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Editorial

Editorial
Special Issue on Agroforestry
Rob Brook is a senior lecturer in agriculture and rural development in the School of Environment,
Natural Resources and Geography, Bangor University, where he has worked since 1993. Prior to that he had
periods working in Indonesia and particularly Papua New Guinea, where he spent six years
researching tree crops (coconuts) and agroforestry. Agroforestry has been a major part of his research and
teaching portfolio for over 25 years. r.m.brook@bangor.ac.uk
Tim Pagella is a lecturer in agroforestry and ecosystem services at Bangor University. He has over ten years
experience of development research in tropical countries, working primarily with local knowledge systems and
their interactions with policy and science. For the last five years he has worked very closely with the World
Agroforestry Centre (ICRAF) focusing on mechanisms for the delivery of sustainable intensification and mapping
ecosystem services at local landscape scales for negotiating land use change. t.pagella@bangor.ac.uk

Agroforestry in 2016
Agroforestry is a land use system that seeks to deliver sustainable
improvements to food security, through the integration of trees into
agro-ecosystems to create landscapes that are more multifunctional. More simply put by colleagues in the World Agroforestry
Centre (ICRAF): “agroforestry sits at the interface between farmers
and forests”. Although the name suggests something new, this
relationship is very old and the many and varied examples of
agroforestry systems we see today integrate many practices that
have been present in agriculture from the earliest days. Agroforestry
is found across the planet ranging from traditional home garden
systems, non-timber forest products (such as apiculture), up to
complex silvo-pastoral landscapes. In all these systems trees have
long been recognised for their value in supplying food, fuel, fibres,
fodder and medicines. These positive interactions between trees
and agricultural systems span a range of scales from the field and
farm through to the wider landscape.
Agroforestry as a science, whilst still relatively young, is starting to
come of age. Agroforestry is inherently interdisciplinary, as might be
expected from a study that focuses on the interactions between trees,
people, and agriculture, and thus it fits well with the direction of travel
for agricultural research in 2016. There is a rapidly growing body of
evidence that demonstrates the value of integrating agroforestry
systems into agro-ecosystems (both temperate and tropical) to
produce a broad range of benefits across a range of scales (examples
of which are demonstrated in this Special Issue). We are getting much
better at working at landscape scales, providing evidence for the wider
contribution of agroforestry to reducing soil degradation, maintaining
water yields and water quality, increasing carbon storage, and
biodiversity conservation. We also know that, to succeed, agroforestry
systems require trees and crops that respond to local priorities and
biophysical conditions and that can be integrated into rural livelihood
systems. We are now utilising this science to integrate the multifunctionality that agroforestry delivers (and the inherent resilience
benefits associated with this) into both smallholder farming systems
and the wider agricultural landscape.

Current focus of agroforestry
Agroforestry is increasingly coming to the fore as a potential
2

mechanism for achieving the Sustainable Development Goals
(SDGs). An estimated 1.6 billion people depend for their livelihoods
in part or in full on forests and trees outside forest resources.
Increasing climate variability threatens these livelihood systems and
the SDGs have identified the need for us to produce more food more
efficiently. Well-designed agroforestry is one of the most efficient
ways of using land, providing multiple benefits simultaneously and
thus is increasingly recognised as a key mechanism for providing
the ‘sustainable’ element in sustainable intensification.

Agroforestry: theme of this issue
In this issue of Agriculture for Development the articles mirror much
of the diversity inherent in agroforestry itself. We have articles and
shorter contributions from all the major tropical continents, with a
significant number from early career researchers - the researchers of
the future, many of whom are women. Many organisation types are
represented, ranging from CGIAR centres, Association of International
Research and Development Centres for Agriculture (AIRCA) institutes,
NGOs, and universities.
The opening article asks whether agroforestry has come of age, ie is
it now a recognised discipline and tool in the land management and
livelihoods enhancement sector, instead of an optional sideshow with
a questionable reputation for applicability. The ensuing articles
demonstrate the role of agroforestry in human health and well-being,
ecosystem services, pest management and provision of cash income.
The topics of adoption of agroforestry, understanding the wealth of
farmers’ knowledge and utilising this in development of appropriate
land use systems, are all addressed.
We take this opportunity to thank every one of the contributors for
their patience and perseverance as they found time in their overloaded
schedules to share with us their various, and always invaluable,
insights into the benefits that agroforestry can bring to an inexorably
rising global population. We also thank the Agriculture for
Development editorial team for offering us the opportunity to guest
edit this issue on agroforestry.

Rob Brook and Tim Pagella
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Article 1

Has agroforestry come of age?
Rob Brook
Rob Brook is a senior lecturer in agriculture and rural development in the School of Environment,
Natural Resources and Geography, Bangor University, where he has worked since 1993. Prior to
that he had periods working in Indonesia and particularly Papua New Guinea, where he spent six
years researching tree crops (coconuts) and agroforestry. Agroforestry has been a major part of
his research and teaching portfolio for over 25 years. r.m.brook@bangor.ac.uk

Abstract
The question “Has agroforestry come of age?” is answered by
drawing the contrast between the age old practice of
integrating trees with agriculture, widely practised around the
world and especially in the tropics, and the struggle
encountered by externally designed and promoted new
agroforestry systems designed to answer problems often
identified by outsiders. This article, alongside others in this
issue, demonstrates that since the term was coined in the
1970s, agroforestry has moved on from being a minor
component (at best) of rural development programmes with a
poor reputation of success, to becoming a mainstream land
use discipline.

Introduction
In this article, my aim is to trace the changes in what might be
called the ‘agroforestry paradigm’ over the past three decades
or so, based on some of what is now an extensive literature,
the contributions of my colleagues to this issue of Agriculture
for Development, and my own experience. In using the term
‘paradigm’, I am acknowledging that the paradigm exists in
the minds of ‘Western’ (or ‘Global North’, as some would have
it – the reader will know what I mean) academics, researchers,
development specialists and policy makers. But as far as
farmers are concerned, agroforestry as a practice is millennia
old. In the book of Genesis we are told that 4,000 years ago
Abraham bought a field and that, “…both the field and the
cave in it, and all the trees within the borders of the field, was
legally made over to Abraham…”. The trees were evidently
an integral part of the agricultural system prevailing then.
Much more recently, Zomer et al (2009) published a geospatial
analysis of remote sensing data demonstrating that
agroforestry (defined as integrating trees with agricultural
practices) is a normal land management practice. Based on
the 15 percent of the land surface which is cultivated, they
found that 46 percent of agricultural land has 10 percent tree
cover, and 27 percent of agricultural land has 20 percent tree
cover. Southeast Asia, Central America, and South America
have over 80 percent of their agricultural areas under
agroforestry.

Why does agroforestry deserve a
special term?
The origin of the term ‘agroforestry’ is credited to Bene et al
(1977) in a report to the International Development Research

Centre of Canada (IDRC) about the problem of widespread
forest degradation and deforestation. That report advocated
the founding of what was then the International Council for
Research in Agroforestry (founded in 1977), later to become
the World Agroforestry Centre based in Nairobi, but still
generally known by its previous acronym, ICRAF. Bangor
University (then the University College of North Wales) was
prominent at that early stage in the development of
agroforestry via Larry Roche, Professor of Forest Sciences at
Bangor, who was a consultant on the Bene et al (1977) report.
He had written an earlier report in a similar vein for IDRC in
1976, arising from an international workshop on tropical
forestry research at the University of Reading. He had earlier
worked at the University of Ibadan, where King (1987)
developed some of the early thinking about agroforestry,
particularly the concept of agri-silviculture. Similarly, in
Central America, scientists and students at the Tropical
Agricultural Research and Higher Education Centre (CATIE)
had been studying and describing indigenous agroforestry
practices since the early 1950s, and in 1976 Budowski coined
the Spanish equivalent of agri-silvo-pastoral systems, one of
the research programmes at CATIE (Budowski 1987).
Contraction to agroforestería came shortly afterwards.

Figure 1. An unusual form of taungya agroforestry - pineapples between rows of
young citrus, near Mount Hagen, Papua New Guinea (Photo: Rob Brook).

But if integration of trees with agriculture is a common land
management practice amongst farmers in developing
countries, why then did we have to invent the term
‘agroforestry’? The reason is that without a unifying name a
discipline cannot easily exist, which begs another question:
why is this discipline needed? The 1970s saw the expansion
of the Green Revolution, leading to monocultures of input
responsive rice, wheat and maize, widely adopted in east and
south Asia, and in mid-altitude areas of eastern and southern
Africa and Latin America. Phenomenal though this advance
was, millions of smallholder farmers in less agriculturally
favoured areas were scarcely touched. Many continued to farm
3

Article 1

Agriculture for Development, 28 (2016)

as they had always done, replenishing soil fertility by fallowing
and clearing the grass, scrub and small trees when the rotation
was due to return to the fallowed land. At modest population
densities, this system was reasonably sustainable (at least,
where soil erosion was not too serious a constraint). However,
rural and particularly peri-urban populations were increasing
due to improved access to medicine, education and the finance
that employment brought (the latter attracting in-migration).
Inevitably, time-honoured crop, livestock and fallow rotations
came under pressure to produce more than the land could
yield without either additional inputs or opening up more land.
In some areas, famously Machakos south of Nairobi, farmers
intensified by including more trees on their land (Tiffen et al,
1994). In other areas, farmers on forest margins encroached
more and more into the forest. As a consequence,
deforestation rates increased, leading to alarm amongst
forestry experts. One response was that where farmland was
being sequestered for forest plantations, a widely advocated
method permitting landless labourers to grow crops between
rows of saplings until the canopies closed over was the
‘taungya’ system (Figure 1). Taungya is a Burmese word, as
this is where the practice originated when establishing teak
plantations (King, 1987). However, this was a practice
established by foresters, for forestry, and with little thought for
extending it beyond the forest boundaries.
By the 1970s, awareness was growing that millions of peasant
farmers had missed out on the Green Revolution and that
something else was needed if widespread malnutrition and
poverty were to be addressed. This era is more ably described
than I have space to do so here in King’s opening chapter
(King, 1987) of Steppler & Nair’s (1987) review of the first
decade of agroforestry development. Essentially, FAO
commissioned reviews into the role of forestry as a tool for
rural development, which led to the Bene et al (1977) report
mentioned above. It is in here that the term agroforestry was
first defined as, “Agroforestry is a sustainable land
management system which increases the yield of the land,
combines the production of crops (including tree crops) and
forest plants and/or animals simultaneously or sequentially
on the same unit of land, and applies management practices
that are compatible with the cultural practices of the local
population”. This definition can be (and is) applied to
indigenous land management practices, but more critically for
the development of agroforestry as a discipline, to systems
arising from external influences. The rationale was that
inclusion of trees into existing, largely tree-less, crop or
pastoral systems, would enhance sustainability and reduce
poverty due to the multiplicity of products that would be
obtained from the more diverse land use system (Figure 2).

How agroforestry has changed over
time
As an indicator of changes in thinking within the discipline, it
is interesting to compare the Steppler & Nair (1987) review
with a recent textbook on tropical agroforestry by Atangana et
al (2014), reviewed in Bookstack in this issue of Ag4Dev. Both
volumes contain definitions of agroforestry and allied terms,
descriptions of indigenous agroforestry systems, and
considerations of edaphic, symbioses, economic and social
4

Figure 2. Farmer’s multi-storey agroforestry system in Jamaica, with taro,
pawpaw, banana and coconut (Photo: Rob Brook).

aspects. It is in their considerations of appropriate
technologies that they differ, Atangana et al (2014) discuss,
inter alia, agroforestry for carbon sequestration and carbon
markets, biofuels, biodiversity conservation, modelling and
domestication of ‘cinderella’ species; while in Steppler & Nair
(1987) we read about alley cropping, leucaena and promising
trees and shrubs for soil improvement.
Steppler & Nair (1987) was written in the period when the
deficiencies of the Green Revolution were becoming apparent
(as mentioned above) and researchers were looking for
technological fixes to the problems of food shortages and land
degradation. Development was still top-down in formulation
and application. I still possess a leaflet, given to me during my
period of work in Papua New Guinea, called Leucaena, the
miracle tree, although Brewbaker (1987) admits that this
description makes sincere scientists wince. Only later did the
problems of weediness, attacks by psyllid leafhoppers, and its
dislike of acidic soils become well known, although I have seen
farmers in Guatemala (where it is indigenous) enthusiastically
adopt Leucaena leucocephala as a cattle fodder provider.
Similarly, there was the infamous case of alley cropping
(growing cereals, generally maize, between regularly pruned
hedges of leguminous shrubs), which a colleague of mine
described, perhaps rather unkindly, as a technology looking for
a problem to solve. Alley cropping blighted perceptions of, and

Agriculture for Development, 28 (2016)

attitudes towards, agroforestry for a couple of decades
afterwards.
Atangana et al (2014) are rather more current in attitudes in
that, for example, participatory development is accepted as the
normal modus operandi, although there are still fossils of
approaches of yesteryear in evidence (see the book review).
Also, they are perhaps prone to what may turn out to be future
banana skins, such as encouraging smallholder farmers to
plant trees for the carbon credits market. There is still a
detectable tone of regarding agroforestry primarily as a
technology to be disseminated.

Agroforestry as a distinct discipline
To return to the title, in what sense has agroforestry come of
age? Firstly, it can now justifiably be regarded as a discipline
in its own right, alongside the others within the land use sector
such as soil science, resource economics, plant and animal
breeding. Agroforestry systems are complex, with interactions
in several niches not found in monoculture crops or tree
plantations. Amongst other considerations, this complexity
gives rise to significant problems with experimentation.
Systematic designs are typically necessary, often resulting in
the experimental units (crop plots, trees) being positioned
along a gradient and thus not randomly allocated.
Secondly, as a consequence of it being considered a discipline
in its own right, it has now become mainstream in many areas
of rural development. No longer does its inclusion in
development initiatives have to be argued for. It is an academic
discipline: eg Bangor University has been teaching agroforestry
as a degree subject since the 1980s, and since then we have
awarded literally dozens of doctorates in agroforestry, many in
conjunction with partner universities such as CATIE and in
Europe. Just how mainstream agroforestry has become is
illustrated in the article by Andy Adam-Bradford (see this issue
of Ag4Dev) on the role of specifically planted trees for nutrition
in refugee camps, an idea that might have been thought of as
being eccentric a decade ago. Similarly, it now seems to be
perfectly natural to consider trees as contributors to improved
nutrition, as illustrated by Pippa Jones and Mark Rayment in
their article (also in this issue), and for provision of ecosystem
services such as pest management and pasture and livestock
management, as reported by Alejandra Martínez (this issue).
Its prominent role in the CGIAR Research Programme on
Forests, Trees and Agroforestry (reported in Newsflash 2 in this
issue) further illustrates the point that agroforestry is
considered the norm for addressing issues as diverse as
landscape management for environmental services,
biodiversity conservation and livelihoods, climate change
adaptation and mitigation, gender and youth.
Thirdly, agroforestry is changing from being thought of as a
technology, a set of possible solutions to identified problems,
to being a range of options which will vary according to
context. It is not, or at least should no longer be, regarded as
a ‘silver bullet’ (see News from the Field 4 by Emilie SmithDumont in this issue; also Coe et al, 2014); and is far away
from being a ‘package’. For the smallholder farmer,
agroforestry is typically a way of life and the role of the
researcher is to understand what place agroforestry has in their
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lives, what and how much they know, and working with
farmers, determining what improvements will enhance their
quality of life. In their article on local knowledge for tree
selection, and on what Ugandan farmers know about trees on
their farms, reported in News from the Field 1, Genevieve
Lamond and her co-authors illustrate just how rich is the
extent of farmers’ knowledge about the trees on their land.
Farmers should be the first to be consulted about diagnosing
their land use management and production constraints, on
what the possible solutions might be and whether trees (and
which ones) may have a role (rather than being told that this
tree species or that, planted in prescribed arrangements, is the
answer to their problems). But neither should we pander to
some form of reverse elitism under the guise of (misplaced)
humility. Often, as outsiders with our own sets of knowledge,
we will be aware of possibilities of which the farmers in a
particular location are not. Farmers are by no means averse
to planting exotics if they can perceive the advantages:
Eucalyptus spp, neem (Azadirachta indica) and silky oak
(Grevillea robusta) are very popular with farmers in many parts
of Africa. The key is co-working with farmers, learning from
them as much as they learn from us, and understanding that
agroforestry is not a ‘one size fits all’ solution, but consists of
a multiplicity of combinations of options which will vary in
their applicability according to context. The downside of this
is that promoting agroforestry is likely to be fiendishly difficult,
so we need to be sure that the long term benefits outweigh the
short term effort.

Some warnings
I have argued that agroforestry has indeed come of age, able
to take its place alongside the great land management and
production disciplines. However, there are caveats which
should be heeded if agroforestry is to avoid the negative
reputational damage arising from some earlier failed attempts
at promotion.
The great Achilles heel of agroforestry is adoption by
smallholder farmers. Indeed (and thankfully) there are
successful instances of large numbers of farmers adopting
offered agroforestry technologies, as reported by Seline Meijer
in her article about Malawi, and News from the Field 2 by
James Brockington in India (both in this issue). But many
readers who are or were field practitioners will have
encountered many apparently well-conceived projects which
included agroforestry components which have quickly been
abandoned after cessation of the programme and its benefits.
I have certainly seen this in Papua New Guinea and elsewhere.
The problem for evaluating how prevalent this is, is two-fold.
Typically (to the point of being the norm), there are no longerterm ex-post evaluations conducted many years after the
project, and secondly, no-one likes to report a negative. Donors
do not like to hear this because they are under pressure to
‘successfully’ disburse their funds, and academic journals will
typically not accept negative findings, with the occasional
exception in the development and social research disciplines.
In the UK context, it is unlikely to get the author a good score
in the REF (research excellence framework) which
automatically accords such research a low priority.
5
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Another caveat is that the discipline of agroforestry must
beware of making promises that it cannot fulfil. An example
is landscape change. The degree of change needs to be
carefully defined and over what period, so that all actors
(farmers, development professionals, donors) understand what
is expected. Experience indicates that, at the landscape level,
externally promoted agroforestry (as distinct from indigenous
systems such as home and forest gardens, or cash crops with
shade trees) rarely achieves complete land coverage. In India
I have encountered what could be considered a mature
agroforest landscape in Gujarat, where the wadi system was
first promoted in the 1980s (for a description of the wadi
system see Brockington et al, 2016), but that has taken three
decades, somewhat longer than the average donor is prepared
to countenance for a return (Figure 3). But the transformation
in livelihoods was total, from seasonal migrant labour to settled
farmers with a good standard of living. Typically, externally
promoted agroforestry is a mosaic, and sometimes quite a
sparse one. In Channapur (the subject of the Brockington et
al (2016) paper), we estimated about 15 percent land coverage
by six to eight years after cessation of project support, and work
elsewhere since indicates that this is typical. If a higher land
coverage is insisted upon quickly, the danger is of the project
slipping from participation and co-working, into coercion.

Figure 3. Mature agroforest in Gujarat, India, established in 1986 - cauliflower
cash crop growing under mature mango trees (Photo: Rob Brook).

A final point is that there needs to be honesty in reporting: not
just the numbers of farmers adopting, but what proportion of their
land they are allocating to externally promoted agroforestry and
at what intensity, and finally, reporting our failures as well as our
successes. Of course, this is not unique to agroforestry, as anyone
who has tried promoting soil and water conservation measures
or conservation agriculture will recognise.

Concluding remarks
It is hoped that this article, alongside the other contributions
on the agroforestry theme in this Special Issue, has
demonstrated that agroforestry has come of age, and can take
its place as an agent of change, for the enhancement of wellbeing, particularly of the poor; not just in rural areas, but also
peri-urban and in cities. Being based upon a perennial
component, change will take time to come to maturity, but the
change will be worth waiting for.
6
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Research has recently been carried out and is ongoing in
Eastern Uganda under the Trees for Food Security and VIP4FS
projects, funded by the Australian Centre for International
Agricultural Research (ACIAR) and led by the World
Agroforestry Centre (ICRAF). Through Bangor University’s
close collaboration with ICRAF, two Masters students (Tam Le
Thi and Matia Agaba) and a PhD student (Genevieve Lamond)
conducted fieldwork in Manafwa District of Eastern Uganda
between April 2015 and March 2016. Their findings
demonstrate the importance of understanding smallholder
farmers’ knowledge about the trees they plant and/or retain on
their farms and management practices, and using this as a
basis for further research and development work.
In many instances, farmers had detailed explanatory
knowledge about native trees and the livelihood benefits they
derive from them, whether indirectly through their leaf litter
and roots (Figure 1), or directly through fruit production and
fodder for livestock (Figure 2). Trees such as Cordia africana
and Albizia coriaria were recognised by farmers as suitable for
incorporating into the agricultural landscape because of the
important roles they play in nutrient cycling and soil erosion
prevention. Farmers explained that these benefits are
determined by biological attributes of the trees, for example,
these two species were said to produce high biomass from their
leaves and added valuable green manure to the soil, valuable
in sloping areas faced with soil erosion problems. Farmers also

mentioned that trees such as these, with both a strong and
deep root system and wide crown, served multiple purposes
by holding together a large amount of soil and reducing the
rate of heavy rainfall hitting the ground.

Figure 1. A farmer on a steep plot of land has retained many species to restore
soil fertility, control soil erosion, provide shade for her coffee, and provide fruits
for home consumption (Photo: Genevieve Lamond).

Shade was cited as a particular benefit provided by specific tree
species to coffee farms, particularly Cordia africana, Albizia
coriaria and Spathodea campanulata. Farmers stated that
these trees have broad crowns and only a few need to be
planted to have enough shade for the coffee plants (Figure 3).
Carefully spacing them reduces the competition with coffee
plants in terms of water, nutrients and rooting space.
7
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Figure 2. Cows and goats browsing freshly chopped branches of a Ficus natalensis
tree outside an interviewee’s house (Photo: Genevieve Lamond).

These three trees were also said to store water, which they
would share with crops during the dry season (observed by
farmers during land preparation when they had cut the tree
roots to see water released into the soil).
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Farmers generally had more detailed knowledge of native than
exotic species in terms of their ecosystem services and agroecological interactions within the farm. However, there
appeared to be limited knowledge on propagating and raising
native species in nurseries and improved management of these
species. This seemed to affect how they were perceived in
comparison to exotic species promoted in the local area (Figure
5). Most native seedlings were naturally regenerating in the
area and then being transplanted by farmers from one farm to
the other. There were very few farmers who would buy native
species from nurseries. Exotic species were often chosen
because of their fast-growing characteristics. Eucalyptus spp
and Grevillea robusta were planted more in the lowlands,
where the soil is moist, than on the upper slopes. Some fodder
species like Calliandra calothyrsus and Sesbania sesban were
known by a few farmers, but they had limited experience with
them so lacked confidence in growing them on their farms.
An important fodder tree was Ficus natalensis that was often
planted near the house to provide fodder for cows and goats.
However, it was said to have many lateral roots in the top soil
layer so was more likely to be planted on farm boundaries than
within fields.

Figure 3. The wide crown of Albizia coriaria makes it a highly valued coffee shade
tree (Photo: Matia Agaba).

While wide crowns were preferred in coffee plots, it was not
the case on land planted with annual crops. In order to
integrate trees into other areas of the farm successfully,
management practices, and pruning in particular, need to be
carefully considered. Farmers said that even coffee shade trees
should be pruned annually to provide good shade (not too
dense or too light) for the coffee underneath. Although this
was well understood, in practice pruning of these trees was
often not taking place regularly because of the intensive labour
involved (Figure 4).

Figure 4. Cordia africana with coffee. A farmer said that the lower branches of
the tree in the picture should be pruned to provide more sunlight for coffee and
avoid contact with coffee branches and berries (Photo: Tam Le Thi).
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Figure 5. A farmer talking about Sesbania sesban, and its benefits, in particular
as good quality fodder for his cows (as advised by extension officers), although he
could not give the name of the tree (Photo: Tam Le Thi).

Knowledge gaps exist on the types of pests and diseases
affecting trees, as well as methods for managing them. Pests
which can be observed by the naked eye were well-recognised,
for example, ants, caterpillars and rats. However, farmers had
difficulties in explaining the causes of symptoms represented
on the leaves of trees such as leaf distortion, yellow leaves or
yellow spots, and larvae inside the stem of a tree. Most farmers
mentioned using pesticides, but they did not know which types
of pesticides should be used to kill specific pests. Nonchemical based pest and disease control methods included
traps and using cow urine to treat banana bacterial wilt.
In summary, while there was evidently local knowledge that
could be harnessed to inform future research and development
activities, the findings also demonstrate the need to teach
people how to propagate and manage native species in order
not to lose diversity and to enhance resilience of the
agricultural system. Scientific knowledge could also be
disseminated to farmers about key pests and diseases and
relevant control methods.
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Figure 6. Artocarpus heterophyllus is an important fruit tree in the area, appearing
in home gardens and around homesteads. Its fruits are often available to harvest
during the ‘hunger months’ (Photo: Matia Agaba).
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On-going research is establishing whether there is a direct link
between household food security and reliance on on-farm tree
products throughout the year. Initial findings have already
brought to light the important role that fruit trees play during
the hunger months of March-June (the planting and weeding
season in the study area). Many trees like Artocarpus
heterophyllus (Figure 6) are fruiting at this time, while
agricultural crops are yet to be harvested. What we do not
know yet, and want to ascertain, is whether there are any
differences in the on-farm tree species used by the poorer
households in comparison to wealthier households, and how
central they are in providing food, fuel, building materials,
fodder, and medicine for these smallholder families.

The role of trees in combatting hidden hunger
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Summary
Hidden hunger is a major health concern. Creating a solution
which addresses underlying issues and promotes local micronutritional security is of paramount importance. The most
sustainable and resilient long-term solution in developing regions
may be agricultural: cultivation of a locally grown dietary source
of minerals and vitamins, including trees bearing nutritious fruits.
This article explores the causes of hidden hunger and their link to
agriculture, then considers strategies to combat these issues, and
the potential role of trees in providing a food-based solution. A
case study, describing work in Kalimantan, Indonesian Borneo,
provides a contextual example of collaborative research into the
potential for local fruit-trees to provide vital micronutrients to
malnourished rural communities. The practical implications and
next steps required to develop tree-based solutions to hidden
hunger are discussed.

What is hidden hunger?
Human malnutrition has long been a global health concern,
but the past decade has seen the recognition of a debilitating
‘hidden hunger’. Hidden hunger is the direct consequence of
consuming a diet that, whilst providing adequate energy

(calories), delivers such low levels of vital vitamins and
minerals that the consumer remains malnourished.
Worldwide, over 2 billion people are afflicted by deficiencies of
essential micronutrients, among which vitamin A, iron and
zinc are major global concerns (Strang, 2009).
Micronutrient malnutrition results in poor health: chronic
illness (anaemia, diabetes, coronary disease), and physical and
mental disability (including sight loss, cognitive impairment),
which scale-up to reduced workforce productivity and
increased mortality. Nearly two-thirds of all childhood deaths
are related to malnutrition.
The immediate cause of hidden hunger is a diet of limited
diversity: lacking the vitamins and minerals provided by fruits
and vegetables, and concentrating on protein-rich staples such
as rice, wheat and maize. This is the situation for many people
globally, most notably the poor in developing countries, for
whom poverty, the societal and cultural changes that occur in
a rapidly evolving nation, and the pressure of socio-economic
development on agriculture and land-use, culminate in food
insecurity and chronic malnourishment.

Hidden hunger: the link to agriculture
In the 1960s, we (once again) recognised that global food
9
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supply was insufficient to feed the growing population. With
mass starvation hitting the headlines, science and policydriven progress in agriculture was focused on the need to
maximise production of food: specifically of calories and
protein. Attention was on energetic content and human
survival, rather than nutritional content and human health.
Our key crops: rice, wheat, maize, potatoes, cassava are now
the most abundantly and cheaply available source of food to
people worldwide, and form the foundation or, in extreme
cases, the entirety of the diet. Whilst these plants have
undeniably made a life-saving contribution to world food
security, crops were bred specifically for rapid and generous
production, at the expense of micronutrient content per
calorie. Processing methods commonly applied before
consumption, such as milling, reduce micro-nutritional
content even further. Additionally, many staple crops contain
anti-nutrients (eg phytic acid), which reduce the ability of the
body to absorb the nutrients it needs to function.
Adoption of extensive production of affordable staple crops,
either for consumption or sale, has in many cases reduced
agricultural diversity: displacing traditional nutritious crops
such as pulses, vegetables and fruits on the farms and dinnerplates of many people. For those who buy, rather than grow
food, and struggle to do so – for example, the urban poor –
flooding of the market with cheap, low-nutrient products, has
had a profound impact on dietary diversity and hidden hunger.
Whilst we may at last grow enough calories to feed the world,
our attention must now turn to the micronutrients we grow
and consume if we are to combat hidden hunger.

How can we combat hidden hunger?
There is an urgent need to develop strategies which are costeffective, sustainable in remote regions of developing countries
and of sufficient cultural relevance to be willingly adopted.
Several strategies to addressing malnourishment have been
explored.
These techniques differ in the point and
sustainability of administration, and the extent to which they
address underlying issues.
Supplementation is intensive: treating an individual infant,
often with a single vitamin or mineral, in repeated doses. In
remote developing areas this is logistically problematic and
often fails, due to difficulties in supply, communication, and
investment of time and money by both the health provider and
families receiving care.
Fortification, the deliberate enhancement of food
micronutrient content, encompasses a wide range of
approaches from in-household addition of nutritious
‘sprinkles’ and condiments, to industrial fortification of
products such as wheat flour, to the development of crops such
as ‘golden rice’, the vitamin-A fortified rice variety. However,
whilst nutritionally beneficial, in reality fortified products are
expensive and have proved largely inaccessible to poor people
in developing countries.
Neither of these strategies addresses the underlying issue:
limited dietary diversity. ‘Whole diet’ approaches, that work
with households and communities to encourage the
consumption of a diverse and nutrient-dense diet, have been
identified as the most sustainable and cost-effective solution
10
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to malnutrition, and are advocated by the World Health
Organisation and Food and Agriculture Organisation.
Fundamental to lasting improvement in dietary diversity and
a resilient nutritional supply system is local access to and
cultivation of a range of affordable, culturally-acceptable,
micronutrient-dense crops; and herein lies the potential for
trees to help combat hidden hunger.

What is the role of trees in combatting
hidden hunger?
Trees provide us with a variety of nutritious foods: fruits, seeds
and nuts; and are indirectly associated with the production of
many more, including fungi, honey and animal products.
Studies have indicated that Asian and African communities
with greater areas of trees nearby (particularly those in
agroforestry systems and forests) display greater dietary
diversity (see Jamnadass et al, 2015; Powell et al, 2015 for
reviews). Trees provide 50 percent of our global fruit supply
(Powell et al, 2013). Tree-sourced foods, such as fruits, are a
globally important nutritional resource. Of two key micronutrients considered global health priorities: vitamin A is
notably high in orange-coloured fruits such as mangos,
apricots and papayas; and iron is provided by peaches, apricots,
figs and plums (intensified further in each when dried).
Additionally, fruits provide bioavailability-promoting vitamin
C and beta-carotene: which assist absorption when consumed
alongside other micronutrients.
In tropical regions which experience aseasonal climates,
flowering and fruiting cycles are varied between (and within)
species. This diversity in fruiting time means that, potentially,
a year-round supply of nutritious fruit could be secured
through careful planning of the trees cultivated (Jamnadass et
al, 2011). This could be of critical importance in regions that
experience ‘hunger gaps’ during which very little food is
available.

