 240
Contract farming, 1156, 1157, 1162, 1163
Controlled atmosphere, 477
Controlled atmosphere storage, 466, 467, 477
Controlled atmosphere systems, 477
Controlled environment, 416
Control measures, 517
Convenience attributes, 1145
Convenience factor, 479
Convenience food, 479
Convenience offerings, 477
Convention on Biological Diversity (CBD), 

806, 1179
Cook and Chaddad 2004, 1158
Cool-Bot, 470
Cooling, 1059, 1060, 1067
Cool morning, 365
Cool season grasses, 734
Cool storage, 12, 477
Cool temperate forest, 437, 438
Cool temperate regions, 453
Cool transport, 469, 470
Cool transportation, 471
Co-operative Extension, 1124, 1125
Co-operative Extension Offices, 1125
Co-operative Extension System, 1121
Co-operative models, 1158, 1162
Co-operatives, 1149, 1158, 1159, 1162, 1163
Cootamundra wattle, 440
Copaifera demeusi, 722
Copper, 210, 211, 634
Copper hydroxide, 1300
Copper sulphate, 242, 1178, 1300
Coppicing, 639
Cordons, 203
Corn, 1299
Cornell University, 698
Cornflower, 409
Cornucopia, 410, 411
Cornus, 625, 640
Coronary heart diseases (CHD), 982, 984, 

1013

Corylus sp, 289
Corymbia ficifolia, 437
Cosmetic act, 91
Cosmetic goods, 646
Cosmetics, 665, 715, 717
Costa Rica, 278, 285, 419, 439, 453, 781
Cost-benefit analysis (CBA), 1003
Cost benefit relationships, 848
Cost-efficient energy, 347
Cosystem, 518
Cote d’Ivoire, 283, 285
Cotoneaster, 636
Cotton, 264, 269, 270, 1159
Council Directive 29/2000/EC, 1183
Country in the city, 1122
Courgette, 1266
Courtyards, 456, 777
Cover cropping, 513
Cover crops, 233, 235, 513, 632, 1303
C. paradisi, 162, 172
Crabapples (Malus spp.), 635, 636
Cracking, 340, 350, 356, 364
Cradle to gate, 427
Craft, 720
Cranberry, 99, 611, 973
Cranfield University, England, 427
Creasing, 167, 186, 187, 190
Creative self-expression, 17
Creative therapies, 955
Creativity, 770
Crescent, 1205
C. reshni, 171
C. reticulata, 162
C. ribis, 316
Cricket, 755
Cricket grounds, 736
Cricket pitch, 755
Crime, 1047, 1054–1058
Crime and disorder, 17
Critical deficiency, 214
Croatia, 414
Cronartium ribicola, 315, 316, 829
Crop, 716, 719–721, 868

duration, 846
evaporation, 344
fertility, 10
history, 1222
images, 1205
nutrition, 10
pathogens, 847
photosynthesis, 337
production, 10, 1147
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protection, 517, 610, 723
protection, chemicals for, 322
protection, strategy for, 517
residues, 846
temperature, 344, 354
transpiration, 355, 367, 368
utilization, 475
yields, 1142, 1275

Crop coefficients, 81
Crop cover, 513
Cropland, 723
Crop management, 1233
Crop rotation, 806
Crop Water Stress Index, 221
Crossbreeding, 1289
Cross flow filtration, 241
Cross-pollinated, 179
Crown degradation, 840
Crown development, 701
Crown gall, 231, 636
Crown structure, 702
CRS-Philippines, 1160, 1161
Cruciferaceae, 233
Cruciferous, 78
Crucifers, 1235
Crusades, 765
Crushed grapes, 238
Crushing, 238
Cryphonectria parasitica, 825
Cryptochromes, 98
Cryptoxanthin, 119
Crystal Palace, 417
C. sinensis, 162, 172
C. solstitialis, 409
C. transvaalensis, 734
Cuba, 168
Cuckoo (Cuculus canorus), 818, 1035, 1040
Cucumber (Cucumis sativus), 77, 336–338, 

340, 351, 353, 355, 361, 363, 376, 377, 
384, 386, 388–390, 842, 846, 1208, 
1212, 1214

Cucurbit, 77, 78, 86, 823, 1212, 1213
Cucurbitaceae, 387
Cucurbita pepo, 1214
Cucurbita pepo subsp. texana, 1219
Culinary herbs, 645
Cultivars of Scabious, 1032
Cultivation, 715, 721, 723
Cultural, 517
Cultural component, 1198
Cultural integration, 1012
Cultural management, 752

Cultural practices, 77, 517, 637
Culture of a nation, 17
Cumin, 663
C. unshiu, 162
Cupuacu (Theobroma grandiflorum), 717
Currant, 99, 313, 316, 626
Curtis Botanical Magazine, 1236
Custard apple, 140
Cut flowers, 329, 337, 408, 436, 446, 454, 

456, 458, 766, 767, 771, 1129, 1174, 
1176, 1226, 1235

Cutin, 970
Cutinases, 109
Cutworm, 751, 834
Cyanococcus, 317
Cyclamen, 335, 340, 419
Cyclamen persicum, 335
Cyclamen spp., 340
Cymose, 137
Cynodon dactylon, 733, 734, 737, 739
Cynodon hybrids, 737
Cyperaceae, 457
Cyperus spp., 457
Cyprinus carpio, 519
Cyrus the Great, 4
Cysteine, 249, 977
Cysteine sulphoxide, 977
Cysteine sulphoxide hydrolysis, 977
Cytokinesis, 112
Cytokinin 6-benzylaminopurine, 449
Cytokinins, 115, 206, 626, 627
Cytoplasm, 977
Czech Republic, 413, 842, 985

D
Dacelo novaeguineae, 1033
Dactylocterium australe, 734
Dados, 1210
Daffodil, 412
Dagger nematodes, 233
Dahlia (Dahlia pinnata), 408
Daily Contraction Amplitude (DCA), 222
Daily light integral (DLI), 335, 338, 348
Daktulosphaira vitifoliae, 1300
Dali, 674
Damping-off, 635
Damping-off pathogen, 635
Damson tree (Terminalia spp.), 648
Dante, 1268
Dark-adapted leaves, 389
Dark green vegetables, 988
Darwin, Charles, 114, 819, 1233, 1258, 1285, 

1287, 1288, 1290, 1297
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Dasineura tetensii, 316
Date palm (Phoenix dactylifera), 124, 127, 

648, 1206
David Douglas, 441
David Livingstone, 441
David Ricardo, 794
Day and night temperatures, 349
Day-length, 98, 336, 449, 454
Day lily, 842
Day-neutral, 305, 449
Day-neutral flowering, 303
Deacetylase/carboxypeptidase, 84
Dead arm, 230
Dead wood, 724, 726, 727
De Candolle, 1288
De causis plantarum, 1233
Decentralisation, 1148, 1149
Deciduous, 98, 102
Deciduous fruit, 106
Deciduous senescence, 104
Deciduous species, 105
Deciduous trees, 98
Decurrent, 638
Deep flow technique, 378
Deep water culture, 378
Defective trees, 726
Defects, 476
Deficit Available Water (DAW), 217
Deficit irrigation, 80, 81, 84, 218, 219, 222, 

375, 376
Definitions, 1119
Deforestation, 719
De gesloten kas, 347
Degradation, 719
Degradation of land and water quality, 507
Degree-day model, 834
Degreening, 189
Dehumidifying, 329
De la Quintinye, 1274, 1276, 1285
Della natura delle piante, 1268
Delphi, 1208
Demand for food, 1140
Demand-led extension, 1127
De Materia Medica, 1218, 1233
Dementia, 799, 988, 1005
Democratic empowerment, 687
Demonstration gardens, 1121
Dendometry, 222
Denmark, 313, 419, 860, 1014
Department of Agriculture Fisheries and 

Forestry (DAFF), 1188, 1190
Department of Agriculture (USDA), 868

Department of Environment, Food and Rural 
Affairs (DEFRA), 508, 509, 516

Depleted surface water and freshwater 
aquifers, 507

Depolymerization, 118
Depression, 6, 803, 1013, 1047, 1050, 1051
De re rustica, 1258, 1259, 1265, 1266
Der Wiener Dioskurides, 1218
De Sassure, N.T., 1299, 1301
De Serres, 1274–1276
Desert, 329, 437, 438, 723
Desert date palm (Balanites aegyptiaca), 721
Desertification, 723
Desiccation, 778
Design, 1123
Destructive Insects Act, 1179
Destructive Insects and Pests Act, 1178, 1179
Detergents, 514
Dethatching, 747
Developing world, 520
Development, 1148
Development of nuisance algae, 505
Dewberry, 311
Diabetes, 980, 981, 1123
Diacetyl, 246
Día de los Muertos, 414
Diagnostics, 1175, 1176, 1181, 1182, 1187, 

1188
Di-ammonium phosphate (DAP), 215, 244
Dianthus caryophyllus, 380
Dianthus spp., 443
Diapause, 834, 848
Diaporthe perjuncta, 230
Diatomaceous earth, 241
Dichlorodiphenyltrichlorethane (DDT), 864, 

