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Preface

Tropentag is an annual international conference on food security, natural resource
management and rural development. Tropentag 2017 is organised by the University
of Bonn, Germany, jointly with the Council for Tropical and Subtropical Research
(ATSAF e.V) in cooperation with the GIZ Advisory Service on Agricultural Re-
search for Development (BEAF). This year’s Conference theme is “Future Agricul-
ture: social-ecological transitions and bio-cultural shifts”.

Future agriculture is by definition an emerging phenomenon. It is continuously in the
making, while present visions of the future turn into history. Vast stretches of land in
developing countries are being put to new uses, with new forms of governance, new
ownership patterns and new forms of production. Particularly agricultural systems are
undergoing drastic changes, unfolding an enormous transformative power and affect-
ing millions of people.

System-immanent attributes such as visions, aspirations, cultural specifics and pro-
duction factor availability shape the response of land users to growing external pres-
sures such as climate change, market demands, land degradation, emerging diseases
and policies. In addition to such social-ecological transitions, substantial bio-cultural
shifts occur and are imposed by centrally-planned establishments of large-scale in-
tensification (or conservation) corridors and protection zones, or are associated with
infrastructure development and urbanisation processes. A wide array of resulting re-
sponse pathways and land use or production strategies emerge that may be beneficial
for rural and urban populations, but can also lead to abandonment of land, migration
and conflicts.

Three dominant land-use types are emerging, comprising the diversification or spe-
cialisation in low-input small-holder systems, the intensification of agricultural pro-
duction on large and medium-sized farms, and conservation of natural resources in
national parks, community-managed conservancies and game reserves. The three
processes are sometimes competing and overlapping with each other, thereby cre-
ating regionally diverse configurations of land-use patterns.

1. Generating income or sustaining livelihood from small land holdings and of-
ten under conditions of poor resource base quality increasingly involves a shift
towards diversification or in specialisation to high-value niche products. Such
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strategies are strongly linked to and benefit from the emergence of and access
to markets or the willingness of consumers to pay premium prices for spe-
cialty products. Diversification is exemplified by (certified) organic produc-
tion systems. Specialisation may involve the production of spices / medicinal
plants or of sticky pigmented rice. While requiring only small land holdings
to ensure livelihood of the household, such strategies tend to be labour- and/or
knowledge-intensive, entailing production risks through high dependencies on
specific markets and value chains, and often requiring new forms of social or-
ganisation.

2. Spaces of irrigated food production and of agro-industrial products for export
are mostly concentrated in high-potential areas with favourable resource bases,
resulting in the establishment of capital-intensive agro-hubs with far-reaching
consequences for local livelihoods. Agricultural intensification is often insti-
gated by massive capital flows guided by international agreements and global
value-chain development, but also responding to transformative processes at
national and regional scales such as growth of urban centres, the rise of a new
middle class with new patterns of consumption, and the introduction of modern
technologies.

3. Conservation seems to take the opposite direction, because agricultural and pas-
toral forms of land use are marginalized or even excluded from the conservation
areas. Over the past years, parks and protection zones have mushroomed, im-
plemented under the guidance of international organizations and programs. In
addition, private land owners and local communities are establishing smaller
community-managed conservancies. Zones of conservation are not only seen
as attractions for tourists, but may act as carbon sinks and a response to climate
change or biodiversity loss.

At a first glance, it may seem as if these three avenues of land-use change are heading
in opposite directions. However, they all respond to global regulatory regimes and
incentive structures, leading to a transformation of nature and social ecologies. As a
consequence, such avenues of land-use change converge in massive transformations
of local livelihoods. Some occur gradually over extended periods of time, entailing
an ‘evolutionary’ social-ecological transformation. Others are more drastic and im-
plemented rapidly and at large scale, resulting in ‘revolutionary’ biocultural shifts.

What are the implications of such developments and change processes for food se-
curity, resource base quality, rural well-being, and in general for ‘future agriculture’,
and where are the challenges and research needs? Can intensification strategies with
support from engineering, agricultural chemistry and modern breeding meet the ex-
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pectations and targets formulated in the sustainable development goals? What are
the social and environmental trade-offs? Where and when are small-holder low-input
strategies the way forward to reaching the goals? Where are the social-ecological
niches for high- and low-input approaches and how can these apparently antagonistic
strategies be reconciled for future rural well-being?

These questions and related topics will be addressed in plenary key note lectures and
in presentations and poster contributions organised in 24 thematic sessions. Special
emphasis in this year will be given to agroforestry systems with contributions of this
year’s CGIAR feature partner, the World Agroforestry Centre (ICRAF). A ‘new’ area
of Tropentag 2017 is the expansion from the ‘classical’ tropical and subtropical envi-
ronments to include land use changes and production challenges in Central Asia.

We hope that the scientific contributions in this book will help you to find answers
to the important research and development questions and to the “future agriculture”
theme. We wish you an enjoyable and rewarding conference.

The organising committee of Tropentag 2017

Mathias Becker

Christian Borgemeister

Kai Behn

Eric Tielkes

Bonn, September 2017
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Message from Federal Minister Müller

Dear Participants of this year’s Tropentag,
Hunger is the greatest preventable scandal on our planet - preventable because the
earth can produce enough food to feed everyone. We can overcome hunger and mal-
nutrition if we want to - and if we make it a priority to do so.

By 2050 the world population will probably have grown to 10 billion people. To feed
all these people adequately, productivity levels will have to increase by 60 per cent.
As a consequence, the agricultural systems in the tropics and the sub-tropics in par-
ticular will come under great pressure to adapt. This means that tropical rainforests
are under particular threat of conversion to pasture or cropland.

We cannot continue along this path. Rather, we need to find a new model for sus-
tainable agricultural production and rural development. The last great step change in
agriculture, sometimes referred to as the “green revolution” was geared very heavily
towards increasing production - too often at great cost to biodiversity, soil and forests.
What we really need are higher yields achieved by production methods that take into
account the limits of our planet. People working in the agricultural sector must be-
come problem solvers and come up with new production methods that conserve our
planet’s resources and climate. In other words, production methods that are good for
both mankind and nature.

Germany needs to lead the way. That is why the Federal Ministry for Economic
Cooperation and Development launched the ONE WORLD – NO HUNGER initiative
in 2014 and has since invested 1.5 billion euros a year in food, agriculture and ru-
ral development. Since its launch, the special initiative has developed into a broad-
based nationwide alliance, with more than 75 participating members from science and
academia, church organisations, civil society and the private sector.

I am pleased that the scientific community is active in this alliance. We need their
input, since agricultural innovation will be the driving force behind advances in pro-
ductivity and resource efficiency. We shall be able to transition to a modern, market-
oriented yet resource-sparing agricultural system only if we have access to knowledge,
markets, capital and production inputs and can draw on superior organisation and in-
frastructure.
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“Future Agriculture: Social-ecological transitions and bio-cultural shifts” is the
main topic of the 2017 Tropentag, which is being held here in Bonn, the German
‘capital’ of development policy, for the fourth time.

An expected 750 experts from 72 countries will make the Tropentag the biggest inter-
disciplinary conference for development-focused research on tropical and sub-tropical
agriculture, resource management and rural development.

I wish you all a successful conference, and look forward to this event producing ideas
and outcomes that will point the way forward not only to sustainable agricultural pro-
duction but also to ways of improving the long-term prospects for rural areas.

Dr. Gerd Müller
Federal Minister for Economic Cooperation and Development
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Tropentag 2017 – Invited Paper

The Future of Agriculture: “Land-Use Change” or
“Land Changing Uses”?

ANTHONY SIMONS

World Agroforestry Centre (ICRAF), Office of the Director General, Kenya

Throughout history when it comes to feeding humanity we have moved through four
main phases. In the first phase, we had 140,000 years of being hunter-gatherers and
we got pretty good at it such that we were able to colonise most of the planet. Ten
thousand years ago in the second phase we became rudimentary cultivators and in
several locations created large enough food surpluses to enable population clusters of
non-cultivators to form. Not all cultivators produced surplus though and many just
subsisted or perished. The third phase over the past 500 years, albeit happening at
different rates in different places, saw agriculture emerge as a major commercial en-
terprise and both provided livelihoods for rural dwellers as well as fed growing urban
populations but this came at a high environmental and habitat use cost. And sadly
in the developing world the subsisters and perishers still predominated. The “mod-
ernisation of agriculture” being the most recent fourth phase has seen food being
produced from a third of all terrestrial land (1.5 billion hectares of arable land and 2.8
billion hectares of rangeland and pastures). This phase includes everything from the
Asian Green Revolution, to factory farming to satellite guided machinery, but again
disgracefully is augmented by a majority of subsisters. So after 5000 generations of
humanity it seems pretty clear that agricultural landscapes are too important to ‘only’
serve the function of food production. Agricultural landscapes must also serve envi-
ronmental, social and economic functions as laid out in the Sustainable Development
Goals (SDGs). Agricultural land needs to broaden its uses rather than changing more
land to agriculture – not just for better functioning but also as we are running out
of land. This presentation explores how trees - the longest lived lifeforms on Earth
can deliver multiple benefits for the SDGs and to secure life on Earth. It sets out an
agenda – including for research – on how we might secure these benefits while im-
proving the way agriculture is carried out in both tropical and temperate settings. The
presentation sets the ambition for transformation of agriculture and rural land man-
agement systems to be sustainable based on improving their productive resilience in
an diversified and equitable manner.