Which fruit-trees are of greatest utility
in combatting hidden hunger?
Understanding which trees to plant to help combat hidden
hunger requires a thoughtful integration of local knowledge
and scientific research. Tree species must be ecologically
suited to the environment and climate, agriculturally
productive and reliable, and – vitally – fruits must be
nutritious, and cultivation and consumption of the fruit must
be adopted by the community.
Fruits must be nutritious
A potential solution is found in local, traditionally harvested
but often ‘underutilised’, fruit-tree species. Underutilised
species are locally cultivated or wild plants, some of which may
be relatives of more extensively and commercially grown
‘improved’ crops (Figure 1).
Much is known about the nutrient content of our
commercially grown fruit species, but as more is discovered
about local and wild trees, which have not been subjected to
rigorous (moreover not nutritionally focused) breeder selection, a
‘Cinderella’ story often unfolds: wild fruit nutrient content may

Agriculture for Development, 28 (2016)

Article 2

Table 1. Comparison of vitamin A and C content per 100g present in the internationally cultivated mango species
(marked with *) and two underutilised, wild relatives (IU = international units).

Species

Mangifera indica*
Mangifera casturi
Mangifera pajang

t

Vitamin content per 100g
Vitamin A

Vitamin C

3,240 IU
6,070 IU
70,400 IU

37.1 mg
83.2 mg
394 mg

cultivation of local fruit species – sourced from existing
cultivated trees or from consumed fruit – may be more
Box 1 givesaccessible
details of work
currently underway
affordable,
and ecologically
suited, making longterm sustainable cultivation and nutritional security
achievable. Outside the harvest season, fruit trees may require
little if any husbandry, meaning food can be grown some
distance from the home, by individuals with multiple
occupations and limited time available for tending.
The multifunctional nature of trees increases local utility,
important where resources might be limited. The same
individual tree may in maturity provide fruit, fuelwood and
once ‘retired’ may be harvested for timber. For example, both
durian (Durio spp) and mango (Mangifera spp) wood are used
for construction of buildings and other structures in Asia.

Figure 1. Durio kutejensis, a wild relative of internationally cultivated durian local
to Kalimantan - fruit opened to reveal orange-yellow flesh rich in beta carotene
(from which the body can manufacture vitamin A) (Photo: M Rayment).

be very high.
Underutilised fruits now making the
international news for their nutritional value include baobab
(Adansonia digitata) and açaí (Euterpe oleracea).
Table 1 provides a comparison of vitamin content in
commercially cultivated mango and two underutilised wild
relatives found in Kalimantan.
For malnourished
communities, identifying which currently underutilised local
fruits have high nutritional content and thereby potential to
provide key minerals and vitamins if cultivation and
consumption is promoted, could make a real impact in
combatting hidden hunger.

Traditional agroforestry systems have a multi-storey structure
which mimics the ‘natural’ forest. In south-east Asia, a canopy
of emergent trees including fruit-bearing durians (Durio),
rambutans (Nephelium) (Figure 2) and Artocarpus, is undercropped with smaller trees, shrubs and herbs such as bananas
(Musa), taro (Colocasia esculenta), chilli (Capsicum annuum),
beans (Vigna, Phaseolus), cucumber (Cucumis sativus) and
income-generating cacao (Theobroma cacao), and coffee
(Coffea spp).

This would require multidisciplinary collaboration and input from
biochemists, ecologists, ethnobotanists, social scientists and
nutritionists. Box 1 gives details of work currently underway to
do just that in East Kalimantan, Indonesian Borneo.
Factors increasing tree adoption potential: relevance,
accessibility and multifunctional utility
For agriculture and food-based solutions to be effective,
cultivation and consumption of an increased diversity of food
plants must be adopted. This requires both agricultural and
ecological suitability, and for the plant to be ‘relevant’ and
useful to the community.
In many areas of the world, trees have strong (but increasingly
forgotten) connections to traditional culture, customs and food
systems. Relevance to local culture can be capitalised upon to
promote cultivation and consumption: fruits that community
members are able to remember from childhood, or feature in local
folklore, may be popular choices to grow again.
High quality seed suitable for local growing conditions is
critical for the success of tree-based solutions. Seed for

Figure 2. Bornean farmer with crop of
wild rambutan (Nephelium spp) harvested
from agroforestry system (locally known
as ‘lembo’) (Photo: M Rayment).

Cultivating fruit trees in mixed agroforests may make use of
beneficial interactions between plants, generating diverse
yields, and balancing the sensitivities of individual species to
establish a resilient farming system. Whilst in developing
countries such as Indonesia, changing markets and land-use
pressure have incentivised simplification and specialisation of
local farms, with an emphasis on economy-promoting cashcrops for export, the incorporation of a diversity of food plants,
such as fruiting trees, allow multi-purpose production systems
to play an important role in rural nutrition.
11
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Box 1. Case study: Could trees solve hidden hunger in Kalimantan?
Indonesian Borneo, Kalimantan, sustains a rapidly developing economy: shifting from primarily subsistence agriculture to
industry (oil and coal mining) and large-scale plantations (palm, rubber, coconut, fast-growing paper-pulp crops), incentivised
locally and nationally by policy and investment. Common to other biodiverse yet vulnerable regions encroached by development,
the island supports a human society undergoing transition, including many people experiencing poverty and serious hidden
hunger. Key health concerns include nutritional deficiencies in vitamin A and iron-deficient anaemia.
Changes in social structure and economic pressures have been reflected in changes in household-level agriculture. As rural
communities have become increasingly ‘modernised’ or migrate to urbanised settlements, traditional subsistence cultivation
has given way to more intensive land-use and increased prevalence of cash-crops over plants for home consumption. New
employment opportunities in mines and plantations also reduce time available for household cultivation. Accordingly, impacts
have been observed in the nutritional status of Borneans. Traditional diets are founded on rice, considered a sacred crop, but
also contain micronutrient-rich fruits, roots, legumes and leafy vegetables, grown in gardens and agroforestry systems, or
foraged from the forest. In ‘modern’ villages, where calorie-rich wheat and rice are available all year, a greater number of people
suffer from malnutrition than in traditional villages, in which staple foods are not so readily available, and a more diverse diet
is consumed out of necessity. Imported snacks manufactured from these staples are readily available and affordable; but these
have high calorie and low micronutrient content. The attractions of the modern lifestyle, together with limited disposable
income, time and the resources required to access a diverse diet, have all impacted nutrition: leading to a population suffering
from hidden hunger.
Interviews conducted with local families, farmers and community leaders in rural East Kalimantan revealed a list of 58 fruits
known and consumed locally, now or in living memory, grown in either gardens, agroforestry systems or foraged from the
forest. These trees, which included wild relatives of familiar fruits such as durian, mango and jackfruit, formed the basis of an
extensive nutritional review: could any of these underutilised species be used to combat hidden hunger?
Of the fruits which have been studied biochemically, an astonishing 91 percent provided over 20 percent of the ‘recommended
daily value’ (as recommended by the US Food & Drug Administration) of at least one vital micronutrient per 100g, and would
thus be considered a ‘high’ dietary source. Figure 3 shows the number of fruits considered ‘high’ or ‘good’ dietary sources of
the key micronutrients of global concern, and the most nutritious species are detailed in Table 2. This analysis demonstrates
that local fruit-trees have the potential to make a substantial contribution to the nutrition of the community. Among these,
the star fruit is a particularly good source of both vitamin C and iron – see Figure 4. Even more promisingly, preliminary
indications showed that cultivation of a subset of these species with different fruiting times could provide year-around dietary
source of beta-carotene (vitamin A) and iron.
Current work between Bangor University, Universitas Mulawarman and local people in East Kalimantan seeks to learn more
about the traditional agricultural and horticultural methods associated with these trees and the gardens in which they are
grown, to record aspects of species’ ecology (eg fruiting times) that are relevant to human nutrition, and to discover more
about the nutritional value of as yet unstudied fruits.
Table 2. Fruits of East Kalimantan with the greatest content of micronutrients considered as a global priority
in combatting hidden hunger.

Zinc

Iron

Vit C

Vit A

Species
Mangifera pajang
Artocarpus odoratissimus
Durio kutejensis
Mangifera pajang
Averrhoa bilimbi
Durio zibethinus
Garcinia mangostana
Averrhoa bilimbi
Artocarpus odoratissimus
Artocarpus sericicarpus
Baccaurea ramiflora
Psidium guajava

Content
%DV
(per 100g)
3520µg
1407%
1790µg
716%
773µg
188%
394mg
656%
176mg
293%
166mg
276%
40.9mg
227%
17.4mg
97%
8.4mg
47%
7.4mg
49%
5.6mg
37%
3.46mg
23%

%DV = percentage of the ‘recommended daily value’ of micronutrient contained per 100g edible portion
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Number of fruit tree species
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%DV = percentage of the ‘recommended daily value’ of micronutrient
contained per 100g edible portion
Figure 3. Number of fruit tree species providing ‘good’, ‘high’ and ‘very high’
content per 100g of micronutrients considered global priority in combatting
hidden hunger.

Figure 4. Averrhoa bilimbi (star fruit): a fruit high in vitamin C and iron (Photo:
M Rayment).

The next steps for fruit and tree-based
solutions
What do we need to know?
Current information about the use of tree fruit to combat
hidden hunger is extremely encouraging, but incomplete for
practical implementation.
Collaboration between
communities and scientists to identify promising local
underutilised fruit trees, to record associated knowledge of
horticulture and ecology (including, crucially, fruiting time
and potential to contribute to year-round nutrition), together
with biochemical investigation of the micronutrient content
of prospective fruit, is needed if we are to design effective
agriculture and food-based solutions to hidden hunger.
What do we need to do?
Work in the field with affected communities, such as described
in Box 1, is a critical first step, but, once potential solutions
are identified, it is crucial that this information is made
accessible to those who need it. For local people, this could

take the form of training workshops and manuals, which
highlight the nutritional value of fruits, and advice on
horticulture and fruit preservation, emphasising any
multifunctional utility and cultural significance. Participation
by knowledgeable members of the community in developing
materials is important, to ensure content is positively
perceived, especially in its relevance to local culture and when
discussing health and wellbeing. Kehlenbeck & McMullin
(2015) provide an excellent example developed for use in
Kenya. Innovative alternatives to manuals include games
about fruit and nutrition for children, and for adults in more
modernised regions, websites and apps. Online resources also
have the ability to share the role of trees in combatting hidden
hunger with global audiences.
In policy worldwide, the link between local plants, agriculture,
and human nutrition and diet has widely been neglected: food
provision has been hailed as the ‘forgotten ecosystem service’.
However, to tackle malnutrition sustainably, with communitycentred solutions, this link is vital and needs to be
communicated to policy makers, aid and conservation
organisations. For example, in regions where land-use is
rapidly evolving this could mean highlighting to governments
the actual (and potential) value to human wellbeing of
allocating land to the development of sustainable communitybased agricultural solutions to malnutrition, rather than
incentivising planting of cash crops and reliance on imported
supplementation and food.
Sustainable cultivation is fundamental to the success of
agricultural solutions. Understanding the ecological and
conservation status of the trees is integral to this. Practically,
this means conserving and sustainably utilising seed (and seed
sources eg forests and gardens), and establishing (or
revitalising) local seed exchange networks. Autonomy within
local seed and nursery networks will also ensure tree-based
solutions are resilient to national level crises (eg financial and
political). Community interest and value in these nutritious
species will be pivotal in their conservation locally; with a clear
message for the global debate about the role of biodiversity (eg
the link between agricultural biodiversity and diet diversity) in
human wellbeing and nutrition.

Conclusions
Trees, and the fruit they provide, can make a substantial
contribution to combatting hidden hunger. Fruits can be
highly nutritious, contributing significant amounts of vitamins
and minerals, considered a global health concern, to the diets
of affected populations. Additionally, fruits contain nutrients
which promote the absorption of these key vitamins and
minerals. Local and underutilised species, containing equal or
greater quantities of micronutrients, could play a particularly
important role in rural regions of developing countries such
as Kalimantan. These species can form the basis of
sustainable, community-centred agricultural solutions to
increase dietary diversity and improve nutrition. However, to
do this, collaborative knowledge gathering and sharing
between scientists and local communities is key, as is the
communication of the role of trees in human nutrition to
policy-makers, NGOs and the global audience.
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Newsflash
Dr Muhammad Ibrahim appointed as Director
General at CATIE, Costa Rica

On 29 February 2016, Dr Muhammad Ibrahim assumed office
for a four year period as Director General of the Tropical
Agricultural Research and Higher Education Centre (CATIE)
in Costa Rica. CATIE is a well-known regional research and
post-graduate education institution specialising in tropical
agronomy, livestock, agroforestry and forestry. It is a member
of the Association of International Research and Development
Centres for Agriculture (AIRCA), which includes institutions
such as CABI.

Renewable Resources, specialising in ruminant nutrition,
studied at CATIE. In 1994, he was awarded a PhD in
Agricultural and Environmental Sciences by Wageningen
Agricultural University, Netherlands. He then worked at CATIE
from 1995 to 2012, during the latter part of which he was the
leader of the Livestock and Environment Programme.
Between 2012 and 2016, he worked at the Inter-American
Institute for Cooperation on Agriculture (IICA), before
assuming his current position back at CATIE.

Dr Ibrahim is from Guyana, and was awarded a BSc
(Agriculture) in 1985, followed by an MSc in Agriculture and

Rob Brook
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The role of agroforestry in biodiversity conservation
and ecosystem service provisioning
Alejandra Martínez-Salinas
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Abstract
In addition to its functions in cropland, agroforestry can also
be considered in terms of its ecosystem services values.
Concentrating on two different systems prevalent in Central
America, this article reviews their role in maintaining bird
diversity in coffee agroforestry whilst reducing incidence of
coffee berry borer, a serious coffee pest. Trees are often grown
as fencing wire supports in pastoral systems, known as live
fences. Simple fences (single lines of trees) maintain pasture
productivity but reduce temperature, so reducing heat stress
for cattle. They are also important connectivity features
between patches of woodland and similar habitats. However,
the ways in which these agroforestry systems are managed will
determine to what extent they provide ecosystem services.

Introduction
Population growth over the last two hundred years has caused
expansion of agricultural lands. By 2011, approximately 38 percent
of the Earth’s terrestrial surface was dedicated to agriculture (Figure
1), with the remaining areas being occupied by forests and other
habitat types (Foley et al, 2011). Furthermore, approximately 70
percent of the remaining forests are located within 1 km of the
forest’s edge (Haddad et al, 2015), making them vulnerable not only
to further deforestation but to fragmentation and associated edge
effects. Inevitably, as agriculture expands, so deforestation
progresses, aggravating biodiversity loss and jeopardising
provisioning of ecosystem services necessary for human well-being
and survival (Daily et al, 1997).
Tropical regions of the world are considered one of the last
remaining strongholds for biodiversity conservation and as
such have the dual challenge of increasing productivity while
conserving biodiversity. Most tropical regions are considered
biodiversity hotspots based on concentrations of endemic
species of vascular plants and vertebrates, and rapid habitat
loss.
Agroforestry, a production system characterised by the
combination of forestry and agriculture, is an alternative to
foster the much needed balance between food production and
biodiversity conservation. An agroforestry system is inclusion of
trees into productive units, comprising crops only (eg coffee,

Figure 1. Areas dedicated to pastures and croplands worldwide (Source: Foley et
al, 2011, created using estimated data from satellites and censuses by Ramankutty
et al, 2008).

cacao, etc) or also an animal component. Agroforestry systems
have been promoted in the American tropics.

Coffee agroforestry
Perhaps one of the best examples of how agroforestry systems
contribute to biodiversity conservation is coffee agroforestry
plantations (Figure 2). Coffee is considered one of the most
important crops worldwide and one of the few so-called soft
commodities (FAO, 2007). Additionally, coffee production
areas are usually situated within important biodiversity
conservation regions (Moguel & Toledo, 1999).
Over the last two decades, several studies have successfully
demonstrated that coffee agroforestry systems are important
for biodiversity conservation. Management of tree species
richness (number of tree species in a given area), vertical
complexity (vertical layers as seen in Figure 2), and canopies has
proven important for bird conservation (Perfecto et al, 1996;
Greenberg et al, 1997a, b). Petit et al (1999) compared bird
species richness and abundance across eleven habitat types.
Habitats sampled included a gradient from extensive forests
to intensive agricultural land uses. Results showed that
bird communities in coffee agroforestry systems were 43
percent similar to communities found in lowland forest fragments;
while habitats such as sugar cane plantations sustained the
lowest bird species richness compared to all other land uses
(Figure 3). They also found that neotropical migratory bird
species were most abundant in lowland forests, coffee agroforestry
and residential areas (Petit et al, 1999). Additionally, Petit
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& Petit (2003) found that non-forested habitats had very little
value in supporting vulnerable bird species. However, coffee
agroforestry plantations and gallery forest corridors showed high
conservation value as vulnerable bird species richness was higher
in these habitats.
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provides a good habitat for bird conservation, and in return, birds
provide pest control services.

Silvopastoral agroforestry systems
Silvopastoral systems (SPS) are another form of agroforestry
that combine woody perennial plants (trees, shrubs and palms)
interacting in an integrated management system with
herbaceous vegetation and animals in order to maximise
economic, social and ecological benefits. SPS have been
extensively promoted in Latin America (Calle et al, 2009) as an
alternative to extensive livestock production to help reduce
negative externalities traditionally associated with this practice,
such as deforestation, land degradation, water contamination
and reductions in plant and animal diversity.

Figure 2. Coffee management systems, from unshaded monoculture (no shade
trees included) to ‘rustic agroforestry’ with at least two additional canopy layers
(vertical structure) above the coffee shrub layer (Source: Moguel & Toledo, 1999).

In Central American agricultural landscapes, live fences (Figure
4) are a particularly important SPS as pasture lands cover on
average one quarter of the territory of Central American
countries, with countries such as Costa Rica (45.8 percent), El
Salvador (37.7 percent) and Nicaragua (37.0 percent) having
over 30 percent of their territories dedicated to pasture lands
(The Nature Conservancy, 2005). Live fences consist of lines
of live trees with barbed wire attached. These are usually used
to separate grazing plots and are generally a natural, persisting
element in Central American agricultural landscapes. They
provide structural and functional connectivity for a wide array
of animal species while fulfilling important ecological roles as
providers of habitat and food resources (Harvey et al, 2005;
Sánchez et al, 2005; Chacón, Harvey et al, 2006). The role of
live fences in supporting biodiversity in agricultural landscapes
is critical to supporting associated ecosystem services.

Live fences are important mediators in the provision of ecosystem
Growing evidence associating coffee agroforestry systems with bird
services for livestock production. In Costa Rica, Kelly Garbach
conservation has given rise to important initiatives such as the
investigated the spatial extent to which multistrata and simple live
Smithsonian Bird Friendly certification process, which recognises Management
of tree species
fences may influence availability of three important ecosystem
rthe value of agroforestry coffee farms for bird conservation and
services: (a) pasture productivity, (b) microclimate regulation and
associated ecosystem services (DeClerck & Martínez-Salinas,
(c)
provision of soil nutrients on a Costa Rican livestock farm
2011). In addition, recent studies have successfully linked bird
(Garbach,
2012). She found that complex, multistrata live fences
species within coffee systems with regulation of coffee pests such
reduced
total
pasture productivity, measured as monthly dry
as the coffee berry borer (CBB). The CBB is a small beetle
matter
yield
of
all herbaceous species, by 38 percent when
considered to be one of the most serious and damaging coffee pests
compared
to
open
pasture. However, simple live fences did not
(Damon, 2000; Vega et al, 2009). Bird species richness has been
significantly
reduce
pasture productivity. On the other hand,
proven to be important in the reduction of the CBB (Kellerman et
results
showed
that
multistrata
live fences had the capacity to
al, 2008; Karp et al, 2013). This demonstrates the importance of
enhance
microclimate
regulation
by reducing temperatures by
bird conservation within productive systems and allows a win-win
7°C when compared to open pastures. Such reductions in midday
situation whereby appropriate management of coffee systems

Figure 3. Tropical bird species and their associations to natural and human-modified habitats: (a) Corapipo altera, White-ruffed Manakin (Pipridae) is a forest specialist
bird; (b) Mionectes oleaginous, Ochre-bellied Flycatcher (Tyrannidae) is an intermediate forest specialist seen frequently in coffee and cacao agroforestry systems;
(c) Geothlypis poliocephala, Gray-crowned Yellowthroat (Parulidae) is an open areas specialist, typically seen in pastures and shrub lands (Photos: CATIE’s Bird Monitoring
Program, Costa Rica).
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temperatures are important for the regulation of cattle heat stress,
which is implicated in maintaining animal productivity. Similar
patterns were found for simple live fences where temperatures
were reduced by 3.5°C when compared to open pastures. Finally,
when considering soil nutrients, Garbach found that total C and
N in surface soils (0-10 cm depth) was equally reduced under
multistrata or simple live fences compared to open pasture. Live
fences are also important connectivity features between patches
of woodland and similar habitats. Garbach highlighted the need
to better understand the contribution of live fences with different
tree composition, since the tradeoffs identified in this study may
be reduced by selecting tree species with specific traits. For
example, nitrogen fixation or high levels of litter fall, or tree species
with less dense canopies, might facilitate an increase in pasture
productivity while regulating microclimatic conditions and
securing cattle comfort and thus animal productivity.

Conclusions
Agroforestry has been demonstrated to be a feasible alternative
to less biologically diverse agriculture in balancing biodiversity
conservation and production; however a few caveats must be
considered. The biodiversity conservation value of agroforestry
systems fluctuates depending on management decisions. For
example, a simplified agroforestry system (Figure 3, shaded
monoculture) will not have the same conservation value as a
more diverse system (Figure 3, rustic) as it does not provide a
wide diversity of resources (eg food, shelter, etc) for different
species. Multiple management decisions, such as pruning or
insecticide application, might also affect resource availability
for animal species thereby affecting the overall conservation
value of the system. Similar considerations apply to live fences
regarding management (DeClerck et al, 2011), since simple
live fences will not have the same conservation value, or effects
on pasture productivity and temperature regulation, as
multistrata live fences, as shown by Garbach (2012). Overall,
management decisions are crucial to fostering the desired
balance between conservation and productivity, and more
information is needed to accurately identify the trade-offs
between them. Identification and measurement of these tradeoffs is crucial in the development of biodiversity friendly
management practices since these are the best options for
preserving ecosystem functions and the services needed to
secure sustainable production.
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Introduction

others? Before briefly outlining some explanatory factors,
there are three general observations to make:

There are numerous ‘modern’ agroforestry practices that appear
promising and yet have not been widely adopted despite
considerable investment in extension. Explaining this apparent
adoption gap has become something of a holy grail.
Understanding why farmers decide not to take up new
agroforestry practices is clearly an important question. Equally
important, and as yet relatively understudied, is the issue of
outcomes occurring beyond the project cycle. What happens to
introduced technologies following initial uptake? How are they
managed and adapted over time? What long-term impacts (if
any) do they have on livelihoods and landscapes? These
questions have been of interest to me for some years. Research
supported by the Tropical Agriculture Association Award Fund
(TAAF), which I conducted in 2010, sought to evaluate the
outcomes of a small-scale DFID-funded agroforestry project in
southern India, five years after that project had terminated
(Brockington et al, 2016). My current doctoral research
(supported by the World Agroforestry Centre, ICRAF) builds upon
this work, exploring the legacy of much larger-scale agroforestry
intervention that operated in hundreds of tribal villages in the
hills of western India.

• At the time of implementation, wadi – as a tree-based
farming practice – represented a departure from the
prevailing agriculture. Farmers were used to cultivating
staple cereals and pulses; and few had prior knowledge or
experience of planting and managing perennial tree crops.
• Creating a wadi orchard is not an easy task, even with the
provision of materials and technical guidance from BAIF,
the implementing NGO. In the normal practice for seasonal
agriculture, the vast majority of farmers lack irrigation
facilities and can only cultivate crops during the annual
monsoon. In contrast, wadi orchards – at least in the initial
years until the trees are well-established – require yearround care and attention.
• Management challenges do not cease once the trees are
established. Farmers can continue to face problems relating
to tree growth and performance, as well as difficulties in
securing and marketing the fruit crop.

A key research finding in both cases has been the profound
variability in technology performance. While the small, multifunctional orchards known locally as wadi (for a description see
Doshi et al, 2015), and promoted in both projects, perform well
for some farmers, other farmers experience high rates of tree
mortality and/or poor productivity. Explaining these divergent
outcomes is not straightforward as there are many issues at play.
Nevertheless, it is crucial that we acknowledge and critically
examine this variability, so that technology and project design
and targeting can be improved in the future. Otherwise we risk
leading farmers down the garden path (quite literally), promising
fruits for their labour that may, in fact, never be realised.

Explaining variable performance
So why do wadi orchards work for some farmers and not for
18

These observations are broadly applicable: establishing and
managing a wadi orchard (Figure 1) is challenging for all
farmers that choose to do so. However, not everyone faces the
same set of challenges or level of difficulty. Outlined below are
a number of interrelated factors that appear to influence the
long-term outcomes of wadi adoption.

Figure 1. An example of a wadi orchard and tree boundary plot in the tribal area
of Maharashtra, India. Note the lack of any other vegetation in the hot dry season
(Photo: James Brockington).
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Access to water
One of the most labour intensive activities during the
establishment period is watering the young fruit trees. This is
vital to promote healthy growth, particularly during the long,
hot dry season lasting from mid-October to mid-June. For the
first 2-3 years, BAIF recommend that each tree is provided with
30 litres of water weekly during the dry season; on a one-acre
plot (0.4 ha) with 60 fruit trees this equates to over 7,000 litres
of water per month for eight months of the year. For the vast
majority of farmers this means transporting water by headload
or cart from a well, river or small reservoir. Water becomes
scarce in the summer months preceding the monsoon, with
some sources drying up entirely. The nearest available source
can be a number of kilometres from the wadi plot and, given
the typically hilly terrain in project areas, the task of carrying
large quantities of water is arduous and time-consuming.
While it is certainly not impossible to establish and maintain
a successful wadi orchard under these conditions, high
mortality of fruit trees is often attributed to difficulties in
providing adequate water. Those farmers with plots located
close to a reliable water source are therefore at a significant
advantage. The most fortunate are those whose orchards are
downstream of a large reservoir and have year-round access to
channelled water. Others draw water from a nearby source
using motor pumps and plastic piping. Having easy access to
a means of piped water not only substantially reduces the
demand on labour and ensures protective irrigation for
vulnerable young trees, but also creates opportunities for
intercropping in the dry season and expands the range of
possible crops to include high-value horticulture and
floriculture.
Proximity of wadi plot to household dwelling
Some farmers have suitable land located close to the village
and can therefore establish a wadi plot within a short distance
of their house. For many other farmers, their suitable (ie nonrice) land is further away, occasionally as much as 5 km from
the household dwelling. The greater the distance, the harder
it is to monitor and manage the orchard. Being present to
provide regular maintenance and to control threats – such as
livestock incursions, pest attacks, fire (natural or arson) and
theft – can make a big difference in terms of tree survival and
performance. For this reason, some adopters choose to
construct new houses in or adjacent to their orchards, and all
or part of the household relocates on a temporary or
permanent basis. Those that do so often report that this builds
a stronger tie with their wadi and land in general, and provides
a more peaceful existence than village life. Those who do not
relocate often attribute poor outcomes to the difficulties in
providing adequate maintenance and security.
Household composition and labour availability
Those households with more working adults and/or fewer
dependents are likely to fare better than those with a higher
dependency ratio. Although wadi orchards are managed by
both men and women, the latter are also expected to fulfil a
range of domestic chores and the workload increases with the
number of dependents in the household. Thus having a
number of working men can be beneficial eg where a father
and his son(s) share management tasks or where brothers
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cooperate. Nuclear families with young children can find it
difficult to invest sufficient time and energy in plot
establishment and maintenance. Over the life-cycle of a wadi
orchard, the labour availability in the household is liable to
change. Births, deaths, marriages and separation of joint
families all impact on household composition and can have a
knock-on effect on orchard management. So too can longterm ill-health or disability.
Livelihood preferences and priorities
The management of a wadi orchard represents one livelihood
activity in typically diversified portfolios. Availability of
household labour is important but so is the issue of how that
labour is allocated across a range of activities. Since incomes
from traditional agriculture tend to be very low – with much
of what is produced being stored and consumed within the
household – all households engage in other activities to earn
cash required for consumption needs. Agricultural wage
labouring is fairly common during the rainy season and a few
weeks of unskilled wage-employment through the Mahatma
Gandhi National Rural Employment Generation Act
(MGNREGA) is usually available during the dry-season.
MGNREGA mandates 100 days of guaranteed employment for
rural households (on demand). In the area for my PhD
research, households rarely receive more than 30 days. Some
households engage in petty trade, skilled work like carpentry
and plumbing, or rear livestock and collect non-timber forest
products. A few have members employed in professional
occupations. But, for most, the major source of cash income
comes from dry-season migration to urban construction sites,
quarries, brick kilns and commercial farms elsewhere.
So what does this mean for wadi management? Our research
suggests, as one would expect, that households place different
emphasis on the various activities in their respective portfolios.
Where dry-season migration is a core activity – due to
whatever combination of push and pull factors – this can result
in neglect of wadi orchards. Neglect can also occur if
household members are heavily involved in local off-farm
activities. Curtailing migration and channelling households’
productive energies to improved land-husbandry is a stated
objective of the wadi programme. But fruit trees take upwards
of five years to become productive and rarely yield substantial
returns before the eighth year. The programme attempts to
mitigate this lag-time between plot creation and the
commencement of tangible benefits by making cash payments
to incentivise good orchard management during the critical
establishment phase (years 1-5). Attempts are also made to
encourage improved agricultural practices and a shift to
higher-value crops, but much depends on the availability of
water. Some households manage to balance the need for
immediate cash income with the commitment to invest in
long-term orchard management. Other households, by choice
or imperative, allocate labour to maximise short-term returns.
Motivation and attitude
The likelihood of achieving desirable outcomes is surely greater
where the motivation for adoption stems from a positive
attitude towards the technology itself, rather than because of
material incentives or status benefits attached to participation
in the project. Farmers who adopt for the latter reasons are
likely to lack commitment to wadi management from the
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outset and poor outcomes will typically follow. Those with
positive attitudes about tree-based farming and a genuine
interest in the potential benefits (both products and services)
are more likely to work hard in the establishment and aftercare
of their orchards and can expect to achieve more positive
results. Of course, attitudes are not fixed. Adopters will
continue to evaluate the technology in line with their lived
experiences. If household circumstances change, if wadi
management proves to be too difficult, or if the trees fail to
deliver expected benefits, then active investment can (and
does) decline. Conversely, where farmers find that wadi
management is viable and rewarding (both economically and
in less tangible ways), then they are likely to continue investing
resources. Indeed, in the best cases, farmers are observed to
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go beyond managing their original plot and undertake
substantial additional tree-planting to enrich and extend their
orchards. These are fairly frequent phenomena and indicate
that, despite the challenges, for a significant number of
adopting households wadi has become an accepted part of the
livelihood and land-use system.
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Newsflash
CGIAR Research Programme on Forests,
Trees and Agroforestry, 2017-2022: second phase
to commence soon
The global-scale CGIAR Research
Programme (CRP) on Forests, Trees and
Agroforestry (FTA) will begin its second
phase in 2017. The full proposal is
currently being evaluated and finalised.
The FTA programme seeks to enhance
the management and use of forests,
agroforestry and tree genetic resources at
landscape scales across the tropics. In its
second phase the programme will be built
around five flagship projects:
• Livelihood systems will have a focus on research that helps
to boost the productivity and sustainability of forestry and
agroforestry, particularly people’s incomes in forested areas,
and factors affecting land rights for the rural poor.
• Management and conservation of forest and tree
resources will focus on the conservation of high-value tree
species and conflict resolution over resource rights.
• Landscape management for environmental services,
biodiversity conservation and livelihoods will target
restoration of both deforested and degraded lands to secure
a broad suite of ecosystem services.
• Climate change adaptation and mitigation will
encompass research on how forests, trees and agroforestry
can build resilience and adapt to the effects of climate
change.
• Global governance, trade and investment will explore
forest-related trade and investment.
20

Gender integration in research is viewed as a fundamental part
of doing good science and will be a key cross-cutting theme
for each of the five flagship projects. The FTA programme also
seeks to have effective and innovative monitoring systems in
place and will also incorporate a capacity development
component to improve methodological approaches and
increase impact through raising awareness.
A final cross-cutting element will be the establishment of an
innovative set of ‘Sentinel Landscapes’ – a site or network of
sites, geographically or issue-bounded, in which a broad range
of biophysical, social, economic and political data are
monitored, collected with consistent methods and interpreted
over the long-term to provide a common observation ground
where reliable data from the biophysical and social sciences
can be tracked in consort and over time.
The programme will be led by the Centre for International
Forestry Research (CIFOR) in partnership with the Centre for
International Cooperation in Agricultural Research for
Development (CIRAD), Bioversity International, the Tropical
Agricultural Research and Higher Education Centre (CATIE),
the International Centre for Tropical Agriculture (CIAT) and
the World Agroforestry Centre (ICRAF).
Details about the FTA program can be found at:
http://foreststreesagroforestry.org/
Details about Sentinel Landscapes can be found at:
http://foreststreesagroforestry.org/fta-sentinel-landscapes/

Tim Pagella
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What can local knowledge contribute to our
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Summary
This article explores local knowledge of ecological interactions
held by smallholder coffee farmers in the Central Highlands of
Kenya. The area is in the vicinity of the Aberdare Forest Reserve,
a biodiversity hotspot, but coffee farms were shown to harbour
only a few tree species in abundant numbers, due to historical
developments in the coffee sector. In order to increase tree
diversity on coffee farms, an understanding of shading impacts
on coffee productivity is required, also the livelihood benefits
farmers can expect to accrue from incorporating trees into their
coffee plots. For change to happen on the ground however,
different farming contexts need to be taken into account and
advice tailored accordingly – this represents a change to the way
recommendations are currently made.

