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New Crops and Uses:
Their role in a rapidly changing world

Preface

The Centre for Under-utilised Crops in the University of Southampton organised the 5"
International Symposium on New Crops and Uses on 3™ and 4™ September, 2007. The
ECUC (European Centre for Under-utilised Crops) Trust, the International Foundation
for Science (IFS), the UK National non-food Crops Centre (NNFCC) and the Tropical
Agriculture Association were partners in its organisation.

The purpose of the symposium was to review and assess the past work on under-utilised
crops and to determine the focus of future endeavours by all stakeholders. Over 75
delegates attended the conference, from all parts of the world, and 33 papers were
presented, together with many posters. Additional papers, which could not be
accommodated in the conference, appear in these proceedings.

The symposium was deemed by the delegates to be highly successful in achieving
its aims and provided guidelines on where future research should focus.

The papers and posters provided a wealth of information on completed and on-
going research projects, and case studies from which successes and failures could be
identified. This led to the identification of many issues which impact on the need to
continue working on the domestication of numerous species and their incorporation into
farming and marketing systems. The research work on under-utilised crops was justified
for the following reasons:

1. Climate change and its effects on food production remains unpredictable although
models are able to predict future changes in temperature, but not in rainfall and
therefore its effects on soil moisture.

. The present high energy costs and declining supply of fossil fuels are exacerbating the
attempts to increase food production and assure food security.

3. Population growth is resulting in the need to use less fertile land and increase the use

of farm and homestead gardens.

4. Our over-dependency on a few plant species for our staples is a trend which continues;

e.g., rice is replacing other sources of carbohydrates such as sago.

5. Our dependency on high yielding (green revolution) varieties, which require inputs of

fertilisers and pesticides results in increasing indebtedness of farmers.

6. Since women grow most of the under-utilised crops in developing countries, there is a

need to further empower them and increase their incomes.

7. Under-utilised crops that grow in their natural environments are good indicators of

soil characteristics and climate change

N

The time scale for plants to adjust to climate change is lengthy- at least 80 to 90 years. In
order to speed up this process, or identify crops that are more suited to these changes in
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climate, more science and technological developments are needed to meet these
challenges. A particular problem is the current inability to predict future changes in
rainfall patterns and soil moisture. Immediate research on the water requirements of
many of the crops was considered a priority.

Delegates agreed on the necessity to define desirable characteristics of new crops
to address consumer needs and concerns, the need for determinate plant habits and their
potential for domestication. It was also suggested that several negative characteristics of
these new under-utilised crops need to be overcome by improving qualities such as
bitterness, lodging and hard seed coats. However, these crops have abundant genetic
diversity that remains unexplored, and the potential is therefore available for crop
improvement.

It was agreed that the development of local and global markets is essential for the
establishment of these crops as mainstream food sources. Attention will have to be given
to consumer taste, shelf life, convenience, processing potential, length of growing
seasons, the standardisation of products, presentation, demand creation and price
stability. Global marketing will also require appropriate registration, covering food safety
and uses in medicine, cosmetics and industrial uses.

The strengthening of farmer organizations will influence crop biology and
agronomy research and improve marketing and business skills. It was highlighted that
supermarkets should play a vital role through providing better labelling that recognises
the importance of factors such as fair trade, food miles and organic production systems.

The role of under-utilised crops in maintaining and increasing biodiversity was
considered particularly important for a large range of very diverse species. However, the
logistics of the work was seen as a major challenge. The use of molecular marking
techniques has the potential to reduce the workload through conserving the genes rather
than whole genomes. Some International Centres are now reducing their core collections
to some 10% of the total, and even establishing "mini-core" collections to a further 10%
of those. However, the lack of global research funding is a serious constraint to all
agricultural research and development. For example, research into biotechnology,
agriculture and fisheries constitutes only 5% of the EU total research budget.

The case studies clearly show that developments at grass roots level, i.e., in the
field, greatly benefit from farmers knowledge through community based farmer
participation.

The value of under-utilised crops was assessed throughout the symposium, and
the following attributes were considered to be amongst the most important. Many of the
species produced during the "hungry seasons” provide empowerment and income for
women and extend the harvest periods. Many species are multi-purpose, providing a
range of products with a high nutritional value for both humans and animals that often
exceeds the food qualities found in common crops. They enable growers to spread the
risks associated with reliance on a small basket of traditional crops, and many of them are
good at stabilising fragile and risk-prone environments.

It was agreed that use must be made of a wide range of sophisticated modern
techniques including GIS, molecular biology, phytochemistry research and computer
models to improve efficiency and productivity within both village and global
environments.

Events subsequent to this conference, particularly, the rising cost and potential
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future shortages of food and energy, and the change in use of several crops, from food to
biofuels, further underlines the need for increased investment in research and
development of under-utilised crops. It is my view that our first priority should be the use
of crops for food, and that biofuels should, where possible, be manufactured from waste
or by-products.

The recent report of the International Assessment of Agricultural Knowledge,
Science and Technology (AKST) makes several references to under-utilised crops and
highlights that the importance of these crops is now being recognised by policy makers.
The report states that policy options for addressing food security include developing high
value and under-utilised crops in rain fed areas. The report also makes reference to
"traditional, local knowledge and community-based innovation”. Traditional and local
knowledge are recognised as being important for the conservation and utilisation of many
under-utilised species, under the UN Convention on Biological Diversity. This local
knowledge refers to capacities and activities, which include the use of indigenous and
under-utilised species, which exist amongst the rural people in all parts of the world. The
AKST report also gives much emphasis to the gender issue, by stressing the role of
women in agricultural production and postharvest activities. Women s input ranges from
20% to 70%, particularly with the development of export-orientated farming, which is
associated with a growing demand for female labour, including migrant workers. Meeting
this demand depends on strengthening women s ability to benefit from market-based
opportunities by institutions and policies, giving explicit priority to women farmer
groups. This conference has identified the important role of women in the development of
production, processing and marketing systems based on under-utilised crops.

In writing this preface | hope that readers will be encouraged to study the papers
and posters in detail and be persuaded to assert their influence on government and policy
makers, encouraging, indeed insisting, that new needed investments are put in place.

The editors apologise that the publication of the proceedings of the meeting has
been delayed due to late submission of some of the manuscripts. Even after repeated
reminders some of the manuscripts have not been received. The editors have therefore
decided to include the relevant PowerPoint presentations instead. Where possible, the
editors have tried to keep the manuscripts as submitted.

We thank Kirsty Rule and Liz Williams for formatting the text and making the
manuscript camera ready for the printers and Colm Bowe for designing the cover page.

Roger W. Smith
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THE CONTEXT, JUSTIFICATION
AND APPLICATION OF UNDERUTILISED CROPS
IN A RAPIDLY CHANGING WORLD
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1

Climate change: an exciting challenge for
new and underutilised crops

Trevor Tanton and Nazmul Hag

The paper explores the challenges and opportunities posed by global warming. Global
Climate Change Models suggest that the mid-latitudes will generally get appreciably
drier, northern latitudes will get a lot hotter and wetter, while at the same time a
considerable amount of the world s most productive agricultural land will be under water
due to sea level rise. Under the most likely A2 and B2 scenarios of climate change the
predicted changes for plants and crops in many parts of the world are severe, and
although regional climatic change predictions have a wide level of uncertainty within a
single human life time, cropping practices across the world are expected to change
dramatically. Crops from other parts of the globe will replace crops that are no longer
suited to a particular location, thus opening up appreciable opportunities for new/under
utilised crops.

Although we have a good understanding of the environmental growth
requirements of the major world crops, i.e. maize, wheat, cotton and potatoes, for most
crops we have a very poor understanding. For example as the acceptable temperature
range of many tropical and sub-tropical crops expands towards the poles as a result of
climate warming, their climate range might also be expected to move towards the poles.
It is possible however that for many species day length requirements or specific seasonal
requirements could still restrict their range. It is therefore clear that with climate change
cropping systems throughout the world and the crops grown within them will have to
change if they are to adapt to the new climatic conditions. Unfortunately there is a lack
of data on the physiological response of most crops to the environmental variables that
restrict their development and yield, and hence it is difficult if not impossible to
anticipate future cropping systems throughout the world. To enable effective
introduction of new crops on a world scale research needs to concentrate on gaining a
fundamental understanding of the climatic variables that constrain plant adaptation.

The paper draws attention to the steady decline of crop research infrastructure that
has taken place which unless reversed in the near future will leave us ill equipped to
adequately adapt to the anticipated rapid rate of climate change. Attention is also drawn
to perhaps an even more deep seated problem and that is the lack of good qualified young
scientists who are capable of undertaking the essential research in Europe (and to some
extent in North America).

INTRODUCTION
It is generally accepted that climate change is happening and that anthropogenic CO,

emissions are the cause. We know that climate is changing and that plant behaviour is
changing and that where possible plant communities are adapting, for example in the
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northern hemisphere plants are progressively flowering earlier in the year (Franks et al.,
2007) and senescence is occurring later. In the Alps the alpine plant communities are
progressively moving even higher up the mountains (Pauli et al., 2007) and in the past 40
years the northern limit of maize production has moved north from central France to
Finland.

The rate of climate change is already noticeable with increased temperatures and
extreme events occurring more frequently. Unfortunately all Global Circulation Models
(GCMS) predict that the rate of change will increase significantly. For the latest
predictions of future climate change see the International Panel for Climate Change
(IPCC) Fourth Assessment report on climate change, 2007 (see http://www.ipcc.ch/#).
This paper looks at the likely changes that are expected to take place in the global
climate, and the secondary consequences that are likely to affect the growth and
development of crops and plant communities as a whole, before looking at the role of
research in minimising the impact of change on global crop production.

CLIMATE CHANGE SCENARIOS

Intergovernmental Panel on Climate Change: Scenarios of Climate Change
Global climate change modellers make predictions of potential climate change based on
predicted changes in the atmospheric concentration of forcing gases, CO, CFCs etc.
which are likely to occur with different potential world economic, political and
population development scenarios. The two scenarios considered in this paper are the:
e A2 scenario. National self reliance, preservation of local identities, continuously
increasing population and economic growth on regional scale.
e B2 scenario. Local solutions to sustainability; continuously increasing population
at a lower rate than in A2; less rapid technological change than in B1 and Al
scenarios.

Change in temperature
Without a very significant change in the world s attitudes to economic growth and
lifestyle and unprecedented global co-operation the A2 scenario appears the most likely
to occur. For the A2 scenarios, below 15° North most of the GCM s are in general
agreement and anticipate an increase in average global temperature of between 3 to 4° by
2585 (with a potential confidence range of 2 to +5.4), however this will not be globally
uniform. For example, by 2085 in much of Western Europe and India an increase of
about 4"C is anticipated but little change is expected above the oceans. In general the
magnitude of temperature rise increases towards the North Pole where a 7-9”C rise in
temperature is anticipated. It is also important to note that the largest rises in temperature
are anticipated in summer months, so a mean annual temperature of 4°C could be as large
as 6°C in summer and only 2°C in winter, resulting in significantly higher crop water
demands. For the B2 scenario the same general pattern is expected but the anticipated
rise is likely to be a degree or two less than under the A2 scenario

The implications of an anticipated temperature changes arising from the A2
scenario in Western Europe by 2085 can clearly be seen in Table 1. London will
experience the present mean annual temperature of Bordeaux and Helsinki is expected to
have a temperature close to that of London.
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Table 1. Anticipated mean annual temperature changes for a number of European cities
with the A2 Scenario

City Mean A2Predicted | Temp
Annual Increase in 2080
Temp . oC. Temp.

London 9.6 +3.5 13.1

Paris 10.8 +3.5 14.3

Barcelona 15.3 +3.5 18.8

Bordeaux 12.8 +3.5 16.3

Helsinki 5.7 +7 12.7

Variability in precipitation and available soil moisture

For agricultural production precipitation characteristics interact strongly with seasonal
temperature to dictate crop production. Unfortunately at the present time there is poor
agreement between the different Global Climate General Circulation models in their
prediction of precipitation distribution around the globe in the future, apart from a general
trend upwards (Figure 1). The situation appears worse when the models are run for
specific locations when there is even greater divergence with changes in precipitation
greater than + 20% to -20% being predicted by the different models in some instances.
Because of the importance in predicting precipitation locally these models are often
downscaled using widely accepted procedures (see IPCC 2007). For example in Britain
the output from the HAD models are downscaled to a 100kmt grid and in 2008 will be
downscaled to a 25 kmf grid by the Hadley centre. However, although the basis for the
downscaling is sound and gives more apparent precision it can be misleading as there is
no gain in accuracy and hence give a false sense of reliability. The problem is made
worse by many nations selecting one model, often their own national group s model and
not considering the wide variability between different models.
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Figure 1. Nine GCM predictions of Percentage Change in Precipitation for the A2
scenario

Increase in evapotranspiration and change in soil moisture

As crop production is very much linked to soil moisture availability researchers have
combined the precipitation and temperature output of the models to produce maps of
potential changes in soil moisture. These maps show vast changes in the distribution of
soil moisture throughout the World. For example the HAD 3 model data gives a
reduction of available soil moisture in Europe of typically 10 to 20%, while in the
Amazon it is anticipated to have a 50% reduction and in North Eastern Siberia a 50%
increase is anticipated. Because for many locations the models have wide ranges of
anticipated changes in precipitation, the colourful GIS output maps of predicted
precipitation that are produced from them, although looking very seductive, need to be
considered with great caution. In summary we can expect soil moisture balance to
change, and in some areas this change will be dramatic but the models are still not
accurate enough, and maybe never will be, to allow given countries to develop specific
coping strategies for changes in the soil water balance. But what is clear is that we need
to plan for uncertainty and in general where all models show a similar pattern of change
the anticipated changes may be more robust.

Other anticipated changes that will affect cropping patterns and cropping systems
as a result of climate change
e An expected 0.6m rise in sea level is now anticipated by 2080, resulting in loss of
some of the world s most productive soils. For example, in Bangladesh where
there is no construction material to provide effective coastal protection, with an
anticipated sea level rise of 0.6m, 17% of the country s land area would be lost.
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With greater energy in the weather systems of the world the greater will be the
extremes of climate, i.e. harder more frequent droughts, prolonged hot periods,
more heavy storms, frequent tropical cyclones, floods and wetter monsoons.
Changes in humidity are also expected but few have tried to quantify it but
changes in humidity will be linked to changes in soil moisture balance.

Despite the uncertainty in what the climate will be in the future it is not an excuse for
inaction. Climate is changing and all models are predicting changes that for many parts
of the World will result in a very different climate by 2080. Given the scale of the
problem and coupled with an energy crisis as oil production begins to decline we need to
be in a position to guarantee the food supply for future generations.

WHAT DOES CLIMATE CHANGE MEAN FOR CROPS AND PLANT LIFE?

Due to the rapid change in climatic conditions in many parts of the world plants
will have inadequate time to adapt resulting in mass extinction and loss of
biodiversity. For example much of the wild gene pool of potatoes could be lost as
the temperature rises in the Andes and tubers are no longer formed, while only the
most invasive species are likely to be able to easily adapt to changing climatic
conditions.

Many crops will not be able to grow in their existing climatic range. For example
over most of Southern Africa maize is the staple food but over much of the region
it is at the extreme of its range due to lack of soil moisture availability. As a
result food shortages are common in dry years. With an anticipated increase in
temperature of 2-3"C and the associated increase in evapotranspiration coupled to
a potential decrease in precipitation the future for maize in the region does not
look good.

A significant area of the world most fertile floodplains will be submerged below
sea level resulting in loss of existing coastal communities.

Crop production will move north into the more wealthy nations. For example in
the past 50 years the northerly limit for maize production has moved north from
central France to Finland. Although this has partly been brought about by plant
selection it is also the result of a steady increase in temperature and number of
frost free days. This move north is expected to accelerate in the coming decades.
Because of the uncertainty of future precipitation distribution it is difficult to
anticipate future soil moisture regimes and to identify how it will effect plant
growth. It also makes it impossible to adapt a specific scenario to plan for the
future but what is clear is that we need to plan for change.

There will be changes in soil fertility. With higher temperatures humic matter in
the soil will oxidise more readily leading to long term reduced fertility while in
areas with increased rainfall there will be increased leaching of soil nutrients.
This will occur against a background of very expensive artificial fertilisers, a
result of the rapidly looming world energy crisis.

As a result of climate change low vyields of existing crop varieties within their
present geographical locations could become the norm.
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The world research efforts into crop adaptation and development is only at a fraction of
the level it was in the 1960 s and 1970 s. This decline in research effort being justified by
the fact that the research carried out in those years has allowed the world to feed it self to
date. Unfortunately the severe threat posed by climate change is confounded with a world
rapidly growing population coupled with rapidly increasing energy prices and hence
fertiliser costs. Hence the future food security of the world is under an unprecedented
level of risk. There are signs that this era of food security is drawing to a close and hence
an already difficult time for future food security is going to be further aggravated by the
fact that within a person s life span dramatic changes in climate are being predicted.

WHAT STEPS ARE BEING MADE TOWARDS CROP/ ADAPTATION?

Seed banks

Seed banks, such as The Royal Botanic Gardens Millennium Seed Bank (see website)
and Norway s Svalbard Seed Vaults are attempts to try and preserve plant genetic
diversity when it is clear that it is rapidly diminishing in the natural environment.
However ambitious these attempts might be, they will only ever contain a fraction of
what presently exists in the natural environmental today.

Research in crop adaptation

Research is underway on how a number of the major crops can be expected to respond to
changing climatic and environmental conditions. For example there is adequate
knowledge of how the potato crop responds to its environment to allow us to accurately
predict dry matter production from environment variables, although it is not always
possible to predict tuber yield (Haverkort and MacKerron, 1995). Wheeler et al. (2000)
and Challinor et al. (2007) have reviewed the literature on the effect of a wider
fluctuation of temperature on the seed production of crops noting that seed production in
many species is sensitive to short periods of high temperature. There is also a number of
ongoing studies looking at how most of the major crops respond to their environment and
how they might respond to climate change (for example Hodges et al.,1987, Matthews,
1997).

Field trials

Field trials are the agronomic approach to selecting crops and they continue to be used
widely throughout the world to adopt crops to their environment. This approach is well
tried and tested. However, they are both time consuming and expensive. In time of rapid
climate change and when in many locations new crops will be needed to replace crops
that are unable to adopt to the new climate it is not a cost effective means of screening
potential new varieties and crops.

WHAT ELSE IS NEEDED?
We have a growing understanding of how many of the world s major crops respond to
the main environmental variables. Unfortunately few studies have looked at the

variability that exists in gene pools to establish the range of climatic conditions within
which a crop may adapt to a changing climate. For example research in Malawi showed
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that the base temperature of tea, (the temperature below which it does not grow) is
12.5"C. This is widely accepted in environmental modelling work, but this work was
carried out on a single clone (Tanton, 1979). It could be that there is a wide range of
variability between different genetic material or equally there could be no range. What is
clear is that for crops like tea that have very specific habitat requirements, much more
information is needed about their adaptability to adapt to a changing climate if future
production is to be guaranteed.

We therefore consider that it would be cost effective to carry out research into the
genetic variability of the world s major crops to establish their capability to adapt to a
changing environment and to have sufficient understanding of their requirements and
adaptability to be able to predict future regional crop distribution from anticipated
climatic changes.

Our understanding of the crop physiology of the major crops gives us a platform
from which a more in depth understanding can be developed but unfortunately we have
little or no understanding of how new/underutilised crops respond to their environment.
If they are to fulfil their potential in helping us adapt to climate change it is essential that
we have a clear understanding of their climatic/environmental tolerance.

Major changes in climate are predicted within a single lifespan and considerable
knowledge needs to be gained on the adaptability of our crops if we are to be in a strong
position to effectively adapt our cropping pattern throughout the world. Unfortunately in
Europe we have wound down our agricultural research base, both in Europe and within
our aid programmes. In addition the supply of good well trained scientists is of
underlying concern with the number of Botany / Agricultural botany courses in the UK
being countable on one hand. Hence we do not have a good trained pool of manpower to
take up the challenge.

CONCLUSIONS

A. We urgently need an expansion of research into the understanding of the adaptability
of all our crops, both staple crops and underutilised crops.
B. We need to educate graduates to provide the personnel who can rise to the challenge.

Even if the research effort has still got to get under way it is interesting that some sectors
of the agro-industry are beginning to consider the future, for example French Champagne
producers are reported to be buying chalk land in the south of England, (Kanter, 2008).
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2

Food and nutrition: the role of under-utilised crops in
traditional crop improvement and new crop
development

Patrick Van Damme

Projections on world population growth foresee a figure of 9 billion people by the year
2050. Food production will have to follow this ever increasing trend. As such,
traditional food crops such as rice, wheat and maize (to name the 3 most important) will
have to increase in yield so as to continue to provide quality food to the world. In a world
that for a number of reasons does not want to rely too much on GMOs, yield increases
will depend heavily on the introduction of genetic material from landraces and related
(under-utilised and wild) species into known or newly developed varieties. However, in
order to continue to offer a diverse and quality-rich food basket, new crops and products
need to be domesticated and developed, respectively. Recent trends and possibilities,
based on examples from Latin America and Africa will show the scope, opportunities and
limitations of this new crop development. The necessary policy measures will be
highlighted with an emphasis on the expected (and needed) input of different
stakeholders, with this the specific place and importance of niche commodities for greater
food security and income generation will be emphasised.

INTRODUCTION

Needless to say, Africa is a big continent that harbours a wide agro-ecological variation,
based on a variety of climates and soils. The latter interact to yield a number of biomes
that cover a range comprising dry woodland and scrublands in the north, deserts (Sahara
and Namib desert being the most prominent on and near the tropics), evergreen broadleaf
forest, tropical deciduous forest, tropical scrub forest, tropical savannah and woodland,
semi-desert and arid grasslands and mountainous vegetations (sensu White, 1983).

Annual rainfall figures range from < 25 mm to > 8000 mm. However, the natural
environments they generate are mostly influenced and changed by human interventions.
Sedentary farmers, transhumant and nomadic cattle growers use and shape the natural
landscape in such a way that the original vegetation is altered into a man-made
environment, with a specific biodiversity. Cropping can either be intensive or extensive,
uses traditional some would say primitive implements or else rather modern inputs in
an effort to lower production risks and low yields.

The continent typically harbours the whole range of agricultural production
systems starting with (again) primitive hunter-gatherer systems (like the ones
encountered with central African pygmies or southern African Kung San or Topnaar,
formerly known as Bushmen and Hottentots, respectively), and developing into semi-
nomadic and subsequently fallow systems, ley farming, permanent upland farming and
when resources allow this irrigation farming and plantation farming; in limiting, i.e. arid,
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environments animal husbandry systems prevail and cattle, goats and sheep are raised for
auto-subsistence and marketing (Ruthenberg, 1976).

The different vegetation types do not harbour the widest variety of plant

biodiversity in the world. In fact, Latin America hosts some of the most biodiverse
hotspots of the world, whereas Asia also has some very rich sites. Wherever there is
rich plant diversity available, this can be the basis for subsequent plant domestication into
crops. Thus, both Latin America and Asia have been the cradle of a number of important
crops. By comparison, Africa is rather poor. Still, and following Vavilov, Africa is the
centre of origin of a number of well-known crops with worldwide importance. Moreover,
it hosts a number of plant species with local and/or regional importance.

The present review wants to highlight a number of crops with African origins, but
also draw the reader s attention to a number of useful species with domestication
potential which are currently under consideration for domestication and/or actual
development. Specific attention will be drawn to the methodology to find new
candidates for crop and niche product development, with a specific emphasis on market
chain analysis and promotion, and development aspects of the latter process.

AFRICAN CROPS

Coffea arabica and C. canephora (better known as robusta coffee) together with the
lesser known and used C. liberica are three coffee species that have entered the
international markets over several centuries. C. arabica was first domesticated in the
Horn of Africa, then moved into the Arab peninsula before it began its tour du monde.
Robusta is a species that was first domesticated from the humid tropical lowland forests
of central Africa. Both co-exist and have specific markets and customers, robusta being
the source of soluble coffee as it has a strong, somewhat bitter taste that does not loose its
properties too much after and with processing.

Amongst the different cotton species (Gossypium spp.), at least one originated
from Africa. In fact, cotton is already mentioned in the New Testament. However,
archaeological findings in Thailand and Machu Pichu point to a disjunct origin for the
genus that indeed contains several species that each developed into commercial crops.

At the commercial level, Elaeis guineensis or oil palm is a real success. Originally
coming from the Guinea Gulf area, it is now big money in South East Asia, with
Malaysia and Indonesia being the biggest producers, trailed by Vietnam. Qil palms offer
a healthy vegetable oil whose properties have been altered for greater nutritious value and
better health properties. The recent interest in biofuels based on energy-rich chemical
compounds from oil crops has increased investment efforts to promote its cultivation in
new areas (that are often situated in fragile humid tropical environments).

Even though Oryza sativa is globally the most important cereal crop (together -
and depending on the years - with wheat, Triticum spp.), Africa has been the centre of
origin of O. glaberrima, the so-called upland rice that still has its main cropping area
centred around the West African Niger river watershed. Dr. Monty Jones, formerly with
the Africa Rice Centre, or West African Rice Development Association as it was known
before, was able to create a viable cross between both species which is currently known
as NEw RICe for Africa. NERICA blends the high(er) production potential of O. sativa
with the rusticity of O. glaberrima, and yields up to 30 % more than the latter without the
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need for costly inputs such as fertiliser or pesticides (www.warda.org). As such, NERICA
can be a life saver for many resource-poor farmers, and should also allow them to secure
some additional income over their meagre subsistence earnings.

In terms of acreage and cultural, food and commercial importance these four
product groups are the most important amongst the crops which have their origin in
Africa. The rest of the list covers species that only have a local and/or regional interest. If
they or their by-products are exported, they serve specific niche or seasonal markets
with limited scope or impact.

Amongst the most important secondary crops with African origin, we can
mention Pennisetum glaucum (pearl millet), Sorghum bicolor (sorghum) and Dioscorea
spp. (yam). Where they occur, the three of them are important staples. Pearl millet is a
basic food item whose flour is prepared into a sort of porridge that is the basis for meals
in the semi-arid areas of Africa. White-seeded sorghum serves the same purpose; the red-
seeded variety, however, is the basis of sorghum beer. Its tannins guarantee a strong and
specific taste that is appreciated both in the northern and southern hemispheres of Africa.
The seeds of both species are also known on western markets where they are sold as
birds feed. Yams are another staple source of energy. Different species are still harvested
from the wild, whereas others form an integral part of the farming system of the
somewhat more (sub-) humid farming systems. As the vining Dioscorea needs a support,
it is often grown in association with other crops, mainly cereals.

The continent gave birth to a number of other cereals such as finger
millet/coracan (Eleusine coracana), fonio (Digitaria exilis), or teff (Eragrostis teff). The
latter originated from Ethiopia, where it is a staple crop in part of the country its flour is
turned into enjeera which accompanies every proper meal in Ethiopia. Teff is also
grown in South Africa as cattle feed.

Vigna unguiculata (cowpea) is another crop that is typically grown in association
with cereals. Especially in West Africa, it occurs in mixed stands of millet and/or
sorghum. Its centre of origin is situated in Nigeria. The three crops typically grow in
semi-arid, low resource settings, and have low yields. Improved varieties do exist for all
three of them, but still yields are in the range of 1 t/ha only. Sorghum and millet are
mandate crops for the International Crop Research Institute for the Semi-Arid Tropics
(ICRISAT, headquarters in Hyderabad, India), whereas cowpea is a focal crop for the
International Institute of Tropical Agriculture (IITA, Ibadan, Nigeria). Both institutes try
to develop varieties with high rusticity and resistance against the more common pests and
diseases.

Apart from cowpea, there are still a few other legumes that have their centre of
origin in Africa. Cajanus cajan is an important seed legume, whose grains are used for
feed but also for human food. Pigeon pea is also a crop that is often used in improved
agroforestry of agro-sylvopastoral systems in alley cropping configurations. It hereby
improves soil fertility and can also protect the field from degradation and erosion. Lablab
(Lablab purpureus) is another legume that was initially domesticated in Africa.

Africa also saw a number of vegetables being developed from the wild. Solanum
aethiopicum is a species that is rich in a number of subspecies all of which are termed
African eggplants. They have a somewhat bitter taste, and come in different forms and
colours. Cucumbers (a wide variety of Cucumis spp.) were also and initially developed
from African material. Hibiscus sabdariffa (bissap or roselle) and H. cannabinus (kenaf)
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are interesting Malvaceae. Red roselle is grown for its red succulent calices (that continue
to develop once fruits are set) that once dried are the source of a sweet and sour beverage
traditionally drunk by muslims during Ramadan. Kenaf is a source of coarse stem fibres.
It is traditionally grown in garden plots; its fibres are made into cords with specific uses.
Lagenaria siceraria was amongst the first domesticated plants in the world. This cucurbit
is basically grown for its calabash fruits that once dried are used as containers. Ricinus
communis (ricin) is also grown in garden environments, but its final uses are mostly
medicinal. Guizotia abyssinica is the source of Niger seed . It is an erect, stout, branched
annual herb, grown for its edible oil and seed. Its cultivation originated in the Ethiopian
highlands, and has spread to other parts of Ethiopia.

Apart from coffee, trees or perennials are quite absent from this list. There are,
however, a few African perennials that made it into real crops such as Quercus suber, a
North African tree species whose bark is a source of cork, which has many uses (see
infra). Phoenix dactylifera, date palm, forms an essential part of the North African oasis
production system. Dates are a very useful survival food, rich in energy that is
appreciated in numerous societies for its sweetness. On the other hand, Cola nitida (cola
nut) has a huge local, cultural and - more widely - traditional importance. Although it is
regionally widely traded, it has hardly any big interest beyond its initial centre of
domestication. At the same level, Ricinodendron heudelotii, Xylopia aethiopica or
Tamarindus indica serve local and regional markets, but have hardly made it into the
international market, with an exception for the latter species for which there exists a
ready market in Asia, and of late also Europe. With the exception of cork oak, there exist
no improved varieties for the other species, real domestication only having started
recently. Interest in the latter species has recently risen, amongst others because of the
research and development work initiated by the World Agroforestry Centre (ICRAF).
The latter is also true for Prunus africana, a species once named as a cinderella species
by Leakey and Newton (1995) and Leakey and Jaenicke (1994) to indicate this is a
species with a multitude of hidden valuable uses that are (as yet) not appreciated by the
wider (scientific/development) community. P. africana is currently being domesticated as
there is a huge market demand from the west for its medicinal bark.

UNDER-UTILISED AFRICAN PLANT SPECIES WAITING TO BE
DOMESTICATED

From the above, it is clear that up till now Africa has been the source of only a few crops
with universal importance. Others remain confined to the continent. There are,
however, a number of other useful species that are only known and used by local
communities for food, medicine, rituals, dye, and timber. Within this group, especially
non-timber forest products (NTFPs) would seem to have at least some potential on a
wider scale.

Ethnobotanical survey work documents plants use by local and traditional
communities, and allows these species to be discovered for wider use and further
development. Ideally, ethnobotanical inventories form the basis for plant germplasm
characterisation using classic morphological description through descriptors specifically
developed for the species under scrutiny and more detailed fingerprinting using AFLP,
micro-satellites, etc. Thus, the taxonomical position of the useful species can be clarified,

26



and the existence of specific eco- and genotypes evidenced. The latter information is
important if and when one wants to improve the existing material through crossings and
breeding. Better knowledge of the existing germplasm would allow for the better material
to be domesticated. In order to achieve this, species have to be propagated and the plants
developed into real crops for introduction as food or medicine for auto-consumption
and/or commercial, niche crop development.

In a global economy, development of new commodities that address specific so-
called niche markets seems imperative if one wants to guarantee ready market access to
resource-poor farmers who often don t have the financial nor organisational means to
start competing with established global-market products such as coffee, rubber, cacao or
tea. With the latter crops, the economic positions have been taken for a long time already.
New players will only be able to enter these markets if they can offer specific quality
products, or else can start producing enormous amounts (that would lower or compensate
fixed production costs). Both strategies, however, necessitate high investments which
more often than not are not available.

Box 1. The importance of niche commodities Tonts & Selwood (2003)

Diversification and niche marketing have become very important economic strategies for many
rural small businesses, farmers and communities. As part of these strategies, new opportunities
often emerge for traditional products and industries. In the case of Western Australia, this has
contributed to the revitalisation of the sandalwood industry. While sandalwood has been exported
from Western Australia for more than 150 years, for much of the second half of the twentieth
century it was of little economic significance. In recent years, however, the industry has become
increasingly entrepreneurial, successfully marketing its products into niche markets in the global
economy. For farmers and communities in rural areas, the revitalisation of the sandalwood
industry has also provided opportunities for economic diversification and a profitable way of
tackling land degradation.

Biodiversity as a whole, and African plant biodiversity in particular ‘has emerged in the
past decade as a key area of concern for sustainable development. It provides a source
of significant economic, aesthetic, health and cultural benefits. Although estimates vary,
there is general scientific consensus that the world is becoming less biologically diverse
in terms of genes, species, and ecosystems. Rapid loss of biodiversity poses a global
threat to human well-being (cited from web.worldbank.org).

Ethnobotanical research in Africa has come up with some promising candidates
for new crop development. In what follows, we briefly present a few (NTFPs ) that
specifically cover food (and feed) uses.

DIRECT FOOD

Seeds and Nuts

From the Mediterranean area, Argania spinosa could be a source of argan oil, Ceratonia
siliqua (carob tree, known from the bible as John the Baptist s survival food) is already
commercialised as an alternative sweetener (and has been incorporated in chocolates and
confectionery in general), whereas a number of Pistacia spp. either yield seeds or have
been the source of mastic for a very long time. Vitellaria paradoxa seed from the Sahel,
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is the source of shea (nut) butter which is used in food preparation but also in cosmetics:
locally, women use it to treat their skin, whereas it is also exported to the West for more
formal incorporation into cosmetics.

Fruits

Ziziphus mauritiana (jujube) yields sweet fruits. Through research, new varieties have
been developed that produce bigger fruits with better/sweeter taste. The international
market prospects of Balanites aegyptiaca, Parkia biglobosa (n@r@, or African locust
bean) and Parinari macrophylla still need to be explored. However, locally and
regionally commercial activities are quite intense. Saba senegalensis yields very acid
fruits that could appeal to specific tastes. The fruit pulp of Adansonia digitata or baobab
is the source of a sweet juice that is already produced in Europe (France, Italy); the fruit
contains seeds that are locally used in sauces, whereas (dried) leaves, bark for rope,
seedlings, are other sources for a number of useful products.

Palms

The Arecaceae family has a prominent place when useful plants are concerned. Elaeis
guineensis has already been mentioned as a source of vegetable oil. Of late, the latter oil
has attracted some interest as a possible source of biofuel. However, using a food oil as a
source of combustion would seem in advisable in the light of the big problems with
hunger that continue to prevail in the world, and in Africa specifically. Using limited soil
resources for another cash crop should thus not be promoted. Palm oil plants, however,
can also be good sources of edible fruits, palm wine, and palm hearts. Borassus
aethiopum vyields a sweet sap rich in sugars, is a source of palm wine whereas fruits are
also eaten. Metroxylon spp. (sago palm, amylaceous pith inside the trunk) and Phoenix
paludosa (palm hearts, but also the host of the edible and eaten palm worm) are other
possible contenders.

Mushrooms

Worldwide, mushrooms are collected and used for food and medicine. A number of them
can be cultivated, thus adding value to organic waste (growth medium) and creating
additional incomes for local communities. Their sustainable collection can feed into
production-marketing chains with international importance.

Fodder

The African continent also has some species that are valuable sources of fodder or
browse: Acacia spp. and Atriplex spp. occur in dry and saline environments, resp.
Prosopis spp. have been introduced from elsewhere; their sweet pods are rich in energy
and can also be used as fodder.

Alternative sources of employment/income generation

Southern Africa has a number of bamboo species that can be used in construction, as a
source of fibre for paper, etc. Rosin and turpentine/resins, and gums are produced by a
number of broadleaved species, such as Sterculia setigera (gum for cooking) or figs
(Ficus spp., idem) whereas Pinus spp. bark can also be rich sources of resins. Tannins are
collected from a number of Acacia spp. (notably A. nilotica), Rhizophora and Avicennia
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spp. (which are mangrove species) and also Quercus spp. Tasar silk (sericulture) is
produced by Antheraea spp. (butterfly) feeding on Terminalia tomentosa, T. arjuna, or
Ziziphus mauritiana.

A special case is offered by Quercus suber, the cork tree, whose bark is used in a
wide variety of applications. Cork’s elasticity combined with its near-impermeability
makes it suitable as a material for bottle stoppers, especially for wine bottles. Cork
stoppers represent about 60% of all cork-based production. Cork’s low density makes it a
suitable material for fishing boats and buoys, as well as handles for fishing rods (as an
alternative to neoprene). Cork is also used in the manufacture of musical instruments,
particularly woodwind instruments, where it is used to fasten together different segments
of the instrument and make the seams airtight. Sheets of cork, often the by-product of
more lucrative stopper production, are used to make floor tiles and bulletin boards.
Granules of cork can also be mixed into concrete. The composites made by mixing cork
granules and cement have low thermal conductivity, low density and good energy
absorption characteristics. Some of the property ranges of the composites are density
(400 1500 kg/mt), compressive strength (1 26 MPa) and flexural strength (0.5 4.0 MPa)
(Karade, 2003).

Honey and beeswax are interesting by-products of beekeeping. As such, the latter
activity is well-suited to developing countries, requiring little capital injection, and
making virtually no demands on natural resources. Beekeeping may be carried out in
conjunction with subsistence and modern agriculture (any scale of operation) and can be
an integral part of an agricultural management system.

Acacia senegal, a source of tannins, also provides gum arabic, fodder, fuelwood,
poles, whereas its N-fixing properties make it well-suited for integration in agroforestry
systems.

Aloé spp. are among the newer, niche commodities (see infra) that have entered
formal commercial markets. The genus is native to Africa and is common in South
Africa’'s Cape Province and the mountains of tropical Africa (especially East Africa), and
neighbouring areas such as Madagascar, the Arabian Peninsula and the islands off Africa.
Where they occur in Africa, they are collected and processed into cosmetics and skin
products (Figure 1). Aloé species are also frequently cultivated as ornamental plants both
in gardens and in pots. Many Aloé species are highly decorative and are valued by
collectors of succulents. Some species, in particular Aloé vera are purported to have
medicinal properties. Other uses of alo®s include their role in alternative medicines and in
home first aid. Both the translucent inner pulp as well as the resinous yellow exudate
from wounding the alo® plant are used externally to relieve skin discomforts and
internally as a laxative. To date, research has shown that Aloé vera produces positive
medicinal benefits for healing damaged skin. Conversely, other research suggests A. vera
can negatively effect healing (Vogler and Ernst, 1999). Some Aloé species have also been
used for human consumption. For example, drinks made from or containing chunks of
alo® pulp are popular in Asia as commercial beverages and as a tea additive; this is
notably true in Korea. Alo® is used externally to treat a number of skin irritations. It has
antiseptic and antibiotic properties which make it highly valuable in treating cuts and
abrasions. It has also been commonly used to treat first and second degree burns, as well
as sunburns and poison oak, poison ivy, poison sumac infections, and eczema. It can also
be used as a hair styling gel and works especially well for curly or fuzzy hair. Aloe
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contains a number of medicinal substances used as a purgative. The medicinal substance
is produced from various species of alo®, such as A. vera, A. vulgaris, A. socotrina, A.
chinensis, and A. perryi. Several kinds of alo®s are commercially available: Barbadoes,
Socotrine, Hepatic, Indian, and Cape alo®s. Barbadoes and Socotrine are the varieties
most commonly used for curative purposes. Alo® juices are the expressed juice of the
leaves of the plant. When the leaves are cut, the juice that flows out is collected and
evaporated. After the juice has been removed, the leaves are sometimes boiled to yield an
inferior kind of aloes. The juice of the leaves of certain species, e.g. Aloé venenosa, is
poisonous.

Aloe Market Chain into West Pokot, Kenya THE ENABLING

O O T

N = > b
BUSINESS / /
SERVICES

Figure 1. Specific market map developed from figure 1 (in collaboration with local
stakeholders) and applied to Aloé spp. market chain with red arrows showing which
activities in the market chain require specific services (from Hellin et al., 2005)

FROM UNDER-UTILISED CROP TO NICHE MARKET DEVELOPMENT

Ethnobotany and useful plant inventory work in general, can yield interesting information
on which species could and should be developed into commaodities for greater food safety
and income generation. In a global market with increased competition for a limited
number of universal products, new players should try to focus on niche commaodity
production as the latter will allow conquering new markets with new products for which
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prices can be fixed by producers. Figure 2 provides a schematic representation of
production, market chain and the (enabling) policy and socio-economic environment in
which it operates, together with the business/extension services it needs in order to
operate properly (from Hellin et al., 2005)

THE ENABLING

TRADE BUSINESS LAND ENVIRONMENT
STANDARDS REGULATION REGISTRIES
TTAA;II:'EF CONTRACT QFFICIAL 0A COMSUMER
REGIME ENFORCEMENT CORRUPTION INSTITUTIONS TRENDS

EXPORT
MARKETS

PROCESSORS IMTERMD.
DOMESTIC MASS TRADERS PRIMARY
MARKETS
PRODUCERS
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IMSTITUTIOMNAL PRODUCT ’._ ’
CLUSTOMERS
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SMALL-SCALE
PROCESSORS

Lokt B . Nos

MICHE
MARKETS LOnZAL
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BUSINESS & FACILITAT'N UPGRADING MARKET FINANCIAL
OF LINKAGES STANDARDS INFORMATION SERVICES
EXTBENSION SERVICES
PRODUCT PRODUCER INPUT
DI¥ERSIFICAT'N CODRDINATION SUPPLIES

Figure 2. General generic and schematic representation of any production (from Hellin
et al., 2005)

According to Van Damme (1998), niche crops (should) have the following profile:

(1) be multi-purpose, combining a subsistence and/or cash finality, with erosion
control and/or another function which makes them interesting to integrate in the
(existing) cropping cycle and farming system;

(2) have a local market (potential) so that dependency on regional and/or
international markets and prices remains limited;

(3) preferably combine food and non-food properties so that when the formal market
collapses, producers can continue to use the commodity for auto consumption;

(4) be annual, or short-cycle, crops as this allows for a quick, i.e. on a seasonal basis,
change of commodity produced when economic/environmental needs arise;

(5) have high rusticity, i.e. be well-adapted to local circumstances and have enough
plasticity to guarantee high yields in different and/or changing environments,
whereas they are tolerant of/resistant to the most important pests and diseases
which are known to be a problem; ideally, the latter property should be combined
with
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(6) limited need for modern/imported inputs; and

(7) limited need for qualified/specialised labour; whereas still

(8) guaranteeing high yields and (by extrapolation returns on investment through)
rewarding market prices;

(9) be easy to store without excessive losses nor input use; whereas it should

(10)be easy to dry/process harvests locally with limited level of costly technology;
and also

(11)easy to transport the commodity or its processed products at later periods over
large distances at low cost;

(12) bulking of produce is a further plus; whereas it should also be possible

(13)to grow these crops intensively on small plots.

In other words, niche commodities respond to (new) needs and/but also allow creation
their own markets, and thus market dynamics and prices. As they do not compete with
existing products, unit selling prices will be rather high especially in the beginning of
their development. In the recent past, Simmondsia chinensis (jojoba) and Aloé spp. have
been developed into income-generating commodities for novel markets. Jojoba is the
source of a wax that replaces sperm whale oil (for Aloé, cf. supra). A number of the
species presented sub. 3 are good candidates for similar niche product development, if a
number of crucial issues are addressed.

From a study carried out by Gabre-Madhin and Haggblade (2001) on successes in
African agriculture, it became clear that few (African) countries have accorded
agriculture the necessary priority, either in policy debates or investment allocations, to
sustain agricultural support institutions capable of generating a steady stream innovations
and growth. This persistent under-investment in frontline agricultural research and related
support institutions appears puzzling at first. But after spending some time in African
ministries of finance, it quickly becomes clear that narrow tax bases coupled with
enormous debt loads and donor-imposed priorities on social spending leave little room
for manoeuvre or debate over the relative role of productive investments in agriculture.
An opening up of these budget debates will require a renewed commitment to agriculture
by both African governments and donors.

Governments wishing to intensify smallholder agriculture under circumstances
where the necessary markets were/are absent or weakly developed should leave market
activities to the private sector and try to foster market entry, investment and technological
progress via interventions that promote institutional development (such as appropriate
legislation, improved transport and social infrastructure, and administrative and legal
services).

Public policy and developmental initiatives to encourage linkages between
farmers and agribusiness include both direct and indirect support to smallholder market
linkages and more general support to the smallholder sector. Direct support measures
include the promotion of grassroots cooperation and facilitation by a specialised non-
governmental organisation (NGO) increasing the business and technical skills of groups
and developing good working relationships between groups and agribusiness.

Major donors have an important role to play to help farmers organisations enter
the policy dialogue with governments and other stakeholders so that an enabling
environment (legal context for cooperatives and associations, taxes, regulations, and
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input quality control, level playing field for all suppliers) can be created. Donors could
support farmers organisations and governments establishing forums for policy dialogue
between government, farmers organisations (FO) and donors. It can also facilitate the
linkages/interactions between producers and other stakeholders, such as input suppliers.

Donors should ensure that funding for FOs capacity building, advisory services,
communication, networking, etc. is available at decentralised levels and that decisions to
allocate funding be in the hands of FOs. Funding should be available not only for services
but also for improving local infrastructure in support of input supply and marketing, such
as storage facilities

Amongst the strong feelings that FOs are the key to future agricultural
development were some warning voices against placing too much emphasis on FOs.
These warnings came from different angles (Dirckx and Van Damme, 2001). In a field
survey cum interviews organised by the latter authors, some companies expressed
disillusionment with working with groups. They felt that it is wasting effort to do so and
that it is forcing something onto rural areas that is not appropriate at this stage in their
development. They believe that the focus should be more on individuals than on groups,
the need is to strengthen the entrepreneurial base in the rural areas. That will have more
impact than trying to force groups into existence. Therefore, the establishment of
associations should only be promoted if that is the way that people in that particular area
want to go.

Gabre-Madhin & Haggblade (2001) state that although some observers remain
sceptical whether NGOs could replace government extension services, many respondents
in their survey cite cases in which NGO projects provide extension support to
understaffed and underfunded government extension services. Ultimately, the thorny
issues of public salary levels, recurrent transport budgets and adequate staffing for
government extension services remain closely linked to the debate over the relative role
of NGOs in African agriculture.

NGOs often mandate themselves to concentrate substantial resources on a small
number of villages, often in difficult areas. This favours the development of innovative,
empowering approaches, but at levels of unit cost beyond the reach of the public sector.
Wide-scale reliability should be a key design criterion for any future approaches
developed by NGOs or 'special projects’.