Contact Address: Anthony Simons, World Agroforestry Centre (ICRAF), Office of the Director
General, Off Un Avenue Gigiri, Nairobi, Kenya, e-mail: t.simons@cgiar.org
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Tropentag 2017 – Invited Paper

Rethinking the Way We Farm
BINA AGARWAL

University of Manchester, Development Economics and Environment, United Kingdom

We stand today at a cross-road. We have a crisis not just of agriculture but of the rural
economy itself. Some 80 per cent of farmers in developing countries are small (cul-
tivating 2 hectares or less) and increasingly female, as more men than women move
to non-farm jobs. They face challenges in accessing land, other inputs, technology
and markets, and live under a growing shadow of climate change on the one hand
and inadequate growth of alternative job options on the other. In addition, decades
of agricultural intensification and shifts to monocultures have left in their wake de-
pleting soils, falling watertables, and disappearing crop diversity. Clearly we need
to rethink the way we farm, not just technologically, but more fundamentally, insti-
tutionally. The global debate on food security and the kinds of farming systems that
could prove economically and ecologically sustainable has focused overwhelmingly
on small family farms versus large commercial farms, with little attention to alterna-
tive models based on farmer cooperation. Drawing on examples especially from South
Asia, this talk will examine the nature of the agrarian crises and potential alternative
pathways.

Contact Address: Bina Agarwal, University of Manchester, Development Economics and Environment,
Oxford Road, M13 9PL Manchester, United Kingdom, e-mail: bina.agarwal@manchester.ac.uk
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Tropentag 2017 – Invited Paper

The Future of Agriculture: Which Way to Go?
MARTIN KROPFF

International Maize and Wheat Improvement Center (CIMMYT), Mexico

The question remains whether we can increase food production by 2050 to meet the demand
of growing populations and their changing dietary habits, while also developing economically
and adapting to increasing pressure from climate change, depleting natural resources and com-
petition for land.
For many, development is defined by the “demographic transition” from largely rural agrarian
societies to a predominantly urban industrial society. That being said, there is still a massive
disparity between high economic growth and progress in the fight for food and nutrition secu-
rity. Agriculture needs to go through a major transformation to bridge this gap — and the good
news is that in many ways it already is.
What needs to happen next?
Firstly, we need to shift our thinking from agriculture to agri-food systems and from fields
to landscapes. In addition to farmers, consumers, processors and distributors play a pivotal
role in the availability, quality, sustainability and safety of food products. Nutritional and food
security is not just being driven by what happens on the farm, but by many other factors along
the pathway from gene discovery to food on a plate. The key to a food-secure future is how we
harmonise and align these different interests, understand trade-offs and work multidisciplinary.
Secondly, agriculture must be an exciting and economically viable business to attract and re-
tain new generations. Rural infrastructure and services, business skills, farmer organisations,
entrepreneurship and technology are key to making this happen. Addressing youth-specific as
well as larger social inclusion issues via policies will be important. What kind of environment
does agriculture need now to thrive in 30 years?
Linked to this is the need for a technological revolution in agriculture. Although many tech-
nologies are available, we need to move them beyond the research stage to end users. Advances
in genomics and remote sensing, to name a few technological innovations, can be used to in-
crease food production and ease pressure on natural resources.
Achieving this agricultural transformation requires a better integration of research domains and
sharing research infrastructure and data, to better leverage global expertise and technologies,
according to a recent CIMMYT-led article published in the journal Science. Creating the next
generation of Global Crop Improvement Networks presents a new partnership opportunity for
CGIAR and German researchers, development practitioners and policy-makers.
Germany has a long history of investing in Laendliche Entwicklung. This could lead the way
in encouraging new collaborative paradigms, encompassing a broad range of stakeholders at
different stages of the research-to-development cycle, to help build resilient agri-food systems.

Contact Address: Martin Kropff, International Maize and Wheat Improvement Center (CIMMYT), El
Batán, Mexico, e-mail: m.kropff@cgiar.org
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Biodiversity and underutilised species – Invited Paper

Building a Global System for ex situ Conservation of Crop
Diversity

ELENA POPOVA, CHARLOTTE E. LUSTY, LUIGI GUARINO

Global Crop Diversity Trust, Germany

The Global Crop Diversity Trust (the Crop Trust) is an independent international or-
ganisation established in 2004 by the Food and Agriculture Organisation (FAO) and
the international agricultural research centres (IARCs) of the CGIAR (formerly the
Consultative Group on International Agricultural Research) as a worldwide response
to the problems of food insecurity, poverty and environmental degradation. Specif-
ically, the Crop Trust is raising an endowment to provide long-term funding for the
conservation of priority collections of crop diversity around the world. At a time when
environmental and human demands are placing an unprecedented strain on agriculture
the world over, it is critical to conserve plant genetic resources for food and agricul-
ture to guarantee that farmers and plant breeders continue to have access to the raw
materials they need to improve and adapt their crops – to provide food and income
for us all in the future, while preserving the environment. The Crop Trust endowment
provides that guarantee. The Crop Trust and the endowment it manages constitute
an integral part of the financial strategy of the International Treaty on Plant Genetic
Resources for Food and Agriculture. The strategic ex situ conservation activities sup-
ported by the Crop Trust from its endowment (and from additional project funding) on
the basis of its Fund Disbursement Strategy on the one hand, and the priority in situ
activities supported by the Treaty’s Benefit Sharing Fund on the other, are equally
important, complementary efforts to conserve and sustainably use plant genetic re-
sources for food and agriculture. The urgency of such efforts is increasing, not least
because of pressure on food production systems from climate change.

Keywords: Agrobiodiversity, conservation, genebank

Contact Address: Luigi Guarino, Global Crop Diversity Trust, Platz der Vereinten Nationen,
53113 Bonn, Germany, e-mail: luigi.guarino@gmail.com
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Biodiversity and underutilised species — Oral Presentations

Bee Pollinator Communities and Human Disturbance in West
African Savannahs – Implications for Crop Yield?

KATHARINA STEIN1, KATHRIN STENCHLY2, DRISSA COULIBALY3, ALAIN

PAULY4, INGOLF STEFFAN-DEWENTER1, SOULEYMANE KONATÉ3, DETHARDT

GOETZE5, STEFAN POREMBSKI5, KARL-EDUARD LINSENMAIR1

1University of Wuerzburg, Theodor-Boveri-Institute of Bioscience, Dept. of Animal Ecol-
ogy and Tropical Biology, Germany

2University of Kassel, Organic Plant Production and Agroecosystems Research in the
Tropics and Subtropics (OPATS), Germany

3University Nangui Abrogoua, Dept. of Res. in Ecology and Biodiversity, Ivory Coast
4Royal Belgian Institute of Natural Sciences, Department of Entomology, Belgium
5University of Rostock, Inst. of Biological Sciences, Dept. of Botany and Botanical
Garden, Germany

In many parts of the world pollinators and pollination services are threatened by land use
changes involving degradation of semi-natural habitats or the conversion into agricultural land.
Such disturbances are often leading to lowered pollinator abundances or diversity thereby in-
creasing risks to humans by e.g. lower crop yield. Our study is the first of its kind in West
Africa to monitor bee community changes across gradients of human disturbance and the func-
tional consequences thereof. Bee species richness, abundance and diversity was monitored
by pan traps during 22 months covering two rainy and two dry seasons in 2014 until 2015.
Traps were installed in savannah plots of varying disturbance intensities (low, moderate, high)
and in nearby cotton and sesame fields. Species richness was stable at all sites. Whereas bee
abundance increased with intensified land use, bee diversity decreased significantly. Bee com-
munities in the moderate and high disturbed sites comprise only subsets of the communities
in the least disturbed site. Crop yield in cotton was positively associated with bee abundance
regardless of disturbance intensity. No correlation was found in sesame. Particularly wild bees
were relevant for crop productivity even when honey bees were abundant. Hence, the presence
of specific species in a pollinator community drives the positive pollinator abundance – pol-
lination service relationship, in particular for fruit set. Retention of diverse bee communities
is important because species are likely to vary in sensitivity to different disturbances, making
service provision more stable. A clear spillover of bees from savannah into cotton fields was
observed during the rainy season when crops are mass flowering indicating that agricultural ar-
eas serve as important food resources for bee species in times when resources in the savannah
are scarce. Even though our study did not reveal negative effects of disturbance on crop yield,
the results nevertheless emphasise the importance of the conservation and restoration of diverse
pollinator communities to maintain their pollination service and hence human benefits.

Keywords: Abundance, bees, Burkina Faso, diversity, floral resources, pollination, seasonal
variation, spillover, sub-Saharan Africa
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Diversity of East African Wetland Vegetation: A Classification
Based on Current and Historic Surveys

KAI BEHN1, SAMUEL MUTEBI2, MIGUEL ALVAREZ1
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Wetlands in East Africa are important ecosystems for biodiversity conservation and
ecosystem service provisioning. Due to their suitability for crop production, the use
of wetlands is getting increasingly intensified as food demand rises. In consequence,
wetlands are at high risk of degradation, especially when land use changes include the
establishment of drainage infrastructure. In order to project sustainable management
strategies and conservation plans, it is crucial to understand structures and dynamics
of wetlands. Plant communities reflect ecological conditions and degrees of distur-
bances and may hence be used as bio-indicators. While many published works have
been focused on classification of East African wetland vegetation, consistent classifi-
cation schemes for the region are still missing. We hence conducted detailed studies of
vegetation in two different wetland ecosystems in East Africa. The first site is the low-
land floodplain of the Kilombero river in Tanzania, which is characterised by Tropical
Savannah climate and two distinct rainy and dry seasons. The second site is located in
Central Uganda and consists of small inland valleys with a climate at the transition be-
tween Tropical Monsoon and Tropical Rainforest. While at both study sites patches of
natural vegetation and long-term fallows can be found, cultivation of rice is the dom-
inating form of land use. We sampled vegetation in nearly 400 plots, each 4 m 2 size.
They were chosen along gradients of land use intensity and flooding duration. A clas-
sification of the plots was conducted based on species composition using the Cocktail-
Classification method. Formal definitions of plant communities were developed and
compiled to an expert system and then applied in the classification of data stored
in the vegetation-plot database “SWEA-Dataveg” (http://www.givd.info/ID/AF-00-
006). In the study area, 18 plant communities were identified, of which most belong
to the phytosociological classes of Phragmito-Magno-Caricetea (marshes and reeds)
and Oryzetea sativae (weed and pioneer vegetation). While the two study sites did not
share any communities, 9 were recognised in the database with the developed defini-
tions. Integration of these results and literature resulted in an overview of East African
wetland vegetation with reference to ecological conditions, degree of disturbance and
geographic distribution for each unit.