Introduction
Coffee agroforests have been cited as having the potential to mimic
natural forest because of the complementary interactions that can
occur amongst tree, crop, and animal species, above and below
ground. In Kenya, however, there is evidence of low tree species
diversity on coffee farms (Carsan et al, 2013; Kehlenbeck et al, 2011;

Pinard et al, 2014), reflecting global trends, which are anticipated
to affect the ecosystem services they provide, including pollination,
pest control, climate regulation, and nutrient sequestration and
cycling. The lack of abundant and diverse tree species on Kenyan
coffee farms is consistent with farmers deliberately planting, or
retaining, trees promoted by extension services, as was also recently
documented in Latin America (Valencia et al, 2015).
There has been scant consideration in the scientific literature of
farmers’ knowledge and the real-world constraints that inform
decision-making about which trees are planted or retained on
Kenyan coffee farms. Studies that have explored local knowledge
of coffee shade trees in Latin America show that farmers have
detailed understanding of tree-crop interactions, but we do not
know how consistently this knowledge is held across sites (Cerdán
et al, 2012; Soto-Pinto et al, 2007), nor the state of knowledge in
Kenya.

Study site and methods
Research was conducted in the Central Highlands of Kenya in the
vicinity of the Aberdare Forest Reserve, a biodiversity hotspot,
which has high densities of smallholder coffee farms with shade
tolerant Coffea arabica varieties. Coffee farms are generally small,
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Figure 1. These photographs (left) depict the typical landscape features of the research area, with steeply undulating hills and mixed farming systems, and (right) show
the most common tree on farms, Grevillea robusta growing with Coffea arabica.

typically 0.4-1.2 ha, and there is extensive tree cover across the
agricultural landscape, mainly comprising trees along plot
boundaries (Figure 1).
Farmers were randomly selected from coffee factory lists.
Repeated, semi-structured interviews with a purposive sample of
60 farmers across a range of elevations was initially used to
compile knowledge bases using the Agro-ecological Knowledge
Toolkit software (http://akt.bangor.ac.uk). The consistency of
farmers’ knowledge about tree attributes was then evaluated using
a survey administered to a stratified random sample of 125
smallholder farmers in five locations ranging in elevation from
1,200 m to 1,920 m (Figure 2)
The survey involved the ranking of 29 species, known to appear
along boundaries and physically within coffee plots, against 12
attributes that were derived from the knowledge bases. Farmers
identified that nine of these attributes were important in
influencing tree-crop interactions: 1) crown spread; 2) crown
density; 3) ease of pruning; 4) growth after pruning; 5) rooting
depth; 6) rooting spread; 7) tree growth rate; 8) leaf decomposition
rate; and 9) leaf benefit to the soil when used as mulch; and that
three attributes related to farmer evaluation of the utility of tree
products: 10) burn length of wood from firewood trees; 11)
strength of wood; and 12) durability of wood from timber trees.
Each farmer was asked to rank up to 10 species (selected from the
list of 29) for all twelve attributes. Farmers were only asked to
rank species that they had direct experience with and only
attributes relevant to those trees. This resulted in different

numbers of species being ranked for different attributes, ranging
from 28 trees for crown attributes, to 12 trees for timber quality.
The tree attribute ranking survey generated a complex data set
comprising up to 125 different combinations of species ranked by
farmers for up to 12 different attributes. Each attribute was
analysed separately using the BradleyTerry2 package in R (Turner
& Firth, 2012). The statistical routine used estimated the
likelihood that farmers perceive one tree to be above another, with
respect to the attribute in question. Grevillea robusta was chosen
as the benchmark against which all other trees are compared, as
it was the most frequently ranked tree for all attributes.

Trade-offs within coffee farms
Although extension advice and factory regulations in central
Kenya stipulated that coffee should not be grown under shade or
intercropped, nevertheless there were many trees grown either on
boundaries or directly within coffee plots (Table 1), and their
abundance varied according to the livelihood needs of the farmer
and available space on the farm.
Coffee was a major cash crop in the area, relied on for paying
school fees and, despite fluctuating coffee prices on the market,
farmers reported being reluctant to uproot their coffee trees even
during low points in the market cycle. By incorporating food
crops and multi-purpose trees into their coffee plots, farmers were
ensuring alternative livelihood strategies to increase their
resilience when certain factors operated outside their control. This

Figure 2. Map of the farms in Murang’a County in Central Kenya, where the tree attribute ranking survey was administered. To the far left is the Aberdare Forest Reserve.
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Table 1. The ten most abundant tree species included in the attribute ranking survey, the ecosystem services that farmers
associated with them and their abundance based on an inventory of 62 farms (Pinard et al, 2014).
Tree species (with
abbreviations as
used in Figures 3, 4
and 5)

Origin:
E = Exotic
N = Native

Provisioning
services

Supporting and
regulating
services
Shade, nutrient
cycling, wildlife
attracting
-

13.6

-

9.2

Shade, nutrient
cycling
Nutrient cycling,
rainfall attracting,
wildlife attracting
Shade, rainfall
attracting, wildlife
attracting
Shade, wildlife
attracting
Shade

6.4

Grevillea robusta
(Gre)

E

Firewood,
timber, fodder

Commiphora
zimmermannii (Com)
Acacia mearnsii
(Aca)

N

Fodder, fencing,
firewood
Firewood,
timber, medicine

Macadamia
tetraphylla (Mac)
Neoboutonia
macrocalyx (Neo)

E

Fruit, firewood

N

Firewood,
fodder, timber,
medicine
Firewood,
charcoal, timber,
fodder
Fruit, firewood

E

Bridelia micrantha
(Bri)

N

Psidium guajava (Psi)

E

Persea americana
(Per)
Eucalyptus spp. (Euc)

E

Croton megalocarpus
(Cro)

E

N

Fruit, firewood,
charcoal, fodder
Timber,
firewood, shade,
medicine
Firewood,
charcoal, timber,
fodder, medicine

situation is mirrored in other coffee growing regions across the
world as a way of managing risk and maintaining household food
security; farmers tend to weigh shading effects on coffee
productivity and quality against the multiple products and
services provided by shade trees.
Farmers at all elevations were aware that when growing coffee
with other trees they were potentially compromising coffee yields
because of competition for light, nutrients, water and rooting
space. The physical attributes of intercropped trees that were said
to influence the level of shade were crown density and spread,
while rooting depth and spread influenced below ground
competition for space, nutrients, and water. Additionally, damage
to coffee trees could occur from falling branches, falling debris
during shade tree pruning, and accumulated water falling from
tree crowns. It was recognised that these negative effects on coffee
productivity could be minimised through appropriate
management, with wide spacing between intercropped trees, extra
manure and/or chemical fertiliser application, and regular pruning
of trees with large crowns. This is in accordance with accepted
scientific recommendations, but was often not translated into
practice because of the cost and labour demand involved. There
was shown to be a lack of detailed knowledge about how to
manipulate the coffee agro-ecosystem to greatest benefit through
root and branch pruning.
Farmers mainly planted or retained trees on their farms if they
perceived them as beneficial in terms of short and mid-term
provisioning services such as fruit, firewood, timber, and livestock
fodder for domestic use and cash income. Although it was
apparent that decisions were not based on the regulating services
that trees could provide within coffee systems, farmers expressed
an awareness of these aspects, with many native trees said to

Shade, mitigating
soil erosion,
nutrient cycling,
wildlife attracting
Shade, rainfall
attracting

Proportional
abundance (%)

34.1

5.7
5.0
3.9
3.4
3.2

3.0

“bring the rains” and others valued for their positive impacts on
soil fertility and erosion, as well as high value, and long-term
provisioning services such as timber and charcoal production
(Table 1).
Other trees recorded (in order of abundance) were Mangifera
indica (Man), Eriobotrya japonica (Eri), Cupressus lusitanica
(Cup), Cordia africana (Cor), Markhamia lutea (Mar), Erythrina
abyssinica (Ery), Carica papaya (Car), Euphorbia tirucalli (Eup),
Prunus africana (Pru), Sapium ellipticum (Sap), Ehretia cymosa
(Ehr), Callistemon citrinus (Cal), Azadirachta indica (Aza),
Newtonia buchananni (New), Podocarpus falcatus (Pod), Trema
orientalis (Tre), Ficus natalensis (Fic), Leucaena leucocephala
(Leu) (accounting for 12.6 percent of abundance).
Despite farmers’ positive association of native trees with a healthy
environment, they were at low abundances on most farms (Pinard
et al, 2014; Kehlenbeck et al, 2011). A common reason given for
not retaining more native trees on farms was their slow growth
rate and the space they take up. As a result of customary
inheritance in the area, farms were being subdivided into eversmaller parcels, making it increasingly difficult for farming to
remain profitable (a situation reflected across other East African
countries). It was not seen as economically viable to have trees
taking up space unless there were tangible benefits to livelihoods.
Factors that influence tree crop diversification are complex, but
without planned diversification and abundance at a landscape
scale there is the probable outcome – as demonstrated in central
Kenya – of a few species dominating the agricultural landscape.
When functional diversity is lost there can be major impacts on
ecosystem service delivery and increased vulnerability.
Introduced trees that were present in high numbers on farms were
Grevillea robusta, Acacia mearnsii, Macadamia tetraphylla,
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Psidium guajava, Persea americana, and Eucalyptus spp (Table
1). According to those interviewed, the only tree that was
recommended by coffee factories for intercropping with coffee was
Grevillea robusta because it was reported not to adversely affect
coffee growth. It was introduced to central Kenya from Australia
as a coffee shade tree and this explains its acceptance and
dominance in the area. Although Grevillea robusta was the only
recommended shade tree, as discussed above, many farmers had
other trees present in their coffee plots to meet their various needs.

Ranking of tree attributes by farmers
Farmers were able to rank trees against one another for a range
of attributes but the precision of farmers’ tree ranking varied both
by attribute as well as tree species. Distinct groupings of trees
varied according to how well farmers could distinguish between
trees for the attribute in question. When species were ranked only
a few times, such as Sapium ellipticum, this resulted in large
standard errors that prevented their clear separation from other
trees (Figures 3, 4 and 5). Interestingly, despite Commiphora
zimmermannii’s high proportional abundance, it was not ranked
as frequently as some less abundant trees, only 20 times for
rooting depth and 31 times for rooting spread. Farmers explained
that this native tree has been retained on farms since colonial
times, when it was heavily promoted, and is considered a
‘peaceful’ tree, meaning that it does not compete heavily with
crops around it. It was consistently ranked as a sparse and narrow
crowned
tree (Figure 3) with a narrow and shallow root system
c
(Figure 4). It is mainly found on field boundaries, is primarily
used for fodder and fencing and easily propagated through
cuttings, consistent with the technical literature.
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Trees were ranked against rooting spread more readily than
rooting depth because farmers encountered the lateral roots
frequently during cultivation whereas the rooting depth was
known only if they had experience of digging the tree up and/or
making charcoal from the tap root. Farmers suggested that
deeper rooting was valued because it was generally associated with
less competition with coffee. During the dry season deep roots
were also said to draw up water benefiting crops nearby, consistent
with the scientific literature on hydraulic lift. Results from the
ranking survey, however, indicate that certain attributes need to
be considered together, for example while Eucalyptus spp was
ranked as having the widest as well as the deepest root system it
was considered very competitive with coffee trees whereas
R
Commiphora zimmermannii, one of the shallowest and
narrowest rooting trees, was considered compatible (Figure 4).
Eucalyptus spp was also ranked lowest for leaf benefit to soil
E
(Figure 5) commensurate with
its reported allelopathy. This
demonstrates the importance of considering composite attributes
of trees, such as their overall compatibility with crops.

It was

Figure 4. Trees ranked against one another for (a) rooting depth, from deepest on
Trees ranked
against
for (a)
rooting
deepest
the left to shallowest
on the
rightone
andanother
(b) rooting
spread,
fromdepth,
widestfrom
on the
left on the left to
s
to narrowest on the right. Tree abbreviations are given in Table 1.

Figure 3. Trees ranked against one another for (a) crown spread, from widest on
the left to narrowest on the right, and (b) crown density, from least dense on the
left to most dense on the right. Tree abbreviations are given in Table 1.

Farmers identified the following trees as useful species for
improving soil fertility in place of expensive fertilisers: Calliandra
calothyrsus, Dovyalis caffra, Cordia africana, Neoboutonia
macrocalyx, and Acokanthera oppositifolia. Only two of these
species, Cordia africana and Neoboutonia macrocalyx, were
abundant enough to include in the ranking exercise, and both had

Farmers stated that mulching help
t
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leaves that were ranked as having a relatively fast decomposition
rate and contributing highly to the fertility of the soil (Figure 5).
There is little information available on Neoboutonia macrocalyx in
the scientific literature but Cordia africana is known for providing
good mulch material in shaded coffee systems. Farmers stated that
mulching helps to maintain soil moisture and soil quality, including
the amount of humus, and decreases weed growth.

Article 4

most are at low abundance across the landscape. Raising
awareness amongst those advising farmers, that diverse tree cover
can be compatible with coffee productivity while also benefiting
livelihoods from diversification and the provision of ecosystem
services, would be a first step in promoting tree diversity that
would ultimately lead to greater livelihood and landscape
resilience. Promoting diversity rather than focussing on one or
two high value exotic species would represent a change of
approach for extension systems, the coffee industry and farmers
alike, but would be an important step to take.
Farmers could benefit from more detailed knowledge of how to
manipulate tree-crop interactions through branch and root
pruning, but this requires the development of context specific
recommendations on suitable tree species and management for
farms at different altitudes. Given that each farmer only knows
about some species, sharing collated local knowledge from across
the region through farmer networks could enrich the knowledge
available to farmers when making decisions to plant or retain trees
on their coffee farms.
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Bookstack
such as biofuels, phytoremediation, carbon
markets and modelling.

Tropical Agroforestry
Alain Atangana, Damase Khasa, Scott
Chang, Ann Degrande, 2014
Springer, Dordrecht
Hard cover, xxvi + 389 pages
ISBN 978-94-007-7723-1
Amazon price £52 (or £49 for Kindle edition)
This is a lengthy book and very ambitious
in scope. It arose from a project in the
Congo basin on training and natural
resources management, particularly forestry
and agroforestry, supported by Canadian
Aid. The origin colours the contents of the
book in that it is quite strongly focussed on
central Africa, although the authors do bring
in examples from other parts of the tropics.
Very early in the volume, the Preface strikes
a rather jarring note when the authors state
that textbooks on tropical agroforestry are
lacking, the authoritative textbook by Nair
(1993) being published 20 years previously.
One wonders what Peter Huxley, author of
an earlier epic work also called Tropical
Agroforestry (1999) would make of this.
Despite the extensive bibliographies at the
end of each chapter, the authors do not
even refer to his book (although some of
his ICRAF publications are cited).
Passing over that infelicity, the subject
matter covered is potentially quite
impressive, judging from the chapter titles.
The material is arranged into 21 chapters
divided between five parts. Part I is the
introductory section, dealing with biomes,
land use issues and agroforestry systems;
Part II moves on to the services and
benefits provided by agroforestry; Part III
considers research methods in agroforestry;
Part IV deals with economic and cultural
considerations and finally, Part V, called an
Outlook, rounds the book off with, frankly,
rather cursory chapters on current issues
26

The coverage of agroforestry in this book
is, on the whole, commendable. That said,
the quality of individual chapters is variable.
The earlier chapters are generally excellent,
and provide a solid foundation for
understanding agroforestry systems,
ecological
interactions
between
components of systems and symbioses. On
the other hand, some later chapters are so
short one wonders why they were
included.
For example, chapter 11
and
Biodiversity
‘Agroforestry
Conservation in Tropical Landscapes’ merits
only six pages, including the reference list:
yet this is one of the major justifications for
current investment in agroforestry
programmes. There is no chapter on
livestock and agroforestry, probably
betraying the geographical emphasis of the
book and the interests of the authors.
Chapter 10 Carbon Sequestration in
Agroforestry Systems (only seven pages)
and Chapter 20 Agroforestry and the
Carbon Market in the Tropics (11 pages),
should have been merged. Some chapters
have a distinctly dated feel to them. Does
anyone really still use Diagnosis and Design
(Chapter 13)? Is there still a role for
agronomy
style
agroforestry
experimentation on research stations
(Chapter 14)? The approach to economics
in agroforestry (Chapter 16) is very
classical.
This book is part of a range of titles on
agroforestry published by Springer, some of
which are in the Advances in Agroforestry
series. Who should buy this book? It is
quite technical and academic in tone, and
there are numerous more introductory
texts on this topic on the market. It is
clearly aimed at agroforestry professionals
engaged in teaching, research and
consultancy. For these readers, it is probably
worth the expenditure for the first eight
chapters (which are over half the book).
Thereafter, the quality, in this reviewer’s
opinion, distinctly declines.
Rob Brook
Bangor University

Trees for Life: Creating a more prosperous
future through agroforestry
Charlie Pye-Smith, 2013
World Agroforestry Centre, Nairobi
Hardback, 160 pages
ISBN 978-92-905-9357-7
The aim of this book is to bring to life the
story of how individual farmers from a
whole range of different countries are using
trees to build a better future for their farms,
their families and the environment. The
book also explains the role of the World
Agroforestry Centre and a number of other
partner organisations in facilitating the
successful integration of trees into farming
systems.
This is very much a ‘coffee table’ book; a
hardback with numerous big, bold images;
ideal for the layperson to get a painless and
hugely inspiring insight into the world of
agroforestry. It is very easy to read with
very economical use of text set out in large
font. Within just a short space of reading
time, the reader is effortlessly taken to
many countries of the developing world,
each of which has a different story to tell
about how the use of trees in farming
systems is improving yields, livelihoods,
incomes, health, biodiversity and resilience.
This book not only summarises a whole
range of very different agroforestry systems
in an easy-to-understand manner, but by
drawing on encounters with farmers,
research scientists and other stakeholders,
it also gives valuable personal insights. There
are a number of remarkable stories of
destitute farmers facing a hopeless situation
of ever decreasing farm yields and extreme
poverty, finding better ways to manage their
farmland through the incorporation of
trees. Overviews of systems such as the
Ngitili system in Tanzania, farmer managed
natural regeneration in Niger, Faidherbia
albida in Zambia and Gliricidia in Malawi are
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all remarkable instances of where hopelessness
has been transformed into hope.
If you are looking for a gift for a friend or
relative who has little or no knowledge of
agroforestry, are convening an event
showcasing agroforestry, or know of a
wealthy benefactor looking for a worthy
cause to support, this book is ideal. For
those already familiar with/working in
agroforestry, many of the stories in this
book will be very familiar and probably will
not unveil anything you did not already
know. Nevertheless, you will find value in
this book in terms of a reminder of just how
much trees can transform farming,
livelihoods and the environment across so
much of our planet – and just how
important your work is.
James Walmsley
Bangor University

Save and Grow in practice: maize, rice
and wheat. A guide to sustainable cereal
production
Food and Agriculture Organisation of the
United Nations, 2016
x + 110 pages
ISBN 978-92-5-108519-6
Available at:
http://www.fao.org/publications/save-andgrow/maize-rice-wheat/en/
By now we have become quite accustomed
to the litany of problems facing us as the
world’s population grows, soils, water and
other vital natural resources continue to be
degraded and are in increasingly short
supply, and the negative impacts of climate
change are with us for all to see. In 2011,
FAO published Save and Grow: a policy
maker’s guide to the sustainable
intensification of smallholder crop
production (see Ag4Dev16, Summer
2012). That book spelt out the need for
sustainable crop production intensification
(SCPI) – producing more food more
efficiently whilst conserving natural
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resources – ‘Save and Grow’. The current
book continues the analysis with a focus on
the world’s principal cereal crops, maize,
rice and wheat, which together account for
43 percent of the world’s calorie supply and
37 percent of its protein needs.
The history of cereal domestication and
production is traced over the last 10,000
years. The Green Revolution (GR) in the
1960s afforded a quantum leap in food
production, reducing the under-nourished
proportion of the world’s population from
over one third in 1970 to 18 percent by the
end of the century. The impact of the GR
has been undeniable, but crop production
intensification based on mono-cropping and
high levels of external inputs has disrupted
biodiversity and ecosystem services –
including crop genetic diversity, soil
formation and biological N-fixation – to the
point where it threatens the sustainability
of food production itself. These, and other,
negative impacts of the GR are discussed
and the conclusion is that the world has
entered a ‘post-GR era’ and achieving the
required increases in cereal production will
be more difficult than in the past, especially
when we also have to confront the
potentially catastrophic effects of climate
change. Raising yields sustainably on
existing farmland is the essence of the Save
and Grow model and smallholder farming
systems are one of the key targets given
that our 500 million smallholders produce
80 percent of the food supply in developing
countries.
Save and Grow farming systems are based
on five complementary components and
their related practices: (i) conservation
agriculture; (ii) healthy soil; (iii) improved
crops and varieties; (iv) efficient water
management; and (v) integrated pest
management. These components are
analysed in detail before eleven richly
described examples of SCPI are presented
in the most absorbing chapter. One
example may need to suffice to give a
flavour of the systems described. The ‘pushpull’ system of integrated pest management
for maize and cattle production in East
Africa aims to control stem borers and the
parasitic weed Striga. Maize is intercropped
with Desmodium while a popular fodder
crop, Napier grass, is planted as a border
around the field. Desmodium produces
volatile chemicals that attract predators of
maize pests and also give a false distress
signal to the moths that the area is already
infested. These chemicals ‘push’ the egglaying moths to seek other habitats. At the

same time the Napier grass produces other
volatile chemicals that ‘pull’ the moths
towards it, and then exudes sticky
substances that trap the developing larvae.
Desmodium also acts as a ‘false host’ to
Striga, first exuding chemicals that induce
germination of its seeds, then releasing
other chemicals that inhibit the weed’s
growth. Both Desmodium and Napier
grass are perennials, providing year-round
soil cover and, of course, Desmodium fixes
N and makes it available to the maize crop.
The Napier grass has increased the supply
of feed for livestock and has boosted the
production of both milk and organic
manure.
The final chapter takes a look at the way
forward and concludes, after a detailed
examination, that the adoption of Save and
Grow practices by smallholders requires
concerted actions at all levels, within a
supportive policy, legal and institutional
environment.
The participation of
governments, international organisations,
the private sector and civil society is
essential if SCPI is to spread widely among
smallholders.
Brian Sims

Dilemmas in Development: journeys of an
agricultural economist
George Gwyer, 2016
Authorhouse UK, Bloomington USA
Soft back, 247 pages, £12.95
ISBN978-1-5049-9796-6
This book is not an autobiography but
rather a personal account of agriculture and
rural development since 1968, as
experienced during assignments in Asia,
Africa, Latin America and the Caribbean.
The narrative is interspersed with
perceptive comment on the evolving trends
in development approaches and policies,
especially from an agricultural economics
perspective, as well as some amusing
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anecdotes that will ring true to people who
have been in the same business.
The book has a listing of the dramatis
personae at the start, containing a
smattering of TAA members, plus a glossary
of 133 acronyms that would put most
technical reports to shame. At times it is
difficult to grasp the sequence of
experiences: a simple chart to show dates
for each posting would have better
explained the historical context. I liked the
succinct summary of the political and
development history for each country.
However, the mis-spelling of ‘stagiaire’ (a
trainee in EC parlance) as ‘stagiare’ was
annoying.
George traces his career from an initial
academic path via Oxford and Raleigh,
North Carolina, before returning to lecture
at Wye. However, assignments with the UN
Food and Agriculture Organisation (FAO)
and the Institute of Development Studies
(IDS) in Tanzania, Indonesia, Kenya and
Philippines set him on a course that led to
working with ODA/DFID and latterly the
European Commission (EC). He admits
that his early interest in ‘pure agricultural
economics’ veered to ‘political economics’
and aid management.
He gives a very clear insight into the
workings of ODA/DFID during the 1970s
and early 1980s. In this post-colonial
period, ODA had strength in depth, not
only the large pool of technical skills (50
agricultural economists) but also the backup from the plethora of UK overseas
research agencies (the Centre for Overseas
Pest Research, the Tropical Products
Institute, the Land Resources Division etc).
However, he is critical of the rather
disparate objectives of UK aid and the
inherent suspicion of the EC and FAO.
At that time, the UK was still involved in
commodity aid, sending UK fertilisers to
India (to fund a successful small farmer
credit programme) and bulldozers to
Pakistan (to aid land levelling in major
irrigation schemes). I liked his comment
that development in Pakistan was managed
by ‘engineers and the military’ but in India
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by ‘economists and politicians’. In Nepal,
he joined an ODA team preparing a Phase
3 of the Koshi Hills Programme
(KHARDEP), but was sceptical of the
eventual impacts. Phase 3 was approved –
I worked on it (1987-1994) with WS Atkins,
and in 2010 I was engaged by DFID to
review their interventions in the Koshi Hills.
George will be pleased to know that there
were positive impacts in community
forestry, seeds, training and latterly feeder
roads.
ODA assignments also took him to West
Africa, Bolivia and Honduras, mainly for
smallholder rubber and coffee projects. He
made a trip to the Falklands in 1983 to
prepare a Grassland Research Unit,
involving a three-stage, 36-hour flight by
RAF Hercules, including in-flight refuelling!
Subsequently, he provided support to the
Windward Islands Banana Growers’
Association (WINBAN) to improve
smallholder banana production in the
Windwards.
In 1985, George opted to join the EC and,
with minimal briefing, was posted as
Economic Adviser to the Delegation in
Khartoum. Floods in the north, refugees in
the east, famine in the west and war in the
south made for an exciting assignment,
These were days of telex communication:
he bought an ‘Amstrad PCW’ computer in
1986, which impressed his team. The civil
war in the south forced closure of their Juba
office, cutting their access to whisky. This
was overcome by forming the KGB
(‘Khartoum Guild of Brewers’). He moved
to Papua New Guinea (PNG) as riots
closed the huge Bourgainville copper and
gold mine. Next he became Head of the
Delegation in the Solomons (entitled to a
white Mercedes and flag!). Here he was
involved with rural development in Malaita
Island, wharves, fisheries, forestry, coconuts,
cocoa and successful rural training centres.
Political interference in logging concessions
created a headache for the Delegation.
In 1995, he became Head of the Delegation
in Barbados. Highlights included the
Delegation beating the UK High

Commission at cricket and a scary
helicopter flight around the erupting Mount
Soufriere on Montserrat. Support to
smallholder banana producers in the face of
competition from Central American
plantations proved complex, exacerbated
by political interventions by Glenys Kinnock
(Member of the European Parliament).
George was ‘brought down to earth with a
bump’ on moving to Brussels, but in 2001
his final posting was as adviser in charge of
the Pacific region, where political and civil
unrest in Bourgainville/PNG, the Solomons
and Fiji required an emphasis on conflict
resolution and political guidance, supported
by rural development once peace was
restored. As he says: “Political dialogue does
not just happen, it has to be worked on and
sometimes engineered “.
Overall, George retained an optimistic view.
In Chapter 24 he summarises the
subsequent progress of each country
where he had worked (the Solomons and
Sudan had fared worst, largely due to civil
unrest, and India and Tanzania suffered from
earlier socialist policies).
Certainly, I would recommend this book to
old lags in the development world,
especially those who have trodden a similar
path or worked with ODA/DFID or the
EC.
His reflections on 50 year’s
experiences will stir nostalgia and memories
of former colleagues (eg Hugh Bunting, Paul
Tuley, Dick Jenkin, Mike Watson,Tony Peers).
I also commend the book to younger
readers in the business, who will gain an
historical insight into actual overseas
development.
I confess that George and I were students
together at Wye (1959-62). I had the
privilege of being his ‘reserve’ Best Man at
his first marriage! We both entered careers
overseas but post-1982 we lost touch, until
last year. Reading the book, I realised that
we travelled many of the same routes but
at different times. I also noted that he was
not a member of the TAA – which has since
been rectified!
Keith Virgo
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Agroforestry for refugee camps
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assistance, with a focus on stabilisation agriculture, post-conflict stabilisation, urban environmental
management, disaster risk reduction, food security, urban agriculture and the peri-urban interface.
He currently works in the Centre for Agroecology, Water and Resilience at Coventry University.
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Summary

veteran and an expert on Somalia, was an abrupt: “I don’t want
to see one tree in any camp”.

Refugee camps may not seem to be the first location that
springs to mind when thinking about agroforestry. This article
shows that trees planted in and around refugee camps can
provide multiple services that help ease the very difficult lives
of the inhabitants, many of whom have already been through
distress that most of us can only guess at. Trees really can ease
human suffering.

Such a response shows a profound level of ignorance about
the positive role that trees can play in IDP and refugee camps.
Unfortunately, it also shows a remarkable unfamiliarity with
what it actually means to live under such harsh conditions.
Conditions which thousands of IDPs and refugees face every
day, not just in Somalia, but in camps throughout Africa, Asia
and the Middle East, and now in Europe.