1120
Dichogamous, 146
Die Mutations Theorie, 1287
Dies Rosationis, 411
Diet, 1064, 1066–1068, 1241
Dietary antioxidants, 982
Dietary fibre, 967
Dietary Guidelines for Americans (DGA), 91
Dietary health, 798
Dietary Supplement Health and Education 

Act, 661
Dietary supplements, 646
DIF-concept, 349
Diffenbachia, 782
Digestive illness, 1006
Digitara didactyla, 734, 739
Dihydroflavonols, 119
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Dikili Tash, 198
Dill (Anethum graveolens), 662
Dilute pesticide waste, 516
Dimension, 1197
Dimorphism, 128
Dioecious, 136
Diplospory, 113
Directed attention fatigue, 1037
Direct marketing, 468
Direct seeding, 77
Discipline of Horticulture, 16
Discordant behaviour, 772
Disease, 1050, 1053, 1063, 1076, 1078

control, 829
emergence, 1174
epidemics, 825, 1185, 1187
incidence, 752
management, 752
management strategies, 847
pandemic, 1177
prediction, 826, 830
resistance, 83
risk, 827
severity, 831, 836

Diseases of civilization, 966
Disocórides, 160
Disrupting bio diverse ecosystems, 505
Distraction therapy, 1012
Distribution, 466, 481
Distribution chain, 10, 421, 467, 1176
Distribution systems, 481
Diurnal cycling, 209
Diversification, 1119
Diversity, 442, 732, 802, 805
Diversity of produce, 1172
Diversity Review, 960
D-lactic acid, 247
DNA damages, 987, 988
Dodder (Cuscutum epythimum), 1271
Dole, 294
Dollar spot (Sclerotina homoeocarpa), 807
Dolomite, 744
Dolomitic limestone, 377
Domestic, 726
Domesticated species, 714
Domestic gardens, 1120
Domestic violence, 800
Dormancy, 98, 201, 205, 206, 444, 622, 623, 

819–821, 834, 845, 849
Dormant period, 216
Double blossom rosette, 313
Doubled the supply of reactive nitrogen, 507
Double-layered female nodes, 132

Douglas fir, 1186
Doum palm (Hyphaene thebaica), 715
Dove, 1032, 1033
Downy mildew, 229, 1300
Dracaena draco, 768
Dracaena sanderiana, 455
Dragonflies, 1026, 1028
Dragon plant (Dracaena draco), 437
Drainage, 516
Drained Upper Limit (DUL), 217
Dream of the Red Chamber, 673
Drepanopeziza ribis, 316
Dried fruit, 1291
Drip, 80, 382
Drip irrigation, 6, 292, 374, 378, 380, 382, 

846, 1303
Drip irrigation system, 382
Drip line irrigation, 514
Driscoll’s Strawberry Associates, 308
Drooping she oak (Allocasuarina verticillata), 

457
Drosophila suzukii, 306, 309
Drought, 77, 84, 85, 505, 519
Drought resistance, 850
Drought stress, 83, 355, 364, 387
Drought tolerance, 84, 85, 744
Drought tolerant, 84
Drought tolerant genotypes, 85
Drug, 91
Druid, 718
Druidism, 718
Drupes (mango), 127
Dryland salinity, 802
Dryocopus pileatus, 1033
Dual economies, 1153
Dualistic agrarian economies, 1157
Dualistic agribusiness systems, 1155
Dualistic chains, 1155
Dubai, 685
Du Breuil, 1285–1287, 1295
Duckweed, 408
Dulce et utile, 675, 676
Dumb cane (Dieffenbachia spp.), 458
Dune, 713, 723
Durian (Durio zibethinus), 125, 127, 128
Dutch, 427, 428
Dutch East and West India Companies, 416
Dutch elm disease (Ophiostoma ulmi), 831, 

1063, 1185, 1186
Dutch-Flemish periods, 411, 412
Dwarf wheat, 7
Dye, 8, 722
Dyera costulata, 270
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E
Early ripening, 318
Earthworm (Lumbricus terrestris), 1033
East Africa, 148, 719, 720, 722
East Asian brassicas, 86
Easter, 414, 415
Easter lily, 421
Eastern Asian, 199
Eastern Europe, 314, 315
Eastern teaberry, 454
Eastern U.S., 311
East India Company, 266
East Malling, 1287
E. balsamifera, 717
Ebb-flood benches, 374
Ebers papyrus, 648
E-books, 1249
E. coccinea, 442
Eco-friendly practices, 788
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Ophiostoma ulmi, 1185
Optimal air temperatures, 349
Optimum air temperatures, 348
Optimum day temperatures, 348
Optimum water content, 365
Opuntia, 841
Opuntia ficus indica, 841
Opuntia spp., 841
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Organic composting, 1239
Organic farmers, 1072
Organic farming, 863, 864, 866, 867, 869, 
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Ovule formation, 108
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Oxidative damage, 1005
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Oxidative stress, 84, 984
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Pectin methyl-esterases (PME), 118
Pectins, 240
Pectolytic enzymes, 240
Pecuaria Development Cooperative 

Incorporated (PDCI), 1149
Pedanios Dioscorides, 1218, 1233, 1237
Pediococcus, 246
Peel oil, 189, 190
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Perrault, Charles, 1278
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Pest impact, 1179
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Pharaoh Thutmose III, 409
Pharmaceutical compounds, 798
Pharmaceutical drugs, 659
Pharmaceutical industry, 1298
Pharmaceutical interest., 1238
Pharmaceutical Products, 717
Pharmaceuticals, 11, 646, 648, 650, 653, 655, 

658, 659, 717, 797
Pharmacognosy, 653
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Phenylpropanoids, 650
Philadelphia Flower Show, 416, 1041
Philadelphus, 766
Philippines, 124, 135, 198, 264, 269, 276, 286, 

453, 716, 720, 1146–1150, 1152, 1160, 
1161

Phloem mobility, 213
Phoenicians, 148
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Pierris rapae, 1029
Pieter Aertsen, 1213
Pietra dura, 1210
Pietro de Crescenzi, 1257, 1268–1270, 1302
Pigmentation, 350
Pigmented oranges, 162
Pimelea physodes, 440, 442, 449
Pimenta dioica, 649, 719
Pineapple, 127, 128, 264, 271, 844
Pineapple (Ananas comosus Merr.), 124
Pine bark, 380
Pine nuts, 289
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Pines, 439, 723, 1188
P. infestans, 826, 827, 1173
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Pinus patula, 450
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Pinus spp., 439
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Piper nigrum, 267, 649
Pipits, 1035
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Pistachio, 99, 109, 147, 973
Pistachios, 289
Pistacia vera, 289
Pistacia vera L., 147
Pitch canker-, 1186
Plagiotropic, 102
Planned management, 702
Planning and policy, 805
Planococcus citri, 781
Planorbis corneus, 1033
Plantains, 125–129, 274
Plantains (Musa), 126
Plantains (Musa AAB), 125
Plant architecture, 334
Plantation-based, 1154
Plantation crops, 266, 294, 613, 844, 1147
Plantations, 12, 612, 614, 790, 843, 1267
Plant Available Water (PAW), 217
Plant-based industries, 1172
Plant Breeder Rights (PBR), 421, 459
Plant breeding, 10, 1235
Plant Breeding Rights, 437
Plant compactness, 79
Plant defense, 967

Plant development, 967
Planted balconies, 454
Plant growth, 1226, 1233, 1245, 1257, 1302
Plant growth regulators (PGRs), 191, 194
Plant health, 1131, 1180, 1183, 1188
Plant Health Directive, 1183
Plant Health Directive (77/93/EEC), 1183
Plant Health (Great Britain) order 1993, 1183
Plant health legislation, 1179, 1186
Plant hunting, 441
Plant husbandry, 1132
Plant iconography, 1205, 1220, 1222
Plant images, 1205
Planting density, 629
Planting schemes, 1042
Plant/insects-pathogens interactions, 973
Plant introduction schemes, 446
Plant landscaping, 773
Plant-microorganism interaction, 967
Plant nursery, 1275
Plant nutrition, 1235
Plant Passport, 1183
Plant Patent Act 1930, 1290
Plant Patents, 421
Plant pathogens, 825, 826, 830
Plant pests, 1174, 1187
Plant propagation, 1232
Plant protection, 1173, 1179, 1184
Plant quality, 361, 459
Plant Quarantine Act, 1178
Plantscapes, 763, 765, 767, 768, 773, 775, 

777–779, 781–784
Plant sciences, 1230
Plant sculpture, 1204
Plant selection process, 1122
Plant stress, 364, 843
Plant trade, 1173, 1174, 1185, 1191
Plant Variety Protection, 421
Plant water status, 220
Plasma antioxidant capacity, 982
Plasmodiophora brassicae, 828, 829
Plasmopara viticola, 229, 825, 1300
Plastic cover, 330
Plastic-covered houses with simple or no 

heating systems and a low level of 
technical complexity, 506

Plastic covers, 333
Plastic films, 328, 329, 331, 339
Plastic greenhouses, 331, 350
Plastic pots, 380
Plastic sheets, 846
Plastic tunnels, 357, 392