Keywords: Classification, East Africa, land use changes, plant communities, vegeta-
tion ecology, wetland
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Plant Communities Changes in Relation to Land Uses and Soil
Properties in Malinda Wetland, Tanzania

NEEMA MOGHA1, COLLINS HANDA2, MIGUEL ALVAREZ3, BODO MÖSELER3,
HELLEN KAMIRI4
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In East Africa, demographic growth, inter-generational inheritance of land, increas-
ing land scarcity in the highland areas, degradation of upland soils and inter-annual
rain variability is increasing cropping pressure on seasonal and nearly permanent wet-
lands. This study was carried out between 2008 and 2016 in order to find the changes
of plant communities in Malinda wetland due to intensity of land use which results
into changes of soil properties which impacts the functions of wetland ecosystems and
on potential productivity of the soils. A first survey and plant communities character-
istics in the area was firstly done in 2008 and a rapid appraisal with key informants was
carried out to determine the characteristic land uses and to collect information on land
use history of the area. Four land use types were determine which include unused part
with domination of wetland vegetation, fairly used area with minimal grazing during
dry period of the year, high intensity used area dominated by horticulture and fallow
land which has been left after use or is used for yearly grazing. According to prefer-
ential sampling, 40 plots of size 10 m2 representing the main types of land uses were
selected. In those plots all species and their estimated abundance as percentage cover
were recorded. In each plot soil samples of the layer 0–15 cm were taken for soil
chemical analysis. The same sampling techniques and procedure were repeated in the
year 2016. The vegetation was classified by using hierarchical clustering technique
and the relationships between species composition (land uses and plant communities)
and soil properties of the wetland. The canonical correspondence analysis (CCA)
was applied and the vegetation was classified into ten plant communities (clusters),
five of them were weed communities of croplands while the remaining plant com-
munities were from fallow, grazing land and unused part of wetland. There was no
great difference in vegetation composition and plant communities obtained between
the period of eight years. Both showed almost the same species composition and the
plant communities were determined by soil exchangeable K, electric conductivity and
pH according to ordination analysis.
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Agroforestry-Based Restoration and Enhanced Resilience of
Agricultural Production through Adaptation of Smallholder

Farming Systems, Nicaragua
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Rural communities in the Dry Corridor of Central America are highly vulnerable
to the consequences of soil and land degradation, and climate change. Smallholder
farmers traditionally produce grain crops on steep hillsides through slash-and-burn
agriculture, increasingly combined with small-scale cattle farming. Only 3% of the
original forest cover remains. The ARA (Agroforestry for Restoration of Agroe-
cosystems) project aims to restore degraded land, enhance agroecosystem productiv-
ity, profitability and resilience, and generate ecosystem services through agroforestry
systems. Between 2008 and 2013 a platform of 25 on-farm experiments, representing
three different communities in the Dry Corridor of Nicaragua, was established. The
platform has served different objectives: (i) participatory adaptation of agroforestry
systems; (ii) research to understand and quantify the impacts of agroforestry-based
interventions on ecosystem services, including crop production, and farmer revenues
(iii) training of farmers and technicians and knowledge sharing to facilitate out scal-
ing. Agroforestry systems included Quesungual, a maize-bean system intercropped
with trees and established through selective clearing and pruning of regenerated trees.
Five land use systems were established/selected on the participating farms: Tradi-
tional slash-and-burn maize-bean system (TCS), Quesungual Agroforestry (AFS),
Secondary forest (SF), Naturalized pastures (NP) and Improved silvopastoral sys-
tems (SPS). Crop and forage production, soil fertility, soil erosion, C sequestration
and biodiversity was monitored from 2013 to 2016. Results confirm that AFS and
SPS can improve tree diversity conservation and carbon storage, while maintaining
(maize) or increasing (bean) production. Collection of detailed soil, plant, microcli-
mate and meteorological data allowed for the modelling of tree-crop interactions and
land use scenarios to further evaluate impacts of Quesungual on ecosystem services.

Contact Address: Mirjam Pulleman, Wageningen University and Research, KM 17, Recta Cali-Palmira,
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A detailed study on adoption rates and factors at the community level showed steadily
increasing levels of adoption (up to 39 % of households in 2016). Strong support
through capacity building was identified as a key factor to further enhance adoption.
Despite increasing adoption rates and beneficial impacts of AFS and SPS on ecosys-
tem services and production, further improvements in production systems are needed.
A synthesis of key lessons from the project and reflections on future directions and
research priorities will be presented.

Keywords: Adoption, agricultural productivity, agroforestry, Central America, ecosys-
tem services, land restoration, Nicaragua, resilience, soil fertility
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Vegetation-Based Indicators for Assessing Ecosystem Services of
Cacao Agroforestry Systems, Buffer Zone of Abiseo River

National Park, Peru
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This research aimed to identify vegetation structural attributes capable of perform-
ing as indicators for the assessment of support and provision services of the cacao
agroforestry systems. This was done by setting up a comparison between the cacao
agroforestry systems, the cacao plantation, and the natural forest in the buffer zone
of the National Park ‘Rio Abiseo’, in the Peruvian amazon. The comparison was
carried out under the assumption that structural attributes of the vegetation, such as
the tree diversity (richness and evenness) and composition, forest structure (DBH,
height, vertical layers, shrub and herbaceous cover, and diversity and composition of
saplings) and coarse woody debris (snags, logs, and litter depth) can be indicative of
supporting and provisioning services. The supporting services were focused on the
provision of suitable habitat for the jaguar (Panthera onca) and the San Martin’s titi
monkey (Callicebus oenanthe) while the provisioning services focused on the aver-
age monthly income (USD per ha) from cacao production. The structural attributes
were measured and compared in modified Whittaker plots (0,1 ha) set in the cacao
agroforestry systems (19 plots), cacao plantations (21), and natural forests (20). A
principal component analysis and a constrained correspondence analysis (with a per-
mutation test) were used to compare different systems. These analyses allowed the
identification of the presence of a shrub cover, the layer of trees between 16 and 20m
tall, the presence of snags, the average tree height, and the layer of trees between 5
and 15m tall, as significant vegetation structural attributes for the assessment of the
ecosystem services in the different systems. These attributes can guide the decision-
making process in the buffer zone of the National Park to assure habitat provision,
particularly for the endemic species of titi monkey of San Martin. At the same time, it
can assure the sustainable production of cacao and the livelihoods of human commu-
nities that depend on the ecosystem services of the buffer zone of the National Park
Rio Abiseo.

Keywords: Cacao agroforestry systems, ecosystem services, indicators, National
Park Rio Abiseo, Peruvian amazon
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Farmers Have Too Low Knowledge to Protect and Benefit from
Native Pollinators – Insight from Morocco

STEFANIE CHRISTMANN1, ATHANASIOS TSIVELIKAS1, ABDELLAH BENBYA2
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2University Mohammed-V, Dept. of Biology, Laboratory of Plant Physiology and Biotech-
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In 2016 The Intergovernmental Science-Policy Platform on Biodiversity and Ecosys-
tem Services (IPBES) showed that agricultural production is now twice as depen-
dent on pollinators than five decades ago, but pollinator decline accelerates globally,
in particular in agricultural lands. Farmers cannot protect, what they do not see or
recognise or value. Knowledgeable farmers are crucial for pollinator protection. In
2016 the knowledge of 110 male and female smallholder farmers (0.4 – 2.5 ha) in the
Rabat-Salé-Kenitra region (Morocco) has been assessed by a standardised question-
naire. On average, farmers know only 1.4 pollinator species except honeybees. 23
out of 110 farmers had collaborated with beekeepers, but not for improved pollination
of their crops. They had invited the beekeepers to bring hives, because according to
local arrangements a farmer providing flowers gets a share of the honey as in kind
payment. Despite availability in their agricultural lands no farmer is able to recognise
nests of pollinators or predators. Though all farmers produced at least one pollinator
dependent crop, only 19 % were aware that they need pollinators in their fields. They
did not know for which crops pollination is essential, for which crop pollination has
great, modest or little impact, they were e.g. much more concerned about pollination
of tomato than of apple. As apple flowers in early spring, pollination by honeybees is
often hampered by rain or cold days without sun. Farmers lacking knowledge might
take wrong decisions in case of crop failure. All farmers enlarged fields reducing
valuable pollinator habitats in field edges since the year 2000. Also the farmers in-
creased the use of insecticides and fungicides on average by 54 % since 2000. There
is very little literature on farmers’ knowledge on pollinators, but according to the sam-
ples the knowledge in Morocco is comparatively low. There was nearly no difference
between literate and illiterate farmers. Therefore, obligatory lessons on pollinators is
recommended for primary and secondary schools. Involvement of mass media would
be useful.