During our field survey, it was also found that there was a lack of information
sharing between (international and local) (non-governmental) organisations
implementing projects to enhance rural development, marketing strategies for small-scale
farmers, organisation of farmers in groups, etc. In this context, the Forum for Agricultural
Research in Africa (FARA; www.FARA-Africa.org) has an essential role to play in
guiding international policy makers in developing enabling policies for agricultural and
niche commodity development in Africa. The Sub-Sahara Africa Challenge Programme
which is lead by FARA offers a good opportunity to put theory into practice

It could be of great value to look for mechanisms of information sharing between
such organisations as much can be learnt from each others experiences and the impact of
certain activities could be improved.
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CONCLUSIONS

To conclude, it can be said that donors and NGOs together with governments, have an
important role to play in linking small-scale farmers to commercial sector activities, and
to develop niche commodity value chains. By being a broker, NGOs can ensure that
small-scale farmers rights are protected in relations (e.g. in contract farming) with
private agribusinesses that are in the early stages of privatisation. Contract farming often
requires organisation of farmers in groups. Promotion of such groups should only be
taken up if it is felt necessary by farmers themselves and in a way farmers feel confident
with it. Through contract farming, farmers’ organisations can grow and learn to undertake
marketing activities by themselves. The final objective should always be to create
independent farmers’ organisations that are free to take their own marketing decisions,
without being tied to an agribusiness company that has power to violate farmers rights.

There are different crops or commodities which can be developed out of useful
plant species that have shown potential to become the basis for niche products following
ethnobotanical research, and which can become important cash crops for farmers, but
choices on which species to develop should be made only after domestication trials have
proven successful and following careful market studies as these will differ for each
situation/species.
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3

Contribution of molecular genetics for new crops
development

Kornelia Polok, Tadeusz Korniak and Roman Zielinski

Underutilised crops adapted to a wide range of environments, may constitute an
important part of the diet, require a relatively low input and thus contribute to high
agricultural sustainability. However, research in developed countries ignored or paid little
attention to them and consequently, they are not able to compete with improved cultivars
of major crops although they have potential to be economically viable. The major factors
hampering the development of underutilised crops include lack of genetic improvement
and knowledge of genetics of quality traits and agronomy. Further constraint to the wider
utilisation of traditional crops is predominantly hampered by the low interest of farmers,
who are afraid of the risks of cultivation, a lack of the market as well as a lack of
experience together with inadequate financial resources.

In many cases key constraints to higher productivity and utilisation of traditional
crops are caused by specific bottlenecks such as uneven maturity, lodging as a result of
tall stem and narrow genetic diversity for important agronomic traits. All these
limitations can be overcome by application of various modern genetic and
biotechnological techniques already developed for major crops. Genomic studies are
improving our understanding of complex characters as well as providing the basis for
effective breeding strategies. The successful implementation of these studies to
underutilised crops will have an impact on their wider utilisation. The present work
describes several examples of successful implementation of advanced molecular genetic
technologies to genetic improvement of traditional crops including cereals with special
emphasis on bristle oat, Avena strigosa and legumes. The potential value of
transformation technology will also be discussed. Moreover, the economic aspect of the
application of molecular methods to underutilised crops is considered.

INTRODUCTION - RATIONALE FOR PROMOTING UNDERUTILISED
CROPS

Agricultural productivity has increased in the second half of the twentieth century but has
reduced the natural resource base including diversity of species used for food and the
genetic diversity of crops. Moreover, other aspects of the ecosystem such as the water
table have been altered in addition to soil erosion and acidification. It has been estimated
that there are between 300,000 and 500,000 species, of which about 6000-7000 are
known to have been cultivated at one time or another and another 25,000 species have
been used as herbal medicines. Over the centuries economically more important crops
have replaced many traditional varieties and landraces of minor crops and today only 120
plant species are cultivated on a wide scale, 30 of which have become the basis of the
human diet providing 95% of calories and protein requirements. Of these only 12 provide
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75% of the world s food supplies and the three major crops, rice, wheat and maize
provide 50% of world food (FAO, 1996; Heywood, 1999; Thies, 2000). The decline in
the diversity of crops is responsible for malnutrition caused by deficiencies in vitamins
and minerals. For example, vitamin A deficiency affects about 40% of the human
population, predominantly in South Asia and it is often accompanied by microelements
deficiencies. An emphasis on major crops has led to neglect of fruits and vegetables,
which are excellent sources of vitamins and micronutrients (GRAIN, 2000).

Not only is the number of cultivated plant species relatively small but also the
genetic basis of major crops is very narrow. Modern cultivars, which are the products of
plant breeding are characterised by their high level of genetic uniformity. They are
sometimes called high-yielding or high-response cultivars because of the high yield
produced when supplied with high levels of fertilisers. As a result today s large-scale
agriculture is focused on monocultures in which large areas are planted with one or a few
cultivars. For instance, over 67% of wheat fields in Bangladesh were cropped with a
single cultivar, Sonalika in 1983 (unpublished). Similarly, in Ireland about 90% of the
total wheat area has been sown with just six cultivars (FAO, 1996). These cultivars
usually exhibit broad adaptability i.e., they can grow over a wide range of areas and
climatic conditions but they demand a high level of fertilisers and pesticides, which poor
farmers cannot afford. Furthermore, although they have high yield potential, it cannot be
achieved in marginal lands, thus sowing modern cultivars involves a high risk of failure
under adverse environmental conditions, and pest or disease attacks. Even if cultivars
have different names, the degree of genetic difference between them may be small. One
striking example involves hexaploid wheat, Triticum aestivum, genetic resources of
which are limited due to both evolutionary processes and losses resulting from the green
revolution , which introduced semi-dwarf, lodging resistant and high-yielding cultivars.
Our studies indicate that modern wheat cultivars are difficult to separate even if high
resolution DNA markers, such as AFLP are used (Figure 1). Genetic similarities between
five wheat cultivars of different origin, Elena, Eta, Monsun, NAD and Torka were very
high and ranged from 0.91 to 0.98 with an average value of 0.94. Among 81 identified
bands only five were specific to a single cultivar which made impossible cultivar
identification based on AFLP fingerprints. Eventually, separation of wheat cultivars was
possible when markers based on polymorphism of DNA transposon insertion sites were
used. In total 18 cultivar specific bands (21%) were revealed and genetic similarities were
significantly lower (from 0.65 to 0.80) with an average value of 0.76.
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Figure 1. Comparison of AFLP and SSAP diversity of wheat cultivars

The immediate effect of genetic uniformity is similar susceptibility to pests, diseases and
other environmental hazards. In the former Soviet Union, the winter wheat cultivar,
Bezostaya had been grown over large areas until most crops froze during a severe winter
in 1972. In 1975, a new pathogen Sclerotinia trifolium killed off populations of Trifolium
repens (white clover) in Great Britain because all cultivars were susceptible (FAO, 1996).

In contrast, many minor crops contain a high level of genetic diversity. In wild
barley (Hordeum spontaneum) 93% of AFLP loci are polymorphic, each genotype has a
unique banding pattern and the genetic similarity coefficient varies between 0.74 and
0.98 (Turpeinen et al., 2003). Another example involves wild rice (Oryza granulata), in
which the high diversity is observed between populations originating from different
regions of China as indicated by 73% of polymorphic RAPD and 49% of ISSR markers
(Qian et al., 2001). Extremely high enzymatic variability with more than nine alleles per
locus has been recorded in 130 European traditional maize populations. A higher number
of alleles are observed in South-Western Europe than in North-Eastern Europe which
probably results from a loss of genetic diversity due to selection for tolerance of lower
temperatures in the latter (Rebourg et al., 2001).

The term minor crops or underutilised species cover a broad spectrum of
species of varied uses whose potential has not been fully realised. These species are less
used because they are not able to compete with modern cultivars of major crops in the
same agricultural environment. Minor species are characterised by varying degrees of
under-use and neglect. They include landraces or traditional varieties (farmers varieties)
of major crops, that have been selected by farmers over many generations, neglected
crops that used to be cultivated and that are still grown in their centres of origin but
neglected by research and conservation, vegetables, fruits and wild species gathered for
food, medicinal uses or other uses, multipurpose and wild trees important for agroforestry
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systems as well as cultivated and wild species that contribute to agricultural
diversification (FAO, 1996; IAEA, 2004).

In many instances, these underutilised crops are adapted to a wide range of
environments and soil conditions. Adaptation to slightly different conditions very often
correlates with protein or DNA diversity. In wild emmer wheat (Triticum dicoccoides),
for example, enzymatic and microsatellite diversity displays considerable regional and
local differences (Nevo, 1983; Li et al., 2002). The same is true for enzymes and hordein
polymorphism in wild barley (Hordeum spontaneum), which is adaptive and selected by
soil and topographic differences over very short distances. About 56% of all variant
enzymatic alleles are not widespread but reveal localised and sporadic distribution (Nevo
et al., 1983). Accumulated data has also indicated that transposons respond to various
environmental stresses. For example, in H. spontaneum, a simultaneous increase in the
BARE-1 copy number is connected with height and adaptions to drier conditions. This
particular variation is remarkable as a nearly three-fold range in copy number has been
observed. A noteworthy connection between the presence, within the BARE-1 promoter
of abscisic acid-response elements, and copy number variation suggests that transposon
proliferation may be stress-induced (Kalendar et al., 2000). Similar changes are observed
in Lolium multiflorum and L. perenne. The copy number of the Tpol DNA transposon
reflects a slow, but significant increase in L. multiflorum in comparison with L. perenne.
About 16% more Tpol insertions are present in the former. Dramatic evidence for
genome increase in L. multiflorum also emerged with Lolcopial. About 40% more copies
of this retrotransposon have been observed in L. multiflorum, suggesting that Lolcopial is
active in this species and may be correlated with adaptation to hotter and drier summers
in Mediterranean countries, where it is predominantly sown (Polok, 2007).

Many underutilised crops constitute an important part of the diet being a source of
vitamins, minerals, amino acids and other components which complement the daily
demand for nutrients. Avena strigosa, (bristle oat, black oat) contains more proteins,
lipids and carbohydrates than A. sativa, promoted for healthy food (Korniak and
Kuszewska, 1999). The species has other commercially attractive characteristics such as
high vitamin and b-glucans content. Another good example involves Pisum sativum,
whose yield and utilisation are below its potential, but which has excellent protein
content and may constitute an important complementation of major cereal-based diets.

Another advantage of underutilised crops is that they often require a relatively
low input and thus contribute to high agricultural sustainability. Bristle oat, A. strigosa is
especially adapted to marginal, acid soils with pH 4-5, and it is frequently found in the
areas where even A. sativa or Secale cereale (rye) known as crops of poor soils do not
grow well. Our observations suggest as well that it is drought resistant. On marginal lands
or with no input of fertilisers, all bristle oat ecotypes produce significantly more grain
than A. sativa and the majority of them produced two or three times higher as indicated
by grain weight per plant (Table 1). With respect to the best ecotypes, grain yield was
comparable to A. sativa when sown on high quality soil or when fertilisers where applied.
However, some ecotypes still exhibited a higher seed number in comparison with
hexaploid oat. Low soil fertility requirements make A. strigosa a species especially
recommended for high mountains, rocky coastlines and other drought prone areas.
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Table 1. Comparison of A. strigosa height and grain yield per a plant on different types of

soil*

Height Seeds per a plant Grain yield per a

cooypst | Courtyofl___[onpSD_____[0SD___{__planlgl-$0,
Low input | High input | Low input | High input input input

51105 France 99.5-9.6 | 08.4-11.4 | 139.8-9.1 |180.0-77.3| 1.6-0.1 | 2.2-1.1
51499 Caucasus | 109.8-8.6 | 103.9-9.2 | 227.3-38.3|221.6-96.9| 2.6-0.6 | 2.9-1.0
51520 Poland 90.6-9.9 | 92.2-2.6 |182.4—45.5|272.9-99.1| 2.2-0.4 | 3.4-18
51523 Poland 89.9-9.9 [105.9-10.6|129.3-46.4|234.2-82.1| 1.4-04 | 3.4-0.7
51578 Uruguay | 109.6-5.9 | 86.2-10.9 |179.6-28.8| 91.3-69.7 | 2.0-0.7 | 1.4-11
51579 Russia 119.7-10.1| 115.9-9.5 |272.7-91.7|222.6-99.9| 3.7-1.8 | 3.1-14
51582 Spain 106.4-16.3 | 116.6-9.7 |187.2—69.9|267.8-16.5| 2.8-1.0 | 3.9-1.0
51584 France 84.6-5.8 | 92.7-12.0 |179.6-28.8|218.5-90.1| 2.1-0.3 | 3.0-1.3
51598 Poland 97.8-6.5 | 102.0-6.7 |167.6-18.4|178.8-47.8| 2.2-0.1 | 2.1-0.5
51730 Brazil 101.8-0.4 | 96.0-1.4 |105.1-75.1|1455-629| 1.7-1.0 | 24-1.1
51731 UK 109.6-5.4 | 110.4-16.7|188.1-25.9|177.6-90.0| 2.1-0.3 | 2.3-1.3
51733 Spain 113.7-10.4 | 91.0-18.4 |213.7-91.9| 725-57.3 | 4.2-2.7 | 1.4-11
51734 Slovakia | 102.3-5.1 | 113.0-7.3 [ 209.7-12.5|320.3-92.9| 2.6 -0.1 | 4.1-15
51736 Slovakia 95.3-6.3 | 102.4-1.9 |190.8—75.9|157.0-31.4| 2.4-1.0 | 2.0-0.3
51741 Spain 106.94.0 | 93.1-7.1 |200.0-60.3|193.2-90.1| 2.9-0.6 | 2.7-1.4
51742 Spain 97.7-19.1 | 99.8-5.6 |170.3-51.4|261.2-77.4| 24-0.8 | 3.4-1.1
51747 Unknown | 91.6-13.4 |104.3-12.5|192.4-72.4|158.2-81.2 | 2.0-0.7 | 2.1-1.0
51750 Poland 114.5-4.0 {103.8-11.9|174.1-72.9|116.1-94.8 | 2.6-1.3 | 1.7-1.3
51755 Poland 109.2—7.2 | 100.1-6.0 |197.6—66.0 | 274.0-37.7| 2.6-0.7 | 3.6-0.4
pisll:)ks);i“" Poland 109.2-7.2 | 108.2-10.9 [ 197.6-66.0| 191.7-12.1 | 2.6-0.7 | 2.6-0.3
breGs::ae-ns3 Poland 91.3-3.6 | 100.0-7.1 |153.5-43.8|160.7-50.8| 1.9-0.6 | 2.0-1.8
A. sativa Poland 65.8-8.1 | 76.5-6.3 | 50.3-2.8 |231.3-50.1| 1.2-0.1 | 6.2-0.7

Bold - significantly higher values than in A. sativa for LSD test at P=0.05
'Experimental field was located in Trzebawie, West Pomerania, Poland

“Received from Institute of Plant Breeding and Acclimatisation. Radzikow, Poland
®Collected by Tadeusz Korniak in north-east part of Poland

Despite excellent features and an important role in sustaining food diversity and well
being of urban populations underutilised crops receive little attention in RTD policies
which makes them unattractive to farmers and could ensure their extinction. The crops,
which are currently underutilised or have become extinct, were greatly used in the past as
for example naked barley, bristle oat and common buckwheat in Europe. A. strigosa used
to be cultivated in mountainous areas of Poland, but now it is rare or extinct.
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MOLECULAR GENETIC APPROACHES FOR OVERCOMING CONSTRAINTS
TO HIGHER PRODUCTIVITY OF UNDERUTILISED CROPS -
PERSPECTIVES OF APPLICATIONS

The major factors hampering development of underutilised crops include a lack of
genetic improvement and knowledge not only of genetics of quality traits and agronomy
but also there is little information about their distribution, diversity and reproduction.
Increased knowledge of minor crops is a sine qua non of their rational utilisation. Wider
utilisation of traditional crops is predominantly hampered by the low interest of farmers,
who are afraid of the risks of cultivation, a lack of the market as well as a lack of
experience together with inadequate financial resources. Thus, availability of improved
cultivars, which could ensure a considerable economic profit, may significantly increase
cultivation of traditional species, especially on small farms.

In many cases key constraints to higher productivity and utilisation of traditional
crops are caused by specific bottlenecks such as uneven maturity, lodging as a result of
tall stem and narrow genetic diversity for important agronomic traits. Broader cultivation
of A. strigosa is seriously limited by its height that makes it prone to lodging (Figure 2).
Even when grown on poor soil, all ecotypes were significantly taller, by 29% to 82%,
than A. sativa (Table 1). The same problem is encountered in P. sativum, which tendril
rich cultivars have not overcome. During wet and hot summers, the majority of modern
pea cultivars tend to grow tall and consequently lodge. This in turn causes serious yield
losses and it is the main reason of farmers reluctance to cultivate it.

Figure 2. Comparison of A. srigosa height with modern cultivars of major crops
Left H. vulgare (barley), right A. strigosa (bristle oat)

Many of these limitations can be overcome with the help of various modern genetic and
molecular technologies already developed for major crops. The application of these in
underutilised crops should address the challenge of sustaining their diversity and
improving their performance according to breeders and consumers needs. Nowadays,
molecular approaches available for many plant species offer tremendous possibilities for
genetic diversity assessment, improving our understanding of complex characters as well
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as providing the basis for effective breeding strategies when coupled with more
traditional methods. Molecular markers are among the most promising, reliable and
effective tools for basic and applied research. Their use can range from population
genetic and evolutionary studies to construction of genetic maps and tagging genes
responsible for economically important characters including loci associated with
quantitative traits (Quantitative Trait Loci QTLS).

A diverse array of molecular approaches including isoenzyme and DNA markers
is available for genetic improvement of many crops. The advantage of all DNA methods
is that they provide direct access to the genomes of many organisms, and permit making
all possible intra- and interspecific comparisons using the same type of data and can be
developed easily for any underutilised, neglected or wild species. The genome scanning
molecular markers (Random Amplified Polymorphic DNA - RAPD, Amplified Fragment
Length Polymorphism - AFLP), markers partially complementary to intron splice
junctions (1SJ), markers based on repetitive sequences (Simple Sequence Repeats SSR)
or transposons (Sequence Specific Amplification Polymorphism  SSAP) have a wide
variety of applications along the phylogenetic hierarchy, especially in estimating genetic
diversity and pairwise similarity (distance) between individuals from the enormous
number of loci. Furthermore, routes of species migrations can be studies by analysing
chloroplast (cpDNA) or mitochondrial DNA (mtDNA).

Notwithstanding objections related to usefulness of some molecular markers in
genetic diversity and evolutionary studies, the emerging consensus from our studies in
Lolium seems to be that the most of DNA marker categories give similar results and that
the parameters of genetic diversity are comparable to those obtained by means of
isozymes (Table 2). The slightly higher efficiency of enzymatic markers argues for their
further applications when DNA analyses are troublesome due to difficulties of obtaining
high quality DNA extracts, a shortage of financial and technical resources and in simple
initial studies, in which the overall view is important. From other markers, it is
noteworthy that ISJs and RAPDs produce results almost the same as from enzyme
studies. It transpires that in spite of many objections found elsewhere in the literature, if
properly done, RAPDs do offer a quick way of screening potential molecular markers
from many loci. However, a prerequisite is DNA of high purity, which cannot always be
obtained using rapid isolation methods or commercial kits.

Table 2. Comparison of genetic variation parameters in L. multiforum and L. perenne
based on different molecular markers

Method Parameter

P A N Hr | Hs | Dst | Gsr | Fir | Fur
Enzymes 80% | 1.86* | 1.57° | 0.342% | 0.271% | 0.117 | 0.340° | 0.207° | 0.002"°
cpDNA 45% | 1.45° | 1.32* | 0.172" | 0.070° [ 0.118 | 0.249° | 0.394™| 0.383°
mtDNA 52% | 1.53% | 1.38"¢ [ 0.214%| 0.078° | 0.131 | 0.303° | 0.502*| 0.384%®
RAPD 64% | 1.73° | 1.44™ | 0.254*| 0.111°| 0.160 | 0.590° | 0.565®| 0.004°
1SJ 82% | 1.82* | 1.46° | 0.270° | 0.271° | 0.161 | 0.530* | 0.496®| 0.022"°
SSAP 57% | 1.56% | 1.29° | 0.214%| 0.074° | 0.141 | 0.333° | 0.657% | 0.005°

Different letters mean significant differences for LSD test at P=0.05
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Genetic maps based on molecular markers can be used to determine linkage between a
marker and an important trait and this association can be used to select individuals with a
desirable character (Marker Assisted Selection MAS). For example, the QTL
responsible for size of flag leaves in L. multiflorum and L. perenne, located in the first
linkage group is tightly linked with the locus encoding the fluorescent esterase.
Moreover, a linkage between transposon markers and many QTLs controlling important
agronomic characters have been recorded (Polok, 2007). This is a major advance for
plant breeding as many traits are difficult to select on phenotype owing to strong
genotype x environment interaction. Furthermore, colinearity and synteny of genetic
maps within a plant family suggest that genetical knowledge of some traits can be also
useful for the identification of interesting genes in underutilised species. Synteny refers to
the occurrence of two pairs of homologous genes on the same pair of chromosomes while
colinearity indicates the conservation of gene order and content. Both phenomena are
well recognised in the Poaceae and in some degree in other plant families. If a dense
gene map exists for a given species, molecular markers or candidate genes can be used to
manipulate traits in another closely related species. A cautionary point should be made
however, that the majority of data about colinearity have been obtained using
heterologous RFLP (Restriction Fragment Length Polymorphism) probes that demand
70-80% sequence identity to cross-hybridise (Vision, 2005) and thus they can
overestimate the level of colinearity and synteny. The analysis of comparative maps in
the Poaceae shows that the probability of two adjacent markers being syntenic can be as
low as 50% (Gaut, 2002). The other limitation is the difficulty in obtaining readable
signals in related species. The emerging approach likely to overcome the barrier of high
DNA identity takes advantage of large expressed sequence tags (EST) or sequence
specific tags (STS), of which dozens are deposited in GenBank. The primers can be
designed for conservative regions and then used to amplify a sequence in a species of
interest. If it is possible to obtain a reproducible amplification pattern, preferentially a
single band, and if it is also possible to find polymorphism between parents of a cross
then such ESTs or STSs can be mapped. Finally, putative homologs can be sought using
appropriate software available elsewhere. Recently, more than 1 000 EST (Expression
Sequence Tags) loci have been mapped in barley (Stein et al., 2007) and, they can
provide new tags for useful characters in underutilised cereals. However, although the
idea is simple, is not as straightforward as previously thought as has been demonstrated
in Lolium mapping studies and in P. sativum (Polok, 2007). In the former either it is
difficult to amplify a specific band using primers derived from H. vulgare or A. sativa
genes or no polymorphism was observed in amplification products after restriction
digestion. It is even more difficult to obtain a discrete band in P. sativum when primers
derived from a model legume, Medicago truncatula are used. Eventually, amplification
products obtained do not reveal restriction site polymorphism.

Surprisingly, the marker system based on conservative sequences of bacterial
genomes has proved to be much more promising in tagging genes. The idea is based on
using primers complementary to bacterial genes (B-SAP Bacteria Specific
Amplification Polymorphism) to amplify plant DNA and reveal polymorphism (Zielinski
and Polok, 2005). Despite the fact that plants and bacteria are very distant, primers
derived from bacterial genes amplify highly reproducible bands, which are very often
species specific. In particular, the approach has proved to be useful for species
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identification within the Poaceae but it is also effective in pines (Polok et al., 2006) and
bryophytes (Baczkiewicz et al., 2007). Revealed markers are dominant i.e., the presence
of a band is dominant over its lack. The high efficiency of bacteria derived primer
probably results from the fact that some plant genes evolved from a common bacterial
ancestor. This assumption has been confirmed by linkage between bacteria derived
markers and enzymatic loci in Lolium. Several primer categories can be used, however
the best results, useable in many taxa are obtained through using primers complementary
to the Mycobacterium tuberculosis KatG gene encoding catalase-peroxidase (B-
SAP/katG). Most katG markers are linked with Lolium peroxidases but tight linkage is
also observed with hexokinase (HK), NAD-dependand malate dehydrogenase (MDH),
aconitase hydratase (ACOH), glutamate dehydrogenase (GTDH) and esterase (EST4).
The linkage of katG markers and QTLs is confirmed for basal leaf colour, basal leaf
length, flag leaf size (width and area), crown rust resistance and days from spring rush to
ear emergence (Polok, 2007). The data for Lolium demonstrate therefore, that it is
reasonable to put B-SAP/katG markers into programmes focused on genetic improvement
of underutilised species as potential markers of useful genes.

Nevertheless, it should be remembered that each molecular marker assay has an
intrinsic bias, and only a combination of several methods gives a clear picture of genetic
diversity, evolutionary relationships and enables effective genetic improvement. For
example, the high genetic similarity of L. multiflorum and L. perenne revealed by
isozymes and random DNA markers (RAPD, 1SJ) demonstrates that both taxa have a
common gene pool and cannot be regarded as biological species. Eventually, transposon
based, SSAP markers while confirming high genetic similarity, additionally provide data
about their diversification and prove that L. multiflorum is younger than L. perenne.
Similarly, AFLP markers used for Lolium mapping tend to cluster in centromeric regions
and AFLP-based maps tend to have large gaps. When several marker types are used the
gaps are avoided and markers are then more equally distributed over all linkage groups
(Polok, 2007).

At this point we can consider the economic aspect of using molecular approaches
to new crops. It is true that the more molecular data we consider the more we can identify
how these can be more effectively employed in genetic improvement. This requires
adequate laboratory, staff and financial resources. Although, such limitations are not a
problem in Europe or other developed regions (North America, Australia), they can
seriously hamper the widespread use of more refined DNA-based methods for
underutilised crops in developing countries. When start-up costs are taken into account, it
is obvious that each DNA based method is more expensive than enzyme electrophoresis
on starch gels. Isoenzymes can be successfully used for genetic diversity assessment of
any underutilised crop with only modest investment. There is no need for sophisticated
equipment and chemicals. The cheapest enzymes such as peroxides or esterases give
quite a good overview of genetic diversity comparable to DNA data (Table 2). They do
not need any special extraction methods or chemicals that have to be transported and
stored at low temperatures. Where technical facilities are available, and the whole
spectrum of DNA methods is available, reaction costs are the only problem to consider.
However, such considerations should take into account costs of a single reaction, the
number of individuals to be assayed and expected outcomes. For example, total costs of a
single AFLP or SSAP reaction together with costs of gel and silver staining is almost
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seven times more expensive than enzyme or DNA analyses such as RAPD (Figure 3).
Proportions become inverted if the total number of identified loci is considered. To obtain
100 bands or loci one would cost about 10 euros if AFLP or SSAP markers are used but
100 enzymatic loci would cost about 40 euros if it is possible to obtain to carry out the
analyses (Figure 4). Indeed, even RAPD markers are more expensive than AFLP/SSAP.
These differences are even more dramatic if polymorphic loci are taken into account.
Hence, if only cost efficiency is taken into account enzyme or RAPD markers can be
chosen when only a few individuals are to be analysed, and there is knowledge of a
relatively high polymorphism in a species of interest or it is the preliminary step of
analysis. In species with low polymorphism, the choice of more sophisticated methods
such as AFLP and SSAP seems more reasonable.

Cost per a sample
(EU)
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40 |
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Marker type

Figure 3. Total cost of a given marker type per a sample
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Figure 4. Costs to obtain 100 bands/loci and 100 polymorphic bands/loci per a sample
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Genetic engineering is another method that has a great potential to increase the available
gene pool. Not only genes originating from close relatives can be transferred but also
previously inaccessible genes from virtually any species of plant, animal, fungi and
bacteria. At present, genetic engineering is limited to one or a few genes that are
introduced to high-yielding cultivars. However, its usage at present for underutilised
species may be questioned.

Unfortunately, little attention has been given in applying all genomic technologies
to underutilised species, especially those important for developing countries. The
following sections present examples of application of molecular techniques in
improvement of neglected, underutilised and wild species. Using Lolium multiflorum and
L. perenne as examples, the possibilities of application of the most advanced molecular
technologies to assess the potential of underutilised crops can be considered.

MOLECULAR APPROACHES FOR BIODIVERSITY AND CONSERVATION
OF UNDERUTILISED CROPS

Rich genetic resources not only provide valuable genes but are also insurance against
future hazards, pests and diseases. Agricultural biodiversity (agrobiodiversity) includes
all species and crop cultivars, animal breeds and races, microorganism strains that are
used directly or indirectly for food and in agriculture, both in human nutrition and animal
feed (including grazing) for domesticated and semi-domesticated animals, and the range
of environments in which agriculture is practised (Heywood, 1999). Analysis of genetic
diversity in underutilised crops is necessary to find valuable characters, to determine
evolutionary history in order to choose appropriate breeding strategies and to monitor
genetic erosion (loss of genetic diversity) and gene flow between local and introduced
species/cultivars.

In general, most of the diversity is found in landraces, ecotypes or local cultivars
that have been developed through unconscious selection over centuries. These ecotypes
are adapted to local environments, but they are at risk through replacement by modern
cultivars of broad adaptability. Some landraces may represent very ancient, relict forms
even from the periods before glaciations as has been proven for the L. perenne ecotype
from the Tatras. The presence of cpDNA and mtDNA haplotypes together with a separate
position in transposon based dendrograms as well as the presence of a unique peroxidase
allele (Per1-45) suggests that this population has been genetically isolated for a
considerable period of time. During the Quaternary Ice Ages, in contrast to the Alps,
relatively small areas were covered by ice sheets in the Tatras. Presumably, perennial
ryegrass populations in the Tatras were fragmented and more isolated but they survived
the glaciation periods. Furthermore, due to difficult living conditions, and as a result of
early protection, the local vegetation has not been disturbed for centuries. Traditional
agriculture has prevented the extinction of old genotypes by crossing with modern
cultivars (Polok, 2007). Foxtail millet, Setaria italica is another crop, for which higher
genetic diversity has been preserved in some regions of Europe. This cereal of panicoid
tribe is represented by three, rather homogenous genetically, geographical groups, one in
Central Europe and two Asiatic groups. Studies based on RAPD polymorphism clearly
show that lines from western Europe are highly heterogeneous with genotypes
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intermediate between the three other geographical groups whereas lines from central
Europe are genetically uniform (Schontz and Rether, 1999).

Agricultural biodiversity involves also habitats and species outside farming
systems but which benefit from agriculture or enhance it. Natural ecosystems form a part
of the landscape within which agricultural systems are found and they are a source of
valuable genes. They are responsible for soil stabilisation, water and air quality. Mossy
peat-bogs that can be found in north-western parts of Europe constitute natural water
reservoirs preventing floods and provide poor farmers with food (cranberries, medicinal
plants) and fuels. However, the intensive drainage of peat-bogs has resulted in their
drying out, and has affected the viability of agriculture in the vicinity and resulted in
extinction of some genotypes. The process is well emphasised by disappearance of the
relict genotype of Pinus sylvestris f. turfosa inhabiting some Polish peat-bogs both by
invading peat-bogs by typical fast growing, forms of P. sylvestris and erosion of genetic
resources through hybridisation between both forms (Polok et al., 2005).

For centuries, exchange of genetic materials has led to the development of
secondary centres of diversity for some crops but also resulted in disappearance of native
species. At present agricultural production of developed countries is predominantly based
on species originating from other regions. For instance, it is estimated that the whole food
production in Australia and North America depends on alien species while Europe is 91%
dependent on species from other parts of the world (FAO, 1996). This trend is also
followed by minor crops. Even though Europe holds a significant diversity of native
plants those that were spread many years ago alongside with the development of
primitive agriculture, very often exotic or alien species to native flora are recommended
for introduction as alternative crops. Examples include amaranth (Amaranthus ssp.)
promoted in Europe as a nutritionally rich food and alternative source of energy,
meadowfoam (Limnanthes alba) as a source of products for the cosmetic industry and
others. The Polish Ministry of Agriculture recommends introducing Solidago canadensis
as a nectar source for honey despite the fact that it is a highly invasive species,
supplanting native S. virga-aurea. Moreover, hybridisation of both species may lead to
genetic erosion of native forms. By contrast, Europe is a primary or secondary centre of
diversity for many crops that used to be cultivated but are now abandoned or rarely
found. This is true for such cereals as emmer (T. dicoccoides), spelt (T. spelta), naked
barley, naked oat (A. nuda), bristle oat (A. strigosa), rye (S. cereale), foxtail millet (S.
italica) and buckwheat (Fagopyrum esculentum), which is a pseudocereal. These species
are well adapted to European conditions and could become a basic source for diversifying
agriculture and food. For some of them sufficient genetic diversity exists providing rough
materials for genetic improvements while others are genetically relatively uniform. An
example of the latter is A. strigosa, genetic resources of which are highly homogenous
and ecotypes from different parts of the world are much the same with respect to
morphology and DNA profiles (Figure 5).
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Figure 5. ISJ profiles of A. strigosa ecotypes

One of the key questions that have to be addressed when considering use of wild species
as potential new crops is the availability of genetic material for genetic improvement. If
there is not sufficient genetic diversity it should be widened. Induced mutagenesis is one
of the most cost effective, simple and uncontroversial methods to reach this goal, but not
often used for underutilised species. During mutagenic treatment many point mutations
are induced in the genome and the diversity of induced mutants is often higher in
comparison with cultivars or ecotypes. In A. strigosa it was possible to select 120 mutant
lines originating from six ecotypes, 51499 (Caucasus), 51578 ecotype (Uruguay), 51584
ecotype (France), 51733 ecotype (Spain), 51730 ecotype (Brazil, old cultivar Saja3), and
A. strigosa var. glabrescens, collected in north-east Poland. Owing to the selection goals,
the majority of lines are dwarf or semi-dwarf, however other mutants were also found
(Figure 6). Apart from morphological changes, high diversity of mutants was observed at
the DNA level as indicated by ISJ or AFLP profiles (Figure 7). Similarly, induced
mutants of pea fell into five morphological categories including dwarf mutants, root
mutants characterised by a shorter root system but normal stem height, root mutants with
a reduced number of lateral roots, a stem-less mutant (only roots developed), and fasciata
mutants. The AFLP analysis of P. sativum mutants confirmed that chemical mutagens
induce a high number of mutations in the genome. In total, more than 1000 bands were
revealed and 51% of them were polymorphic. An average 14% of mutated AFLP loci
were observed in each mutant. Once genetic diversity is available, the genetic
improvement must be undertaken to obtain cultivars acceptable by farmers.
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Chlorophyll mutant

Figure 6. Examples of A. strigosa mutants

Figure 7. AFLP profiles of A. strigosa mutants
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MOLECULAR APPROACHES FOR GENETIC IMPROVEMENT OF
UNDERUTILISED CROPS

The broad gene pool of many underutilised species is not only a base for potential genetic
improvement it also provides genes useful in plant breeding of major crops. The most
common approach, introgression, is when a single gene is transferred into given
genotypes through repeated backcrossing. Introgression is most frequently used for
improving disease and pest resistance of modern cultivars. Resistant genes are obtained
from either landraces or wild species. However, underutilised crops are also donors of
such other useful characters as vigour and resistance to abiotic stresses. For example, A.
strigosa can be a source of genes responsible for aluminium tolerance. Aluminum (Al)
toxicity on acid soils is a major limitation to production of major cereals. It is a common
element of the Earth surface, but only soluble forms are toxic. In pH above 5, Al is
insoluble; hence it does not affect plant growth. In low pH, Al becomes soluble and toxic
to plants inhibiting root growth. Among cereals, rye is one of the most Al-tolerant
species, yet only half as tolerant as A. strigosa. The highest level of Al tolerated by rye
did not exceed 300 mM whereas A. strigosa was not affected by 600 mM. The major
component of Al tolerance throughout the Poaceae is controlled by the Altgy gene which
presumably encodes malate transportase, ALMT1 (Caniato et al., 2007). However, other
minor epistatic genes also play a role and these genes may be responsible for the
extremely high tolerance levels of A. strigosa.

Each species is valued for characters that are beneficial, including such traits as
yield, biotic and abiotic stress resistance, some quality factors and many others. No
species will be accepted by farmers, even it has excellent features unless it provides
reasonable profits. The use of underutilised species is often limited by a single trait that
seriously limits its productivity. Induced mutagenesis seems to be the most suitable
method for improving lodging resistance in A. strigosa and P. sativum. A vast number of
dwarf and semidwarf mutants were obtained in both species and some of them are very
promising having a grain yield comparable to parental forms. In P. sativum the
correlation between morphological changes and mutations at the molecular level was
observed. All dwarf mutants derived from c.v. Piast carried an additional band in five
AFLP loci while all dwarf mutants from cv. Kwestor had a null mutation (lack of a band)
in one AFLP locus. This correlation suggests that these AFLP loci are located either
within or are linked genes responsible for changed morphology and thus these markers
can be ideal for screening candidate genes responsible for dwarfism. One of the most
interesting mutants was characterised by a complete lack of stem. It is interesting to note,
that it had the highest number of mutations revealed by AFLP. Changes were observed in
198 loci (18%). It can be supposed that some of these are concerned with stem
development. Therefore this mutant provides very valuable material for studying the
genetic basis of stem development in peas (Figure 8).
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Mutants
Arrows indicate additional bands in the mutant without stem

Figure 8. Pea mutant without stem and its AFLP pattern

The lack of winterhardiness in perennial species is another problem that makes their
wider utilisation difficult. In L. perenne efforts to improve this character have been
hindered by a lack of readily identifiable sources of winter-hardy germplasm. Single trait
based selection for improvement in any turf trait results in decreases in winterhardiness.
Therefore, modern turf cultivars have accumulated genes for the trait under selection, but
are less winter hardy. That is why L. perenne ecotypes that are winter hardy in addition to
acceptable green and dry weight are promising. Winterhardiness is the result of a
combination of complex polygenic traits controlled by three major and one minor QTL
with strong additive and dominance effects, mapped on four different linkage groups
(Polok, 2007). At least some of them may be connected two key genes responsible for
rhizomatousness that diverged from a common ancestor of the Poaceae about 50 MYA.
In Oryza longistaminata two dominant genes Rhz2 and Rhz3 are responsible for many
rhizome traits. They also contribute to regrowth and persistence of perennial grasses. The
dominant nature of both genes means that a single mutation resulting in loss of function
inhibits rhizome development (Hu et al., 2003). Linkage between winterhardiness and
enzymatic, AFLP, SSAP and B-SAP/katG loci in Lolium can be used to identify genes at
mapped QTLs. Moreover, all markers identified in Lolium could be potentially useful in
identifying the molecular factors underlying winterhardiness in other species.

Breeding pea cultivars with resistance to fungi of the ascochyta complex
(Mycosphaerella pinodes, Ascochyta pisi and Phoma medicaginis) is difficult due to
complex, polygenic inheritance. Using degenerate oligonucteotide primers designed on
the conserved motifs of resistance gene analogs and defence-related genes Prioul-Gervais
et al., (2007) were able to isolate, clones and putative sequences responsible for fungal
resistance. Co-location between them and QTLs controlling fungal resistance was found
for three sequences suggesting an important role of these genomic regions in defence
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responses in pea. However, the identified genes are responsible only for partial
resistance.

Transformation technology with the possibility of introduction to a given species
of virtually gene has a great potential for helping to address fungal resistance in the pea.
Three transgenic pea lines were derived from cv. Baroness at the University of Hannover,
Germany (Prof. H-J Jacobsen), then the lines were checked for stability of introduced
genes and the current seeds represent the T; or Tg generation. The modified pea lines
contained two antifungal genes which encode for proteins with different function, a pgip
gene from raspberry (Rubus idaeus) encoding the polygalacturonase-inhibiting-protein
(PGIP), which has an effect on the polygalacturonases of fungal pathogens, regulated by
an enhanced Cauliflower mosaic virus (CaMV) 35S promoter and a Vstl gene from
grapevine (Vitis vinifera) encoding stilbene synthase driven by its own elicitor-inducible
promoter. Notwithstanding the inhibition of a fungal polygalacturonase from
Colletotrichum acutatum that was observed in transgenic lines, the expression was not
stable in different generations. Furthermore, all lines were variable with respect to
morphological characters (Table 3) and highly diverse at the DNA level. Preliminary
analysis of two stable transgenic pea lines (with pgip gene and Vstl gene) and their
hybrid (pgip x Vstl) with the AFLP combination of primers (M-CTG/E-ACT)
unexpectedly revealed a very high level of genetic change. In total, changes were
observed at 45 loci of 71 i.e., at 63% (Figure 9). This number was comparable with the
frequency of mutations observed in induced mutants by the same primer combination
(64%). It is worth noting, that no differences in amplification patterns were observed
between several pea cultivars (Kwestor, Piast, Paloma, DGV) with this primer
combination. Transgenic lines differed from the parent cultivar, Baroness, at an average
of 20% of loci. Lack of a band was most frequently observed, although from two to five
additional bands, not present in Baroness were also identified (Table 4). The line with
pgip from raspberry was characterised by the highest number of changes (in 24% of loci)
followed by a hybrid (21%) and the line with the Vstl gene (17%). The comparison of
induced genetic variation in transgenic lines and induced mutants clearly showed that this
is about 1/3 higher in transgenic lines (Figure 10).

52



Figure 9. AFLP patterns of transgenic pea lines
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Figure 10. Comparison of AFLP variation induced by transformation and induced
mutagenesis
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Table 3. Reduction of germination and height in pea transgenic lines

Line N of germinated Height_6 W_eeks after
seeds’ [N] germination [cm]
VsT1 5.9° 29.6°
PGIP 8.4° 26.6°
PGIP X VsT1 9.2° 28.6"
BARONESS 8.4 33.6°

Different letters means the significant differences for LSD test at P=0.05

The number of sown seeds were constant and always equal to 10.

Table 4. Changes in transgenic pea lines in comparison with the control (Baroness)
revealed by AFLP

Line N of additional N of lacking ToFaI N of loci % of loci with
bands bands with changes changes
VsTl 5 7 12 16.9
PGIP 4 13 17 23.9
PGIP X VsT1 2 13 15 21.1

Transgenic lines are thought to differ from the parent cultivar only in relation to the
introduced gene/genes. However, our results clearly demonstrated much higher diversity
of transgenic lines which was similar to that in induced mutants. Although these
phenomena need further studies on a wider range of materials and markers, there can be
at least two explanations for these results. The production of transgenic lines involves in
vitro culture and somaclonal variation can be induced. In addition, in the pea, immature
embryos were used and it has been shown that this kind of culture do not induce any
mutations. It is highly possible that introduction of a foreign gene causes many more
changes than expected. It is known (D. Michalczyk, 2006, personal communication) that
about 20 and even more new secondary metabolites can be identified in GM plants. It
must also be considered that the transgene was incorporated at many sites thus causing
changes in many genes or noncoding sequences. On the other hand, it is also possible,
that transformation induces the mobilisation of transposable elements and these changes
can be observed in AFLP pattern as AFLP amplify a mixture of SSRs, transposons and
unique sequences. Therefore it seems obvious that transgenic lines should be analysed
through use of many markers, especially transposons (SSAP). Most notably, these results
seriously question the use of this technology on underutilised crops.

To summarise, molecular appraisals when coupled with traditional methods can
be successfully used for genetic improvement of underutilised species. While molecular
markers remain the most powerful tool for genetic diversity assessment and gene tagging,
wide applications of more sophisticated technologies such as genome mapping and
genetic engineering may be hampered by limited technical, personal and financial
resources, in particular in low income food deficit countries. Furthermore, current data
demonstrating much broader alterations in genomes resulting from gene transfer seem to
question the usefulness of this technology on underutilised species at least until more data
are available.
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The regulatory environment for commercialisation on
new/underutilised crops

L.D. Phillips

New EU legislation governing the production and sale of both nutraceuticals and herbal
medicinal products imply radical changes in the way agricultural raw materials destined
for these uses are grown, harvested and transported.

In order to ensure a more integrated approach to the cultivation, harvesting and
processing of medicinal plant based products a number of organisations including WHO,
EUROPAM, EMEA and EHIA have drafted new codes of practice commonly known as

GAPs . This article reviews some of the key issues relating to this process.

WHAT ARE GAPs?

The term Good Agricultural Practice (GAP) is used, often rather loosely and
interchangeably with Good Farming Practice (GFP), to define farm management
activities which provide a minimum level of protection for some of the following:

= natural resources (energy, soil, air, water, wild plants and animals);

e cultural resources (landscape, traditional buildings, historic and archaeological

features and public access);

e farm livestock (health and welfare);

e farm labour (safety);

« the general public (food safety and public health).

All EU Member States have a formal obligation to define GAP/GFP in their Rural
Development Plans. For the medicinal plant and nutraceutical industry the definition and
purpose of GAPs are somewhat more specific.

EMEA states To ensure appropriate and consistent quality of medicinal plant/
herbal substances it is necessary to establish good agricultural and collection practices for
herbal starting materials. The concept of Good Manufacturing Practice for the
manufacture and process, packing and storage of Active pharmaceutical ingredients also
applies to medicinal plants/ herbal substances (EMEA 2005).

WHO maintains that GAP guidelines are required to Contribute to the quality
assurance of medicinal plant materials used as a source for herbal medicines, which aim
to improve the quality, safety and efficacy of finished herbal products (WHO 2003).

They furthermore state that GAP guidelines are needed to encourage and support
the sustainable cultivation and collection of medicinal plants of good quality in ways that
respect and support the conservation of medicinal plants and the environment in general.

For the European Herbal Infusion Association (EHIA) the objectives are even
more clearly defined (EHIA 2005). The aim is to ensure that herbal infusions are:

» safe for human consumption
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e produced hygienically to minimise microbiological contamination and to prevent
the formation of mould toxins (mycotoxins)

e produced with care to minimise physical and chemical contaminants

e to identify the potential food safety hazards from raw materials and related
HACCP requirements

e of the highest quality

A PROFUSION OF NAMES!

Good Agricultural Practice GAP
Good Farming Practice GFP
Good Agriculture & Hygiene Practice GAHP
Good Agricultural & Collection Practice GACP
Good Agriculture & Sourcing Practice GASP
Good Wild Crafting Practice GWP
Good Sourcing Practice GSP
Good Field Collection Practice GFCP

The term GAP has many similes. Some are listed above. The differences in some cases is
simply a question of which agency drafted the rules. In others the distinctions reflect the
differences between cultivated and wild harvesting practices. The European Medical
Evaluation Agency (EMEA) which has decided to include GAPs within the new
legislative framework for Herbal Medicinal Products has opted for the name Good
Agricultural and Collection Practice.

HISTORICAL BACKGROUND

It was in 1983 that the first attempts to elaborate the concept of GAPs appeared during a
symposium in Angers, France. In 1988 The Chang Mai Declaration which drafted at
WOCMAP | was probably the first reference to this concept within the context of plant
conservation. In 1989 Professor Mathe a leading medicinal plant expert from Hungary
published an article entitled Biological aspects of GAP Guidelines in the ISHS
newsletter. By 1995 the Society of Medicinal Plant Research, probably the leading
association of European medicinal plant scientists set up a permanent commission on
breeding & cultivation of medicinal plants. The drafting of GAPs was a major part of
their work.