1392 Index

Plasticulture, 80, 81
Platanus, 639
Plate glass, 417
Plato, 1266
Player fatigue, 755
Player opinion, 755
Player-surface, 753
Player-surface interaction, 753
Playgrounds, 958, 1201
Playing quality, 752, 753
Playing surface, 747, 755
Playing surface performance, 757
Play spaces, 962
Pleasure gardens, 1199
Plectranthus, 448
Pliny, 1257
Pliny the Elder, 160, 1265
Pliny the Younger, 416
Plugging, 737
Plug growers, 419
Plug Revolution, 420
Plumcots, 1290
Plums, 99, 101, 109, 110, 1233, 1234, 1260, 

1284, 1286, 1289, 1290, 1292
Plum trees, 1303
Plywood, 273
P. magnifica, 409
P. mahaleb, 1286
Poa, 737
Poa annua, 748
Poaceae, 732
Poa pratensis, 734, 737, 739
Poa trivialis, 739
Podargus strigoides, 1033
Pod borer, 286
Pod rot and trunk canker, 282
Poinsettia, 349, 439, 443, 446, 447, 453, 455
Poinsettias, 350, 453
Polack 2012, 1147
Poland, 307, 315, 782, 985
Poliaxial, 128
Policy, 1147
Policy and targets, 508
Political environment, 1152
Polka, 308
Pollarding, 639
Pollen, 1030, 1032
Pollen differentiation, 108
Pollen germination, 109
Pollen mother cell, 105
Pollen stability, 87
Pollen transfer, 109

Pollen viability, 109
Pollination, 109, 110, 115, 179, 181, 390, 820, 

832, 1033
Pollination activity, 795
Pollination period (EPP), 110
Pollinator attraction, 967
Pollinators, 109, 408, 832
Pollinizers, 109, 110
Pollution, 504, 505, 515, 604, 792, 1141
Pollution risk, 807
Polyaxial, 128
Polycarbonate, 417
Polycarpic, 104
Polyethylene, 329, 332, 334, 380, 629
Polyethylene screen, 345
Polygalacturonases (PG), 118
Polynesia, 1030
Polynesian Tapa cloth, 722
Polyphenol, 973, 982
Polyphenol glycoside, 983
Polyphenolic, 250
Polyphenols, 315, 967, 970, 973, 982–990
Polyphenols transporters, 983
Polyphenol supplementation, 989
Polyploidization, 430
Polysaccharides, 227
Polythene, 614, 615
Polytunnels, 614, 615
Polyvinylpolypyrrolidone (PVPP), 250
Pome fruit, 99, 1293
Pome-fruits, 112, 113, 115, 116, 120, 822
Pomegranates, 99, 721, 1259, 1270
Pomelo, 167, 168
Pomology, 1256–1258, 1270, 1273, 1274, 

1282, 1283, 1285, 1289, 1291, 1292, 
1298

Pomona Italiana, 1258
Pomonas, 1234, 1257, 1261
Pompeii, 1212, 1265
Poncirus, 161
Poncirus trifoliata, 172, 1276
Ponds, 1029–1031, 1033, 1036
Poor nutrition, 5
Popillia japonica, 636
Poplars, 716, 723, 724
Poplars (Populus spp), 639
Poppy, 412
Population, 5, 16, 76, 513, 518, 685, 1150
Population build-up of resistant target pests, 

506
Population growth, 481, 727, 1140, 1144
Population size, 836
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Populus, 625
Porous nets, 339
Porous pipes, 374
Porous screen, 328, 331
Porous screens, 329, 359
Portfolio diet, 966
Portion-sized packages, 481
Portugal, 139, 199, 317, 451, 649, 1244
Posidonia, 380
Posidonia oceanica, 380
Positive mood state, 1005
Post-dormancy chilling, 822
Post-emergence, 750
Post-emergence herbicides, 632
Post-emergent herbicides, 631
Postharvest, 458, 466, 468, 1131
Postharvest biology, 476, 1231
Postharvest care, 466, 467, 481
Post-harvest damage, 825
Postharvest deterioration, 353
Postharvest disease, 466
Postharvest Education Foundation, 471
Postharvest handling, 12, 468–471
Postharvest life, 473, 476, 477
Postharvest losses, 466, 467, 470, 478
Postharvest practices, 468, 471
Postharvest quality, 17, 477
Post harvest storage, 477, 1144
Postharvest technologies, 467, 468, 471–473, 

476
Postharvest Training and Services Center, 471
Post-transplanting stress, 79
Post-veraison, 226, 228, 230
Potamogetonaceae, 380
Potassium, 79, 85, 210, 211, 364, 377, 634, 

967, 974
Potassium bitartrate, 242
Potassium hydrogen tartrate, 251
Potassium (K), 743
Potassium permanganate, 477
Potato, 473, 612, 826, 827, 846, 1178, 1208, 

1220, 1222
Potato apical leaf curl, 847
Potato blight, 826, 1173, 1178
Potato blight (Phytophthora infestans), 1173
Potatoes, 475, 477, 605, 836, 846
Potatoes of Virginia, 1222
Potato late blight, 827
Potato murrain, 826
Potato (Solanum), 1173
Potato (Solanum tuberosum), 1173, 1220
Potherbs, 645

Pot ornamentals, 374
Pot plants, 374, 408, 443, 446, 447, 452, 454, 

456, 766, 774
Potsdam, 676
Potted ornamentals, 13, 329
Potted plant production, 419
Potted plants, 459
Poverty, 1066, 1068–1070
Powdery mildew, 228, 229, 845
Powdery mildew management., 229
PPC, 1188
P. polyandra, 161
PPPO, 1181
Prairie grasslands, 1002
P. ramorum, 1186
Prantilla 2011, 1148
Prebiotic benefits, 973
Predators, 832, 1027
Pre-emergence, 750
Pre-emergent herbicide, 631
Preferred suppliers, 1156
Pregnancy, 1047, 1052
Premium tier, 474, 475
Premium Waxflower, 458
P. repens, 442
President’s Council on Environmental Quality, 

788
Press, 238, 239
Pressing, 239
Preventing Chronic Diseases

A Vital Investment’, 981
Pre-veraison, 209, 229
Prey densities, 833
Price volatility, 1141
Priestley, J., 1301
Primarily poplars, 723
Priming, 77
Primocane, 307, 308, 312, 313
Primocanes, 311, 312, 313
Primofiore, 169
Primofire, 170
Primordia initiation, 225
Primrose, 412, 455
Primula vulgaris, 455
Prince Hermann von Pückler-Muskau, 681
Private garden, 679
Private gardens, 954
Private-good, 1127
Private space, 962
PRIVATE TYPE=PICT;ALT=We Do Our Part, 

802
Private Voluntary Standards (PVS), 511
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Privatisation and commercialisation, 1127
Proanthocyanidins, 986
Proanthocyanidins (PAC), 973
Process attributes, 1145
Processing, 313, 466
Processing companies, 1159
Processing industry, 314
Processing market, 311, 312
Processors, 315, 869, 1156
Procurement, 475
Produce handlers, 479
Produce retailers, 478
Producer organisations, 1158
Producers, 869
Product handling, 468
Production, 420
Production and productivity, 1142
Production costs, 392
Production horticulture, 1119, 1120, 1129, 

1131, 1135
Production industries, 849
Production nursery, 781
Production schedule, 453
Production scheduling, 1144
Production system, 603
Productivity, 772, 773, 1071, 1075
Productivity Commission, 1128
Productivity per unit area, 17, 307
Product label, 868
Products quality, 77, 329, 330, 334, 350, 352, 

355, 365, 381, 386, 387, 389, 391, 475, 
1157

Product system throughout its life cycle, 509
Pro-environmental attitudes, 1039
Professional capacity, 1129
Professional development, 1133
Professional Gardeners’ Guild, 1133
Profitable, 513
Proflora, 416
Program-team model, 1134
Pro-inflammatory cytokines, 980, 986
Proleptic, 102
Proline, 88, 209, 211, 215, 970
Pro-lycopene, 119
Promenade, 678
Promoter genes, 179
Promotion, 641
Promotional campaigns, 475
Promotion fatigue, 473
Pro-oxidant activity, 980
Pro-oxidants, 980
Propagation, 622, 1174

Property crime, 1057
Property rights, 1146
Property values, 1047, 1071, 1075
Prose and poetry, 1226
Prostate, 984
Prostate cancer, 987, 988
Prostate cancer cells, 987
Proteacea, 440
Proteaceae, 418, 443
Protea cynaroides, 409, 440
Proteas, 409, 418, 440, 442
Protected areas, 13
Protected cropping, 843, 1131
Protection, 724
Protein, 242, 250, 251, 715
Protein fining, 242, 250
Protein quality, 846
Proteins, 211, 213, 247, 250, 251, 362, 970, 

983, 984
Protein synthesis, 191
Protozoa, 1030
Provenance, 622
Pro-vitamin A, 979
Prowse 2012, 1156, 1159
P. rubi, 309
Prune, 1061
Prunes, 1269, 1290, 1291
Pruning, 105, 225, 388, 389, 638, 639, 701, 