Keywords: Formal education, habitat, honeybees, IPBES, wild pollinators
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Farming with Alternative Pollinators Creates High Incentives for
Farmers for Pollinator Friendly Agriculture
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Currently, environmental research on pollinator decline does not trigger broad protec-
tion of pollinators in particular in agricultural landscapes. Prevailing environmen-
tal recommendations, e.g. seeding wildflower strips in and between fields, don’t
take farmers’ interests into account. Farmers prefer income from the entire area and
they regard wildflowers as weeds potentially spreading their seeds all over the field.
Whereas the new agricultural Farming with Alternative Pollinators (FAP) approach
uses marketable plants for habitat enhancement and avoids spread of weeds. FAP
triggers farmers’ motivation to enhance habitats in fields based on evidence of in-
creased income. FAP measures the impact of enhanced habitats (25 % of the field) on
the diversity of pollinators and predators and on the total net income in comparison to
control fields having the main crop on 100 % of the field. Pilot projects in Uzbekistan
with cucumber and sour cherry as main crops and in Morocco with cucumber as main
crop proved high increase of yields of the main crop and higher income per surface
based on higher diversity and abundance of pollinators and predators in FAP-fields.
In total income from FAP fields was more than double in comparison to control. The
incentive of large income gain makes FAP scalable. FAP obviates the need to reward
farmers for pollinator-friendly practices. As insect species highly differ in Central
Asia and North Africa the approach proved replicability. Trials on more crops are
recommended. In case they demonstrate substantial income increases as well, FAP
might have high potential to protect pollinators and simultaneously enhance food se-
curity. Currently, the increase of horticulture production is mainly based on increase
of area, whereas FAP increases the productivity per ha. Thus FAP might reduce the
loss of forests and rangelands for establishment of additional fields and orchards. FAP
is applicable also in low income countries, which cannot afford subsidies as e.g. the
European Union pays.
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Flora Grown and Traded in Panama City, in the 16th Century and
Nowadays

ISABEL MADALENO

The University of Lisbon, National Museum of Natural History and Science, Portugal

Panama City is located in the Pacific coast of the isthmus that united North and South
America somewhere between 15 and 3 million years ago. The capital city of Panama
is a tropical modern urban centre that registers about 1,750 mm of rain per year, which
favours the growth of food, medicinal herbs, fruit trees and ornamental species in gar-
dens and pots. In early 2017, the University of Lisbon conducted a scientific mission
to Panama to survey the local flora, in order to compare this flora with the plant species
mentioned in the 16th century manuscript of Gonzalo Fernández de Oviedo (1526),
following a long time project initiated in Brazil in 1997 by the Portuguese Tropical
Research Institute. The main objective of the research was to assess the availability
of local food, spice and medicines in the early years of European colonisation and to
evaluate the contribution of the Portuguese and the Spanish peoples to the evolution
of flora consumption and therapeutic application. The current survey included two
categories of informants: i) three (3) gardeners devoted to food and medicines cul-
tivation inside the urban area; ii) forty-seven (47) formal and informal traders found
in markets, supermarkets, or pharmacies. The results showed that 171 different plant
species are offered to the public today against 55 mentioned by the chronicles in early
colonisation days. More than half of the species have medicinal uses in our days and
about one third are consumed as food. The final research aim is to build a database
that permits to study the evolution of Latin American flora and their uses throughout
times.

Keywords: Flora, food, Latin America, medicines, Panama, spices

Contact Address: Isabel Madaleno, The University of Lisbon, National Museum of Natural History and
Science, Rua Andrade, 8-2ºE, 1170-015 Lisbon, Portugal, e-mail: isabel-madaleno@museus.ulisboa.pt

ID 34 29



Plants and land use

Enhancing Biodiversity – Identification of Conservation Corridors
in a Plantation Dominated Landscape in the Mekong Region
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The rapid expansion of rubber tree plantations (Hevea brasiliensis) and cash crops
across southern subtropical China puts high pressure on natural forests and their bio-
diversity. Xishuangbanna Prefecture in the South of Yunnan Province is particularly
affected as here rubber monoculture plantations currently cover about 440,000 ha and
have replaced large shares of traditional land use systems and natural rainforests over
the past 40 years. Today, contiguous blocks of mature natural forest are confined to
the prefecture’s nature reserves which are, however, isolated. Further, the ongoing
transformation of the lands surrounding the reserves and the encroachment of plan-
tations into them, continues to increase the separation of reserve dwelling plant and
animal populations, impeding movements and interactions between them. In order
to reconnect isolated populations, it is necessary to establish wildlife corridors that
prepare the grounds for the dispersion of organisms. We identified potential wildlife
corridors for three functional groups of species: (a) large mammals, (b) primates and
(c) birds. Group specific resistance values that quantify the species’ likelihood to
migrate through certain land cover were derived from a literature review and an up-
to-date land cover map was employed for corridor mapping using least-cost models.
The identified least cost paths clearly displayed the high degree of isolation of all
reserves since none of the routes connected two reserves on the shortest way. In-
stead, the model primarily proposed detours integrating fragmented forest remnants
into the corridors. Conservation corridors for large mammals corresponded mostly
with those for primates, solely the corridors for birds differed. The corridors for pri-
mates had most similarities with both other groups and were therefore suggested to
be appropriate for the greatest variety of species. Our results illustrate the high de-
gree of isolation of nature reserves in Xishuangbanna and confirm the urgent need
of reconnecting them through corridors in order to protect, preserve and enhance the
remaining biodiversity and counteract the ecological threats from the expansion of
rubber plantations.

Keywords: Cost-based corridor, land transformation, landscape connectivity, land-
scape resistance values, least-cost path, Linkage Mapper, rubber plantation, Xishuang-
banna
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Where Are the Young Umbuzeiros? How Managed Areas
Influence the Recruitment of Spondias tuberosa Câm.

(Anacardiaceae) in Northeastern Brazil
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Spondias tuberosa Arr. Cam. is an endemic fruit-bearing tree of the Brazilian semi-
arid region with great socio-economic and environmental importance. This species is
a source of sustenance for local people and small farmers, especially during the dry
season. S. tuberosa also provides food for wild and domesticated animals, playing
an important role to environment. However, there is a lack of seedling recruitment
in their natural environment, which has been attributed to seed predation, low seed
germination and establishment, and the irregularity of rainfall in the region. Further-
more, land use change and overexploitation have been hypothesized to cause a risk of
extinction in this species. In this study, we aimed to assess the population trends, seed
production and predation, as well as the germination in greenhouse, of S. tuberosa
from agricultural (AGR) and protected (PA) areas in a seasonal tropical dry forest of
northeastern Brazil. We selected 25 adult individuals and from each tree we measured
the diameter. Under the canopy, we counted and collected the seeds of the current sea-
son. In a greenhouse, these seeds were germinated and had their growth accompanied.
Our results showed that in AGR all the diameter size-class were represented while in
PA the first two size-class showed a lack of individuals. The production of seeds was
not different between these two areas although the number of seed m -2 was higher in
AGR. Trees located in AGR usually occurred isolated, which may explain the fact that
the rate of seed predation was more intense in these areas. Seed size also was bigger
in AGR and the seedlings from these seeds were more vigorous than the ones from
PA. We found seedlings exclusively in agricultural areas, probably due to abundance
of water and soil nutrients and to absence of wild or domesticated animals. Our results
clearly show that somehow the species depends on human action for its regeneration.
Thus, researchers and stakeholders (local people) should combine efforts to develop
strategies for species conservation.
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Ethnobotanical Survey of Medicinal Plants Used in the Zacatecas
State, Mexico
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The medicinal plants used by communities across all of people in Mexico have an important
role in the local health care system. The use of wide plant diversity contributes to the socio-
ecological resilience and cultural diversity of each community but there are still regions without
documented plant use. The aim of this study was to record, analyze and identify the medic-
inal plant knowledge of the local people in the state of Zacatecas, Mexico. A total of 132
semi-structured interviews were conducted. The informants were aged between 20–86 years
and the gender proportion was 44 % male and 56 % female. Medicinal plants were identified
taxonomically, and data were analyzed and compared using Relative Frequency of Citation
(RFC), Family Importance Value (FIV), Cultural Importance Index (CI), and Informant Con-
sensus Factor (ICF). Results show that 96% of respondents actively use plants. A total of 168
medicinal species belonging to 151 genera and 69 botanical families were documented. The
family Asteraceae (20 species; FIV=15.15) represented the highest number of species. The ma-
jority of herbal remedies are used orally and predominantly in the form of infusion (52 %). The
most culturally important species was Matricaria chamomilla L., followed by Arnica montana
L. and Artemisia ludoviciana Nutt. Diseases of the reproductive system reached the highest
consensus ratio (ICF=0.81). The highest number of Uses Report (N=389; 25 % of all UR) as
well as plant species (68) were determined for diseases of the digestive and gastrointestinal
system. This is the first explorative and analytic study conducted dealing with the relative im-
portance of medicinal plants based on quantitative tools in the semi-arid region of Zacatecas,
México. The results revealed a high diversity of medicinal plant species and their uses in local
traditional medicine. The new generation in the sample studied maintains ancestral knowledge
of the use of medicinal plants. The practice of traditional herbal medicine is also applied as
a complementary treatment for common and chronic diseases. This practice is co-evolving
with the modern health system due to lack of accessibility and perceived low effectiveness of
conventional medicine.