Background
In 2012, in an office located in the cool leafy suburbs of
Nairobi, I posed a curious question to the FAO Somalia Food
Security Cluster Coordinator: “Why are you not planting trees
in the IDP camps?”
I had just returned from an assessment of camps and
settlements for the internally displaced persons (IDPs) in
Mogadishu. In the aftermath of the 2011 drought in Somalia,
the capital Mogadishu had received thousands of IDPs who
arrived in search of emergency assistance and humanitarian
aid. But the conditions that they were now facing, one year
on, were still harsh, to say the very least. A small percentage,
let us say the fortunate ones, had set up their small nomadictype shelters in war-torn shells of former government
buildings, thus managing to obtain some degree of protection
and shade from the sweltering overhead sun. However for the
majority of IDPs, life in the urban camps of Mogadishu was
bitterly harsh, as it still is for the thousands of Somali refugees
living in the Dadaab Refugee Camp on the Kenyan border. In
both cases, the flimsy shelters used by the IDPs in Mogadishu
and the refugees in Dadaab, constructed from UN plastic
sheets, discarded plastic bags, pieces of cardboard and Prosopis
branches used as support frames, offer little protection from
the burning sun and the torrid heat.
However, the simple step of planting a tree next to your shelter
can serve a number of benefits, for example providing some of
the following: fodder, fruits, nuts, firewood, building poles,
nectar for bees, mosquito deterrence, removal of stagnant
water. But most importantly it brings shade, which can
substantially improve the living conditions for families,
particularly for the family members that are vulnerable to the
harsh heat, such as new-born babies, young children, the
disabled, pregnant women, the sick and the elderly.
In response to my question, the reply from the Food Security
Cluster Coordinator, by all accounts a seasoned humanitarian

Such a strong negative reaction begs the question: why the
resistance to planting trees in camps? This attitude, a
constraint not unique to Somalia, in most cases centres on the
issues of ‘permanence’:
“In many countries, local authorities will not concede the
permanence of refugee camps but we should not let this
distract us from developing ‘closing-the-loop’ models for
refugee camps, where waste becomes the new resource
through RRR [resource recovery and reuse]. Even if camps
are politically controlled as temporary sites, we can still
plant trees, encourage home-gardens and support smallscale food production which will preserve the natural
resource base, because host communities also benefit,
particularly when the remnants of a long-gone refugee
camp become agroforestry” (Adam-Bradford et al, 2016,
p48).
In fact, taking our Somali case studies a step further, in both
Mogadishu and the Dadaab Refugee Camp, the fact that no trees
have been planted, combined with the removal of indigenous trees
for fuelwood, the semi-arid conditions, the high numbers of
livestock, and a lack of natural controls, has provided the ideal
conditions for the aggressively invasive tree Prosopis juliflora to
thrive in both urban and rural settings. So when you fly into
Mogadishu, you cannot help but notice the lush green slopes of
the peri-urban dunes; likewise, when you fly over the Dadaab
Camp, the largest refugee camp in the world, the green forests
around the enormous blocks of sprawling refugee shelters give a
false perspective. This is because the lush green trees are in fact
a thorny menace for the camp residents, and in both cases the
tree is wholly unsuitable as a shade and camp tree, due to its
noxious pollen, and once established it gives little chance for other
vegetation to grow. So in these cases of ‘refugee camp
management’, preventing tree planting may actually contribute
to tree growth but from an invasive and highly inappropriate
species. This replaces the ‘permanence’ issue with an ‘ecological’
problem, which for sure will still be negatively impacting on local
ecosystems once the remnants of any refugee camp have longgone.
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Why agroforestry in refugee camps
makes sense
Many of the benefits of agroforestry are clear and some have
already been identified. However, agroforestry should also be
considered at the landscape level, as designing and planning
appropriate agroforestry-based interventions can ‘check’ and
‘reverse’ the high levels of land degradation and soil erosion
that are often associated with refugee camps. In addition,
agroforestry also has a clear role to play in social protection
and energy conservation programmes. For example, growing
firewood closer to camps reduces the distances that children
and young women have to walk when collecting firewood thus
reducing the risk of attack and gender-based violence. Also
replanting denuded areas with fast-growing tree species for
energy use reduces the firewood burden that contributes to
the over-exploitation of local natural resources. This reduces
the risks from invasive species which often thrive in deforested
landscapes due to the lack of ecological competition.

Camp experiences in Rwanda and
Uganda
In Rwanda, the project Conservation and restoration of the
degraded environment surrounding Nyamure Refugee Camp
has adopted agroforestry as a means of reversing the
environmental degradation associated with fuel-driven
deforestation. As the availability of fuelwood dwindled, local
farmers switched to the use of crop residues for energy, which
in turn reduced soil fertility due to a lack of organic matter in
the soils (Nduwamungu & Munyanziza, 2012). To reverse this
cycle of degradation, agroforestry has been promoted in the
form of public woodlands and forests that are implemented
through community managed regimes. Furthermore, due to
the acute land shortages, a problem not just in Rwanda but
also common in many high density refugee areas,
Nduwamungu & Munyanziza (2012 p74), have recommended
that “efforts should be directed towards promoting
agroforestry, high yielding crops and efficient agricultural
technologies”.

Figure 1. Preparing the fields for rain-fed agriculture in Nakivale Refugee
Settlement; agroforestry can reduce land degradation and soil erosion from such
practices.

increase their farm productivity through environmentally
friendly farming practices. In all these situations, agroforestry
has a clear role to play, for example as a crop diversification
strategy, for improved nutrient and water retention, increased
soil protection and of course improved availability of fuelwood.
Even at the homesteads, the biodiversity of home-gardens can
be improved by a wider selection of tree-based crops such as
pawpaw, passion fruit, mango and avocado, as well as matoke
(plantain) and banana. In Nakivale, agroforestry also has the
potential to play a key role in the protection of water resources
such as the adjacent Lake Nakivale, particularly as agroforestrybased buffer zones around the lake can enhance the
productivity of the land-water interface, while preventing the
sedimentation of the lake through the use of contour planting
on bunds and swales for runoff capture, retention and
infiltration.

Camp experiences in Iraq and Jordan

Over the border in Uganda, agroforestry is also being used in
the Nakivale Refugee Settlement. Here agroforestry is being
promoted as an energy source for fuelwood, but more
importantly also to reduce soil erosion from the rain-fed
agricultural systems, particularly on sloping farmlands where
the runoff risks causing sedimentation of Lake Nakivale. It is
worth noting that, in Uganda, growing food in refugee
settlements has been adopted as official policy as part of the
solution to addressing food insecurity. Consequently, refugee
camps are designed around a low-density village model so that
sufficient space is available for each refugee family to be
allocated a plot for building a shelter and planting a homegarden, along with a second plot located outside the village for
rain-fed farming (Figure 1).

In the many IDP and refugee camps of north Iraq, tree planting
is occurring, but not on a scale that brings the full benefits
associated with a well-designed agroforestry approach. For
example, in Domiz Refugee Camp, near Dohuk, trees are being
planted, much aided by two inspirational figures. The first one
is Sami, a refugee from Syria, who has brought a whole new
meaning to ‘biodiversity’ in a refugee camp. Before the war,
Sami worked in Damascus as an expert in agronomy,
biotechnology and biodiversity conservation. Now, he lives in
Domiz and lectures at the nearby University of Dohuk, while
also conducting research in Irano-Turanian flora, the
ethnobotany of the Kurdish people, and the ethnodomestication of wild edible plants. His small home-garden,
bustling with rare mountain orchids, is testimony to his work
collecting, cataloguing and publishing on local flora. And if all
that was not enough, Sami has also been the driving force
behind planting over 2,000 trees in Domiz Refugee Camp
(Adam-Bradford et al, 2016).

Despite the government support for food production in refugee
camps, the farmers still face a number of challenges, such as
the dependency on seasonal rainfall for crop production, and
the limited availability of extension services to help farmers

Another inspirational example in Domiz is Sayed, the founder of
a plant nursery along the main camp high street, selling seeds,
ornamental flowers, shrubs and tree seedlings. In early 2016,
with NGO support from the Lemon Tree Trust, Sayed had
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upgraded his homemade plastic seedling tent into a full-sized
greenhouse which has enabled him to increase the production
of his nursery. This in turn has increased the availability of
plants and tree seedlings so that camp residents can purchase
products for their own home-gardens. In Domiz, tree
distributions have also been conducted by the Lemon Tree
Trust (over 400 lemon trees have been distributed), and the
French Red Cross is now distributing trees as a component of
its water, sanitation and hygiene (WASH) programme, thus
maintaining the home grown tree planting momentum of
Domiz Refugee Camp (Figure 2).
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refugee camps into productive landscapes, reducing the urban
heat-island effect in hot arid conditions and providing
shelterbelts that reduce the wind chill factor in bitterly cold
climates. Agroforestry can also contribute to environmental
sanitation in refugee camps, through greywater irrigation,
reducing stagnant surface waters and muddy quagmires, and
utilising the organic solid waste through composting
initiatives. Agroforestry can contribute to the environmental
protection of camps through slope stabilisation and providing
protection to low-lying flood prone areas. Agroforestry also
provides an energy supply, in addition to its multiple other
outputs that can directly contribute to food security and
shelter construction. Agroforestry can also be designed as a
form of social and therapeutic horticulture, and when applied
in areas facing acute firewood shortages, has the means of
reducing the risk for vulnerable children and young women
from attacks and gender-based violence by reducing the
distances they have to walk in their daily search for firewood.
With all these potential benefits in mind, we should not want
to see one camp without agroforestry, never mind one camp
without a tree.

Acknowledgment
Thanks to Evangeline Grosrenaud for bringing to my attention
the journal paper by Nduwamungu & Munyanziza (2012).
Figure 2. Staff from the French Red Cross in Domiz Refugee Camp preparing
trees for distribution.

Unfortunately, in Jordan, the misguided government policies on
what can be planted in refugee camps are far more restrictive than
those in neighbouring Iraq. For example, in the bleak semi-arid
conditions of the Azraq Refugee Camp in northern Jordan, an
attempt has been made to develop an ornamental park with a
useful number of trees, but unfortunately it has been planted in
an isolated area within the camp. As the park is located a fair
walking distance from the residential blocks, and is also secured
behind a chain fence and a locked gate, the likely benefits for
refugees will be minimum. In 2014, during an ‘agroforestry
feasibility study’ in Azraq Refugee Camp, a staff member from the
camp management made an interesting comment: they recalled
that during the planting of the park, some of the refugees had
‘stolen’ the newly planted tree seedlings and replanted them
around their housing units. Of course, in this context, the use of
the term ‘stolen’ is a rather unfortunate one – they should rather
have used ‘relocated’ – since the provision of tree seedlings to
improve the immediate living areas of the refugees should have
been the priority before the ‘greening’ of the communal areas.
Such lost opportunities show a clear lack of vision, as well as little
understanding of how plants and trees can provide direct benefits
for refugees, particularly those refugees who have been
traumatised by war, such as those from neighbouring Syria. They
would particularly benefit from engaging in agroforestry and its
related activities, especially when delivered in the form of a social
and therapeutic horticulture intervention.
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Closing remarks
Agroforestry can bring multiple benefits to refugee camps. At
the landscape level, agroforestry can transform bleak desolate
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News from the Field
Reaping the profits of the agroforestry
investments of others
Neem tree pruning
Neem tree (Azadirachta indica) pruning is one of the routine,
annual jobs we do on our research and demonstration farm in
Niger, West Africa. In recent years we have put more emphasis
on annual cropping agronomy, but all the while we continue
to reap the benefits of the agroforestry initiatives of the past.
Not long after arriving in the country, while going through
filing cabinets, I came across a list of some of the costs related
to pruning the avenues of neem trees that line many of our
roads and fields. Looking at the sums of money we’re
spending, I seriously questioned if pruning our neem trees was
profitable.
In an effort to find out, beginning in 2012, we recorded our
expenses and income from neem tree pruning and produced a
gross margin similar to the one in Table 1, for 2015. To our
surprise and pleasure, we saw that it was indeed making us
money. Our neem pruning activities in 2012 gave us a 77
percent return on investment. Crunching the numbers and
doing the gross margin did more than show us it was
profitable. We learned what proportion of income came from
which type of wood, and it allowed us to see that, in 2012, 38
percent of our expenditure was on transport alone. This kind
of information was useful for us in managing the activity to
see which areas we could work on to reduce expenditure and
increase profit.

wood from us. Today thanks to their efforts, we can prune one
section of our farm each year on a 4-5 year rotation and earn
money, often amounting to someone’s annual salary.

Faidherbia albida pods
Another example of an activity we do every year and is ‘easy
money’ is that of collecting Faidherbia albida pods which sell
as livestock fodder (Figure 1). We pay CFA 300 for the
collection and transport of each sack and sell the contents for
CFA 1,000 without the bag, or CFA 1,250 with the bag (Figure
2).

Figure 1. Faidherbia albida pods are collected before being transported to town
for sale.

In 2015, we managed the pruning for our neighbours, a
conference centre and school on the other side of the property.
They paid us a management fee in addition to the other
expenses, and even with this included, as shown in Table 1,
they got a nice little profit. This year, by inviting bulk buyers
to purchase wood in the field rather than transporting it, we
reduced the percentage spent on transport from 38 percent in
2012 down to 6 percent in 2015, increasing profits for the
school and conference centre.
That this activity is profitable came both as a relief and an
encouragement. At times, the poor adoption of what we
perceive to be good ideas and techniques can make us wonder
if they really do work. We have all heard of techniques that
sound great in theory but amount to little more than hype in
practice. Doing the calculations can give us confidence that
practices that we promote, or ideas that we share, really are in
people’s best interests.
Long before my time, some 30-40 years ago, others bore the
heat of the sun and laboriously watered the neem trees by hand
to keep them alive through the dry season until they were
established. I am told that at the time, they were mocked and
laughed at as people wondered why they would do such a
thing. Now, years later, their descendants come and purchase
32

Figure 2. Pods of Faidherbia albida.

The benefit of Faidherbia albida trees in improving the soil are
well known by many. We are very glad that those who went
before us protected these trees, allowing them to grow to
maturity, so that our crops and pockets might reap the benefit
year after year.
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Table 1. Gross margin for pruning neem trees, 2015.
Expenses
Pruning
Transport
Tying small branches
Materials, wire, gloves...
Management
Total Expenses
Income
Fire wood
Heavy construction wood
Light construction wood
Miscellaneous
Mortar wood
Small Branches
Total Income
Total expenses
Total income
Profit
Expenses per tree
Income per tree
Profit per tree
% Return on Investment

Planting trees
Planting trees is a long-term investment and it is not
surprising that encouraging the adoption of agroforestry
techniques can at times be slow, hard work. However, from
an investment point of view, it is wise to diversify and have
both short term and long term projects. We share the financial
details of our findings in the hope that others might be
encouraged to give more consideration to the importance of
incorporating trees into their cropping systems.
Having reaped the benefits of others’ work first hand, I can
honestly say that we are grateful that years ago they sought to
stabilise the dunes on which our farm is situated, plant and
protect trees, and ultimately, change the landscape. They took
a rundown piece of land and have so transformed it that
farmers now question if our trial results are applicable to them
as our farm is so different.
I really like Faidherbia trees. Personally I am not the biggest
fan of neem trees, and recently we have been planting lines of

CFA (860CFA = 1GBP)
218,050
36,250
96,008
100,806
200,000
651,114
387,450
8 6 , 7 50
801,025
100,600
33,000
640,050
2,048,875
651,114
2,048,875
1,397,762
2,412
7 , 58 8
5, 1 7 7
215%

a variety of rarer indigenous trees, but at the end of the day,
neem trees…. are trees. With their deep tap roots they grow
well here and I have to give it to them, they grow fast (unlike
Faidherbia). They benefit the environment by bringing
nutrients up from depth, provide shade, provide wild-life
habitats, and act as wind breaks. Neem trees have much
untapped medicinal and pharmaceutical potential that many
in Niger do not know about or take advantage of, but then, so
do many of the indigenous species. To me, neem tree wood
harvesting and Faidherbia pod collection are good, every day,
Sahelian examples of activities that, in our search for new
methods and techniques, we are at risk of taking for granted
and overlooking. Yet they are simple activities that, year in
year out, can help us to pay the bills.
David Beaton
Agricultural Director,
Sowing the Seeds of Change in the Sahel (SSCS), Niger
david.beaton@sim.org
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Abstract
Surveys of attitudes towards tree planting and practice were
conducted with 200 farm households in northern and
southern Malawi. Contrary to opinions of extensions workers,
76 percent of farmers had planted trees in the previous five
years, and typical numbers of trees per farm were 42 to 45.
Household priorities were determined during discussions with
16 focus groups, which showed that although farmers were
generally positive about tree planting, group members
prioritised food, fertiliser, school fees and businesses as highest
priorities. Therefore, although positive attitudes towards tree
planting prevailed, adoption of agroforestry technologies seems
to be constrained by poverty until more immediate needs are met.

Introduction
Agroforestry has been attributed with several benefits which can
play a significant role in contributing to sustainable livelihoods for
farmers in low-income countries. For example, it has been
demonstrated that agroforestry can increase crop yields, as
nitrogen-fixing trees have been shown to improve soil fertility and
boost harvests. In turn, improved crop yields and the sale of tree
products such as fruits, firewood, and poles, can increase income.
As low agricultural productivity in Africa has been linked to hunger
and malnourishment, it has been suggested that restoring soil
health and fertility through agroforestry practices can help address
these issues and improve food security by increasing yields and by
providing fruits, nuts and root crops during the ‘hungry period’.
In addition, the planting of trees on farm has several environmental
benefits. Agroforestry can improve the ability of farmers to deal with
the effects of climate change, through the diversification of incomes
and better protection against the damaging effects of strong winds
and water flows by controlling soil erosion and acting as a
windbreak. Growing trees on farm can also benefit ecosystem
services and biodiversity conservation, either directly by providing
a habitat to species in fragmented landscapes, or indirectly by taking
the pressure off forests. Agroforestry has the potential to contribute
towards a more sustainable use of natural resources by providing
alternative sources of fuel wood, fodder, timber for construction,
medicine and food, which otherwise might have been taken from
natural ecosystems such as forest reserves.
Despite the fact that the benefits of tree planting are well-known
and agroforestry practices are being used by farmers throughout
the tropics, it has been suggested that widespread adoption of these
technologies has not occurred. Although there is a large body of
34

literature on the adoption potential of agroforestry practices, with
an expansion of research since the early 1990s, the factors that
influence farmers’ decisions to plant trees are still not fully
understood (Meijer et al, 2015a). In this article, I explore adoption
of agroforestry in Malawi, the attitudes regarding tree planting on
farms, and how these shape farmers’ decisions to plant trees.
In Malawi, agriculture is an important source of livelihood, with
about 85 percent of the population consisting of smallholder
farmers. Rapid population growth has increased the pressure on
land, and as a result, farmers are forced to undertake more intensive
agriculture with continuous cropping of fields. This has led to
declining levels of soil fertility and crop yield, and as a result,
compromises food security. In addition, increasing population
pressures, declining soil fertility and crop yield, and the subsequent
agricultural expansion, are contributing to deforestation in Malawi.
Planting trees on farms has the potential to address problems
associated with soil fertility, food security and deforestation in
Malawi (Figure 1).

Figure 1. Farm in Malawi where the farmer cultivates maize (in the growing
season) and grows several species of trees on the same plot.

History of tree planting in Malawi
Before turning to attitudes and behaviour related to tree planting
in Malawi today, it is important to understand the historical roots
of tree planting in Malawi. Walker (2004) provides a detailed
overview of the historical narratives of tree planting in Malawi,
which closely follows the developments during the colonial and
post-colonial periods. Throughout the colonial and post-colonial
history of Malawi, changes in forest management implemented
by the different governments were accompanied by a continuous
effort to promote tree planting amongst smallholder farmers. The
colonial government initiated an estate-led pattern of
development, where the local population were either encouraged
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or forced to work on the estates in order to pay ‘rent’ in the form
of labour in a tenancy arrangement known as ‘thangata’. As a
result of increased crowding on customary lands, many farmers
were forced to move onto estate lands and work for the estate
owners, while economic opportunities were also limited for
independent subsistence farmers even if they had sufficient land
and labour, due to restrictions on policies and prices in relation to
crop production (Walker, 2004). The estate system was intensified
under the post-colonial regime of Kamuzu Banda, Malawi’s first
president after independence, producing structural inequalities
and creating severe poverty among smallholder farmers.
Although a large proportion of the country’s land was under estate
management, most of this land was not being cultivated, which
led to resentment among smallholder farmers on crowded
customary land. However, despite the privileges granted by the
colonial government, most of the European-owned estates
struggled financially due to a lack of transportation, infrastructure
and commercial opportunities, in the landlocked country. The
failed economy and poor social relations established under
colonial rule were inherited and further escalated under the Banda
regime, who converted more land into estates in the 1970s and
1980s for the cultivation of tobacco, Malawi’s main commercial
export. The government’s taxation policies further deepened
poverty and inequality by redistributing capital from smallholder
farmers to the estate sector.
An important priority for the Malawi government has been to
maintain adequate supplies of fuel (ie wood), which was important
for curing tobacco and for the railroads and steamboats which
transported the tobacco and other commercial products. The
colonial government was already producing large numbers of
seedlings, most of which were exotic, by 1911. Tree seedlings
were initially distributed to fuelwood plantations, but by 1914 free
seedlings were also given to smallholder farmers to plant around
their villages. Although the tobacco industry was largely
responsible for deforestation at the time, much of the blame for
disappearing forests and the responsibility for afforestation was
assigned to smallholder farmers. However, the policies to
encourage smallholder farmers to plant trees for fuelwood
production were often met with little enthusiasm, and there
seemed to be a lack of understanding of farmers’ perceptions and
constraints in relation to tree planting. Walker (2004) describes
how the views of the colonial administrators, with some
exceptions, reflected an attitude of condescension and a belief that
farmers must be assisted to overcome their ignorance and apathy
towards afforestation. However, as the Malawian farmers were
very aware of the overexploitation of forest resources by
Europeans, and the hypocrisy of the colonial government failing
to enforce tree planting requirements among estate owners, the
forest policies had little credibility with the smallholder farmer.
After several attempts to promote tree planting among
smallholder farmers between the 1920s and 1930s, the efforts
were intensified in 1945, which was the start of a period of coercive
state-induced tree planting programmes. These efforts were
continued after independence in 1964, as Banda strengthened
policies and campaigns to persuade smallholder farmers to engage
in tree planting. The perceptions that farmers were ignorant and
‘backward’ also continued, and extension efforts were increased
to educate farmers and change their attitudes, while there was
little effort to understand farmers’ resistance to planting trees.
The idea that trees needed to be planted to meet fuel demands
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was maintained throughout the entire colonial period as well as
under the rule of Banda, but this did not result in positive
outcomes in terms of engaging farmers in tree planting. After the
end of Banda’s regime in 1994, the narrative of deforestation
causing a fuelwood crisis in Malawi continued, although there
was increasing acceptance that previous policies had failed and
recognition of the fact that farmers’ perceptions and attitudes in
relation to deforestation and tree planting needed to be better
understood.

Methods
This study was carried out in two districts in Malawi: the
northern district Mzimba and the southern district Chiradzulu
(Figure 2). Mzimba district is characterised by relatively high
levels of forest cover and low population densities. In contrast,
most forests have disappeared in Chiradzulu district, where
population densities are high. In each district, 100 households
were selected using random sampling from 10 villages. A
mixed methods approach was used, with a quantitative
household survey to elicit information on attitudes and
behaviour, and qualitative focus group discussions to further
explore reasons for adoption and non-adoption.

Figure 2. Map of Malawi with the Mzimba and Chiradzulu districts highlighted.

Household heads were interviewed using a structured
questionnaire to capture information on the characteristics of
the household and the degree of tree planting. The
questionnaire also had an attitude scale to assess the attitudes,
subjective norms and perceived behavioural control towards
tree planting according to the Theory of Planned Behaviour
(TPB) methodology (Ajzen, 1991). The attitude scales were
translated into the local language of each district. To
complement the household survey, GPS units were used to
measure the area of land belonging to each farmer to calculate
the density of planted trees.
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In each district, four focus groups were carried out with female
participants and four with male participants, resulting in a total
of 16 focus groups. Each focus group discussion consisted of
7-9 participants and was conducted in the local language of
the district. The focus group discussions included several open
questions about people’s experiences and opinions about tree
planting (Figure 3). It also included a pair-wise ranking
exercise about household priorities. The participants were
asked to list the eight most important things for a household
to invest in when given a small, but for a typical Malawian
household significant, sum of money (MWK 5,000 – about $15
at the time of research). After the group had agreed on the
eight main priorities, a pair-wise ranking exercise was carried
out where each chosen priority was compared to the others to
determine the relative importance of each priority. At the end
of the exercise, the participants were asked to discuss the
importance of investing in tree planting in relation to the other
household priorities mentioned. A full description of this study
and results is provided by Meijer et al (2015b).

Figure 3. Focus group discussion with female farmers discussing household
priorities and tree planting.

Results and discussion
The attitude of farmers towards planting trees was generally
positive. Farmers strongly believed that planting trees would
provide fruits, increase the availability of firewood, increase
income, and provide timber and poles. However, some farmers
believed that tree planting could impede crop growth by shading
and competition for resources and that it takes up too much
space. Other less desired outcomes such as increasing pests and
water scarcity were not often associated with tree planting. These
findings contrast with the dominant narrative that farmers are
not aware of the benefits of agroforestry and are reluctant to plant
trees on their farms.
In terms of behaviour, 76 percent of farmers in this study had
planted trees on their land in the past five years. The most
frequently encountered trees on farmers’ land were mango
(Mangifera indica), blue gum (Eucalyptus spp) and wild loquat
(Uapaca kirkiana). Although the average number of trees planted
by farmers differed little between the two districts (45 in
Chiradzulu and 42 in Mzimba), taking into account the differences
in farm size reveals a highly significant difference in the density
of trees planted (number of trees per hectare) between Chiradzulu
(average 78) and Mzimba (average 25).
The predominant view holds that many farmers are reluctant to
plant trees and levels of agroforestry adoption are lagging behind
36
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their potential, especially in the north of the country where forest
cover is still relatively high. Three quarters of the farmers in this
study had planted trees on their land in the past five years, whereas
extension workers had estimated that only about 10-15 percent
of farmers in the study areas are practising agroforestry. However,
extension workers in Malawi often define agroforestry as the
incorporation of ‘fertiliser trees’ on farms, which might explain
their lower estimations. This makes sense given that only about
25 percent of farmers in this study who planted trees in the past
five years planted fertiliser trees; although this number is still
higher than the estimate of the extension workers, it more closely
resembles their expectations.
There was a direct relationship between the positive attitudes
towards tree planting and actual tree planting behaviour. Farmers
who reported planting trees on their farm in the past five years
had more positive attitudes towards tree planting compared to
farmers who indicated that they had not planted trees. In
addition, there was a significant relationship between the density
of trees planted and the attitude, with more positive attitudes
being associated with more trees. These findings are in line with
other studies that have linked attitudes towards tree planting to
tree planting behaviour and with the Theory of Planned Behaviour
(Ajzen, 1991), which proposes that attitudes are a predictor of the
intention to plant trees, which in turn shapes the behaviour.
During the 16 focus group discussions, a total of 20 different
household priorities were identified by the groups’ participants
(Table 1). Priorities mentioned most frequently were buying food,
clothes and fertiliser, paying school fees, buying livestock and
investing in a business. After the pair-wise ranking exercise,
buying food, buying fertiliser and paying school fees for children
came out with the highest ranking scores (Table 1), indicating
that these priorities were chosen most frequently over other
priorities. Buying tree seeds or seedlings was mentioned by five
focus groups as something the household should invest in,
however it only came in as the tenth most important priority
(Table 1). Although the focus group participants all agreed that
planting trees was an important activity, farmers considered other,
more immediate needs, such as providing food for the household
and sending children to school, as more urgent.
The priority ranking exercise demonstrated that farmers consider
household needs, such as buying food or fertiliser and sending
children to school, as more urgent than investing money in tree
planting. These results reinforce findings from previous studies
carried out in Malawi. For example, Walker (2004) carried out a
comparable priority ranking exercise with similar results in two
villages in central and southern Malawi and came to the same
conclusion that “the overriding priority for most Malawian
farmers is immediate food security” (p102). Although tree
planting can in fact contribute to enhancing food security by
providing fruits, nuts and fertiliser for crops, it takes a relatively
long time to see these benefits, and as a result, farmers would
rather spend their scarce capital on items which relieve food
insecurity in the short-term.

Conclusions
It is clear that farmers in Malawi see the benefits of, and are
interested in, planting trees on their land. The majority of farmers
have planted trees in the past couple of years, which contradicts the
dominant narrative that farmers are reluctant to plant trees and
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Table 1.
Outcomes of the household priority pairwise ranking exercise in the 16 focus group discussions. The frequency reflects the number of
focus groups that selected the item as a household priority (groups could list up to 8 priorities). The average ranking scores represent
the average number of times this priority was selected as more important in a pairwise comparison (scores range from 0-7).
Priorities
Food (maize)
Fertilizer
fees
School
Business
Livestock
House construction
Farm implements
Clothes
Hiring
informal
Buying tree seeds
Household utensils
Milling maize at maize
mill
Buying maize seeds
Buying land
Soap
Relish
School uniform
Groceries
Bicycle
Sleeping conditions

need to be educated on the importance of tree planting. Although
the history of tree planting in Malawi has shown that there has been
resistance to tree planting programmes promoted by the
government, most farming households have incorporated various
tree species in their farming systems, something that people have
been doing for generations. It is important that academics and
practitioners working on agroforestry abandon the outdated
narrative that farmers in Malawi are not motivated and active in tree
planting, recognise current tree planting efforts by farmers, and
instead of promoting externally driven tree planting programmes,
respond to farmers' own experiences and needs.
This study also shows that positive attitudes towards tree planting do
lead to more trees being planted on farms. This suggests that
providing farmers with further training and support could increase
the levels of adoption. Although the vast majority of farmers in this
study had planted trees on their land, the number of trees planted
was not that high. Therefore, training, extension and other types of
support may be needed to increase tree planting by farmers in Malawi.
Despite the fact that farmers are aware of the benefits of tree
planting, adoption of agroforestry technologies seems to be
constrained by poverty until more immediate needs are met. The
main priority for most Malawian farmers is to secure short-term
food security. Growing trees on farms has the potential to contribute
to both poverty alleviation and better food security. The main
problem is that the benefits of tree planting only happen after several
years of planting and can be uncertain, as a lot can happen to the
tree while maturing. Most farmers are concerned with getting food
on the table today, and cannot always afford to invest in food that
will take years to be produced.
Therefore, it is crucial that, in addition to receiving assistance to
address urgent issues such as hunger and poverty, farmers are also
given support to invest in sustainable interventions that will help
them increase food security and diversify their livelihoods. This will

Frequency
15
13
13
11
11
9
6
14
6
5
6

Ranking
score
4.63
4.16
4.09
2.88
2.16
1.94
1.56
1.16
labour
1.13
0.72
0.69

2

0.50

1
1
7
1
1
2
1
1

0.37
0.31
0.28
0.22
0.19
0.06
0
0

help farmers to improve their living standards and develop a
sustainable livelihood in the long term. Tree planting activities
could be promoted by providing farmers with more training, better
access to good quality planting material and equipment.
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International Agricultural Research News
Agroforestry
Introduction
International research institutions have
for many decades been seeking ways to
improve the production of perennial
crops grown within agricultural
systems. While much of the early
research focused on large-scale
plantations,
often
by
colonial
agricultural research services, over the
years internationally-funded research
attention has shifted more towards
smallholder farmers and the perennial
crops that are important to them, such
as fodder and fruit trees, and tropical
commodities such as coffee and cocoa.
In this article a few glimpses are
provided of some past and present
international research on agroforestry
systems in developing countries.
Coffee and cacao at the Tropical
Agricultural Research and Higher
Education Center (CATIE)

was established in the mid-1940s and
today contains more than 1,200 clones
of cacao (Theobroma cacao) as well as
accessions of nine other species of
Theobroma and seven of Herrania (a
closely related genus). As in the case of
coffee, this major world collection
underpins CATIE’s ongoing efforts to
improve smallholder cacao production.
Since 2000, CATIE had worked with the
World Cocoa Foundation to successfully
produce new high yielding cacao
varieties that are resistant to the
devastating
diseases
moniliasis
(Moniliophthora roreri) and black pod
(Phytophthora spp).
CATIE has also had a long history of
working on agrosilvopastoral systems in
Central America, in which trees are
integrated with mixed crop and
livestock production. This, and some of
CATIE’s recent work on biodiversity
conservation and ecosystem services, is
presented elsewhere in this special issue
of Agriculture for Development.
World Agroforestry Centre

CATIE, in Costa Rica, was one of the
first international research centres to
conduct research on perennial species
in smallholder farming systems. As
long ago as 1949, CATIE began to
assemble a coffee genetic resources
collection, and from 1951 to 1970,
added approximately 50 new accessions
every year. Today CATIE has more than
1,900 different accessions of coffee,
comprising 11 different Coffea species,
from Ethiopia, Yemen, Kenya, Tanzania,
Colombia, Brazil and Mexico, as well as
various countries of Central America.
This collection ranks as one of the
world’s most important coffee
collections and is the basis for much of
CATIE’s current work on breeding new
varieties that are higher yielding and
resistant to major diseases, especially
coffee rust (Hemileia vastatrix). CATIE
also carries out research on agroforestry
systems in coffee growing areas of
Mesoamerica that seeks to improve the
livelihoods of smallholder coffee farmers
while at the same time protecting
biodiversity and the environment.