Meanwhile a European wide trade association of growers of medicinal and
culinary herbs known as EUROPAM began drafting standards primarily to cater for the
increasing Quality control needs of the large supermarket chains. For over eight years
EUROPAM has been a major driving force in developing GAPs for medicinal and
culinary herbs. The chronology of their work is outlined in the table below. At a similar
time EUROPAM aware that a very large quantity of raw materials used in the herbal and
nutraceutical industry was wild crafted began to develop parallel standards for wild craft
or wild collected materials. The Good Wildcrafting Practice (GWP) is very similar in
many respects to the GAP but places much more emphasis on environmental
conservation issues and the training of collectors in good harvesting practices. The
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European Herbal Infusions Association (EHIA) which promotes herbal teas and infusions
also began drafting similar GACPs

Key dates in the development of Europam code of Good Agricultural Practices (GAP)

Aug 1998
Feb 1999
June 1999
March 2000
Nov 2000
Sept 2001
Feb 2002
May 2002
June 2003
Nov 2003
July 2004
Nov 2005
April 2006

First Europam version

Comments by EMEA ad hoc working group draft
Updated to Europam working copy no.1

Release for consultation by Europam

Release of Europam working copy no.2

Release of Europam working copy (no.3) no.4
Review meeting Europam working copy no.5

Release Europam working copy no.5

Release for consultation Europam working copy no. 6
Release Europam working copy no.7

Release for consultation Europam working copy no. 7.1
Release Europam working copy no.7.2

Release Europam working copy no.7.3

Source www.europam.org

Why do farmers wish to follow Good Agricultural Practices especially as they will cost
both time and money to set up and monitor the system?

= Identify critical steps in production process

e Minimise risk of production failures

e Win or retain a business customer

e Promote sustainability of supply

e Minimise the risk of quality failures

e Minimise the risk of pollution

e Increase yields

e Prevent pesticide /fungicide residues

e Ensure proper documentation of crop cycle
e Build up long term QC/QA system,identify critical steps in supply chain
e ldentify reliable suppliers

» Simplifying the buying chain

e Reduce auditing & supervisory costs

e Minimise the risk of quality failures

e Ensure proper documentation of crop cycle
e Ensure full traceability

e Build up long term QC/QA system

» Reduce level of customer

Just as important why do buyers, importers and processors encourage their suppliers to
set up Good Agricultural Practice networks. Many of the reasons overlap but for many of
the larger companies it is becoming not only good business but also a legal requirement
to source from GAP producers.

e ldentify reliable suppliers
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» Satisfy regional or international regulations
» Simplifying the buying chain

e Reduce auditing & supervisory costs

e Minimise the risk of quality failures

e Ensure proper documentation of crop cycle
e Ensure full traceability

e Build up long term QC/QA system

» Reduce level of customer complaints

e Build up public confidence

WHY ARE GAPS NEEDED?

So what are the most likely things that go wrong for the supplier of medicinal herbs? For
the grower the first problem is with selection of seeds and plant materials. It is surprising
how often the wrong plant or wrong variety is planted. Moreover the seed could be old or
adulterated.

The next most common problem is growing the plant in the wrong place or
habitat. Medicinal herbs are extremely sensitive to their environment especially in terms
of their chemical composition and level of actives. If it is too hot, too dry too cold or too
acid/alkaline yields and quality will vary greatly. Day length is also of great importance
and so are changes in temperature between night and day. Altitude and solar insolation
greatly affect the level of actives.

In areas where the crop has been newly introduced wrong cultivation methods
may cause low yields and quality. Lack of weeding is commonplace resulting in
undesirable weeds within the harvest. Spray drift or pesticide residues in irrigation water
can also be a problem and more and more often industrial pollution

Harvesting is a skilled process whether by hand or machine. It is surprising how

often the wrong part of the plant is picked or additional material is added.
All the post harvest handling, drying and storage issues can affect both the quality and as
important level of active ingredients. If the plant is left in the sun too long or in the rain
after harvest it can get damaged. If artificial dryers are used drying must be not too hot or
too fast or the plant will be damaged.

EUROPAM guidelines

The EUROPAM guidelines for the Good Agricultural Practice of Medicinal and
Aromatic (Culinary) plants are intended to apply to the production growing and primary
processing practices of all such plants and their derivatives traded and used in the
European Union. It applies to the production of all herbal materials utilised either in a
direct or processed form for humans and/or animals used in the food, feed, medicinal,
flavouring and perfume industries. EUROPAM - GAP also applies apply to all methods
of production including organic production in accordance with the European regulations.
Similar to the WHO guidelines for medicinal plant cultivation and the European Herbal
Infusions Association the GAP guidelines cover almost exactly the same key topics.
These include:

1. Personnel and Facilities
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2. Seeds and propagation material
3. Cultivation

4. Soil and Fertilisation

5. lrrigation

6. Crop maintenance and plant protection
7. Harvest

8. Primary processing

9. Packaging

10. Storage and Transport

11. Equipment

12. Documentation

13. Education

14. Quality Assurance

15. Self Inspection

KEY ISSUES

In the case of cultivation and harvesting the key points highlighted include ensuring that
clean seeds/plant materials of known origin are used make sure that the crop is planted in
clean soil, free from contaminants. Water or irrigation water should be clean, free of
pesticides and effluent. Although common with some crops in China human faeces
should not be used with medicinal plants.

On the issue of the use of organic or non-organic fertiliser all the GAP
recommendations do not take sides. They simply say that the use of pesticides and
herbicides should be avoided if possible while artificial fertiliser should only be used if
and when required.

Harvesting time is critical in order to get the proper level of maturity and active
ingredients. Knowing the appropriate time to harvest requires skill. Of course rainfall at
harvest can be disastrous. Placing damp product in poorly aerated sack can lead to
moulding and yeast activity. Harvesting equipment must also be clean and the product
left to dry in clean conditions out of the sun and the reach of rodents, birds and insects.

Proper post harvest handling and storage is also of critical importance.

Contamination often takes place at this stage in the production process.
Storage should be clean and well ventilated to prevent mould and product should be kept
off the floor, ideally on racks so that insects and rodents do not attack the materials. Staff
should have washrooms and running water and animals should not be allowed anywhere
near the facilities. In the case of organic produce no non-organic materials can be stored
in the same place.

GAPs place considerable emphasis on staff and the workforce. Some issues are
designed to protect the workforce others to protect the consumer. Open sores or wounds
must be covered and workers with communicable diseases should be reported to the
management.

EUROPAM maintains that the welfare of all staff involved in the growing &
processing should be ensured . This is surely easier said than done! It is important that
those involved in the harvesting and collection should be educated about the plants and
the environment and how they should be handled. If uneducated labour is used a suitably
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trained supervisor must be recruited. Nowhere does it say that personnel should be
literate but that is critical for all the documentation that is implied under GAP.

It is in the area of documentation that GAP codes place great importance.
Traceability and good record keeping is, in many ways, the essence of the process. All
cultivation process & procedures should be recorded including the timing and amount
and form of inputs such as seeds, fertiliser, and agrochemicals. Planting procedures,
equipment and crop rotation at the site should also be noted. If floods, droughts or sudden
pest attacks occur these should be recorded. When it comes to harvesting all the batches
should be weighed and recorded separately. Records should also be kept of contracts and
other agreements with input suppliers, collectors, sub contractors and buyers. Moreover
records of any audits should be kept for at least 10 years.

A very considerable proportion of the plants used in European herbal medicinal
Products are wild harvested. As is indicated in the table below more than 70% of the
medicinal plants coming from Bulgaria and Albania, two major sources of raw materials,
are wild harvested. (Lange, 2002) Wild crafting of medicinal and aromatic plants very
often leads to negative situations, especially in developing countries. The present
EUROPAM Good Wild crafting Practice Guidelines provide additional standards for the
production and processing of raw materials.

Wild-collection of MAPs in S.E. Europe.

Courtesy :Lange 2004

Rosehips collected in Turkey

South Eastern Europe

Selected Share of Estimated annually Source

source countries wild-collection wild-collected quantity

Bulgaria 75-80% 12,000 t Hardalova (1997)

Albania > 95% 500 t Vaso (1997)

Turkey almost 100% 4,400 t Atay, in litt., 19.2.1998;

Lange (1998)

Hungary 30-50% €. 3000t Bernath (1996)

Poland 20% c. 2,000 t Lutomski & Gorecki (1999)
Total c. 30,000t

GWP recommendations state that harvesters of wild plants must ensure that they avoid

damage to existing wildlife habitat. In particular they must avoid:

a) Extinction of particular species in certain zones or certain rare genetic
populations due to over-exploitation.
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"collection rotation™ to facilitate biological propagation and resource

renewal should be employed.

b) Destruction of the entire plant, due to carelessness and inexperience on behalf
of the harvester, when in most cases it would be sufficient to harvest only a part
of it.

c) Confusion (due to ignorance or bad faith) in the harvesting of different species
that are similar at first sight.

d) Collection of endangered species, without abiding by local regulation.

For plants intended for export a Convention on International Trade in Endangered
Species of wild Fauna and Flora (CITES) certificate must be obtained.

MEDICINAL PLANTS PROTECTED UNDER CITES

Aloe ferox

Aquilera malaccensis
Bletilla striata

Cibotium barometz
Cyprepedium pubescens
Cyprepedium calaceolus
Dendrobium spp.
Discorea deltoidea
Guaiacum officinale
Guaiacum sanctum
Hydrastis canadensis
Nardostachys grandifolia
Picrorhiza kurrooa
Panax quinquefolius
Podophyllum hexandrum
Prunus africanus
Pterocarpus santalinus
Rauwolfia serpentina
Taxus wallichiana
Gasteodia elata
Guajacum officinalis
Saussurea lappa
Selenicereus grandiflorus
Pterocarpus santalanum

Source: www.traffic.org

Interlinking Standards

GAPs or indeed GACPs cannot operate successfully in isolation from those Standards
which help regulate the preparation, testing, processing, packing and distribution of
herbal medicinal products. As can be seen from the diagram below GAPs form part of an
interlocking network of standards which together help ensure the safety, integrity and
efficacy of finished herbal products of many different kinds.
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GMP or Good Manufacturing Practice is widely known and practised in The
Phytomedicine Industry. Perhaps less well known are GLP (Good Laboratory Practice)
and GTDP (Good Trading and Distribution Practice).

HACCP or Hazard and Critical Control Programmes which are standard
procedures in the food processing industry are more and more being used in the herbal
sector. HACCP is now also finding application in environmental management so Codex
is a key technique in both the quality assurance (QA) and environmental management
(EM) aspects of Good Agricultural Practice. Indeed the European Herbal Infusion
Association makes references to this approach in the appendix to its GAP. HACCP forms
an integral part of Codex Alimentarius standards.

The FAO/WHO Codex Alimentarius Commission develops and adopts standards,

guidelines and related texts on all aspects of food safety and quality reflecting consensus
at the international level. A limited definition of GAP is applied within established codes
of practice for food safety, under Codex Alimentarius, to minimise or prevent
contamination of food.
Codex defines GAP in the use of pesticides to include nationally authorised safe uses of
pesticides at any stage of the production, storage, transport, distribution and processing of
food commodities and animal feed. GAP in this context is used to define maximum
residue levels for pesticides.

Conventions on pesticides and pesticide use including - International Code of
Conduct on the Distribution and Use of Pesticides, the revised version of which was
adopted by the FAO Council in November 2001. The actual conditions include any stage
of the production, storage, transport, distribution and processing of food commodities and
animal feed. GAP in this context is used to define maximum residue levels for pesticides.

Codex Code of Practice (General Principles of Food Hygiene) and other more
specific codes, address good practices in primary production as well as post-production
systems. Some national programmes have extended the use of the term Good Agricultural
Practices to refer to practices to minimise microbial food safety hazards in fresh produce.
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ETHICAL STANDARDS AND SOCIAL RESPONSIBILITY ISSUES

The EUROPAM, EMEA and WHO Good Agricultural and Collection Practices codes
make only limited reference to the social or corporate responsibility issues which are
inherent in many of the certification efforts that are presently related to medicinal plants
and related nutraceuticals. For example there are:

e Ecologically responsible forest management standards (e.g. FSC) that assess water
and soil conservation, preservation of wildlife and habitat, and maintenance of forest
structure, function and processes;

e Fair trade certification programs that assure equitable sharing of profits with
producers, worker s rights and decent working conditions;

e Organic certification standards that assure pesticide-free agricultural production (and
are occasionally applied to agro-forestry and forestry production systems);

Forest Stewardship Council (FSC) was set up in 1990s and has now become the main
international certification agency for forest products. It is increasingly being used to
certify Non Timber Forest Products, especially medicinals, FSC sustainable forest
management is environmentally appropriate socially beneficial and economically viable
management of world s forests. As Certifier of certifiers FSC authorises, bestows
credibility and monitors certification bodies working with FSC standards FSC could well
play an important part in certifying GASP.

Main purpose of the Fairtrade Labelling Organisation International (FLO) is to
achieve social goals including improving position of poor & marginalised producers in
the developing world. Fairtrade Labelling Organisation International (FLO) is an NGO
which includes 18 national initiatives as members. Each national member is authorised
to certify products meeting FLO standards and award the FLO logo. The International
Fair Trade Association (IFAT) is another global network working with similar goals.

Organic production is a holistic management of the agro-ecosystem, emphasising
biological processes and minimising the use of non-renewable resources. In Europe and
North America the terms organic , ecological or biological can only be used if a
recognised certification process has taken place IFOAM is the worldwide umbrella
organisation for the organic movement, uniting more than 750 member organisations in
108 countries. IFOAM provides a market guarantee for integrity of organic claims. The
Organic Guarantee System (OGS) unites the organic world through a common system of
standards, verification and market identity.

Many low-input traditional agriculture systems in other parts of the world are also
de facto organic systems. In this respect the term organic by default or even organic
by neglect have developed. These terms do give the false impression that any agriculture
systems in which no agro-chemicals automatically comply with organic standards. This is
not true.
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THE NEED FOR UNDERUTILISED CROPS IN A
CHANGING WORLD
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Underutilised species in Indonesian traditional farming
systems

Setijati D. Sastrapradja and Anida Haryatmo

Indonesia has joined the global community in developing and trying to implement the
concept of sustainable development since the Stockholm Conference in 1972. In term of
biological resources, even before her independent conservation of biological resources,
had been attempted. Therefore, when the Convention on Biological Diversity was
launched in 1992, Indonesia was among the first countries to sign it. However, the
ratification of the Convention on Biological Diversity itself was completed in 1994 after
a long process of negotiation between promoters of national development.

Indonesia is a country of many islands located along the equator. From the
biological point view Indonesia is interesting because of its diverse ecosystems, hence the
diversity of organisms living within them. Culturally Indonesia is as diverse as her
ecosystems. The number of languages spoken, the variety of wedding customs and
cuisine found in her islands signify part of her cultural diversity.

Like many Asian countries, the backbone of Indonesian economy is agriculture.
For centuries, Indonesia has been known as an exporter of coffee, tea, rubber, sugar,
cocoa, vanilla, etc. Those estate crops are generally grown in large plantations. Small
farmers grow black pepper, clove, nutmeg, cinnamon, and sometimes they also plant
rubber, coffee and cocoa. In many areas of Indonesia traditional farmers are still
practicing subsistence agriculture, which they deal mainly with food crops. Associated
with food crops are other plants which are useful for their life style.

When Indonesia proclaimed her independence in 1945, the human population was
only 60 million. Sixty years later, the number has become 220 million, putting Indonesia
in a group of countries with the largest populations, i.e., after China, India, and the
United States of America. Since 1980, Indonesia has imported rice, the staple, in
millions of tons, to provide enough food for her population. At the same time, the success
of introducing instant noodles has compelled Indonesia to import wheat in the same
quantity as rice.

Realizing the danger of Indonesia s dependence on rice as a staple the
Government has launched a programme of food diversification since early 1980.
Unfortunately, there is no significant progress in this programme until the present.
Indeed, in term of carbohydrate production Indonesia has much to offer. The same holds
true for vegetables and fruits which are valuable for vitamins and minerals. There are also
species that are useful spices. Most of those species are cultivated on small farmers
holdings thus they can be regarded as under underutilised species. Why does Indonesia
fail to exploit the potential of these species for her food security? What factors can
contribute to their development? What will happen if the species are not utilised? This
paper tries to find answers for such questions.
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INDONESIA: FARMERS AND FARMING SYSTEMS

Indonesia consists of more than 17.000 islands, making Indonesia the largest archipelago
in the world. These stretch along the equator occupying an area as wide as the United
States of America. Because of its area and the large number of islands Zen (2005) called
the Indonesian territory the Maritime Continent of Indonesia (MCI). Though the
majority of Indonesian territory is marine, the orientation of her national development is
primarily terrestrial.

Floristically Indonesia belongs to Malesian Region (Malaysia, Indonesia, the
Philippines, and Papua New Guinea). According to Li (1970) the Southern Island Belt of
Southeast Asia, of which Indonesia is the main portion, contains the richest tropical flora
in the eastern hemisphere. Information on the floristic richness, vegetation and ecology
of Indonesia has been accumulated. The Flora Malesiana Foundation, which is based in
the Netherlands, is very active in promoting plant studies in the region. A recent program
on Plant Resources of South East Asia has just been completed (PROSEA, 1986 2005)
enhancing base information on useful plants of Indonesia as well. On this existing
information one can take the necessary steps to further develop economically with great
species development potential.

About half of the population of Indonesia lives in rural areas from agriculture. In
general farmers in Indonesia can be classified as small farmers since their land holding is
small, average farmers have 500 square metres. Compared to Thailand, average farmers
have 1.850 square meter production land and the USA about 10. 000 square metres of
land. (KOMPAS, 2002) Moreover, there are also landless farmers who work for land
owners. In this case, at harvest such farmers have to give half their income to the
landlords. From residual income, framers have to invest in the next crop, to buy seed,
pesticides and fertilisers. And from the money left they have to live until the next harvest
(4 6 months). In many places where plantations exist, there is the opportunity for those
who have no land to work there.

Of the many crops grown in Indonesia, estate crops such as coffee, tea, rubber,
and oil palm have greatly contributed to the national economy. In fact they were
introduced to Indonesia centuries ago while Indonesia was under Dutch administration.
Since then these crops have been part of the agricultural systems in Indonesia. They are
usually managed as mono crop plantations though in many places small farmers have
adopted these crops. In the hands of small farmers the crops are generally grown in a
mixed farming system with other crops.

Because of altitudinal variations which range from sea level to more than 5000 m
above, the diversity of edaphic and climatic conditions, and the richness in biological
diversity a number of ecosystem types are recognised in Indonesia. Coupled with the
high cultural diversity, many of the natural ecosystems have been developed into man
made agro ecosystems from which people get their food, energy for cooking, medicines,
and materials for housing.

Rice is the most important food crop in Indonesia. As to when rice began to be
cultivated in Indonesia it seems there is no definite information. However, according to
an Indian scientist, rice cultivation started independently in three areas, i.e., India, Japan,
and Java (Indonesia), hence the name of the rice group s indica, japonica, and javanica.
In fact rice fields dominate the landscape of many areas in Java and Bali. In these two
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places rice cultivation has developed in both irrigated and non irrigated systems. Before
the introduction of High Yielding Varieties of IRRI rice, it was estimated that in Java
alone no less than 8000 varieties were planted by farmers (Fox, 1991) since the new
introduction old varieties of rice have declined drastically.

Though rice is planted as a monoculture, farmers also plant minor crops, such as
beans, taro or cassava along rice field borders. Maize is a second staple in Indonesia. It
was introduced by the Portuguese in the 16" century. After centuries of adaptation, there
are a number of maize varieties in Indonesia though variation is much less than that of
rice. Quite often maize is grown as a subsidiary crop in association with other annuals
such as legumes or leafy vegetables following rice crops. Maize is suitable for cultivation
in dry areas of Indonesia where it is generally grown under rain fed conditions in various
cropping systems, such as multi cropping with other annuals, relay cropping, sequential
planting, and mixed cropping.

The other important staple in Indonesia is cassava. The origin of cassava is South
America. Like maize after centuries of adaptation, diverse cassava varieties are found in
Indonesia. In fact Indonesia is considered as a secondary centre of cassava diversity
(Zeven and Zhukovsky, 1975.) Though the role of cassava as a staple is declining,
because of its less demanding husbandary, its tolerance to various soil conditions, and its
versatile uses, cassava dominates agriculture landscape in Indonesia. A grafting
technique using Manihot glaziovii as root stock and Manihot esculenta as scion enable
the grafter to harvest cassava roots gigantic size. The product of grafting is known as
ketela Mukibat.

Other crops which are valuable as staples but very localised in term of importance
are sweet potato and sago palm (Metroxylon sago). Both species are major crops in the
highlands of Papua (sweet potato) and in the lowland/coastal area of Papua and Maluku
islands (sago). Sweet potato is an introduced species but its adaptation capacity is high,
hence the number of varieties has developed in Papua. Some varieties which are fibrous
in nature are good only for pigs, but in times of scarcity it is for human consumption as
well. Sago, on the other hand, is harvested from the wild. With the increase of human
population in the study areas, the availability of wild sago is significantly affected.
Attempts to cultivate the species have had no significant success (Suradisastra et al.,
1990). In drier areas of Indonesia, such as Nusa Tenggara Timur (NTT), borassus palm
(Borassus flaellifer) and gebang (Corypha utan) take on the role of sago as a staple.
Borassus palm is seemingly wild and its origin may be Africa (Zeven and Zukhovsky,
1970), while gebang is native to NTT. The population of both palms is declining fast
since their cultivation has not been attempted.

Mixed cropping of corn-cassava, corn-sweet potato, and of these major crops and
other crops such as beans, and other vegetables is common. Farmers know exactly what
harvest they can get al.,| year round from their land. The fact that there is a range of
edaphic and climate conditions in Indonesia and a range of mixed cropping systems have
been developed. In this way the combination of crops differ from one system to another.

In the tropics it is generally known that farmers have developed home gardens in
which many useful species are planted together. In this way the selection of plants for
whatever purposes depends on cultural preference. In many places of Indonesia home
gardens are well developed in proximity to the home. Soemarwoto (1975) listed as many
as 675 species of plants in a survey of 351 Javanese home gardens. The diversity of plant
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species in these home gardens is comparable to an overall species diversity of deciduous
subtropical forests. The species are valuable for food (cassava, sweet potato), medicines
(curcuma, etc), vegetables (sesbania, long bean, kangkung), fruits (mango, jambu air,
ceremai, nangka), spices (galanga, salam, sereh), cash crops (cengkeh, pala), forages
(rumput gajah), and fire wood (all kinds). Coconut, as one of the multipurpose species, is
found almost everywhere. In term of plant genetic resources conservation, home gardens
may be considered as ex situ on farm way of carrying this on.

Recently, agroforestry, a farming system based on tree crops that has been in
existence for hundreds of years is promoted for rural sustainable development (Mellinkt
et al.,, 1991). For Indonesia, Kartadibrata (1991) discussed agroforestry programs that
may offer alternatives in the restoration and development of degraded forest and land
resources. He specifically mentioned three traditional agroforestry systems, i.e., Kebun-
Talun-Pekarangan (garden-Mixed Treegarden-Homegarden) in Java, Multistoried Agro
forestry Garden System in West Sumatra, and Damar Mata Kucing agroforestry system
in Krui (Sumatra). Within each system annual crops and tree crops planted by the
cultural group that developed them.

NATIONAL ISSUES RELATED TO AGRICULTURE

There is no doubt that at national level, the most compelling issue in agriculture is food
security, and food security is effectively identical with rice availability. In this way, rice
production becomes the priority action for the department of agriculture, a priority that
nobody could argue against on short term grounds. A slight change of rice availability in
markets is always followed by a long political debate.

The improvement of transportation and communication around Indonesia has
stimulated change in food habits of many communities. Sago palm, for example, was
once the staple of communities living in lowland Papua and Maluku.  When rice
becomes freely available and the price is subsidised by the government, then the role of
sago is taken over by rice. The same situation also happen in communities of highland
Papua which once dependent on sweet potato. Rice has also changed the food habits
were of communities in dry areas of Indonesia, namely Nusa Tenggara Timur, where
corn was the major staple.

While a slow but sure change in food habit is going on, the population number
keeps on increasing. Before political reform, family planning was one of the top
priorities of the government. There was awareness that only with family planning could
development be planned so that basic needs could be met. The family planning program
was so successful in decreasing the birth rate from 1.6 % per year to 1.3%.
Unfortunately, after political reform in 1998 the program was no longer considered as
important. Hence food security has become the most important agricultural issue
nationally.

Though the work of KEPAS (the Agro ecosystems Study Group) clearly indicated
the diversity of ecosystems in Indonesia and their recommendations as to crops species
and the combination of those that can be grown in each agro-ecosystem, however, there is
no real effort to implement the conclusions of these studies. Certainly, at the national
level attention is given primarily to rice production and rice technology is kept up to date.
The number of people dealing with each agro-ecosystem is however much lower than
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those who are in rice farming. Thus, in spite of technological inputs various agro-
ecosystems many remain traditional in their management.

Since 1969, industrial development outside the agricultural sector has proceeded
rapidly. Coupled with human population increase the needs of land for economic
development have also become greater. Serious conflict in land use between sectors of
the government cannot be avoided. Spatial planning as a way to reduce conflicts has
been attempted; however, there are no significant impacts of such a plan.

AGRICULTURE IN CHANGING INDONESIA

Realizing the need for competent scientists to advance the agricultural sector, a great
number of young scientists were sent abroad by the government through grants and loans.
Many graduated from Los Banos, the Philippines, in which International Rice Research
Institute is located. When the graduates returned, a significant impact on rice production
resulted. A combination of a critical mass of scientists and an effective policy for rice
production enabled the country to perform well in fulfilling its needs for rice.

A revolution in rice production has been performed since the late 1960s.
Uniformity in plant performance signified success of the new rice technology.
Considerable areas were sown with the new dwarf early maturing rice varieties. The
government urged farmers to plant at the same time, so that management of pests and
diseases could be handled easily. Farmers were subsidised with rice seeds, fertilisers and
pesticides. To accompany modernization of rice production, the government has
encouraged establishment of farmers associations. In this way, new varieties and the
production technology associated with them could be disseminated rapidly.

In this era of globalization, Indonesia cannot shut its doors to foreign industries
which like to establish here. Land is needed for developing industrial areas. Where
electricity, water supply, road and other communication facilities exist there industries
can be established. Therefore, lowland areas with good arable land became the first
choice for the establishment of industrial areas and development of housing both for staff
and the workers. So the area of arable land shrinks fast. It is recorded that yearly about
110.000 ha of rice paddy is being used for housing and industrial estates in Java in 1992
2002 or about 58.3 % rice paddy had been so developed ( KOMPAS, 2007).

With globalization the flood of foreign goods to almost every corner of the
country cannot be stopped. In consequence cash is needed to purchase new products that
once were enjoyed only by the urban community. Subsistence farmers have become
marginalised. Subsistence agriculture with many crops by definition may have stable
performance but are not otherwise productive (Dover and Talbot, 1987). It is true that at
the household level such a system of agriculture is considered sufficient to fulfill food
needs, but a little is left to generate income for other needs.

UNDERUTILISED SPECIES OF SPECIAL INTEREST
In his review of new crops for the future, Janick (2001) classifies crops into: major crops,
traditional specialty crops, underutilised crops, neglected crops, newly created crops, and

genetically modified crops. Underutilised crops are crops that were once more widely
grown but are now falling into disuse due to various agronomic, genetic, economic or
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cultural factors . Further he stated that rescued underutilised crops are a most likely
source of new crops for many parts of the world. A more recent definition of
underutilised species is offered by a group of scientists who attended a workshop in
Colombo, Sri Lanka (Jaenicke and Hoschle-Zeledon. 2006). Species categorised as
having exploited potential have made an important contribution to food security, health
(nutritional/medicines), income generation, and environmental services. The second
definition is broader in scope than the first, covering species that have never been brought
into cultivation. Considering the large number of such species in Indonesia, we limit
ourselves in discussing those which are cultivated in various current agro-ecosystems.

For decades scientists in Indonesia has discussed potential uses of various plant
species native to this country. Unfortunately, there are no systematic research activities
dealing with certain species potential or concerted efforts to realise their potential into
reality. Almost all research institutes in Indonesia are government supported. Thus, the
research funding system is identified as one of the limiting factors in enabling scientists
to deal continuously with a crop for more than three years. Unfortunately, short term
orientation colors all research projects.

Realizing the potential of underutilised plant species to improve the lifestyle of
local communities, several initiatives to promote their uses have been undertaken by Non
Government Organizations with financial supports from donors. The famous 2010 target
of CBD to slow down the loss of biodiversity is the driving force behind these initiatives.
The development of Non Timber Forest Products (NTFPs) has been going on for several
years. Honey, rattan, coffee are examples of community NTFP products being developed
in many regions such as Kalimantan, Sumatera and East Nusa Tenggara. To help
promote further commercialization of the NTFPs an attempt was made to establish a

firm that marketed forest community s products for national and international markets,
although the scale of operation was still small. Based on this success another initiative,
Kalimantan Indah, will be launched. This initiative seeks to promote the
commercialization of underutilised species, both introduced and native to Kalimantan.
To narrow down the number of potential species into a manageable number, criteria have
been developed. Therefore 6 species commonly grown in Kalimantan have been
identified as potentially valuable.

There is no doubt that underutilised species have an important role in local food
security. Moreover, some species have contributed also to income generation. The work
of the Indonesian Biodiversity Foundation (KEHATI) has demonstrated these two aspects
in Central Java. For generations village communities around Yogyakarta have grown root
and tuber crops, e.g. ganyong (Canna edulis), garut (Marantha arundinacea), uwi
(Dioscorea alata), and suweg (Amorphophalus campanulatus) in their home gardens.
The tuber roots are easy to plant, easily grown in a poor soil and easy to maintain. The
best way to store them is to let them grow naturally in the soil. When the rice harvest is
not good they use the root as their staple food. It also helps them to earn some income. Of
course the price of raw materials is always low; therefore an attempt to help increase their
added value is important. By using simple technology NGOs together with communities
develop tuber root flour which can be used as staple food or even cakes, cookies and
chips. Through these efforts communities learn how to look for added value of tuber
roots, thus they can generate additional income and store the product longer. In addition
to root and tuber crops, minor legumes are grown as a source of vegetable protein, Kara
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(Phaeolus vulgaris), kara wedus (Dolichos lablab), kacang tholo (Vigna unguiculata),
kecipir (Psophocarpus tetragonolobus), and kara benguk (Mucuna cochincinensis) are
among the species that are found in these areas. KEHATI has empowered communities
there with a provision of simple technology for food storage and food processing as well
as revitalise their knowledge and interest in underutilised crops and developed new
products and marketing initiatives. It helps increase the community s income and food
supply (KEHATI, 2004) KEHATI can only hope that empowered communities in
Central Java will keep on utilizing minor crops for their livelihood even after KEHATI
has completed its project there.

Another lesson comes from the study of winged bean.(Psophocarpus
tetragonolobus). In mid 1970s, the US-National Academy of Sciences (US-NAS, 1975)
promoted several species for new crops, and winged bean was one of them. The protein
content of this species is almost equal to soya bean. Moreover, a wide range of variation
is shown in its seed color, seed size, and pod size from the collection made, it become
obvious that the center of winged bean diversity is eastern Indonesia and Papua New
Guinea. The results were based on the study of the winged bean in Papua New Guinea
(Kahn, 1976) The potential of winged bean as a candidate for new crops has attracted the
attention of the Asia Foundation. The first international symposium on winged bean was
organised in the Philippines while the second was in Sri Lanka. The promise of this bean
was so high so that the government of Sri Lanka had expressed its intention to establish
an International Winged Bean Research Institute in Sri Lanka, a statement of which was
given by the President of Sri Lanka in the Second International Symposium on Winged
Bean. Unfortunately, after several years of working together internationally it is proven
that commercially the bean could not find a place in the market.

Recent international cooperation in research and development of minor crops is
dealing with taro (Colocasia esculenta). This species has been in cultivation for
generations. In the Pacific Islands and Hawaii, for example, taro is an important food
crop. It has a broad genetic variability. Among the result of this cooperation, data on taro
has been accumulated and selected varieties have been obtained.

In Indonesia, cultivated varieties are grown in monoculture after rice. Some
varieties can be planted together with legumes. Whether or not the crop will be
commercially viable on a large scale remains to be seen.

SPECIES WITH GREAT POTENTIAL

All useful plant species found in home gardens and other agro ecosystems in
Indonesia certainly have potential to be developed into new crops either for food or for
income generation. However, due to many reasons it is impossible to deal with all of
them at the same time. Naturally priority setting is necessary. The question is then:
which potential species among hundreds that are now available are good candidates for
food security which will also generate income? The following species are proposed not
because there have already solid basis for their development, they are chosen to stimulate
thought.
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Ornamentals

As far as new crops are concerned this group is by far the most attractive from the
commercial point of view. Every year, new ornamental crops both leafy and flowering
are offered in the market. They are the products of selection from wild populations
(orchids) and the results of genetic improvement of existing crops (eupohorbias). The
driving force in dealing with this group of plants is the attention of horticultural
hobbyists.

Food crops

For local food security uwi (Dioscorea alata) and siwalan (Borassus flabilifer) are good
candidates for dryer areas in Indonesia, while taro, suweg and sagu are sutiable for areas
which are wet. For vegetable protein, winged bean can be considered seriously.
Information on this species is well documented. Besides village communities in Java and
Papua are familiar with these crops already.

Fruits and nuts

Matoa (Pometia pinnata) an edible fruit from Papua proves to be acceptable to the
average Indonesian. Fruits resemble rambutan in taste and litchi in shape. This species is
in the process of domestication. Genetically it is variable and readily adaptable to
various climates. From Kalaimantan tengkawang nut (Shorea sp.) is good, not only for
local uses but also for commercial purposes. No fewer than 10 species of Shorea are
valued for their nuts (Peters, 2003).

Vegetables

It is true that in Indonesia there are no truly native vegetables as Li (1976) observed.
However there are two species that can be considered as candidates for new crops: taleus
Padang (leafy taro) and kangkung (Ipomoea aquatica). This variety of taro does not
produce tubers but plantlets are profusely found around the mother plant. Its leaves are
soft and taste better than spinach. A new variety of kangkung has been introduced a
decade ago, whose leaves are much softer than the old variety. Moreover, unlike the old
water variety this variety can be planted in normal soil and uprooted at harvest.

Medicinal species

Indonesia is known for its medicinal plant species. A mixture of leaves, roots, barks,
woods, flowers, seeds, etc known as jamu are sold in a markets for a variety of
complaints. Of the many hundreds of listed medicinal plants two species are worth
mentioning, namely buah merah (Pandanus conoideus.) and mahkota dewa (Haleria
macrocarpa). Many believe that the two species contain substance which can treat
cancer. Buah merah (red fruit) is a native of highland Papua, while mahkota dewa can be
grown anywhere.

Multipurpose tree species

There are many forest species that can be considered as multipurpose tree species
(MPTS). Most produce edible fruits and leaves. Two species have potential for local
commercial uses. They are melinjo (Gnetum gnemon) and nangka (Artocarpus
heterophyllus). Mlinjo produces nuts which can be used commercially for chips. In
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villages its young leaves and fruits are valued as vegetables. Though the fruits characters
are variable there has been no serious study undertaken of its genetic variability. Mature
nuts are gathered and either sold as a vegetable or shelled for chips. Nangka is highly
variable. Young fruit can be used as a vegetable. Leaves are well liked by goats and
cows. The wood is useful for local furniture, while the bark is used as a dye for textiles.

For environment services

Indonesia is rich in tree species and shrubs which have valuable environmental uses. In
addition to known species for the greening program, i.e., jeungjing (Periserianthus
falcataria) and petai cina (Leucaena leucocephala), are beringin (Ficus benjamina) and
terap (Artocarpus elastica). Both species are easy to grow and fast growing. Beringin is
often associated with water sources, because is often found near springs in holy places.

Oil producing species

Indonesia has also sought plants that may be useful for bio fuels. Jarak pagar (Jatropha
carcas) is identified as the most promising species. Large scale cultivation is being
promoted in many districts in Indonesia. What will be the outcome of this mass
cultivation is imponderable as basic information on many aspects of its large scale
management is not known.

Indonesia is indeed rich in plant resources. However, major food crops are all
introduced species except rice. This is also true for industrial crops. It is true that most
native species are traditional or neglected crops, or are in the process of domestication.
Therefore the potential is exploring the key issue in utilizing those plants. The most
disturbing fact is that many native species are declining fast before we are able to
cultivate them. It is a great challenge as to how the work can best be done.

‘HOW'’ IS ALWAYS THE QUESTION

Information on the potentials of plant resources of South East Asia (Indonesia comprises
the largest area) -both native and introduced- have been accumulated (Lemmens et al.,
1989).. Recommendations on ways to assess the potential and the need for their
conservation have been highlighted (Zakri, 1989) Thailand has been very successful in
promoting her native fruits in foreign markets. Why then is Indonesia lagging behind its
neighbours in developing under utilised crops?

Ensuring food security is indeed a high priority for national development. While it
is true that technologies for major food production are available, looking to the future in
every province the state university should take responsibility for developing local
resources for food security. This would ease the burden of the central government in
achieving food security at the national level.

It was somewhat disturbing for listeners to the comment of the President of the
scientific community at the opening of the new Herbarium Bogoriense building early this
year. He expressed his disappointment that the contribution of the Indonesian scientific
community to national development was insignificant. It is unimportant whether or not
the President was in fact disappointed or whether the media misrepresented his statement,
a clear message was sent that the scientific community should work more effectively than
in the past to play its role in national development.
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For national food security, the government policy is clear, i.e., rice production
should be enhanced. Recent development in biotechnology has shown that techniques in
modern biotechnology promise new varieties that could not be developed by traditional
breeding methods. Before long it is hoped that varieties of rice adapted to drier conditions
and resistant to major rice pests would be produced.

Meanwhile the role of underutilised species for food security and income
generation could be revitalised local level, thus a great opportunity exists. However, the
challenge is how to realise the how to answer the question why and what for the
communities. This seems to be the most difficult portion of the scientist s task. We know
answers to questions regarding what needs to be done on the farm practically, where and
how to store products and how to bring the products to market, but how to do they need
to be scrutinised? If farmers sell their harvest in form of raw materials, the price is very
low. Therefore effort to increase the added value of each species selected is needed.

Perhaps in handling underutilised species we can learn from the success of the
instant noodle project. With less than 10 cents a package, one can have a meal which in
term of taste is good, in term of cooking is very easy, and in terms of price affordable. If
similar processes can be applied to underutilised food tubers and legumes, then those
species have a bright future. In fruit species, the seasonality should be broken so that one
can harvest the species throughout the year. In terms of research and development most
species are interesting, but if we are challenged by policy makers on our contribution to
national development, we have to focus our attempts in dealing with underutilised
species. It means that we have to have targets with in a certain time frame to fulfill our
task.
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6

Indigenous vegetables in East Africa: sorted out,
forgotten, revitalised and successful

D. Virchow

Although there are differences in attitude and perception towards African indigenous
vegetables (AIV) from consumers in Tanzania and Kenya depending on their income
level and education, AIV had lost their importance as vegetables compared to exotic
vegetables (like tomato and onion) over the last few decades. Rejection was fuelled by
associating indigenous vegetables with poverty and backwardness, at the same time the
taste esp. of the young generation had changed. In addition, the missing knowledge
concerning their nutritive value and the unavailability in the formal and informal markets
both in urban and rural areas increased the downward trend of AIV. Not only consumers,
but also producers of vegetables were losing interest in AlV. Besides growing AlV in
their fields, collecting these vegetables from the wild and fallow land was (and still is) the
major source of harvest of AlV. Because of comparative advantages in production and
marketing of exotic vegetable crops, the production of AIV has been marginalised.
Consequently, most of the farmers have applied little or no agronomic technologies on
production of indigenous vegetables.

AVRDC The World Vegetable Center, Regional Center for Africa implemented
a project in East Africa aimed at promoting sustainable production, seed supply and
marketing of AIV. The major tasks were to improve the productivity for the target crops,
increase marketing and streamline the efficiency of the AIV sub-sector value chain as
well as to increase consumer awareness.

Besides capacity building of farmers and farmers groups on technologies for
production, processing and marketing, appropriate technologies were disseminated (incl.
seeds), business support groups established, market linkages and channels developed and
consumer awareness for AIV was raised. The consequences of all these interventions are
that farmers in the target areas started to appreciate farming of indigenous vegetable
crops as a commercial business enterprise; whereas in former times, farmers were
planting indigenous vegetables primarily for subsistence, and they have now become
commercial farmers with a demand driven scheduled production. The farmers are even
reducing the cultivated land under other crops to expand their production and marketing
of AIV. In addition, the partnership between high value chain stores (supermarkets),
other formal markets, institutions and groceries enabled small scale producers to
participate in highly competitive horticultural business.

INDIGENOUS VEGETABLES IN EAST AFRICA: UNDERUTILISED AND ON
THE DOWNWARD TREND

African indigenous vegetables (AIV) (e.g. Amaranthus spp.; African nightshade
Solanum  scabrum/villosum/tarderomotium; African eggplant S. aethiopicum/
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macrocarpon/anguivi; jute mallow Corchorus olitorius/tridens; Ethiopian mustard
Brassica carinata; Spiderplant - Cleome gynandra, Hyacinth bean Lablab purpureus,
Cowpea  Vigna unguiculata, bitter leaf  Venomia amygdalina, etc.) have had an
important historical role to play in the farming and consumption systems across sub-
Saharan Africa. Production and consumption in much of sub-Saharan Africa was until
recently based upon subsistence crops and edible weedy species as well as on the
cultivation or utilization of a wide diversity of food crops whose total number of species
is among the largest in any region of the world (Martin, 1984; Leakey and Wills, 1977,
Tindall, 1977). The success of the traditional production patterns, based on subsistence
agriculture in much of Africa, including Tanzania, was based on a wide diversity of food
crops, including cultivated and weedy species, grown in a mixed cropping system. The
wide diversity of crops utilised included several important cereals, roots and tubers,
legumes and many leafy vegetable crops, (Harlan et al., 1976; Martin, 1984; Tindall,
1977; Chweya, 1985; Prescott-Allen and Prescott-Allen, 1990).

During colonization and increasing globalisation, cash crops as raw materials for
international export markets were introduced and started to replace and change traditional
farming systems and production patterns. In addition, new ( exotic ) crops were
introduced, changing the consumption patterns as well.

Vegetables, especially leafy vegetables, played an important role in the sub-
Saharan African agriculture; besides the production always included the collection of
wild vegetables from the wild and fallow land while some were cultivated and others
weedy. In addition, these vegetables supplied (and still supply in specific rural areas of
Africa) much, if not most, of the population’s required vitamins (especially A, B’s, and
C), minerals, fibres, carbohydrates and proteins (Ruberto, 1984; Martin, 1984; Okigbo,
1983; Chweya, 1985; Platt, 1965; Imbamba, 1973; Schmidt, 1971; Keller et al., 1969).

Tanzania also contained and still contains many indigenous vegetables which are
little known outside of Africa but are important contributors to the diets of people not
only in Tanzania but in much of SSA; hence playing an essential role in the nutritional
well-being of tens of millions of people (Prescott-Allen and Prescott-Allen, 1990; Keller
et al., 1969). However, the frequency of consumption has decreased over time
(Weinberger and Msuya, 2004).

As Weinberger and Msuya (2004) show in their study on Tanzania, the nutrition
transition has reached developing countries, so as well Tanzania, particularly the urban
population and those with higher incomes. This transition is characterised by a decline in
consumption of traditional food crops, and increasing consumption of refined and
processed foods, fats, sugars, and animal foods (Millstone and Lang, 2003). Based on the
consumption patterns dominant in Africa at present, the AIV, once the backbone for
vegetable consumption/micronutrient uptake, disappear more and more from the
consumers plate and hence become underutilised crops on their downward trend.
Although these crops seem to have passed their climax of importance and are now on the
way to be forgotten and extinct, but still, the AIV have the potential to play a much
greater role in the fight against malnutrition and poverty in Africa. The changing world
has diminished their importance, but their potential is still so high that it can be
anticipated that AIV will play a future role in contributing to food security, health, and
income generation in Africa.

Such crops thus hold the potential to serve as important drivers for rural growth
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and improved livelihoods. In their present status, they are already an important
component but with potential for a much greater role i.e. they are said to be underutilised.

Although there are differences in attitude and perception towards AIV from
consumers in Tanzania and Kenya depending on their income level and education, it can
be predicted that over the long-run, the consumption of AIV will diminish even more, if
countermeasures are not taken. This prediction is based on the general development of
consumption patterns (the above stated nutrition transition as well as Engel s Law,
meaning that AIV as inferior goods will lose their importance by increasing income of
the consumers and hence, will be pushed out of the market soon) and verified by the
studies undertaken in Tanzania and Kenya by AVRDC and its partners in the recent years
(Weinberger and Msuya, 2004; AVRDC unpublished, 2004). These surveys show that
AlV had lost their importance as vegetables compared to exotic vegetables (like tomato
and onion) over the last few decades. The rejection was fuelled by associating indigenous
vegetables with poverty and backwardness, at the same time taste had changed. In
addition, the missing knowledge concerning their nutritive value and the unavailability in
formal and informal markets both in urban and rural areas increased the downward trend
of AIV. Not only consumers, but also producers of vegetables were losing interest in
AIV. All these different causes are discussed in the following paragraphs.

A consumer survey was carried out by AVRDC on consumers from various
income levels; low, medium and high to determine their knowledge about AIV, their
attitude and perception, the preparation method, social cultural aspects of these
vegetables, outsourcing and frequency of consumption. It was very clear that high income
earners are associating AIV with poverty and only a few of them were consuming these
vegetables in the target areas of both countries, Tanzania and Kenya (AVRDC
unpublished, 2004). The middle and average earners consumed these vegetables but were
wary of the source especially urban centre sources where most of the vegetables are
believed to be grown with untreated sewage water which is a health risk. In this class,
most of the consumers were optimistic that if these vegetables were available in formal
markets and grown and handled in a cleaner way they would highly appreciate and utilise
them. In the low earners level, the number of people consuming AlV was the highest.

The attitude against AlV corresponds with the reality on the ground: according to
a study conducted by Weinberger and Msuya (2004), the richer the consumers are, the
less AIV they consume. In addition to substituting AIV with exotic vegetables, it has
been shown that the wealthier a household becomes, the more different vegetables are
consumed, but the additional vegetables are all from the exotic segment (Weinberger and
Msuya, 2004).

Besides the perception of being the poors food, the taste especially of the young
generation and also urban population in general had changed. Most young consumers
interviewed in the process of the survey, did not even know what these indigenous
vegetables were or knew some but with a very negative attitude and image towards them
since they viewed them as not trendy and unfashionable as compared to fast food. Further
to being rejected by the young generation, AIV seem to have less comparative advantage
regarding the better or more intensive flavour of exotics like onions and tomatoes.

With the present process of modernization, the decline in consumption of AlV is
accompanied by the loss of indigenous knowledge on production methods, preservation,
utilization, as well as nutritive and other values, because the information is not being
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systematically transmitted from one generation to the next anymore. In addition, most
scientific and agronomic research and development has focused on exotic varieties
(Gockowski et al., 2003), leading to a gradual loss of indigenous knowledge relating to
production methods, preservation, use and nutritive value (Keller, 2004). And modern
knowledge accumulation regarding AIV is still in its infancy. Relatively few systematic
studies in any area have been conducted on AIV. The scarce research work on AIV has
been concentrating on species identification and nutrient analysis (e.g. Mathooko and
Imungi, 1994; Vainio-Mattila, 2000; Bhat and Rubuluza, 2002; Lyimo et al., 2003;
Ogoye-Ndegwa and Aagaard-Hansen, 2003).