Keywords: Arnica montana, ethnomedicine, human health disorders, Matricaria chamonilla,
medicinal plants, traditional medicine
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Genetic Structure in Wild and Cultivated Populations of Inga
edulis Mart. (Fabaceae) in Peruvian Amazon
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Inga edulis Mart. has been improved through history by human selection focusing on the edible
fruit, and, also, to provide shade for other crops. We aimed at comparing wild and cultivated
I. edulis populations’ genetic structure spanning the Peruvian Amazon. We evaluated a total
of 259 trees, 197 cultivated and 62 wild, sampled from 27 populations. For each individual
a voucher specimen was kept. The total genomic DNA was extracted for each sample and
genotyped with four microsatellite primers.
We identified 71 alleles, with an average of 17.8 alleles per locus. For the 27 populations with
at least 5 samples, the average number of alleles was 5.7, the average allelic richness 4.4, the
observed heterozygosity 0.59, and the expected heterozygosity 0.69. The heterozygote deficit
was non-significant, but the inbreeding coefficient was 0.153. Twelve populations were not
in Hardy-Weinberg equilibrium. These populations were distributed randomly across the I.
edulis sampled range and across cultivated and wild populations. We compared the wild vs. the
cultivated populations, and significant deviation from the null expectation emerged. The allelic
richness and the observed heterozygosity were lower in the group of cultivated populations. The
level of differentiation among populations was significantly higher in the cultivated compared
to the wild populations.
A hierarchical analysis of molecular variance revealed that a majority of the genetic diversity
was partitioned within populations (78.8%), 14.3% was partitioned among populations within
groups (wild and cultivated) and 6.9% was partitioned between cultivated and wild groups. To
further assess the population structure, we estimated the number of genetic clusters (K) and
to fractionally assign individuals sampled from cultivated and wild populations to the inferred
groups. Due to the weak population structure, we used a “locprior” model, which incorporated
a priori sampling information. Two groups of populations were used as priors, the cultivated
and the wild populations. The number of clusters (K) was set at each value from one through
twenty-eight, and the simulation was run ten times at each K value to confirm the repeatability
of the results. According to the Bayesian structuring results we inferred that the cultivated
material in Peruvian Amazon has different origins.

Keywords: DNA, genetic structure, Inga edulis Mart., microsatellite locus, PCR, peruvian
Amazon, population
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an Andean Tuber Crop
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Ullucus tuberosus (Loz.) of the Basellaceae family is a perennial tuberous crop, orig-
inating from the Andean region where it is cultivated for its edible tubers. The species
is vegetatively propagated, which causes standard conservation of its genetic material
difficult to perform using conventional methods. An efficient tool for conservation
of vegetatively propagated plants represents slow-growth in-vitro method that ensures
the genetic resources secure maintenance and availability for farmers and plant breed-
ers. This study focuses on optimizing the slow-growth in-vitro protocol for medium-
term conservation of the species using MS storage culture media supplemented with
three osmotic agents at different concentrations: sorbitol (1, 2 and 3%, w/v), mannitol
(1, 2 and 3 % w/v), and sucrose (1, 3, 6, 9 and 12% w/v); or abscisic acid (ABA) (1,
2 and 3 mg l-1). MS without osmotics and hormone was used as control. Forty plants
per treatment including control was established, twenty were maintained at growing
temperature of 5°C and twenty at 17°C. Plant height (cm), number of leaves, shoots
and numbers of roots were evaluated for four consecutive months as a primary study
within a longer period experiment. Results showed that the appropriate temperature
for growth reduction while maintaining the vitality of plants for medium-term conser-
vation of the species is 5°C, while temperature of 17°C is not appropriate as the plants
grow at an exponentially higher rate. Mannitol 3 %, sucrose 12 and 9 % and ABA 3
mg l-1 concentration yielded the best results in terms of growth reduction and mainte-
nance of plant vitality during conservation when compared to the control and therefore
appears to be the most effective for medium-term conservation of the species. How-
ever, further evaluation will be carried out over a 12 months period to determine what
supplement is most effective in time and to have a fully optimised protocol. Conser-
vation of this species is important, as it will ensure the constant availability of the
species for both farmers and plant breeders.

Keywords: Abscisic acid, mannitol, medium-term conservation, osmotic agents,
sucrose, Ullucus tuberosus
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Hydrological Gradients in a Tanzanian Floodplain: The Potential
Use of Indicator Plants for Bio-Monitoring
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While flooding periods curtail cultivation, extended soil moisture availability during dry sea-
sons makes floodplains and riparian environments suitable for seasonal cropping and other agri-
cultural uses. Unsustainable cultivation practices coupled with the establishment of drainage
structures can however result in degradation of soil physical properties and hence overall soil
water availability. This can consequently result in productivity decrease of agro-ecosystems.
Also from the ecological point of view, altering hydrological regimes of floodplains can lead
to disruption of habitat integrity for living organisms. Thus, implementation of bio-indication
using vascular plants may provide a practical tool for quick assessment of degradation status
of wetlands in large areas. In order to evaluate the potential capacity of vascular plant species
for bio-monitoring, we assessed the shallow groundwater regime of a hydrological gradient in
the floodplain of the Kilombero River around Ifakara (Tanzania). The area is mainly charac-
terised by rice cultivation. Four hydrological indices were calculated from shallow groundwater
monitoring time series data (March 2015 to June 2016) from 10 piezometers located along the
hydrological gradient in the floodplain. These indices describe the overall shallow ground-
water availability, their variability, flooding intensity and duration. Vegetation samples were
collected in the proximity of piezometers and linked to the respective hydrological variables.
The prevalence (optimum growth conditions) of the recorded species along hydrological gra-
dients was estimated by weighted averaging. While dynamics of shallow groundwater table is
complex and difficult to reduce to one variable without losing information, flooding regimes
showed a clear positive linear relation between duration and intensity. Flooding duration is
therefore a good proxy of flooding regimes, especially in sites without installed flooding mon-
itoring devices. Though most of the species had an optimum around intermediate hydrologic
conditions, some species may indicate different combinations of levels such as general low wa-
ter table regimes with strong fluctuations (e.g. Panicum fluviicola and Heliotropium indicum)
or high, more stable regimes (Acmella uliginosa and Ammannia baccifera). Similarly there
is a continuous sequence of species indicating low flooding intensity and short flooding peri-
ods (Eragrostis ciliaris and Indigofera hirsuta) to higher flooding intensity for longer periods
(Ethulia paucifructa and Persicaria senegalensis).

Keywords: Croplands, ecological modelling, land use, plant ecology
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The Use of Pau-Brasil (Paubrasilia echinata Lam.) for Making
Violin Bows: A Social-Ecological System Analysis Linking

Environment and Art
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Paubrasilia echinata Lam. from the legume family Fabacea, in Portuguese known
as pau-brasil, is the national tree of Brazil. Its precious wood is used worldwide as
raw material for violin bows. For professional musicians, no alternative wood seems
to meet the high-quality standards of pau-brasil. Due to the historical and current
overexploitation of pau-brasil in the Atlantic Forest of Brazil, this species is highly
endangered. The dependence of traditional manufacturing of bows for violins on
the threatened species of pau-brasil and an increasing mass production of bows have
resulted in a challenging conflict. Raw material scarcity, unequal access to the raw
material and different legislative regulations on the local, regional and global scales
are main aspects of the problem. This situation has led to cross-arching challenges
in the biophysical (decline of natural populations of P. echinata) and socioeconomic
dimensions (conservation, management, socio-political organization associated with
an increasing market of pau-brasil wood). Thus, it represents a complex problem on
local, regional and global scales. Therefore, the analysis of this problem requires a
comprehensive framework of a complex system, in a social-ecological system’s (SES)
context. In the case of a continuous use of pau-brasil in the production of violin bows,
it is pertinent to identify and analyze the role of key actors and factors that contribute
to the dynamics of this particular SES, to identify both possible system states and
their resilience and scenarios that put pau-brasil and its use in bow making potentially
at risk on the long-term. Hence, the current study includes a temporal analysis of the
socioeconomic, political, ecological and legislative backgrounds and drivers, which
allowed us to understand the complexity of the problem more precisely.
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Securing Access to Seed – An Institutional Analysis of Informal
Seed Assistance in Eastern Ethiopia

ANDREA RUEDIGER

Oxford University, Bioversity International Research Fellow, United Kingdom

Seed is an essential input for production in small-farming households. Especially un-
der conditions of environmental stress, including periodic drought, secure access to
seed is central to improving food security and to the livelihood of vulnerable, rural
households. Highly developed informal seed systems play an important role in secur-
ing access to seed and maintaining a high level of crop-genetic diversity in eastern
Ethiopia and beyond.
We present a mixed-methods study of a highly developed informal seed insurance
network among subsistence-oriented small-farmers in one highland and one midland
district in the West Hararghe zone of eastern Ethiopia. A particular focus is given
to the immaterial aspects of this elaborate mutual aid practice, including explicit and
implicit rules and norms, motivations, sanctions or the underlying enforcement mech-
anism. Based on a survey and interviews with 146 farmers, we find that the over-
whelming majority of small farmers actively participate in informal seed assistance
by giving or receiving small quantities of seed without cash or in-kind compensation,
especially in planting seasons after a drought. Denial of seed is highly exceptional
and only reported in communities in which off-farm seed is supplied by a local pa-
tron. The analysis suggests that the institutional design of informal seed assistance,
compared to other practices of mutual aid, sets incentives to use this ex-ante insurance
instead of ex post food or cash assistance after harvest. Moreover, we argue that the
seed assistance through gifts is practised to facilitate access to crop genetic resources
in a centre of crop origin and diversity.
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Sub-Tropical Areas: An Intensive Literature Review
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Moringa oleifera is a species of the Moringaceae family and mostly available in the
tropical and subtropical areas including Bangladesh, Nepal, India, Pakistan, Afgha-
nistan and some African countries. It is widely contributing to sustainable food,
agriculture and medicine development as well as sustainable aquaculture. MO is a
promising natural food source in the tropics because of its availability even in the end
of dry season when other foods are typically scarce. Furthermore, MO trees have
been advocated by the Educational Concerns for Hunger Organisation as a “natural
nutrition for the tropics”, especially among infants and nursing mothers. This litera-
ture review research has been conducted with more than 30 internationally published
research articles. It has been already proven that the MO tree is one of the most under-
utilized tropical crops because of lack of awareness, although it has multidimensional
applications and functionalities including antioxidant, anti-diabetics and antibacterial
activities. Apart from that, MO leaves extract shows the better results in a compar-
ison study of the antimicrobial activities of sea fish preservation compared to brine
solution. On the other hand, the entire MO trees (e.g. leaf, shoot, flower, pod, seed
and root) are using in numerous applications including traditional diets. Also, the
dried MO leaves can be preserved for a longer period without any preservative and
adverse nutritional losses. Hence, drying can be done using the economical household
appliance as well as commercial drying techniques. Above scientific evidence gives
an indication that the MO grown for economic purposes as well as on a commercial
scale, also the creation of employment, reduction of poverty and the rural develop-
ment. This review research work would deliver the key indications and background
for the future research.