725, 1061
Prunus, 110, 1289, 1290
Prunus africanum, 717
Prunus ceradosa, 719
Prunus domestica, 101
Prunus salicina, 101
P. serotina, 1293
Pseudochromosomes, 304
Pseudomonas, 775
Pseudomonas putida, 774
Pseudotsuga menziesii, 1186
Psidium guajava, 844
P. sinensis, 1293
Psychological Benefits, 1008, 1026
Psychological function, 1017
Psychological health, 770, 783, 1003, 1005
Psychophysiological stress, 772
Psychophysiological stress recovery theory, 

1003
Psychosomatic illness, 1005
Psychrometric constant, 366
Ptilotus, 454
Ptilotus exaltatus, 454
P. trifoliata, 172
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P. trifoliate, 161
Public extension systems, 1127
Public gardens, 960, 1199
Public-good goals, 1127
Public greenspace, 962
Public health, 966, 1047–1050, 1052, 1054, 

1058, 1066, 1070, 1078
Public horticulture, 962, 1119, 1122, 1123, 

1132, 1135
Public landscapes, 959, 1119, 1122
Public open space, 1123, 1132
Public parks, 679, 954
Public-Private Partnerships (PPP), 1148, 1150
Public recreation, 436
Public safety, 1047, 1054, 1055
Public sector extension, 1118, 1126
Public sector services, 1127
Public space, 960, 962
Public squares, 678
Puccinia graminis, 1178
Puddle, 1031
Puffiness, 187
Puffing, 163, 165, 170, 186, 190
Pulmonaria sp., 455
Pulmonary health, 966
Pummelo, 160, 175, 180
Pummelo (Citrus grandis (L.) Osbeck), 124
Pummelos, 175
Pumpkin, 1214
Purchasing decisions, 476
Putting greens, 736
PVS, 511
Pycnidia, 230
Pyra moscatella augustan, 1271
Pyranometers, 332
Pyra viridia, 1271
Pyra zucchella, 1271
Pyrenopeziza brassicae, 828
Pyrgeometers, 332
Pyrolysis, 378
Pyrus, 1292
Pyrus pyrifoglia, 99
Pyrus pyrifolia, 99
Pyrus ussuriensis, 99
Pyruvate, 245
Pythium, 306, 635, 781
Pythium ssp., 354
Pythium ultimum, 365

Q
Qi, 648
Quality, 83, 420, 481

Quality assurance, 10, 1188, 1226
Quality assurance procedures, 1156
Quality assurance programs, 1145
Quality attribute, 474
Quality defects, 475
Quality fruit, 844
Quality grades, 823
Quality index, 382
Quality management, 471
Quality of life, 982, 1048, 1058, 1071, 1123, 

1262
Quality position, 474
Quality products, 330, 1152
Quality retention, 466
Quality tiers, 475, 476
Qualup bell, 440, 442, 449
Quantify and compare a product’s impact with 

another, 509
Quantify and control environmental impact, 

508
Quantitative polygenic trait, 98
Quantitative trait loci, 86
Quarantine, 452, 459, 1178–1184, 1187, 1190, 

1191
Quarantine assessment, 1191
Quarantine legislation, 1178
Quarantine pests, 1176, 1184
Queen Elisabeth I, 679
Queensland, 267, 268, 290–292, 442, 457
Quercetin, 986
Quercus, 627
Quercus spp, 437, 715, 724
Quesnay, 675
Quince rootstocks, 626
Quinces, 99, 118, 626, 1264, 1270, 1286
Quinone reductase, 987
Quinones and Seibel 2000, 1149
Quiscalus lugubris, 1033
Quito, 416
Qu’ran, 1226, 1241, 1243

R
Rabbit, 836
Rabbiteye blueberries, 317, 319
Rachel Carson, 864, 1120
Radiant energy, 348
Radiant heating, 451
Radiation, 328–336, 338–340, 382
Radiation intensity, 339, 392
Radiation models, 81
Radiative cooling, 344
Radiative heating, 344
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Radioactive contaminants, 724
Radionuclide-contaminated solutions, 724
Radish, 233
Rain erosion, 841
Rainfall patterns, 844
Rainforest Alliance, 278, 511
Rainforests, 269, 290
Rain gardens, 1059, 1132
Rainshelters, 329
Rain tree (Samanea saman (Jacq.)), 716
Raisins, 1243, 1264
R. allegheniensis, 311
Ramayana epic, 673
Raphael Sanzio, 1212
Rapid establishment, 734
Rare species, 809
R. argutus, 311
R. armeniacus, 311
Raspberries, 99, 307–310, 1234, 1290
Raspberry beetle, 309
Raspberry bushy dwarf virus (RBDV), 309
Ratoon, 133
Rats, 1035
Ravana’s vimana, 673
Ravaz, 1297
RDC, 1128
Reaction rate, 348
Reactive oxygen species, 982
Readily Available Water (RAW), 217
Real estate, 1075
Reardon and Huang (2008), 1158
Recherches chimiques sur la vegetation, 1299
Reconstituted panels, 273
Recreation, 798, 800
Recreational activities, 1015
Recreational and leisure, 13, 16
Recreational benefit, 800
Recreational drugs, 650
Recreational facilities, 961
Recreational gardening, 1012
Recreational spaces, 962
Recreation and leisure, 672
Rectifying Health by Six Causes, 1218
Red apples (Malus rubra), 1271
Red barberry, 457
Redcurrants, 313, 314
Red/far-red ratio, 339
Red fox, 1028
Redgauntlet x Hapil, 304
Red grapes, 244
Red List, 1035
Red pepper, 649

Red raspberry, 307, 310, 311, 834
Red Sea, 648
Red spider mite, 781
Reduced biodiversity, 505
Reduced fertility, 504
Reduce diabetes, 979
Reduced natural fertility, 513
Reduce the use of water and fertilisers, 513
Reducing biodiversity, 507
Red wine fermentation, 238
Red wines, 219, 227, 238, 239, 250, 251
Reeds, 440
Reel mowers, 740
Reference Evapotransiptation, 217
Reflectance, 330
Reflected energy, 341
Reflecting, 1043
Reflection, 1038
Refrigeration, 18, 466, 478
Regeneration cycles, 840
Regional Regoverning Markets Programme 

Communities (RECs), 1181
Regional green space, 683
Regional plant protection organisations 

(RPPO’s), 1181
Regoverning Markets Programme, 1150
Regreening, 174, 189
Regulated Deficit Irrigation (RDI), 218, 514
Regulated pests, 1183, 1184, 1187
Rehabilitation, 798
Rehder, 1293
Rehder, Alfred, 1293
Reichenbach in Pomerania, 676
Relative Humidity (rH), 343, 354, 367, 778, 

843, 1075
Religion, 718
Renaissance, 411, 412, 1201, 1217, 1220, 

1235, 1237, 1256, 1257, 1270, 1274
Renaissance art, 1209
René-Louis Girardin, 675
Renewable energy, 392
Renovation, 747, 748, 750
Reproductive ability, 848
Reproductive growth, 838
Reproductive phase, 105
Reproductive sinks, 823
Reptiles, 835
Republic of Korea, 304
Research, 1148
Research and development (R&D), 1128, 

11150
Reservation, 683
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Reserve forests, 798
Residential gardening, 1121
Residential landscapes, 1121
Residue, 513
Resin, 722
Resins, 650, 722
Resistance genes, 826
Resistant varieties, 517
Resource-efficient, 76
Resource-intensive crop, 842
Resource management, 508, 702
Resource poor, 1153, 1154
Resource rich, 1153, 1154
Resources management, 1135
Resource-use efficiency, 838, 842
Responsible, 426
Responsive Element-Binding Protein, 989
Restaurants, 89
Restionaceae, 440, 442
Restios, 440
Restoration, 1043
Restoration potential, 1009
Restorative process, 1038
Restrictive water management, 365
Resveratrol, 986
Retail and shopping areas, 768
Retail consumers, 10, 18
Retail customers, 849
Retail environment, 783
Retailers, 420, 473–475, 480, 869, 1156
Retailing, 1119
Retail markets, 474, 622, 1155
Retail outlets, 1144
Retail produce, 478
Retail quality, 479
Retail stores, 18, 89
Retinol Efficiency Trial, 980
Reverse osmosis, 251
Reyes 2002, 1147
R. flagellaris, 311
R. grossularia, 314
Rhamnus frangula, 1031
Rhinitis, 775
R. hirtellum, 314
Rhizobacteria, 77
Rhizoctonia, 306, 635, 781
Rhizoctonia solani, 354, 848
Rhizomatous grasses, 748
Rhizome, 131
Rhizosphere, 774, 824, 829
Rhizosphere bacteria, 824
Rhodendron, 625

Rhododendron, 439, 443, 627, 634, 819, 1185, 
1186, 1239

Rhododendron indica, 774
Rhododendron maddeni, 450
Rhododendron spp., 439, 443
RHS, 1121
Ribbed apples, 1271
Ribes, 314–316, 829
Ribes dikuscha, 316
Ribes nigrum, 313
Ribes spp., 626
Riccardi, G.L., 1280
Rice, 274, 716, 720, 721, 826, 1159
Rice blast (Magnaporthe oryzae), 825
Rice flower, 440
Richard II, 1245, 1246
Ricinus communis, 269
Riesling, 228, 236
Rikka, 1203
Rind breakdown, 187
Rind colour-break, 183
Rind disorders, 188
Rio de Janeiro Botanic Garden, 808
Rio de Janeiro, Brazil, 680
Riparian buffers, 714, 724, 727
Ripeness, 479
Ripening, 115, 116
Ripening phase, 376
Ripening syndrome, 117, 118
Risk analysis, 1180
Risk of land and water pollution, 505
River lime (Nyssa ogeche), 721
River Red Gum, 719
River Red Gum (Eucalyptus camaldulensis), 