International research on the growing
of trees within agricultural landscapes
received a significant boost in 1978
when the World Agroforestry Centre was
established in Nairobi, Kenya. Originally
named the International Council for
Research on Agroforestry (ICRAF), it
was founded in response to a visionary
study (Bene JG, Beall HW, Cote A, 1977.
Trees, food and people: land
management in the tropics) carried out
in the mid-1970s by a small team of
foresters led by John Bene of Canada’s
International Development Research
Centre (IDRC). The study coined the
term ‘agroforestry’ and called for a
greater global recognition of the key role
that trees play on farms throughout the
world and especially in the tropics. In
honour of his work, IDRC established
the John G Bene Fellowship to
“facilitate field research on the
relationship between forest resources
and the social, economic, cultural, and
environmental welfare of people in
developing countries”.

Similarly for cacao, CATIE’s collection

During the 1980s, ICRAF operated
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primarily as an information centre,
focusing
on
the
study
and
documentation of agroforestry in Africa.
However, in 1991 it was invited to join
the Consultative Group on International
Agricultural Research (CGIAR) with a
revised mandate that emphasised
hands-on strategic research on
agroforestry globally. At this time, it
changed its name from ‘Council’ to
‘Centre’ to reflect this change and
subsequently, in 2002, it rebranded itself
as the World Agroforestry Centre. As
the World Agroforestry Centre is the
premier
international
research
institution focusing on agroforestry, its
work is well covered in several other
articles in this journal.
International Network for Bamboo
and Rattan (INBAR)
IDRC was not only highly instrumental
in the creation of the World Agroforestry
Centre, but was also the prime mover
behind the creation of the International
Network for Bamboo and Rattan
(INBAR) – an international institution
dedicated to research and development
of these important forestry and
agroforestry species. Growing out of an
informal network of bamboo and rattan
researchers set up by IDRC in 1984, the
launch of its headquarters in Beijing in
1997 established INBAR as an
independent organisation and the first
intergovernmental organisation to be
headquartered in the People’s Republic
of China.
At the World Forestry Congress in
Durban in September 2015, INBAR,
together with 41 partner countries and
institutions launched a $100 million
initiative, the Global Assessment of
Bamboo and Rattan (GABAR). The
Assessment aims to speed up progress
in developing bamboo and rattan as
resources that bring jobs and increased
income to millions of people, create new
income streams for communities and
reverse
land
degradation
and
deforestation. The limited progress
made to date is seen primarily as being
due to a lack of coordination between
bamboo and rattan experts and
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agencies, technical knowledge that is
difficult to access, and the need for new
evidence and technologies that
countries can use to better harness
these resources.
“The ability to tap the full economic
and environmental potential of bamboo
and rattan eludes many countries
today”, says Hans Friederich, Director
General of INBAR. “GABAR helps close
this gap by providing easy access to
knowledge, practical tools and policy
guidance
for
countries
and
development programmes. A wealth of
information exists today on how to use
bamboo and rattan for economic
development. But it is difficult to find,
and it resides in different research
centres, organisations, government
agencies, and with experts worldwide.
At the same time there are areas where
we need more research and hard
evidence, such as: how much bamboo
and rattan exists in the world and
where is it located; what are the species,
their agroecological characteristics,
water and nutrient requirements; and
options for propagation and creation of
new bamboo plantations”.
Alley cropping at the International
Institute for Tropical Agriculture
(IITA)
Not all agricultural research is
successful, in spite of its promise and
considerable funding. For a number of
years, especially in the 1980s and 1990s,
research was conducted on hedgerow
intercropping (as it was known in the
World Agroforestry Centre) or alley
cropping (as it was known at IITA) as a
highly promising system for replacing
slash and burn agriculture in Africa and
elsewhere in the humid tropics. Alley
cropping was developed as a sustainable
agroforestry practice in which
perennial, usually leguminous, trees or
shrubs are grown simultaneously with
an arable crop. The trees are grown in
wide rows and the crop is planted in the
interspace or ‘alley’ between the rows.
During the cropping phase, the trees are
pruned and the prunings used for
animal feed, green manure or mulch to
provide nutrients, especially nitrogen,
and to improve the organic matter
status of the soil. The hedgerows are
allowed to grow freely when there are no
crops. Alley cropping retains the basic
restorative attributes of bush-fallow
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through nutrient recycling, fertility
regeneration and weed suppression, and
combines these with arable cropping.
However, in spite of millions of pounds
spent on research and its widely
demonstrated potential, alley cropping
has rarely been adopted by small scale
farmers. Very few have been able or
willing to adopt the complete package as
developed by researchers as it is seen to
be too complex, labour-intensive and at
odds with their normal crop
management practices. There has been
some success, however, where farmers
have adopted one or two components of
the system. In Kenya, for example,
some farmers continue to plant multiple
rows of leguminous trees next to field
boundaries, and in Rwanda, trees
planted in alleys by extension workers
have been retained but dispersed by
farmers throughout their fields. The
clear lesson here is that in order to be
adopted and make an impact, new
technologies must not only be
technically feasible and advantageous
but also culturally and socioeconomically acceptable.

training and demonstration plots, they
are helping to significantly improve fruit
productivity and quality. Furthermore,
the planting of new orchards has been
shown to help farmers to restore rocky
and barren soils in both Kyrgyzstan and
Uzbekistan.
In 2015, Bioversity launched a series of
ten videos that showcase the genetic
resources of fruit trees in the region.
They were sponsored by UNEP–GEF
through a project entitled: In situ/onfarm conservation and use of
agricultural biodiversity (horticultural
crops and wild fruit species) in Central
Asia. Filmed in Russian but with
English sub-titles, they are available for
viewing on the Bioversity webpage. The
videos cover topics ranging from
growing and storing local fruit crops, to
specific videos on apple, apricot,
blackcurrant, grape, pear, and walnut.

Geoff Hawtin

Bioversity International
Fruits and nuts are a key element in the
farming systems of Central Asia, and
they can be found growing in small
orchards on arable and mixed farms
throughout the region. As the centre of
origin of many species of global
importance such as apples, grapes,
walnuts and apricots, Central Asia is
home to a highly diverse gene pool of
both domesticated and wild types. Fruit
trees have evolved in the region to
withstand drought and survive severe
frosts, and many practices have been
developed to ensure their continued
productivity under harsh conditions.
Bioversity International has been
carrying out research on the
conservation and use of fruit tree
genetic resources in the region for over
15 years, working with partners in
Kazakhstan, Kyrgyzstan, Tajikistan,
Turkmenistan and Uzbekistan. More
than 400 varieties of fruit trees are now
being conserved and some 50 nurseries
have been established producing 1.5
million seedlings a year of apple, grape,
pomegranate, apricot and other fruits.
These nurseries act as a valuable source
of planting material for farmers and
their communities, and through
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News from the Field
Scaling-up agroforestry by increasing the
diversity and inclusiveness of options in
post-conflict eastern Democratic Republic
of Congo (DRC)
Emilie Smith-Dumont
Emilie is a PhD candidate in agroforestry at Bangor University. She also works as a research
associate at the World Agroforestry Centre (ICRAF) based in Kenya. Her work is embedded in
development projects, predominantly in DRC where she focuses on participatory action research
and investigates processes for integrating local and scientific knowledge. This aims to inform
decision-making about land use and natural resource management. e.smith@cgiar.org

Agroforestry options for multiple
benefits in a difficult region
In eastern DRC, armed conflict, erratic governance and poverty
have resulted in severe pressure on forests in the Virunga
National Park – a global biodiversity hotspot, and habitat of
iconic endangered species such as the mountain gorillas.
Pressure also extends around the park, where a historically
highly productive mixed agricultural landscape is now heavily
degraded with considerable depletion of natural resources.
Communities have suffered from a prolonged humanitarian
crisis and food insecurity continues to affect over three
quarters of the population. Most reforestation interventions
in the past have consisted largely of exotic monocultures
dominated by eucalyptus for the production of charcoal with
partial socioeconomic and environmental benefits. To
reconcile both conservation and production objectives around
the park, a research project led by the World Agroforestry
Centre (ICRAF) with the World Wildlife Fund (WWF), together
with their network of community-based organisations, aimed
to diversify tree planting and agroforestry options to restore
landscapes whilst improving the livelihoods of communities.

Novel methods for promoting
agroforestry
We used a methodological approach that combined the
systematic acquisition of local knowledge with multistakeholder structured workshops (Figure 1), as part of a
participatory and inclusive process to design agroforestry
options. We elicited local ecological knowledge about trees and
management practices through repeated semi-structured
interviews and focus group discussions using the
Agroecological Knowledge Toolkit. Farmers’ groups and
community associations, NGOs, scientists, and rural advisory
staff made use of facilitated workshops to feedback and validate
the information and to map out constraints. Opportunities for
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scaling-up a range of agroforestry practices were finally
identified with distinct tree portfolios and strategies for
overcoming barriers to adoption. The information was then
integrated with available scientific knowledge (natural
vegetation maps and records, tree databases, including
experiences from neighbouring countries such as Rwanda and
Uganda with similar agro-ecological features). This led to the
production of customised tree selection and management
guides and decision support tools.

Figure 1. Stakeholder engagement workshop in Goma, eastern DR Congo.

Agroforestry options matched to the
diversity of smallholders’ needs and
conditions
The knowledge-intensive approach to tree selection and
agroforestry management we used was successful in codesigning a greater diversity of options being recommended
by local stakeholders. These matched the heterogeneity of the
socio-ecological fine scale variation in the agricultural and
pastoral landscapes surrounding the National Park.
The process documented 120 trees, shrubs and lianas,
including 78 native species, identified as suitable for a suite of
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agroforestry practices for multiple products and services
delivery. These correspond to the wide agro-ecological
variations in the region as a result of altitudinal differences
ranging from 800m (equatorial forests in the river plains) to
2,500m (afromontane forest). They also include the needs of
a wide set of beneficiaries such as women (fruit trees, fodder
and firewood production, erosion control) or different ethnic
groups (Batwa for bee keeping and Baynarwanda for dairy
farming). They also matched the variety of farming systems
and discrete farm niches (species for orchards, boundary
planting, fodder banks, windbreaks, and shaded perennial
systems (coffee or cocoa)).

Lessons for scaling-up
Most agroforestry research, and the development agenda, has
long been dominated by approaches that tended to promote a
few priority species in restricted technological packages and
which had limited uptake. Scaling-up agroforestry
interventions to provide greater resilience requires us to move
beyond the concept of ‘silver bullets’ or ‘one size fits all’
agroforestry designs (Coe et al, 2014).
Integrating knowledge systems and ensuring stakeholder
participation is a crucial step in shifting from reliance on a few
priority tree species to promoting diversity. Building resilient
livelihoods and landscapes requires offering farmers a broader
menu of agroforestry options that match discrete farm niches
and preferences.

News from the Field 4 / Mailbox

Increasing interest in the contributions of agroforestry to
reverse land degradation and to create more resilient
multifunctional landscapes, with greater socio-economic
benefits, confirms that these methods have provided relevant
lessons for scaling-up (Smith-Dumont et al, in press).
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Mailbox
Towards higher food prices
Dear Sir,
Each of us repeatedly read, with interest but some bewilderment, David Colman’s reaction (in Ag4Dev27) to our article entitled
Perhaps we should all pay more for our food, published in Ag4Dev26. What is clear, however, is that our arguments in support
of higher prices for both food producers and food consumers completely failed to convince him. He glibly dismisses our thoughts
on the issue with an underlined conclusion that “the big questions for agriculture in the future are not about prices”.
Professor Colman has offered a useful list of some of the fundamental challenges facing food systems management. We agree
that he has pinpointed important areas for attention. However, the more we think about the extent of behavioural changes that
must be induced amongst the many players in the production, distribution and use of food, the more convinced we are that
policies leading to selective rises in food prices must play a key role in the adjustment processes.
Last September’s endorsement of the achievement by 2030 of the Sustainable Development Goals (SDGs), many of which relate
to food, adds a sense of urgency to the task. We need to quickly find better ways of aligning food production with healthier eating
(to end hunger and other forms of malnutrition, including those leading to obesity) while taking the pressure off natural resources,
slowing the processes of climate change, ensuring decent livelihoods for all who work in the food chain, and ending poverty.
As a result, we have decided to put our pens to paper again and to attempt to set out our case for higher food prices more
convincingly, mustering the latest evidence. We would very much welcome any thoughts and suggestions that Ag4Dev readers
might have on policies for speeding up the change to truly sustainable food production and consumption patterns so as to meet
the SDG commitments within the next 15 years.
Please address suggestions to the Coordinating Editor.

Andrew MacMillan and Peter Beeden
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Technology transfer: shortcomings
Dear Sir,
I read the article Technology transfer: shortcomings by Alan Yates (Ag4Dev, 27, 9-12) with interest.
Alan Yates’ conundrum
Alan brings his extensive experience to bear on the matter of technology transfer. He, rightly, suggests that transferring a successful
technology from one area to another can work, although in other instances it does not. He goes on to cite some examples which
he has come across and then turns to the role of research and extension.
Alan says that the reasons for failure and success need to be understood so that more effective mechanisms for diffusion of
successful technologies can be found. He speaks of participatory research as a good thing, which it is, and notes that this enables
farmers to try out and refine technologies for themselves. He notes that “questions remain about their costs and whether their
impacts can be scaled up beyond the relatively small numbers of farmers directly involved”.
He then states: “such widely experienced agronomists would not only be able to suggest technologies that could be transferred
from one country to another; they should have little difficulty in identifying many of the reasons for adoption or non-adoption.
This requires some facility with languages”. Lastly he says “the detailed reasons for the variable adoption of new and or proven
technologies require special investigation……” and noted the case of an adaptive researcher whose sweet potato varieties were
being stolen or not.
How to solve the conundrum?
The reflections and examples which Alan Yates provide are excellent, however they lack one ingredient which makes the cake rise,
the cow gives milk, and the extension and research organisations understand the whys and wherefores of farmers – that is
economics. I have been told bluntly by senior persons sent by the World Bank that economics does not apply to smallholder
farmers – we disagreed.
Apply partial gross margin analysis to what farmers do now, and compare it with the recommended technology. Which one gives
the better rate of return per shilling, kwacha, dirham or dollar? Is the difference significantly large to make the change attractive?
Look at the various options emerging from research, do the same test and take forward those which give the greatest return.
Farmers may not know the terminologies but they understand economics exceptionally well. The phrases ‘net present value’ or
‘discounted cash flow’ might be alien to them, but they know and apply the concept every day. Why do research and extension
leave them aside?
Furthermore, economics is the lingua franca of development. Once you have your analysis in hand, preferably in the form of a
spreadsheet, input the figures from the next location and you have a comparable answer.
There are difficulties. You have to elucidate the labour inputs and apply a cost to them, you have to work out the input costs at
the farm gate and the price which the commodity will fetch at the farm gate, but these are not insuperable especially if you have
a group of local extension officers sitting in the room with you. You have to work with sufficiently wide margin. A ten percent
return will make no impact, you need $1.50 per $ invested at least to gain any interest from farmers. Not long ago, my Tanzanian
colleague and I set about getting 150 extension officers to each produce a gross margin analysis for their conservation agriculture
farmer-managed demonstration plots. It might not have been precise science, but it was most illuminating to the extension
officers as well as to us.
At a series of field days in Vanuatu, farmers selected the sweet potato varieties which they took home for multiplication. The
subsequent gross margin analysis showed that those selected varieties gave returns per vatu far and away greater than the rejected
ones. Here is a mechanism whereby success can be analysed. Even better, it can be applied to research results so that only the
technologies more likely to be adopted are promoted. It can be applied season by season to take account of changes in prices of
inputs and products, as well as climate.
Messrs Tuck, Josling, Marsh, Harrison and Co were right.

James Biscoe

Benny Warren
Dear Sir,
In the course of my usual flicking through the magazine, before getting into it, I spotted Benny’s windy shorts. I couldn’t quite
make out if his pipe, which was usually not very far away, was in his mouth. This brought back memories of my first overseas
posting to Uganda, in 1965, which ended up with Benny being one of my mentors when he was head of the Land Planning Service
in Namalere. Your obituary certainly brought back memories of that tour, spending the majority of the time living in a caravan
just outside Masindi, and being paid five shillings a night to sleep in it!

Wilson McKinlay
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Every cloud has a silver lining, even over-grazing
Dear Sir,
I was interested to read the following in the book Life etched in stone: fossils of South Africa by Colin MacRae (1999):
“There is little more that delights the soul of an avid palaeontologist than seeing an overgrazed, rapidly-eroding landscape in
an otherwise lush high-rainfall area that, if properly managed, would just not reveal any [fossil-bearing] outcrop. A
palaeontologist’s dream in this situation is a soil conservationist’s nightmare!”(page 33).
It seems that every cloud has a silver lining, even over-grazing…….

Francis Shaxson

News from the Field
Modifying environment into predictable
harvests: an international meet
This was the official title of the event organised by the Dr
Panjabrao Deshmukh Agricultural Foundation at Akola,
Maharashtra, India, in February 2016. I duly alighted at Akola
railway station in the early hours of 4 February, after an 11hour overnight journey from Mumbai, not knowing quite what
to expect! But first, a little background about why I was there
at all.
In mid-2015, Lewis Wallis, a veteran TAA member, contacted
me to suggest that I attend the event to represent TAA. Lewis
had had long links with the Dr Panjabrao Deshmukh
Agricultural University (DPDKV), mainly through his
association with Farmers’ Dialogue (http://www.farmersdialogue
.org). Farmers’ Dialogue comprises a network of farmers
committed to produce the food everyone needs, to care for
natural resources and to be a responsible partner in the policydecision processes about the future of agriculture. Lewis was
unable to attend the meet but was keen that TAA should
develop links with the University and its charismatic and
enthusiastic Vice-Chancellor, Dr Ravi Dani, with a view also to
possibly creating exchanges with UK agricultural institutes.
Lewis also personally financed a year’s membership of TAA for
DPDKV as an institutional member. After several encouraging
phone calls from Dr Ravi, I booked my place, linking the visit
to other trips within India.
The meet was unlike conventional ‘conferences’. The 25 or so
invited participants, most of whom had links to Farmers’
Dialogue, included people from diverse regions: DR Congo,
France, S Africa, Uzbekistan, Australia, Zimbabwe, Switzerland,
Kenya, USA and the UK. The event was divided into three
main topics: introductions to the University and its facilities;
conventional paper presentations and discussions; and a twoday field visit. Throughout the five-day event, we were well
looked after by faculty members and researchers.
Akola is located in the dry-land farming region of the Deccan
Plateau, extensive plains of mostly Vertisols, producing mainly
food grains, cotton and soya. Cropping is adversely
affected by sparse and unreliable rainfall. The DPDKV

(https://www.pdkv.ac.in/#sthash.8BF9YUIj.dpbs) was founded
in 1969 and aims to support agriculture through
undergraduate and post-graduate training, and research. It
has two faculties: Agriculture, and Agricultural Engineering
and Technology. The 2,000 ha campus includes extensive
research and trial plots, focused on assisting dry-land farmers.
Especially interesting were the long-term conservation
agriculture trials of cotton on Vertisols, using Gliricidia leaves
as mulch. We also visited tangerine breeding orchards and a
demonstration area that emulates small farm conditions but
incorporates water harvesting tanks, pedal-operated sprinkler
irrigation (Figure 1), and drought-tolerant, indigenous fruit
trees. At the more technical level, we were shown the bio-tech
laboratories and DNA sequencing equipment, and joined a

Figure 1. Pedal- pump powered sprinklers.

Government Minister in the formal opening of the new centre
(complete with reference to TAA on the plaque). A walk around
the medicinal plants garden, run by the Indian Council on
Agricultural Research (ICAR), illustrated the enormous body
of knowledge that exists in India on ayurvedic medicine. To
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round-off the university introductions, Dr Ravi invited us to
join the Convocation ceremony for graduating students,
complete with academic robes and formalities.
The formal proceedings included a series of presentations,
mainly on the themes of Farmers’ Dialogue and related
subjects of small farmer development. I was asked to give a
presentation, at short notice and gave a paper focused on
small-farmers. Members of faculty later joined us for a wideranging discussion. At a concluding session, we reviewed our
learning from the field visits, papers and discussions. Climate
variability was a key topic, and the need to focus on farming
systems to assure sustainability.

Agriculture for Development, 28 (2016)

the upstream channels being excavated (by machines) and the
sediment spread on the land of adjacent farmers. This
technique is successfully applied elsewhere in the dry zones of
India, but not on the scale witnessed here (Figure 3). The
farmers seem happy, but on asking if they had been involved
in the design, the engineer said “No, they are too poor”.
Certainly the ‘environment has been modified’ and
‘predictability of yields’ increased, but at what cost, is it
reproducible and what happened to ‘farmers’ dialogue’?

The field visit entailed some long journeys in buses and a focus
on the overall theme: Modifying environment into predictable
harvests. The 5-star guesthouse at the Jain Irrigation
Company’s HQ above Jalgaon, was commensurate with what
is a multi-national corporation. Their solar systems, irrigation
technologies and tissue culture research are indeed impressive,
as is their global market reach (Figure 2).

Figure 3. Massive excavation of stream channel to create water storage.

As with all such events, it is the people you meet, more than
the technology learned, which counts. We were a small but
diverse group, and the DPDKV faculty members were
technically able and good-natured hosts. We learnt a lot from
personal interactions, especially on 7-hour bus journeys! Dr
Ravi and his team should be proud of the way this meet
developed. Memories of the event and his hospitable team
have spread round the world. We hope that DPDKV will
continue to interact with the TAA through their institutional
membership.

Keith Virgo
Figure 2. Dwarf mango trees, inter-planted with onions, Jain Irrigation.

The next day we visited small-farmer water conservation
schemes being funded by a wealthy local politician. Concrete
check dams are being constructed across seasonal rivers, with
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TAA Forum
Have you updated your TAA membership
subscription?
Changes to TAA membership subscription rates, approved at the
AGM on 11 November 2015, became effective from 1 August 2016.
These reflect the improved content, presentation and quality of
Agriculture for Development,
and the significantly enhanced
p
services now provided to members. The membership structure is
also simplified, which will facilitate administration by the volunteers
m
who manage TAA membership.
The new membership subscription
rates are as follows:

Gift Aid
If you have not yet signed a ‘Gift Aid’ form, please consider doing
so, since
thereflect
TAA willthethen
receive an
additional 25 percent of your
These
improved
content,
subscription from HMRC which will be used to support TAAF
awardees. Please contact the Membership Secretary (see below).
The new

Type of Membership
Full Individual (printed copies of Agriculture for Development)
On-line Individual (on-line copies of Agriculture for Development)
Student Membership (on-line copies of Agriculture for Development)
Corporate Members (printed copies of Agriculture for Development and online access for company staff)
TAAF awardee
Honorary members

To ensure ongoing membership, if you have not already done so,
PLEASE AMEND or set-up a Standing Order (our preferred means
of payment) for your annual payment on 1 August each year. This
will ensure that you continue to receive the journal and other
membership benefits. Payment can also be made by bank transfer,
on-line using PayPal, or by cheque. Bank details are available from:
treasurer@taa.org.uk

New Annual
Subscription
Rate (£)
50
40
15
120
FREE
FREE

How to become a member of the TAA
If you are reading someone else’s copy of Agriculture for Development
and would like to join the TAA, or would like to encourage or sponsor
someone to join, then please complete our application form at
http://www.taa.org.uk/membership-online-form.asp
Or, contact the Membership Secretary for more details
membership_secretary@taa.org.uk

Jim Ellis-Jones
TAA Treasurer

Lin Blunt
TAA Membership Secretary

Revisions to our annual schedule of meetings
With the purpose of making our Memorial Lectures more accessible
to a wider audience and to facilitate contacts with existing and
potential new members, ExCo has decided to revise our annual
schedule of meetings.

topic of Climate smart agriculture.
We are currently exploring with Reading University how best to
interact with TAAF awardees and Reading University students
during the afternoon of 9 November.

ExCo will continue to meet quarterly on the second or third
It is planned to hold the Annual Reunion in London in January, at
Wednesdays of January, March, June and September each year.
which there will more time for TAAF presentations, Regional and
Lin Blunt
Some of these meetings will be held outside London to provide
Specialist
Group Reports and to award our TAA Honours. This
T
TAA Membership
Secretary
opportunities for ExCo to interact with TAA’s Regional groups and
event will be followed by a reception.
Institutional Members.
The next Ralph Melville Memorial Lecture will also be an open
The Hugh Bunting Memorial Lecture will in future be open to the
lecture and will be held in March 2017 in Cambridge on the theme
public and co-hosted with Reading University. This year the lecture
of Food Systems. Future RMML lectures may be held at other
will be held on the evening of 9 November. It will be preceded by a
locations around the UK.
short Annual General Meeting to approve the Annual Accounts
Full details of these meetings will appear in issues of Ag4Dev and
and appointment of officers of the Association, and will be followed
under
the Events section of our website.
by a reception.
This year’s lecture will be given by Professor Tim Wheeler, formerly
of Reading and DFID, and currently Chief Scientist at NERC, on the

Andrew Bennett
President, TAA
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Publications and Communications (P&C)
Committee Update
Special Issue on Agroforestry
We are very grateful to Rob Brook, Tim Pagella and colleagues
at Bangor University for Guest Editing this Special Issue on
Agroforestry. They have done an excellent job.

member willing to Guest Edit this issue should contact the
Coordinating Editor. Any members willing to submit articles
on Drones in Agriculture, or Insects as Food, should also
contact the Coordinating Editor.

Next issues of Agriculture for Development

New member of the Editorial Team

Ag4Dev29, the Winter 2016 issue, will be another open issue
with no specific theme. Articles and other items are invited
from members.

We are pleased to welcome Professor Dyno Keatinge to the
Editorial Team. Dyno will contribute as a Technical Editor.

Ag4Dev30, the Spring 2017 issue, will be a Special Issue on
Climate Smart Agriculture. Any Institutional or individual
members willing to Guest Edit this issue should contact the
Coordinating Editor (paulharding@btinternet.com).
Future issues and topics

We are still seeking coordinators for Opinions Page, Obituaries,
and Reminiscences and Reflections. Please contact the
Coordinating Editor if you are willing to contribute to the
publication of your journal in this way.

Paul Harding
Coordinating Editor, Ag4Dev

A Special Issue on Women in Agriculture is planned. Any

Call for nominations for 2016 TAA Honours
and Awards

There are three categories of award:

The chair of the Honours Panel, Paul Harding
(chairhonours@taa.org.uk) welcomes nominations for each
of the above categories. Nominations close on 15th
September, after which the Honours Panel will make
recommendations to the TAA Executive Committee.

Development Agriculturalist of the Year is awarded in
recognition of outstanding contributions to agricultural
development, with a focus on increasing food production,
improving food security, reducing poverty and improving
environmental sustainability in developing countries.

Each nomination should include the name of the proposer and
seconder (both should be TAA members or employees of
Institutional Members) and a short statement of the ways in
which the nominee meets the criteria for the award for which
he or she is being nominated.

Young Development Agriculturalist of the year recognises
outstanding use of an opportunity (eg afforded by a TAAF
Award) for gaining a better understanding of constraints to
food security, poverty reduction and environmental
sustainability in developing countries, and for making an initial
contribution to overcoming these constraints.

Nominees for Development Agriculturalist and Young
Development Agriculturalist of the Year do not have to be
members of TAA.

Award of Merit or Honorary Membership is given to people
who have made outstanding contributions to meeting the
objectives of the Association. This category of award is
restricted to TAA members.

Paul Harding
Chairman, TAA Honours Panel

Each year, the TAA honours those who have made significant
contributions to agriculture for development and to the TAA
itself. These will be awarded at the Annual Reunion to be held
in January 2017.
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For more details, visit the TAA website, www.taa.org.uk and go
to ‘Honours and Awards’. Click here to see previous recipients
of awards
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TAA SW Branch Seminar: Ruminants – friends or foes?
Bridgewater College Cannington, 10 March 2016
Cattle, climate and questions
Professor John Wibberley

Introduction
“In order to feed the world of 7.25 billion people, predicted to rise
to 9.35 billion by 2050 (90 percent urban), we have to do to cattle,
sheep and goats what has already been done to the monogastrics
– pigs and poultry – over the past 50 years: viz intensification
and pursuit of least-cost-per-kg of product such that poultry
meat, once the luxury food, is now the cheapest”. That might be
the view of some – but is it right? Is it inevitable? What other
options are there? What are the facts and arguments surrounding
cattle and climate change – and to a lesser extent, sheep and
goats? FAO data indicate that the world currently has some 1.4
billion cattle, 1.1 billion sheep, 0.9 billion goats and 0.2 billion
buffalos. Livestock populations tend to grow in parallel with
human ones. For instance, in Niger current human population
is 18 million, projected to rise to between 43 and 77 million by
2050, depending on the success or otherwise of birth control
measures adopted. According to culture, many of the extra people
will wish to keep more cattle, goats and sheep.
This paper will focus on cattle but all healthy ruminants belch out
methane; and methane has about 30 times the potency of carbon
dioxide in terms of global warming effect. Obviously, a 10,000animal beef feedlot in North or South America occupying land
previously growing productive woodland/forest is hugely carbon
gases-generating, with net warming impact – particularly where
feed is grown intensively and transported long distances to reach
the cattle. By contrast, Send-A-Cow charity in 2007 did studies
showing huge positive impacts of a single cow on farm-household
system vitality and viability in Uganda – and in such integrated
systems, the carbon-footprint (notably methane + manure) is
offset by recycling, by fodder and tree planting such that over 5
years it is 2.5 times positive! (Wibberley, 2008). However, the 2014
film Cowspiracy: the sustainability secret (http://www.imdb.com/
title/tt33028), which went ‘viral’ in autumn 2015, highlights the
unsustainability and global warming tendencies of intensive cattle
systems (www.cowspiracy.com).
Livestock production contributes almost 80 percent of
agriculture’s total Greenhouse Gas (GHG) emissions. This arises
from deforestation to create pastures, emissions from livestock
manures (especially of nitrous oxide), and methane originating
from rumen fermentation (25 percent of it from dairy cows).
However, mitigation consists in keeping livestock in integrated
mixed farming systems. As people become wealthier, they tend
to consume more dairy products and meat, especially red meat
(from ruminants). McMichael et al (2007) recommended policy
attention to this on health grounds, notably its tendency to

increase ischaemic heart disease, obesity and colo-rectal cancer.
They noted that global daily consumption of all meats averaged
some 100 g per person, though this varied by ten-fold between
the lowest and highest consumption figures (eg Africa 31 g
‘developed’ countries 224 g). They suggested a daily target of 90
g per person maximum, with not more than 50 g as red meat.
Apart from health gains, eating more chicken and vegetarianfarmed fish would reduce agriculture’s output of methane and
protect wild fish stocks. Eating more crop products is more
efficient in delivering overall dietary supplies, bearing in mind that
currently over 900 million people – around one person in eight –
still go to bed hungry each night. The carbon footprint of beef
cattle was presented for Canada, the United States, the European
Union, Australia and Brazil (Desjardins et al, 2012). Values ranged
between 8 and 22 kg CO2e [equivalent] per kg of liveweight (LW)
depending on the type of farming system, the location, the year,
the type of management practices, the carbon allocation method,
as well as the boundaries of the study. Substantial reductions have
been observed for most of these countries in the last thirty years.
For instance, in Canada the mean carbon footprint of beef cattle
at the exit gate of the farm decreased from 18.2 kg CO2e per kg
LW in 1981 to 9.5 kg CO2e per kg LW in 2006, mainly because of
improved genetics, better diets, and more sustainable land
management practices.

Changes needed
From feeding the world as cheaply as possible, we need to move
to feeding the world as healthily and equitably as possible. To
attain this, the overall vision must be for ecosystem security
comprising food, water, energy, livelihoods and geopolitical
harmony aspirations. Meat and dairy products need to move from
least-cost-per-kg systems with maximised dietary proportion (as
a naïve sign of ‘increasing prosperity’) to an optimised, much
lower proportion of quality, pasture-fed items. Fertile pastures
sequester and store carbon!
Internationally, livestock integrated within farm-household
systems and landscapes provide huge benefits. By-products of
manure/urine become crop inputs enriching soils and composts,
and potentially generating biogas and natural pesticides. Hides,
skins, horns and wool sustain craft and utilitarian businesses.
Livestock provide private enterprise farmers everywhere with
valuable assets. They store wealth capable of natural capital
increase and regular cashflow generation with good management.
They can utilise otherwise wasted crop by-products as feedstuffs
or bedding. Extensively grazed animals maintain landscapes and
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countryside beauty required by civil society and tourism. Milk,
meat and dairy products greatly enrich human diets when taken
in moderation, though they can cause obesity and associated
diseases when consumed to excess (also losing food conversion
efficiency compared to direct vegetable consumption). The global
quest for monitored, sustainable ruminant farming systems is
vital (see Appendix).