Keywords: Economic and sustainable development, Moringa oleifera, natural
resource
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Remembering ‘Mauka’: Biocultural Diversity Conservation and
the Case of the ‘lost’ Andean Crop Mirabilis expansa (Ruíz & Pav.)

Standley
HARRIET GENDALL

University of Copenhagen, Dept. of Plant and Environmental Sciences, Denmark

The so-called ‘lost’ crop “mauka” (Mirabilis expansa [Ruíz & Pav.] Standley) is a
highly endangered and chronically understudied species of root vegetable native to
the Andes. Carried out in Peru, in collaboration with the International Potato Cen-
ter (CIP) and the National Institute for Agricultural Innovation (INIA); this in-depth
ethnobotanical case study is the first to assess both explanations for the decline of the
crop and approaches to its conservation. Emphasis is placed on farmers’ perspectives,
which were distilled from 40 interviews conducted with Andean farmers (26 actively
cultivating mauka and 14 who were familiar with or had given up cultivating the crop).
Mauka was found in Ancash, Huánuco and Puno – three regions of Peru that had pre-
viously been under-explored in terms of mapping the crop’s distribution – and a total
of 21 germplasm accessions were collected for ex-situ conservation; several of which
constitute morphotypes new to scientific research. The ‘lost’ crop case study was
framed by a broader discussion addressing processes inherent in biocultural diversity
generation and loss, particularly with relation to agriculture; which found ‘cultural
memory’ and ‘situatedness’ to be important considerations for the design of effective
conservation projects. It is argued that despite suffering from severe genetic erosion
and loss of associated ethnobotanical knowledge, mauka is worth conserving, and has
greater potential than originally thought; specifically in a gastronomic context. As part
of the study, mauka was introduced to chefs at Central Restaurant (Lima, Peru) – No.
4 of the World’s 50 Best Restaurants in 2016 – who carried out gastronomic experi-
ments with it and have now begun working with local farmers to revalue this ancient
crop. Mauka could well have an important part to play in the ‘cocina novoandino’
gastronomic movement; a new wave of cooking which centres on the rediscovery of
native Andean ingredients and associated cultural customs.

Keywords: Biocultural diversity, cocina novoandina, crop conservation, cultural mem-
ory, gastronomy, lost crop, Mauka, Mirabilis expansa
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Agrobiodiversity makes up part of the adaptive capacity and resilience of biocultural
landscapes; it allows for continuous innovation and evolution in response to new en-
vironmental challenges. Local communities, consciously or unconsciously, influence
agrobiodiversity through various management and cultural practices. In this study,
we combine agrobiodiversity conservation approaches and social-ecological systems
thinking to explore the adaptive management of agrobiodiversity in eight distinct
biocultural landscapes around the world, including pastoral, agroforestry and high
mountain sites in Bolivia, Cuba, India, Iran, Nepal, Sri Lanka, Thailand, Zimbabwe.
Adaptive management is a process of community decision-making about diversity
that integrates new experiences and knowledge into management practices to increase
resilience, and involves adjustments in response to new experiences and observations.
Adaptive management largely depends on the collective engagement of community
members through local institutions that can take different forms, from specific man-
agement plans to shared sets of beliefs. Data were collected in household surveys,
focus group discussions, and through participant observation and other methods. The
results of our study show the evolution of local institutions that guide the processes of
adaptation in the face of climate change and uncertainty, and ensure equitable sharing
of resources. Better understanding of adaptive management of agrobiodiversity can

Contact Address: Dunja Mijatovic, The Platform for Agrobiodiversity Research (PAR), Rome, Italy,
e-mail: dunja.mijatovic@agrobiodiversityplatform.org
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help identify constraints and opportunities for strengthening climate change resilience
through the strategies of diversification, conservation and restoration. We provide rec-
ommendations for initiatives targeting landscapes that comprise the global biocultural
heritage and serve as reservoirs of crop genetic resources of critical importance for fu-
ture food security and sustainable development.

Keywords: Adaptive management, agrobiodiversity, biocultural landscapes, resilience
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The Ebola virus disease (EVD) epidemic in West Africa (2013–2016) has been the largest
known EVD outbreak in history. More than 28,000 confirmed cases of EVD and more than
11,000 deaths have been reported in the three most severely affected countries Sierra Leone,
Guinea and Liberia. The unprecedented dimension of the epidemic caused disastrous economic
and humanitarian consequences for the local population.
Human-to-human transmission has been the predominant route of transmission responsible for
the rapid spread of the virus. However, the zoonotic origin of EVD outbreaks has been known
for a long time and contact of humans to infected wildlife and their infectious body fluids, such
as blood or excretions, is thought to facilitate the initial spillover into the human population.
Fruit bats have been postulated to be the wildlife reservoir for Ebola virus. With regard to other
animal species, there is a lack of knowledge concerning their susceptibility and potential role
as intermediate hosts for Ebola viruses.
In the “Ebola Foresight” project, a project in close collaboration between the Friedrich-Loeffler-
Institut (FLI), the Institut Pasteur in Guinea, the Sierra Leone Agricultural Research Institute,
and the Njala University in Sierra Leone, we aim to study the role of livestock, domestic animals
and wildlife as potential hosts in filovirus infection. Funded by the German Federal Ministry
of Food and Agriculture, the project furthermore aims to build capacities in the African partner
laboratories by training of local PhD students and laboratory staff. Diagnostic tools such as
serological assays and novel sequencing techniques will be implemented in the African labo-
ratories and will enable rapid specific responses to future outbreaks of zoonotic diseases. In
addition, these techniques are leveraged to provide first answers to the scientific questions of
the project. Complemented are these studies in the affected countries by laboratory studies at
the FLI. In the long term, the project will enable the African partners to establish successful
research projects, as well as to provide insight into the role of livestock and wildlife species in
the biology of Filoviruses.

Keywords: Capacity building, diagnostic assays, Ebola virus, filoviruses, livestock, West
Africa, wildlife
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Linking up Wildlife Conservation and Climate Change
Mitigation: The Case of Orangutans in Indonesia

TERESA ROJAS LARA, DANIEL MERDES
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Tropical peat swamps provide numerous environmental services and contain 30 % of
the world’s sequestered (or terrestrial) carbon. Indonesia has 50 % of the world’s trop-
ical peat swamp. However, Indonesia peatlands are under pressure due to land use
change, deforestation and fire occurrence. Indonesia is one of the top green green-
house gas (GHG) emitters with about 2 GtCO2 equivalents per year. Peatland and
forest fires are by far the largest contributors to Indonesia’s GHG emissions. In 2015,
approximately 2.6 million hectares of land in Indonesia were burned, half of it on
peatlands. Therefore, at the COP 21 in Paris the Indonesian government announced
plans to ban new developments and forest clearing in peatlands. Moreover, the gov-
ernment instructed to rewet drained areas by blocking drainage canals in order to
reduce CO2 emissions.
At the same time, efforts are made by the worldwide biggest primate conservation
NGO, Borneo Orangutan Survival (BOS) to contribute to the conservation of the
Bornean orangutan and its habitat through the involvement of the local population.
One of the intervention areas is Mawas, located within the ex-Mega Rice Project in
Central Kalimantan. Mawas encompasses around 300,000 ha, most of them peatlands,
and is the home to one of the last tracts of forest supporting wild orangutans. An es-
timated 3,000 wild orangutans and many other fauna and flora can be found in this
area. A direct link to GHG mitigation is given through the role of Mawas as an im-
portant storage of giga-tonnes of sequestered carbon. Wildlife conservation activities
involving forest conservation, reforestation and research thus unfold a direct positive
impact on GHG mitigation.
This paper presents current work of BOS Foundation in cooperation with BOS Ger-
many and other international organisations, central and local governments, as well as
local communities. The work focus on combined forest conservation and forest land-
scape restoration activities with Orangutan habitat protection in Mawas. Until now,
reforestation of more than 40 ha is completed and 27 canals are blocked, which rep-
resent a total of 58.4 Km of drainage canals. These actions contribute to rewetting of
1500 ha, which in turn is protecting an estimated area of 5000 ha of community forest.
Moreover, new proposals, which seek to combine REDD+ activities with community
development and Orangutan protection are in preparation.
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Remote Sensing Based Mapping of Crop Rotation Systems in the
Sudanian Savannah of West Africa