716
Rivers, 721, 724
Riverside, 680
Riyadh, 764
R. multiflorum, 313
R. nigrum var. sibiricum, 313, 315, 316
Roads, 714, 722
Roadsides, 713, 716
Roadside verges, 1002
Robert Fortune, 266
Robert Marsham, 818
Roberto Burle Marx, 680
Robert Schmidt, 683
Robin, 1033
Robinia, 721
Robinia pseudoacacia flowers, 721
Robins, 1032
Robotics, 235
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Rockwool, 361, 378, 380, 779
Roda, 1258
Rodale Press, 864
Rodents, 1043
Rola-Rubzen et al. 2012, 1161
Roman, 198, 409, 411, 675
Roman Empire, 160, 411, 1209, 1265, 1266
Romans, 198, 416, 765
Rome, 413, 673
Romeo and Juliet, 1247
Roof coverings, 715
Roof gardens, 436, 456, 790
Roof greening, 452
Roofing, 720
Roof top gardens, 451, 686, 1237
Rooftops, 1239
Root and bulbs, 77
Root asphyxiation, 376
Root crops, 860
Root cuttings, 625
Root Environment, 779
Root growth, 201
Rooting environment, 696, 698, 699
Rootknot nematodes, 233
Root pathogens, 781
Root pruning, 640
Root rot, 169, 309
Root rot diseases, 171
Roots, 717, 724, 726, 1144
Roots and bulbs, 77
Root-stock, 621
Rootstocks, 103, 105, 141, 144, 145, 161, 171, 

172, 187, 207, 385, 387, 622, 625, 626, 
1233, 1286

Root system, 219
Root system management, 725
Root temperature, 353, 363
Root vegetables, 842
Root vigor, 84
Root zone, 173, 362, 365, 699, 745, 746, 748
Rootzone water, 220
Rosa, 766
Rosaceae, 99, 102, 106, 112, 626, 636, 1294
Rose Bowl parade, 414
Rosemary, 663
Rose (Rosa x hybrida), 408
Roses, 337, 339, 353, 356, 361, 364, 368, 371, 

379, 389, 409–413, 419, 428, 430, 431, 
436, 443, 444, 449

Roses (Rosa), 765
Rossellinia necatrix, 144
Rotary drum vacuum (RDV), 241

Rotary mower, 740
Rotary sprinklers, 744
Rotation cropping, 513
Rothamsted, 1300
Rothamsted station, 1300
Rottger and Da Silva (2007, 1146
Rough lemon, 171
R. oxyacanthoides, 314
Royal Botanic Garden, Edinburgh, 447, 1249
Royal Botanic Garden Kew, 441, 1249
Royal Botanic Gardens, 799, 808
Royal Botanic Gardens at Kew, 804
Royal Botanic Gardens, Edinburgh, 766
Royal Botanic Gardens, Kew, 764, 766
Royal Botanic Gardens, Sydney, 1040
Royal gardener, 679
Royal Horticultural Society, 1040, 1236
Royal Horticultural Society in London, 1249
Royal Horticultural Society (RHS), 1121
Royal Prussian Garden Administration, 679
Royal Society, 1279
Royal Society for the Protection of Birds 

(RSPB), 1003, 1035, 1036
R. petraeum, 313
RPPO, 1181
R. rubrum, 313
R. sativum, 313
RSPB, 1036
R. spicatum, 313
Rubber, 263, 264, 270, 271, 289, 844
RuBisCo, 362
Rubus, 307, 310, 625
Rubus idaeus, 307, 311, 834
Rubus spp., 307
Rubus subg. Rubus, 310
Run-off, 516
Rural Advisory Services (RAS), 1118, 1125, 

1128, 1133
Rural architecture, 676
Rural development, 1135
Rural entity, 16
Rural environment, 13
Rural Industries Research and Development 

Corporation (RIRDC), 448
Rural landscapes, 802, 810
Rural RDC, 1128
Rural retreat, 679
Rural trees, 713
R. ursinus, 311
Ruscus, 346
Ruscus hypophyllum, 346
Rush, 457
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Rus in urbe, 1122
Russeting, 356, 363
Russia, 266, 306, 307, 315, 439, 674, 1141
Russian Federation, 8, 97
R. ussuriense, 317
Rusts, 635
Rusty apples (Malus ferrugineum), 1271
Rutaceae, 161
Rutgers Cooperative Extension, 1124
Rutgers New Jersey Agricultural Experiment 

Station (NJAES), 1124
Rwanda, 470

S
Sabah, 286
Saccharomycecs cerevisiae, 244
Saccharomyces, 244
Saccharomyces cerevisiae, 244
Sacred oak, 718
Safe food supply, 90
Safe play areas, 17
Safety, 517, 1055, 1057, 1061, 1070
Saffron, 663
Sahara, 438, 717
Sahel, 715
Salad leaves, 605
Salads, 475, 476, 663, 860
Salicylate, 974
Salinity tolerance, 84, 386
Salinization, 382, 504
Salinization of land and water, 507
Salix, 625, 640
S-Alk(en)yl-cysteine suphoxides, 976
S-alk(en)yl L-cysteine sulphoxides, 976
Salmonella, 832
Salmonella typhimurium, 832
Salt, 696
Saltbush, 440
Salt index, 744
Salt sensitivity, 85
Salt stress, 85, 385, 387
Salt tolerance, 83, 85, 86, 144
Salt tolerant, 86
Salvia, 348, 449
Salvia splendens, 348
Sandersonia aurantiaca, 450
Sand pears, 1293
San Francisco, 680
Sanitation, 5, 752
Sansevieria trifasciata, 764, 768
São Paulo, 685
Sao Tome, 285

Sap flow, 366
Sap flow gauges, 366
Sap flow rate, 366
Sapindales, 147
Sapodilla (Manilkara zapota), 128
Saponins, 650, 981
Saps, 717, 722
Satellite imagery, 703
Sat-nav Britain, 2
Satsuma, 165–167, 190
Satsuma mandarins, 162, 165, 175, 176, 180, 

183, 186, 189, 194
Sauvignon Blanc, 228, 236, 248, 249
Savanna, 439
Savannah habitats, 798, 1004
Savastano, 1296, 1297
Savoy cabbage, 842
Sawfly, 316
Sawn wood, 273
Saxifraga x arendsii, 455
Scabiosa, 1032
Scaevola aemula, 440
Scaevolas, 440
Scaevola saligna, 448
Scaevola (Scaevola coriacea), 459
Scale insects, 751
Scandinavia, 313, 315, 603
Scarab, 751
Scarification, 623
S. cerevisiae, 244, 247
S. cheesmanii, 85
Schefflera sctinophylla, 768
Schima wallichii, 719
School and hospital gardens, 954
School and youth gardening education, 1057
School gardening, 1012
Schrekenberg and Mitchell, 1148
Science and technology, 1225
Science-based advice, 1132
Science-driven extension, 1135
Sciences and technologies, 1230
Scientific Revolution, 860
Scilly Isles, 716
Scions, 387, 625, 626, 1186, 1210, 1233, 1267
Sckell, 679
Sclerocarya birrea, 720
Sclerophyll forests, 438
Sclerotinia sclerotiorum, 828
Sclerotinia wilt, 848
Sclerotium rolfsii, 848
Scotland, 309, 716, 828
Scottish Biodiversity Strategy, 788
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Scott Report, 795
Scouring, 181
Screen, 345, 360
Screen constructions, 328
Screen covers, 359
Screenhouses, 328, 331, 332, 344–346, 359, 

360, 366, 368, 369, 392
Screens, 331, 332, 344, 359, 360
Screen transmittance, 332
Sculptures, 1205, 1222, 1279
Sea Guarrie, 442
Sea of Galilee, 369
Seasonal changes, 1043
Seasonal cycles, 823
Seasonal demand., 473
Seasonality, 90
Seasonings, 645, 646
Seattle, 416
Secondary metabolites, 650, 967
Security, 513
Sedentary lifestyle, 1006, 1007
Sedge, 408, 457
Sedges, 439
Sedges (Cyperus spp.), 631
Seed, 714, 724, 1174
Seed-borne pathogen, 831
Seed coating, 77
Seed development, 112
Seed dispersion, 967, 1029
Seed encapsulation, 450
Seed enhancement, 77
Seed heads, 1031
Seeding rates, 738
Seeding technologies, 77
Seedless cultivars, 180
Seedlessness, 350
Seedling density, 840
Seedling emergence, 77
Seedling establishment, 840
Seedling performance, 78
Seedlings, 721
Seed maturation, 105
Seed mixtures, 737
Seed physiology, 623
Seeds, 720, 724, 726
Seiko Goto, 676
Selective herbicides, 836
Self-awareness, 1005
Self-concept, 1005
Self-esteem, 1005
Self-fertility, 319
Self –fertilization, 110