Not only consumers, but also producers of vegetables were losing interest in AlV.
Besides growing AlV in their fields, collecting these vegetables from the wild and fallow
land was (and still is) the major source of harvest of AIV. Because of comparative
advantages in production and marketing of other (exotic vegetable) crops, the production
of AIV has been marginalised. Most AIV (especially all the leafy AIV) are highly
perishable and hence have a higher marketing risk for the producers or traders compared
to other, exotic vegetables, especially cabbage. Cabbage, as non-perishable has an
advantage for all actors in the supply chain, starting with the producer to the trader and
finally to the consumer. In addition, cabbage has a very filling and satisfying effect (for
instance compared to nightshade), hence increasing the demand esp. by the poorer
consumers. The consequence is that in the target areas, AIV were mostly grown as weeds
in the farmers fields and were less appreciated as vegetables or as a reliable business
opportunity for commercialization, with strong doubts on AlIV market availability among
the producers. Eventually, as part of the erosion of indigenous knowledge of AlV, the
farmers had little or no knowledge regarding agronomic production technology of leafy
vegetables anymore.

Apart from the marketing aspect, AIV have another comparative disadvantage
compared to the exotic vegetables: The seed availability for exotics (through farmers own
reproduction or from the market) is much higher and easier to access than AlV, which
simplifies the decision of the producers as what to cultivate. Until recently, farmers relied
on informal and weak seed production systems for their AIV production. Consequently,
in a rapidly changing world, with internal and external influences, not only agricultural
production patterns for staple crops are changing drastically in Africa. Similar to the
situation that over 50 percent of the daily global requirement of calories and proteins is
met by just three crops maize, wheat and rice (Virchow, 1999), the source of vegetable
consumption is narrowing down to fewer and fewer crops. Hence, many former
vegetables, indigenous to Africa and African consumption are tending to disappear from
farmers fields and consumers plates, most of them condemned to become underutilised
crops and some of them are even threatened by extinction, with the consequent loss in
agrobiodiversity (Keller, 2004).

WHY CARE ABOUT UNDERUTILISED VEGETABLES?
Hunger and malnutrition remain among the most devastating problems facing the
majority of the world s poor and needy people. Over 2,000 million people suffer from

iron deficiency anaemia (FAO/WHO, 2001). Vitamin A deficiency remains the single
greatest preventable cause of needless childhood blindness and increased risk of
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premature childhood mortality from infectious diseases, with 250 million children under
five years of age suffering from sub-clinical deficiency. The situation is particularly bleak
in sub-Saharan Africa, where, compared to other underdeveloped regions in the world, no
progress in reduction of child malnutrition has been made over the past decade and nearly
a third of all under five remain malnourished (FAO/WHO, 2001). Up to 25% of the East
African population is under-nourished due to poor energy and protein intake.
Furthermore, about 40% of women of childbearing age have anaemia while an almost
equal percentage of children under five do not consume enough nutrients to maintain
normal physical health (IFPRI, 2004).

Vegetables, especially AlV, are not able to solve the food insecurity problems on
their own, but looking at nutritional security, as one part of the food security complex,
vegetables can be one of the most cost-effective and sustainable solutions to
micronutrient deficiencies (Ali and Tsou, 1997; Bouis & Hunt, 1999). AIV were and in
certain areas are still an important part of farming and consumption systems throughout
Africa and are crucial for food security particularly during famine and natural disasters.
They are easy to grow, require minimal external inputs and are very suitable to resource-
poor farmers (Opole et al., 1991). They are an integral component to many traditional
dishes (Yusuf et al., 2003), and are a cheap and easily accessible source of nutrients for
both the rural and urban population (Chweya and Eyzaguirre, 1999). On a unit cost basis
they are nutritionally rich (Gockowski et al., 2003), contributing micronutrients and some
of them increase the bioavailability and effective absorption of micronutrients from other
staple food crops, provided that they are prepared and cooked properly to maintain their
nutritional value and consumed regularly.

Studies have shown that leafy vegetables are high in vitamins, minerals, protein
and fibre (Chweya, 1985; Keller, et. al, 1969; Weinberger and Msuya, 2004; Yang et al.,
unpublished data 2007). Vegetables especially African Indigenous Vegetables (AlV) are
excellent sources of vitamin A, C, iron as well as protein, minerals and fibre; and can
release and make available micronutrients as well as increase the bioavailability and
absorption of micronutrients. In addition, AlV have been found to be high in antioxidants
(AVRDC, 2004) and other health related phytochemicals with anti-malaria and anti-
microbial properties (Park et al., 2002; Erasto et al., 2004; Van den Berghe et al., 1991,
Veluri, et al., 2004).

According to a study conducted by Weinberger and Msuya (2004) in the frame of
an AVRDC project, among the rural population of selected districts in Tanzania, only
about one-quarter of all vegetables consumed were indigenous, the remaining were exotic
vegetables. By comparing their findings to earlier reports from the 1970s, it could be
shown that the frequency of AIV consumption has declined. However, AIV continue to
be an important contribution to the diet, particularly so in the rainy season, when they are
readily available. Nearly 80% of interviewed households reported that they collected AIV
during the rainy season. It was also reported that the share of AV consumption among all
vegetables is much higher among poor households (40%) than among the wealthiest
households (11%) and also the variety in consumption of indigenous vegetables
decreases as households become wealthier, while at the same time the variety in
consumption of exotic vegetables increases.

The importance of AlV is often discussed only in the context of (micro-)nutrional
benefit to the consumers. However, AlV as wild and collected crops contribute as well to
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food safety in times of hunger and civil unrest and war (Grivetti and Ogle, 2000). In
addition, experience and studies show that vegetable production, marketing and
consumption has the potential to contribute significantly to the development of especially
the rural and poor population and hence being a motor of rural development. A review by
Gockowski et al., (2003) indicates that the market potential of available indigenous
vegetables is very large and several studies have documented their significant
contribution to household income (Weinberger and Msuya, 2004).

As long as agriculture remains the key economic sector for virtually every country
in Africa, promoting growth in agriculture will have positive economy-wide spill-over
effects (Commission for Africa, 2005). Agriculture still provides livelihoods to around
80% of the African population (UNECA, 2004). Consequently, promoting vegetables and
especially AIV will have significant impacts on SSA economies and income levels.

Diversification into vegetable production contributes to poverty alleviation
through increasing income and employment opportunities in rural areas (Weinberger and
Lumpkin, 2005). In addition, low input AlIVs are the only cash resource at the disposal of
women for the welfare of their families. Thus their improved consumption and utilization
is the most direct, low-cost way for children, lactating mothers and urban and rural poor
to improve their nutritional, health and income status. Based on the Asian experience,
positive health and economic effects can be projected by increasing vegetable
consumption and production in Africa. Besides the positive nutritional and economic
effects of increased production and consumption of AIV for the rural population, 1Vs
have good potential to be exploited commercially as examples from South East Asia (i.e.
Thailand), where urban supermarkets increasingly stock a wide variety of IVs for affluent
consumers.

It is forecasted that an increase in production will lead to an increase in
employment through the high labour demand for cultivation as well as the possibilities of
food processing. In addition, higher production and adding value to produce on site will
lead to increasing incomes for producers. An increase in production will, accompanied by
awareness raising activities, lead to an increase in consumption, that will reduce the
devastating health effects of insufficient micronutrient intake.

This holds true for the insufficient production and consumption of vegetables in
general, but also for AIV in particular. Even if exotic vegetables are replacing AlV in
Africa, the over-all situation of vegetable production and consumption can be seen as
underutilised. The production and consumption of vegetables in Africa is lagging far
behind the world-wide average. The consumption of vegetables in SSA is less than the
WHO/FAO recommended minimum intake of 200 g of vegetables/day/person. And also
in the production of vegetables, Africa is bringing up the rear by producing annually app.
50 kg of vegetables per capita, which is less than half of the rate in most of the other
regions of the world (FAO, 2007).

These opportunities for Africa can only be realised, if decision makers are willing
to invest in improvement of vegetable production, marketing and consumption and
thereby impacting significantly on the development of especially the rural and poor
population. To increase demand for vegetables, promotion and raising awareness has to
take place, to increase the supply, improved technologies have to be offered and
propagated. These investments will have a high return in improved health status of the
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population as well as being a motor for economic development, thus breaking the
downward trend of malnutrition and poverty in Africa.

PROMOTION OF UNDERUTILISED AIV AS ONE PATHWAY TO
SUSTAINABLE DEVELOPMENT

Based on the experience in Asia and the result of conducted research, AVRDC The
World Vegetable Center, Regional Center for Africa implemented a project in East
Africa, aiming to successfully reverse the downward trend in the production and
consumption of AIV, by implementing various measures at the same time. As discussed
above, these measures have to stipulate the demand for and the production of AlV. But to
link the increasing production to the increasing demand, the market channels have to be
established or improved. So the major tasks of AVRDC s project ( Empowering Small
Scale and Women farmers through Sustainable Production, Seed Supply and Marketing
of African Indigenous Vegetables in Eastern Africa ) were to improve the productivity
for the target crops, increase marketing and streamline the efficiency of the AIV sub-
sector value chain as well as to increase the demand for under-utilised AIV. The project
was implemented together with Farm Concern International (former FamilyConcern
International) between 2004 and 2006.

AVRDC-The World Vegetable Center is an international, autonomous,
philanthropic, non-profit research and development organization. AVRDC is the
principal international centre for vegetable research and development. Its mission is to
reduce poverty and malnutrition in developing countries through improved production,
marketing and consumption of safe vegetables. Farm Concern International (FCI) is a
regional market development trust developing pro-poor marketing models and strategic
alliances to enhance economic growth among poor communities in East Africa. FCI
market development initiatives have been benchmarked to private sector market
development approaches with an aim of enhancing the competitiveness of the poor in the
market place.

Project Sites

The project was conducted in two very different socio-economic and cultural settings:
rural and peri-urban villages in Kiambu, Kajiado and Thika districts, Kenya within 45
kms of the capital city Nairobi, and rural villages in Arumeru District, Tanzania within 30
kms of the provincial capital of Arusha. The target areas where implementation of this
project has been taking place include in Northern Tanzania: Manyire, Karangai,
Olevolosi and Kiranyi villages of Arumeru district and in Kenya: Githunguri, Juja and
Kikuyu Divisions of Kiambu and Thika Districts in Central Kenya, Kiserian region of
Kajiado district, and other regions around Nairobi.

The Arumeru pilot sites can be characterised as sites where a limited number of
households were already carrying out limited marketing of some of their produce on their
own prior to the initiation of the Commercial Village Approach. In contrast, Kiambu,
Thika and Kajiado District are sites where a significant percentage of households were
significantly engaged in agricultural commercialization prior to initiating this project, yet
the market linkages found were inefficient. Within these sub-groups, the two sites
significantly differ in terms of cultural practices, altitude, levels of precipitation, and soil
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fertility.

In this project, there was a clear division of labour between AVRDC and FCI:
AVRDC has been focusing on improving productivity of promising lines, developing and
demonstrating cultivation, utilization practices and sustainable production of selected
superior AlV, as well as disseminating quality base seed of target species to target
farmers for promotion as well as technologies for production and processing. To improve
the economic and management situation, FCI has been working and collaborating with
the various players ranging from producer groups, extension officers, retail outlets and
other institutions in implementation of this project, including establishing business
support groups, developing market linkages and channels as well as capacity building of
farmers and farmers groups on marketing. AVRDC as well as FCI were engaged in
raising consumer awareness for AIV, which was the crucial point for stimulating
increased demand. In the following these different measures are discussed in detail.

Following the supply chain from production to consumption of AlV, the crucial

Elements of Success were:

Germplasm collection and improvement, seed multiplication and dissemination
AVRDC-RCA has collected and evaluated over 1,200 germplasm accessions of 15
common AIV. Some of the AIV lines have been purified, characterised and the
cultivation and utilization practices of some promising lines/varieties have been
developed, documented and disseminated.

The project multiplied and disseminated over 500 kg of seeds of the target crops

and helped farmers access over 1 tonne of seeds through established seed supply systems
thus ensuring that the producer groups have sufficient seed for the targeted AIV. The
target crops for this project were the six most common AlV in East Africa:
African  eggplant  (Solanum  aethiopicum),  African  nightshade (Solanum
scabrumvillosum/americanum spp), Amaranth (Amaranthus
hypochondriacus/cruentus/blitum/dubius spp), spider plant (Cleome gynandra), cowpeas
(Vigna unguiculata) and okra (Abelmoschus esculentum). In addition, the project worked
on and supplied the farmers with other AIV such as Ethiopian kale (Brassicas carinata))
Pumpkin (Cucurbita maxima), Fig leafed gourd (Cucurbita ficifolia), Sun hemp
(Crotalaria ochroleuca) and others. A brief description of the major crops follows.

African eggplant (ngogwe in Swahili) is a very popular plant, and consumed throughout
the African continent at large. Its green fruits tend to have a slightly bitter taste and in
Tanzania, these are collected and cooked as a vegetable, often in tomato stews in
combination with ugali , rice or plantains. Estimates spread widely for ngogwe yields as
studies report values varying from 5-8 tons/ha (without irrigation) to 12-20 tons/ha (with
irrigation) (Schippers, 2002). Recent studies at AVRDC-RCA have shown that mean fruit
yields can range from 1.3 to 62.5t/ha when grown under irrigation; with yield variation
depending on species with Solanum aethiopicum giving mean yields of 47.4t/ha while S.
macrocarpon recorded the lowest yields (Oluoch and Chadha, 2007). Repeated fruits
harvests can be obtained, sometimes within 7 days and this is a process which should be
encouraged even when fruit sales do not take place as repeated harvesting tends to
improve bearing capacity of the plant over time. The crop is very resistant to diseases and
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generally fares better under relatively humid and warm conditions (i.e. 23 to 35 degrees
Celsius day time temperatures) as well as low altitudes.

African nightshade (mnavu in Swahili) is found throughout East Africa in both lowland
and highland and can grow on various soil types but is believed to perform better in
lowland areas that are humid, or near water sources (such as lakes) than in the more semi-
arid areas since it is does not tolerate dry conditions well. Its shoots and younger leaves
are boiled as a vegetable in Tanzania and are then consumed with ugali (maize or
sorghum), rice or plantains. To reduce its bitter taste, it is often cooked together with
amaranth. In Tanzania, juice extracted from the leaves is also used to relieve chronic
conjunctivitis and related inflammations. The crop will be ready for its first harvesting
five weeks from transplanting and yields may fall within 4 to 40 tons/ha, depending on
the species (AVRDC, 2004; Mwai et al., 2007).

Amaranth (mchicha in Swahili) is widespread throughout the lowland humid tropics. Its
main use is as a cooked leafy vegetable although in Tanzania the whole plant can also be
used as a medicine to treat stomach aches. It is often cooked in combination with other
leafy vegetables (such as nightshade) in order to neutralise the bitterness. It is a fast
growing crop i.e. in the case of the hypochondriacus variety; a first harvest can be
obtained within 3-5 weeks after transplanting after which leaf cuttings can then be taken
on a weekly basis. Average yields can reach 20 to 25 tons/ha with the low and higher
ranges of 1.2 to 57t/ha depending on species and season. The crop grows well at
relatively high temperatures (25 ¢ day time temperature) and is fairly susceptible to
various pests, diseases as well as competing weed plants.

Spider plant (Mgagani in Swabhili) is one of the most important traditional vegetables in
most African countries. The spiderplant is rapidly becoming popular and is no longer
considered as a weed, but is most welcome as a source of food and income mostly in
rural communities in East Africa. The spider plant is known for high nutritional value and
is used traditionally as a medicinal plant to help mothers recuperate after delivery. Leaf
yields range from 7 to 11t/ha (AVRDC unpublished, 2004).

Cowpeas (Kunde in Swahili) have long been in cultivation in Kenya and Tanzania.
Numerous varieties are known which are used for their seeds. Varieties that are prostrate
with long vines are mainly used for their leaves (and occasionally their young green
pods) and in many places the crop is a vegetable of major importance. It is the most
important pulse crop in tropical Africa, and is especially important in arid or semi-arid
areas, as it is deeply rooted and tolerant to drought. The leafy vegetable varieties are
grown both for direct consumption and for drying. The young tender leaves are preferred
for direct consumption. The leaf yield ranges from 3 to 5t/ha (AVRDC, 2004).

Okra (Bamia in Swabhili) has three cultivated species Abelmochus esculentus, A. caillei,
and A. manihot. It is a crop distributed worldwide and belongs to the Malvaceae. It is an
erect herbaceous crop (up to 1 to 2 m tall) grown for its fruits and have five distinct
ridges. Fruits are consumed either when young and green or matured and dried, but in
this case they are used as a powder added in sauces. It is a warm season crop and
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improved cultivars can produce 24 to 28 fruits/plant and yield up to 17 t/ha of fresh fruits
and 2.5t/ha of seed with high management (AVRDC, 2004).

Ethiopian mustard (loshuu in Swahili) is a leafy vegetable common through most parts
of central, eastern and southern Africa. The crop can grow both in high as well as low
altitude areas but in general, performs better during relatively dry periods when there are
few pests and diseases. In Tanzania, people cook the leaves and fresh shoots or will stir
fry them, either alone or in combination with some other leafy vegetable and eat it with
ugali %, rice or plantains. For a conventional crop, the first harvest can be obtained
within five weeks of transplanting. Afterwards, leaf pruning can be done every one to two
weeks (this process is also encouraged). Leaf yields can range from 6 to 30t/ha depending
on the variety.

In the distribution process in Kenya, existing agro-chemical shops were engaged
in the distribution process whereby farmers from the business unit are directed to
stockists who have been identified and issued with seeds to sell to farmers in target areas.
In Tanzania, seed distribution has occurred through the self-replicating effect. Target
farmers were given seeds by AVRDC and after training in basic seed production issues,
were given seeds then encouraged to produce their own after every harvest. Through
these channels farmers have been able to access improved seeds and quality seeds. For
sustainability of the program, farmers are also equipped with seed multiplication
technology, processing and packaging technologies and this has helped some of them
produce their own seeds. So far over 500kg of seeds for the indigenous vegetables have
been disseminated to the farmers through the existing channels to both the target areas
and several other parts of Kenya and Tanzania.

This has been due to the high demand in both formal and informal seed markets
for all the major indigenous vegetables. To institutionalise seed multiplication, farmers
were linked on trial bases to the Kenya Seed Company in Kenya and the Kibo Seed
Company in Tanzania. Farmers were to be contracted by the companies to multiply AIV
seeds. Some farmers in the Kiambu target areas carried out some trials on African
nightshade after which they found that due to the vicinity to the city, vegetable
production is more lucrative than seed business. However there is a huge existing
opportunity for seed production especially for rural producers who may not be in a
position to compete in the leafy vegetable business. The Kenya and Kibo Seed
Companies have however started producing seeds of AVRDC introduced nightshade and
cowpea varieties in addition to other indigenous vegetables (amaranth, crotalaria, and
spiderplant).

Production technology transfer and strengthening of extension services

Most of the farmers involved in the project had little knowledge on production
technologies for AIV production and processing and thus the project conducted training,
including training of trainers for group members, to disseminate appropriate technologies
on appropriate land preparation techniques, manure application and soil fertility
management, seed drilling and seed media mixing ratio, and general vegetable husbandry
practices and farm management practices. Over 500 farmers received direct training who
in turn trained over 600 other farmers, hence a multiplier effect took place reaching far
more farmers than planned.
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For sustainability of the technology disseminated to continue beyond the project
period, the project established a working partnership with the Ministry of Agriculture and
research institution officials in the two countries and who work directly with the farmers,
thus giving them the necessary agronomic support during the project phase but also for
the future. Training was carried out at AVRDC s Regional Center in Arusha, where
progressive farmers and NARES representatives were trained on vegetable production
technologies and vegetable marketing. This was to help supplement the agronomic
support that the project offered to the farmers. The process of having the trainees acquire
AlV production and utilization technology has made it easier for the farmers to easily
assimilate the technology and constantly get to the extension officers whenever need
arises. The officers have also benefited from the demonstrations and exhibitions in
regards to AIV farming practice which has promoted crops which were previously
viewed as weeds and for which very little had been done in the national research and
training institutions. The training of trainers involved from every farmer group one
trainer and these had been trained on various issues ranging from agronomic to marketing
issues to supplement the groups training and to offer training to new groups within their
locality. Some of the groups who act as trainers for other groups are paid per training as a
BDS provider.

Business support units
Farmers in the target areas cited various problems such as lack of reliable means of
transport, exploitation by middlemen and lack of market information as major obstacles
that have hampered profitability of agricultural enterprises. To overcome this the project
assisted farmers in the target areas in formation of business support groups or CBO s
(community based organizations) which evolved into viable business units through a
model developed by FCI for this particular intervention. This model seeks to equip
farmers from the targets areas with agronomic and business skills crucial for successful
commercialization. Groups are mainly formed for implementation of certain agricultural
technologies. The farmers in these groups were trained on production, utilization,
marketing of AIV and the essence of targeting markets as a group thereby trading as a
common interest block through examples of other successful groups and exchange visits.

The pro-poor market development implementation approach is based on the
Commercial Villages Approach, CVA, a model aimed at enhancing the
commercialization levels of villages based on clustered producer groups under a
commercial village framework. Commercial Villages / Private Sector partnership is
applied to for market entry and build business partnership alliances between poor
communities and private sector players.

Over 28 such units of business support groups were established or reorganised in
Kenya and Tanzania. Each group consists of between 15 - 30 farmers which are
marketing indigenous vegetables in both formal and informal markets either directly or
through linkages to intermediaries. These support units have been trained on group
dynamics like successful group leadership, successful group finance management and
record keeping. They were trained and assisted to conduct regular leaders elections and
development of guiding documents such as constitutions which ensure that members will
abide by certain rules and adhere to a code of behaviour and safeguard farmers money
and interests.
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Market linkages and channels development

The project has linked producer groups from the target areas to many outlets in both
formal and informal markets. In informal markets the linkages are to small scale traders
who buy at the farm gate and also at collection centres; and medium scale traders who
buy from them and then sell to formal markets and to institutions. In Kenya, some of
these traders then resell to informal markets at Wangige, Githunguri, Kiambu, Kangemi,
Korogocho, Kawangware, Ngara, Gikomba as well as other smaller vegetable vendors
located in the city estates and its environs. In Arusha, Tanzania the common sales
markets are Kilombero, Central markets, Tengeru, Ngaramtoni and Shoprite chain stores
for formal markets.

In the formal markets the project has linked farmers directly to or through
intermediaries buying from them with the Uchumi chain stores where FCI has established
a contractual agreement with the management to have the farmers under this program
supply AlV. Reliable traders are now being sought who can buy vegetables from farmers
and sell to Uchumi as a way of ensuring that the provision of BDS is sustainable for weak
groups.

Other outlets in the formal sector that have linkages established by Family
Concern are Nakumatt chain stores that get their supply of AlV either directly or through
Fresh’ N’ Juici who supply them with much of the fresh produce. Fresh ‘N’ Juici is
supplied by farmers under the programme directly and indirectly through a new
intermediary called Rispes who outsource from Githunguri farmers groups.

Another chain store that is buying in Kenya is Tusker Mattress. Farmers have also
been supplying institutions such as National Assembly Cafeteria (Kenyan parliament)
every Tuesday with all of the major types of the AlV. Other markets in the formal sector
that Family Concern have linked AlV farmers with are groceries such as Kairuthi eggs
supplies in the city centre who supplies fresh produce also and Green Corner in Yaya
centre. Most of these formal markets demand good quality supplies but buy at a better
price. The formal markets are always reliable and dependable though initially they used
to take little but now this is increasing at a high rate.

FCI has designed and developed a range of marketing models, which will be
improved, modified and applied in this project. The models are characterised by a
modified corporate and private sector approach in market access to suit poor and
vulnerable farmers. Some of the models applied include; Development of Business
support Groups with 10-15 members with a sales representative equipped to penetrate
identified market niche s; collective product branding & labelling among farmer groups
promoting the products while each member takes up the role of a marketing
representative; entrepreneurs / farmer groups establish intermediary networks in various
urban centres and group members bulk to meet orders and products are repackaged and /
or branded according to the market requirements.

The market penetration parameters applied include; market assessments product
branding, collective marketing of informal groups, market linkages, market penetration,
evolution of informal groups into Business Support Groups, Business and Marketing
training and in the improvement/development of commodity chains. Product
development technologies utilised include; development of suitable moulds for packaging
materials, design of labelling materials and bar-coding technology. Product development
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and/or improvement and product processing is implemented alongside product testing
which uses consumer clinics and focuses group discussions as consumer research tools.
The firm has conducted a wide spectrum of market assessments, developed marketing
strategies and tested various marketing concepts with various development organizations
and private firms. Some of the marketing concepts applied for small-scale businesses and
smallholder farmers are particularly relevant to the product-growth concept which
focuses on alternative growth strategies for farmers; intensification of specific areas;
product development and market development.

Demand stimulation through awareness creation on production, utilization and
marketing

Through awareness that the project has been carried out through the media and other
promotional forums, the availability of information on the nutritive values of AIV has
been provided to consumers in the target areas, leading to a boost in market demand
growth.

The project has developed a number of promotional forums, campaign,
exhibitions of various vegetables samples, cooking demonstrations of various AlV s
recipes, distribution of recipes booklets and leaflets to both consumers and producers,
held several consumer and producer awareness clinics, over 40 field forums and a major
field day attended by about 200 participants. The project has also carried out 7
presentations on local radio stations in Nairobi (e.g., Kameme FM), where the audience
can easily exceed 3 million listeners, through interactive forums where the audience calls
or sends short messages (SMS) and answers are provided live on air. Also the project has
featured in the state owned Kenya Broadcasting Corporation (KBC) where it had
addressed the issue of horticultural marketing in a new program called MALI
SHAMBANI. In presentations, discussion on consumers attitude towards African leafy
vegetable, their nutritive values, production process, outsourcing, cooking methods that
preserves nutrients, vegetables processing and preservation methods such as blanching
and drying and their cultural values has taken place.

In addition to general awareness raising campaigns, the project has organised
promotion in fresh formal markets and major chain stores like Uchumi and Nakumatt in
Kenya and Shoprite in Tanzania where high and middle social classes do their shopping.
Recipes were displayed and tasted and materials distributed and discussed with the
consumers where issues e.g. outsourcing procedure were communicated in terms of
hygiene standards that the suppliers have to observe to be allowed to supply supermarkets
and sources of such produce. Other categories of information supplied included nutritive
value and cooking methods.

Finally, several documents have been developed to raise AIV production and
consumer awareness. Some of the publications or promotional materials produced
include leaflets or fliers, production manuals, banners and posters.

INTERVENTIONS FOR AND PROMOTION OF UNDERUTILISED AlV LEAD
TO SUCCESS

The consequences of all these interventions are that farmers in the target areas started to
appreciate farming of indigenous vegetable crops as a commercial business enterprise
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with demand driven scheduled production. The business is running so well that the
farmers are even reducing the cultivated land under other crops to expand their
production and marketing of AlIV.

Especially in Kenya, the project was very successful, whereas in Tanzania success
was limited. The above described interventions through the project led to substantial
economic impacts, especially in Kenya (ETC East Africa, 2006). Five hundred farmers
were organised in business support groups and 3,000 additional farmers had access to and
adopted AIV farming as a business enterprise. Sales in Nairobi and peri-urban markets
rose from less than 31 tonnes per month in 2003 to over 600 tonnes of AIV per month in
2006. This increase was only possible due to improved production, marketing and
promotional efforts led by the project. In Kenya, AIV worth KShs. 80 million (UK £ 0.63
million) and KShs. 150 million (UK £ 1.10 million) were sold in informal and formal
markets respectively, translating into KShs. 3.8 million (UK £0.03 million) per group of
20-30 members. Production levels of Amaranth (29.6 t/ha) and Nightshade (23-32 t/ha) in
target areas in Kenya increased significantly. High production created an opportunity for
household consumption and sale of AIV with income generated used to address diverse
livelihood needs. The AIV farming proved to be a fast income earner due to short
growing periods and low production capital input requirements.

The success of the project in Tanzania was significantly lower than in Kenya. The
main reasons for limited success were:

1) The slow pace of group formation in part due to a lack of prior experience of

collective action for commercialization among the participants;

2) The culture of the major ethnic group in the target area of not eating vegetables

and their lack of entrepreneurial experience;

3) The widespread perception in North Tanzania of AIV in urban markets being

weeds and food for the poor;

4) Drought, pest (red spidermites) and disease (verticillium wilt) attacks causing

50% and 40% losses of nightshades and African eggplant, respectively;

5) Inadequate linkages to formal markets, as development of these linkages

depends on successful group formation; and

6) The customers in the modern supermarket of Arusha are significantly different

to the customers of the supermarkets in Nairobi. In Nairobi, the supermarkets
are frequented by the high and the middle-income group, whereas in Arusha,
Shoprite s customers are to a very large extent expatriates from all continents.

The sale of AIV in the Arusha region increased significantly during the project period,
although more on the informal and fresh market than in the supermarket.

The reason for the over-all success of the project, with certain limitations in the
Tanzanian target areas, is the simultaneous implementation of all different elements in all
three major areas of the supply chain: at production, marketing as well as the
consumption level. Only by improving and facilitating the different processes on all
levels, the courage and innovation of the farmers to cultivate or increase their cultivation
of AlV, the readiness of the formal market and modern suppliers to partner for marketing
AIV as well as consumers interested in buying and hence increasing the demand for AlV,
was rewarded.
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It was necessary to improve the productivity of AlV and to enable farmers to buy
good quality seed of AIV, if AIV production is to be able to compete with other
commercialised crop production. This was done through AVRDC s efforts of collecting,
evaluating and selecting promising lines of AIV as well as multiplying good quality seed
and encouraging seed companies to multiply and sell AIV seed. In addition, AVRDC
successfully trained farmers in modern, more efficient and effective production and
processing technologies for AIV, which were developed and demonstrated.

AlV farming has proved to be one of the most rapid sources of income generation
due to the short growing period of vegetables and less capital and/or input requirement
for production. The return on investment is very high compared to other crops and market
demand currently is higher than supply. Inquiries on regional and export markets have
been made by some exporters and have created a high possibility of full
commercialization and an upsurge of production with new opportunities for both fresh
and dried AlV.

After all, AIV have become a new growth industry for farmers around major
urban centres like Nairobi. Fuelled by new varieties that yield well and a public
promotion campaign to boost consumer awareness of these vegetables, hundreds of
farmers have been given new livelihood options.

For instance, the cultivation of African eggplant (Solanum aethiopicum) as fruit
and a leafy vegetable is expanding in Tanzania because of its economic and nutritional
importance. Research carried out at AVRDC-RCA has led to the development and
identification of several promising lines, notably DB3 and AB2. The production and seed
distribution of these two lines has transformed the communities at Manyire near Arusha,
Tanzania.

Not only do production technologies (including modern seed) need to be
disseminated to and by the farmers, but it is also necessary to improve economic and
management situation of farmers. FCI conducted successfully relevant training on
business and marketing issues, but also established business support groups, which are
the backbone for the whole commercialization of AIV production by farmers. Based on
successful activities of the business support groups, reliable market linkages and channels
could be developed with the help of FCI.

Evolution of farmer groups into viable business support units has also
proved to be one of the greatest tools of harnessing the benefits of overcoming such
challenges and threats that rural smallholder farmers face and thus can now compete
effectively with medium and large scale farmers.

The evolved groups have so far been able to sell their vegetables to
informal markets like Tengeru, Ngaramtoni, Kilombero, central markets and
intermediaries in Tanzania; while in Kenya; the groups have been able to sell their
products to chain stores, institutions, green groceries and many informal markets in the
Nairobi and in Kiambu, Kajiado and Thika District (Wangige, Kiambu, Githunguri,
Kiserian, Ngong, and Juja) of Central Kenya. These business support units have been
able to establish product bulking and grading through establishment of common
collection centres from where they record delivery of vegetables to the stores. The
vegetables are kept in well ventilated structures before delivery to the markets with hired
vans (pickups).
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These linkages have been made possible by some marketing models that were
used to design models, relevant to all the market players. The farmer groups have found a
new reliable business opportunity in the AIV where due to the fact that these vegetables
do not require substantial inputs the profit margin is higher than for most other
horticultural produce and have a ready and growing market. This has resulted, to many
farmers increasing the land under indigenous vegetables and reduction of land under
other crops. The traders have found another reliable business after realization that the
market demand is very high.

The innovation of partnership between high profile chain stores (supermarkets),
institutions and groceries has enabled small scale producers to participate in highly
competitive horticultural business which has been the preserve of the businesses
controlled by medium and large scale farmers. The intervention also serves as an avenue
to pass on appropriate rural participatory technologies to these communities.

Finally, as a spill-over effect of the project, other products like beetroot,
strawberries, Chinese and head cabbages, kale, and Swiss chard commonly grown by
farmer groups along with the indigenous vegetables have benefited from similar linkages,
whereby the farmers have accessed the markets they supply with indigenous vegetables.

It is as important as the improvements on the production and marketing level are,
without the increase of demand for AIV the whole project would have failed. Only
through raising consumer awareness for AlV, increased demand for AIV has been
stimulated, sustaining the increased productivity of AIV production and marketing.

The demand for African leafy vegetables has grown tremendously in both the
urban and rural areas indicating a high potential in the target areas. The market growth
rate is among the fastest in agricultural produce at 135% in Kenya although still lower in
Arusha, Tanzania. This shows that African leafy vegetables can fully be commercialised
in East Africa and indeed on the African continent and is a ready and reliable source of
vital micro-nutrients for a malnourished society and as an income source for smallholder
farmers. With the market demand rising faster than the supply of AIV due to intense
consumer campaigns, this has led to increased need to continue promoting production of
AIV which meets less than 60% of the current demand.

This has caused a great impact where vegetables have appreciated by all income
levels improving the AlIV market image earlier considered to be a poor man’s vegetable.
There has been a major impact through awareness creation using nutritive facts available
about AlV, reducing the negative attitude leading vulnerable groups to access a cheap
source of essential micro and macro nutrients.

There seems to be a multiplier effect duplicated in the informal markets where a
survey shows that there are more indigenous vegetables in the informal markets than
there used to be due to extensive promotions and awareness creation that has been carried
out in formal and informal markets. The formal market promotions and acceptance in this
market segment has exercised a market behavioural influencer role to change perceptions
of informal market consumers and caused a tremendous growth in the informal markets.

Eventually, with capacity building of NARS officials and other service providers
(incl. supporting seed companies to start selling AlV), the downward trend of the
utilization of indigenous vegetables in East Africa has been reversed, at least for the time
being in the urban / peri-urban area in and around Nairobi and to a lesser but still
significant extent in and around Arusha.
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The Ministry of Agriculture in the target areas has embraced indigenous
vegetables as a very desirable programme and is advising their farmers to adopt it and use
the introduced marketing models to sell these vegetables and even other products that can
use the channels and opportunities developed over time. Thus the program presents an
appreciable level of sustainability if the identified gaps are filled.

This new opportunity on commercial farming of African indigenous vegetables
has spread far and wide with farmers who have heard of the intervention through
presentations and frequent appearance on local radio FM stations and market consumer
awareness due to increased shelf space in the past two years. Most communities
benefiting from this project funded by the Maendeleo Agricultural Technology Fund
solely rely on farming for their livelihood. After introduction of indigenous vegetables,
production as a business opportunity, and enhancing rural -urban linkages for market
access, there has been a reawakening of interest on AIV for food security and as a
reliable source of income for both subsistence needs and other needs.

The two-year project to increase AIV cultivation and effectively link AIV
producers to markets has been very successful. The commercialization of AIV gives an
opportunity for small scale farmers to improve their incomes, nutrition and dietary
diversity. The technologies disseminated through the project have been of great benefit to
farmers and NARES. The approaches and methods used to disseminate both production
and marketing technologies have also been very useful.

African indigenous vegetables were on a downward path, following the typical
development of inferior produce and the prevalent attitude of being food for the poor.
However, through raising awareness on the consumer side, facilitating and improving the
market linkages as well as improving production and production inputs, AIV are
becoming a lucrative source of income for poor farmers selling to wealthy urban
consumers.

ARE THERE LESSONS TO BE LEARNED FROM THE RE-UTILIZATION OF
INDIGENOUS VEGETABLES IN EAST AFRICA?

Although the described project successfully re-introduced indigenous vegetables in East
Africa, it is not a blue print for all under-utilised crops to become utilised (again). Still,
there are some general lessons, which will be applicable for the (re-) introduction of
under-utilised crops into specific markets. These lessons can be grouped according to the
supply chain and starting with some general lessons:

General lessons

e Only by tackling all 3 main parts of the supply chain of AlV, did success become
apparent. It was necessary, to increase productivity of AlV, to improve management
and business skills of farmers as well as building up business groups to increase
bargaining power but also to guarantee reliable quality and quantity over time. In
addition to productivity and business skills at farm level, stimulating demand increase
was essential for the success of the project. Not only was intervention at all three
levels necessary for success, but it was also vital that various players in the value
chain providing vital BDS were involved and partnered, i.e., farmer groups, extension
officers, outlet management, intermediaries, and seed companies & stockists.
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Technology lessons

Adoption rate of technologies and varieties differ from one region to another and
appears to be culture specific. The adoption rate amongst the predominantly Masai
community in the Arusha target areas has been very low compared to the adoption
rate amongst the Kikuyu community in the Nairobi environment. The improved
nightshade line SS52 has been adopted faster by consumers in Kenya compared to
Tanzania. Improved African eggplant lines, however, have not been adopted in Kenya
while in Tanzania the adoption rate has been extremely high and increasing fast.
Finally, there is need to put more efforts in the follow up of groups to enable them to
maintain cohesion and become more commercially inclined, especially in Tanzania.
Any innovation can only be relevant to target communities after being harmonised
with existing systems and gradually allowed to replace other systems.

One bottleneck of technology adoption is the availability of and access to good
quality seed in the informal and formal seed market. As long as availability and
quality of seed is not guaranteed, commercialization of a (new / under-utilised) crop
will not easily take off.

The inclusion of okra as a target crop in the project was not well thought out. Okra is
a warm season crop and performs dismally in cool regions. All the target areas in
Kenya and Tanzania are cool regions and despite our best efforts, okra production has
been relatively low as the crop could not flower. In addition, the market demand for
okra has been very low in both countries leading to loss of interest in production by
the farmers.

To receive and deliver orders to supermarkets and informal markets, farmers and their
groups have been using mobile phones for communication. This has changed the way
farming as business is conducted in Tanzania and Kenya and has impacted on linkage
between farmers and markets. In Tanzania where middlemen still play a crucial role,
the use of mobile phones allows them to move from farm to farm picking the agreed
volumes of produce from farmers at farm gate level. In Kenya, supermarkets can
directly communicate with farmer groups and indicate to them how much produce
they need. The use of ICT is thus very important in marketing of produce efficiently.

Group dynamics

Adoption time of group building and other social activities as part of the project may
differ according to the culture of participants but also their history.

AlV is very suitable produce to use for development of women at group and
individual level. Women are the main players in vegetable production and it was
possible to empower them for ownership of the produce and income.

AlV are usually grown on a small scale. The small scale groups have a very good
opportunity to compete with medium and large scale producers especially due to short
maturity period of the AIV which can be as fast as 5 weeks. The labour intensive
level of large scale production can reduce the acreage involved with such short
duration crops. This favours small scale growers.

For smallholder farmers to compete effectively with large companies and large scale
farmers they need to have adequate capacity and take advantage of collective sales
and scheduled production that can lead to continuous supplies.
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e Organization of farmers into business support groups is a tedious process. The
development of these groups in Tanzania has been slow. It has taken time for
members of the groups to trust each other and start working as a cohesive unit. The
two year time period of this project phase was not sufficient to get completely new
farmer groups to start working together as effective business support units. The lesson
learnt is that for a project with such a limited time frame, it is important to co-opt
already existing groups in the project so they start producing and supplying
vegetables to the markets right away.

Business skills and efficiency

e Factoring (providing credit for advance payments to farmers while awaiting payments
from supermarkets, transport, market levies etc) and market quality guarantee can
help small-scale farmers penetrate formal markets.

e The use of groups lowered marketing costs and raised volumes supplied to formal
markets.

Capacity building

e Building the institutional capacity of farmer groups (leadership, business skills,
record keeping, creation of specific sub-committees etc.) is important for sustaining
group activities, including legal registration for commercially-oriented groups.

Footnote
! Ugali is a starchy rich paste made from boiling maize meal until it forms a dough-like
substance.
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7

Small scale processing and marketing of underutilised
fruits: case study of Amla in India

T. Gajanana, I.N.D. Gowda and B.M.C. Reddy

The Indian Institute of Horticultural Research, Bangalore, India, under the aegis of the
International Centre for Underutilised Crops (ICUC), trained the officials of Bharathiya
Agro-Industries Foundation (BAIF), a non-government organization (NGO), on small
scale processing and marketing of underutilised fruits in August 2004. As a result, small
scale processing units had been established at the village level in Karnataka, Maharashtra
and Guijarat in India for processing underutilised fruits like amla, tamarind and jackfruit
into different products. A survey was undertaken after six months of training to evaluate
the processing and marketing of underutilised fruit products. The results revealed that
small scale processing of amla into raw pickle was found profitable with a net profit of
Rs.8/kg of raw pickle. The cost of processing of amla into hot pickle worked out to
Rs.50.04/kg of pickle produced. With a price of Rs.60/kg, the processors could realise a
net profit of Rs.9.96/kg by preparing amla pickle. The processor s margin was observed
to be 19.92 per cent. The cost of producing one bottle (500 ml) of amla squash worked
out to Rs.15.01 and with a price of Rs.40/bottle, a bottle of squash could realise a profit
of Rs.24.99.

The market survey in Hassan district markets (Karnataka state) indicated that
underutilised fruit products like amla pickle were sold by retailers in small quantities.
While wholesaling of these products was not found feasible, some retailers expressed
their willingness to sell with some conditions: samples to be given, payment after sales, a
margin of 20-25 per cent and small sized packets. There are conditions which need to be
fulfilled to have markets for the products of small scale processing units. The market
survey in Pune markets in Maharashtra state indicated that underutilised fruit products
like amla pickle, amla squash and amla supari (digestive amla) were already there in the
markets though their share was very small. Retailers were willing to market the products
of the units with the conditions: samples to be given, good sales after consumer reaction;
good quality with reasonable price; small sized packets (200-250 g) with a profit margin
of 25-35 per cent. The market survey in Valsad district in Gujarat state indicated the
presence of underutilised fruit products like pachan amla (digestive amla), ber powder,
salted ber and tamarind candy under different brand names (Oswal, Khelkar, frootlet etc).
These accounted for 6-10 per cent of wholesale trade and 11-20 per cent of retail trade
indicating thereby the existence of markets for underutilised fruit products. Despite this
small share, these products had made their presence felt in the market.

The consumer survey in Pune and Valsad markets indicated that by and large,
consumers accepted the quality and price of underutilised fruit products. They preferred
amla supari in small sized (10-15 g) sachets in a 100g polythene pouch. However, there
was a need to improve labeling. The consumers believed that the label should list the
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contents, ingredients, best before date, manufacturing date and medicinal value of the
product along with the price

INTRODUCTION

India enjoys a prominent position in the pomological map of the world. The range of
weather conditions in this country provide suitable conditions for growing of a variety of
fruits. These fruits are available in abundance and also in different seasons. This has
resulted in limited scope for expansion of other minor fruits though they are nutritious,
and are the main source of livelihood for the poor. Most of the underutilised fruit of the
tropics are often available only in local markets and practically unknown in other parts of
the world. A large number of these fruits have the ability to grow under adverse
conditions and are also known for their therapeutic and nutritive value. There is a
constant market demand all over the world for nutritious and also delicately flavoured
new food products. Consumers today are becoming increasingly conscious of the health
and nutritional aspects of their food. The tendency is to avoid chemical additives and
synthetic foods and obtain therapeutic effects and nutrition from natural resources.
Underutilised tropical fruits have an important role to play in satisfying these demands.
Many of these fruits are highly perishable and difficult to store in the fresh form. Some
of them are not easy to eat out of the hand. A few are not acceptable as a fresh fruit,
because of high acidity and/or a strong astringent taste. However, all these fruits have
unlimited potential in the world trade in their processed form. This will provide an
opportunity for consumers all over the world to enjoy these tropical fruits in the form of
processed products. Apart from processing, market potential and energetic campaigning
it is necessary to create awareness and consciousness among producers and consumers of
the demand for underutilised tropical fruits. Hence, there is a need to concentrate on
research efforts on diversification and popularisation of such underutilised fruit crops. In
order to achieve this goal, there is a need to create a demand for such fruit crops in
domestic and international markets. This, to some extent, can be facilitated through
developing suitable processing and marketing of underutilised fruits.

Keeping the above in view, market research has been initiated in three resource
centres of Bharathiya Agro-Industries Foundation (BAIF), a non-government
organization, located in three different states namely, BIRD_K, Tiptur, Karnataka,
Central Research Station (CRS), BAIF, Urali Kanchan, Pune, Maharashtra and
DHRUVA-BAIF, Kaparada, Gujarat. Training of the officials of BAIF from these centres
had been organised under the aegis of the International Centre for Underutilised Crops
(ICUC), UK, Indian Institute of Horticultural Research (IIHR) and BAIF at IIHR
Bangalore during August 3-6, 2004 on small scale processing and marketing of
underutilised fruits. These officials had in turn trained the women self help groups (SHG)
in their respective centres and community processing units have also been established in
different villages. In addition to production of underutilised fruit products, markets for
these products had to be identified and linkages with potential markets had to be
established. The specific objectives of market research are:

e Identify the marketable products from underutilised fruit species like amla;
e Identify the existing marketing channels for amla products;
e ldentify the potential markets and market related problems for amla products;
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e Work out the economics of small scale processing of amla.
DATA AND METHODOLOGY

The data on equipment used for processing, cost of raw material, cost of ingredients used
in processing amla products were collected from the respective community level
processing units. Using the amortisation technique, monthly establishment cost was
worked out. Based on the quantity sold and the price realised, gross returns and net
returns were estimated. A market survey was conducted in the local and district markets
in the vicinity of the community level processing units in the respective resource centres.
For BIRD-K, Hassan district market was selected for the market survey. For CRS, Pune,
Pune market was selected. Kaparada, Dharmpur local markets and Valsad district market
were selected for the DHRUVA resource centre. The products sold by the wholesalers
and retailers were enumerated and the share of the different underutilised fruit products
like pickles, jams, squash, chunda, chutney etc in the respective markets was estimated.
Similarly, the share of different brands in respective markets was also estimated. A
consumer survey of underutilised fruit products produced by the respective community
level processing units was conducted by resource centres in the local markets.

RESULTS

Resource Centre, BIRD-K, Tiptur

Small scale processing of amla

After undergoing training on small scale processing of underutilised fruits at I1HR,
Bangalore (jointly organised by ICUC, IIHR and BAIF), six officials of BIRD-K have, in
turn, trained women SHG members in the area and have been able to establish a
community village level fruit processing unit in Balehalli. The processing unit has so far
produced two amla products namely, Amla Hot Pickle and Amla Raw Pickle besides one
tamarind product, Tamarind Tokku (Chutney) and of late, the processing unit has also
started processing jack fruit as chips and papad.