MICHAEL THIEL, ALEJANDRA NARVAEZ VALLEJO, GERALD FORKOUR,
MICHELLE UDER, CHRISTOPHER CONRAD
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West Africa is well known as a region with a very high poverty rate and high popu-
lation growth. The region is also known to be highly vulnerable to climate change.
Agriculture still is a main source of income in the Sudanian Savannah Zone of West
Africa where about 60–80 % of the population lives from subsistence farming. Ma-
jor crops in the study region, composed of watersheds in Ghana, Burkina Faso and
Benin, are cereals such as sorghum, millet, maize and rice. Cotton is widely grown as
a cash crop. In the past, farmers practised rotational farming including fallow periods
of about three to five years. Suitable land for farming becomes rare due to land degra-
dation and population growth. Consequently, fallow periods decreased or agricultural
areas are constantly used with negative effects on soil fertility and yields. Crop rota-
tion and intercropping, the latter defined as the growth of different crops on the same
field, are known as adaptation strategies to land pressure and yield insecurity. How-
ever, the spatial distribution and appearance of these cropping systems is unknown
in the region. Remote Sensing provides the data and methodological framework to
derive such information. We mapped land use / land cover on 5 m geometric reso-
lution during three consecutive years from 2013–2015 using a multi-sensor, multi-
temporal non-parametric classification scheme. The classification includes crop types
on a field base and covers three watersheds within the region. Since Remote Sensing
mapping is always accompanied by errors, this study focuses on the analysis to which
extend the combination of maps of the three consecutive years allow the delineation
of crop-rotation systems. Therefore, we applied post-classification change detection
on pixel and field base and compared the results with ground-truth survey and ques-
tionnaire data. Results showed that crop rotations could be mapped with an accuracy
of 60 – 77 %. Crop rotations can be found throughout the area, while the huge num-
ber of intercropped fields hinder the detection of the crop rotations especially close to
settlements.
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Changes in Local Land Tenure System in Response to Swidden
Transformation in Southern Chin State, Myanmar

PYI SOE AUNG

Technische Universität Dresden, Institute of International Forestry and Forest Products,
Germany

Swidden cultivation has been one of the most common land use systems in the upland
regions of the tropics. Many researchers agreed that swidden cultivation is still an im-
portant practice for the livelihood of upland communities, providing local resilience in
the face of turbulent social and ecological changes. Moreover, swidden farmers have
been practicing unique customary land management systems that preserve cultural
identify, equitable and secure land tenure, and social mechanisms that enhance com-
munity resilience. However, due to the increased access to market, the new cash crops
were introduced and swidden farmers have transformed their traditional shifting culti-
vation practices towards permanent agriculture. To understand the impact of swidden
transformation on local land tenure system, this study took 12 case study villages lo-
cated in and around Natma Taung National Park, southern Chin state of Myanmar.
The study applied Ostorm’s eight governance principles to analyse customary land
tenure system of swidden farmers. A total of 150 households were randomly selected
to analyse household livelihood strategies and their compliance with local customary
practices. Hierarchical cluster analysis was applied to categorise households based on
their income from different livelihood sources. Cultural consensus analysis was later
applied to determine household’s compliance with local customary land management
practices. The results demonstrate that households that engaged more in permanent
agricultural practices are less compliant with local customary practices. Moreover,
local land tenure systems have changed from collective to individual ownership in re-
sponse to the introduction of new cash crop namely elephant foot yam. This particular
trend has negative impact on the livelihood of marginalised and landless households
who previously have access to land under the communal land tenure system. The
study suggests that legalising communal land tenure system may reduce negative im-
pacts on the marginalised households and may increase social equity and community
resilience against turbulent social and ecological changes.
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Nested Archetypes of Vulnerability in African Drylands: Where
Lies Potential for Sustainable Agricultural Intensification?
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Food production is key to achieving food security in the drylands of sub-Saharan Africa. Since
agricultural productivity is limited, however, due to inherent agro-ecological constraints and
land degradation, sustainable agricultural intensification has been widely discussed as an op-
portunity for improving food security and reducing vulnerability. Yet vulnerability determi-
nants are distributed heterogeneously in these drylands and sustainable intensification cannot be
achieved everywhere in cost-effective and efficient ways. To better understand the heterogene-
ity of farming systems’ vulnerability in order to support decision making at regional scales, we
present archetypes, i.e. socio-ecological patterns, of farming systems’ vulnerability in the dry-
lands of sub-Saharan Africa and reveal their nestedness. We quantitatively indicated the most
relevant farming systems’ properties at a sub-national resolution. These factors included wa-
ter availability, agro-ecological potential, erosion sensitivity, population pressure, urbanisation,
remoteness, governance, income and undernourishment. Cluster analysis revealed eight broad
archetypes of vulnerability across all drylands of sub-Saharan Africa. The broad archetype
representing better governance and highest remoteness encompassed the largest area share
(19%), mainly indicated in western Africa. Moreover, six nested archetypes were identified
within those regions with better agropotential and prevalent agricultural livelihoods. Among
these patterns, the nested archetype depicting regions with highest erosion sensitivity, severe
undernourishment and lower agropotential represented the largest population (30 %) and area
(28 %) share, mainly found in the Sahel region. The nested archetype indicating medium under-
nourishment, better governance and lowest erosion sensitivity showed particular potential for
sustainable agricultural intensification, mainly in western and some parts of southeastern and
eastern Africa. Insights into the nestedness of archetypes allowed a more differentiated discus-
sion of vulnerability and sustainable intensification opportunities, enhancing the evaluation of
key interlinkages between land management and food security. The archetypes may support
the transfer of successful intensification strategies based on similarities among the drylands in
sub-Saharan Africa.
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Identifying Tipping Points in the Supply of Ecosystem Services in
Rural Environments of South-East Asia
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University of Hohenheim, Inst. of Agricultural Sciences in the Tropics (Hans-Ruthenberg-
Institute), Germany