Self-harm, 772
Self-identity, 1039, 1043
Self-incompatibility (SI), 110, 111
Self-incompatible, 112, 167
Self pollination, 109
Self-sufficiency garden, 682
Semi-arid, 329, 381, 385, 606
Semi-hardwood cuttings, 624, 625
Semillon, 228
Semi-natural amenity grasslands, 732
Semi-natural grasslands, 732
Semi-natural landscapes, 1006
Seneca, 416
Senecio vulgaris, 409
Senegal, 715
Senescence, 102, 104, 105, 188
Senna (Cassia angustifolia), 648
Sense of place, 768
Sensor-based control, 373
Sensory attributes, 1145
Sensory perceptions, 1007
Sensory Trust, 960
Septoria leafspot, 316
Septoria ribis, 316
Sequestered carbon, 613
Sequestration of carbon, 797
Serbia, 307, 312
Serengeti, 724
Serrurias, 442
Serrurias trilopha, 442
Service wood, 720
Sesame, 1206
S. esculentum, 87
Sesquiterpene lactones, 384
Sesquiterpenes, 120
Setting objectives, 508
Settling, 240
Seven Greens, 808
Seychelles, 809
Seychelles (Impatiens gordonii), 809
Shade, 715, 716, 719, 723, 724, 1198, 1199
Shade houses, 416
Shade nets, 339
Shade perennials, 1236
Shade screens, 340
Shade tolerant, 775
Shade trees, 621, 622
Shading, 340, 359
Shakespeare, 1226, 1241, 1245
Shakkei, 674
Shanidar IV, 409
Shea butter, 269
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Shea-nut, 715
Sheath blight, 825
Sheet glass, 416, 417
Shelf life, 336, 385, 421, 476, 480
Shelter, 715, 716, 723, 724, 1198
Shennong, 648
Shepherd 2005, 1144, 1146
Shepherd and Galvez 2007, 1145
Shepherd and Tam 2008, 1145
Shikimic acid, 653
Shipping, 466
Shiraz, 209, 212, 227
S. hirsutum, 86
Shoot apical meristem, 102
Shoot density, 741
Shoot extension, 849
Shoot growth, 741
Shoot inclination, 105
Shoot primordia, 205
Shopping centers, 1201
Shopping malls, 768, 1009
Short-day, 305
Short day onions, 86
Short-day plants, 449
Shoulder check, 363
Shrubs, 621, 622, 638, 694, 764, 849, 1198, 

1226, 1236
Shugakuin Rikyu, 674
Siberia, 101
Sicily, 1266
Sick building syndrome, 773
Siedlungsverband Ruhrkohlenbezirk, 683
Signaling cascades, 990
Signalling pathways, 98, 824
Silent Spring, 506, 864, 1120
Silicon, 634
Silk Road, 648
Silleptic, 102
Simcha Blan, 1303
Singapore, 91, 270, 436, 781
Singapore Botanic Garden, 808
Singer, 1153
Singh 2007, 1155, 1156
Sir Joseph Banks, 441
Sisal, 264
Site Preparation, 629, 736
Sitta canadensis, 1033
Skin conductance, 1005
Sky gardens, 783
Slash and burn, 606
Slatyer, R.O., 1302
S-locus, 111

Slovakia, 413
Slug, 834
Small American bell-flower, 821
Small and medium sized enterprises (SMEs), 

508
Small fruits, 1290, 1292, 1293
Smallholder agriculture, 1142, 1146
Smallholder chains, 1162, 1163
Smallholder coffee cherry, 1154
Smallholder farmers, 1141, 1146, 1150, 1152, 

1155–1160, 1162, 1163
Smallholder farming, 1149, 1151, 1157
Smallholder horticultural farmers, 1160, 1162, 

1163
Smallholder horticultural producers, 1160
Smallholder producers, 1147–1150, 1160
Smallholder resources, 1163
Smallholder vegetable farmers, 1152
Small-scale agriculture, 519
Small step’ or incremental improvements, 

1134
Small white butterfly, 1029
SMART targets, 703
Smit and Nasr 1992, 1147
Smith-Lever Act, 1125
Smith River, California, 421
Smoke bush, 440
Snail, 1031
Snake melons, 1210, 1212
Snakes, 1036
Snap bean, 77
Snapdragon, 408, 449
Sneezewood, (Ptaeroxylon obliquum), 717
Snout apples, 1271
Snowdrop, 818
Soak hoses, 744
Soccer pitches, 755
Social acceptance, 1124
Social and health, 14
Social and Therapeutic Horticulture, 1015
Social capital, 1159
Social class, 679
Social communication, 1006
Social construction, 1028
Social Functioning, 1054, 1055
Social Horticulture, 14, 17, 849, 1053
Social impact, 1172
Social infrastructure, 505
Social interactions, 770, 962, 1047, 1049
Social networking, 958
Social responsibility, 424
Social services, 17
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Social spaces, 958
Social standing, 17
Social Sustainability Toolkit, 960
Social & Therapeutic Horticulture, 1015
Social welfare, 18
Socio-economic composition, 18
Socio-economic performance, 17
Socio-economic status, 16
Sod, 737, 738, 739
Sod farm, 737
Sodic clay soils, 1120
Sodium, 381, 382
Sodium arsenite, 230
Sodium chloride, 382, 383, 386, 744
Sodium-dependent glucose transporter 

(SGLT1), 983
Sodium sulfate, 1300
Sods, 736
Softening rate, 118
Soft fruits, 614
Softwood cuttings, 624, 625
Soil, 513, 723
Soil acidification, 839
Soil aeration, 698
Soil aggregation, 513
Soil amendments, 476, 629, 632, 744
Soil and water protection, 723
Soil Association, 864, 868
Soil Association of South Africa, 864
Soil-borne diseases, 387, 752
Soilborne diseases, 829
Soil borne microbes, 850
Soil borne pathogens, 828, 848
Soilborne plant pathogens, 829
Soil-borne viruses, 832
Soil bulk density, 696
Soil characteristics, 698, 699
Soil compaction, 698, 699, 752
Soil contamination, 802
Soil degradation, 513, 723
Soil drainage, 628
Soil erosion, 723, 792, 796, 802, 839
Soil fertility, 723, 752, 823, 849, 863
Soil fungi, 751
Soil health, 6
Soil heat-flux density, 366
Soilless culture, 365, 377, 378, 380, 386
Soilless culture sweet pepper, 353
Soilless culture systems (SCSs), 363
Soilless media, 361
Soil-less production, 1177

Soilless systems, 380, 382
Soil management, 1299
Soil mechanics, 736
Soil microbes, 807, 823
Soil microbiota, 696
Soil moisture, 365, 377, 828
Soil moisture content, 753
Soil moisture deficits, 365
Soil moisture sensors, 456
Soil nutrients, 513
Soil organic matter, 513, 516
Soil-plant-atmosphere continuum, 364
Soil profile, 736, 747
Soil quality, 605, 862
Soils, 1132
Soil salinity, 77, 839
Soil sampling, 216, 745
Soil solarisation, 750
Soil solarization, 632
Soil stability, 605
Soil stabilization, 723
Soil sterilants, 629
Soil structure, 840
Soil structure, texture and fertility, 513
Soil temperatures, 819, 828
Soil testing service, 634
Soil texture, 218, 746
Soil water balance, 235
Soil water fraction, 220
Solanaceae, 111, 387, 1222
Solanaceous, 77, 78
Solanum melongena, 351
Solanum pennellii, 85
Solanum pseudocapsicum, 769
Solanum tuberosum, 1220
Solar energy, 347, 361
Solarization, 629
Solar radiation, 334, 340, 341, 343, 349, 352, 

359, 361, 367, 392, 733, 744
Solar radiation (GSR), 332
Soluble solid, 210
Soluble sugar, 177
Solute accumulation, 371
Song of Songs, 1244
Song thrush, 818
Sorbus intermedia, 818
Sorghum, 841
Source-sink, 203
Source-sink balance, 363
Sour cherries, 101
Sour cherry (Prunus cerasus), 101
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Sour orange, 160, 171, 187
Soursop, 140
South Africa, 98, 137, 150, 163–166, 170, 

199, 200, 272, 289, 317, 418, 438–442, 
448, 456, 719, 808, 862, 1153

South Africa’s fynbos, 442
South America, 98, 189, 268, 271, 284, 285, 

304, 314, 419, 426, 438–442, 456, 662, 
708, 721, 733, 822, 1173, 1176, 1298

South American poinsettias, 440
South American rainforest, 439
Southeast Asia, 270
South East Asia, 17, 438, 719
South-eastern Asia, 125
South-Eastern Europe, 99, 101
South-East Europe, 99
South Ecuador, 720
Southern China, 100
Southern Hemisphere, 98, 839
Southern highbush, 317, 319
Southern Iran, 719
Southern Mexico, 284
South Korea, 868
South-Western Siberia, 99
Sowing, 738
Space utilization, 468
Spain, 139–143, 145, 161–166, 168, 170, 172, 