Conclusion

Agriculture for Development, 28 (2016)

inspirational environment of Thiruvazhamkunnu, the group of
founders went on to develop that vision to a fuller understanding
of the potential of a Global Farm Platform for optimisation of
grazing livestock production systems. The ethos of this vision,
summarised in the Position Paper, Steps to Sustainable Livestock,
is now shared by a partnership of numerous scientists in worldleading universities and agricultural research institutions in six
continents. Their joint ‘Statement of Intent’ summarises shared
goals and strategy to achieve them. The Group welcomes
approaches from others with similar interests.

In short, properly integrated within farming systems, livestock
can improve energy-efficiency, quality of human diets,
environmental management, rural livelihoods and health of urban
populations.

Leaders: Professor Mark Eisler, University of Bristol; Professor
Michael Lee, University of Bristol and Rothamsted Research;
Professor Graeme Martin, University of Western Australia.
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Appendix: Global Farm Platform –
www.globalfarmplatform.org
In 2012, common ideals and goals led a diverse group of scientists
to create a vision of sustainable and responsible production of
healthy food from healthy animals. This began in India at
Thiruvazhamkunnu Farm of the Kerala Veterinary and Animal
Sciences University (KVASU), located in the foothills of the
Western Ghats, which is involved in livestock production research
under humid tropics in the changing climatic scenario, and also
in technology transfer and higher education. With 163 hectares,
it has a cattle and buffalo farm, native goat conservation unit,
fodder plots, agro-forestry plots, plantation crops, aquaculture and
some natural forest area. KVASU is in the process of transforming
this into a Model Integrated Farm where utmost importance is
paid to sustainability and ecosystem services. Stimulated by the

Objectives:

• To exchange knowledge, methodologies and data on global
farm platforms for ruminant livestock among academics,
through workshops, regional training sessions and
international research project development.
• To provide international experience, outlook and knowledge
to academic staff involved in the development and operation
of farm research platforms for ruminant livestock
production, through staff placements and exchanges – and
thus help inform policy makers in the participating
countries of the most efficient and therefore sustainable
systems for livestock production.
Partnership: The Global Farm Platform partnership brings
together the University of Alberta (Canada), the University of
Bristol (UK), Kansas State University (USA), Kerala Veterinary &
Animal Science University (India), the Instituto Nacional de
Investigación Agropecuaria (Uruguay), The University of Leeds
(UK), Massey University (NZ), Penn State University (USA),
Rothamsted Research (UK), the University of Sydney (Australia),
the University of Western Australia, the University of WisconsinMadison (USA) and Zhejiang University (China).

Dairy Products – good or bad for health?
Prof Ian Givens

Abstract
Public health nutrition is facing many major challenges and three
of these will shape food-related policy for decades to come. These
are the rapidly increasing burden of obesity, the increasing age of
populations, and the challenge of increasing world food production
by some 50 percent by 2030 to meet the increasing demands whilst
minimising the effect on the environment. Animal-derived foods
in particular have been highlighted as having a high environmental
cost, but much less attention has been paid to their role in healthy
diets that have impact from childhood to old age. Whilst most
people know that milk and other dairy products are very important
sources of dietary nutrients such as calcium and iodine, there is
more uncertainty about whether or not these foods contribute to
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increased risk of cardiovascular (CVD) and other chronic diseases.
The evidence from long-term cohort studies that high milk
consumption does not increase CVD risk, and indeed may provide
benefit, is now pretty unequivocal, although the effects of butter
and cheese as well as benefits of fat-reduced milk and saturated fatreduced milk are less certain. There is now good evidence that
specific health issues related to children (eg calcium intake),
pregnant women (eg iodine and iron status) and the elderly (eg loss
of muscle mass, vitamin B12 status) can be alleviated by animalderived foods or components of them, and these effects are not all
explained by traditional nutrition. They must however be
considered when debating future sustainable food production: for
example, a simplistic replacement of milk proteins by plant proteins
may not provide the same long-term health benefits.
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Grass-fed milk production for local markets
Neil Darwent (Director, Free-Range Dairy Network Community Interest Company (CIC))

Abstract
The current model for the British dairy industry, focussed on the
relentless pursuit of the mass production of increasing volumes of
commodity milk, is failing farmers. Producers need a value
proposition if they are to develop truly sustainable systems.
The industry is dominated by two huge processors. This removes
the identity of the farms and creates poor value. There is no
indication of where the milk came from, nor under what system of
management those cows are kept and fed.
Given this awful supply chain, distribution and sales environment,
the starting point for Neil and his colleagues was to identify what
needed to be done to make the idea of marketing milk from grassfed cows viable. The Free Range Dairy Network CIC was established
in July 2014 and now has around 50 farmer members. The biggest
challenge has been finding milk processors willing to segregate milk
from free-range herds. This is because the dedicated transport and
purging of lines in the processing plant adds additional cost for
processors. However, the milk is commanding a premium in the
marketplace to help cover these costs and, as sales volumes grow,
segregation charges will be diluted. The whole approach to
marketing free-range milk has been founded on collaboration, to
ensure that it delivers a viable proposition for all in the supply chain.
Some background research about consumers’ opinions established
that the public like to see cows in fields, and they are concerned about
cows that are housed permanently. Given this background the aim

of the group was to “define value at the source of production”.
Accordingly their marketing strategy was: “To promote the value of
milk and dairy products from traditional pasture-based dairy herds”
– from cows that live in fields! This gives consumers the opportunity
to make a more informed choice when buying milk.
Some declared standards have been established. Cows graze in
fields and spend at least 180 nights at grass. There is need to
distinguish between grass-fed and free-range: so there should be a
minimum grass inclusion of 50 percent dry matter basis
throughout the year. Milk from farms meeting these standards is
sold under the Pasture Promise label, a registered trade mark which
is licensed to dairy companies segregating and labelling free-range
milk.
The aim of the group is to encourage more dairy farmers to retreat
from grain-fed intensive production. Production levels may be
lower, but so too are costs. Moreover, there are fewer health
problems and cows are easier to get in-calf. The whole ethos thinks
less of volume and more of value.
Milk is now being processed and sold by small, independent dairy
companies. Dales Dairies in Yorkshire and Cotteswold Dairy in
Gloucestershire are two of the pioneering businesses that have
identified free-range farms within their respective milk pools. The
dairies commit to paying their farmers a premium for free-range
milk and the Free-Range Dairy Network CIC works in collaboration
with the dairy companies and their farmers to create new market
opportunities. There is now scope to achieve national coverage,
with milk already sold to top hotels and restaurants in London.

Managing ruminant microbes
Ian Martin

Abstract
The talk was prefaced by a reminder that the perception that
microbes are assumed to be either pathogenic or do not interact
with ‘higher’ organisms has been most unfortunate. We now
realise the symbiotic relationship with some microbes that all
animals and plants have. The aim of this presentation was to give
an overview of the ability of ruminants to exploit the evolution of
the grasslands of the world and how to minimise an
environmental downside. The cow was chosen as it has become
the focus of claims that it produces methane as a by-product of
its digestive process in amounts that contribute significantly to
global warming. This of course has to be balanced with the
dramatic loss of wild ruminant animals in Africa and North
America in particular, all of which were emitting methane. The
relative digestibility of cellulose, hemi-cellulose and lignin leads
to the varying value of grasses as feed for cows, but with grass and
many forbs (non-graminoid flowering plants) clearly superior to
woody browse in this respect.
The journey through the digestive system of the cow is described,
starting at the mouth where the grasses and forbs are torn out of
the pasture rather than nibbled (as with sheep) and mixed with

saliva that is crucially alkaline, but not chewed at this stage.
Regurgitating and ruminating on this mix enables much better
utilisation of this high cellulose (high fibre) ‘natural’ diet, provided
the neutral pH and anaerobic conditions are maintained. This
contrasts with the acidic environment of the gut of humans and
enables the proliferation of the cellulase-producing bacteria that
break down the cellulose and hemi-cellulose to give short-chain
fatty acids. These are the main source of energy for both the cow
and the plethora of microbes that inhabit its gut, and all of which
are either obligate or facultative anaerobes. However, the shortest
of the volatile fatty acids – formic acid – is not produced, but
acidifying hydrogen and carbon dioxide instead accumulate in the
rumen. It is speculated by the presenter that this is because
formic acid is damagingly acidic and also disrupts the activity of
mitochondria. Microbes belonging to the Archaea (a kingdom
separate from bacteria) then use these two gases before they reach
critical disruptive levels to produce the neutral gas methane that
the cow belches out. This solves the problem for the cow, but
introduces 250 to 500 litres of methane per cow per day into the
atmosphere. At least this gas does not escape into space as the
much-lighter hydrogen does.
Various feed additives were listed that have been shown to reduce
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methane emissions from ruminants, through all manner of
mechanisms. Examples are myristic acid (nutmeg oil),
prophylactic use of antibiotics (ouch!), ionophores, biotin and use
of genetic modification. However, a note of caution is given:
disrupting the normal biochemical pathways and mix of microbes
in the ruminant gut can have unintended and deleterious
consequences that require careful monitoring. The best results
are from ruminants in intensive production systems using high
protein feeds (maize and soya-bean based) that might be used for
feeding people: hardly appropriate for many pastoralists. There
are microbes (‘methanophiles’) that use methane to produce
carbon dioxide and water. These microbes occur in anaerobic

Agriculture for Development, 28 (2016)

sites, both natural and man-made areas such as waste treatment
plants, but also in the cow gut. They do not prosper sufficiently
in any of these sites to prevent the emission of methane for
reasons as yet unknown but under investigation.
The presentation concluded with two recommendations based on
present knowledge. Firstly, that the 10-15 percent energy loss to
the cow from methane emissions would be more than
compensated for by improvements in pasture management in
traditional production. Secondly, that it is time to review whether
the apparent desire to consume more and more meat as incomes
rise is really the best way to treat our bodies when combined with
modern lifestyles and expectations of a long life.

London/SE Branch, Curry Club talk, 25 February 2016
GM crops, the first twenty years: what’s not to like?
Jonathan Shoham
Jonathan Shoham is an agricultural economist who works across all stages of the agri-food chain
and undertakes projects for the private and public sectors in emerging and developed markets.
Prior to going freelance, Jonathan was Senior Economist and Head of Business Intelligence for
Syngenta. Jonathanl.shoham@gmail.com

Abstract

Current status of GM traits

This paper reviews the first 20 years of experience with
genetically modified (GM) crops and attempts to take a
balanced view of an area where emotions run high and even
the definition of what constitutes GM is disputed. The
technology has rapidly penetrated those markets where it has
been permitted to enter. The reasons for this success are
examined. At the same time problems of weed and insect
resistance are beginning to emerge. With R&D expenditure on
GM technologies already high and continuing to grow, the rate
of future GM trait introductions shows no sign of slowing.
However the market impact (if not the social impact) of traits
in the private and public sector pipelines might be more
incremental than those of traits already launched, particularly
as the locus of innovation moves from input traits to
agronomic, processor and consumer traits. Regulatory factors
will continue to have a large influence on the future prospects
for GM.

It is twenty years since the introduction of the first significant
commercial GM crops – Roundup Ready soybeans and Bt
cotton in the US in 1996. Since then the growth of GM crops
has been meteoric, arguably faster than that of any previous
agricultural technology. The average rate of growth in area
terms between 2000 and 2008 was 10-20 percent per year,
before it slowed to single digit growth from 2009-2014, and
declined for the first time in 2015 (Figure 1).

Introduction
2015 marked the 20th year in which GM crops have been
commercially available. During this time their growth has been
rapid, and in most crop-country situations where they have been
launched they have achieved market maturity. However, despite
these successes, there remains a lot of hostility towards them in
some quarters and this has limited their entry into many parts of
the world. As views on GM crops tend to be polarised it is difficult
to obtain an objective picture. The purpose of this paper is firstly
to review the achievements and benefits of GM crops and to
understand why they have been so successful in markets where
they have been allowed to enter, and secondly to examine some
of the drivers which will influence their future prospects.
50

Figure 1. Growth of GM crop areas by country, 1996-2015 (Source: International
Service for the Acquisition of Agri-Biotech Applications (ISAAA)/J Shoham).

GM crops are now sold in 28 countries and on 11 crops: maize,
soybeans, canola, cotton, sugar beet, papaya, brinjal, squash,
alfalfa, potato and apple (Figure 2). Currently 10 percent of the
global crop area of major arable crops is planted with GM crops.
The area penetration for the four major GM crops (soybeans,
maize, cotton and canola) is 82 percent, 30 percent, 68 percent
and 25 percent respectively (Figure 3).
In countries and crops where they have been introduced, GM
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Figure 2. GM countries, 2015 (Source: James, 2015).

customers – mainly farmers, but also processors and consumers
– significant benefits. This paper will look at the pros and cons of
GM crops, briefly describe the regulatory environment, look at
emerging GM technologies, and anticipate how GM might evolve
in the future. GM evokes strong emotions and it is difficult to find
an objective view. Stakeholders are either very much in favour,
such as the ISAAA whose raison d’etre is to promote GM, or very
much against, as with many NGOs, some of which resort to illegal
acts by destroying GM trials.
Figure 3. GM penetration of major crops, million acres (Source: James, 2015).

Definition and typology of GM traits
Before proceeding, it is important to define what is meant by GM,
itself no trivial task. For the purposes of this article, GM refers to
crops where a gene has been introduced which could not occur
naturally, as with the introduction of the Bt gene into maize or
cotton. Naturally occurring of ‘native’ traits which have been the
subject of accelerated development through techniques such as
marker assisted selection are not considered to be GM. The jury
is still out on whether the new technique of CRISPR (Clustered
Regularly Interspaced Short Palindromic Repeats) Cas9 is to be
considered GM by the EU. The US has so far decided not to
classify CRISPR as a GM technology.
GM traits can be considered to fall into four broad categories, which
benefit different actors along the value chain, as shown in Table 1.

Input traits
Figure 4. GM trait penetration over time in the United States (Source: USDA ERS,
2015).

crops commonly achieve over 90 percent penetration of the
crop area within 5 years (Figure 4).
This penetration is despite the strong opposition from various
Non-Governmental Organisations (NGOs) such as Greenpeace,
GeneWatch etc. Were it not for this opposition, the penetration
and growth would undoubtedly have been higher. The technology
would not have achieved this success if it did not offer its

Input traits account for most of the GM traits so far introduced and
most of the GM crop area. There has been a constant flow of new
trait introductions which has driven GM crop area growth (Figure 5).
The most important input traits are shown in Table 2.
There has been an increasing tendency to combine more than
one trait into crops, particularly for maize and cotton, and
crops with up to eight ‘stacked’ traits can now be obtained eg
Dow’s Smartstax maize. This increases the value of the crop
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productivity increases. The rapid increase in use of no-till in
Argentina during the 1990s (Figure 7) could not have been achieved
without the introduction of Roundup Ready soybeans and maize.

Figure 5. GM trait introductions (Source: Phillips McDougall, 2016).

to the farmers and has resulted in the value of GM seeds
growing faster than the volume (Figure 6).
Figure 7. Area under no-till production in Argentina, 1991-2008 (Source:
AAPRESID, 2012).

Figure 6. Value versus volume of GM traits (Source: Phillips McDougall, 2016).

As mentioned above, such growth would not have occurred if the
technology did not offer farmers significant benefits. A recent metastudy (Klumper & Qaim, 2015) showed that GM crops lead to yield
increases of 22 percent on average, and reduce the number of sprays
by 37 percent (Figure 8). The combined impact is an increase of
67 percent in farmer income. In addition to the direct impact on
productivity through crop yields, GM crops, specifically those with
glyphosate tolerance, facilitate weed control and the use of no-till
techniques, which in turn enables double cropping in some cases
– for example, of soybeans in Argentina. This then results in

The main problem with GM crops with input traits is the
development of weed and insect resistance. The widespread use
of glyphosate resulting from the spread of herbicide tolerant crops
has led to a significant increase in the number of weed species
which have developed resistance to glyphosate. As of early 2016,
there were 34 weeds which had been identified as having
developed glyphosate resistance (Figure 9). The response of the
industry has been to develop crop resistance to other herbicides
– notably dicamba, 2,4-D, and 4-hydroxyphenylpyruvate
dioxygenase (HPPD) – so that herbicide management and rotation
strategies can be employed to combat the rise of resistance. These
new herbicide tolerance traits are only now being launched.
Bt resistance is also spreading, although as of 2012, most pest
populations remained susceptible. However a reduction in
efficacy was observed (Tabashnik et al, 2013).
Whilst most of the success of GM crops so far can be ascribed to
input traits, there are several cases of input traits which have been
developed and approved to the point where they could be

Table 1. Typology of GM traits and their beneficiaries.
Type of trait
Input traits

Beneficiary
Farmer

Agronomic traits

Farmer

Processor traits

Processor

Consumer traits

Consumer

Examples
Insect resistance
Herbicide tolerance
Drought tolerance
Nitrogen use efficiency
Amylase
Phytase
Bio-fortification
Modified oils

Table 2. Major input traits launched and in development (Source: J Shoham/Phillips McDougall, 2016).
Crop
Maize

Insect resistance Herbicide tolerance Other
Glyphosate
Bt
VIP***
Glufosinate
2,4-D*
Dicamba*
HPPD**
Soybeans Bt
Glyphosate
Glufosinate
Cotton
Glyphosate
Canola
Glyphosate
Glufosinate
Sugar beet
Glyphosate
Papaya
Virus resistance
Aubergine Bt
* launch phase; ** in development; *** VIP = vegetable insecticidal protein
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Some examples of agronomic traits are given in
T

Table 3. Major agronomic traits launched and in development (Source: J Shoham/Phillips McDougall, 2016).
Agronomic trait
Drought tolerance

Crop
Maize

Nitrogen use efficiency
Salt tolerance
Heat tolerance

Maize
Rice
Wheat

Figure 8. GM trait benefits (Source: J Shoham/Klumper & Qaim, 2014).

Stage of development
Launched in US in 2013
Under development in Africa
Field trials
Field trials
Field trials

processes both in the food chain and in industrial processes using
crops as feedstocks. Thus Syngenta’s Enogen maize, with inbuilt
alpha amylase, is being used by US bioethanol producers to avoid
the need to add the enzyme separately and to increase the efficiency
of their process. Another processor trait is maize that produces its
own phytase, thus avoiding the need for it to be added separately to
the feed. This is being developed in China. Indeed, one of the first
GM traits introductions, in 1996, was a processor trait, in the form
of Zeneca’s tomato puree made from GM tomatoes. This was easier
to process than conventional tomatoes and less subject to spoilage
during transport. Hence the puree could be sold more cheaply than
alternatives. However sensitivity to possible consumer concerns
caused the supermarkets that launched the product to subsequently
withdraw it in 1999. A more recent example of a processor trait that
was launched and then dropped due to GMO opposition is BASF’s
Amflora potato, which had cost and environmental advantages in
the production of starch.

Consumer traits

Figure 9. Growth of weed resistance to glyphosate (Source: Heap, 2016).

launched but have failed to reach the market due to resistance
from the food chain, opposition from NGOs or Government
caution. Examples are Bt potatoes and glyphosate tolerant wheat
in north America (food chain resistance), Bt brinjal in India (NGO
opposition) and Bt rice in China (Government concerns). All
these cases relate to food crops which are directly consumed,
where sensitivities seem to be higher than for crops used mainly
for animal feed, as in the case of soybeans and maize.

Agronomic traits
Agronomic traits providing benefits such as drought tolerance,
have only appeared in the market in the last few years. For
example, Monsanto’s DroughtGard maize was launched in the
US in 2013. They have taken longer to develop and launch than
input traits because they can be technically more challenging –
involving more genes than some input traits – and because the
benefits can be less dramatic – the sort of claim made for drought
tolerance is that it results in yield benefits of 10 percent. Some
examples of agronomic traits are given in Table 3.

Processor traits
Processor traits are often aimed at improving the efficiency of

Consumer traits are those directly benefiting the general public.
Most work in this area relates to health benefits and involves
modification of the oils of oilseed crops or bio-fortification of a range
of crops. Oilseed crops such as DuPont’s Plenish high oleic
soybeans, with a modified healthier oil profile and increased oil
stability, have been around for several years, but have remained fairly
niche products. Bio-fortification has been the subject of a lot of
work in both the public and private sectors and involves enhancing
a range of crops with vitamins and minerals. The most high profile
example is Golden rice, which addresses the problem of vitamin A
deficiency – a deficiency that affects millions of children around the
world and can lead to blindness. Despite the enormous possible
benefits in terms of reducing cases of blindness, the trait has yet to
be approved because of opposition from NGOs. There is also a lot
of non-GM work being carried out on bio-fortification, particularly
as part of the Harvest Plus project. As yet no bio-fortified crop has
been launched.

Regulatory aspects
The regulatory position on GM crops is complex and somewhat
confusing. In the Americas, where GM penetration has been
highest, clear GM registration procedures exist in most countries,
including the largest agricultural markets of the US, Canada, Brazil
and Argentina. In the US, however, there is an ongoing debate about
the need to label foods deriving from GM crops. In the absence of
a clear consensus, the food industry itself is taking the initiative.
General Mills has decided voluntarily to label GM foods. Hershey,
on the other hand has elected to stop using sugar beet as a source
of sugar, preferring to use only sugar cane in order to avoid the risk
of sourcing from a GM crop.
In Africa, South Africa has a clear biosafety regime which has
encouraged the adoption and penetration of GM crops. Whilst a
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handful of other African countries have biosafety regimes in place,
the majority do not.
Australia and the Philippines have been relatively open to GM crops.
India and China, however, have been ambivalent. Both countries
have registered Bt cotton, which has gained rapid and significant
penetration, but they have been reluctant to register other GM
crops, even though they have been fully evaluated and shown to be
safe, due to concerns over the public reaction (to Bt rice in China
for example) and opposition from NGOs (to Bt brinjal in India for
example). Again, it is the sensitivity to GM indirectly consumed
food crops that is the issue.
There are clear signs of a more positive government attitude to GM
crops in China, where recent speeches by government figures have
stressed the need to employ the technology to address food security
issues. One reason for ChemChina’s proposed acquisition of
Syngenta was to gain access to its GM technology.
It is in Europe that the opposition to GM is the strongest and the
regulatory situation the most dysfunctional. Whilst some European
countries are generally favourable towards GM, such as the UK, others
are strongly opposed, such as Germany. The European Commission
has continuously delayed decisions on the issue and there remains
confusion as to whether decision making can be delegated back to
Member States. When the EC’s chief scientific advisor was removed
from her position in 2014, and the post she held abolished, this was
reportedly because of her support for GM crops.

R&D situation for GM crops
Despite the regulatory uncertainties, the industry continues to
invest heavily in GM. The R&D spend on seeds and traits has grown
to the point where it has overtaken that on crop protection, as
shown in Figure 10, and it shows no sign of slowing.

Figure 11. R&D spend on seeds and traits as a percentage of sales (Source: Phillips
McDougall, 2016).

virus resistance potatoes. In Uganda there is work on bananas to
enhance the vitamin A content and to make them resistant to
Xanthomonas. This shows that not all GM research is commercially
driven. According the ISAAA, there are 85 traits in the industry and
public sector pipeline.
There has been a continuing call for a second ‘Green Revolution’,
particularly in relation to Africa where productivity has lagged
behind that of the rest of the world. It could be argued that GM
crops, whilst not a silver bullet, have an important part to play in
achieving this and certainly offer vast potential. The extent to which
this will be realised, in the face of continuing NGO, and in some
cases public opposition, remains an open question.

Conclusions
Hitherto, most GM crops have been based on input traits. Their
growth has been rapid in markets where they have been
allowed to enter, reflecting the farmer benefits of increased
yields and decreased costs. It is unclear whether GM crops
based on agronomic, processor and consumer traits will
achieve the same success. However, the industry continues
to invest heavily in R&D, suggesting that there is scope for
further growth in this technology. Whether this is realised will
be greatly influenced by the regulatory situation and
particularly whether countries which have hitherto remained
closed to GM traits will open up.
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Abstract
Crop Performance Ltd engaged in a collaborative project to create
a yield model that has the potential to predict monthly yield data
for made-tea at the field level. The model was developed using a
hind-casting approach leveraging 15 years of historical Normalised
Differential Vegetation Index (NDVI) data from satellites and
historical meteorology data to determine the capacity for light
interception by the tea canopy. This was then combined with
ground collected solar radiation data to determine a potential for
photosynthetic output by the crop. This potential was then
converted to an estimate of actual dry matter accumulation by
taking account of the effects of critical environmental factors:
temperature, evaporative demand, soil-water-status, crop-waterstatus, nutrient-status of the crop and nutrient uptake by the crop.
Accumulated dry matter was then converted to a yield of made-tea
by proportioning the dry matter to various parts of the crop: the
absorbing roots; structural (woody) parts of the plant above and
below ground; leaves; and those leaves that were harvested (that
became the yield of made-tea). Critical to the workings of this
model are the collection of robust environmental data pertinent to
each estate. The outcomes inform a yield forecast and the water
and nutrient status of the crop.

Introduction
In tea production there is a need to be able to monitor and plan
productivity. Essential to this is knowledge of the impact and
implications of crop nutrition, crop water status, and management
practices, on the growth and development of the bushes and the
resulting yield. This understanding not only relates to yield
maximisation, but also the optimisation of cropping efficiency and
management productivity. This in turn leads to profitability.
Tea bushes were grown on Kenyan estates, and were typical of tea
grown in East Africa from clonal material or from seedlings
(seedling tea) of mixed genetic origin (Tea Research Foundation,
1990). As a woody perennial plant, tea develops a woody
architecture of both shoots and roots from which the leaves and
absorbing roots grow respectively (Pallardy, 2008). Although the
absorbing roots and leaves are often seen as more biologically active
material, the vascular system of the woody material plays an
important part in the physiology of the plant as the conduit for
water, sugars and nutrients up and down the stem, as well as the
production of phytohormones and other important metabolic

chemicals. In addition, growth is not just at the terminal shoot and
root buds, but also in the cambium of woody tissues which result
in growth rings (Pallardy, 2008).
The amount of radial growth in woody tissues is similar each year
for similar environmental conditions and is the reasoning behind
using tree growth ring data to study historic weather conditions
and climate change (Pallardy, 2008). This means that the
partitioning of dry matter is heavily influenced by the amount of
differentiation in woody stems (the degree of branching) and the
length of each element (branch). The distribution of dry matter
between woody tissues and leaves is one of the major causes of
variation in yield both between clones and with age (Burgess & Carr,
1996; Ng’etich & Stephens, 2001; De Costa et al, 2007; Dutta,
2011).
Tea crop management includes a number of practices that alter
growth and development (Tea Research Foundation, 1990; Dutta,
2011). Harvesting leaves by plucking, by its very nature, alters the
canopy and removes canopy dry matter and it was anticipated that
this would have a subtle impact on canopy cover. Pruning is
typically carried out in four year cycles and is a more aggressive
removal of structural shoot material. Following both plucking and
pruning, not all leaf material is removed and there is a pool of
retained leaves (leaves remaining after plucking or pruning) that
continue to photosynthesise and contribute dry matter to both the
growth and development of the bushes, and to the next harvest (De
Costa et al, 2007). The partitioning of dry matter between retained
and harvested leaves also varies with age, but there is less apparent
variation between clones (Burgess & Carr, 1996).
While light interception by the bushes is the important driver of dry
matter production (Ng’etich & Stephens, 2001), the production,
development and promotion of yield is as much about dry matter
partitioning as it is about dry matter production (Burgess & Carr,
1996; De Costa et al, 2007; Dutta, 2011). The crop intercepts light
with leaves and uses it to make carbohydrates via photosynthesis.
Traditionally crop models estimate light interception by the plant
via measurements of incident radiation, or photosynthetically active
radiation (PAR), and a description of the light profile down the
canopy from leaf area index (LAI) measurements and a
corresponding extinction coefficient (Pallardy, 2008). However, LAI
is a two-dimensional description of a three-dimensional architecture
and is prone to error. The introduction of normalised difference
vegetation index (NDVI) and the possibility of its remote
measurement via satellite or drone, allows a more realistic
description of light interception with respect to how the canopy
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actually functions. NDVI is the ratio of reflected near infra-red
radiation (NIR) minus reflected red-light in the visible spectrum
(VISR) to the NIR plus VISR ( ie NDVI = NIR-VISR/NIR+VISR).
The absorption of light by the chlorophyll pigments in the visible
range, and the strong reflectance in the NIR range, means that the
more leaves and chlorophyll a plant has, the greater the degree of
VISR absorption and the greater the degree of NIR reflectance such
that the ratio approaches 1. Whereas when plants grow with poor
pigment contents and few leaves, or lose pigments and leaves under
stress, then the ratio approaches 0 (Ustin et al, 2009). The NDVI
bears a near linear relationship with LAI (up until NDVI equals 1),
the fraction of photosynthetically active radiation (fPAR) (Mynemi
& Williams, 1994), and photosynthetic biochemical content. By
using NDVI it is possible to avoid using LAI and extinction
coefficients and simply correlate NDVI to dry matter production via
measurements of incident radiation. Generally, vegetation indices
and normalised ratios have been shown to be strong indicators of
photosynthetically active biomass (Van Der Meer et al, 2001) and
avoid the errors associated with LAI.
The water use efficiency of tea bushes has been the focus of many
studies, with rooting depth and root distribution identified as traits
of interest (De Costa et al, 2007). The ability of roots to penetrate
the soil is also important, with impedance sited as a barrier to root
depth (Pallardy, 2009). The soils of the tea estates were sandy loams
to sandy clays typically consisting of 60 percent sand, 16 percent
silt, and 24 percent clay (data supplied by Tea Estate owner).
Without the presence of organic matter the soil available water
capacity would only be around 130 mm/m (Marshall et al, 1996).
Therefore, the presence of soil organic matter will have a significant
impact on the yield of the cropping system when rainfall is limited.
Nutrients were applied to the tea bushes as inorganic fertilisers
commonly containing a ratio of 25:5:5 nitrogen (N), phosphorus
(P) and potassium (K) with the addition of sulphur (S), and
occasionally, magnesium (Mg) and zinc (Zn) (data supplied by Tea
Estate owner). The organic matter will also contribute to or deplete
the nitrogen content of the soil depending on the soil conditions.
Turnover of high carbon-containing compounds such as cellulose
and lignin with low nitrogen content will tend to remove soluble
nitrogen from the soil. When soil is saturated for long periods,
denitrification will also remove soluble soil N. In contrast, when
soil is well aerated, nitrogen fixing bacteria will add soluble N to the
soil. Well stabilised organic matter will also contribute a slow release
of soluble N (Marschner & Rengel, 2011). The uptake and
distribution of nutrients within the crop must be aligned to the
production and partitioning of dry matter, otherwise leaves,
absorbing roots or the cambium will become deficient and their
physiological processes compromised (Marschner & Rengel, 2011).
To model the productivity of the crop, light interception and
conversion to dry matter is the starting point in the process of yield
development, but this is optimised by the presence of water and
nutrients in leaves in optimum amounts. Equally the uptake and
distribution of water and nutrients throughout the crop relies on
the health of absorbing roots and the vascular system. This
intrinsically links growth to the water cycle and nutrient cycles. The
partitioning determines the proportion of dry matter that becomes
yield but also drives light interception, water uptake and nutrient
uptake. The influences of management practices and harvest
methods will change and control the partitioning of dry matter and
affect yield.
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Remote sensing
Remote sensing provides an opportunity to study vegetation
condition and observe seasonal vegetation dynamics, with the
potential to understand vegetation-climate system interactions
(Reed, 2006). There is also the opportunity to observe vegetation
over large areas over time, with the potential to understand the
effects of climatic change and management practices at the local
scale. An integrated observation strategy on a variety of temporal
and spatial scales, gives a quantitative understanding of the links
and feedback mechanisms between energy exchange and the
vegetative canopy, the atmosphere and the soil.
Visible light reflectance from a leaf is linked directly to chlorophyll
concentration, whilst near infrared (NIR) reflectance is independent
of chlorophyll concentration and governed by the internal structure
of the leaf (Gausman, 1977). In the NIR spectral domain (701-1,300
nm), leaf structure determines the reflectance properties. The NIR
spectral region can be divided into two spectral sub-regions: (i) 7011,100 nm, and (ii) 1,100-1,300 nm, which correspond to the
transition between high NIR reflectance and water-related
absorption bands of the middle infrared. The intensity of NIR
reflectance from vegetation is commonly greater than from most
non-vegetated surfaces, so allowing vegetation to be discriminated
against the ‘darker’ surrounding matter (soil, urban areas etc). For
a leaf reflectance spectra, the absorption features corresponding to
400 nm and 700 nm, approximating to the green and red
wavelengths, are attributed to chlorophyll; whilst the peak in the
NIR wavelengths are due to reflection of radiation from the leaf
internal structure. It is these characteristics that allow
determination and estimation of vegetation condition and status
from satellite sensors (Table 1).
Vegetation Indices (VI) are designed to emphasise the differences in
spectral reflectance between the wavelengths and variables under
study, which for vegetation applications are usually in the red and
NIR regions of the reflectance spectrum. Indices based on optical
wavebands exploit the fact that green vegetation absorbs radiation
in the red wavelengths, due to the presence of chlorophyll and other
photosynthetic pigments in leaves, and strongly scatters solar
radiation in the NIR wavelength because of internal leaf structure.
The output of such indices is an empirical measure of the
biophysical variable being investigated. Due to their robust
relationship with canopy variables, vegetation indices have a wide
range of usage within the agricultural user community.
In this study we utilised the availability of data from the NASA
Landsat satellite – the longest running Earth observation continuity
programme, which provides data to the scientific community on
an open data policy. Landsat, which has a spatial resolution of 30 m
and a temporal revisit time of 16 days, allows its use for vegetation
monitoring. In addition, bands in the red and near infrared regions
of the reflectance spectrum allow vegetation indices such as NDVI
to be derived – allowing characterisation of the vegetation canopy
throughout the growing season. In reality, the Landsat archive does
not however allow characterisation of canopy every 16 days. Cloud
cover, system maintenance and sensor reliability leads to gaps in
the temporal coverage. However, Landsat still provides the most
complete image archive for the characterisation of the Earth’s
surface (moderate resolution sensor). For this feasibility study, the
Landsat image archive needed to be processed in order to remove
any image artefacts. This involved:
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It is these characteristics that allow determination and
e

Table 1. The characteristics of spectral regions and their relationships with attributes of plant canopies.
Relation to
amount of vegetation

Region of spectrum

Wavelength (nm)

Characteristics

Green

350-500

Reduced pigment
absorption

Weak positive

Red

600-700

Strong chlorophyll
absorption

Strong negative

Red edge

700-740

Transition between
strong absorption and
strong reflectance

Weak negative

NIR

740-1,300

High reflectance

Strong positive

• Correction for the effects of terrain. The imagery was
registered to the locum mapping DATUM to increase the x,
y positioning of the data. This was carried out using ESA
BEAM software, the provided USGS ground control points
and NASA ASTER DEM.
• The pixel values, which were originally provided as DN
(digital numbers) were converted to radiance, and then
bottom of atmosphere reflectance values utilising the
functionality provided in the SCP QGIS plug in.