Market survey for underutilised fruit products
Pickles market: Among pickles, citron (32%), mixed (29%), mango (25%) lemon (9%),
amla (4%) and karvanda (0.5%) were found to be popular in the retail market (Table 1).

Table 1. Share of different types in the retail pickle market, Hassan

SINo | Types Share (%)

1 Amla pickle 3.90

2 Karvanda 0.43

3 Citron 32.39

4 Mango 25.35

5 Lemon 9.21

6 Mixed 28.71
Total 100 (72.29)

Note: Figures in parentheses indicate total quantity sold in a month in kg.
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Retailer s margin: On an average, the retailers sold about 72.29 kg of different brands of
pickles in a month. The retailers margin ranged from 10 to 13 per cent for Mother s and
MNP, 16 per cent for Priya. The retailers margin for locally popular brands of Krupa and
LMP was 60 to 70 per cent. The margin was around 48 per cent for the A-1 brand of
pickles.

Consumer attitudes with regard to product brands
e A pet jar of 300 g was preferred by urban consumers while villagers preferred
small packets of 100-250 g;
e There is a preference for good quality and reasonable price by village consumers;
e Local brands Krupa and LMP were preferred by the latter;
e Urban consumers preferred branded and relatively costly pickles like Priya and
Mother s.

Conditions for selling new brands/products — Amla pickle
e Samples to be given to test the consumer preference;
e Payment after sales of the products;
e A margin of more than 16 per cent is required;
e Pickles should be cheaper as the target group is mainly of villagers.

Consumer survey: Regarding pickles, most consumers stated that they buy mango and
lime pickles from the market. However, pickles of underutilised fruits like citron, amla,
karvanda and amtekai (ambada pickle is prepared when the fruit is tender) are prepared
in their home during the season and hence are the market.

Resource Centre, CRS, BAIF, Uralikanchan,

Small scale processing of amla

Amla is available at CRS, BAIF, and Urali Kanchan was the main source of raw material
for community processing of amla at the village level. However, in order to supplement
raw material, about 500 kg of amla was procured from Rajasthan. Amla was processed
into six products namely Amla Candy, Amla Squash, Amla Murabba, Amla Pickle, Amla
Supari and Amla Mukhshudhi (Mouth Fresheners).

Marketing of Amla products

Marketing channels: CRS, BAIF has facilitated the marketing of amla products produced
by community processing units through a cooperative of Women SHG namely Sankalpa
Streewadi Sahakari Sanstha (SANKALPA) and the products are sold under the brand
name of SANKALPA. In addition, other cooperative retail outlets such as Vrindavan
and Savithri have also been used for marketing amla products. The marketing channels
used by the Producers (Processors) of amla are as below:

1. Producer (Processor)  Village SHGs

2. Producer (Processor)  Sankalpa (Coop)  Consumers

3. Producer (Processor)  Sankalpa (Coop)  Retailer  Consumers

3.1 Producer (Processor)  Sankalpa (Coop)  Vrindavan Outlet (Retailer)
Consumers
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3.2 Producer (Processor)  Sankalpa (Coop)  Savithri Outlet (Retailer)
Consumers

Sankalpa: Sankalpa Streewadi Sahakari Sanstha (Sankalpa Women Cooperative Society)
is a cooperative of women SHGs. Naturally processed herbal and other products - Herbal
Tea Powder, Nirgundi oil, face pack, hair oil, body pack, tulsi powder; food products -
papad semiya malt, chivda, chutneys and masalas; allied products like white phenyl,
incense sticks, liquid soap, scent, room fresheners, broom and chalk sticks produced by
SHG women are sold through this cooperative. Of late, processed underutilised fruit
products like amla candy, amla pickle, amla squash, amla murabba, amla supari and amla
Mukhshudhi (mouth freshener) are also sold through this outlet under the brand name
SANKALPA . Sankalpa charges a commission of 15 per cent on the products sold
through its outlet.

Vrindavan: It is an outlet of BAIF, Pune. The products of Vasundhara in Gujarat
and Rajasthan and those of Sankalpa are sold through this outlet. An agreement has been
reached between Sankalpa and Vrindavan according to which the Vrindavan outlet
charges a commission of 7.5 per cent for the products of Sankalpa.

Savitri: It is an outlet of Savitri Mahila Audyogik Sahakari Sanstha (women
entrepreneurs Cooperative Society) which sells the products of all women associations.
Sankalpa being the cooperative of women SHGs, its products are also sold through this
outlet and Savitri charges a commission of 5 per cent on all the products sold.

Other channels being explored
Producer (Processor)  Sankalpa  Private Retailers (Bakeries/provision stores/Tea
Or Sugar Depots) Consumers

Market survey for underutilised fruit products in Pune

A survey was undertaken in Urali Kanchan and Pune city to ascertain the potential
market for underutilised fruit products in general and for amla and tamarind products in
particular. Both wholesalers and retailers were contacted for the survey. However,
pickles, murabba, candy and juice were sold mostly on a retail basis only and thus, a total
of 12 retailers dealing in pickles, squash, murabba, candy and concentrates were
interviewed in Pune town with the help of a questionnaire. Bakeries, tea/sugar depots
and provision stores were retailers of these items in the survey area.

Pickle market
Popular brands: Pravin, Kamadhenu, K-Pra, Sankalpa, Maharaja, Nisarga, Bedekar,
Mother s recipe, Savitri and Vrindavan are the popular brands of pickles producing
mango, lime, amla, chillies, karvanda, bitter gourd and mixed pickles.

The share of different brands of pickle in the retail market: On an average, 96.95
kg of pickle was sold in a month by retailers. Pravin was the preferred brand (52.99%)
followed by Kamdhenu (16.50%), Maharaja (10.83%), Vrindavan (4.53%) and Bedekar
(4%). Other brands in the market are K Pra, Mother s recipe, Nisarga, Savitri and
Kasthuri (Table 2a).
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Table 2a. Share of different brands in the retail pickle market (%), Pune

SINo Brands Share (%)
1 Maharaja 10.83
2 Pravin 52.99
3 Kamadhenu 16.50
4 Bedekar 4.00
5 Mother's Recipe 2.32
6 Nisarga 1.93
7 K Pra 3.22
8 Sankalpa 1.55
9 Vrindavan 4.53
10 Savitri 1.18
11 Kasthuri 0.97
Total 100.00 (96.95 kg/m)

The share of different types of pickles in the retail market: Mango leads the pickle
market with more than 63 per cent of the market. Mixed pickle (mango, lime, and
chillies) ranks second with around 16 per cent followed by amla pickle (13.02%), Chillies
(2.57%) and Karvanda (1.60%) (Table 2b). With regards to packing, a 200g standee
pouch was the preferred packaging used by the retailers.

Table 2b. Share of different types in the retail pickle market (%), Pune

SINo Types Share (%)
1 Mango 63.02
2 Lime 2.95
3 Chillies 2.57
4 Amla 13.02
5 Karvanda 1.60
6 Mixed 15.86
Total 100.00 (96.95 kg/m)

Retailers margin: Retailers margin varied across the type of retailers as well as the
products sold. The margin ranged from 5per cent to 15 per cent in the case of cooperative
retail outlets such as the Sankalpa, VVrindavan and Savitri outlets. The margin of private
retailers was 15-20 per cent for Pravin brand products (pickles), 25 per cent for Maharaja
Brand products (amla and tamarind) and 20% for Kamadhenu brand pickles. The margin
was up to 30 per cent in the case of some retailers irrespective of the brand or products
sold. Pickles are sold in 200 g, 250 g and 350 g plastic packets. Larger quantities of
5009 and 1kg were sold in plastic containers by retailers.

Squash market

Amla, pineapple and orange squash are sold in the market. Sankalpa and Maharaja were
the popular brands of amla squash sold by the retailers. Amla squash is sold in 500 ml
and 650 ml bottles and pineapple and orange squash are sold in 700 ml bottles.
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Other underutilised fruit products markets

Other underutilised fruit products like amla candy, amla murabba, supari, mouth
freshener and tamarind products e.g. tamarind concentrate, tamarind panipuri masala are
being produced by women SHG of Sankalpa and Maharaja (Narmada Food Products) and
the Sankalpa products are sold only through Sankalpa, Vrindavan and Savitri outlets.
Some retailers are selling very small quantity of tamarind products.

Consumers attitude about the products: Consumers buying from retailers held the
view that packaging and sealing should be improved. The standee pouch was observed to
be good for pickles and amla candy while a plastic bottle was preferred for murabba and
squash.

Conditions for sale of new brand/product: For new products like amla pickle,
murabba, squash and tamarind products like concentrate, private retailers offered to sell
these products under the following conditions:

e Samples to be given first;

e Payment after the sale of the products;

e Quality should be good and the price should be reasonable, Size of packet should

be small (200 - 250 g);

e A margin of 25% - 35% should be given on each new product;

e Weekly supply is better and a minimum of 10 kg/week should be supplied.

Consumers’ survey
A consumer survey was undertaken in Urali Kanchan and Pune market. The results of the
survey are presented below:

Amla pickle: The product is sold in 200 g and 1 kg packets which were liked by
the consumers. The quality observed to range from good to excellent. Nearness to the
house, preference for small sized packets and shop having all the consumable items are
some of the attributes for marketing amla pickle through the Sankalpa Out let in
Uralikanchan.

Amla Supari: The consumption of supari was popular on journeys and in summer.
Small packets of 50-100 g were preferred by consumers. Availability of the product close
to home, good quality, good taste and crispness were important attributes for marketing
amla supari. It is interesting to note that consumers were willing to pay 5 per cent more
for amla supari which speaks of the good demand for it.

Amla murabba (jam): Consumers attributed the medicinal property of amla and
excellent quality in terms of taste, colour and thickness as reasons for preferring amla
murabba. However, non-awareness, non-availability of amla supari in nearby shops may
pose problems in marketing it. Amla murabba sold in 250 g bottles appeared to be
accepted by the consumers.

Amla candy: Excellent quality in terms of taste and small packets of 100g, 5 piece
packets, and nearness to home were the attributes for successful marketing of amla
candy.

Amla squash: Good quality in terms of sweetness, thickness, bright colour, right
price and packaging in 500 ml bottles enhanced consumption of amla squash. However,
the colour of the label was observed to be too dull, while the license No. needed to be put
on the label.
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DHRUVA- BAIF, Kaprada, Gujarat

Market survey in Dharampur and Valsad markets

Three wholesalers and six retailers were contacted in the Dharmapur market. In Valsad
district market, four wholesalers and seven retailers were contacted and the required
information was collected. It is interesting to know that underutilised fruit products like
Pachan amla (Amla Supari)  Shankar and Oswal brands, Swadist Imli (Tamarind
Candy) - Sonali and Sagar brands, Bore Koot (Ber Powder) - Rukso and Oswal brands
are also sold by retailers and wholesalers of Dharmapur along with pickles, jams, syrup
etc. indicating thereby a potential market for underutilised crop products of the
Community Processing Facility at Panas. These products can be used for comparisons
with the output of the facility. The market survey in Valsad district market showed that
Salted Ber, Bore Koot (Ber Powder), Imli Candy (Tamarind Candy) mixed pickles, jams
and juices were the products marketed by wholesalers and retailers in the market.

Dharampur and Kaparada Taluka market

The wholesale market: The underutilised fruit products market: Amla products like whole
amla in brine, Pachan amla, amla supari and tamarind products like Imli sauce, Swadist
Imli (Imli candy), and Bore koot (ber powder) were sold by wholesalers. Underutilised
fruit products accounted for 5.94 per cent of the wholesaler s trade in Dharampur market
(Table 3a).

Table 3a. Share of different types in the wholesale market, Dharampur (%)

SINo Types Share (%)
1 Pickles 94.06
2 Underutilised fruit products 5.94
Total 100.00 (179.32 kg)

Popular brands of underutilised fruit products: Oswal, Shankar and Rukso brands of
pachan amla, Ahar brand of imli sauce, Tarun and Kelkar brands of bore koot (ber
powder) were the popular brands of wholesalers.

Wholesaler s margin: Wholesaler s margin ranged from 9 per cent for the Rasraj
brand to 18 per cent 20 per cent for VVrindavan pickles, and 20 per cent for other brands.

The retail market

A total of six retailers dealing in pickles, squash, murabba, candy and concentrates were
interviewed in Dharampur town with the help of a questionnaire. Bakeries and provision
stores were the retailers of these items in the survey area.

Underutilised fruit products market: Katti mitti imli (Tamarind candy),
karvanda/kerda pickle, pachan amla (amla supari), bore koot (ber powder) are the major
underutilised fruit products sold by the retailers. The underutilised fruit products
accounted for 20.51 per cent of the retailers trade in Dharampur market (Table 3Db).
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Table 3b. Share of different types in the retail market, Dharampur (%)

SINo Types Share (%)
1 Pickles 79.49
2 Underutilised fruit products 20.51
Total 100 (119.23 kg)

Popular brands of underutilised fruit products market: Frootlet (Trimoorthy foods),
Rasraj kerda pickle, Shankar pachan amla, Kelkar bore koot are the major brands traded
by the retailers.

Retailers margin: Retailers margin varied across the type of retailers as well as
the products sold. The margin ranged from 5% - 6% for cashew kernels, 15% to 25% for
amla products, 20%-30% for pickles in case of cooperative Vrindavan retail outlets. The
margin of the private retailers was 15-20% for Vrindavan brand pickles, 15% for Rasraj
pickles, 10%-15% for Nilon s pickles. For underutilised products like pachan amla, ber
powder and imli sauce the margin was up to 20 per cent.

Consumers attitude to the products: Consumers buying from the retailers
believed that the standee pouch was good for pickles and a plastic bottle was preferred
for amla chunda and syrup.

Conditions for sale of new brand/product: For new products like amla pickle,
murabba, squash and tamarind products like concentrate, private wholesalers and retailers
offered to sell these products with the following conditions:

e Samples to be given first;

e Small sized packs preferred;

e Payment after sale of the products;

e Quality should be good and the price should be reasonable, Size of packet should

be small (200 - 250 g);

e A margin of 20% - 25% should be given on each new product;

e Weekly supply is better and a minimum of 10 kg/week should be supplied.

Valsad district market

Retailers

Seven retailers dealing in pickles, jams, amla, ber and tamarind products in the retail
market of Valsad city were interviewed for the market survey.

Underutilised fruit products market: Amla morabba (Darthi brand), karvanda pickle,
Swadist Imli (Sagar brand), salted ber (HR), ber powder (Kaka), pachan amla (Oswal
brand) are the underutilised fruit products traded by retailers. Underutilised fruit products
accounted for 11.38 per cent of the retail trade in the Valsad district market (Table 4).

Table 4. Share of different types in the retail market, Valsad (%)

SINo Types Share (%)
1 Pickles 88.72
2 Underutilised fruit products 11.38
Total 100 (42.89 kg)
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Retailers margin: In the pickle market, the margin ranged from 20-21 per cent, for
Mother s, 18-28 per cent for VVrindavan, 20-22 per cent for Pasand, Pravin, 18-20 per cent
for Rasraj and 25-30 per cent for Nilon s. In the jam market, the margin was 9-10 per
cent for Kissan, 10-15 per cent for Noble. For pachan amla, salted ber and imli candy, the
margin was in the range of 25-30 per cent.

Conditions for sale of new underutilised fruit products
e Samples to be given;
e Sale after consumers favourable response;
e Credit sale;
e Quality should be good,;
e Minimum 20% - 25% margin;
e Asmall sized packet (100 g) is preferred.

Consumer survey

Amla supari: DHRUVA sold amla supari in 10-15 g sachets which consumers preferred.
Colour and taste were found to be good. However, the 10-15 g sachet needed to be in 100
g polythene pouch. There was a need for improved labeling. Consumers believed that the
label should list the contents, ingredients, best before date, manufacturing date and
medicinal value of the product along with the price.

Economics of small scale processing and marketing of underutilised fruits at the
community village level

After undergoing training on small scale processing of underutilised fruits at 1IHR,
Bangalore jointly organised by ICUC, IIHR and BAIF, officials of BAIF have, in turn,
trained women SHG members in the area and have been able to establish community
village level fruit processing units in several villages. Processing units had produced amla
products in addition to those tamarind and jack fruit. Economic feasibility of small scale
processing of amla products was assessed and the results are presented in Table 5.

Economics of small scale processing of Amla into Raw Pickle: It may be
observed from the table that the processor has to vest Rs.35.11 to produce a kg of raw
pickle. The net profit was Rs.7.89/kg with a price of Rs.43/kg and the profit margin of the
processor was 22.5 per cent.

Economics of small scale processing of Amla into Pickle (Hot): On average about
25 kg of amla was processed into pickle every day. As may be seen from the table, the
cost of processing of amla worked out as Rs.50.04/kg of pickle produced. With a price of
Rs.60/kg, the processors could realise a net profit of Rs.9.96/kg by preparing amla pickle.
The processor s margin was observed to be 19.92 per cent.

Economics of small scale processing of Amla into squash: On an average, 25 kg
of amla was processed into squash per day. From the data collected from processors,
economics of squash preparation was worked out and the results of the analysis are
presented in Table 5. It may be noted from the table that the cost of producing one bottle
(500 ml) of squash worked out to Rs.15.01 and with a price of Rs.40/bottle, a bottle of
squash could realise a profit of Rs.24.99.
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Table 5. Economics of small scale processing of amla into different products at
Community Village level

Underutilised fruit products
Particulars Amla pickle Amla pickle Amla squash
(Raw) (Hot)
Total quantity prepared 208.00 500.00 5000.00
(kg/bottles)
Gross returns (300 kg @ 8944.00 36000.00 200000.00
Rs.40/kg)
Cost of processing (Rs) 7303.60 30024.18 75064.18
Net returns (Rs) 1640.40 5975.82 124935.82
Cost of production 35.11 50.04 15.01
(Rs/kg/Rs/bottle)
Price realised (Rs/kg)/(Rs/bottle) 43.00 60.00 40.00
Net profit (Rs) 7.89 9.96 24.99

CONCLUSIONS AND RECOMMENDATIONS

BIRD-K, Tiptur, Karnataka
Processing of amla was found to be profitable. However, at present products are
marketed through BAIF and other channels ought to be explored.

The market survey indicated that a market does not exist for underutilised fruit
products in the local Tiptur market. However, in the Hassan district market, underutilised
fruit products like citron pickles, amla pickle, tamarind paste and jack fruit chips are sold
by retailers in small quantities. In both the markets, wholesaling of underutilised fruit
products was not found feasible but some retailers expressed their willingness to sell
under conditions such as samples to be given, payment promptly after sales, a margin of
20-25 per cent and small sized packets. Accordingly, conditions have to be fulfilled for
developing a market for the products of small scale processing units.

Consumer surveys have indicated that underutilised fruit products are acceptable.
However, the Gramasiri brand label is not attractive and hence needs to be redesigned
and the label should contain details on manufacturing date, consume by date,
ingredients, license No. and price.

CRS, Pune, Maharashtra

At present, underutilised fruit products produced by community village level small scale
processing unit are sold through Sankalpa cooperative society under the brand name of
SANKALPA . However, once the capacity of the processing unit is expanded and
greater quantities of the products are produced, Sankalpa may not be able to market the
entire production. Hence, alternate market channels have to be explored.

The market survey of underutilised fruit products in Pune indicated that
underutilised fruit products like amla pickle, amla squash, amla supari and tamarind
products like concentrate, pani puri masala are already offered in the Pune market though
their share is very small. Maharaja (Narmada Food Products) appears to be the major
competitor for the products of the community level processing unit.

Retailers are willing to market products of the unit with the following conditions:
e Samples to be given and after consumer response, the products should be salable;
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e Good quality and reasonable price;
» Small sized packets of 200-250 g with a margin of 25-35 per cent.

The above conditions should be met for marketing of products through the retailers like
bakeries and tea depots.

By and large, the consumers accepted the quality and price of underutilised fruit products
produced by the small scale processing units. However, the label was observed to be dull
and needs improvement to be made attractive.

DHRUVA-BAIF, Kaparada, Gujarat

The underutilised fruit products of the community processing unit are sold through the
well established brand of VRINDAVAN of Vasundhara Cooperative Society located in
Lachhakadi, Vansda which has been in existence for the past 15 years.

The market survey in Dharmapur taluk and Valsad district indicated that
underutilised fruit products like pachan amla (digestive amla), ber powder, salted ber and
tamarind candy are already in the market under different brand names like Oswal,
Khelkar, and Frootlet etc. These account for 6-10 per cent of the wholesale trade and 11 -
20 per cent of the retail trade in Dharampur and Valsad markets respectively indicating
thereby the existence of the market for underutilised fruit products from amla. Hence,
Vrindavan branded products have to compete with Oswal and Shankar brands of pachan
amla, Ahar and Frootlet brands of tamarind sauce and candy, Tarun and Khelkar brands
of ber powder. The share of the underutilised fruit products is small but these products
have made their presence felt in the market. If Vrindavan branded products are to be sold
through the retailers, the following conditions need to be fulfilled:

Samples to given to assess the consumer response;

Small sized packets are preferred;

Credit sale to be allowed;

Good quality and reasonable price with a margin of 20-25 per cent.

The quality of the products should meet the Food Products Order (FPO) licensed quality
specifications. DHRUVA-BAIF should ensure this. The consumer survey indicated that
amla supari prepared by the community processing unit appeared to be good but
depending upon the requirement the packaging needed to be improved, the label should
be attractive and it should list ingredients, best before date, medicinal value of the
product and the price. Small sized packing especially in small sachets of 10-15g packed
in 100-200 g polythene pouches is preferred by the consumers.
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Consumer perceptions and determinants in purchasing
fresh and processed tropical fruit products: an
exploratory study

S. Sabbe, W. Verbecke and P. Van Damme

The introduction of new tropical fruits and their products in the market place will only be
successful if we understand how consumers perceive these products, make product
choices and build up consumption and purchasing intentions. In this respect, we
conducted exploratory research in order to gain insight into the motives underlying
consumers decision-making process in the purchase of tropical fruits and their products.
The research consisted of three parts: (1) the influence of individual and environmental
factors, and socio-demographic characteristics on the intention to purchase tropical fruits
and products was investigated by means of a descriptive survey (n=290); (2) the impact
of sensory experiences on purchasing intention was evaluated by a descriptive survey
combined with sensory testing of five fresh tropical fruits (n=281) and five processed
tropical fruit products (n=290); and (3) perceived motives and barriers, and the influence
of nutrition and health claims on the purchase intention of tropical fruits were assessed
through two focus group discussions (n=15). Important findings are that pleasure-seeking
seems to be the major motivation for tropical fruit consumption, both for fresh and
processed products. On the other hand, unfamiliarity with the fruits and their perceived
high price are important limiting factors. However, sensory experience is the single most
important factor in product acceptance: when product taste does not match sensory
expectations, general acceptance and hence purchase intention of the tropical fruits and
products will be lower.

INTRODUCTION

In Europe, consumers demand for tropical fruits and their products is expanding due to
increased health consciousness (FAO, 2003; Centeno, 2005), population growth of ethnic
minorities in Europe (von der Linden, 2004; CBI, 2005), and through international travel
and global communication (Centeno, 2005). The food industry is also making greater use
of tropical fruits as ingredients for a wide assortment of food products in order to respond
to consumers growing interest in healthy products and new flavours and tastes
(Kortbech-Olesen, 1996). Nonetheless, numerous fresh and processed tropical fruit
products are quite unknown to many consumers and are likely to remain so unless
familiarization through sensory exposure and the subsequent build-up of positive
experience-based attitudes towards these products occurs. In order to overcome this
initial hurdle and achieve product acceptance followed by successful market introduction,
it is of primary importance to gain insight into the various factors influencing consumers
choice and consumption behaviour.
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Consumers decisions either to eat fruit or not are the result of complex
interactions between personal preferences, food properties and environmental factors
(Kamphuis et al., 2006). With respect to personal factors, many studies emphasise socio-
demographic characteristics as important determinants of fruit intake and report that older
age groups, urban people and higher educated people eat more fruit (Turrell et al., 2002;
Mitchell, 2004). Also higher incomes typically induce increased expenditure on fruit
products (Diop and Jaffee, 2005). Baker and Wardle (2003) found that, although men eat
fruit generally less frequently than women, attitudes and preferences towards fruits differ
very little between both genders. Additionally, several studies underline the relationship
between personal motivations, past behaviour and product-related experiences or product
familiarity, as well as beliefs and attitudes towards a healthy diet with fruit intake
(Kearney et al., 2000; Kvaakik et al., 2005). Hearty et al., (2007) indicated that
individuals with positive attitudes towards healthy eating show a larger intake of fruits.
Moreover, in their study describing factors affecting food choice with respect to fruits
and vegetables, Pollard et al., (2002) mentioned that product familiarity leads to the
development of attitudes towards fruit and vegetable intake and hence influences
subsequent behavioural intention.

Apart from personal characteristics, consumers also rely on various product
attributes before deciding whether or not to buy fruit or fruit products (Brunst et al.,
2002; Kamphuis et al., 2006; Poole et al., 2007). In order to make a purchase decision,
consumers develop quality expectations about a product based on different product
attributes which are traded off against each other. However, some product attributes, such
as sensory ones, cannot be ascertained before purchasing. After a choice has been made,
consuming the product will lead to quality experience as consumers will evaluate the
sensory properties of the product as well as the other attributes that created expectations
(Behrens et al., 2007). The match or mismatch between quality expectation and quality
experience (confirmation / disconfirmation) determines consumers satisfaction and
hence repeated purchase (Deliza, 1996; Grunert, 2002; Bruns#t et al., 2002).

Numerous studies mention sensory characteristics (particularly taste), health
considerations and pleasure-seeking factors as the most prominent motivators for fruit
consumption and hence subsequent purchasing intention (Dixon et al., 2004; Verbeke,
2006; Enneking et al., 2007; Poole et al., 2007). Tuorila and Cardello (2002) assessed
consumer responses to an off-flavour in fruit juices and revealed that liking is a very
important predictor of consumption and that consumption may be not repeated if the first
impression of taste is poor. Also Deliza et al., (2003) cited that foods are unlikely to be
accepted if consumers do not like the flavour.

Various studies also underline health considerations as a frequently mentioned
reason behind food choices (Brunst et al., 2002; Grunert, 2006; Verbeke, 2006).
Although health-related qualities of a product are rather invisible, nutrition and health
claims have become an established way of communicating the healthiness of a food
product to the consumer (van Trijp and van der Lans, 2007). Consumers are quite open to
a wide range of nutrition and health claims. However, the extent to which these are
considered as credible or acceptable and thus influencing purchase intention differs
(Urala et al., 2003; Niva, 2006). Claim credibility perceptions are mainly dependent on
the claim type and the specific claim-carrier product combination. Some studies mention
intrinsically healthy products (e.g. fruit juices) as credible carriers for claims
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(Balasubramanian and Cole, 2002). Other studies point in the opposite direction and
indicate that enrichment of foods, which are perceived as naturally healthy is not
regarded as truly enhancing the health benefits of the food product (Bech-Larsen and
Grunert, 2003; Niva, 2007). Furthermore, van Kleef et al., (2005) mentioned that
consumers look at nutrition and health claims differently when their health status
changes. Experiencing health problems makes people more aware and involved and
influences their receptiveness to information addressing those relevant health issues.

The interplay between taste and health within the food choice process is rather
complex. Consumers are constantly vacillating between eating for health or for pleasure
(Tuorila and Cardello, 2002; Niva, 2007). Several studies indicate that consumers will
not sacrifice sensory pleasure in order to achieve a healthy diet. For example, Luckow
and Delahunty (2004) indicated that consumers acceptance of a product is based on taste
rather than on health claims, for they would not expect unpleasant flavours to be markers
for health benefits. Also Verbeke (2006) reported that most consumers are not willing to
compromise on taste for eventual health benefits in the case of functional foods.

Besides sensory and health considerations, which are found to be prominent
factors, consumers fruit choice is also driven by numerous other product attributes such
as brand, convenience, price, availability, packaging, etc. (Batt, 2003, Deliza et al., 2003;
Enneking et al., 2007; Poole et al., 2007).

Furthermore, several studies mention a positive effect of socio-environmental
factors such as social support from family, friends and co-workers on fruit intake (Steptoe
et al., 2004; Kamphuis et al., 2007). Also situational factors, such as moment and place
of purchase, may influence consumers behaviour during the purchasing stage of fruits
and fruit products (Meiselman, 1996; Grunert, 2006).

The complex interaction between different factors influencing consumers
decision to eat fruit has been widely described in literature. Though, little research has
been done on this topic with respect to tropical fruits and derived products. Most research
about this food category focuses on trade-related aspects, nutritional properties,
production methods, and processing and packaging issues. Research related to
consumers perceptions and decisions to eat tropical fruit is scarce. Nonetheless, when
launching new tropical fruits or derived products, it is important to understand how
consumers perceive these products, how they make product choices and how they build
up purchasing and consumption intentions. The scarcity of insight in consumer decision-
making process towards the growing share of tropical fruits forms the rationale for this
research.

MATERIALS AND METHODS

In order to gain insight in consumers decision making processes towards the purchase of
tropical fruits and derived products, we performed three exploratory studies.

Study 1

The first study investigated the influence of individual factors (product familiarity,
general attitude and beliefs), environmental factors (social norms) and socio-demographic
characteristics on the intention of a person to purchase fresh or processed tropical fruit
products (Sabbe et al., 2007a).
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Data were collected through a questionnaire with close-ended questions.
Questions dealt with topics related to product familiarity, beliefs, general attitude, social
norms and purchasing intention, and were separately assessed for fresh and processed
tropical fruit products, respectively. The questionnaire also included questions about
socio-demographic characteristics.

The questionnaire was used during an exhibition (Agriflanders) in Ghent
(Belgium), held in January 2007. Respondents (n=290) were selected by means of
convenience sampling and the obtained data were analysed using SPSS 12.0. The gender
balance was 54.8% male and 45.2% female. Mean age was 39.9 years with a standard
deviation of 14.5 years. More than one quarter of the respondents (27.4%) had travelled
outside Europe in the last two years.

Study 2

The second study assessed the impact of sensory experiences after specific tropical fruit
consumption on consumers general expectations formed before tasting (Sabbe et al.,
2007b). Data were collected through a questionnaire, combined with consumer sensory
tests. Before tasting, consumers general expectations about tropical fruits and their
intention to purchase these fruits were measured by evaluating multiple product attributes
(i.e. quality, special, attractive, taste, nutritious, safety and healthy). After tasting, the
same attributes were used to evaluate the tested product, and the subsequent purchasing
intention was again assessed. In this way, we recorded consumers general expectations
about fresh and processed tropical fruit products before tasting and consumers specific
experience after tasting the test products.

Respondents were selected through convenience sampling. In total, 281
questionnaires which included consumers sensory tests of five fresh tropical fruits, i.e.
cherimoya (n=55), dragon fruit (n=54), mangosteen (n=56), persimmon (n=60) and tree
tomato (n=56)!"!, and 290 questionnaires integrating sensory tests of five processed
tropical fruit products i.e. a a juice (n=60), baobab juice (n=56), berrycactus jam (n=59),
cashew apple juice (n=59) and tamarind jam (n=56)™, were analysed by means of SPSS
12.0.

Study 3

The third study was performed in order to gain insights into perceived motives and
barriers, and to evaluate the impact of health and nutrition claims when purchasing
tropical fruits (Sabbe et al., 2007c¢).

A qualitative approach was chosen for this study. Two focus group discussions,
with a total of 15 participants, were carried out in Ghent (Belgium) in May 2007. One
group consisted of seven women aged between 25 and 40 years whereas the other one
included eight women between 50 and 65 years. All recruited respondents were open-
minded towards tropical fruits and had some knowledge about this fruit category. Within
each group, there was a balanced mix (i.e. light versus heavy users) of tropical fruit users
and consumers of tropical fruit juices.

Prior to the focus group discussions, a discussion guide was developed with the
main objective of identifying motives and barriers for the consumption and purchase of
fresh tropical fruits and tropical fruit juices. Attention was given to nutrition and health
claims as possible motivators for tropical fruit juice consumption. The guide consisted of
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instructions for the discussion procedure and described the structure and topics that had
to be discussed. A professional research agency assisted in conducting the focus group
discussions: they recruited the participants and facilitated the group discussions. The
sessions were videotaped with participants permission and transcribed. A qualitative
analysis of the transcripts was subsequently performed.

RESULTS

Role of individual, environmental and socio-demographic characteristics

Consumers familiarity with tropical fruits was assessed by their knowledge, usage and
past experience and was found to be significantly higher for processed tropical fruit
products than for fresh tropical fruits. However, product familiarity varied and certainly
depended on respondents knowledge with respect to the different tropical fruit species
and their product categories. In fact, Figure 1 indicates that, with respect to knowledge, a
distinction could be made between common and exotic tropical fruit. The first group
contains tropical fruits (i.e. pineapple, coconut, passion fruit, mango, avocado, litchi,
carambola and papaya)™ that were known by more than 70% of the respondents whereas
the latter one includes fruits (i.e. persimmon, tree tomato, dragon fruit and guava)[l]
unknown to more than 60% of the respondents. Furthermore, the different tropical fruit
product categories (juices, yoghurt, jam and canned) seem all to be well-known (Figure
2), although we could expect that consumers knowledge within each product category
will vary depending on the type of tropical fruits being processed in it.

pineapple

coconut

passion fruit

mango

avocado

litchi

carambola

papaya

persimmon

tree tomato

dragon fruit

guava

T T T T T T T T

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

H not known O known ‘

Figure 1. Consumers knowledge of 12 different fresh tropical fruits species
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tropical fruit juice |

yoghurt with tropical fruit |

jam with tropical fruit |

canned tropical fruit |
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\ W not known O known \

Figure 2. Consumers knowledge of four product categories containing tropical fruits

A general positive attitude towards tropical fruit consumption among respondents, which
is significantly higher towards fresh than towards processed tropical fruit products, was
revealed.

Consumers beliefs with respect to tropical fruits and derived products were
measured by evaluating multiple product attributes (Figure 3). The different product
attributes, with the exception of the attribute cheap , received positive scores for fresh
fruits as well as for processed tropical fruit products. Consumers hold stronger beliefs
that fresh tropical fruits are special , attractive, healthy , nutritious and good
tasting in comparison with these beliefs expressed for processed tropical fruits. On the
other hand, compared to their beliefs related to processed tropical fruits, respondents
associate fresh tropical fruits with being expensive , less easily available , lower in
quality and less sustainable .
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expensive \l\ cheap**

difficult available easily available**

e
bad quality l\ \T good quality**
v
%
:

not sustainable sustainable*

not ethical ethical*

not safe safe

not nutritious % nutritious**

not healthy * * healthy**
bad taste H» good taste**
not attractive attractive**
not special L \ special**

Figure 3. Attribute profiles of fresh and processed tropical fruits: average attribute ratings
(n=290). Legend: = fresh tropical fruits; = processed tropical fruit products
*p<0.05 **p<0.01

In order to assess the underlying dimensions that constitute consumers belief in tropical
fruits, a factor analysis of product attribute beliefs was performed. With respect to fresh
tropical fruits, the factor analysis revealed three factors explaining 63.9% of the variance.
With satisfactory composite reliability coefficients three constructs were composed: a
credence attribute beliefs-construct, containing the credence attributes sustainable ,
healthy , ethical , safe and nutritious ; a special attribute beliefs-construct, including
the attributes attractive , good taste and special and a search attribute beliefs-
construct, enclosing the search attributes cheap and easily available . The attribute
quality was not assigned to any of the factors, which suggests that quality can be
regarded to a considerable extent as an overarching concept. With respect to processed
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tropical fruits, an exploratory factor analysis was also conducted but no meaningful
constructs could be identified. The high heterogeneity of processed tropical fruit product
categories used in this study may explain the lack of consistency in terms of reported
beliefs. However, the analysis revealed two main factors; one in which the attribute belief
for attractive loaded high and the other with a high factor loading for easily available .

The social norm refers to the possible influence from partner, children, family,
friends and colleagues at work on consumers tropical fruit consumption. Factor analysis,
explaining 70% of the variance in the original data, revealed three dimensions. The first
factor contains the variables friends , colleagues and family and is labelled as the
construct social environment . On the second factor, the item pertaining to the impact of

children loads high and is further referred to as children . Partner loads high on the
third factor.

Finally, a stepwise linear regression was used to assess the impact of individual
characteristics (product familiarity, general attitude and beliefs), social influences
(partner, children and social environment) and socio-demographic factors as predictors of
the intention to purchase fresh and processed tropical fruit products.

The regression model indicated product familiarity, children and the special
attribute beliefs-construct as significant and positive determinants on the intention of
purchasing fresh tropical fruits (Table 1). On the other hand, familiarity with processed
tropical fruit products, general attitude and the belief attribute attractive were found to
be significant predictors in the purchasing process of processed tropical fruit products
(Table 1).

Table 1. Stepwise multiple regression with purchasing intention of fresh and processed
tropical fruit products as dependent variable

Variable entered Estimate SE t-statistic p-value
Fresh tropical fruits (n=290); R%dj=0.454**

Product familiarity 0.675 0.057 11.85 0.000
Children 0.168 0.069 2.43 0.016
Special attribute beliefs-construct 0.172 0.086 2.01 0.045

Processed tropical fruit products (n=290); R%dj=0.498**

Product familiarity 0.714 0.070 10.23 0.000
General attitude 0.400 0.085 4,70 0.000
Attribute belief attractive 0.188 0.071 2.63 0.009
** p<0.01

Furthermore, with respect to socio-demographic characteristics, this study revealed that,
both for fresh and processed tropical fruit products, females and respondents who had
travelled outside Europe have a higher purchasing intention than males and those who
had not travelled. In addition, respondents older than 55 years claimed to have a higher
intention of purchasing fresh tropical fruits than respondents aged between 25 and 40
years, and respondents living in urban areas have a stronger purchasing intention of
processed tropical fruits, compared to those living in rural areas.
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Role of sensory experiences

General expectations consumers have about fresh and processed tropical fruit products
were not systematically confirmed after tasting the selected fresh and processed tropical
fruit products. Expectation confirmation largely occurred after tasting cherimoya and
persimmon and after tasting berrycactus jam and cashew apple juice. Expectation
disconfirmation occurred for mangosteen, tree tomato and tamarind jam. As adults
generally prefer sweet tastes, pleasant smells and tend to reject bitterness and sourness
(Messer, 1989), it was expected that consumers expectations would not have been
fulfilled after tasting mangosteen, tree tomato and tamarind jam because of their
predominantly sour taste. The low sugar-to-acid ratio, yielding a poor sensory quality for
dragon fruit, can explain the observed expectation disconfirmation with respect to taste
after consuming this fresh fruit. Expectation disconfirmation also occurred for a a juice
and baobab juice. Unfamiliarity with new and unknown exotic flavours, as is the case
with a a and baobab juices, also seem to lead to disconfirmation of taste expectation as
respondents could not refer to already known and established tastes and flavours.

When general expectations about taste were not confirmed after consuming the
considered fresh or processed tropical fruit, a simultaneous decrease in the rating of some
other non-sensory attributes was observed. If taste expectations were not fulfilled,
respondents considered most of the tested tropical fruit as less nutritious and less
healthy after its consumption. In addition, expectation disconfirmation with respect to
taste resulted also in a decrease in perception of the tasted fresh tropical fruit as being
something special and attractive . With regard to the tasting of the processed tropical
fruit products, a similar relationship between disconfirmation of the attributes taste and
attractive was observed. Furthermore, disconfirmation with respect to taste was mostly
reflected in a decrease in purchase intention after consuming the fresh or processed
tropical fruit products. Apparently, consumers deduce other (non-sensory) quality
attribute expectations from sensory experiences.

In this study, taste experience was shown to greatly influence acceptance of fresh
and processed tropical fruit products and hence consumers satisfaction. Disconfirmation
of sensory expectations, mostly accompanied by a decrease in beliefs about tropical
fruits health and nutritional benefits after tasting, leads to consumer dissatisfaction and is
translated into a lower intention to purchase the tasted tropical fruits or their products.

Role of motives and barriers, and nutrition and health claims

A key message from this third study is that pleasure-seeking or hedonism appears to be a
major stimulus for purchasing tropical fruits, both in fresh and processed form. In fact,
the most important motivations with respect to the purchase of tropical fruits and tropical
fruit juices are consumers impulsive need for indulgence, and the festive and special
character (in terms of taste, attractiveness and colour) of the fruits and their juices. Other
important motivations for consuming fresh tropical fruits are that these are perceived as
having a special taste and being healthy. Some respondents also believed that fresh
tropical fruits contain other vitamins and minerals than local, native fruits. With respect
to tropical fruit juices, different exotic fruit combinations and their convenience in usage
and consumption are - besides their perceived special taste and festive character -
important motivations for their purchase and subsequent consumption. In line with
consumers growing demand and search for natural and healthy products (Fulker, 2001;
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von der Linden, 2004), it was not surprising to find that freshly squeezed tropical fruit
juices are preferred to concentrates and nectars. Their naturalness, perceived healthiness
and convenience are convincing factors for purchasing these juices.

The perception of fresh tropical fruits as being expensive, together with a lack of
knowledge and unfamiliarity with them, form the main barriers to their purchase. For
many less well-known fresh tropical fruits (e.g. dragon fruit, kumquat, mangosteen,
rambutan and tree tomato)™, respondents mentioned being unable to judge the overall
quality of the fruit due to lack of knowledge and concrete judgement criteria in terms of
taste, usage, conservation, etc. Disappointment can thus occur more easily during
consumption. The mismatch between expectation and experience, combined with the
perceived high price, will negatively influence consumers future purchases of fresh
tropical fruits. With respect to tropical fruit juices, unfamiliarity mainly influences
consumers purchase decision. Most respondents buy tropical fruit juices containing a
mixture of known and unknown tropical fruits but tend to reject juices containing mainly
unknown tropical fruits. Here, lack of knowledge with respect to taste, combined with
high price form the main barriers.

In summary, respondents consume tropical fruit juices for the sensory sensation.
Health reasons do not form the main motivation for tropical fruit juice consumption.
Though, nutrition and health claims do seem to influence consumers purchasing
decision. In fact, when discussing diverse tropical fruit juices carrying different claims,
the participants constantly referred to the complex interaction between eating for pleasure
and health.

From the group discussions it became apparent that people are searching for
pleasure and healthfulness in terms of natural and unprocessed as they mentioned to
attach importance to nutrition claims such as no additives, no preservatives, no
colorants , no added sugars , etc. The respondents considered fruits to be healthy and
furthermore subsequently health promoting in a very natural way. Enriched or fortified
tropical fruit juices (e.g. added with calcium and vitamin D) were not easily
conceptualised as truly enhancing the health benefits of the product by the participants.
Moreover, the discussants stated that the fragile balance between health and pleasure
could easily be disrupted, especially when the juices carry claims confronting consumers
with illness, emphasising the prevention of diseases or having medicinal-related
associations. Tropical fruit juices are then no longer considered as juices which are
consumed for their indulgence character, but more as a medicine. However, respondents
mentioned that they are not looking for curing properties in tropical fruit juices. They all
declared to seek medical support in cases of illness. On the other hand, people with
special health needs (e.g. vegetarians, diabetics) are more aware of nutritional and health
claims and will thus be more responsive to those claims addressing their specific needs.

DISCUSSION

This exploratory research suggests that a substantial market potential for sales growth of
tropical fruits and derived products exists. Indicators are consumers positive general
attitude towards tropical fruits and their beliefs that these fruits are nutritious, healthy,
tasty, attractive and special. An important drawback pertains to the existing unfamiliarity
with this fruit group as a lot of fresh and processed tropical fruits are still quite new to
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many consumers. The introduction of fresh and processed tropical fruit products in the
marketplace will only be successful if the voice of the consumer is completely
understood. Therefore, the identification of the underlying needs that determine
consumers- purchasing behaviour is essential.

Pleasure-seeking behaviour is found to be a major drive for tropical fruit
consumption. Consumers mainly purchase fresh tropical fruits and their juices for their
indulgent, festive and special character. But the interplay between taste and health
considerations on tropical fruit consumption cannot be neglected. Sensory experiences
play a predominant role in consumer satisfaction. A decrease in health and nutrition
beliefs was observed when a disconfirmation with respect to taste occurred. Taste
disconfirmation also led to a lowering in the perception of tropical fruits as being
attractive . Repeated purchase intention and consumption is determined more strongly
by confirmation of taste expectations, rather than by perceived health and nutritional
benefits and search attributes such as attractiveness .

Although health considerations do not form the main motivation for tropical fruit
consumption, it seems that nutrition and health claims on tropical fruit juices do influence
consumers purchasing decision. However, it has to be stressed that there exists a
complex relationship and fragile equilibrium between eating for pleasure and eating for
health. With respect to tropical fruit juices, people are searching for pleasure and
healthfulness in terms of natural and unprocessed as they consider tropical fruits
inherently healthy and naturally health promoting. On the other hand, tropical fruit juices
carrying claims with disease- or medicine-like representation evoke quite negative
responses in individuals who do not have health problems as the juices will risk
association with medicinal products, to the detriment of their indulgent character. Hence,
purchase intentions are likely to decline.

Product familiarity is found to be a prominent determinant when purchasing
tropical fruits, both for fresh and processed tropical fruits. Especially for those tropical
fruits that are less well-known, consumers do not dispose of concrete quality judgement
criteria. As they do not know what to expect in terms of taste, usage, preservation, etc.,
disconfirmation of expectations and subsequent disappointment might occur after
consumption. Combined with the perceived high prices, this is likely to have a negative
impact on future purchasing intentions. The same can be assumed for tropical fruit juices
for which unfamiliarity with respect to taste and the price form the main barriers to
purchase.

But, unfamiliarity and lack of knowledge with new tropical fruits and derived
products can be overcome. As taste is a predominant factor in the purchase of tropical
fruits, consumers should be given the possibility of tasting the fruits and their products,
for example through taste sampling or demonstrations at the place of purchase.
Furthermore, straightforward communication about health benefits, usage (e.g. in recipes)
and preservation issues as well as information about judgement criteria can become a
useful tool by making consumers familiar with tropical fruits.

CONCLUSION

Consumers decision to purchase tropical fruits, both in fresh and processed forms, is
mainly determined by their taste, familiarity and price. Besides, health considerations and
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the attractiveness of tropical fruits cannot be neglected in consumers purchasing process.
Perceptions about these latter attributes, however, are influenced by the flavour of the
tropical fruits and derived products.