187, 199, 200, 268, 272, 304, 317, 
318, 328, 341, 367, 451, 605, 606, 608, 
614, 649, 674, 676, 696, 719, 721, 985, 
1208, 1219, 1235

Spanish, 160, 191
Spanish dehesa agroforestry, 715
Sparkling wine, 236
Sparrows, 1032, 1033
Spathiphyllum wallisii, 764, 775
Spathodea campanulata, 803
Spatial development model, 685
Spear and bud rot, 846
Species composition, 714
Species survival, 801
Specimen plant collections, 849
Spectral composition, 338
Spectral quality, 334
Specularia, 416
Specularium, 765
Sphaeropsis sapinea, 825
Sphaerotheca mors-uvae, 315, 316
Sphagnum bogs, 634
Spices, 263, 266, 267, 426, 645, 648, 649, 

662–664, 843, 844, 1199

Spice trade, 267
Spider mites, 637
Spider plant (Chlorophytum comosum), 763
Spiders, 1036
S. pimpinellifolium, 85, 86
Spinach, 81, 86, 335, 981, 1145
Spiritual health, 17
Spiritual needs, 17
Spiritweed, 720
Spittlebugs, 751
Split-root, 385
Split root fertigation (SRF), 386
Splitting, 184, 185, 190
Sporobolus virginicus, 734
Sporophytic tissue, 108
Sport and amenity grasslands, 757
Sport and play, 961
Sports facilities, 1002
Sports fields, 736, 789
Sports turf, 13, 732, 734, 736, 737, 740, 741, 

744, 749, 751, 752, 756, 807, 849
Spotted wing fruit fly, 306
Sprigging, 737
Sprinkler, 745
Sprinkler irrigation, 633
Sprinklers, 744, 1303
Sprinkler systems, 746
Spruce (Picea abies), 825
Spruces, 439
SPS, 1179
Squash, 1214
Sri Lanka, 269, 270, 722, 781, 795
SSR markers, 304
Stack effect, 357
Stadtpark, 679
Stand Establishment, 77
Staple food, 976
Star anise, 663
Starch, 120, 147, 203
Starch metabolism, 201
Starch synthase, 120
Starfruit (Averrhoa carambola L.), 125
State Extension Leaders’ Network, 1125
Statice, 409, 417
St Augustine grass, 1029
St. Barnaby’s thistle, 409
Stem dieback, 316
Stem water potential, 220
Stenotaphrum secundatum, 733, 734, 1029
Stenotaphrum species, 733
Steppes, 439
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Sterols, 229
St George’s Chapel Windsor Archives, 1249
Still life, 1212
Still life painting, 1197
St. Louis, Missouri, 680
Stock, 412, 417
Stock plan, 623
Stock plant, 636
Stolonising, 738
Stolonizing, 737, 738
Stomach cancers, 987
Stomata, 85
Stomatal closure, 352, 364
Stomatal conductance, 210, 221, 222, 357, 

361, 364, 367, 837
Stomatal function, 356
Stomatal morphology, 356
Stomatal resistance, 355, 368
Stomata regulations, 364
Stone fruit, 99, 112, 113, 115, 116, 845, 1281, 

1283, 1293
Storage, 466, 467, 473
Storm protection, 723
Storm water, 1058, 1061, 1076
St. Petersburg, Russia, 676
Stratification, 623
Straw bale cultural, 361
Strawberries (Fragaria vesca), 99, 101, 109, 

118, 302, 303–306, 335, 390, 475, 476, 
613, 839, 842, 973, 1280, 1293

Streams, 724, 1031
Street fittings, 685
Street scapes, 456, 457
Street trees, 696, 697, 702, 1002, 1007, 1050, 

1054, 1063, 1073
Streptomyces scabies, 848
Stress Available Water (SAW), 217
Stress Deficit Irrigation (SDI), 218
Stresses, 17, 844
Stress hormone, 1005
Stress management, 211
Stress reactions, 1007
Stress recovery, 770
Stress-related depression, 17
Stress tolerance, 85, 823
Stress tolerant plants, 457
Strobilurins, 229
Strobus, 829
Strong Republic Nautical Highway (SRNH), 

1147
Structural decline, 839
Structural soils, 698, 699

St. Valentine’s Day, 413, 415
Stygmasterol, 109
Stylbenes, 986
Suberin, 970
Sub-irrigated systems, 381
Sub-irrigation, 373, 382
Sub-irrigation systems, 373, 374, 382
Sub Rosa, 411
Sub-Saharan Africa, 715, 717
Subsistence farming, 869
Substrate cultures, 353, 365
Substrates, 374, 630
Subsurface, 374
Sub-surface drip, 744
Subsurface Drip Irrigation (SDI), 1303
Subsymbolic, 1009
Subtropical, 329
Sub-tropical forest, 437
Subtropical moist deciduous forest, 438
Sub-Tropics, 98
Suburban landscapes, 1119
Sucrose, 119, 120, 210, 351, 364, 627, 722
Sudan, 715
Sudano-Sahelian region, 715, 723
Sudden oak death (Phytophthora ramorum), 

1185
Sugana, 308
Sugar, 120, 189, 210–212, 228, 263, 264, 266, 

335, 337, 353, 356, 375, 845, 970, 976, 
986

Sugar apple, 140
Sugarbeet, 981
Sugarcane, 264, 268
Sugar Gum (Eucalyptus cladocalyx), 719
Sugar loading, 210
Sugars, 119, 120, 209, 211, 212, 223
Sugar transport, 211
Sulawesi, 282, 284, 286
Sulfenic acids, 977
Sulfite (SO32-), 251
Sulforaphane, 984
Sulfotransferases, 984
Sulfur, 634
Sulfur dioxide, 247, 251, 252
Sulfur dioxide (SO2), 238, 251
Sulphated ketoxime, 973
Sulphate equivalents, 614
Sulphoraphane, 976
Sulphur, 210, 229, 614, 742, 967, 973–977, 

982, 990
Sulphur compounds, 977
Sulphur dioxide, 240, 451, 614



1405Index 

Sulphur dioxide (SO2), 837
Sulphur oxides (SOx), 773
Sumac (Rhus spp.), 625
Sumatra, 271, 286, 721
Sumer, 198
Sumeria, 648
Summer bedding, 444
Sunburn, 169, 176, 352, 823
Sunflower, 449, 1032
Sunflower seeds, 1029, 1032
Sun scald, 339, 352
Supermarket chains, 1176
Supermarkets, 18, 89, 468, 472, 866, 869, 

1152, 1156, 1273
Superoxide dismutases, 353, 982
Superphosphate, 744
Supplemental assimilation lighting (SAL), 336
Supplementary lighting, 454
Supplier codes, 1157
Suppliers, 473, 476
Supply and demand, 866
Supply chain, 10, 88, 89, 276, 277, 307, 420, 

427, 431, 468, 471, 477, 608, 861, 869, 
1134, 1146, 1152, 1154, 1176

Supply chain. Amenity horticulture, 797
Supply Chain Management, 469, 477
Suppressants, 631
Suppression, 631
Suppressive soils, 829
Surface sealing, 696
Surveillance, 1183–1185, 1187
Sushruta Samhita, 648
Sustainability, 278, 424, 790
Sustainability of agricultural and food 

systems, 507
Sustainable, 278, 426
Sustainable Agribusiness Transformation, 

1151
Sustainable agriculture, 863, 866
Sustainable city, 17
Sustainable design, 960
Sustainable development, 13, 810
Sustainable Development, 806
Sustainable environment, 18, 808
Sustainable farming, 1146
Sustainable greenhouse production, 391
Sustainable horticulture, 806
Sustainable husbandry, 841
Sustainable landscapes, 1123
Sustainable management, 702, 790
Sustainable production, 1141
Sustainable solutions, 18

Sustainable space, 800
Sustainable turf management, 807
Sustainable urban drainage, 694
SUVIMAX cohort study, 966
Swallows, 1040
Swede, 828
Sweden, 453, 674, 869
Sweet cherry, 112
Sweet Chestnut, 721
Sweet corn, 77
Sweet orange, 160, 162–165, 167, 171, 172, 

174, 179–181, 188, 190, 844
Sweet oranges, 162, 168, 180, 189, 190
Sweet pepper, 335, 337, 355, 384
Sweet potato, 1222
Sweet potato (Ipomoea batatas), 1220
Sweetsop, 140
Switzerland, 309, 831, 860, 987, 1174, 1183
Sycamore, 716
Sylva\

a discourse of forest-trees, 1279
Symbiosis, 1042
Symbolic imagery, 1009
Symmetry, 1203
Symplastic, 209
Symplastic network, 98
Synanthedon tipuliformis, 316
Syncarp, 141
Syncarpium, 127
Synchitrium endobioticum, 848
Synthetic chemicals, 864, 865
Synthetic fertilizers, 1298, 1299
Synthetic pesticides, 1300
Syria, 77, 101, 723, 1199, 1205, 1209
Syringa (lilac), 625
Syringa vulgaris, 416
Systematic Management, 704
Systematic pomology, 1294
Systemic competiveness, 1157
Systems theory, 1151
Systems thinking, 1124
Syzygium aromaticum, 267
Szechuan pepper, 663