Where sufficient data were extracted, an oscillation in NDVI values
(Figure 1) was detected that coincided with tea plucking
frequencies. The changes in NDVI may reflect changes in the
chlorophyll content of new leaves and the remobilisation of N from
retained leaves rather than physical removal of leaves. Falls in NDVI
also corresponded to periods with reduced rainfall (Figures 1 and
2). Pruning fields brought about an overall reduction in NDVI of
around 10 to 15 percent.

Tea yield model architecture

• Atmospheric turbidity was normalised in all images used in
the feasibility study using the ‘Dark Object’ subtract
The model uses solar radiation measurements from weather
method, which utilises a common scene property (a dark
stations captured by the tea canopy, the efficiency of which is related
object) to common reflectance. This one object was
to the
which
is gained
from periodic
normalised between all scenes thereby
removing
any effects
In reality,
the Landsat
archive does
notNDVI
however
allow
characterisation
of satellite images from
Landsat. The NDVI of tea has a periodic shift from a minimum to
of the atmosphere.
c This method (or any other) cannot be
maximum as a result of leaf removal by plucking and subsequent
used to correct for cloud cover. Cloud cover, including cloud
re-growth. Environmental factors resulting in water stress or
shadow, was managed using the Landsat 8 cloud mask
nutrient deficiency can also influence NDVI. For the purposes of
product. In Landsat 7 data, cloud was removed using image
hind-casting, average NDVI over the yearly period is used to take
classification techniques to create a unique cloud mask.
account of the periodic changes in NDVI caused by plucking,
This was done on a scene-by-scene basis to minimise any
pruning and environmental stresses.
potential errors.
The conversion of captured light to dry matter is augmented by the
physiological status of the leaves. The main components of the
physiological status are:
• Temperature status. The effect of leaf temperature on
conversion is a function of ambient air temperature and is
derived from observed daily maximum and minimum air
temperature.

Figure 1. Changes in NDVI and rainfall (mm) in Field 37 during 2013.

• Leaf water status. The balance between evaporative
demand and soil water availability. This is determined from
the daily standard evaporative rate calculated using the
Penman-Montieth method and a mass balance approach to
determine soil water content.
• Leaf nutrient status. The balance between the optimum
level of nutrient required for optimum physiological
efficiency and the actual nutrient status, for N, P, K and S.
This is determined from soil nutrient availability, nutrient
uptake rate and the nutrient requirements of different parts
of the tea crop.

Figure 2. Changes in NDVI and rainfall (mm) in Field 33 during 2012.

The model runs on a daily time step controlled by a range of inputs.
These are used to determine the amount of intercepted radiation
and the leaf temperature status, leaf water status, and leaf nutrient
status. This gives a value for the daily net dry matter production.
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The ‘status models’ are controlled by phenological traits (those
specific to a given variety or clone of tea) and affect the central model
for dry matter accumulation in a combined effect. The leaf nutrient
status model is also influenced by the NPKS uptake model (another
phenological model which includes root nutrient status). The
phenological models are also controlled by central models of soil
water, soil nutrients and evaporative demand in a mass balance
approach.
The total dry matter production is then assigned to the growing
parts of the tea crop. These dry matter pools are the new shoots
and leaves, the newly produced absorbing roots, and the newly
produced vascular tissue on woody parts of the root and shoot
system, described in the model as the support tissues. The
partitioning of dry matter is influenced by the:
• Age of the crop. Newly planted crops have a phase of
canopy development where the proportions of support
tissues, leaves and the harvested leaves changes as the
canopy architecture develops. As crops age, the proportion
of dry matter needed to sustain the expansion of woody
tissues increases.
• Pruning and subsequent re-growth. Pruning alters the
balance of woody tissues and leaves, which then redevelops
in re-growth.
• The distribution of dry matter between woody tissues and
leaves is both one of the major causes of variation in yield
between clones, and with age. This is also combined with
the changes in yield caused by the shift in the ratio of
harvested leaves against retained leaves as newly planted
crops develop.

Conclusions
At present the model is aligned to annual yields of made-tea and
can account for 90 percent of the variance when appropriate input
data are used. Annual NDVI inputs can be used to drive a predictive
model and can be established semi-stochastically from historical
data. Given the gap between the dry matter harvested in the field
and the actual production of made-tea it is probable there is error
introduced that will account for a proportion of the variance seen
in yield data (Tea Research Foundation, 2009). It may be more
appropriate to introduce a new measure of factory delivered tea, ie
the tea that comes to the factory gate from each field, which will
then become made-tea. In this way the yield predictions may be
more reliable but also relationships between the amount of delivered
tea and the amount and quality of made-tea can be established.
Where pertinent environmental data are available that accurately
describe the crop environment, and when the development of the
dry matter of the clones is well understood, the model works well
in describing 90 percent of the variance. It is important that
environmental data such as weather data, soil depth and soil organic
matter relate to the estate or field as appropriate. Based on the
success of the assumptions within the model, it should be possible
to describe the relationships between dry matter partitioning, age,
pruning and plucking for all varieties of tea, both clone and seedling.
If clones or fields of seedling tea are not well established (ie younger
than 20 years), the model may require in-field measurements of the
partitioning of dry matter in the crop.
The importance of understanding the role of organic matter in both
soil nutrient cycling and soil water retention has been
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demonstrated. In particular, understanding the role of soil organic
matter in N nutrition is crucial to having a reliable model that works
in all years. The soil organic matter of fields should be further
explored and related to the nitrogen turnover and cycling of the soil.
In addition, it is known that woody plants store nutrients as part of
their adaptations to low nutrient environments (Pallardy, 2009;
Rennenberg & Schmidt, 2010). Published field nutrition trials for
tea do not take into account the role of nutrient cycling from soil
organic matter in combination with longer term nutrient additions,
both of which can influence the nutrient responses of woody crops.
For this reason, N nutrition in particular should be revisited in the
context of long-term plant nutrition and soil N dynamics with
respect to organic matter. Understanding this process may also give
insight into the factors that control yield as well as quality.
Rooting depth has previously been highlighted as an important
consideration in the performance of tea crops (Carr, 2010). The
model over-estimates the extent to which restrictions in rainfall
affect yield, which will partly be due to a lack of information on
rooting depth but may also be partly due to missing information
on soil organic matter. If soil organic matter data can be provided,
soil depth can be estimated either through further hind-casting or
by using indirect methods such as SEBAL (Waters et al, 2002).
Currently the model is used to predict yield on an annual basis and
there is already scope for it to be able to predict yield on a monthly
basis. The further development of the model in this direction will
allow harvest planning and management to be explored. The model
has already highlighted a number of phenological factors that
control yield, in particular the role of dry matter partitioning to
woody material. Partitioning will also have a role to play in rooting
depth and the development of yield under sub-optimal
environmental conditions. The model can inform the selection of
new varieties and clones and to test their potential in the field.
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Applications of biotechnology for disease resistance in African crops
David Baulcombe (summary reported by Sarah Garland)
Professor Sir David Baulcombe is the Head of the Department of Plant Sciences at the University of
Cambridge and a Fellow of Trinity College, Cambridge. He is Regius Professor of Botany and Fellow
of the Royal Society. He was appointed Knight Bachelor in 2009. Professor Baulcombe received his
PhD from the University of Edinburgh after an undergraduate degree at the University of Leeds.

Sarah Garland is a PhD student at the University of Cambridge in the Baulcombe Lab, Department
of Plant Sciences, and is a member of Trinity College. Sarah received her undergraduate degree in
Biology from Duke University in the United States.

Introduction
Genetic modification (GM) of plants is a highly contested topic. It
is often the focus of policy debate and media attention. In Europe,
we have the advantage of being able to choose how our food is
grown, but in some places, the addition of a GM crop could turn a
situation heading for the destruction of an entire supply chain into
ensuring food security for years to come.
Professor Sir David Baulcombe of the University of Cambridge is
an advocate for the appropriate use of GM technology and the
accurate communication of the science behind it. Baulcombe
presented at the Innovations in Agritech event organised by the
Tropical Agriculture Association, the Centre for Global Equality,
CambPlants Hub, and the Cambridge Strategic Research Initiative
in Global Food Security, on 5 May 2016. He began by emphasising
that the keys to agricultural improvement are interdisciplinary
approaches and harnessing natural methods. Biotechnology by
itself is not the solution to all problems of diseases and pests,
however, when used in conjunction with other techniques like
proper crop management, it can make a significant difference

Planting mixtures of crop varieties on the same piece of land can
prevent this rapid spread by making it more difficult for the
pathogen to move through the field.
When varieties that are beneficial to each other are strategically
mixed to increase productivity, it is called ‘companion cropping’.
The push/pull technique of companion cropping involves pushing
pests out of a crop by growing a plant that repels them in the middle
of the field, while growing a plant that attracts them at the edge of
the crop to pull them out. The push/pull technique of companion
cropping is already used in some parts of East Africa.
An example of push/pull involves growing maize together with
silverleaf desmodium, a legume, as an intercrop. The silverleaf
desmodium produces volatile compounds that repel the stem borer
moth that damages maize. On the borders of the plots, Napier grass
is grown. Napier grass produces volatile compounds that attract the
same moth. Therefore, the moth is pushed out of the crop by the
desmodium and pulled out of the crop by the Napier grass,
protecting the maize. In addition, the Napier grass produces a sap
that kills the moth larvae, further controlling the pest.

Crop Management

Plant disease and GM biotechnology

Crops can be managed in many ways. Baulcombe highlighted
management that depends on cultural control. Most industrial
agriculture employs monoculture, growing one crop at a time in a
designated field. Monoculture is the dream scenario for a pathogen
because once it penetrates the boundary of the field it can spread
easily without restriction since all the plants are the same species.

Even with the best crop management, plant disease does occur. The
best chance of successful crop growth in the face of disease is to use
disease-resistant varieties. However, the resistant quality may not be
present in the variety that is grown as the crop. In this situation, it is
necessary to transfer the resistance from one crop variety to another
or from a wild crop relative into the cultivated variety.
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This process can be accomplished through conventional breeding.
A variety that contains the resistance gene is crossed together with
a receptor variety that is the desired plant but lacks resistance. Next,
a series of backcrosses to the receptor crop variety are performed,
resulting in a plant that has all the characteristics of the receptor
variety plus the disease resistance gene. This strategy works but
has limitations. First, it can only be applied when resistance is
available in a variety that can be bred together with the crop.
Additionally, it is most effective when the resistance is controlled by
a single dominant gene.
Other disadvantages of this conventional breeding system include
the time required for multiple backcrosses and a phenomenon
called ‘linkage drag’. Linkage drag occurs when two genes are
located so closely together in the genome that they are difficult to
isolate from each other. Often, a desirable characteristic from a crop
relative will be linked to a gene that has a negative effect on the
recipient variety, and it is frequently not possible to separate these
genes with conventional breeding. Genetic modification
biotechnology can overcome both the time required to create the
preferred traits and the problem of linkage drag.
DNA marker assisted selection is a biotechnology tool that makes
plant breeding simpler and faster. In conventional breeding, the
plant is grown to the adult stage and then introduced to the
pathogen to test for resistance. This test is performed for each
backcross generation. The biotechnology approach involves
screening for the presence of DNA markers that are associated with
the genes of interest using common molecular biology techniques.
These experiments do not require the plant to be grown to maturity
or exposed to a pathogen, thereby streamlining the process.
Introducing individual genes through genetic modification is more
precise than conventional breeding and avoids linkage drag. As in
conventional breeding, the process begins with a variety that lacks
disease resistance, but instead of crossing with another variety that
does have resistance, the DNA that codes for the resistance is
isolated from the plant. Since the DNA is removed from its original
genome, there is no problem of linkage with a closely located gene.
Multiple technologies exist to integrate this isolated DNA into the
genome of the receptor. Using these methods, genes from related
species can be integrated, but also genes from plants that would not
be able to breed with the receptor variety. Therefore, this advance
also broadens the range of natural resistance that can be harnessed.

An application of GM biotechnology in
Africa
Baulcombe was not just speaking hypothetically about the benefits
of GM biotechnology for disease resistance. A graduate student in
the Baulcombe Lab is currently working on a project with
collaborators in Kenya to create maize resistant to a disease called
Maize Lethal Necrosis (MLN).
MLN causes massive yield loss each year, threatening the food
security of the region. It is thought that MLN is a combination of
two viruses operating together in one plant. Maize Chlorotic Mottle
Virus (MCMV) from the Family Tombusviridae is a common factor
in all infected MLN samples. The other acting virus is variable, but
is always from the Family Potyviridae. In order to learn how to
create resistance to MLN, Baulcombe and collaborators turned to
how plants naturally fight viruses.
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Plants have an immune system against invading viruses in the form
of RNA silencing. The silencing pathway begins when double
stranded RNA (dsRNA) enters a cell. In this case, the dsRNA comes
from the viral genome. The dsRNA is cut up into short strands by
proteins called dicers. The short strands are unwound so they
become single-stranded and come together with multiple proteins
into a complex known as the RNA-induced silencing complex
(RISC). The RISC is guided to the viral RNA that has a sequence
complementary to the short strand included in the complex. The
complex attaches to the RNA, and one of the proteins called
argonaute cuts the RNA, rendering it non-functional and effectively
silencing that part of the viral genome by ensuring that no protein
product is created. This immune system relies on the RNA
sequence of the incoming virus to give specificity to the protection
system, which makes it a very accurate method of defence.
Following Baulcombe’s guiding principle of harnessing natural
methods, the project in his laboratory uses this natural plant defence
pathway as a guide for how to combat MLN with biotechnology. By
using genetic modification, it is possible to introduce genes into maize
that produce dsRNA matching small regions of the MCMV viral
genome. The presence of this dsRNA will start the whole RNA
silencing pathway. In these genetically modified cells, the machinery
to combat MCMV will be primed in case of true viral infection.
The technology is therefore boosting a natural system that would
already exist but is not strong enough to successfully fend off the
virus. Baulcombe calls this technology a kind of ‘genetic
vaccination’. In laboratory conditions, this approach has been
shown to work effectively for a variety of viruses. Baulcombe hopes
to be able to test the MCMV resistant plants further in a controlled
non-laboratory environment soon.

Conclusions
What is holding back the use of these technologies that could save
major food sources and thousands of lives? According to
Baulcombe, the biggest obstacles are consumer acceptance and
retail organisations that lack courage to promote this technology.
He argued that instead of focusing on the apprehension of using
GM products, the case should be made for the benefits of
biotechnology, which include farmers’ health and environmental
health. The interdisciplinary approaches Baulcombe stressed at the
beginning of his talk extend beyond collaborations between farmers
and plant scientists. They involve discussing with policy makers,
improving accuracy in the media, and shifting opinions of
consumers. Biotechnology allows scientists to harness the best
biological systems as tools, but these improvements can only live
up to their potential when we put our fear of change behind us in
order to protect food sources in regions that are severely at risk.
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Obituaries
David H Romney,
1929-2015

In 1955, Dave became Agricultural
Chemist for British Honduras, with the
responsibility of editing the survey
report, published by Her Majesty’s
Stationery Office (HMSO) in 1959 as an
indexed and fully illustrated book.
The work in British Honduras gave Dave
the practical experience that was
invaluable when the Coconut Industry
Board in Jamaica established a research
department with Dave as the crop
physiologist. In 1962, just one month
after Jamaica declared Independence,
Dave became Research Director. As the
new Research Director, Dave was
immediately tested to the limit because
palms in the commercial coconut
growing area of the island were reported
to be dying from Lethal Yellowing
disease.

In 1959, David (Dave) Romney was the
first crop physiologist in the new
Research Department of the Coconut
Industry Board (CIB) in Jamaica. From
1962 to 1979, he was the Director of
Research. He will be remembered with
respect, both for his dedication to
developing a national Lethal Yellowing
disease rehabilitation scheme, and for
the value to the world-wide coconut
community of the results of the
research he initiated. As the CIB
Research Director, Dave coordinated the
very diverse capabilities of the many
specialists, in a range of disciplines and
of different nationalities, who came to
Jamaica to investigate Lethal Yellowing
disease. Importantly, Dave ensured that
the CIB staff were trained to provide
registered coconut growers with an
extension service and a rehabilitation
scheme.

From 1968 to 1971, FAO sent experts
with equipment and funds to import
1,700 seed nuts, mainly from Asia or
South America, to complement the
1,766 collected from the Pacific in 1964
by the CIB botanist/plant breeder.
From 1972 to 1981, ODA provided a
team of three pathologists and also
installed an electron microscope at the
University. When US scientists began to
research the Lethal Yellowing epidemic
that struck Florida in 1971, Dave’s open
and friendly personality assured a good
relationship and Dave was continually
involved in meeting and greeting
visitors, while making sure that the CIB
staff took the opportunity to show work
in progress and learn what was being
done overseas.

Dave was born on 9 January 1929 at
Eastry in Kent, was evacuated to Wales
during the Second World War and,
played rugby for the University at
Reading where he graduated with
honours in Agricultural Chemistry in
1951. He took a Colonial Office
Research fellowship (at St Edmunds
Hall, Oxford and the Macaulay Soil
Research Institute, Aberdeen) before
going to British Honduras (Belize) in
August 1952, as a member of the team
that carried out that territory’s first
Land Use Survey (8,000 square miles).

The rehabilitation programme that Dave
had begun to plan depended on training
extension officers and Lethal Yellowing
inspectors to take the results from
research and help farmers to put them
into practice. Starting with one man in
1964, there were eleven by 1979 (when
they made 11,647 farm visits). Their
services were available to all coconut
farmers, and between 1966 and 1979
they delivered 2,884,573 free plants, and
J$ 1,464,573 in cash, to farms affected
by the disease. Services also included
the provision of appropriate fertilisers,

herbicides, rat control etc, and
matching plant habit to the soil and the
aspect of the rehabilitation site.
Dave was remarkably fortunate that
Jamaica did not suffer any severe
hurricanes in the 1960s and 70s, but
when hurricane Alan struck in 1980 (the
first since 1951) it washed away part of
the coastal farm where Dave had been
planting coconut seedlings as an
advanced preparation for his eventual
retirement. At that time, CIB staff, like
many other professional people, were
finding reasons to go elsewhere. Dave
decided, with some reluctance, that it
was time to leave.
From 1981 to 1988, Dave worked with
the World Bank and the German
Technical Cooperation Agency (GTZ) as
agronomist to the National Coconut
Development Programme (NCDP) in
Tanzania, where he helped to establish
and operate 400 acres (162 ha) of field
trials at seven sites on the Tanzanian
mainland and Zanzibar. These ranged
from fertiliser, weed control, spacing,
water and soil management and
intercropping trials, to the evaluation of
different coconut varieties.
Dave
impressed
both
the
German
administrators and their Tanzanian
counterparts. For instance, even when
a lion killed a plantation watchman, he
managed to get the remaining
watchmen back to their routine work
after they had locked themselves into a
small hut in fear of the lion. How he
managed that remains a mystery.
Dave had married Shirley Elizabeth
Barro after the land use survey in Belize
ended, and their two children were
brought up in Jamaica. For the best part
of three decades, Dave and Shirley were
closely concerned with other people’s
coconut problems. This generated
consultancies in a dozen countries,
from the Pacific to South and Central
America and around the Caribbean.
However, they eventually felt it was time
to develop their own farm in the
Redland area of South Florida. Despite
severe damage to the house from
hurricane Andrew, they developed a
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plant nursery, and in 1997, Dave
published his own book Growing
coconuts in South Florida.
As a member of various palm, tropical
fruit and vegetable societies in Florida,
Dave made himself available to advise
friends and neighbours. One wrote “a
very kind and gentle man and was
freely giving of his amazing knowledge,
experience and talents. He seems to
have packed two or three lifetimes into
one”. Dave died peacefully at home on
13 October 2015, just one week after
Shirley, who passed away on 6 October.
They will both be greatly missed by
family and friends, and Dave’s place in
coconut R&D will be remembered for
many years to come.
Compiled by Hugh Harries and Roger
Smith, with personal contributions
from other members of his staff and
colleagues, and the kind permission
of Carol Romney-Shim and David
Romney (Jr)

John Kirker Coulter,
1925-2016

John was an outstanding agricultural
scientist who acquired a well-deserved
international reputation. He possessed
a rare combination of intelligence, solid
knowledge, experience, hard work and
humour.
John was born in Ballynahinch, Ulster,
and as the eldest son from a farming
family, the farm dominated the family’s
life. There was a good deal of hard
labour involved, but John was a big man
who could turn his hands to any
practical task – as a teenager he rebuilt
the cowshed at Clintnagooland which is
still there today. After attending the
local village school at Ballymaglave, he
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went to the Methodist College in Belfast.
In 1942, he was awarded an army
scholarship at Queens University,
Belfast, for a two year degree in
engineering. Just before joining the
army, an interview with the Dean of
Agriculture led to an opportunity to join
the Colonial Agricultural Services and
John was awarded a Junior Gibson
scholarship, only accessible to the sons
of farmers, which paid his university
fees during his four year course in the
agricultural sciences.
Having completed his agricultural
degree, John was awarded a Colonial
Office Scholarship, the first year of
which was served in Cambridge.
However, instead of the expected second
year at the Imperial College of Tropical
Agriculture (ICTA) in Trinidad, John was
told he would be posted to Nyasaland
(Malawi), but instead he was eventually
sent to Malaya.
John’s overseas career began in 1947, in
the Soil Science section in the Malayan
Department of Agriculture, working on
oil palm nutrition, rice and soil surveys
in the swamps identifying new land for
rice paddies. However this was during
the emergency, so John often had to
have a police escort on these visits and
on one occasion they came under fire
from terrorists. He remained in Malaya
until after independence in 1957, and
while there met and married Estelle.
In 1959, John was offered a job at ICTA
in Trinidad as head of the soils group in
the Regional Research Centre, mainly
focussing on soil/agronomic research
but also supervising post graduate
students. At that time, and continuing
today, improving agriculture in the West
Indies was a battle as it was associated
with slavery. By 1959, the sugar
industry was in decline and the search
was on for alternative cash crops such
as bananas. Travelling widely and
working with the governments of these
small island nations was interesting but
not always easy. However, John was
good at personal relationships and
meetings often involved a tot or two of
rum at 10 am to fuel discussions. John
also visited Bolivia for several months
with a team to design a programme that
was to become the British Tropical
Agricultural Mission based at Santa
Cruz. Despite these absences John and
Estelle managed to produce three more

children during their time in Trinidad!
In 1963, John and family moved to the
UK where John took up a post at
Rothamsted, initially working on British
soils, but in 1965 he accepted the post
of Tropical Soils Adviser for the Land
Resources Division (LRD) located at
Tolworth, Surrey, although he
continued to use Rothamsted as his
base. Besides identifying new projects,
his work included visiting LRD project
teams scattered around the globe. In
the course of his work he obtained his
PhD and progressed from being a soil
scientist to a world-recognised leader in
the direction of tropical agricultural
research and development. While at
Rothamsted John was invited to join a
team of US scientists editing a book on
tropical soils. The outcome was an
invitation to spend six months in 1972
as a visiting professor at Cornell
University, and although John was
offered a post at Cornell the family
decided to remain in England. In 1974
the post of director at LRD became
vacant. Although probably the most
suitable and best qualified candidate for
the job, an outsider was appointed,
much to the disappointment of all LRD
staff who had worked with John and
were aware of his scientific expertise and
leadership qualities.
Shortly after this in 1974, John applied
for and was appointed as scientific adviser in the Secretariat of the Consultative Group on International Agricultural
Research (CGIAR), managed and financed through the World Bank. During his first six years at the World Bank
he visited all the CGIAR centres, advising the Directors in the dozen or so institutions dealing with crops such as
rice, wheat, maize and root crops in
Latin America, Africa and Asia. One of
the tasks was budget supervision, but it
was not always easy to trace how funds
were being spent, due more to lax financial supervision than to corruption. In
this demanding job John’s talents came
forth: authority from his long experience, ability to promote the findings of
the Institutes, clarity of expression,
great tact and charm.
After six years, John changed his role to
become Research Adviser in the Central
Projects Division – dealing with
operational parts of the Bank,
monitoring the lending programmes for
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agricultural research in different parts of
the tropics. Here John made significant
contributions ensuring that projects
were soundly based on agricultural
science and developed in areas suitable
for the proposed development. He was
fairly outspoken about projects that did
not make agricultural sense
In 1986, John retired from the Bank but
continued working as an independent
consultant until 1996. Consultancy
work brought several visits to India,
where John brought to bear a huge
intellect, vast experience and a delightful
personality, which made his visits a
pleasure. He was always very supportive
throughout and stimulated new
thinking about what it was that the
programmes were trying to achieve.

Obituaries/TAAF News

Conversations with John were always
enlightening. He was willing to listen
and provide practical advice based on
sound experience.
During his
mentoring visits to those working in
isolated parts of the world he would
patiently listen to the problems and
questions raised by junior colleagues.
Often this was the first opportunity they
had to discuss their work and to test
ideas with a senior staff member. These
visits often involved dragging John into
the field in miserable conditions to see
key soil sites of interest, often a physical
as much as a mental test. His advice
was always mixed with humour, such as
his published suggestion for a soil
classification unit in the Gambia as “the
least unsuitable soils for oil palm”.

John was a traveller with a big heart.
Colleagues remember the bookshelf
over his desk filled with box files labelled
“A visit to ........ by John Coulter”: there
were so many places that he had visited
and he was adept at initiating projects
from these visits. As a result many of
the poorest people in some of the
world’s poorest countries have
benefitted. His life’s work developing
these country’s agricultural capacities
so that they can continue to feed their
populations, is truly inspiring.
Our condolences are with John’s wife
Estelle and his children, Jackie, Alex,
Kathy, Ian and David.
Compiled by John Hansell from
contributions from family and former
colleagues

TAAF News
2016 TAAF Awards
Twenty-five applications for TAAF awards were received in
March 2016 from MSc students at nine UK universities. These
awards are designed to enable students to undertake field
research for their dissertations over a 6-8 week period. Grants
of up to £1,000 are offered, together with professional
mentoring by an appropriate member of the TAAF Committee.
Most of the applications, already shortlisted by University
supervisors and Heads of Department, were of very high
quality. After careful assessment by the TAAF Committee,
awards were offered to 14 students as listed in Table 1. The
students are currently in the field, and summaries of their
research reports will be published in future issues of Ag4Dev.
On the initiative of Alex Tasker, a TAAF awardee from 2012 who
is now writing his PhD thesis at Sussex University, an on-line
network is being established to link recent recipients of TAAF
awards both in the field and following their return to UK. This
allows a sharing of information on field experiences and future
career opportunities, both among awardees and with
experienced members of TAA. It further encourages awardees
to continue their membership of TAA after the one year
complimentary membership which they are offered as part of
their awards.

been awarded £1,000 through the TAAF award. I would like
to thank TAA and the TAAF committee eternally. Such funds
and support will prove invaluable to my research project. The
additional opportunities you offer through TAA membership
and mentoring are very exciting and I look forward to taking
full advantage of these”.
From a grateful Head of Department: “This is just to say how
delighted we are that TAAF has been able to make these very
generous and extraordinarily helpful grants to three very
deserving students. We completely understand your selection
rationale and we look forward to these three producing work
worthy of TAAF support”.
The larger than usual number of awards offered – 50% more
than in previous years – was made possible by the generous
contributions to TAAF funds by individual TAA members.
Donations totalling £8,750 have been received since the appeal
made at last year’s AGM!
These contributions help to ensure that TAA continues to
support and attract a new generation of natural resource
professionals. We are exceptionally grateful to our donors: we
hope that their contributions will continue to flow in!

Antony Ellman and Alastair Stewart

A record number of applications was received this year,
indicating the value placed on these awards both by students
and their supervisors. This is demonstrated in the following
extracts from emails received in response to the award offers:
From a successful applicant: “I am absolutely thrilled to have
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Table 1. TAAF Awards to MSc students, April 2016.

Applicant/University MSc Course

Edinburgh
(1) Justin Dupre-Harbord
Imperial College
(2) Mia Raja

Project Title

Country

Environment and
Development

Water management and
social interactions in Wayu
Communities.

Colombia

Environmental
Technology

Integrated approach to
upgrading rainfed
agriculture for smallholder
coffee farming systems.
Human-Lion conflict in
Pandamatenga Village:
lion attacks on livestock
and the perceptions of
livestock farmers.
Understanding changes in
livelihood strategies in
indigenous communities in
Seima Protection Forest,
Cambodia.

Guatemala

International
Marine
Environment
Consultancy
International
Marine
Environment
Consultancy

Contribution of Marine
Protected Areas to food
security within small
island developing states.
Local ecological
knowledge of sharks and
social perspectives on
management initiatives.