Interesting as the results might be, this research has some limitations. The main
limitations are linked to the research methods used and more specifically, their qualitative
nature. Therefore, findings are preliminary and can neither be extrapolated to the overall
Belgian population, nor to populations in other European countries. The insights
generated by this qualitative research will form the basis for developing hypotheses for
further quantitative survey research with large and representative samples of tropical fruit
consumers.
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Footnote

1'a a (Euterpe oleracea Mart.), avocado (Persea americana L.), baobab (Adansonia
digitata L.), berrycactus (Myrtillocactus spp.), carambola (Averrhoa carambola L.),
cashew apple (Anacardium occidentale L.), cherimoya (Annona cherimola Mill.),
coconut (Cocos nucifera L.), dragon fruit (Hylocereus spp.), guava (Psidium guava L.),
kumquat (Citrus spp.), litchi (Litchi chinensis Sonn.), mango (Magnifera indica L.),
mangosteen (Garcinia mangostana L.), papaya (Carica papaya L.), passion fruit
(Passiflora spp.), persimmon (Diospyrus spp.), pineapple (Ananas comosus (L.) Merr.),
rambutan (Nephelium lappaceum L.), tamarind (Tamarindus indica L.), tree tomato
(Cyphomandra betacea C. Martius ex Sendtner)
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9

Sowing seeds of success: commercial farmers’
perspective

J. Moffett

A new political environment, the reality of climate change, an awareness of Peak Oil and
rapidly changing terms of trade resulting from globalisation, required a commercial
farming operation in South Africa to re-evaluate its farming practices and product
portfolio, to develop and adopt new approaches and to successfully reposition the farm.
An integrated, diversified and dynamic approach has led to better utilisation of the crops
grown on the farm - both traditional and novel/underutilised. Making use of available
research and development at the institutional level, as well as engaging in
private/public/community partnerships, has generated positive results both financially
and for the wider community.

INTRODUCTION

Kirklington Farm has, since 1911, been owned, managed and worked by the same
families. Situated in the picturesque Eastern Free State of South Africa, near the town of
Ficksburg, the area has a temperate climate: summer (November to March) temperatures
fluctuate between 10 C and 36 C and winter (May to August) 15 C to 25C. Rainfall,
occurring predominantly in the summer months, averages 650mm per year and with an
altitude of 1700m above sea level and with a large range of soils, makes this area ideal
for the cultivation of a variety of crops including large and small grains, oilseeds, fruit,
vegetables and livestock. The farm weathered the changes in agricultural practices from
manure and bone meal to lower input farming in the 1990 s when the sustainable
approach was expanded upon to include organic and biodynamic methods and by 2006
was farmed wholly organically on 1000 hectares generating positive returns
economically, environmentally and socially. 1 need to apologise for the, at times,
disjointed nature of the paper, a result of taking a complex and highly integrated,
diversified, live 3D image and converting it to a plain 2D format. I am alone responsible
for any misunderstandings or misinterpretations.

BACKGROUND

Following World War 11, Kirklington experienced the Green Revolution and for a period
of three decades crop yields doubled and even trebled, however the honeymoon was not
sustainable and from the 1970 s Green Revolution practices were causing a number of
seriously negative outcomes namely, degraded soils, chemically resistant weeds, insects
and diseases; polluted ecosystems and humans; nutritionally unsound commaodities and
relentlessly shrinking financial margins. See Figure 1.
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Farmers® gross revenue, net income, and technology adoption: 1947-2002
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Figure 1. The Impact of Green Revolution Technologies on Farm Income.

The Brown Revolution, driven by the agrochemical and seed industries, was introduced
to Kirklington in the 1980 s with the mix of crops remaining much the same, i.e. maize,
wheat, sunflower, grain sorghum in rotation and beef cattle and sheep. Despite these new
technologies and increases in chemical fertilisers and poisons which increased yields, net
profits continued their downward spiral. Supported by government subsidies and
practicing low input sustainable agriculture (LISA), Kirklington survived into the 1990 s,
but climate change in the form of unseasonable extreme droughts and floods coupled
with democratic elections and a new government introducing globalisation and
withdrawing subsidies, meant a new course had to be charted for survival of the whole
farm organism.

When researching Kirklington financial records | found a definite reversal in
terms of trade during the previous decade: the economics of chemical farming were
changing for the worse and producing commodities was becoming increasingly risky
without a concomitant increase in return. Input prices were rising continuously, driven by
agri-industry corporations predatory pricing policies. For example, in the seed market
five major seed firms now produce over 80% of the crop seed sold internationally. They
are Monsanto, DuPont, Dow, Syngenta and Bayer’. Similar concentrations of power in
the fossil fertiliser and poisons industries existed with large areas of cross holdings,
partnerships and agreements. At the farmers gate stood the same faces, but this time
buying the farmers produce at continuously declining prices. We were not alone in our
dilemma; globally farmers were experiencing comparable problems (See Figure 2).
Finally | realised, chemical farming is violent farming, based on a system of
unremitting exploitation of all factors of production, which is linear, short-term focused
and unsustainable. Figure 3 maps the stylised conventional industrial agriculture model
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including the inputs and raw outputs; the reliance on external capital and information and

the degradation of the most important resource, the soil. This is a far cry from the
example nature gives.

Figure 2. Net Farm Incomes Declining
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Figure 3. Kirklington Production up to the 1990 s
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Travelling in the USA in 1988/89 provided me with an insight into the potential of
commercial organic and biodynamic family farming which promised the possibility of
reversing the negative trends by producing a higher value product (nutritionally and
financially) at a better price with a long-term reduction in costs. Wider research (see
quote below) indicated that profitable and sustainable commercial organic farming was
feasible and desirable with accompanying benefits for the community (employment, local
healthy food and the multiplier effects of money retained in the local economy) and
ultimately spiritual fulfilment especially in the realm of bio-dynamics.

In 1989, the National Research Council of the USA National Academy of
Sciences issued a highly significant report on "Alternative Agriculture” which was
defined as a system of food and fibre production that applies management skills and
information to reduce costs, improve efficiency, and maintain production levels
through such practices as crop rotations, proper integration of crops and livestock,
nitrogen fixing legumes, integrated pest management, conservation tillage, and
recycling of on-farm wastes as soil conditioner: and biofertilisers. The report
encouraged the collective adoption of these practices by U.S. farmers as the best
alternative to the continued and intensive use of chemical fertilisers and pesticides which
have often impaired the quality of our soil, water, and food.

Again, in 1993 the National Academy of Sciences left no doubt as to these earlier
concerns when the National Research Council released a report on "Pesticides in the
Diets of Infants and Children” which concluded that people in this age group could be at
considerable health risk from consumption of foods containing pesticide residues.

Both of these reports have raised considerable speculation about the future of our
chemical-based agricultural production system. A growing consensus of consumers,
environmentalists, legislators, and many farmers is that our current farming practices will
have to change considerably to achieve a significant reduction in pesticide usage in U.S.
agriculture. The ultimate goal of sustainable agriculture according to the National
Research Council, and other sources as well, is to develop farming systems that are
productive, profitable, energy conserving, environmentally sound, conserving of
natural resources, and that ensure food safety and quality. Consequently, the leading
question that U.S. farmers are asking is, "How can | make these changes, reduce my
chemical inputs, and achieve an acceptable level of economic and environmental
sustainability?" A successful transition from chemical-based farming systems to a more
sustainable agriculture will depend largely on what farmers do to improve and maintain
the quality of their agricultural soils. Indeed, soil quality is the ""key™ to a sustainable
agriculture. Not surprisingly, the alternative agricultural practices advocated by the
National Research Council are mainly those that can improve and maintain soil quality.
Experience has shown that the transition from conventional agriculture to nature farming
or organic farming can involve certain risks, such as initially lower yields and increased
pest problems. Once through the transition period, which might take several years, most
farmers find their new farming systems to be stable, productive, manageable and
profitable without pesticides *.

The agriculture 1 envisaged and wanted to create had to depend more on
knowledge and understanding of nature, including human nature, and less on capital and
access to technologies developed to extract wealth from the user, and by focusing on the
four pillars of sustainable business: social, environmental, financial and spiritual, | would
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be maximising the Quadruple Bottom Line (QBL) and successfully achieving our goals.
Education, skills and experience were the immediate challenges, however having had no
formal chemical agricultural training, | found it easier to realise organic farming works,
making the learning process faster than usual.”” Free your brain and your behind will
follow” Farmer Tom Frantzen, USA ATTRAnews USAZ,

Based on these ideas, facts and ongoing research we decided to pursue the organic
way with an organic and precautionary approach based on the Precautionary Principle
(see Information Box 1): slowly- to learn and live the new initiative- the starting point
being the soil and its neglected and underutilised crop, soil life, followed by seed, and so
up the growth chain to the final edible crop.

Box 1. The Precautionary Principle

1. Scientific uncertainty should not automatically preclude regulation of activities that pose
a potential risk of significant harm (Non-Preclusion PP).

2. Regulatory controls should incorporate a margin of safety; activities should be limited
below the level at which no adverse effect has been observed or predicted (Margin of
Safety PP).

3. Activities that present an uncertain potential for significant harm should be subject to best
technology available requirements to minimise the risk of harm unless the proponent of
the activity shows that they present no appreciable risk of harm (BAT PP).

4. Activities that present an uncertain potential for significant harm should be prohibited
unless the proponent of the activity shows that it presents no appreciable risk of harm
(Prohibitory PP). From ".wikipedia.org/wiki/Precautionary principle"

MATERIALS AND METHODS: THE SILENT REVOLUTION

To be sustained over a short term, the enterprise must be profitable; to be sustained over
a long time period, the management of the natural resources such as soil and water must
be considered. ATTRAnews ibid.

The conversion period was finally stretched over 10 years in order to accommodate the
timely and costly research, experimentation, trials and market developments which were
virtually non-existent in South Africa while government agricultural departments were
pursuing the elusive industrial agriculture model.

At the outset the decision to grow crops, which had a history at Kirklington,
organically, meant a reduction in risk of inevitable experimental failure, financial loss
and critique from across the fence. Based on successful trials, the market would be
investigated for an offset point for the crop and simultaneously a search for new and
underutilised crops would occur followed by research and development.

A holistic method of experimentation introduced many variables requiring an
open mind and tolerance for failure and unpredicted success. The identification of critical
inputs and research areas including seed, soil and soil life, fertiliser and bio-fertiliser,
cultivation techniques, pest, weed, disease and harvesting led us to reading numerous
books, scientific papers and liaising with institutions (e.g. Small Grain Institute of the
Agricultural Research Council) technical colleges and universities (e.g. Free State and
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Stellenbosch) including overseas institutions (e.g. EIm Farm Research Centre, UK).
Many problems came up and were solved by following the format in Table 1 below.

Table 1. Technical Problems: Process and Solutions

Identification

Investigation

A

Solution not/partial

Identification

Investigation

Solution

Information on organics, soil,
soil life

Enquiries ex farmers, internet,
advisors, institutions,
universities.

Old Farmers handbooks; new
books; internet; farmers; farm
walks; advisors; institutions.

Regulations

Search as above

Internet; farmers; certifiers

Market for in-conversion

Contact traditional markets,
farmers markets,

Retailers; farmers markets
Municipal markets.

Inputs: seed, fertilisers,
machinery

As above and own resources

Internet; farmers, advisors,
own planning

Technical experience

Industry info.

Trial & error; costly industry
information

Training

None

In house

Irrigation

Industry

Trial & error; costly industry
information

New technology

Magazines, internet, farmers,
advisors

Trial and intuition.

Weeds, pests & disease

As above

Least cost option of present
equipment and resources or
borrow, lease.

Value adding

Market, farmers, advisors,
internet, magazines

Thorough research and
development.

Upon reaching a critical point of knowledge confidence, practical trials were commenced
where factors such as cultivation effect on weeds, on germination time, incidence of pests
and different methods of control and the harvest quantity and quality were monitored and
recorded. These factors are listed below.

Objectives and parameters used and measured during trials of old and new crops
Soil
Objective: To transform the soil from a disease inducing to a disease suppressing state;

get the soil alive with earthworms and other soil life; improve nutrient status and water
absorbing capacity.
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Parameters: cultivation type (e.g. plough, minimum till); effect on soil (soil life, structure,
organic matter, water retention capacity); effect on seed germination; outcome on weeds
and pests; effect on harvesting.

Seed

Obijectives: To identify suitable crops, cultivars and varieties for successful cultivation.
Parameters: time & rates of application; inoculants- microbial and chemical (permitted);
depth of planting and placement; mixed & strip crop seeding.

Fertiliser

Objective: To determine the optimal type and application method(s) of fertiliser and
biofertiliser.

Parameters: type (precision &/ broadcast); rate; depth of application; relation of
application to seed; green manure; post emergence fertilising and foliar feeding.

Pests, weeds and diseases

Objective: To establish the best method of control.

Parameters: daily/weekly monitoring; critical thresholds for action; action type (organic
poison, microbial exclusion, farm remedies, cultivation); catch crops, intercropping, strip
cropping and weeds as indicators of soil structure and nutrient status.

Equipment
Objective: To identify the implement best suited for the job.
Parameters: conventional; adapted, new.

Harvesting
Objective: To determine the effectiveness of the previous parameters.
Parameters: yields; quality, time.

The First Trials

A conventional dry land crop, asparagus, lent itself to organic production rather easily
with manageable production problems and became a good organic cash crop in the short
term.

Peach and apricot trees, planted conventionally, though using some organic
techniques (e.g. manure, lime-sulphur), were targeted for conversion in 1991.The
following 5 years were an organic experiment on 11 hectares of fruit, applying as many
of the above objectives and parameters. The focus was the soil: initially large quantities
of composted sheep manure were broadcast (up to 40 tons/ha per annum) to combat
nitrogen deficiencies as indicated by yellowing leaves. Pernicious scale was dealt with by
spraying milk (lactic acid) but was replaced with much cheaper effective micro-
organisms EM. See Information Box 2 below on EM. Early season aphid infestation was
sprayed with a mixture of khakibush/Mexican marigold (Tagetes minuta) extract and
molasses; again EM replaced this remedy with EM fermented plant extract (EMFPE)
based on khakibush, garlic and chilli. The inter row area was tilled to provide a fire break
and reduce competition from grasses and weeds for moisture and nutrients, however as
the soil status improved over time, this area was allowed to grow and mown occasionally,
becoming a habitat for many predators (spiders, ladybirds, birds and snakes).
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Over the years the soil improved dramatically as soil samples indicated the
presence of large quantities of earthworms and other soil fauna and flora. The final
results were pleasing with above industry average yields and brix (sugar) levels allowing
us to gain access to the German baby food market. Subsequently the increasing factory
production costs and high cost of transport forced us to change our marketing strategy
and focus on the local market through a pick-your-own plan where buyers picked and
transported their own fruit enabling us to generate good profits shared with the fruit
manager.

My choice to use EM as opposed to various other similar products was based on
the concept of appropriate technology , i.e. a technology which is effective, efficient,
economical and safe, i.e. it satisfies the precautionary principle. | have not found another
source of mo s which can compete with EM. For example the EM application cost per
hectare per year on the orchard is R200 (US$29).

Box 2. What is EM?

As an alternative to agrochemicals (i.e. chemical fertilisers and pesticides), Professor Teruo Higa,
developed the concept and technology of Effective Microorganisms (EM). EM has been shown to
be effective in replacing agrichemicals, especially when applied in combination with organic
amendments. EM is a mixed culture of aerobic and anaerobic beneficial, naturally-occurring,
microorganisms that can be applied as inoculants to enhance the microbial diversity of soils and
plants which, in turn, can improve soil health and the growth, yield and quality of crops. (Higa
and Wididana, 1991a). EM contains predominant populations of lactic acid bacteria, yeasts,
actinomycetes, photosynthetic bacteria and other organisms that are mutually compatible and co-
exist in liquid cultures. Higa and Parr, 1994,

Parallel to the fruit project, trials on other traditional conventional and underutilised crops
were conducted on 3,5 hectares and included: wheat, maize, sunflower, rye, triticale,
grain sorghum, barley, spelt, soyabeans, cowpeas, vegetables (potatoes, butternut, radish,
sweet corn, fine beans, mange tout) green manures and forage crops (serradella, Japanese
radish,).

Through the biodynamic and organic network we embarked on medicinal and
essential oil plant trials which were grown in separate fields as these required long term
analysis.

Pasture trials were and are conducted in situ where a field is identified for pasture
establishment. Trials with pasture mixes (livestock salad bars including poor man s
lucerne, serradella, Eragrostis curvula, Smuts finger grass, rooi grass (Themeda
triandra), chicory, sheep s burnet, yarrow and dandelion) as opposed to monocrop
pastures, are a work in progress.

Experiments with organic remedies for the livestock, cattle and sheep, proceeded
with the aim of doing away with poisons, and ranching toxin-free, rather than specifically
directed at achieving organic status. Diatomaceous Earth (DE. See Information box 3
below) was identified as a non-chemical anthelmintic added to livestock feed and also
applied externally for control of lice, ticks and flies. EM was also tested as an additive to
water and feed to improve the animals health.
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Box 3. What is Diatomaceous Earth?

Diatomaceous earth consists of the remains of fossilised marine algae namely diatoms. The
product is mined and reduced to powder form. This powder acts as tiny pieces of glass that tear
the shells of insects and other arthropods. The Control of Internal Parasites in Ruminants. Jean
Duval, agronomist, M.Sc. January 1994. Ecological Agriculture Projects, McGill University
(Macdonald Campus),Ste-Anne-de-Bellevue, QC, H9X 3V9 Canada.

RESULTS AND DISCUSSION

During the initial years of trial and error, the conventional side of the farm, particularly
livestock, provided seed finance for the experiments until viability was established
(commercial production) or discontinuation.

Regular and continual, recorded observation supported by intuition was vitally
important. | initially ignored that little voice , as being unscientific, but | soon learnt it
was one of the most powerful tools | had, freely at my disposal, to use and the number of
times it has literally saved the day are too numerous to mention. In all my networking
and advice | strongly advise the use of intuition.

Once success with a trial crop was achieved both financially and productively,
larger scale planting was embarked upon, dependent on market requirements, i.e. we
never planted a crop that was not sold (off farm and/or on farm) beforehand.

The search for markets occurred simultaneously with the trials and successes in
order that upon a crop coming online it could be sold 100%. This 100% objective
generally required value adding.

Example of R & D: Organic Rye and Rye Flour

Rye was identified as a promising crop to grow commercially and process as flour as
none (both conventional and organic) was produced in South Africa for human
consumption. A retailer partnered with us to provide a ready market on completion of
trials and commercial harvest. Rye had for many years been grown as green forage for
livestock in the dry winter months and had shown itself to be hardy and robust, resistant
to aphids and rust, producing at least 2 tons/ha when allowed to grow to maturity for
seed.

Treatments

Soil preparation included two methods: (1) traditional mouldboard plough and attached
harrow and (2) chisel plough and harrow. Both systems applied effective micro-
organisms (EM) via sprayers to the soil during the operation.

Chemically untreated seed was precision planted with inoculation of EM (i.e.
soaked in a dilution of 1:100 H20 for 30 minutes to provide prophylactic protection
against soil pathogens) and without on each of the two soil prep methods at a depth of 10
mm at a rate of 25 kg/ha, apart and above the drilled fertiliser (4 cm and 10 cm).

Fertiliser in two forms was applied: a commercially available organic fertiliser
(Talborne Prescription Mix Fertiliser) at recommended rates of 200kg/ha and farm
composted sheep manure inoculated with EM at 10 000kg/ha. The former was split
applied with seed drilling on half of (1) and (2) and the compost before soil preparation
on the remaining halves of (1) and (2). See Table 2 below.
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Foliar feeding of EMFPE occurred twice on the 8 replicates of 0.37 ha, providing
disease and pest protection simultaneously (competitive exclusion). Being a winter crop,
weeds were not a problem particularly in the ploughed section, though weeds were more
active in the chisel ploughed part, but did not pose an economic threat. (Note: weeding of
small grain winter crops has become necessary in some years or fields where weed seed
banks are high; a combine harvester head reel tines mounted on a frame worked
effectively at removing 80-90% of weeds at the stooling growth stage). Harvesting of
each of the 8 trials was separate and then compared.

Table 2. Layout of Field Trial Rye.

Field Trials: Rye

Mouldboard
Plough with EM Chisel Plough with
(MBP) EM (CP)
Seed Seed
Seed with EM only Seed with EM only
COF Compost | COF Compost COF | Compost | COF Compost
EMFPE Spray
overall

COF = Commercial Organic Fertiliser
EM = Effective Micro-organisms
EMFPE = EM Fermented Plant Extract

Observations and Results

The MBP plots exhibited more even germination due to a finer and moister seedbed. This
factor was discounted in years of good autumn rains when the CP method was as
effective in even germination (even plant growth is necessary if blind-harrow weeding at
a later stage is required).

Germination of the EM treated seed was two days ahead of the untreated seed.
The EM seedlings were thicker and more robust than the untreated. This confirmed
research of the beneficial effects of EM on seeds and seedlings in terms of protection
from soil borne pathogens and the positive impact on growth through provision of
nutrients and other beneficial substances such as hormones, enzymes, vitamins and lactic
acid.

The seedlings planted with drilled COF were greener than the applied compost
plots initially indicating that the fertiliser was more available. By the time of stooling, the
plants were more uniform in colour. In terms of cost the drilled COF was less expensive
as one less field operation was required, but the farm produced compost was cheaper as a
fertiliser. The decision became one determined by time, availability and quantity of the
two fertilisers.

The EMFPE spray had a visual impact in terms of increased vigour, growth and
colour.

Good spring rains meant sufficient moisture for seed maturity and the MBP plots
at harvest yielded 2500 kg/ha compared to the 2300 kg/ha of the CP plots. There were not
significant differences in yield between the treated and untreated seed. The quality of
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seed of all plots was good and on milling the flour proved to be good enough to replace
imported rye flour.

An economic assessment of the input costs indicated that the compost plots were
more expensive, at R500/ha for compost whereas the COF cost R400/ha and coupled
with the lower yield meant the COF method was financially the better option. However, it
is important to note that the impact of compost on soil health was far greater adding
organic matter and micro fauna and flora which benefits would be longer term and not
readily measurable immediately. (1US$ = 7 Rand). Storage of the reaped seed was
initially in large silos where pests (weevil and flour moth larvae) became a problem,
solved by packing in 50 kg bags and treated with DE which mechanically kept the pests
at bay.

Together with organic wheat and later maize and barley, rye was stone milled on
farm in a new plant adding significant value to the raw crops. By-products of the process
were used for the livestock.

Current Activities
Love what you do; live with intention; always learn; don t forget to play. Organic
Salad Producer . ATTRA USA

Our present basket of products and output has evolved and changed as the market and our
expertise has developed. Looking at Figure 4: Kirklington 2007, which logs as many of
the activities, actions, products, and factors outside the farm gate, the noticeable
difference with the pre 1990 farm chart are the huge number of extra activities taking
place; in particular the recycling of energy as far as possible and reducing the energy
leaving the farm. At the core of the farm organism are people who drive and give
direction to the farm based on respect for nature. Information, knowledge and experience
are indicated and by following the flow of the chart the successful outcomes are seen.
There are still significant inflows from outside the farm, but some are necessary and
others are under the spotlight to reduce. The huge value and premium we put on
networking, making new friends and exchanging thoughts and knowledge is not
emphasised, however it is probably the most essential aspect of all the important parts of
the whole organism in constant flux.
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Figure 4. Kirklington 2007: activities, actions, products, and factors outside the farm gate

Asparagus: A Past Cash Crop
Dramatic changes have seen the South African asparagus market become almost totally
organic, with the largest asparagus producer in the Western Hemisphere being organic
and selling organic into the conventional market. As a small producer we climbed out
when the big fish arrived and looked for other products to produce and sell. This
experience subsequently applied to fresh vegetables we produced for a retailer.

Our lesson: the ability to transform as market forces change is fundamental to
success and the age-old adage: increasing diversity lends stability and reduces risk, has
come back into its own.

Livestock

The cattle and sheep enterprises are operated extensively on four farms (two leased)
utilizing low-input organic methods to provide the market both local and urban with
quality weaners and lamb/mutton/wool. Feed is 100% outdoor grazing on veld (natural
pasture), planted pasture and planted forage supplemented with protein and carbohydrate
licks in the dry winter months.
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Diatomaceous earth (DE) was identified as a non-chemical anthelmintic and
added to livestock feed and also applied externally for control of lice, ticks and flies and
complemented with the application of EM5, an EM derivative producing esters which
disrupt external parasites digestive systems.

The inclusion of EM and derivative, Bokashi (EM fermented bran) in the drinking
water, feed and licks promoted better feed conversion and enhanced microbial life in the
stomach enabling better health and returns on feed (see Table 3).

Table 3. Winter Production Lick Kirklington

KG
Ingredient R/kg kg Cost %
Oil Cake 1.30 50.00 65.00 6
Sulphur 2.22 5.00 11.10
P12 2.67 75.00 200.25 9
Salt 0.40 175.00 | 70.00 20
MaizeMeel 0.60 450.00 | 270.00 51
Feed lime 0.33 50.00 16.50 6
Bokashi 2.00 25.00 50.00 3
DE 3.00 20.00 60.00 2
MEM 2.00 25.00 50.00 3
Total 875.00 | R792.85
Cost/kg 0.91
RDI & Cost 0.65 0.59
Cattle Bulls Cows Calves LSU's
Kirk 5.00 80.00 27.00 90
Pbg 6.00 191.00 | 16.00 205
Swite 0.00 58.00 0.00 58

353
Sheep Rams | Ewes Lambs LSU's
Kirk 13.00 | 650.00 | 280.00 157

Total 510

The sheep are corralled nightly on old straw where the combination of manure, straw and
EM creates an immediately available organic fertiliser which is recycled onto the arable
lands without composting, providing nutrients, structure and mo s to the soil. Maize and
sunflower oil cake, grown and processed on the farm, are available in the dry winter
months as part of their ration providing protein, carbohydrates and nutrients, further
recycling and adding value to farm products and by-products. Note: compost was made
from the sheep waste for a number of years in windrows 30 meters by 4 meters by 3
meters using a front end loader, water and EM, however, the experience with EM in
Thailand indicated that composting was not necessary as the EM suppressed most
pathogens (e.g. E.coli 0157) and fixed volatile nutrients rapidly, and so we discontinued
the expensive compost program.
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New interest in organic meats from speciality outlets indicates a new market
where value adding will be necessary allowing the capture of more of the value chain in

the livestock cycle.

Cash Crops: Barley, Rye, Wheat, Triticale and Sunflower
Table 4 - Kirklington Organic Farm Production 2004/5 - provides details of crops, land
number and size, application and date thereof, yield and expected yield.

Table 4. Kirklington Organic Farm Production 2004/5

Kirklington Organic Farm Production 2004/5

Crop Land | Size | Month | Application Reaped Expected
Yield 2004/5
Fruit: K9 11 Jan Cattle Manure Compost @ 2 tons/ha
Apricot Feb Cattle Manure Compost @ 2 tons/ha 5 tons 10 tons
Peach Dec Sheep Manure Compost @ 5 tons/ha 30 tons 50 tons
2*mnth | EM fermented plant extract(FPE) @ 1
liter/ha + 3001 H20
Weed control: mechanical mowing &
sheep in winter.
June Spray EM FPE
Wheat K18 20 Jun-04 | Seed: own @ 25 kg/ha with EM 40t
Talborne Organic Prescription
Fertiliser Mix @ 100 kg/ha
Weed control: mechanical combine
harrow
Pest control & foliar feed: EM FPE @
2L/ha + 3001 H20
K24 | 26 Jun-05 | As above 55t
Rye K18 |20 Jul-04 | As above 40t
K8(a) | 3 Jul-05 | As above 6t
K7 7 Jul-05 | As above 14t
Sunflower | K18 |20 | Sep-04 | Sunflower seed: own @ 2,5 kg/ha 20t

Talborne Organic Prescription Mix @
100 kg/ha

Weed control: mechanical sweep &
rolling harrow

Pest control & foliar feed: EM FPE @
2 L/ha + 2001 H20
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Sunflower | K31 |9 Sep-04 [ Talborne @ 100 kg/ha Tt

Seed: own at 3kg/ha

Weed control: mechanical sweep&
rolling harrow

Pest control & foliar feed: EM FPE @
2L/ha + 2001 H20

White K8() | 2,1 | Nov-04 | Conventional untreated seed @ 8kg/ha 6,3t
Maize plus EM

Sheep Manure @ 20t/ha
Yellow K24 |4 Nov-04 | Conventional untreated seed @ 8kg/ha 12t
Maize plus EM

Sheep Manure @ 20t/ha

Weed control: mechanical rolling
harrow & sweep

Pest control & foliar feed: EM FPE @
2L/ha + 200l H20

Soya K18 |5 Dec-04 | Own seed @ 50kg/ha 5t
Beans Sheep manure @ 5t/ha treated with

EM
Dry K8(@) | 2 4-Dec | Own seed Plus EM 2t
Beans Sheep manure @ 5t/ha treated with

EM

Weed control: mechanical sweep

Pest control & foliar feed: EM FPE @
0.5l/ha + 2001 H20

Cereals entail more intensive farming involving expensive inputs trialled over a number
of years and continuously tweaked on the land (changed, improved, increased or
discontinued) to improve vyields, reduce costs and influence the bottom lines. For
example, the inclusion of EM into the planter drilling units enabled us to place EM with
the seed and fertiliser providing even greater microbial life in the growing-soil zone
which had the positive spin-offs of less disease and higher levels of nitrogen fixing
allowing reduction in commercial fertiliser application (for small grains the fertiliser was
reduced from 200 kg/ha COF to 100 kg/ha supplying 7 kg/ha of N. The final harvested
yield was 1700 kg/ha with a protein content of 13% in a drought year when average
yields for the district were 1500 kg/ha).

As part of the growing program, crop rotations and strip cropping are practiced
depending on the weather, particularly rainfall and time of seasons. A normal year had
allowed us to strip plant sunflower and soyabeans with fishmeal and mo s inoculated into
the soil, in rows of four. Two cultivations with a rolling harrow simultaneously kept
weeds at bay and applied EM and a good growing season allowed us to reap a decent
crop of 1000kg/ha soyas and 1200kg/ha sunflower seed realising a good profit as inputs
were low.

Barley, rye, wheat, maize, soya beans, dry beans and triticale are stored on-farm
and stocks are drawn as the market or farm demands either as various grades of flour or
whole grain; packaged in 12,5kg and 25kg bags the grains and value added products are
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despatched by courier countrywide. Various retained seed for our own use for planting is
stored separately with DE and wormwood (Artemisia afra).

Increased production of organic sunflower was investigated and trialled as for the
winter crops, though market size and pricing differed in terms of higher price (100%) and
much smaller volumes. Planting using an adapted Monosem precision vacuum planter
which concurrently accurately placed COF and EM inoculated seed alongside, followed
by a spreading of diatomaceous earth on the surface (cutworm & beetle deterrent),
enabled rapid and accurate planting. The same system applied to other large seeds: maize,
cowpeas, soya beans and lupins.

Sunflower is stored on-farm, cleaned, pressed or decorticated (dehulled), filtered,
packaged in 5 to 25 litre containers and despatched to local distributors, shops, processors
and consumers.

The increase in the price of oil with news of Peak Oil added significantly to input
costs in crop production and the feasibility of a larger oil press and bio-diesel converter
were investigated. The numbers made sense and these were purchased having a capacity
of producing 900 litres per day, well in excess of our peak daily requirements. The by-
product of oil cake and glycerine are utilised on farm in livestock feed and cleaning
machinery respectively.

The arable soil at Kirklington has improved over the 17 years | have farmed and
the proof is in the more stable yields and improved quality of crops. Looking into the soil
itself shows varying results depending on that particular soil s history. The orchard soil,
for example, has shown dramatic improvement in terms of structure, organic matter,
humus and life. This shows up in the earthy smell given off when digging under the trees;
the huge numbers of macro soil life (earthworms, beetles, spiders, and centipedes), the
tilth and in the sweetest fruit with virtually no pest damage.

The arable lands are not as robust and healthy, but improvements in structure due
to discontinuance of fossil fertilisers and poisons, requiring less mechanical disturbance
and the use of EM manure, organic fertilisers and bio-fertilisers have made a significant
contribution: the soil
pH is rising without additions of lime. Soil life is noticeable, especially when working the
land when earthworms appear before and after planting.

Generally the growth of the soil and its crop of life is satisfying and continues to
move in the right direction.

Fruit: Apricots and Peaches

As explained above, external factors (exchange rate and processing costs) have changed
the marketing of fruit from export orientated to local and urban. The orchard has matured
and with gentle management, including limited pruning, prophylactic sprays, slow
harvesting and value adding, is now a cash cow. Weather still plays a major role in
primary production (drought, hail & frost) and after harvest practices (drying fruit). To
combat drought we continue mulching the tree drip lines with grass bales (Eragrostis
curvula) and thinning the immature fruit more heavily while hail is steered away using
Basotho cultural methods. We have found that spraying an EMFPE with a predominance
of pine needles provides protection against frost for the swelling buds.
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Medicinal Crops
The potential for certified organic medicinal plants looks promising and 15 hectares have
been planted providing work for 30 local women.

Essential Oils
A trial of roses for extraction of rose oil for the fragrance industry was started in 2005 in
partnership with an international firm specialising in organic and biodynamic perfumes.

Forage crops: Green Feed, Japanese radish, Cowpeas

The production of sheep and the rotation of crops in the organic production plan require
the farm to grow various winter and summer feeds for on-land utilization. These are low
input crops geared at achieving maximum forage per hectare in order to convert sunlight
to feed to beef and mutton and thereby adding significant value to the original inputs. The
benefits of rotation, sheep manure and nitrogen-fixing plants are valuable by-products of
this process.

Soil, Grass and Environment
The main objective of organic farming is to grow the soil. Based on this premise the farm
organism is not only naturally geared to accomplish this, but also managed to continually
improve this natural tendency.

Experience at Kirklington has shown the improvement in grass growth and
palatability by following this goal. The same applies to arable lands converted to pastures
as to natural veld/pasture.

Present practices include broadcasting EM manure (livestock manure inoculated
with effective micro organisms), spraying EM during rain or soon after at rates of up to
100 litres multiplied EM per hectare, reseeding mono-culture pastures by drilling in
mixtures of legumes, herbs, broadleaf plants and grasses as mentioned above and high
impact grazing on the lines of mimicking indigenous wildlife feeding patterns.

Livestock grown on good pasture or veld is more thrifty and able to weather
parasite pressures economically.

Ultimately the whole farm environment has improved and continues to recover,
substantiated by the return of fauna and flora previously thought lost to the farm. The
most prominent is birdlife, especially raptors which are so necessary for the balance in
Nature. Guinea fowl flocks are numerous and are excellent indicators of pests in newly
planted fields, where they scratch for grubs and beetles.

People

All people at Kirklington have benefited by the conversion to organic family farming in
areas such as health, wealth, learning, experience and wisdom. A marked reduction in
sick days was a measurable benefit, moreover we all felt better without the toxic
chemical loads we absorbed during the years before abandoning the industrial
conventional system. This meant we were able to increase our personal work load
benefiting us and the farm. Most of our food for the farm community is farm produced
and fresh, either raw or processed just prior to consumption. The benefits of non toxic
food, higher vitamin content of freshly ground flours contribute to the Quadruple Bottom
Line. It is our vision to continue this process.
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Research and Development

This vital area continues to enjoy significant attention in terms of new, underutilised and
lost crops such as sesame, millet, sorghum, hemp, black velvet bean and flax. The
application of biodynamic principles has been conducted over many years and now
gathers momentum in a more regular fashion.

Challenges

Creativity is the most underutilised tool in the toolbox and at Kirklington is becoming a
standard part of the process in dealing with the ups and downs that have been many and
continue to appear as the playing field changes. Major stepping-stones now facing us,
organic farmers and chemical farmers are land reform, the cost of oil and globalisation.

Land Reform

We have discussed this issue at length within the farm community and recognise the
political need and aspirations. Our approach, as with all things organic, is slow and
cautionary. The technical details of ownership, entities and who benefits have become
secondary factors and we feel will come into their own over time. The most important
facet is the ability to farm successfully, sustainably and happily.

Our idea is to build managerial and ownership capacity slowly through
mentorship over a number of years or for as long as we feel it is necessary until the
farmer feels confident to continue solely or as partners.

The concept of LISA is paramount to all areas in this approach.

Cost of Qil
Despite many conflicting opinions, our research and feeling is that this is one of the most
important factors to manage in the short, medium and long term.

The Kirklington experience has undoubtedly shown the importance of living as
far as possible within the available on-farm energy resources, for to stray from this goal
entails endangering the QBL.

The impact of increasing oil prices is felt throughout the farm organism and we
are actively pursuing policies to reduce the impact and multiplier effects.

These include bio-diesel (sunflower) mentioned above, solar and gas (methane)
energy for heating, cooking and weeding, animal traction, on-farm engineering (lathes,
motor rebuilding and blacksmithing) and brainstorming.

Globalisation
This field is like a kaleidoscope, ever changing with dark areas which are pitfalls for the
unwary. We have had to continuously modify, change and transform our marketing
strategies to remain in the market. This has been planned and managed successfully.

The greatest challenge is the impact of the global village and industrial organic.
Our immediate response has been to reduce our risk in faraway markets and increase our
presence in local markets. Rebranding our products is one consideration we are
implementing (e.g. Family Farm Grown ).
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DISCUSSION AND RECOMMENDATIONS

Today s industrial agriculture based on the green and brown revolution technologies
(fossil fertiliser, genetically modified seeds and toxic poisons) is recognised to be totally
unsustainable and is fundamentally different to sustainable agriculture in that it
substitutes capital for labour and off-farm technology for management whereas
sustainable agriculture is based on knowledge of how to work with nature and not
dominating her.

It is clearly apparent that commercial (and subsistence) farmers face seemingly
insurmountable problems, in particular, their source of seed. Corporate seed merchants
are geared to short-term profit maximisation and monopolisation and as such their
interests (patenting seeds) and farmers interests are not compatible. As we have
discovered, the greatest need among today s and tomorrow s farmer is cost-effective,
appropriate technology seed which requires an agriculture which is holistic and
integrative, not specialised or segmented. It is dynamic and site specific (terroir), not
standardised and routine. It is interdependent and management intensive, not
management extensive and centralised in control. The farm is clearly biological rather
than mechanical in nature .

Cost effective, appropriate technology seed is one of the many inputs desperately
needed by farmers to replace the industrial input model. In order to achieve this, seed and
other inputs need to Dbe locally based, developed and conserved in
farmers/community/government partnerships (FCGP) and internationally protected where
the rights to the seed genes are held in the public domain and not removed and patented
by multinational corporations.

Resembling a well integrated, diversified farm, the FCGP would need to go
beyond just seed, but operate locally and beyond, networking with as many interested
researchers, farmers and community members as possible, providing practical, easily
understandable information and seed for trials and commercial growing.

Knowledge of other inputs and outputs would complement the work of the FCGP
seed business, including place-based management practices from successful farms that
reduce costly inputs to serve as models for change including focusing on research and
development on biologically-based pest and disease management and capturing best
practice data for future use.

To developing comprehensive market information enabling farmers to make
informed crop and marketing decisions and assisting in developing closer, more trusting
and synergistic relationships with retailers and consumers and regulators which would be
FCGP value adding.

The FCGP would provide farmers with tools to compile directories of food
systems, biofuels and carbon-based waste products to better understand relationships
between crop production, food consumption, energy and nutrient production and supply
assistance with formation of farmer/community based cooperatives.

Reorganising regulatory agencies along these lines in order to complement the
preceding processes would be integral to the FCGP s role.

Finally, establish programs to link students with farms and new farmers with
mentoring older farmers.
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CONCLUSION

The transformation of Kirklington into a highly diverse, stable and integrated unit has
been exciting, daunting, frustrating and satisfying. The starting point was the recognition
and acceptance of the problems and challenges facing commercial farming locally and
globally, principally farming inputs, seed and fertiliser, followed by thorough research
and networking to find solutions and pursue established goals. On-farm research and
development yielded successes and also required changing goals or parameters where
failure was apparent, followed by commercialisation of the crop, value adding and sale to
trusted consumers or partners. Topics of present importance include inputs, land reform,
continuing research of bio-diesel and globalisation. The farm as an organism has grown
and matured, yet the process continues.

Guns are too callous, bombs too ruthless, and knives too blunt to cut the darkness of
these times. Our activism demands a poetry that holds out for nothing less than poesis- a
participation in the beauty of making and re-making reality. Alistair Mclntosh, Love and
Revolution, pp 11.

Footnotes

! The Next Agricultural Revolution. Revitalising family-based agriculture and rural
communities. Dr William Heffernan, Ph.D., Professor Emeritus, University of Missouri,
Rural Sociology, USA.

2 Beneficial and Effective Micro-organisms for a Sustainable Agriculture and
Environment . Dr.Teruo Higa, Professor of Horticulture, University of the Ryukyus,
Okinawa, Japan and Dr James F. Parr, Soil Microbiologist, Agricultural Research Centre,
US Department of Agriculture, Beltsville, Maryland, USA. International Nature Farming
Research Centre, Atami, Japan, 1994.

SATTRAnews is the newsletter of ATTRA - National Sustainable Agriculture
Information Service is managed by the National Centre for Appropriate Technology
(NCAT), US Department of Agriculture.

*Dr John lkerd, Professor of Agricultural Economics at University of Missouri. The Next
Agricultural Revolution. Revitalising family-based agriculture and rural communities.
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Traditional versus exotic vegetables in Tanzania

G. Kedling, 1.S. Swai and D. Virchow

Traditional vegetables have been important from time immemorial to meet the nutritional
needs of Tanzanian people. However, with the modernisation of agriculture and the
beginning of a market economy, exotic vegetables with a potential for the main domestic
and export markets became increasingly important. Furthermore, agricultural research
has concentrated mainly on exotic rather than traditional vegetables. Therefore, the
World Vegetable Center (AVRDC-RCA) and partners launched a project on Promotion
of Neglected Indigenous Vegetable Crops for Nutritional Health in Eastern and Southern
Africa (ProNIVA) .

One part of the project focuses on the production, collection and purchase of
traditional in comparison with exotic vegetables. For this purpose 291 women farmers in
three different districts of Tanzania were interviewed during both the dry and rainy
seasons. Besides being produced by farmers many traditional vegetables are gathered
from the wild or fallow land where they grow spontaneously. The ratio of produced to
collected vegetables per women farmer varies and is lowest in rural, semiarid Kongwa
(dry season 0.88; rainy season 0.73), intermediate in rural, humid Muheza (1.13; 0.97)
and highest in peri-urban, semiarid Singida (2.40; 0.81). As the two semi-arid districts
Kongwa and Singida show high differences it is assumed that climatic conditions have
less influence on collecting vegetables but rather the rural or peri-urban location of
villages, including the opportunities of finding and collecting traditional vegetables in the
wild.

When the production of traditional vs. exotic vegetables is compared the ratio is
highest in Kongwa (dry season 11.42; rainy season 33.60), intermediate in Muheza (7.64;
13.50) and lowest in Singida (3.23; 6.69). While exotic vegetables are cropped to a low
extent by all interviewed farmers they are especially unimportant during the rainy season
when wild vegetables are abundant. Similarly, the ratio of purchased traditional vs. exotic
vegetables is highest in Kongwa (1.8), intermediate in Muheza (1.5) and lowest in
Singida (0.6) during the rainy season.

Although traditional vegetables are still collected and cultivated to a certain
extent, the data from this study show that with on-going urbanisation, collection as well
as the production of traditional vegetables is decreasing. For further development, it
seems that in urban and peri-urban regions traditional vegetables only have a chance to
survive if demand for traditional vegetables is increasing by promoting awareness of
traditional vegetables.

This study is supported by Eiselen Stiftung Ulm, Germany and the Federal
Ministry for Economic Cooperation and Development, Germany.
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INTRODUCTION

In Tanzania, vegetables are typically grown on a rather small scale (Mwasha 1998).
However, horticultural crops usually generate higher income per unit area and represent
an alternative for farmers with too small cultivable land to provide adequate livelihood
from field crops. Furthermore, vegetables are an efficient source of micronutrients, both
with respect to unit cost of production and per unit of land as it was found in different
Asian countries (Ali and Tsou, 1997). While vegetables were considered as luxury
products and of secondary importance in Tanzania for a long time and the government
gave priority to cereals production, recently a rapid increase in fruit and vegetable
production has occurred due to the revival of economic growth and liberalisation of non-
traditional export products. However, the ten most important vegetables produced in
terms of yield in 1995/96 were cabbage, tomato, onion, garden pea, amaranth, Chinese
cabbage, eggplant, carrots, cauliflower and, finally, okra (Mwasha, 1998). Thus, only two
traditional vegetables were included, namely amaranth and okra. Consequently, a
displacement of traditional vegetables through exotic ones already took place in Tanzania
and exotic vegetables are highly favoured.

In fact, the Green Revolution as far as the conservation of biodiversity is
concerned has intensified the erosion of indigenous and traditional plant varieties and
for a long time, the genetic variability of these indigenous and traditional plants and their
wild relatives have received minimal attention in research and development. However,
now, as there appears some interest in the indigenous knowledge system, traditional plant
species and farmers knowledge of how to manage, select and breed them have been
partially replaced by modern agriculture (Slikkerveer, 1995).

Unfortunately, only few important crops get more attention through the
development of appropriate varieties and agronomic research, while there is a tendency
for the rarely cultivated crops to disappear (Schippers, 2002). With the onset of the
market economy and modernisation of agriculture in Africa, attention has been given to
crops that offer a potential for export. As a result, exotic vegetables have become more
prestigious than traditional vegetables and conventional agronomy has, to a large extent,
concentrated on conserving the genetic resources of exotic rather than indigenous or
traditional vegetables. Consequently, the latter are threatened with extinction as they have
to compete for attention with the much more popular exotic vegetables (Maundu et al.,
1999). Another reason for a decline in traditional vegetable usage is that the indigenous
knowledge on their production methods, preservation, use and nutritive value is not
systematically transmitted anymore from one generation to another (Anonymous, 1998).
Furthermore, urbanisation has also led many growers to prefer introduced vegetable
crops.

The neglect of traditional vegetables is not reasonable at all as these vegetables
are especially important to the countries of sub-Saharan Africa, being better adapted to
the environment than the introduced commercial vegetables. Furthermore, traditional
vegetables represent cheap but quality nutrition for large parts of the population in both
rural and urban areas (Chweya and Eyzaguirre, 1999). In fact, almost all of these
vegetables are good sources of micronutrients including iron and calcium as well as
vitamins A, B complex, C and E and, for example, amaranth contains a multiple of these
nutrients compared to green cabbage (IPGRI, 2003).
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As traditional vegetables play such a vital role, their genetic diversity must be
conserved and enhanced. Species domestication, crop improvement, and plant
introduction usually takes place in traditional home gardens, which are important in terms
of production of food, spices, medicine and other essentials, comprising unique and,
sometimes, rare genetic diversity of our crop plants as well as some of their wild relatives
(Engels, 2002). Thus, home gardens as micro-environments containing high levels of
species and genetic diversity, are important for in situ conservation of a wide range of
plant genetic resources (Eyzaguirre and Watson, 2002), i.a. traditional vegetables. In this
study the term traditional vegetable (TV) is used for indigenous or exotic vegetable
species which, due to long use, have become part of the culture of a community.

This study is associated with a project on Promotion of Neglected Indigenous
Leafy and Legume Vegetable Crops for Nutritional Health in Eastern and Southern
Africa (ProNIVA), which was launched by the Regional Centre for Africa of AVRDC
The World Vegetable Center (AVRDC-RCA) and partners. So far, through the ProNIVA
project it was found that especially poor households rely more on traditional vegetables
than wealthy households (Weinberger and Swai, 2006). Traditional vegetables further
contribute to food security during food shortages and as they can be produced with low
inputs they, consequently, have low capital risk (Weinberger and Msuya, 2004).
However, traditional vegetables should not be seen as pure subsistence crops. They
definitely have the potential for commercialisation and some of them can already be
found in supermarkets and convenience stores (Weinberger and Msuya, 2004). Thus, they
do compete with exotic vegetables and the research question which will be discussed in
this paper is if exotic vegetables replace or rather complement traditional vegetables. The
differences between various agro-ecological zones and different levels of urbanisation
shall be examined likewise.