T
Table grapes, 198, 219
Tables of Health, 1218
Table-top growing, 306
Table-top structures, 305
Table wines, 248
Tactile quality, 480
Tacuinum Sanitatis, 1218
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Tadao Ando, 685
Tagetes erecta, 414
Tagetes patula, 348
Tahiti, 441
Taiwan, 87, 88, 438, 439
Tajikistan, 199
Taj Mahal, 1210
Takeout food, 479
Tamarind, 721, 723
Tamarindus indica, 715
Tamarix, 719
Tamius striatus, 1029
Tang dynasty, 1245
Tangelos, 167, 168, 175, 180
Tangerine, 167
Tangors, 175, 180, 190
Tannins, 208, 209, 212, 250, 722
Tanoak, 1185
Tanoak (Notholithocarpus densiflorus), 1186
Tanzania, 266, 419, 471, 715, 720, 724, 1159
Tapestries, 1216, 1222
Tapestry, 1216
Tapetum, 108
Taqwim al-Sihha bi al-Ashab al-Sitta, 1218
Targetes sp., 451
Tarragon, 663
Tartaric, 209
Tartaric acid, 207
Tartrate, 211
Tasmania, 98
Taste, 476
Taxus, 625, 640
Tea, 263, 264, 266, 289, 426, 438, 441, 841, 

844, 860, 973, 981
Teatree, 440, 444
Technical competency, 1157
Technical expertise, 1129
Technology and management strategies, 520
Technology-based advice, 1134
Technology transfer, 1124
Telomere length, 1005
Telopea speciosissima, 440
Tem blight, 848
Temperate fruits, 97–99, 117, 821
Temperate Houses, 766
Temperate regions, 439
Temperate zones, 778, 1031
Temperature, 77, 329, 515, 778, 1047, 1058, 

1059, 1060, 1076
Temperature gradient, 345
Temperature models, 81
Temperature rise, 820

Temperature stress, 844
Temperature threshold, 130
Tennis, 755
Tennis courts, 736
Tensiometer, 745
Tenure systems, 1146
Terminal FLower (TFL), 107
Terminalia pruniodes, 720
Termites, 1033
Terpenes, 212
Terpenoids, 212, 650, 656, 967, 979
Terra Madre, 1261
Terrarium, 766
Terra, the Compleat Gardener, 1279
Territorial Approach to Rural Agro-enterprise 

Development, 1160
Terroir, 200, 234
Teruel and Kuroda, 1147
Testes, 984
Tetranychus urticae, 781
Texas, 80, 81, 84–88, 797
Texture, 408
Thailand, 8, 159, 264, 269, 270, 418, 436, 781, 

1159
Thanet Earth, 615
Thanksgiving Day, 411
The Access Chain, 960
The Agriculture Course, 862
The Annunciation, 412
The Arboricultural Association (AA), 1133
Theatrum Orbis Terrarum, 1220
The British Library, 1249
The Carbon Trust, 512
The Chrysanthemum Throne, 409
The Dumbarton Oaks, 1249
The Fruit Seller, 1214
The Garden History Museum, 1249
The Golden Ass, 1212
The greatest show on Earth, 2
The Great Glasshouse, 763
The Harber-Bosch process, 507
The Living Soil, 863
The Lloyd Library, 1249
The Netherlands, 331, 337, 346, 347, 414–

417, 419, 421, 424, 425, 427, 428–431, 
436, 685, 781, 782, 1013, 1127, 1128, 
1176, 1188

Theobroma cacao, 267
The Odyssey, 1233
Theophrastus, 4, 160, 310, 1232, 1233, 1257, 

1266, 1267
Theoprastus, 1265
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Theorie der Gartenkunst, 679
Theory of Gaia, 2
Theory of garden art, 679
Theory of mutations, 1287
Therapeutic gardens, 1015
Therapeutic horticulture, 1053, 1119
Therapeutic intervention, 954
Therapeutic landscape, 1011
Therapy, 13, 798
Therapy Gardens, 1015
The Renaissance, 1270
Thermal comfort, 778
Thermal cooling, 765
Thermal degradation, 333
Thermal dissipation, 366
Thermal energy, 348
Thermal screens, 347
Thermocouple psychrometers, 220
Thermo-stability, 88
The Soil Association, 863
Thespesia populnea, 720
The Water Footprint Assessment Manual

Setting the Global Standard, 511
The Weathered Company, 417
The Winters Tale, 1246, 1247
Thiazols, 103
Thigmomorphogenesis, 365
Thiocyanates, 975, 976, 984
Thioglucosidase, 974
Thiols, 212
Thiosulfinates, 977
Thomas and Hangula 2011, 1158
Thomas Malthus, 794
Three-phase Clustering Framework, 1162
Threshold temperatures, 833
Thrips, 306, 637
Thuja, 625
Thunberg’s barberry, 446
Thymus vulgaris, 451
Tiarella, 455
Tiberius, 416
Ticks, 751
Tiergarten, 679
Tigris and Euphrates Rivers, 1205, 1301
Tigris-Euphrates, 3
Tiliqua scincoides scincoides, 1031
Tillage, 747, 750
Tillering, 739
Timbers, 295, 719, 720
Timer-based, 373
Tipburn, 352
Tipburn of lettuce, 339

Tissue culture, 444, 621, 622, 626, 782, 1177, 
1184, 1235

Titratable acidity, 210, 211, 375
Tits, 1035
Tobacco, 264, 362, 721
To erosion, 519
To global warming, 520
Togo, 715
Tokaido trail, 672
Tokyo, 685
Toluene, 773
Tomatoes, 77–79, 85–87, 335–337, 339–341, 

344, 350–353, 355, 356, 361–365, 367, 
368, 375–378, 381–390, 823, 827, 843, 
846, 847, 984, 1208, 1230, 1235

Tomato leaf curl virus, 847
Tomato (Solanum esculentum), 85
Tonga, 269
Topdressing, 748, 750
Topiarius, 673
Topiary, 638, 1204
Toronja, 168
Total acidity, 175
Total acidity (TA), 189
Total packaged oxygen, 252
Total soluble fruit solids, 375
Total soluble salts (TST), 457
Total soluble solids, 175, 375, 382, 383, 476
Total soluble sugars (TSS), 351
Tourism, 13, 800, 806, 807, 1061, 1071, 1073, 

1074
Tourism Authority of Thailand (TAT), 808
Tourist attractions, 849
Toxicity, 510
T oxygen quenching capacity, 980
T. patula, 414
Traceability systems, 1152
Trace elements, 244
Trade, 1171, 1172, 1174, 1176, 1179, 1181
Trade volume, 1174, 1177
Traffic calming, 1055–1057
Trailing plants, 777
Training, 516
Training and visit (T and V), 1124
Training system, 388
Train the trainer, 1124
Traité du Citrus, 1258, 1282, 1284
Transgenic papayas, 136, 137
Transgenic technology, 450
Transition phase, 105, 107
Transit of Venus, 1172
Transmission, 332
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Transmittance, 330, 331, 332
Transparent foils, 328
Transpiration, 364, 368, 369, 385
Transpirational cooling, 355
Transpiration models, 367
Transpiration rates, 355, 356, 367, 376
Transplant, 79, 1061
Transplanting, 78, 640, 641
Transport, 466, 467, 504, 519
Transportation, 420
Transport hubs, 1176
Transporting, 507
Transporting horticultural produce, 520
Transport life, 276
Trans- stereoisomers, 979
Trattato dell’agricoltura, 1269
Travel, 507
Treatise on agriculture, 1269
Treatise on tree growing, 1295
Treaty of Tordesillas, 649
Tree, 1226, 1274, 1275, 1281, 1285, 1296, 

1297, 1303
Tree care, 701, 706
Tree cover, 5
Tree crops, 1157
Tree culture, 1285
Tree dimension, 714
Tree ecophysiology, 697, 698
Tree establishment, 698
Tree fruit, 821
Tree grower, 1297
Tree guards, 726
Tree health, 725, 726
Tree maintenance and management, 705
Tree management, 695, 702, 703, 706, 708, 

1276
Tree nuts, 289
Tree pathogens, 708, 829
Tree populations, 694
Tree protection, 726
Trees, 764, 797, 803, 849, 1132, 1198, 1199, 

1226, 1233, 1236, 1262, 1267, 1274, 
1275, 1278, 1279, 1281, 1285–1287, 
1296, 1297, 1299, 1303

Trees and Design Action Group, 708
Trees and ornamentals, 1185
Trees and shrubs, 620, 1122, 1172, 1186, 1236
Tree selection, 697, 698, 707, 708
Trees fruits, 1285
Tree strategy, 703, 704
Trellis designs, 223
Trellising, 234, 235

Trellis system, 389
Tresco Abbey Gardens, 716
Trialeurodes vaporariorum (glasshouse 

whitefly), 781
Trichoglossus haematodus, 1032
Trichoplusia ni, 1029
Trickle, 80
Trickle irrigation, 194
Trifoliate orange, 172
Trinidad, 285
Tripartite model, 1156
Tripeptide, 249
Triploids, 112, 128
Triploidy, 111, 133
Triterpene, 981
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