Mauritius

Biodiversity,
Conservation and
Management

Statistically viable
methods for a community
monitoring programme of
harvested crabs.
Palm oil smallholder
associations in Ucayali:
engagement and outcomes
for livelihoods and
environment.

Madagascar

Assessment of a Payment
System for Ecosystem
Services Project.

Cameroon

The future of small-scale
fair trade and organic
coffee production and
sustainable livelihoods in
Jali, Bussi Island.

Uganda

Industrial oil palm and
indigenous food security.

Cameroon

How smallholder farmers
in Savelugu-Nanton
Municipality localise
meanings of climate
change.
Participation of local
communities in water
management for
agriculture-based
livelihood programmes.

Ghana

Tanks and trade-offs:
impact of rain water
harvesting and climate
change adaptation in
Awash community.

Ethiopia

(3) Josh Robertson

Conservation
Science

(4) Catherine Walker

Conservation
Science

Newcastle
(5) Iona Hamilton Stubbs

(6) Jack Marley

Oxford
(7) Jeneen Hadj-Hammou

(8) Marcel Mallow

Sheffield
(9) Evelyn Gompertz

(10) Hannah Mclean
Wright

Biodiversity,
Conservation and
Management

Environmental
Change and
International
Development
Environmental
Change and
International
Development

University College, London
Anthropology,
(11) Catherine Clarke
Environment and
Development
Anthropology,
(12) Bethany White
Environment and
Development

(13) Nathalie Wilmott

University of East Anglia
(14) Vyvyan Evans
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Anthropology,
Environment and
Development

Water Security and
International
Development

Botswana

Cambodia

Maldives

Peru

Cambodia
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Institutional Membership: a change of name
The category of TAA members hitherto referred to by TAA as ‘Corporate’ members is actually a diverse set of organisations, which
includes university departments, research centres and NGOs, as well as companies. Accordingly, at its Executive Committee
meeting in March 2016, the TAA decided it would be more appropriate in future to refer to this valued group of non-individual
members as ‘Institutional Members’ instead of ‘Corporate Members’. Corporate members were advised of this change by email
on 22 April.

Martin Evans
Institutional Members’ Coordinator

School of Environment, Natural Resources
& Geography (SENRGy), Bangor University
Bangor University is situated in North Wales and was founded
in 1884. The School of Environment, Natural Resources and
Geography (SENRGy) is recognised as one of the leading
international institutions in research and education in
agroforestry, tropical forestry and forest ecology. Its research
mission is “to provide a scientific basis for sustainable
utilisation and conservation of agricultural and forest
resources”. The School prides itself in strongly
interdisciplinary research with close collaboration across the
land use, environmental, biological and chemical disciplines.
We are the longest standing Forestry Department in the UK
and are ideally located near the Snowdonia National Park. Our
teaching makes the most of the University’s unique location
by combining traditional lectures with fieldtrips that
demonstrate current environmental issues. We work closely
with, and introduce students to, UK organisations such as
Natural Resources Wales, Forestry Commission, Woodland
Trust, Forest Research and the Institute of Chartered Foresters.
Bangor is also at the forefront of international forestry and
agroforestry-related research. Students and academic staff are
active collaborators with international organisations such as
the Tropical Agricultural Research and Higher Education
Center, Costa Rica (CATIE), the Center for International
Forestry Research, Indonesia (CIFOR), and the World
Agroforestry Centre (ICRAF). Our agroforestry degree
programmes have been taught at the School for over 20 years
and students often carry out their final projects in tropical
countries in close collaboration with well-established local
partners, and several have been supported by funding from
TAAF. Our extensive local, national and international
networks, and our active research programmes, allow us to
deliver high quality teaching addressing cutting-edge issues.
We also have access to two inspiring facilities utilised for

teaching and research activities: Treborth Botanical Garden
and Henfaes Research Centre are both located a short distance
from Bangor.
We are a truly multidisciplinary department with a broad range
of expertise, ranging from traditional forest mensuration,
silviculture, ecology, biodiversity and forest pest and disease
resilience, agroforestry systems, local ecological knowledge,
livelihoods and food security, participatory modelling,
ecosystem services, and below-ground tree-soil-microbial
interactions.
Bangor University hosts social events across the world
for alumni and current students
Bangor University recently hosted four events for graduates,
present and prospective students. The events were a
collaborative effort by SENRGy, the International Education
Centre at Bangor University, and the World Agroforestry Centre
(ICRAF).
The first gathering took place in February 2014 as a cocktail
reception at the World Congress on Agroforestry in Delhi
(Figure 1). Attendees came from all over the World, including
Ghana, Kenya, Uganda, Zambia, Mali, India, Nepal,
Bangladesh, Mexico, Colombia and Brazil. There were a wide
range of research centres, certification bodies, and universities
represented by the group – demonstrating how well everyone
has done to further their careers in the subject areas they
studied at university. It was an honour to have Professor Roger
Leakey in attendance, along with more recent graduates.
Professor Leakey is an expert in tropical agroforestry who
studied for a BSc at Bangor in Agricultural Botany (1967-70)
and more recently received a DSc in recognition of his huge
contribution to tree domestication research.
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Figure 1. SENRGy’s Rob Brook, Fergus Sinclair and James Brockington with past,
current, and prospective students at the World Congress on Agroforestry in Delhi,
India, February 2014.

The second event took place in July 2015 in Kumasi, Ghana,
and marked the end of a two-week study tour for students on
SENRGy’s Tropical Forestry distance learning Masters
programme. A total of 65 people attended, including one of
our older alumni from the early 1980s, Samuel Kwabena
Nketiah, now Programme Director of Tropenbos International
Ghana. The Director of the Forestry Research Institute of
Ghana (FORIG), Dr Daniel Ofori, made the welcome speech.
The third event was held in August 2015 at Makerere University
in Kampala, Uganda, with over 20 people in attendance,
including Professors Philip Nyeko and Jacob Agea, who lecture
at the university and completed their PhDs at Bangor. Dr
Clement Okia, former SENRGy PhD student and now the
Country Representative for ICRAF in Uganda, and Dr Hillary
Agaba, the Director of the National Forestry Resources
Research Institute (NaFORRI), also attended alongside current
students.
The fourth event took place in August 2015 at a hotel in Kitwe,
Copperbelt Region of Zambia (Figure 2). It was a small
gathering that was not only an enjoyable reunion but also led
to fruitful discussions about project research and future
collaborations. Those present included Donald Zulu and
Emelda Hachoofwe, two former MSc Agroforestry students
from 2008 and 2012 respectively, who are now both lecturers
in the School of Natural Resources at Copperbelt University.
Also present was Dr Gillian Kabwe, a former BSc Forestry
student from 1997, who is also now a lecturer in the School of
Natural Resources at Copperbelt University, and Herrick
Mwewa who is currently undertaking the Distance Learning
Tropical Forestry MSc degree in SENRGy while working as a
training officer at Zambia Forestry College.
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Figure 2. Fergus Sinclair pictured with colleagues and former students in Zambia,
August 2015.

The events were symbolic of the fact that Bangor University is
keen to partner with its alumni. This could be strengthened
through further linkages with alumni and their institutions in
various activities such as hosting field training, supervision of
distance learning students and joint research projects.
Speeches made at the events highlight the benefits our alumni
have received from their studies at Bangor University and the
fond appreciation for the institution. The prominent positions
of our alumni serve to highlight the continued international
impact of Bangor University’s degree programmes and are a
great inspiration for our current students.
By the time this journal is printed, we will have held another
get together in Nairobi, Kenya, at the ICRAF Headquarters. We
hope to continue strengthening our links with former students
as the years go on.

Professor Morag McDonald, Head, SENRGy, and
Genevieve Lamond
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Reminiscences and Reflections
Reflections of a rural development consultant
Wayne Borden
Wayne started as a soil surveyor in Tanzania in 1968 following graduation from the University of Alberta.
Following completion of his MSc in 1972, he joined the staff of the University of Malawi’s faculty of
Agriculture (Bunda College) and then joined the Irrigation Branch of Alberta Agriculture as a Soils
Specialist. From there he moved into international consulting, first as a soils specialist/land use planner
and then as an environmentalist. He retired in 2012. rwborden@compuserve.com

In the beginning
In 1968, with a degree in Agriculture (Soil
Science Major), I declined an offer from
Alberta Agriculture in favour of a position
as a Soil Surveyor with the Tanzanian
Government. Several of the faculty
professors had been on consulting
assignments in ‘developing countries’
and frequently discussed their experience
in class. By my third year, I became
intrigued with the idea of seeing more of
the world and I knew that I had to do it
immediately after graduation. One
channel open to me was CUSO (the
Canadian equivalent of VSO) and they
were willing to find me a posting.
In 1967, FAO commenced a
reconnaissance soil survey of all of
Tanzania, and appointed Bob Baker as the
Senior Soil Scientist to oversee the
project. The country was divided roughly
into quarters (approximately 91,000
square miles each) with a survey team in
each area composed of two American
Peace Corps Agriculture Volunteers (one
a soil scientist), a driver and a new
landrover complete with soil survey and
safari equipment. I joined the team
midway through the survey as a
replacement for the soil surveyor in the
northwest team, based at the Agricultural
Research Station at Ukiriguru (near
Mwanza). We completed the survey
midway through 1969 and the report was
published in 1970.
One thing quickly became very clear, to
me at least – I lacked background and
experience. By the end of the first year in
Tanzania, I was their most senior soil
surveyor! Not that there weren't people
who knew more about soils than I, there

were, but I, together with Abdul Kishimba,
a Tanzanian just home from obtaining his
Soil Science degree in Sweden, were the
soil survey component. I was also
concerned about the number of foreign
aid missions that looked us up to ask our
opinion about the suitability of the soils in
our area for this or that project. While I
enjoyed the meetings, discussions and
free beer, I felt I was in a position well
above my pay grade. I was uneasy that I
might be influencing projects that were
part of Tanzania’s development when I
had so little knowledge of the country, let
alone about the issues around the planned
development. I needed more training, so
I decided to find a place to do a second
degree.
Meanwhile, after completion of the
national survey, I was posted, along with
Abdul Kishimba, to Njombe District in the
southern highlands to undertake a more
detailed survey of the area above the 6,500
foot contour that extended around the
United Nations Development Programme
(UNDP) Sheep and Wheat Scheme based
at Kitulo (9,000 feet above sea level). The
6,500 foot contour was chosen, as this was
deemed the lower level suitable for wheat
and the upper level suitable for maize

cultivation. Unlike the major part of the
area surveyed in the previous year where,
for the most part, the soils had been
developed on older geology, we were now
in an area of volcanic origin with the soil
developed from a thick layer of ash
overlying a thicker layer of pumice (Figure
1). The report on this survey was
published by FAO in 1971. I finished my
contract with a detailed survey of the
Agriculture Farm at Uyole in Mbeya
District.

West Indies
Macdonald College of McGill University
in Montreal offered me a place and
financial assistance provided I was
willing to do my thesis research
somewhere in the West Indies. That
‘somewhere’ turned out to be Antigua,
where I was to investigate the potential
for using some of the water from one or
more of their reservoirs for irrigated
vegetable production. This I did under
the watchful eyes of Dr St Clare Ford,
the UWI Agronomist for the Leeward
Islands, and Professor Nazeer Ahmed of
the University of the West Indies (UWI),
plus a couple of visits by my McDonald

Figure 1: Soil Survey in the Kipengere Range of Southern Tanzania.
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Supervisor, Professor Beno Warkentin.
During the year I spent in the West
Indies, I made trips with Dr Ford to
several of the adjacent islands, and spent
a month on the UWI St Augustine
Campus where I had the privilege to
meet Professor Fred Hardy who, though
retired, still had a place in the
Department. In Antigua I had, as
background to my research, the soil and
land-use survey that Ian Hill completed
of the island in 1966, and an earlier
reconnaissance survey done by CF
Charter in 1937.

Malawi
By the time I handed in my thesis, I had
not received a positive reply from my
search for employment, so I decided to
attend the Agricultural Institute of
Canada Conference. There I got in
conversation with Dr Todo Edge, one of
the speakers and at the time the
Agronomist at the Faculty of Agriculture
at the University of Malawi. Learning
that I was looking for a job, he said that
they were looking for a Soil Scientist to
cover for a staff member who had just
left on study leave, and suggested that I
send a telegram to the Principal
applying for the position. I received a
prompt positive reply, and so I left
Canada again in 1972, this time to join
the staff at Bunda College of
Agriculture, where I was a one-man Soil
Science Department, lecturing to both
diploma and degree students in all
aspects of the subject, along with other
related responsibilities.

Rural Development
On return to Canada in late 1974, I took a
position as Soils Specialist in the Irrigation
Branch of Alberta Agriculture – the
position I had turned down on leaving
university six years earlier. Three years
later, in mid-December when a blizzard
was blowing the snow horizontally
outside my office window, I received a
phone call inquiring whether I would be
interested in joining the Canadian
International Development Aid (CIDA)
funded Sulawesi Regional Development
Project in Indonesia. I asked for a day to
think about it while I consulted my Head
of Department and my wife. The
Department could not let me have leave
of absence, but my wife (who had been a
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colleague at Bunda and had a position at
the local university) thought it a great
idea, so we both resigned our jobs and
prepared to move again. The day we left
Alberta (1 February 1978), the
temperature was minus 40ºC; the day we
arrived in Jakarta it was plus 35ºC. My
main role was as the Land Use Planner on
the team, but as the project covered the
four provinces on the island and was
holistic in its coverage, I gained a broad
understanding of the kind of soils
information that a wide range of
disciplines found useful.
Six months later, we moved to the
CIDA-funded Tea Master Plan in Sri
Lanka, where I was designated an
agronomist mandated to assess the
agronomic constraints and future crop
potential. In mid-1979, we moved to
London as Jenny had accepted a
position with Christian Aid. I returned
to Sri Lanka as a land resource specialist
on the CIDA-funded Maduru Oya
Irrigation Feasibility Project, where my
main task was to classify the irrigation
suitability of the project area.
In June of 1980, I joined Minster
Agriculture Limited as their soil
scientist. My first assignment was as
Team Leader/Senior Soil Scientist on
the Lower Tana Village Irrigation
Programme in Kenya. There, I had
others to do the soil survey work while
I did the necessary to keep them focused
on the task. This was another work
environment with a full range of African
wildlife. We had a camp set-up and run
by a former ‘white hunter’ (who talked
of the ‘movie stars’ who had stayed in
his camps), so we were well looked after.
One night, one of my colleagues felt the
call of nature and as he stepped out of
his tent, he came face to face with a lion.
Suddenly the call lost it urgency and he
retreated into the tent.
Altogether, during the 14 years I stayed
at Minster, I had inputs into 27 rural
development projects (the majority
feasibility studies) in 18 countries
ranging across Africa, Asia, Europe and
the West Indies. These projects were as
varied as one week in Jamaica advising
on drainage of a banana plantation, to
six weeks in North Korea on an FAO
Project Preparation Mission, and over a
year on four assignments in Thailand.
In early 1994, I set up as a free-lance
consultant in natural resources and

environmental management, as by then
‘environment’ had become a required
‘expert’ position by the development
funding organisations (and soil science
not), and it seemed logical to mutate
from a soil scientist to an environmental
specialist. This I did by adjusting my CV
with the aid of the ‘find and replace’
function on my computer, and the help
of the distance learning courses on the
subject provided by Wye College. I
continued thus until 2012. During
those 18 years, I had inputs into projects
in 17 countries – again in Africa, Asia,
Europe and the West Indies − on
projects as varied as a two-week
assignment as a World Bank Staff
Consultant in the Tropical Storm
Debbie Damage Appraisal Mission to St
Lucia and Dominica, 10 months as lead
environmentalist on the Environmental
Impact Study for the reopening of a
former iron mine in Liberia, and 20
months as environmental advisor on
the Lower Indus Project in Pakistan.

Lessons Learned
For me personally, it has been more a way
of life than a career. I have had the
privilege of travelling and working in 40
countries worldwide, visiting parts of
those countries that few nationals get to
see, while working with a wide variety of
national and expatriate colleagues of
many cultures and backgrounds –
experiences that no tourist visits can buy.
One very early experience was of chatting
one evening with a Tanzanian farmer in
his banana patch and realising that, even
though the crops and the environment
were different, this man faced the same
daily problems that my father did on his
marginal farm 4.5 miles from the nearest
shop and school and 20 miles from the
nearest market town.
One thing that becomes clear to anyone
engaged in rural development for any
length of time must be that, regardless
of our origin, we all have the same basic
aspirations. We all aspire to possessing
sufficient livelihood resources (food,
shelter, opportunity, income, etc) to live
a full life but, sadly, far too few of us
have all those resources.
Editor’s note: Readers interested in
the reports mentioned in the text are
invited to contact the author for full
references.
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Upcoming events
TRAINING / STUDY TOUR ON
TECHNOLOGY ADVANCES IN
AGRICULTURAL PRODUCTION,
WATER AND NUTRIENT
MANAGEMENT
Date and Time: 22 August – 2 Sept. 2016
Details: IFDC invite you to improve your knowledge and
understanding of recent technological advances in the areas
of biotechnology, sensor-based irrigation, information
management, precision agriculture and remote-sensing
technologies. Become familiar with the farm-level impacts of
each of these advances on water and nutrient management
under changing climatic conditions. Get an opportunity to
observe and discuss with other participants from many
countries and backgrounds the practicality and economics of
integrating these innovations into the mainstream of major
crops. Be exposed to trends and challenges in the agricultural
global market and see how farmers, agribusinesses and
policymakers are adjusting to them by using state-of-the-art
information and technology available for today’s agriculture
production.
More info: https://ifdc.org/technology-advances-in-agriculturalproduction-water-and-nutrient-management-2016/
Venue: Alabama, Arkansas, Iowa, Missouri, Tennessee and
Washington, D.C.
Registration: training@ifdc.org

WASWAC WORLD CONFERENCE
III: NEW CHALLENGES AND
STRATEGIES OF SOIL AND WATER
CONSERVATION
Date and Time: 22 – 26 August 2016
Details: Invitation by WASWAC to join the conference and to
submit papers. The theme will be on new challenges and
strategies of soil and water conservation in the changing
world and sustainable management of soil and water
resources. Selected papers could be published in International
Soil and Water Conservation Research (ISWCR), Bulletin of
Forestry, or other journals.
Perceived wisdom in the approach to evaluation, use and
management of land resources is changing rapidly and
dramatically. Past emphasis on land development focused on
maximising production and return from land use investment

and planned against a background belief that suitable lands
for expansion could always be found somewhere, is forced to
give way to a more cautious approach - one that recognises
the finite extent of fertile land and the seemingly insatiable
demands of a growing human population. Conference topics
will include: New challenges to soil and water resources in
condition of climate change; Land degradation processes and
mechanism; Soil and water conservation strategies to adapt
and mitigate climate change; Soil and water conservation
measures benefits assessment; Sustainable watershed
management; Social and economic aspects and policies
related to soil and water conservation; Innovations and
implemented global/regional/national projects in land
conservation; Education in soil and water conservation.
Venue: Belgrade, Serbia.
Details and Registration:
http://3rdwaswacconference.sfb.bg.ac.rs/index.html

TAA ZAMBIA BRANCH: AGM
Date and Time: 09.00 26 August 2016
Venue: St Joseph Guest House, Catholic Diocese, along
Broadway, Ndola, Zambia.
Contact: Chris Kapembwe (Zambia_organiser@taa.org.uk)

ECOSUMMIT 2016 -ECOLOGICAL
SUSTAINABILITY: ENGINEERING
CHANGE
Date and Time: 29 August – 1 September
Details: The Summit will centre on the ecology of terrestrial
ecosystems and all habitats that are integrated within those
ecosystems, including river networks, wetlands and
coastlines. Focus will be placed on fragile ecosystems that are
more likely to suffer the consequences of climate change and
anthropogenic pressure. However, in the current context of
an increasing world population, changes in social habit
(increasing world consumerism) and climate change, it is
evident that agriculture is being intensified but with a
growing awareness of the need to preserve and use
sustainably world resources. Therefore, we will also address
how terrestrial restoration can be carried out when the
massive demand for food results in fragile ecosystems, forests
and marginal lands being turned over to agriculture.
Venue: Le Corum, Montpellier, France.
Further Information: http://www.ecosummit2016.org/
Registration: http://www.ecosummit2016.org/conferenceregister.asp
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TAA ZAMBIA BRANCH: WOMEN
IN AGRICULTURE
A presentation by the Ministry of Gender
Date and Time: 09.00 23 September 2016
Venue: St Joseph Guest House, Catholic Diocese, along
Broadway, Ndola, Zambia
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economy; (ii) Landscape scale processes and historical evolution
of semi-natural grasslands; (iii) Ecology and biodiversity of seminatural grasslands; (iv) Management, conservation and
restoration of semi-natural grasslands. There will be two optional
pre-conference workshops and two field trips in local biodiversity
hotspots. It is co-organised with ADEPT Fundatia and the BabesBolyai University.
More details: https://egc2016.namupro.de/
Venue: Sighisoara, Romania.

Contact: Chris Kapembwe (Zambia_organiser@taa.org.uk)

TROPICAL AGRICULTURE
DEVELOPMENT WORKSHOP:
INTRODUCTION TO SMALL-SCALE
LIVESTOCK PRODUCTION IN THE
TROPICS
Date and Time: 20 – 22 September 2016
Details: Integrating animals into the small farm offers many
opportunities for enhancing food production, ecosystem
stability and socio-economic resilience. Livestock and poultry
are considered extremely important components of sustainable
smallholder farming systems, providing a range of valuable
resources to farmers throughout the tropics in the form of food,
income, manure and other services. This Small-Scale Livestock
Production TAD will expose participants to the foundational
principles of animal production in a tropical, small-scale
farming context. Over three days, special attention will be given
to the production of ruminants (cattle and goats), pigs, rabbits
and poultry. Discussions and activities will include feeding
systems, animal health and slaughter techniques.
Venue: ECHO Global Farm,17391 Durrance Road North Fort
Myers, Florida 33917 USA.
More Details including registration:
http://www.echocommunity.org/en/resources/5a49260ee938-40fa-ae8e-ea862ca5745f
(The 3-day course costs $450.00, including dormitory
lodging and food. ECHO cannot accommodate any dietary
restrictions)

13TH EURASIAN GRASSLAND
CONFERENCE
Date and Time: 20 – 24 September 2016
Details: Management and Conservation of Semi-natural
grasslands: from theory to practice. The Eurasian Dry Grassland
Group (EDGG) aims to promote exchange and collaboration
between those interested in all aspects of grassland research and
conservation across Eurasia. The conference is intended to bring
together latest research, and to link this to practical management
and policy contributing to the sustainability of semi-natural
grasslands. The conference will include the following sessions: (i)
Semi-natural grasslands and environmental policy and socio-
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SUSTAINABLE DEVELOPMENT OF
SOIL AND WATER RESOURCES IN
NILE BASIN COUNTRIES
Date and Time: 17 - 19 October 2016
Details: Conference topics: Soil resources in Nile basin
countries and optimum management to overcome the
encountered problems; Cooperation between Nile basin
countries to control desertification, erosion, degradation and
soil pollution; Sustainable agricultural development of Nile
basin countries; Hydrology of Nile River; Water policies in the
Nile basin countries. Causes and sources of pollution of Nile
River; Scientific cooperation between Nile basin countries to
control water pollution; Enhancement of scientific research
cooperation between institutions in Nile basin countries.
More details including registration:
http://www.iuss.org/index.php?article_id=311
Venue: Tiba Rose Plaza Hotel, Olympic Village of Air Defence
Forces - NA Road Cairo, Egypt.

ECHO INTERNATIONAL
AGRICULTURE CONFERENCE
2016
Date and Time: 15 - 17 November 2016
Details: This year marks the 23rd Anniversary of the ECHO
International Agriculture Conference held in Fort Myers, FL.
We hope that you will make plans to join us for this year's
conference. The event brings together some of the world’s
most influential voices dedicated to eradicating hunger and
improving lives.
Speakers will share practical solutions to agricultural
challenges, personal experiences and strategies for improving
the lives of millions who daily face the threat of starvation.
The event offers an open exchange of information,
connecting the people and ideas that can make a real and
sustainable difference. (ECHO is an institutional/corporate
member of TAA).
More details:
https://www.echocommunity.org/resources/e996662d-8eaf44e1-8fdd-39b1cbd383b9
Venue: Crowne Plaza Hotel (13051 Bell Tower Drive, Fort
Myers, Florida 33907) and the ECHO Global Farm, USA.
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BEST PRACTICES IN HIGHLAND
AREAS SYMPOSIUM

4TH INTERNATIONAL AGRONOMY
CONGRESS

Date and Time: 1 - 3 November 2016

Date and Time: 22 - 26 November 2016

Details: ECHO East Africa Highlands (TAA Institutional
member) invites you to their 2nd biennial symposium,
entitled "Best practices of sustainable agriculture and
livestock in highlands”. This will take place at ILRI in Addis
Ababa. The call for presentations is now out, with a deadline
of 30th September, 2016. Notifications of acceptance will be
sent within a month from submission (by 15th October for
late submissions). The language is English. We request your
submission to include your theme title, a 3 sentences
summary of the theme, and 3 sentences for your biodata to
be included in the Symposium booklet.

Details: The conference theme is: ‘Agronomy for sustainable
management of natural resources, environment, energy and
livelihood security to achieve Zero Hunger challenge’. The
event is being hosted by the Indian Society of Agronomy and
the Indian Council of Agricultural Research, in collaboration
with IARI, CIMMYT, IRRI, TAAS, ICARDA & NAAS. At the time
of 3rd International Agronomy Congress held in New Delhi
in November 2012, it was resolved to hold the 4th Congress
to review progress and work out strategies to meet the
challenges of food, nutrition, environment and livelihoods
security by generating new opportunities through agronomic
research. The Indian Society of Agronomy took the initiative
to organise it, in order to maintain continuity and to provide
an international platform to discuss the emerging issues.

Venue: International Livestock Research Institute (ILRI),
Addis Abeba, Ethiopia.

TAA AGM AND HUGH BUNTING
MEMORIAL LECTURE:
TIM WHEELER
Date and Time: 18.00

More details: Contact Dr Mangi Lal Jat for more details.
email: M.Jat@cgiar.org
http://www.cimindia.net/isa-india.in/wpcontent/uploads/2016/04/Second_CircularRev1.1.pdf
Venue: New Delhi, India.

09 November 2016

Details: A short AGM will be followed by Dr Tim Wheeler of
NERC speaking on 'Climate Smart Agriculture'. Followed by
buffet & wine reception. Hosted by the TAA and Reading
University School of Agriculture, Policy & Development.
There will be a charge. Check TAA website for full details not
available at the time of publication.
Venue: Agriculture Building, Reading University, Earley Gate,
Reading, UK.

INTERNATIONAL CONFERENCE ON
AGRIBUSINESS
Date and Time: 20 - 24 November 2016
Details: The Faculty of Agriculture, University of Mauritius
will be hosting this conference, in collaboration with the
AFMA (Africa Farm Management Association) under the main
theme: "Sustainable Agricultural Development: Innovation
Systems Approach for Agricultural Transformation in Africa”.
Sub themes will include: Sustainable Agriculture and organic
farming; Food Safety, Food Security and Nutrition;
Agribusiness and Farm Management; ICT in Agriculture and
Agricultural Innovation Systems; Biotechnology and
Technology Development; Climate change and Climate Smart
Agriculture; Market Development for increased production &
Agricultural trade policies.

THE STATE OF THE WORLD'S
PLANTS II
Date and Time: 25 – 26 May 2017
Details: Kew, a TAA Institutional member, invites you to the
second 2-day annual symposium with key themes including:
Threats to plant health; Climate change; Useful plants;
Invasive plants; Protected areas; Extinction risk. Join us to
take stock of the world’s plant diversity, research and trends,
including impacts on agriculture.
Fees will cover attendance, lunch and refreshments on both
days and a drinks reception.
More details: For more information nearer the time.
https://stateoftheworldsplants.com/
email: sotwp@kew.org
Venue: Royal Botanic Gardens, Kew, TW9 3DS, UK.

21ST WORLD CONGRESS OF SOIL
SCIENCE (WCSS)
Date and Time: 12 - 17 August 2018

More details including registration:
http://www.allevents.co.za/afma-10/main.html

Details: The theme will be "Soils to feed and fuel the world".
The WCSS is the main event of the International Union of
Soil Science. It takes place every four years and is open to all
members of the IUSS and other participants.

Venue: University of Mauritius, Reduit 80837, Mauritius.

For further information: http://www.21wcss.org/
Venue: Rio Centro Exhibition and Convention Centre, Rio de
Janeiro, Brazil.
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2016 TAA Annual General Meeting
& Eleventh Hugh Bunting Memorial Lecture
Date:
Venue:

Wednesday 9 November 2016
John Madejski LectureTheatre, Agriculture Building, Earley Gate,
University of Reading

Programme: Chair – Dr Andrew Bennett CMG, President, TAA
17:00 - 17:30
17:30 - 18:30
18:30 - 18:40
18:40 - 19:40
19:40 - 21:00

TAA AGM
Assemble and Networking with Reading students
Welcome – Professor Julian Park, Head of School
The Hugh Bunting Memorial Lecture – Professor Tim Wheeler
Wine and finger buffet

The 11th Hugh Bunting Memorial Lecture will be presented by

Professor Tim Wheeler
Director of Science and Innovation at the UK Natural Environment Research Council

Climate change and agriculture - risks and opportunities for
food and farming systems in the tropics
Spouses and partners are very welcome
RSVP to: Mollie Smith (m.smith4@reading.ac.uk; tel: 0118 378 4549)
How to get there? Consult the University of Reading website www.rdg.ac.uk/maps/
The Agriculture Building, opened in 2000, is Building Number 59 (Square D8) on the
Whiteknights campus map. Please use the Earley Gate entrance to the campus.
Hugh Bunting inspired and challenged many generations of his students, many of
whom went on to fill influential positions around the world. Hugh was Professor of
Agricultural Botany at the University of Reading from 1956 to 1982 and Dean of the
Faculty of Agriculture and Food. He played a leading role in developing the
University’s competence and reputation in tropical agriculture. Hugh held the first and
only Chair of Agricultural Development Overseas at Reading, funded by the British
Aid Programme, and was largely responsible for the drafting of the first constitution
and for the registration of the TAA as a UK charity. Hugh always encouraged us to
learn the lessons of the past but to look forward, so the overall theme of the memorial
lectures is ‘agricultural futures’.
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How to become a member of the TAA
If you are reading someone else’s copy of Agriculture for Development and would like to
join, or would like to encourage or sponsor someone to join, then please visit our website at
http://www.taa.org.uk/
Step One - Application: Applications can be made on-line at:
http://www.taa.org.uk/membership
Alternatively an application form can be downloaded, completed and sent to:
TAA Membership Secretary, 15 Westbourne Grove, Great Baddow, Chelmsford CM2 9RT.
Step Two - Membership Type: Decide on the type of membership you require – see the
details and subscription rates below:
Type of membership and annual subscription rate
Full Individual Member (printed copies
of Agriculture for Development)
Institutional Member (printed copies of
Agriculture for Development and online
access for staff)

£50
£120

Online Individual Member (online copies
of Agriculture for Development)
Student Membership (online copies of
Agriculture for Development)

£40
£15

Step Three - Payment: Payment details are on the website with ‘Bank Standing Order’
being the preferred method since this ensures annual payment is made and is one less thing to
remember!
Payment can also be made by bank transfer, on-line using PayPal, or by cheque.
Bank details are available from: treasurer@taa.org.uk
Step Four - Access to website and Journals: When application and payment has been
received then the Membership Secretary will contact you with your membership number and
log-in details for you to fully access the website and journals.
The latest journal will be sent to full members.
For membership enquiries contact: membership_secretary@taa.org.uk
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TAA Executive Committee

UK Regional Branches

OFFICE HOLDERS
President: Andrew Bennett, Chroyle, Gloucester Road, Bath BA1 8BH.
Tel: 01225 851489;
email: president@taa.org.uk
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