MATERIALS AND METHODS

Research was carried out during June and July 2006 (dry season) and November and
December 2006 (rainy season) in three different districts of Tanzania. These districts are
located in different agro-ecological zones and characterised by a different level of
urbanisation (Table 1). The districts of Muheza and Kongwa equal each other as the
visited villages can all be classified as rural. Likewise, Kongwa and Singida have
common features as they are both located in a semi-arid agro-ecological zone in Central
Tanzania while Muheza is situated at the coast.
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Table 1. Characterization of research districts

District Singida Kongwa Muheza
Location in Tanzania  Central Tanzania/ Central Tanzania/  Northern coastal areas
Central Semi-Arid Southern Maasai /Northern Coast
Lands Steppe / Arid Lands
Mean annual rainfall 200-400 500-1000 1000-1200
(mm) (semi-arid) (semi-arid/humid) (humid)
Altitude 1100 1300m 500 1200 m 150 1200 m
(high) (medium to high) (low to high)
Soils plateau soils; loam with red earth; loam with loamy sand with
good drainage good drainage imperfect drainage
Natural vegetation woodland/ brushland woodland savannah, woodland
Location peri-urban rural rural
Population density 30-49 p/km® 30-49 p/km? > 100 p/km?
(medium) (medium) (very dense)

Source: Hathout, 1983; Anonymous, 1998; Anonymous, 2007

In each district 6 villages were visited and 20 women per village interviewed. However,
during the second survey in November and December not all women were available and
finally only 291 out of 360 women could be interviewed repeatedly (79 in Kongwa, 98 in
Muheza and 114 in Singida, respectively).

Each of the participating women was interviewed individually and asked besides
general questions on her person, household and wealth parameters, different questions on
vegetable production and consumption. Questions on vegetable production which were
analysed for this study were:

Which vegetables (exotic and traditional) do you produce at the moment in your
homegarden?

Which naturally growing vegetables do you gather at the moment?

Do you buy any vegetables at the moment (this time of the year)? If yes, which
vegetables do you buy at the moment / at this time of the year?

RESULTS

Vegetable types cultivated in farmers fields or gardens and collected from the wild or
fallow land vary both between districts and seasons. While in Kongwa district cowpea
leaves are most important as a cultivated vegetable in both seasons, in Muheza district
wild cucumber and sweet potato leaves are cropped by most farmers during dry and rainy
season, respectively. In contrast, sweet potato leaves are of particular importance in
Singida not during the rainy but dry season, while most farmers favour cassava leaves in
the rainy season (Table 2).
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Table 2. Traditional vegetables cultivated during dry and rainy season in three districts of
Tanzania and percentage of women cultivating

Kongwa Muheza Singida
Dry season Rainy season Dry season Rainy season Dry season Rainy season

TV % TV % TV % TV % TV % TV %
Cowpea lvs 71| Cowpea lvs |65 Wild 84  Sweet 83| Sweet potato| 60| Cassava lvs |61
Vigha Vigna cucumber potato Ivs Ivs Manihot
unguiculata unguiculata Cucumis sp. Ipomoea Ipomoea esculentus

batatas batatas
Wild 57 | Pumpkin lvs 61| Sweet 70| Pumpkin 79 Okra 49 Sweet 43
cucumber Cucurbita potato Ivs Ivs Abelmoschus potato Ivs
Cucumis sp. sp. Ipomoea Cucurbita esculentus Ipomoea
batatas sp. batatas
Sweet potato 28 Amaranth 29| Cassava lvs 64 Amaranth 72 Wild 43 Amaranth | 36
Ivs Ivs Manihot Ivs cucumber Ivs
Ipomoea Amaranthus esculentus Amaranthus Cucumis sp. Amaranthus
batatas sp. sp. sp.
Amaranth 25 Sweet potato | 27 Amaranth |61 Cowpea lvs 56 Amaranth 38 Pumpkin 32
Ivs Ivs Ivs Vigna Ivs Ivs
Amaranthus Ipomoea Amaranthus unguiculata Amaranthus Cucurbita
sp. batatas sp. sp. sp.
Okra 23| Okra 15 Cowpea lvs 61 Cassava lvs |49 Cassava tree|19 Wild 21
Abelmoschus Abelmoschus Vigha Manihot Ivs cucumber
esculentus esculentus unguiculata esculentus Manihot Cucumis sp.
glaziovii

Source: Survey conducted by AVRDC, 2006. N= 120 female participants per district (360
overall). Note: Ivs = Indigeneous vegetables.

Again, different vegetable types are collected from wild and fallow land in all districts
especially during the dry season (Table 3). During the rainy season mainly amaranth is
favoured as a vegetable gathered from the wild by all farmers in Muheza and Singida
districts, while in Kongwa the vegetable 'Mhilile’, a Cleome sp., is most often collected

by farmers.
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Table 3. Traditional vegetables collected during dry and rainy season in three districts of
Tanzania and percentage of women collecting

Kongwa Muheza Singida
Dry season Rainy season Dry season Rainy season Dry season Rainy season

TV % TV % TV % TV % TV % TV %
False 86 'Mhilile’ 56 | Bitter 93 Amaranth 100 Wild simsim 70 Amaranth Ivs| 100
sesame Cleome sp. lettuce Ivs Sesamum Amaranthus
Ceratotheca Launaea Amaranthus angustifolium sp.
sesamoides cornuta sp.
'Mhilile’ 59| Wild simsim 49 Black jack 72 Bitter 91 False sesame |51 False sesame = 77
Cleome sp. Sesamum Bidens lettuce Ceratotheca Ceratotheca

angustifolium pilosa Launaea sesamoides sesamoides
cornuta

Amaranth | 44 Cassava tree 37 Amaranth 50 Black jack | 83| Amaranth Ivs |15 Wild 57
Ivs Ivs Ivs Bidens Amaranthus cucumber
Amaranthus Manihot Amaranthus pilosa sp. Cucumis sp.
sp. glaziovii sp.
African 43| African 35| African 45 Jute mallow| 59 African 5| African 29
spiderplant spiderplant nightshade Corchorus spiderplant spiderplant
Cleome Cleome Solanum sp. olitorius Cleome Cleome
gynandra gynandra gynandra gynandra
Cassava 15 Baobab tree 32 Jute mallow 44| African 57 Jute mallow = 4 Wild simsim | 23
tree lvs Ivs Corchorus nightshade Corchorus Sesamum
Manihot Adansonia olitorius Solanum sp. olitorius angustifolium
glaziovii digitata

Source: Survey conducted by AVRDC, 2006. N= 120 female

overall)

participants per district (360

The percentages, showing how many farmers cultivate or collect a certain vegetable,
indicate that slightly more farmers cultivate traditional vegetables during the dry
compared to the rainy season. Contrariwise, more farmers collect traditional vegetables
during the rainy season as they grow more spontaneously and are more abundant than
during the dry spell.

This relationship is similar for the exotic vegetables which are cultivated in all
districts to a greater extent during dry than during rainy season. It is noticeable that
overall only few farmers cultivate exotic vegetables compared to traditional ones.
However, in the peri-urban Singida district much more farmers raised exotic vegetables
in their gardens than in the rural Muheza or Kongwa districts. Tomato and white cabbage,
for example, was cultivated by 27% and 28% of farmers, respectively, in Singida during
the dry season, while only 12% and 6%, respectively, cropped these vegetables in
Muheza and even only 8% and 3%, respectively, in Kongwa district (Table 4).
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Table 4. Exotic vegetables cultivated during dry and rainy season in three districts of
Tanzania and percentage of women cultivating

Kongwa Muheza Singida
Dry season Rainy season Dry season Rainy season Dry season Rainy season
EV % EV % EV % EV % EV % EV %

Tomato 9 Chinese Common 19 Tomato 13 Tomato 32 Chinese 17
Lycopersicon cabbage bean Lycopersicon Lycopersicon cabbage
esculentum Brassica Phaseolus esculentum esculentum Brassica

pekinensis vulgaris pekinensis
Chinese 3 Swiss chard Tomato 18 Chinese 7 White 28| Tomato
cabbage Beta Lycopersicon cabbage cabbage Lycopersicon
Brassica vulgaris esculentum Brassica Brassica esculentum
pekinensis subsp. cicla pekinensis oleracea

convar.
capitata
White 3 Tomato Swiss chard | 11| Eggplant 6 Chinese 9 Swiss chard
cabbage Lycopersicon Beta Solanum cabbage Beta
Brassica esculentum vulgaris melongina Brassica vulgaris
oleracea subsp. cicla pekinensis subsp. cicla
convar.
capitata
Common 3 - White 8 Swiss chard | 6 Swisschard 6 White
bean cabbage Beta Beta cabbage
Phaseolus Brassica vulgaris vulgaris Brassica
vulgaris oleracea subsp. cicla subsp. cicla oleracea
convar. convar.
capitata capitata
Swiss chard | 1|- Eggplant 3 White 2 Eggplant 5 Eggplant
Beta Solanum cabbage Solanum Solanum
vulgaris melongina Brassica melongina melongina
subsp. cicla oleracea
convar.
capitata

Source: Survey conducted by AVRDC, 2006. N= 120 female participants per district (360

overall)

If the number of vegetables cultivated on average by one farmer is compared to those
collected from the wild there seem to be not many differences on the first glance (Figure

1),
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Kongw a ® Muheza [] Singida

Figure 1. Vegetables cultivated and collected during dry and rainy season in three
districts of Tanzania

It can be seen that in all districts not only more farmers cultivate vegetables but also
slightly more different vegetable types are cultivated during the dry than during the rainy
season. Fewer vegetables are collected during the dry than during the rainy season.
However, if the ratio between cultivated and collected vegetables is calculated per district
it shows clearly that, irrespective of the season, more vegetables are gathered from the
wild than grown in farmers gardens in Kongwa district. While in Muheza this ratio nearly
always equals one, it is high during the dry season in Singida but below one during the
rainy season (Table 5).

Table 5. Ratio between cultivated vs. collected and traditional (TVs) vs. exotic vegetables
(EVs) during dry and rainy season in three districts of Tanzania

Ratio Cultivated : Collected Ratio TVs : EVs
District Dry season Rainy season Dry season Rainy season
Kongwa 0.9 0.7 114 33.6
Muheza 11 1.0 7.6 135
Singida 2.4 0.8 3.2 6.7

When traditional vegetables are compared to the exotics there is a considerable difference
in the number of types cultivated by farmers (Figure 2). In all districts exotic vegetables
are grown to a less extent and especially so during the rainy season. Clearly, most exotic
vegetables are produced during the dry season in the peri-urban Singida district where
much more farmers seem to be involved in exotic vegetable growing than in the two
other rural districts.
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If the ratio between traditional and exotic vegetables is calculated it clearly shows
that in relation to traditional, exotic vegetables are becoming increasingly important in
Singida district, to a lesser extend in Muheza and are rather unimportant in Kongwa
district (Table 5).

No. of vegetables

TVs EVs TVs EVs

Dry season Rainy season

Kongwa B Muheza [ Singida

Figure 2. Traditional and exotic vegetables cultivated during dry and rainy season in three
districts of Tanzania

In general, in Muheza district much more different traditional vegetable types are
cultivated and collected by one farmer than in the other two districts. On average,
between 4 and 6 vegetables are produced or collected per farmer in Muheza, while it is
only between 2 and 3 types in Kongwa and between 1 and 3.5 types in Singida district.
Thus, vegetable diversity in the humid Muheza district is much higher compared to the
other semi-arid districts.

Besides vegetable production and collection this study also allocated data on
farmers behaviour of buying additional vegetables. It was again differentiated if
traditional or exotic vegetable types were purchased and the average number of
vegetables purchased per farmer calculated (Table 6). Also the ratio of traditional and
exotic vegetables bought was generated and the so far existing pattern of the three
districts was confirmed. In the peri-urban Singida district more exotic vegetables were
purchased unlike in rural Muheza where slightly more traditional types were bought by
farmers. In rural Kongwa, nearly double the number of traditionals compared to exotics
was purchased and, consequently, exotic vegetables were of less importance in this
district.
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Table 6. Average number of traditional and exotic vegetables purchased by one farmer
during rainy season and ratio between traditional vs. exotic purchased vegetables in three
districts of Tanzania

District TVs EVs Ratio TVs : EVs
Kongwa 2.2 1.2 1.8
Muheza 1.7 1.1 15
Singida 0.9 1.4 0.6
DISCUSSION

Currently, only 150 plant species are used and commercialised on a significant global
scale, while there are an estimated 7,000 species that play an important role especially for
poor people in developing countries (ICUC, 2007). At the same time, a nutrition
transition is affecting especially people living in urban and peri-urban settings. Thereby,
even among the poorest in sub-Saharan Africa, it was observed that large proportions of
the population are shifting away from traditional plant-based diets that are rich in fruit
and vegetables and towards a dietary pattern rich in calories provided by animal fats and
sugar and low in complex carbohydrates (Popkin, 2002).

In this study it was shown that in the researched districts of North-Eastern and
Central Tanzania still more traditional than exotic vegetables were cultivated and
collected and, thus, local and indigenous knowledge on these traditional plants is still
available. However, different numbers of vegetables were cultivated during dry and rainy
season. This is natural for wild and spontaneous growing vegetables as they rely on
rainfall. In Zimbabwe, for example, it was also noticed that wild and semi-wild
vegetables were only consumed during two month (December and January) when they
were available (Benhura and Chitsaku, 1992). However, it would be preferable to achieve
a year-round vegetable production so that fresh vegetable products can be provided
throughout the year. A decline in vegetable supply during one season would be a food
security concern especially for the very poor (Gockowski et al., 2004). Changing from
fresh to dried products, e.g. vegetables, can also be a health concern as it was observed in
South Africa, where dietary problems such as diarrhoea occurred. This weakens the
health of community members and it is suggested to grow fresh products even during dry
season using recycled water (Vorster et al.,, 2007), thus, to ensure a year-round
availability of fresh vegetables.

As wild vegetables still seemed to play an important role for peoples diet in both
rural Muheza and Kongwa districts, but also in peri-urban Singida during the rainy
season, they should not be neglected in future research and development. On the one
hand, wild food plants are often used during food shortages and casually. On the other
hand, rural communities and especially children depend on wild food for some essential
dietary components, such as vitamin C (Maundu, 1995). To maintain wild vegetable
resources, it is not only important to save indigenous knowledge but also to preserve the
habitats where wild food plants occur. These habitats are e.g. forests or swampy areas but
also bush and fallow land. Since many wild vegetables occur alongside staple crops in
fields, at field boundaries, along roadsides, in gardens and garden fallows and are
sometimes also called 'weeds’ (Price, 2003), one should carefully think about changing an
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agricultural system from extensive to intensive, e.g. starting to apply herbicides. With the
introduction of exotic vegetables usually the production systems are changed which
additionally can influence the availability of traditional wild vegetables.

In peri-urban areas, such as villages close to Singida town in the present study,
exotic vegetables are becoming more and more important compared to traditional
vegetables. It was noticed already in the 1980's that urbanisation in developing countries
not only modifies patterns of staple food consumption but affects the use and availability
of food items such as traditional vegetables, wild grain, fruits and leaves, small livestock,
game and gathered products of animal origin. These changes are expected to narrow the
food base as well as to have a negative impact on nutrition (Delisle, 1990). In the peri-
urban Singida district not only exotic vegetables were gaining importance but at the same
time collected wild vegetables were loosing importance, especially during the dry season.
Thus, this district presented the typical pattern including the respective changes of
urbanisation.

Yet, it is also suggested that urban and peri-urban dwellers usually have a more
diverse diet, including more fruits and vegetables, which is due to several factors such as
the availability of storage facilities and a wider variety of foods in urban markets. While
vegetable consumption was found to be always higher in urban compared to rural areas in
different African countries, it was also observed that vegetable consumption increases as
income increases (Ruel et al., 2005). Obviously, only those who can afford it will have
better access to a diverse and varied diet in urban than in rural areas. At the same time,
urbanisation will distance more people from primary food production and will have a
negative impact on access to and availability of a nutritious diet containing enough
vegetables, especially for the urban poor (WHO, 2003).

It is generally believed that the introduction of exotic vegetable varieties in Africa
contributed to the decline in the production and consumption of African indigenous
vegetables (Smith and Eyzaguirre, 2007). Some literature states that declining use of
traditional vegetables is due to declining availability (Okeno et al., 2003; Adedoyin and
Taylor, 2000), while others argue, that traditional vegetables are quite available
especially during the rainy season, e.g. in Nigeria, but were among the least consumed
foods (Maziya-Dixon et al., 2004). Thus, conserving traditional plants themselves is only
one part of the story, while it is just as well important to maintain traditional knowledge
on advantages of these crops and how to use, prepare, store and consume them.

It was shown in this study that exotic vegetables replace rather than complement
traditional vegetables in the researched districts of Tanzania. Differences in adaptation of
exotic vegetables was mainly observed between villages with different levels of
urbanisation and seemed to be less or non dependent on agro-ecological zones and
climatic conditions. In a changing world, i.e. with urbanisation, there will be a downward
trend and loss of traditional vegetables: like Singida is today in terms of availability and
production of traditional and exotic vegetables, Muheza will be tomorrow and Kongwa
the day after if urbanisation is persistent.

Still, success stories of rising popularity of traditional vegetables are known from other
African countries. In Kenya, for example, farmers even started to reduce the cultivated
land under other crops to expand their production and marketing of traditional vegetables
(Virchow et al., 2007). Similarly, in South Africa wild traditional vegetables were more
and more cultivated in homegardens, thereby rapidly becoming cash crops (Jansen van
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Rendsburg et al., 2007) and in such a way popular that most consumers would like to eat
them more often (van den Heever and du Plooy, 2007).

Thus, there is an opportunity for traditional vegetables to become a popular and
important food (again) - even in Tanzania. Definitely, the whole production chain must
be targeted and farmers, as well as retailers and consumers sensitised and supported.
Appropriate technologies for production, processing and marketing are needed, business
support groups have to be established, market linkages and channels developed and
consumer awareness for traditional vegetables raised (Virchow et al., 2007). The
outcome of all these efforts will impact many different people - farmers, retailers,
consumers - and gives a chance to especially small-scale and poor vegetable growers. At
the same time, it will influence many different areas of life of people, namely occupation,
income and wealth, dietary health and nutrition. Consequently, rising production and
consumption of traditional vegetables, though not the key to all problems, will contribute
to the overall well-being of people in Tanzania.
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A donor’s perspective

Jean-Marc Leblanc

IFS was founded by scientists for scientists as one of the first organizations to explicitly
address the needs of young scientists in developing countries. The IFS Programme was
conceived in the 1970s as a response to the brain drain: unfavourable conditions in
scientific institutions in these countries resulted in the migration of many of the most
promising young researchers. IFS created an alternative by offering competitive research
grants with some supporting services and occasional workshops.

A MEASURABLE IMPACT

During the 33 years of the Programme to date, some 4,000 grantees (of which 30% are
women) in 100 countries have received almost 6,000 research grants. The impact of this
programme has been documented in detail in IFS publications, particularly the MESIA
series (Monitoring and Evaluation System for Impact Assessment) 1. Here it will suffice
to mention a few key issues relevant to the scientists and socio-economic development in
their countries:

Establishing a science career- IFS support is focused on young scientists and
many receive continuous support over a period of several years (the grant is renewable
twice). During this period they are able to establish their careers.

Key persons in national science institutions- Many former IFS grantees have
assumed leadership positions in universities, research institutions, government agencies
and civil society where they have broad influence on national and regional science
education and policy. The successful career development achieved by many IFS grantees
contributes to national efforts to secure a sustainable base for research initiatives in these
critical research areas.

Scientific productivity- Bibliometric studies show that IFS grantees publish their
research results both nationally and internationally. The studies also show that IFS
support often coincides with an increasing level of scientific productivity by the grantee.

Increasing the stock of knowledge relevant to the sustainable management of
biological and water resources- Research undertaken by IFS grantees has resulted in a
variety of outputs including reports, publications, new technologies, patents and
commercial products. Importantly, projects have resulted in the transfer to society (policy
and decision makers, NGOs, donor projects) of knowledge achieved through research
allowing issues related to the sustainable management of natural resources to be dealt
with in a more informed manner.

LOOKING FORWARD: 2006 - 2010

A considerable part of IFS support over the years has been provided to talented young
scientists in the Middle Income Countries. In the past decade, however, many of these
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countries have invested heavily in research infrastructure, national research funding
mechanisms and development of national post-graduate research training programmes.
For this reason the role of IFS in these countries is changing. Although IFS will continue
to collaborate with these countries and support their young researchers, the provision of
grants is no longer top priority.

The situation described above opens up opportunities for IFS to concentrate its
support and focus more on young scientists in countries which have not made similar
investments in their research infrastructure. These are mainly the Least Developed
Countries and many Low Income Countries. Some Low Income Countries such as China,
India and Brazil are giving high priority to the development of national scientific and
higher education systems. For this reason they will not be a priority for IFS, even though
young researchers in these countries will continue to remain eligible for IFS support. IFS
will now give priority to young researchers in Least Developed and Low Income
Countries with vulnerable scientific infrastructures. In this document, these countries are
referred to as IFS Priority. An updated list of IFS priority countries and other eligible
countries is available on the IFS website. www.ifs.se

JUSTIFICATION AND GOALS FOR THE FIVE YEAR PROGRAMME

The Context: Research for Development

The role of Science and Technology is of the utmost importance for meeting sustainable
development goals. This has been stated in the UN Millennium Declaration in 2000, the
UN Summit on Sustainable Development in 2002, and as a joint statement from
international scientific organizations to the UN General Assembly in 2005. "Scientific
skills are necessary to unlock the potential of innovation and technology to accelerate
economic growth and permit entry to the global economy, according to the UN Africa
Commission.

The scientific capacity needed to achieve economic growth and sustainable
development goals can only be marshalled by investing in, and strengthening, science
capacity in the developing countries themselves. The first requisite is nationally-based,
sustained and productive communities of scientific practitioners. Researchers from the
North and from the Diaspora can help but are no substitute.

It is not possible in any country to achieve sustainable development without
technologies, scientific applications, practices, and policies that are developed with local
conditions in mind. To achieve sustainable development goals, science capacity must be
capable of carrying out holistic approaches to finding solutions. These approaches require
communities of scientific practitioners who can, through multidisciplinary and
interdisciplinary projects, address issues that have complex ecological, socio-cultural,
technological, political and economic dimensions.

However, achieving sustainable development is not only a question of addressing
local and national issues appropriately. Indeed, in today s globalised world, there is a
clear international context to many of the priority research areas relevant to poverty
reduction and sustainable development climate change and biodiversity are just two
examples. Gaining a clear picture of the complex issues at stake and possible ways they
can be addressed requires contributions from scientists around the world including the
perspectives of those in low-income countries. This in turn requires competent
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researchers in these countries that have the capacity to interact with and contribute to
international research initiatives.

Constraints to Scientific Research in Vulnerable Environments
Scientific capacity exists in developing countries, and local scientific communities are
engaged in research that has meaningful development impact. Nevertheless, more
investment is necessary if local capacities are to begin to overcome the substantial
constraints that they face.

An IFS Impact Study 2 showed that the main perceived constraint to pursuing
meaningful scientific research is the lack of funds and consequently the lack of adequate
research equipment.

THE FIVE YEAR PROGRAMME FRAMEWORK

The core components of the IFS programme during 2006 2010 are:
e acompetitive research grant scheme and
e capacity enhancing support adding value to the grant scheme

The grant scheme has been instrumental in transforming an academic degree holder into a
scientist who can plan, conduct and report a research project independently. The capacity
enhancing support (see below) represents a new initiative in response to changing needs
and priorities. It will be systematically developed and introduced during the Five Year
Programme period.

IFS support will continue to be provided to individuals. However,
interdisciplinary and multidisciplinary research will be encouraged by facilitating the
formation of research groups and operational networks. Grantees conduct their research
in their own countries as employees or affiliates of national scientific institutions. These
institutions benefit directly from IFS grants through access to equipment purchased by
IFS, and through other young scientists being exposed to the quality research conducted
by IFS grantees.

The Grant Scheme

IFS functions similarly to a research council for a specific target group. The established
core component of the IFS programme will continue to be the competitive grant scheme
that focuses on individuals - promising young scientists who conduct research into the
sustainable utilisation, management and/or conservation of biological and water
resources.

The grant, a maximum of USD 12,000, can be used for the acquisition of
equipment and other research tools as well as for fieldwork and experiments. Because it
can be renewed twice the successful grantee can be supported with a maximum amount
of USD 36,000.

From 2002 to 2005 IFS awarded on average 230 grants per annum. The target for
this Five Year Programme period is an increase to between 250 and 300 grants annually.
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The Capacity Enhancing Support
In countries with vulnerable scientific infrastructure, promoting scientific research is not
only a matter of providing research funds but also of further nurturing enabling
environments characterised by high quality academic supervision, training opportunities
and interaction with other scientists.

To further increase the impact of the IFS Grant Programme in such countries, IFS
will systematically introduce capacity enhancing support for grantees. A selection of
activities is being developed. It is based on IFS accumulated experience in helping
young scientists in IFS priority countries. These activities will add value to the grant
scheme by providing the missing critical elements of the academic environment needed
by any researcher to carry out good quality research.

The support will be made available either as funding for a grantee to participate in
a single Capacity Enhancing Activity (CEA) or as a package of activities for a grantee to
take part in throughout the duration of his/her research project. As of 2006, IFS will offer
individually designed Capacity Enhancing Packages (CEP) to an increasing number of
grantees based in low income countries with vulnerable scientific infrastructure. The
opportunity for grantees themselves to propose relevant activities for strengthening their
own capacity is an important feature. The grantee will have primary responsibility for
selecting relevant activities and IFS will advise and, in some cases, put requirements, on
the inclusion of specific capacity enhancing activities in the package. The final decision
will be made by IFS.

The capacity enhancing support (through CEA and CEP) will make it possible for
grantees to participate in training workshops, attend thematic workshops, seminars,
conferences and courses as well as receive mentorship support during their research
period. In this way it will help them to establish themselves nationally and
internationally.

Ideally all grantees will benefit from the capacity enhancing support. When funds
are limited preference will be given to grantees in IFS priority countries.

Over time the range of capacity enhancing activities being offered to grantees is
expected to grow and a course catalogue of such activities will develop over the Five
Year Programme period. IFS will not organise all these activities. On the contrary, IFS
will take every opportunity to arrange workshops and courses jointly with other
organisations. IFS will also offer grantees the opportunities to participate in workshops
and courses organised by partner institutions. In addition, IFS will market components of
the capacity enhancing support and conduct courses requested by donors and other
organisations.

A brief overview of capacity enhancing activities is presented below. Some are
not stand-alone components but are expected to be selected in combination with others. A
catalogue of different types of capacity enhancing activities to be offered by IFS will be
available at the IFS secretariat.

Mentorship

IFS will identify grantees whose research initiatives are likely to benefit significantly
from contact with a mentor who can offer specialist advice at strategic stages during the
research work. Mentorship will mainly be conducted by email. It can also include an
occasional visit to the institution of the mentor.
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Participation in scientific meetings and visits to well equipped laboratories
IFS can provide travel support to enable grantees to participate in scientific meetings,
especially towards the end of the research period when they have produced research
findings. Papers may be included in the conference proceedings. This will also provide
grantees with opportunities to exchange views with scientists working on related issues
and build up their national and international contacts and networks.

Travel support to visit a well equipped laboratory in the region can also be
provided. Here grantees can receive training and utilise advanced instruments which are
not available in their home laboratories.

Conceptualizing and Preparing Research Proposals

IFS has developed a course module in research project conceptualisation and proposal
preparation. It is aimed at selected IFS applicants whose proposals were promising, but,
in the competitive context, were not successful. Participating applicants will, through
interaction with resource persons and their peers, be given an opportunity to improve
their research project proposals.

Access to Scientific Literature

IFS will, together with partners, arrange training workshops on how to access electronic
library resources including the acquisition of full text online journals, databases and
document delivery.

Statistical Methods and Experimental Design

This course will cover descriptive and inferential statistics as well as experimental design
as a planned interference in the natural order of events. Through lectures and discussions
it will strengthen grantees statistical reasoning and increase their understanding and
interpretation of statistical results. It will also help them choose an appropriate
experimental design as an essential part of their research strategy.

Good Laboratory Practice

This workshop will present and discuss the main components of Good Laboratory
Practice (GLP) as described in internationally agreed documents. GLP is a quality control
system concerned with the organizational process and the conditions under which non-
clinical health and environmental safety studies are planned, performed, monitored,
recorded, archived and reported.

Training Workshops
Training workshops consist of different modules. These modules can be combined to
form a workshop appropriate for the specific problems facing grantees.

Scientific Methodologies

Training workshops in research methods will be arranged to present and discuss how to
develop and execute scientific research. The training contains lectures on the
fundamentals of empirical scientific inquiry including hypothesis, objectives, research
plan and statistical methods.
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Preparing Scientific Presentations

This workshop aims to improve the skills needed to develop and deliver a good oral
presentation and to create a poster. These skills are of value when preparing a seminar in
graduate school or organising a dissertation defence.

Writing and Publishing Scientific Papers

IFS will arrange workshops on writing and publishing scientific papers. These will cover
the reasons for publishing, the principles and practice of scientific editing and publishing,
the content of scientific papers and preparation techniques. One immediate output of the
workshops will be a usable manuscript generated by each participant for submission to a
reputable journal.

Development of Equipment Policy

In past years several workshops have been arranged by IFS addressing hands-on service
and repair of equipment. IFS will strengthen its collaboration with networks dealing with
equipment policy issues. It will, for example, in collaboration with partners, develop
training courses that focus on how to develop/improve and agree on policies and
guidelines for purchasing, service and maintenance of scientific equipment at the
university level.

Thematic workshops

Workshops will be arranged to provide training in specific scientific fields. These
workshops can include issues such as the following: the scientific state of the art and new
scientific findings; research planning and strengthening of scientific capacity; how to
operate development needs in terms of research questions etc.

Mobilizing Networks and Groups

Alumni Groups: At the request of current and former grantees IFS will help start up
alumni groups at the country level and connect these to IFS Affiliated organizations.
Alumni groups will, inter alia, help their younger colleagues to conceptualise research
projects.

Interdisciplinary Research Groups: Meetings will be arranged targeted at IFS-
supported researchers who have formed or intend to form a research group. At these the
Research Group Coordinator will have an opportunity to present the holistic outline of
the group project and the research group participants can then present their individual
projects. These presentations will be followed by discussions on how the individual
projects complement each other and contribute to the common goal. Such discussions
will allow participants to improve their project design. IFS will also make resources
available to facilitate communication among research group members during the research
period.

Thematic Networks: IFS will assist thematic operational networks to facilitate
communication among researchers

Networks concerned with Scientific Equipment: IFS will continue to support and
facilitate the development of scientific equipment networks with the aim of increasing the
availability of well functioning equipment.

169



Awards

An award scheme has proven to be an important incentive to young researchers. For this
reason, IFS will continue to give awards to outstanding grantees and former grantees each
year.

The Five Year Programme has been developed in consultation with our stakeholders
during 2005 and early 2006. These meetings made it clear that IFS enjoys a resounding
endorsement for its professional and comprehensive work with young scientists in
developing countries. However, an additional message also clearly emanated from these
meetings: namely that, in addition to the grant, there is a need to strengthen the scientific
skills of young scientists, especially in the more vulnerable environments, and IFS clearly
has a role to play here. They recommended that IFS back up its current grant programme
with additional activities that provide scientific counselling in order to increase research
success.

IFS has taken these recommendations fully into account in this Five Year
Programme. We will focus even more on young researchers in low income countries with
vulnerable scientific research infrastructure. These are our priority countries and the
major recipients of IFS grants. The enormous need for providing more than just the
research grant is becoming increasingly apparent. Many young scientists are working
under great difficulties and the new strategies outlined in this document will, we hope,
address these challenges in an effective manner.

In these IFS priority countries, the most urgent challenges to be addressed by
scientific research are related to central issues in the fight against poverty. These include
weak farming systems which have low agricultural productivity and generate low income
and high post harvest losses. Other central issues in the fight against poverty include poor
nutrition and hunger, unsafe drinking water, poor sanitation, and environmental
degradation. IFS supports young scientists who are interested in conducting research on
these issues. The IFS programme is thus in line with the United Nations Millennium
Goals and can make an important contribution to poverty alleviation.

IFS makes a difference not only for the individual scientists but also at the
national and the international level.

For more than three decades IFS has provided competitive research grants to
promising young scientists. The new feature of this Five Year Programme is provision of
capacity enhancing activities offered as additional support to grantees working under
difficult circumstances. These capacity enhancing activities include a variety of
components which are often lacking for these young scientists: mentorship, thematic
workshops, methodology courses, scientific paper writing workshops, help to access
scientific literature, and support to attend scientific meetings.

During the assessment of applications, IFS Advisers and Secretariat will identify
grantees that would benefit from specific support activities. The grantees will have the
possibility to propose activities best suited for their own research career development.
IFS advisers and former grantees will also function as resource persons in the capacity
enhancing activities carried out.

Providing IFS grants to young researchers in low income countries with
vulnerable scientific infrastructure together with additional support in the form of
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capacity enhancing activities will help them to become established scientists and to
contribute to poverty reduction and sustainable development.
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SUCCESS, FAILURES AND LESSONS LEARNED -
FOOD AND NUTRITIONAL CROPS:
CASE STUDIES
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Diversity of small millets germplasm in genebank at
ICRISAT

Hari D. Upadhyaya, C.L.L. Gowda, V. Gopal Reddy and Sube
Singh

The family Poaceae includes an estimated 8000 species belonging to some 600 genera.
Species of Poaceae (=grasses) occur in habitats across all countries that support the
growth of flowering plants. Their use as food grains and feed for livestock make them
very relevant to human survival. Among them, 35 species belonging to 20 genera are
known to have been domesticated. Of these, eight species that have small seeds are used
essentially as food crops in their respective agro-ecosystems. These include finger millet
[Eleusine coracana (L.) Gaertn.], foxtail millet [ Setaria italica (L.) Beauv.], Proso millet
(Panicum miliaceum L.), little millet (Panicum sumatrense Roth. ex Roem. & Schult.),
barnyard millet [Echinochloa crusgalli (L.) Beauv. & Echinochloa colona (L.) Link],
kodo millet (Paspalum scrobiculatum L.), teff [Eragrostis tef (Zucc.)] and Fonio millet
(Digitaria exilis Stapf. & Digitaria iburua Stapf.). Small millets are also called minor
millets, however, considering their nutritive values it would be more appropriate to call
them nutritious millets. Of the eight crop species, ICRISAT was requested to assume the
responsibility of germplasm assembly, characterization, documentation and conservation
of the first six of these crops, and hence this paper confines itself to these six small
millets.

Small millets are mainly cultivated in arid, semi-arid or montane zones as rainfed
crops in South Asia, China, CIS countries and several countries in Africa. Small millet
crops are together cultivated on 18-20 m ha with a production of 15-18 m tons (Prasada
Rao et al., 1987). Small millets are often grown under adverse soil and weather
conditions compared to other crops. They have always been crops of drought-prone areas,
but give reliable harvests, though these could be lower than from other crops. Information
about the crops and germplasm related activities with the ICRISAT collections are
discussed in this paper.

ABOUT THE CROPS

Finger millet (Eleusine coracana)

This is cultivated for human food in 14 countries of Africa and five countries of South
Asia on over 3.5 m ha annually (Upadhyaya et al., 2006a). Finger millet was
domesticated about 5000 years B.C. in Eastern Africa (possibly Ethiopia) and introduced
into India as a crop about 3000 years ago (Hilu et al., 1979). The closest wild relative of
finger millet is Eleusine coracana subsp. africana (Kennedy-O Byrne) Hilu & de Wet.
Eleusine coracana subsp. africana is a native to Africa. These two taxa (finger millet and
subsp. africana) are tetraploids (2n=36) with basic chromosome number x=9. These sub-
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species hybridise where they are sympatric in Africa and derivatives of such crosses often
occur as weeds in cultivated fields.

Finger millet is an annual grass, erect, about 100 cm tall, profusely tillering and
producing aerial branches. Plants invariably lodge. The inflorescence is a whorl of 2-8
digitate, straight or curved spikes of 1-32 cm length (Table 1), about 1.3 cm broad, with
about 70 spikelets arranged alternatively on the rachis, each containing 4-7 seeds, seed
weight being 2-5 g per 1000 seeds. Seeds are nearly globose, reddish-brown to nearly
white in colour. Finger millet has a wide range of seasonal adaptation and can be grown
in lands almost at sea level (parts of Andhra Pradesh and Tamil Nadu India) to about
2400 m.a.s.l. in hills of Uttrakhand (India) and Nepal, and similarly at high altitudes in
Uganda, Kenya and Ethiopia. On average, finger millet yields one ton ha™ grains, but its
reported yield potential is up to 3.7 t ha™ in Ethiopia (Mulatu & Kebebe, 1993), 4.3tha™
in Uganda (Odelle, 1993), 4.8 t ha™ in India (Bondale, 1993), and 6.1 t ha™* in Zimbabwe
(Mushonga et al., 1993).

Finger millet seeds are consumed in a variety of forms, such as unleavened bread
(roti), thin or thick porridge, fermented porridge; and also extensively used in brewing.
Finger millet food has high biological value. Seed protein content is about 7.4%, which is
comparable to that of rice. However, some lines have as much as 14.2% protein (lyengar
et al., 1945-46). Finger millet seeds are particularly rich in tryptophan, cystine,
methionine, and total aromatic amino acids compared to other cereals. The seeds are
exceptionally rich in calcium containing about 0.34% in whole seed compared with 0.01

0.06% calcium in most cereals (Kurien et al., 1959). The seeds are also rich in iron
containing 46 mg kg™ (Serna-Saldivar & Rooney, 1995), which is much higher compared
to wheat and rice.
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Table 1. Summary of germplasm characterization data and economic traits of small
millets

Finger millet
Trait Foxtail millet Proso millet Little millet Kodo millet Barnyard millet
Range |Mean  |Range |Mean |Range |Mean |Range |[Mean |Range [Mean |Range |Mean
Days to
flowering 50-120 80.4] 32-135 53.5 26-50 34.5| 39-138 58/ 51-112 775  27-90 46.1
Plant height
(cm) 30-240] 100.7] 20-215 110.1] 27-133 59.3] 50-240 113 30-97 54.8| 29-235 83.1
Basal tiller
(no.) 1-70 5.2 1-80 7.5 1-32 3.9 3-46 14.6 2-48 15.2 1-44 6.5
Flag leaf blade
length (mm) |100-750] 358.1] 30-520] 284.7| 29-380] 222.3] 60-560| 247.2| 24-440] 183.5| 50-420] 198.3
Flag leaf blade
width (mm) 5-20 12.6 5-40 20.2] 6-130 19.4| 5-160 38.8 5-15 7.7 5-40 18.4
Peduncle
length (mm) 18-450] 215.4| 80-500] 299.6| 32-400] 180.9| 60-480] 189.6 - - 20-520] 151.3
Exsertion
(mm) 10-800] 112.9] 10-360] 162.4] 50-320 99.7] 80-280 311 - - 50-280 64.8
Inflorescence
length (mm) 10-320 93.1) 10-390] 163.1] 34-400] 193.1| 27-500, 282.2] 20-160 64.3] 13-280] 1447
Seed size (g
1000-seeds-1 2.6 1.86 4.7-72
Special trait  |Drought |Highly nutritious Short duration High fat Highly nutritious
resistant
High
iron
High
calcium

Foxtail millet (Setaria italica)

Foxtail millet was first domesticated in the highlands of Central China; remains of the
cultivated form are known from the Yang-Shao period dating back some 5000 years.
Comparative morphology suggests that foxtail millet spread to Europe and India as a
cereal crop soon after its domestication (Prasada Rao et al., 1987). Setaria viridis is a
possible ancestor. The cultivated species and the progenitor have 18 somatic
chromosomes (2n=18). Three races namely, moharia, maxima, and indica are recognised.
Race moharia is common in Europe, Southeast Russia, Afghanistan and Pakistan. Race
maxima is grown in Eastern China, Japan and Korea and has been introduced into the
USA. It also occurs in Nepal, Northern India and Georgia (of the former USSR). Race
indica is found in remaining parts of India and Sri Lanka.

Foxtail millet is an annual grass and variable in its morphology. Plants range from
single-stemmed to highly tillered. The average plant height is little over 1.0 m but can
reach 2 m. Panicle length varies from 1-39 cm (Table 1) and diameter from 1.5 to 3 cm.
The central rachis is often weak, so panicles droop. By contrast, some varieties in China
are single-stemmed and with a height as tall as 150 cm. Leaves are 30 to 35 cm long and
1.5 to 3 cm wide. Panicle length varies from 12 to15 cm and width 4 to 6 cm. Seeds are
small (2-3 g 1000 seeds™) and generally light cream coloured. Seeds are nutritious, with
protein, fat and minerals contents comparable to wheat (Mangala Rai, 2002). Foxtail
millet is adapted to temperate regions although found in the tropics. It has a broad range
of maturity, from 70 to 120 days.
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Proso millet (Panicum miliaceum)

Domestication of proso millet probably occurred in Manchuria (de Wet, 1986). It was
probably introduced into Europe about 3000 years ago. After this date, proso millet was
introduced to the Near East and India (Zohary & Hopf, 1988). Presently proso millet is
important in Northwest and Northeast China and CIS countries. In India, proso millet is
cultivated in Madhya Pradesh, Andhra Pradesh, Tamil Nadu, Karnataka, Gujarat, Uttar
Pradesh, Maharashtra, Orisa and to a limited extent in foothills of Himalaya. It is
cultivated in Bangladesh (Majid et al., 1989) and is of minor importance in drier parts of
Sri lanka (Ponnuthurai, 1989). The chromosome number have been reported to be 2n=36,
and 2n=72 in some of the Indian races (Bor, 1960).

Proso millet is an annual grass, adapted to temperate and subtropical parts of the
world. It is a highly variable crop. Plant height can range from 27 to 133 cm, panicle
length 3 to 40 cm (Table 1), seed weight 5 to 9 g 1000-seeds™. Seeds are generally oval-
shaped and of varied colours: white cream, yellow, orange, brown and black. Proso millet
accumulates higher dry matter in the reproductive parts as compared to wheat, maize and
sorghum. Proso millet has a high water use efficiency (Hulse et al., 1980), though this is
not because of drought resistance but due to its short growing season. The plant has a
shallow root system and does not grow well under water stress, or under excessive
moisture. Crop maturity varies from 60 to 90 days depending on varieties.

Little millet (Panicum sumatrense)

Little millet has its progenitor in Panicum psilopodium. This is cultivated across India,
Nepal and Western Myanmar. The chromosome number of little millet have been
reported to be 2n=36 (Bor, 1960). Sub-species P. psilopodium is distributed from Sri
Lanks to Pakistan and eastward to Indonesia. Of the cultivated species, two races, robusta
and nana are recognised. Robusta is cultivated in Northwestern Andhra Pradesh and parts
of Orissa where it crosses with race nana. Plants in race nana vary from 60 to 70 cm in
height. The inflorescence is 14 to 15 cm long, erect, open, and highly branched. These
branches sometime droop at maturity. Plants of race robusta are 50 to 240 cm tall. The
inflorescence is 3 to 50 cm long (Table 1), open or compact, and highly branched. It is a
primarily self-pollinated crop with up to 3.5% cross-pollination.

Kodo millet (Paspalum scrobiculatum)

Kodo millet was domesticated in India, almost 3000 years ago. The species is found
across the Old World in humid habitats of the tropics and subtropics. The chromosme
number is reported to be 2n=40 (Hiremath & Dandin, 1975). Crossing readily occurs
between cultivated and weedy races, and seed from hybrids is harvested along with those
of the sown crop, racial differentiation is not distinct despite years of cultivation in India
(de Wet, 1986). As a wild cereal, it is harvested in West Africa and India. In India, it is
widely spread from Tamil Nadu and Kerala in the south to West Bengal and Rajasthan in
the north (de Wet, 1986). Kodo is grown to a limited extent in Bangladesh (Majid et al.,
1989).

As a commercial crop, kodo millet is grown only in India. Plant height varies
from 30 to 97 cm and produces many basal tillers, ranging from 2 to 48. The
inflorescence is small, 2 to 16 cm long (Table 1). It matures late compared with other
small millets. It is highly self-pollinating; florets generally remain closed during the
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flowering period. The grains occur in a hard husk, making debranning difficult. The crop
is drought tolerant and often cultivated on marginal soils. Kodo millet grains are
consumed as food, though, nutritionally, these are poor. On average, kodo millet grains
have 8.3% protein, 1.4% fat, and 2.6% minerals.

Barnyard millet (Echinochloa crusgalli and E. colona)

Two species of Echinochloa are grown as cereals, i) E. crusgalli is a native of Eurasia
and was domesticated in Japan some 4000 years ago; ii) E. colona occurs widely in
tropical and subtropical areas and was domesticated in India. Both species are fairly
similar and have the same chromosome number (2n=54; hexaploids), but hybrids
between them are sterile. E. colona differs consistently from E. crusgalli in having
smaller spikelets with membranaceous rather than chartaceous glumes. Simply put, E.
colona is awnless whereas E. crusgalli has awned glumes. E. colona is cultivated in India
in Madhya Pradesh, Uttar Pradesh, Tamil Nadu, Andhra Pradesh, Karnataka,
Maharashtra, Bihar and in the foothills of Himalaya. Plants of E. crusgalli are erect,
growing up to 235 cm tall (Table 1), leaf blades are linear with a broad round base
gradually tapering to a fine point, panicles are 13 to 280 mm long and 5 to 25 mm wide.
The spikelet head is windmill-shaped, short and stiff awned. Plants of E. colona are
reddish-purple or green with a reddish base. Inflorescences are usually erect, rarely
drooping and awnless spikes.

Echinochloa species are drought resistant and also capable of withstanding water
logging. Generally yields are low: 300-600 kg ha™ of grains, and a straw yield of around
1000 kg ha™. Active plant breeding research at the agricultural universities in Karnataka,
Tamil Nadu and Uttrakhand (India) has resulted in release of a number of varieties,
yielding up to 3 tons of grains and 7 tons of fodder per hectare. Grains are nutritious,
having 11.6% protein, 5.8% fat and 4.7% minerals (Mangala Rai, 2002).

GERMPLASM ASSEMBLY AT THE ICRISAT GENEBANK

The major donors of small millet germplasm to ICRISAT are listed in Table 2 and have
contributed 5977 samples. Subsequent to this, geographical representation in the
collection was reviewed and attempts were made to secure new germplasm from hitherto
under-represented areas, and 2459 germplasm samples were collected from farmer s
fields through 60 missions. Most of these missions were organised for other crops;
however, small millets were also collected. Of these, only four missions, one each in
India and Zimbabwe, and two in Uganda were organised with greater emphasis of
collecting small millet germplasm. The current status of small millet germplasm in the
ICRISAT genebank is given in Table 3.
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Table 2. Major donors for small millets germplasm to ICRISAT genebank

Donor organization Number of
accessions

ICRISAT, Zimbabwe 1440

Rockefeller Foundation, USA 1255

Hill Crop Improvement Programme, Dolakha, Nepal 733

Royal Botanical Gardens, Kew, UK 634

Tamil Nadu Agricultural University, Kovilpatti 530

University of lllinois, USA 475

National Bureau of Plant Genetic Resources, Regional Station, Akola 469

ICARDA, Syria 441

Table 3.Germplasm assembly of small millets in ICRISAT genebank

Finger | Foxtail | Proso | Little | Kodo |Barnyard

Country/Crop millet | millet | millet | millet | millet | millet [Total
Afghanistan 30 16 46
Australia 2 2
Bangladesh 2 2
Burundi 15 15
Cameroon 8 8 3 1 20
China 60 2 62
Egypt 1 1
Ethiopia 31 1 32
Germany 1 12 13
Hungary 10 10 20
India 1364 978 69 459 656 447 3973
Iran 6 9 15
Iraq 2 2
Italy 7 7
Japan 1 164 165
Kenya 946 9 1 956
Korea, Republic of 52 73 125
Lebanon 33 1 34
Malawi 252 1 1 2 256
Maldives 4 4
Mexico 1 2 13 16
Myanmar 6 2 8
Nepal 780 21 6 807
Nigeria 19 19
Pakistan 1 29 41 11 82
Senegal 5 5
South Africa 1 3 4
Sri Lanka 18 14 2 1 2 37
Syrian Arab Republic 119 35 1 2 157
Taiwan 28 28
Tanzania 42 42
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Turkey 26 49 75
Uganda 959 959
Ukraine 4 4
Former USSR 67 121 16 204
UK 14 4 4 22
USA 6 25 31
Other countries 4 3 9 2 18
Unknown 181 358 97 636
Zambia 136 136
Zimbabwe 1154 1154
Total 5949 1535 842 466 658 743 10193

GERMPLASM CHARACTERIZATION

Small millet germplasm accessions were planted in batches over the years (1974-2006) at
ICRISAT, Patancheru, India for seed increase and botanical and agronomic evaluation
and characterization. ICRISAT-Patancheru is located at 18°N and 78°E, at an altitude of
545 m, and about 600 km from the sea. Annual rainfall is about 750 mm, most of which
occurs from June to September. Germplasm accessions were sown on red soils (alfisols),
on ridges 60 cm apart, each accession occupying a single row of 4 m length, spacing
being 60 x 10 cm. Basal doses of 20 kg nitrogen and 50 kg phosphorus ha™ were applied,
with 45 kg nitrogen ha™ as top dressing. In all the years, sowings were made towards the
end of July (20-31 July). Irrigation and hand weeding were carried out when necessary.
The crop was reasonably free from any disease or insect damage and no chemical sprays
were applied.

Data was recorded of qualitative (description in discrete classes) and quantitative
(continuous variation) traits. However, the set of descriptors differed from one species to
another. Ten descriptors that were common between them were: days to 50% flowering,
basal tiller number, plant height (cm), flag leaf blade length (mm), flag leaf blade width
(mm), flag leaf sheath length (mm), peduncle length (mm), panicle exsertion (mm),
inflorescence length (mm) and seed size. During field evaluation, accessions were also
classified into botanical races. A brief summary of characterization data is given in
Table 1.

GERMPLASM REGENERATION, CONSERVATION AND SAFETY BACKUP

Regeneration

The need for regeneration of an accession is triggered by one of the three criteria: (1)
accessions that had reached a minimum level of seed stock or viability (<75%
germination); (2) accessions required for medium-term storage (MTS) and/or long-term
storage (LTS); and (3) germplasm repatriation when needed.

Conservation

Seed must be cleaned and dried to a minimal seed moisture content, before storing in cool
and dry conditions with regular monitoring of seed health. In the ICRISAT genebank, the
seeds of the entire collection are stored in aluminum cans at 4°C, 20 30% RH for MTS.
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The germplasm accessions are also conserved in LTS (-20°C) after packing in vacuum-
sealed aluminum foil pouches. Before packing, the seeds are dried to about 5% moisture
content in a walk-in-drying room (100 m?® size; 15°C and 15% RH) facility. By July 2007,
87% of the total germplasm collection had been transferred into the LTS facility.

Recently conducted seed health monitoring of seeds conserved for 10 25 years
(MTS) indicated greater than 75% seed viability for the majority of accessions.
Accessions with declining seed viability (less than 75% seed germination) are
regenerated as a priority and the old stock is replaced with fresh seeds. Most of the
accessions showing low germination had been held in MTS for more than 25 years .
Seed is also evaluated for diseases and treated with appropriate agrochemicals where
possible before regeneration.

Safety back up

ICRISAT s agreement with the Governing Body of the International Treaty on Plant
Genetic Resources for Food and Agriculture (ITPGRFA) requires safety duplication
preferably at 18 C. We have established a safety backup of 7622 small millet
germplasm accessions (4580 finger millet, 1039 foxtail millet, 628 kodo millet, 521 proso
millet, 479 barnyard millet and 375 little millet) at the ICRISAT genebank at Niamey,
Niger. The remaining accessions will be transferred in due course.

DEVELOPING CORE, MINI-CORE AND COMPOSITE SETS TO ENHANCE
UTILIZATION OF GERMPLASM

Developing core collections

One of the reasons that plant breeders are using less basic germplasm in research is the
lack of information on traits of economic importance, which often shows high genotype x
environment interactions and requires replicated multilocational evaluations. This is a
very costly and resource-demanding task owing to the large size of the germplasm
collections. To overcome this, our research now focuses on studying the diversity of
germplasm collection and developing core collections , which are about 10% of the
entire collection, but represent almost the full diversity of the species. From the
germplasm collection in the ICRISAT genebank, we have already developed core
collections of sorghum, pearl millet, chickpea, pigeonpea and groundnut and also of
finger millet (622 accessions, Upadhyaya et al., 2006a) and foxtail millet (155
accessions, Upadhyaya unpublished data).

The finger millet core collection (622 accessions), along with three control
cultivars, was evaluated in a replicated trial during the 2004 rainy season. Data was
recorded for five qualitative and 15 quantitative traits. The data analysis indicated
significant genotypic variance for several traits including grain yield and days to
flowering. We identified 25 accessions which were better or similar to control cultivars
for grain yield and early maturity. Cluster analysis on these accessions based on the first
five principal components indicated that the selected accessions were diverse (Fig. 1).
Similarly, the core set of foxtail millet germplasm accessions (155) along with four
control cultivars was evaluated during the 2005 rainy season. Data was recorded on 14
qualitative and 11 quantitative traits. We identified 25 accessions, which were better or
similar to control cultivars for grain yield and early maturity. Cluster analysis of these
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accessions based on the first five principal components indicated that the selected
accessions were more diverse than the control cultivars (Fig. 2). Identification of these
superior and diverse accessions could be useful in developing cultivars with broad
genetic base, high yield and early maturity in finger millet and foxtail millet.
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Figure 1. Finger millet dendogram based on first five principle components of 25
accession and three control cultivars
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Figure 2. Foxtail millet dendogram based on first five principle components of 25
accession and four control cultivars

Developing mini-core collections

When the size of the entire collection is very large, even a core collection may become
unwieldy for evaluation by breeders. To overcome this, ICRISAT scientists developed a
seminal two-stage strategy to develop a mini-core collection, which consists of 10%
accessions of the core collection (and hence only 1% of the entire collection) (Upadhyaya
& Ortiz, 2001). This mini-core collection still represents the diversity of the entire core
collection. The first stage involves developing a representative core collection (about
10%) from the entire collection using all the available information on origin,
geographical distribution, characterization and evaluation data of accessions. The second
stage involves evaluation of the core collection for various morphological, agronomic,
and quality traits, and selecting a further subset of about 10% accessions from the core
collection. Standard clustering procedure should be used to separate groups of similar
accessions at both stages. At ICRISAT, we have already developed mini-core collections
of chickpea consisting of 211 accessions (Upadhyaya & Ortiz, 2001), groundnut (184
accessions; Upadhyaya et al., 2002), pigeonpea (146 accessions; Upadhyaya et al.,
2006b), finger millet (65 accessions), and foxtail millet (46 accessions) (Upadhyaya
unpublished data).

Development of composite collection

With the support of the Generation Challenge Programme, ICRISAT has developed
composite collections of finger millet consisting of 1000 accessions (Upadhyaya et al.,
2005) and foxtail millet consisting of 500 accessions (Upadhyaya et al., 2006¢). These
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composite collections will be genotyped using 20 SSR markers. The data generated will
be used to define the genetic structure of the global composite collection and to select
reference accessions (300 of finger millet and 200 of foxtail millet) representing
maximum diversity for the isolation of allelic variants of candidate gene(s) associated
with beneficial traits. It is then expected that molecular biologists and plant breeders will
have opportunities to use diverse lines in functional and comparative genomics, in
mapping and cloning gene(s), and in applied plant breeding to diversify the genetic base
of breeding populations, which should lead to the development of broad-based elite
breeding lines/cultivars with superior yields and enhanced adaptation to diverse
environments.

FUTURE PLANS

In the future, we will examine gaps in germplasm collection and attempt to fill them
either by germplasm exchange or through fresh exploration. Focus will be on assessment
of the germplasm for usefulness in crop improvement. Core and mini-core subsets of
germplasm will be evaluated at diverse locations to identify trait specific diverse parents
for various agronomic and nutritional traits. Molecular characterization of mini-core
collections to identify trait specific germplasm lines, and reference sets of finger millet
and foxtail millet will be enhanced to add value to the germplasm accessions. The
reference sets will be evaluated more systematically and data published for the benefit of
researchers.
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Ancient underutilised pseudocereals - potential
alternatives for nutrition and income generation

Eulogio de la Cruz Torres, Cristina Mapes Sanchez, Antonio
Laguna Cerda, Juan M. Garcia Andrade, Adriana Lopez
Monroy, Josefina Gonzalez Jiménez and Thelma Falcén

Barcenas

Pseudocereals were extensively used in Middle America during prehispanic times. The
native word to define them was huautli and referred to both, Amaranthus and
Chenopodium seeds. Ancient Aztec, Maya and Purh@pecha cultures used Amaranthus
hypochondriacus, A. cruentus and several species of Chenopodium for consumption as
vegetables (quelites) and as cereals. The tradition of their culture has prevailed in some
areas which despite enduring marginal conditions are at the same time an important
reserve of germplasm and a source of indigenous knowledge, recently surveyed under
sponsorship of Sistema Nacional de Recursos Fitogenf@ticos (SINAREFI) which aims at
collecting germplasm and systematising growing practices. Studied communities were
the mestizo towns of Opopeo and Huiramangaro pertaining to the municipalities of Villa
Escalante and PEtzcuaro Michoackn. Amaranthus hypochondriacus land race Azteca cv.
Cha blanca, Chenopodium berlandieri ssp. nuttalliae cv. Cha roja and A.
hypochondriacus land race Mixteco cv. Ch a negra are the species cultivated. Two crop
systems were characterised: a) Milpa, which is practiced in plains, consisting of growing
cultivars Ch a roja and Ch a blanca in association with corn, squash and in some cases
beans, and b) Mogote, which is a modification of the slash and burn system, enabling the
use of areas inadequate for traditional farming practices. Pseudocereals yields range from
17.5g to 111.9g per plant. A wide variation between genotypes is noted, a fact that,
together with optimal cultural practices gives possibilities for selection and improvement.
Protein contents ranged from 13.15% to 17.95%. From the farmers point of view,
growing pseudocereals in association brings them the possibility to obtain several
foodstuffs along the year with average yields of 1 ton/ha of corn and 1.2 ton/ha of
pseudocereals, all of which improves their revenue by more than 200%, obtaining also a
nutritious food. Within the studied communities Ch a blanca is used to prepare, sweets
known as alegrias, tortillas and atoles. Cha roja and Ch a negra are employed to
prepare tamales, locally known as chapatas. Communities studied, face problems of
unemployment, migration and malnutrition, however, if provided with adequate
economic and technical support, pseudocereals seem to be a good solution to such
problems as has been demonstrated by several organizations working in communities
located in the states of Oaxaca, Puebla and Quer@taro, where adequate selection of
cultivars, efficient growing techniques, organisation and integration in small
agroindustries have proven to be successful.
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INTRODUCTION

Traditional farming systems in Mexico are based mainly on the use of local genotypes of
staple crops such as corn and beans as well as landraces of domesticated and
semidomesticated plants, all of which are grown in association to improve both income
and diet of peasants inhabiting regions with marginal agricultural conditions. These
traditional farming systems can be traced back to ancient cultures. Chinampa was
developed by the Aztecs; the so called solar farming method by the Mayan civilization
and milpa has been practiced among Mesoamerican peoples since prehispanic times. All
these systems promoted biodiversity by using several plant species which in turn satisfied
food and housing requirements (Altieri, 1999).

Nowadays there are regions where these traditional farming systems are still
practiced however diverse factors such as mechanization, use of alien varieties and
agrochemicals, changes in land usage and migration have all contributed to gradual
decrease of these traditional methods, and consequently of the germplasm diversity (local
land races, semidomesticated and wild edible plants). Among valuable germplasm are
pseudocereals such as genera Amaranthus or Chenopodium, which, like true cereals, are
rich in starchy materials, which can be used in the producion of flour, bread and noodles.

Pseudocereals were staple crops in Aztec times and according to the Mendoza
Codex, seeds of Chenopodium spp and Amaranthus spp known jointly as huautli, formed
a substantial part of the tributes paid to Emperor Moctezuma, amounting to nearly 7,000
tons, a quantity exceeded only by the three major crops: maize, beans and chilli
(Hunziker, 1952). Pseudocereals were important not only from a socio-economic point of
view but also in religious practices and it was for this reason that Spanish conquerors
forbade huautli growing. This, added to introduction of Old World crops, contributed to
their gradual decline (Iturbe, 1994).

However in some distant rural areas, pseudocereals in association with corn,
beans and squash, are still grown. Traditions, remoteness, the need of food and income
alternatives, as well as scarcity of economic resources have all contributed to preserve
these prehispanic forms. However as young people migrate to urban areas, the remaining
old peasants find it increasingly difficult to produce and sell these crops, some of which
face the danger of extinction. This paper aims at presenting the current status of
pseudocereals cultivation in the Mexican region known as the Purh@pecha high plateau.

MATERIALS AND METHODS

Description of the region
The studied areas comprised two communities located in the State of Michoackn, Opopeo
within the municipality of PEtzcuaro and Santa Mar a Huiramangaro, in the municipality
of Salvador Escalante (Figure 1). PEtzcuaro is located at 19 31 North and 101 36 West,
at an altitude of 2,140 metres above sea level (masl). Climate is temperate with summer
rainfall [C(w)]. Annual rainfall is 983.3 mm and temperatures range from 9.2 C to 23.2
C. Its most important water reservoir is PEtzcuaro Lake. Mixed forests of pine, oak,
cedar, spruce and juniper grow within this region. Ejido de Santa Mar a Huiramangaro, is
located at 19 30 57 North and 101 45 42 West, at 2,263 masl. This village has 2628
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inhabitants, providing 586 to the economically active population (INEGI, 2000; CIESEM
2001a).

. SALVADOR ESCALANTE

[l rarzcuaro ' '}

Figure 1. Geographical location of Opopeo and Huiramangaro, Michoacn, M@xico.

Salvador Escalante municipality is located 19 24 North and 101 38 West, at 2280 masl
and comprises regions with two types of climate, temperate with summer rainfall and
tropical (Aw). Annual rainfall is 780.4 mm and temperatures ranges from 5.4 to 24.1 C.
Major water resources are the lakes Zirahu@n and Cutzitan. In this region forests of pine
and oak grow together with tropical flora like parota , ceiba
(Ceiba speciosa), tepeguaje (Leucaena iveruienta), guaje (Leucaena esculenta) and
ciridn (Crescentia cujete) (CIESEM, 2001b). Opopeo the second community studied
belongs to this municipality and is located 19 24 43 North and 101 36 18 West at an
altitude of 2,240 masl with a total population of 8,380 inhabitants with 2,214
economically active, devoted to agriculture, cattle-raising, carpentry, commerce and
services (INEGI 2000).

In these two communities several representative plots were selected to follow up
the whole process of pseudocereal growing in close cooperation with peasants to obtain

188



first hand information about their cultural practices. In Ejido de Opopeo, four plots were
selected, three of them grown under the milpa system. Two of them have humic andosol:
(Th), and the remainder, haplic phaeozem (Hh), the other plot is grown under the mogote
system and has a lithosol (1) soil type.

In Santa Maria Huiramangaro two plots were selected as representative of
pseudocereal growing systems, both of them with the andosol humic soil type.

Agro climatic characterisation

To perform the agroclimatic characterisation, the geographic location was established by
means of GPS Garmin eTrex Summit equipment and with this data information related to
climatic conditions, vegetation, type and soil use was obtained from charts E14A21 and
E14A32 published by Instituto Nacional de Geograf a e Informé£tica (INEGI 2000, 2001).
To complete climate characterization of studied communities information on temperature
(medium, minimum and maximum), rainfall and evaporation was obtained from the
meteorological station number 665 located at Morelia, Michoac#n.

Figure 1 shows that average monthly temperature ranges from 15.4 Cto 17.4 C,
with an annual rainfall from 1,000 to 1,200 mm. This figure also shows that the
favourable period for plants ranges from the second half of May to the end of September
and beginning of October, because rainfall exceeds evaporation.
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Figure 1. Temperature, rainfall and evaporation in PEtzcuaro, Michoackn.

Current status of pseudocereals within the region

In order to establish pseudoceral production status within the region, semistructured
surveys were conducted among peasants and rural authorities, at the same time and to
obtain first hand information regarding growing practices, direct participation in land
preparation, sowing, weeding, harvesting, winnowing, processing of pseudocereals
products and marketing.

An ethno botanic exploration methodology described by Hernkndez (1971) was
applied. Interaction with the studied community began by contacting peasants directly in
their plots, at home or in community assemblies where reasons for this study were
thoroughly explained, inviting them at the same time to collaborate with the project. To
obtain information related to indigenous knowledge of growing techniques and
pseudocereal use, an observational approach was applied, with the aid of qualitative
techniques such as open, semistructured interviews and participative observation.
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Information was also obtained at the regional market place (tianguis) interviewing
merchants, and taking notice of buyers preferences. At peasants homes a participative
strategy was followed regarding chapatas preparation, threshing, cleaning and seed
storage. During field exploration specimens were collected which after botanical
identification were stored at the Herbario Nacional (MEXU).

RESULTS

Pseudocereals are generally grown in association with corn, squash, and occasionally also
with beans. In this multicrop system, corn and beans are sown in the same place, so that
the former plants support the latter growth, which in turn helps to improve soil due to its
nitrogen fixation capacity. Squash with its broad leaves covers the soil, protecting it form
rainfall and sun thus diminishing erosion, evaporation and weed growth. Multi-crop
systems bring about other benefits such as variety of harvested products per growing
cycle, more labour occupation during the growing cycle and better land use.

Description of cultivated pseudocereals

Within the region three cultivars of pseudocereals are grown, one belongs to C.
berlandieri subsp. nuttalliae (cv. Cha roja) and two belong to Amaranthus
hypochondriacus: cv. Ch a blanca from the landrace Azteca and cv. Ch a negra of the
land race Mixteco.

Chenopodium berlandieri subsp. nuttalliae cv Ch aroja

Morphological characterisation: Ch aroja (Figure 2) is an erect herbaceous plant with a
prominent, angular, red and branched stem with green, yellow and purple pigmented
stripes (Figure 3). Average number of branches ranges from 32 to 41. It has polymorphic
leaves, lanceolate and rombic with indented margins with 3-12 indentations. Lower
leaves are mostly green, however in some cases red or purple leaves are also found
(Figure 4). Panicles are terminal and amaranthiform with intermediate density but
occasionally there are plants bearing a compact panicle. In some cases before maturity
panicles exhibit red colour and upon maturity colour changes to purple (L pez, 2005)
(Figure 5). Other morphological characteristics are presented in Table 1. One outstanding
distinctive trait of this cultivar is a total absence of saponins, bitter compounds present in
seeds of cultivars such as Huauzontle or other species of the genus like quinoa (Ch.
Quinoa) (De la Cruz et al., 2007).
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Table 1. Additional morphological characteristics of cv Cha roja (Chenopodium
berlandieri subsp. nuttalliae) grown in Opopeo, Michoac#n.

Descriptor Type/Value
Pigmented axils Absent
Intensity of stem colour Clear, Intermediate or dark

Branch position Oblique

Ratio length/width in upper leaves 2.29-2.54

Ratio length/width in lower leaves 2.23-2.35
Maximum length of leaves (cm) 7.2-8.9
Maximum width of leaves (cm) 3.1-3.8
Maximum length of petiole (cm) 3.8-4.6
Panicle colour intensity before Medium

maturity
Colour intensity of panicle at harvest Clear or intermediate

Figure 2. Chenopodium berlandieri subsp. nuttalliae cultivar Ch a roja.
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Figure 5. Inflorescence of Chenopodium berlandieri subsp. nuttalliae cv. Ch a roja

Seed characterization: Seeds of Ch a roja are sharp cornered, slightly flat with smooth
margins (Figure 6). Diameter ranges from 1.5 to 1.7 mm, average thickness is around
0.95 mm, average weight ranges from 0.14 g to 0.48 g per 100 seeds, and density is 0.66
g/ml to 0.76 g/ml. Colour is red- purple exhibiting variability which according to the
RHS Colour Chart corresponds to charts 59A and B, 185A and B, and 60 B (Royal
Horticultural Society, 2001). Seed yield is on average of 31 g per plant.
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Figure 6. Seeds of Chenpodium berlandieri subsp. nuttalliae cv. Ch aroja

Amaranthus hypochondriacus land race Azteca cv. Ch a blanca

Morphological characterization: Ch a blanca is an erect herbaceous, branched plant
with a green or yellow green prominent cylindrical angular stem, and yellow or yellow
green stripes (Figure 7). Leaves exhibit polymorphism, ovate, green or yellow green and
with in dented margins. Panicle type is terminal and amaranthiform with density
intermediate and compact. Prior to maturity panicle colour ranges from orange, to purple
or green and at harvesting it may be green-yellow or yellow. Additional morphological
traits are presented in Table 2.

Table 2. Additional morphological characteristics of Amaranthus hypochondriacus, land
race Azteca cv. Ch ablanca

Descriptor Type/Value
Pigmented axils Absent
Intensity of stem colour Clear
Main branches 30
Branches position Oblique
Ratio length/width in upper leaves 1.99-2.05
Ratio length/width in lower leaves 1.88-2.07
Maximum length of leaves (cm) 12.4-18.7
Maximum width of leaves (cm) 6.5-9.5
Maximum length of petiole (cm) 7.1-12.0
Panicle colour intensity before maturity Medium, clear
Panicle density Intermediate, compact
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Figure 7. Amaranthus hypochondriacus land race Azteca cv. h ablanca

Seed characterisation: Seeds of Cha blanca (Figure 8) are round lenticulate with
smooth margins, diameter is around 1.3 mm, thickness 0.9 mm, 100 seeds weight 0.075 g
and average density is 0.98 g/ml. Colour is beige, corresponding to chart 161 and
intensity A, B and C (Royal Horticultural Society, 2001). Average seed yield in grams
per plant is 27.4.

Figure 8. Seed and popped seeds of Amaranthus hypochondriacus land race Azteca cv
Ch ablanca.

Amaranthus hypochondriacus land race Mixteco cv. Ch a negra

Morphological characterisation: Cha negra is an erect herbaceous plant with a
prominent branched, cyilindric, angular stem, greenish-yellow or red in colour with
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yellow stripes (Figure 9). Leaves are green, polymorphic ovate without pigmented axils
and with entire margin. The panicle is amaranthiform, compact and terminal, and colour
before maturity is green, orange or purple. Upon ripening colour becomes green or
yellow varying in intensity. Other morphological traits of are presented in Table 3.

Table 3. Additional morphological characteristics of Amaranthus hypochondriacus, land
race Aztecacv. Ch anegra

Descriptor Type/Value
Pigmented axills Absent
Intensity of stem colour Clear
Main branches 28
Branches position Oblique
Ratio length/width in upper leaves 1.95
Ratio length/width in lower leaves 1.91
Maximum length of leaves (cm) 21
Maximum width of leaves (cm) 115
Maximum length of petiole (cm) 8.6
Panicle colour intensity before maturity Medium and dark
Colour intensity of panicle at harvest Medium and dark

. - o~

Figure 9. Plant and panicle of Amaranths ypochondriacus land race ixtco cv.Cha
negra.

Seed characterisation: Seeds are rounded and lenticulate, with entire smooth margins
(Figure 10). Average diameter is 1.3 mm, thickness 0.9 mm and density of 0.92 g/ml,
weight of 100 seeds is 0.08 g.
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Figure 10. Normal and popped seeds of Ch a negra (Amaranthus hypochondriacus
landrace Mixteco)

Growing systems

Pseudocereals are cultivated under a traditional rainfall multicrop system and grown in
association with corn, squash and occasionally beans. Basically two systems can be
found: milpa and mogote.

Milpa

The Milpa system is used in plots located in plains or areas with moderate slope. Animal
traction is used (horses or oxen). An individual guides the ploughing yoke, another
follows sowing three corn seeds per step, another one sows pseudocereal and squash
seeds mixed with either cow manure or chemical fertiliser and finally someone covers the
seeds using another plough (Figure 11). Cultural practices (weeding, thinning) are
performed manually. Figure 12 shows plants under a multi-crop system.

B = "‘.,_ ~

VR S Tl et e g -
Figure 11. Sowing corn in association with pseudocereals

196



and Charoja c) Charoja, cornand squash.

Mogote

Mogote is a slash and burn growing system and is an ancient practice almost extinct
nowadays (Figure 13). Hills or high slope lands with naturally occurring broad leaved
vegetation, shrubs of Quercus spp. and Alnus jorullensis are employed for this system.
Land preparation begins during Spring by cutting down and burning native plants. Upon
establishment of the rainy season, corn and pseudocereal seeds are sown directly on
burned vegetation ashes by means of a wooden instrument which digs holes allowing
insertion of seeds, called coa (meaning digging stick). When only pseudocereals are
grown, seeds mixed with manure are spread by hand without covering. Weeding is
performed manually and in multicrop system harvest is sequential: squash is harvested
during August, fresh ears of corn (elotes) in September, pseudocereals ( Charoja, Cha
blanca and Ch a negra ) are harvested in December, and dry corn in January (Pdrez et
al., 2005).

A A

Figure 13. Mogote system of growing. Native pant are opped and bned
pseudocereals grow among ashes and stones.
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Harvesting

Harvesting must be done on time to avoid losses due to excessive grain shedding because
of dehiscence and also to avoid seed browning, especially in the case of Chia roja whose
seeds tend to loose their brightness. A sickle is used for cutting panicles when they reach
physiological maturity (according to a growers saying, when the seeds are opening their
eyes ). Panicles are allowed to dry on the plot or in a shed (Figure 14). Once dried,
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panicles are threshed by hand and winnowed to obtain clean seed to be used at home or
sold in the market (Figure 15).

Figure 14. Ripen Ch aroja (left). Panicles of pseudocereals drying in the open air
(right).

Figure 15. Threshind of the seeds by hand (left) and cv Ch a roja and Ch a blanca seeds
ready to use or to be sold in the market

Uses of pseudocereals

People from the studied communities, use amaranth ( Ch a blanca ) to prepare sweets
known as alegrias and with Ch aroja or Ch anegra they make chapatas. Alegrias are
round sweets prepared with popped seeds of Ch a blanca, mixed with non refined
melted sugar (Figure 16). Alegrias preparation is a family based agroindustry which
allows peasants to obtain an additional income. Five small or three big alegrias are sold
for $10. Chapatas are a sort of tamales (a lump of corn dough, prepared by mixing
cornmeal with equal parts of ground Ch a roja or Ch a negra seeds and sugar all of
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which is wrapped in corn husks (totomoxtle) and steam cooked. Three chapatas are sold
for $10, in the traditional market (tianguis) of P&tzcuaro (L pez, 2006).
P 753 ., |

Figu;e 16. Alegrias prepared with Ch a blanca (left) and chapatas prepared with corn
dough, Charoja flour and sugar (right).

Economic aspects and yield

Yield estimation under the milpa system, is 1 ton per hectare for corn and 700 kg per
hectare for pseudocereals. Considering the ratio benefit/cost multicrop systems give a
ratio of 2.5 in comparison to a corn monocrop (ratio 1) (P@rez et al., 2005).

Thus multicrop systems favour diversification of the impoverished, rural regions
inhabitants diet, generating at the same time products which through simple processing
techniques (sweets, tamales etc.) bring an additional income to peasants who may obtain
products even when climatic conditions are adverse. If the first half of the year is good
peasants can harvest squash and sweet corn, if there are no early frosts a grower can
harvest Charoja, Chablanca and Ch anegra and if all the year is good also corn.
The price per kilogram of Chias ranges from $25 to $35.

Regarding nutritive value, samples of Ch a blanca, Charoja and Ch a negra
collected from the studied region yielded protein and lipid contents ranging from 13.1%
to 17.9%; and 3.6% to 4.9% respectively (De la Cruz et al., 2006). More detailed studies
concerning essential amino acids contents and balance are presently under way.

Pseudocereals as an alternative crop to diminish malnutrition and improve social
well being in impoverished regions

Nowadays in rural areas of Mexico malnutrition reaches 40% of the population. In some
states like Puebla, Morelos, Tlaxcala, Distrito Federal, Estado de M@xico, Oaxaca,
Queretaro and Michoackn, San Luis Potos , Guanajuato and Durango efforts are made to
solve the problem by promoting the cultivation of pseudocereals, mainly amaranth. For
instance in Oaxaca amaranth growing is promoted through governmental and non
governmental organizations as an alternative to facing problems of malnutrition and
unemployment. An example of such efforts is Puente a la salud comunitaria involving
1,500 women in 16 different rural communities, which promotes talks about nutrition,
cookery demonstrations with recipes to prepare amaranth dishes, all of which aim at
convincing peasants to grow amaranth in backyard orchards or in milpa (PUENTE,
2006). So far this effort has increased amaranth consumption from one to three times a
week in 70% in families of the communities (Figure 17).
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Figure 17. Promoting familiar orchards, growing and consumption of amaranth is an
activity that Puente a la salud comunitaria and other organizations perform in Oaxaca,
M@xico.

Workshops that teach inhabitants to prepare sweets, biscuits, powdered beverages,
snacks, etc., are also organised everywhere within the region, in order to show peasants
how to improve opportunities for generating extra income by providing local markets
with a diversity of amaranth products, thus contributing to nutrition improvement and
profitable economic activity (Figure 18). Similar efforts are made by other governmental
and non governmental institutions in other regions, as in the case of the organisation

Mexico Tierra de Amaranto which besides promoting growing and consumption of
amaranth in marginal rural areas of Quer@taro, has established links between peasants and
food processing factories to ensure markets for amaranth production (SAGARPA, 2007).

Figure 18. Amaranth cooking demonstrations and processing workshops allows to
increase consumption and to get extra income from amaranth growing in Oaxaca,
Mg@xico.

Amaranth is also grown in some rural areas of Mexico City mainly in Xochimilco as a
single crop under the chinampa system and in areas like Tulyehualco where a great range
of amaranth products are processed on a family scale. In Tehuackn, Puebla, the
Cooperativa Quali is promoting growing and processing of amaranth as a means to
help rural communities to meet nutrition and economic problems (QUALI, 2007).
Production of amaranth, the most important pseudocereal grown in Mexico reached 2922
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tons in 2005 with the most important producers located in the states of Puebla, Tlaxcala,
Distrito Federal, M@xico, Oaxaca and Guanajuato (SIAP, 2007).

Nowadays when subsistence agriculture faces serious challenges such as
migration of inhabitants of rural areas to cities, malnutrition and poverty it is important to
promote production and marketing of amaranth and of the two other pseudocereals
presented here ( Ch aroja and ‘Ch a negra ) to give alternative crops to encourage
peasants to remain in their native communities, to improve nutrition and last but not least
to produce higher economic returns.

CONCLUDING REMARKS

Multicrop growing systems such as those practiced in the regions studied are being re-
evaluated taking in account that space and time combinations can make for more efficient
use of natural resources (soil, water, air and solar radiation) giving to peasants the
possibility to diversify production improving also nutritional status (Casanova et al.,
2005). Nowadays, when commercial agriculture, characterised by high inputs of
agrochemicals, machinery and use of monocrops has a negative impact on the
environment and biodiversity, multicrop systems such as those that remain in the region
studied are considered as a sustainable alternative to preserve biodiversity and to obtain
products and by-products that can help satisfy demands for food, feed, and fuel from rural
communities (Bray, 1974).

Important factors which support preservation of the multicrop system here
reported are that inhabitants of the communities studied are of mestizo origin and have
preserved traditions belonging to the original Purhépecha culture regarding agricultural
practices and food consumption. Moreover, another socio-economic factor is that
communities are located in a region where subsistence agriculture is practiced and
peasants have no access to credit or to inputs such as agrochemicals and machinery
having in consequence no influence of the green revolution .

Milpa and mogote systems favour the use of family labour in activities such as
sowing, weeding, threshing, winnowing and preparing products which is positive in
regions where employment is scarce and there are no economic resources to hire labour.
Communities studied are located in a mountainous region where thin and stony soils with
pronounced slopes prevail, making them unsuitable for commercial agricultural practices.
In turn practice of small scale traditional systems is favoured, promoting biodiversity and
conservation of germplasm.

Socio-economic factors threaten these systems because the lack of development
perspectives pushes young generations out of the communities abandoning plots and
reducing possibilities of conservation of traditional knowledge and germplasm. To reduce
this problem an integral approach has to be designed to promote growing, use,
transformation and marketing of native pseudocereals to have a positive impact on the
socio-economic status of rural marginal communities. This effort needs to be supported
by the collection, characterisation, conservation and improvement of these neglected
crops making use of such technologies as hybridisation, in vitro culture, molecular
markers etc., taking in account the requirements of growers, consumers and processors
through a participative approach.
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Role of Bambara groundnuts (Vigna subterranea) in
cropping systems in Western Kenya

D.O. Andika, M.O.A. Onyango and J.C. Onyago

The Bambara groundnut (Vigna subterranea) is an Indigenous African crop that has been
cultivated in Africa for centuries. It is a highly nutritious plant which plays a crucial role
in people s diets and is currently grown throughout Africa. It has been reported as one of
the indigenous food crops found in western Kenya that has a potential for reducing food
and nutritional insecurity. Despite its usefulness in terms of nutrition and improvement of
soil fertility, it remains one of the neglected crops by the scientific community and is
commonly referred to as a poor man s crop. The main objective of this study was to
evaluate the role of Bambara groundnuts (Vigna subterranea) in cropping systems in
Western Kenya. Structured questionnaires and survey checklists were used in the study to
determine the extent of use of Bambara groundnuts in the cropping systems in the region.
The Bambara crop is mainly grown during the short rains between September and
December. Its production area per household has been diminishing over the years since
the late 1980s, until recently; it is now being taken up as a short rains crop. Over 75% of
farmers grow Bambara groundnuts as an intercrop with cereals mainly maize and to a
small extent sorghum and millet. Knowledge of the crop remains low and marketing
opportunities of the crop need to be developed.

INTRODUCTION

Legumes are widely used for food, fodder, shade, fuel, and timber, as cover crops and for
green manure. They are a feature of cropping systems (in rotation or intercropping),
grazing systems, plantation systems where legume cover crops are grown in the inter-row
space of tree crops such as coffee, tea, rubber and oil palm, and agro-forestry systems.
They are an essential element of sustainability of any cropping system for the effective
management of available resources both below ground and above ground, for example;
worldwide, legumes are grown on approximately 250 million hectares and they fix about
90 million tonnes of N, per year (Kinzig and Socolow, 1994). Symbiotic nitrogen
fixation in cropping systems in the tropics has been reported as one of the key
contributions of legume crops. However, since the capacity to fix N2 is dependent upon
several factors, physical, environmental, nutritional and biological, it cannot be assumed
that any N,-fixing system will automatically make a large contribution to the N cycle.
Many different legume species are utilised as components of lowland and upland
cropping systems. Some species are grown widely as oilseeds (groundnut and soybean)
or pulses (chickpea, pigeonpea, cowpea, black gram, green gram, common bean), but
often crops have localised use e.g. rice bean and Bambara groundnut. The distribution of
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crop legumes is generally determined by their adaptation to particular climates and
environments (Rachie and Roberts, 1974; Wood and Myers, 1987).

Bambara groundnut (Vigna subterranea (L.) Verdc) is one of the many legumes
that can provide protein and minerals and the seeds have been described as a complete
food as they contain proteins, carbohydrate and lipids (Brough and Azam-Ali, 1992;
Williams, 1995). Bambara groundnut is extensively cultivated in Africa at a subsistence
level and is the third most important legume crop after cowpea and groundnut (Kay,
1979) and it is widely consumed in most parts of Africa including Kenya. This legume
has been reported as one of the indigenous food crop found in western Kenya that has a
potential for reducing food and nutritional insecurity (Musotsi, 2004; Obuoyo, 2005).

This legume can positively contribute to food security and help to alleviate
nutritional problems. However, it has been classified as an underutilised crop and is only
receiving more attention in the recent past (Williams, 1995; Heller et al., 1997). This crop
is drought resistant; it tolerates poor soils and is fairly resistant to pests and diseases.
Bambara groundnuts are grown in pure stands or intercropped with cereals, but owing to
its neglect little has been reported on its contributions to cropping systems. Bambara
groundnuts can form an excellent soil cover owing to its bunchy growth habit (Williams,
1995). Therefore the objective of this study was to evaluate the role of Bambara
groundnuts (Vigna subterranea) in cropping systems in Western Kenya.

MATERIALS AND METHODS

Description of study area

The study was carried out in the Butere-Mumias District of Western Kenya. The district
lies between longitudes 34”20 and 35"E and latitudes 0”15 and 1"N of the equator. The
total arable land in the district is 71000 ha with an average farm holding of 2.6 ha. The
total population in the district is 476,928 with 107,444 farm families. The district has
varying topography with altitudes ranging from 1250m to 2000m above sea level. There
are two rainy seasons in the district: the long rains start in February and end in July with
the peak in May; and the short rains begin in September and end in December. The driest
months are December, January and February. The mean annual rainfall is 1750mm. The
district has high temperatures all the year round with slight variations in mean maximum
and minimum ranges of 23"C to 32"C and 11"C to 13"C, respectively. The major soil
types in the district are classified as deep moderately deep acrisols and ferrasols. They are
well drained, moderately deep to deep, dark yellowish brown to dark reddish brown,
friable sandy clays to clay with an acidic humic top soil.

Establishment of cropping systems and role of Bambara groundnuts

A transect study along the Buyangu Butere road, which is the main road in the district
employing stratified sampling was used to determine the cropping systems as well as the
role played by Bambara groundnuts. Five farms on the right side of the road were
evaluated at 1 km intervals. Observation checklists and structured questionnaires were
used to obtain the information. 120 checklists were completed and used to evaluate
cropping systems and the role of Bambara groundnuts in the district.

RESULTS AND DISCUSSION
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Different cropping systems are practiced in the Butere-Mumias District of Western
Kenya. Intercropping was the dominant system with 54% of respondents practicing it in
the long rains (Figure 1). Crop rotation was the second most practiced cropping system
followed closely by sole cropping and monoculture. Agro forestry and strip cropping are
practiced to some extent with fallow cropping being the least practiced cropping system.
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Figure 1. Cropping systems practiced in Butere-Mumias District during long and short
rain seasons

The main crop grown during the long rainy season is maize (Zea mays). Maize is mainly
intercropped with legume crops which are well known to the farmers in the region
(Figure 2). The bean (Phaseolus vulgaris) is the dominant legume intercropped with
maize in the district (Figure 3), followed by cowpea (Vigna unguiculata), Bambara
groundnuts, groundnuts and soybeans, in that order of preference. It was observed that
millet (Eleucine coracana) was the only other cereal grown in the long rains and that it
was intercropped with Bambara groundnuts. Some farmers were observed to be
intercropping two cereals such as millet and maize.
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Figure 2. Crop combinations in intercropping systems during long and short rain seasons
in Butere-Mumias District
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To most farmers the ultimate objective of growing crops is to obtain high yield with
minimal chances of crop loss (Oniang o, 2001). Therefore the choice of cropping system
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is very crucial since most of the agricultural production in this region is determined by
natural climate. Intercropping, i.e. the growing of two or more crops simultaneously on
the same piece of land in separate rows, offers a number of advantages which include;
increased crop density, crop diversification, mitigating risks due to weather aberrations,
optimal use of basic resources such as moisture, light, and nutrients and insect and pest
control (Jensen, 1996). This offers a possible explanation for the wide use of this system
during the main production season as was clear from the results that most of the farmers
practice some kind of intercropping irrespective of crop combination.

According to the results from intercrop crop combinations, information from
farmers varies. According to Willey (1979) interspecific competition occurs during
intercropping and therefore choice of the most compatible intercrop crops is the key to a
successful system. The crops should be able to utilise resources from different ecological
niches (Shennan, 1992). Any kind of intra-specific competition should be minimised
(Snaydon and Harris, 1981).

These results agree with Francis (1986), who reported that, intercropping of grain
legumes with cereal crops is common in the tropics. The range of crop combinations and
sowing practice is numerous and ranges from mixed cropping, in which many species are
sown in a field, to organised rows or strip cropping. The combination of crops is
determined by the length of growing season and environmental adaptation, but usually
early and late maturing crops are combined to ensure efficient utilization of resources
during the growing season. Generally legumes such as cowpea, pigeonpea, groundnut,
chickpea and Bambara groundnuts are intercropped with maize, sorghum or millet.
Differences in the competitive abilities of the component crops for soil-N can result in
stimulation of N,-fixation (Rerkasam et al., 1988).

Monoculture in the district is due to cultivation of sugar cane as a cash crop.
During initial stages of growth of sugar cane it is intercropped with either beans or
Bambara groundnuts (Figure 1). After establishment, sugar cane forms a dense canopy
which does not permit intercropping for four to five years when it is in the field. Strip
cropping is used in the district to prevent soil erosion and promote moisture conservation.

The scenario during the short rains is not much different from that in the long
rains apart from the kind of crops grown (Figure 2). Intercropping systems predominate,
followed by fallows and sole cropping respectively (Figure 1). Most of the farmers grow
Bambara groundnuts intercropped with maize while others intercrop it with millet and
sorghum (Sorghum bicolor) (Figure 2).

The short rainy season is characterised by relatively modest rainfall which occurs
for a short period between late September and December. Farmers therefore tend to grow
crops that are considered hardy and can mature under low rainfall. Bambara groundnuts
have been described as a drought tolerant crop (Williams, 1995), able to yield in such
conditions. Similarly millet and sorghum are drought tolerant crops. The use of Bambara
groundnuts in the short rainy season guarantees soil cover limiting soil erosion.
Symbiotic nitrogen fixation of approximately 106 N kg/ ha has been reported in Bambara
groundnuts (Williams, 1995). Most of this nitrogen is made available to crops in the next
season. Farmers have reported yield increases in maize and sorghum on fields previously
producing Bambara groundnuts (Williams, 1995).

Some farmers left their land fallow during the short rainy season (Figures 1 and
2). This is partly attributed to climatic during the short rainy season as well as lack of
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farm inputs. Therefore the land is left until the long rains which commence in late
February. This fallow cropping system is also considered as a method of replenishing soil
nutrients fromthe previous cropping cycle.

Bambara groundnuts are also grown as a sole crop during the short rains (Figures
4 and 5). From the results in Figure 4, most farmers grow legume crops during this
season as pure stands. Most of these legumes have short growth cycles and therefore
have the ability to utilise the available resources within a short time and produce some
yield (Lemon et al., 1990).
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Figure 4. Crops grown in sole cropping during short rain season
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The legumes commonly used in the district were ranked according to different uses
(Figure 6). Bambara groundnuts were considered to be an excellent soil cover followed
by beans. Similarly they were considered the best legume in terms of utilising water in
cropping systems. Beans were ranked the best in improving the growth of companion
crops in the intercrop system. In terms of yield, beans and Bambara groundnuts were
ranked as the highest yielding legumes. Bambara groundnuts were mainly grown for the
market sale while beans and the cowpea were mainly grown for domestic consumption.
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Figure 6. The functions of different legumes in nutrition, the economy and cropping
systems

Bambara groundnuts have a bunched growth (Figure 7), which enables it to form an
excellent soil cover (Williams, 1995). According to Williams (1995), cover crops make a
fundamental contribution to the stability of the cropping system. They have direct and
indirect effects on soil properties as far as capacity to promote increased biodiversity in
the agro-ecosystem. In regions where smaller amounts of biomass are produced, such as
dry areas and eroded soils, cover crops are beneficial as they protect the soil during
fallow periods, mobilise and recycle nutrients, improve the soil structure and break
compacted layers and hard pans, permit a rotation in a monoculture and can be used to
control weeds and pests. This enables it to reduce the effect of direct sunlight on soil
resulting in low evaporation rates from soil (Lal et al., 1991). This possibly explains why
Bambara groundnuts are widely grown during the short rain seasons in the district. Due
to the high nutritional value of Bambara groundnuts, most of the growers sell their
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produce at competitive prices in the nearest markets. This makes it an income generating
crop for most farmers who undertake its production.

Figure 7. Bambara ground nuts with its soil covering characteristics

CONCLUSIONS AND RECOMMENDATIONS

Bambara groundnuts play a key role in cropping systems and the livelihood of many
farmers in Butere-Mumias district. It is used in soil conservation as a soil cover, for
moisture retention and improvement of soil nutritional status through symbiotic nitrogen
fixation. The Bambara groundnut is chiefly grown in the short rainy season, a time at
which it yields well and is highly marketable. Cropping systems in the district are highly
diverse but intercropping predominates.
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Aerial Yam: a potential underutilised crop for the
resource-poor people of Bangladesh

Abul Kalam Azad, Mian Sayeed Hassan and Md. Abdur
Razzaque

Air potato Yam or Aerial Yam (Dioscorea bulbifera L.) is an underutilised tuber crop in
Bangladesh. It has been grown in some part of Bangladesh. Air potato has potential to
grow all over of Bangladesh particularly in the homestead. It is used as a vegetable. The
crop is rich in carbohydrates, sodium and potassium. The crop can partially supplement
the staple food of Bangladesh during times of food scarcity. The return of the crop is very
good while the investment is low. Thus, it can play a vital role in poverty alleviation.
Selection of a high yielding variety and seed multiplication are necessary to expand the
crop all over Bangladesh. Adaptive research will help to expand this potentially valuable
underutilised crop. The extension and popularisation of this underutilised crop would
promote income generation of the farm families.

INTRODUCTION

Air potato Yam or Aerial Yam (Dioscorea bulbifera L.; Figures 1-3) is an underutilised
tuber crop in Bangladesh (Figure 4). The crop is produced mostly in the homestead. But
because of its high yield and market potential it can be popularised as a commercial crop.
The crop can play a vital role in poverty alleviation.

Figure 1. Seedling of aerial potato
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Figure 4. Aerial potato growing area: bangladesh

215