The expansion of large-scale plantations has a major impact on tropical and subtrop-
ical landscapes, and in turn on their inhabitants. Especially in rural south-east Asian
regions, characterised by agriculture and forestry, people are highly dependent on
the supply of ecosystem services (ESS) and the preservation of ecosystem functions
(ESF) in order to maintain their livelihoods in the long term. The assessment of ESS
has considerably gained momentum concerning both scientific studies, but also po-
litical decision making processes. We use the ESS concept to analyse the impact
of potential future land use trends on a wider range of interdisciplinary topics. In
this context, we introduce a methodology for incorporating multidisciplinary mod-
elling and statistical analysis in order to identify tipping points in the provisioning
of ESS. The tipping point analysis includes hydrological, agronomical and climate-
regulation services, as well as multiple facets of biodiversity. The evaluation of tem-
poral trajectories in the provisioning of ESS and their potential tipping points allows
us to estimate Safe Operating Spaces (SOS) within our example dataset. The geo-
graphical focus of this dataset is the Naban River Watershed National Nature Reserve
(NRWNNR) in the Xishuangbanna prefecture, Yunnan province, PR China. By com-
bining multiple SOS, according to each of the modelled ESS, we define a framework
of multi-topical Safe Operating Spaces. Structured approaches for the integration of
transdisciplinary aspects into assessments are currently not well adapted to the needs
and abilities of interdisciplinary modelling. The development and field testing of
such a methodological framework for information transfer from stakeholders to sci-
ence and vice versa is therefore an integrated part of this study. We offer researchers
a tool to analyse potential critical thresholds and asses the socio-ecological resilience
related to land use change, both ex-ante and ex-post. Our results contribute to an im-
proved understanding on how to identify, evaluate and communicate the effects that
human interventions have on the provisioning of ESS/ESF in the analysed systems
considering questions of scale, modelling bias, resilience and off-site effects.
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Farming Inside a National Park – What Is the Way Forward?
ANITA HEIM1, AILI PYHÄLÄ2
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Bwabwata National Park is among the few protected areas in Africa where people are
permitted to reside inside the Park. However, the strict regulations on resource use
created a challenging food environment for the local indigenous previously hunter-
gatherer San people. Due to the daily struggle with food-insecurity, farming plays an
increasingly important social and cultural role among these communities. The aim of
this study is to investigate whether and how present farming practices inside the NP
can support food security and conservation aims simultaneously.
Between March and May 2017 in-depth interviews were carried out with 50 farmers
across 5 villages to understand the local characteristics of past and present farming
practices, the available inputs and the gained crop yield. Semi-structured interviews
with governmental officers, NGO representatives and conservation and agriculture
experts were also undertaken. The interviews were analysed by qualitative content
analysis, and GPS mapping and harvesting surveys were carried out to supplement
the qualitative data.
The results show that food security is not being met with present farming practices.
Crop yields are generally low and support the families of the farmers for only 3–4
months a year at most. Conservation efforts are also challenged by the current ‘slash
and burn’ practices as farmers frequently shift their crop production areas due to soil
erosion and human-wildlife conflicts. Local farmers lack the means and knowledge
to undertake soil management and protect their crops from pest and wildlife damage.
Stakeholders involved in the management of the NP have conflicting and minimal
interactions with each other and with the local farmers. Meanwhile, experts with
local knowledge are proposing new approaches towards local food security in the
NP. We identify these conflicts and contradictions, and present possible solutions and
pathways forward for both local food security and conservation in the park.
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Climate Vulnerability Assessment and Sensitivity Analysis in
Rainfed Farming Communities of Kerala, India
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Smallholder farmers, over 1.5 billion people worldwide, are disproportionately vulnerable to
the impacts of climate change as a result of poverty, reliance on natural resources and limited
capacity to adopt new livelihood strategies. For them, climate change is a daily reality that
threatens their source of livelihood: agriculture. In India, more than fifty percent of farmers
rely on rainfed agriculture in which ‘delayed, deficient or erratic rains’ lead to severe decline
in production and productivity. There is, therefore, an urgent need to identify approaches that
strengthen the adaptive capacity of smallholders. Here comes the importance of Watershed De-
velopment Programmes (WDPs) as they have the potential to make a significant contribution to
enhance the resilience of rain-fed farmers through natural resource management and livelihood
support system activities. The Government of India initiated WDPs for rainfed areas more than
five decades ago and doubled the financial support for every five year plan. Therefore, it is of
great importance to exercise a closer scrutiny over the WDPs, especially in the light of growing
concerns about climate change.
In this context, our study analyses and compares the effectiveness of the WDPs against climate
vulnerability in one of the most vulnerable hotspots in Kerala, India. For this, we deducted
a Climate Vulnerability Index (CVI), which comprises of three vulnerability dimensions, ten
major components that describe the dimensions and 59 individual indicators for the assessment
of the major components. The primary data used for this study were obtained from house-
hold surveys and key informant interviews. We used a bootstrapping method and conducted
a sensitivity analysis to test the performance of the CVI among three different communities.
First, there are no significant differences in the adaptive capacity between the communities, i.e.
the CVIs are similar. However, we found significant differences in sensitivity and exposure
dimensions. Secondly, the sensitivity analysis shows that ‘Livelihood Strategies’ and ‘Social
Network’ are the most influencing major components of vulnerability in the watersheds. The
bootstrapping approach proved to be very helpful in testing for the robustness of our results and
is replicable to evaluate the potential effectiveness of various other climate change programmes.
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Land Conservation and Food Security Threats in Southern
Zambia: A Land Tenure Dimension
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In Zambia, smallholder farmers are the major food producers and highly dependent on
rain fed agriculture. Amidst the environmental challenges, sustainable land practices
are imperative to attaining better agricultural productivity and food security status.
The objectives of this study are to quantify the differential impacts of land tenure
regimes on incidence of land practices in agricultural productivity, to establish the
prevalence of food insecurity using the food consumption score indicator and to de-
termine factors that influence food security. Data collection employed a structured
questionnaire survey and focus group discussions on land tenure systems existing
in Zambia namely state (leasehold) and customary (indigenous) covering 400 farm
households in four districts of southern Zambia. Data analysis was done in IBM SPSS
and STATA software with multiple regression analysis and ordered probit model sta-
tistical methods. The results showed that land practices measured as adopting levels
was significant in state land with activities of crop diversification, fertiliser tree plant-
ing and use of organic manure. Similarly, food security status revealed better results
for state land compared to customary land with 40 % and 68 % poor status indicating
significant statistical differences. The factors that significantly contributed were age,
education, marital status, household size, access to credit, number of crops, number
of livestock species and household income. The study suggests that implementation
of sustainable land practices play a vital role in improvement of agricultural produc-
tivity and food security status. In addition, land tenure systems have a huge influence
in investments of land conservation and this calls for concrete supportive land and
agricultural policies.
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Identification of Suitable Tea Growing Areas in Malawi under
Climate Change Scenarios
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Food security in Malawi is extremely vulnerable to climate change; a situation which
is exacerbated by widespread poverty. Variation in climate and weather events such
as precipitation, droughts and floods impact the growth rate and quality of the tea
plant. In this study we discuss possible climate change impacts on the tea produc-
tion of Malawi. In recent years a shift has been observed in the climatic conditions
of the country. From 1960 to 2003 the average temperature increased by 0.9°C and
a higher number of hot days and nights were recorded. These changes may have a
strong impact on the tea plant in terms of growth and quality and therefore on the
tea production. It is projected that precipitation rates in the future are defined by a
strong heterogeneity and more frequent extreme weather events are expected such as
heavy rainfalls or droughts. Using global change models (GCM) we assessed climate
change impacts and projected risks to tea production in Malawi. Suitability types
for tea production were defined by RandomForest (RF) classification using a combi-
nation of spatial climate data from WorldClim and a database of occurrences of tea
production. Malawian experts evaluated and verified tea occurrence data for model
input and confirmed the validity of the resulting model for current conditions. The
validated models were then extrapolated on climate data for the periods 2020 to 2049
and 2040 to 2069 in an intermediate emissions scenario for 19 GCMs. The models
estimate an overall loss of suitable area for tea in the future. We focused on the dis-
tricts Mulanje, Thyolo and Nkhata Bay. Only Mulanje is able to cope with the climate
change. Thyolo, as well as Nkhata Bay, will experience a drastic reduction of suitable
area. As a conclusion, it is highly recommended to implement adaption strategies in
the districts most effected by climate change.
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Alluvial gold mining activities generate large amounts of dredged sediments that are
deposited in banks and areas near the river. Agroforestry systems have been estab-
lished for reclamation of these deposits in the gold mining area of El Bagre, Colombia,
with the aim to support agricultural land use by establishing crops in more fertile areas
of the deposits while bringing non-fertile areas to productivity through the planting of
trees. Spatial variability of sediment deposits depends on the type of machinery used
for mining and geochemical properties of the exploited alluvial areas.
To support farmer’s decision making regarding soil management, the main objective
of this study was to understand the spatial variability of the soil properties of the de-
posit areas that might affect plant growth and crop productivity. For this purpose,
site-specific management zones were delineated to identify areas within the field with
homogeneous properties. Delineation of management zones allowed to identify areas
within the field with homogeneous characteristics such as texture and nutrient levels.
Soil samples were taken from 310 locations distributed in four reclamation areas of
50 ha each, established in 2002, 2006, 2010 and 2014. Spatial distribution of soil
properties was generated through spatial interpolation with ordinary kriging. Spatial
principal component analysis and fuzzy cluster classification were performed to delin-
eate management zones. For validation of the management zones, multispectral aerial
images were used. NDVI maps were elaborated with the multispectral orthomosaics
and integrated with ground-based measurements of physicochemical soil properties.
This integrated analysis can be used to direct site-specific management for the ongo-
ing reclamation process by identifying areas with high potential for crop establish-
ment and areas that should be revegetated with trees or cover crops to improve soil
quality. Combined analysis of NDVI maps and physicochemical properties of each
area allowed to classify the studied areas in four management zones. The presence or
absence of vegetation cover within these areas was related to differences in organic
matter, nutrients content and particle size distribution of the soil. These results sug-
gest that the delineated management zones can help to identify management strategies
and inputs required to improve crop productivity and revegetation.
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Linking Land Use Displacement, Agricultural Intensification and
Forest Transitions – A Contribution to Theory Development in

Land System Science
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Land constitutes a nexus between the current environmental and societal challenges.
Balancing these tradeoffs and synergies is the focus of Land System Science (LSS).
Within this frame, we analysed the three central issues of contemporary land systems:
land use displacement, forest transitions and agricultural intensification. We started
by establishing a set of operationalizable hypotheses and causal mechanisms based
on different theories addressing those topics (environmental Kuznets curve, ecologi-
cal modernisation, comparative advantage, pollution haven, theories on forest transi-
tion among others). LLS has contributed to understand the causes and consequences
of land change through the production of methodological innovations, empirical ob-
servations and contextual explanations to land changes, in particular through case
studies. However, very little theoretical development has taken place in this disci-
pline. Theories intended to explain these three types of land changes leave important
aspects unexplained and theory addressing the linkages between their dynamics is not
convincing. Models in land changes also suffer from this, as they are often based
on practical rather than theoretical considerations. In addition, the important role of
trade because of globalisation is sometimes not properly taken into account; current
geographic and economic theories focus either on international trade or on local land
change processes but they rarely link the two. The methodology of this paper consists
on a review of different theories that deal with land changes and the identification of
the hypothesis and causal mechanisms in which they are based. Followed by the op-
erationalisation of those hypotheses and their analysis using panel data econometrics.
The panel is composed by a sample of 200 countries, which have been classified into
smaller and more homogenous groups. With that propose socioeconomic data (from
World Bank, ILO, World Development Indicators), trade data (from United Nations
COMTRADE, FAOSTAT), biophysical variables (from FAOSTAT) and variables on
consumers attitudes has been used. The results obtained from the econometric analy-
sis are expected to fix the current gab of LSS in theory development and move forward
a new generation of LSS. At the same time, this information will serve policy makers
when making decisions on land management at global and local scales.
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The lagoon of Porto-Novo is one of the most important ecosystems in Benin because
of its ecological function for aquatics animals and its socio-economic services for
surrounding population. Over the past years, the use of natural resources of the la-
goon was intensified generating social conflicts and natural ecosystem degradation.
Through this study, we firstly aim to analyse the forms and the intensity of water uses
at Porto Novo lagoon with regards to its regenerative capacity and secondly to assess
the consequences of the use of the lagoon and the resulting risks on the surrounding
population. Socio-economic survey was conducted in 7 villages surrounding the la-
goon to assess the lagoon uses form and its consequences on both the ecosystem and
local population. Our results showed that the lagoon of Porto-Novo is used for fish-
ing, sand extraction, transportation of goods and services, as well as domestic uses.
Fishing is the main developed activity in and around the lagoon. The analysis of the
regenerative capacity of the lagoon as well as its current productivity trends indicated
a real depletion and threat on fish stocks in the lagoon. Thus, a sustainable man-
agement of the lagoon is required through an integrated approach which takes into
account the structure and dynamics of fish productivity as well as the involvement of
local population and different stakeholders for an effective management and sustain-
able use of the lagoon resources. Finally, this study provides useful information for
policy makers to promote the sustainable management of the lagoon of Porto-Novo
in Benin and reversing the process of overuse.

Keywords: Degradation, ecosystem, lagoon of Porto-Novo, regenerative capacity,
sustainable management
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The Great Ruaha River flows from Mbeya through Njombe and Iringa regions in the
Southern Highlands of Tanzania and connects to Kilombero and Rufiji Rivers in Mo-
rogoro and Coast regions, respectively. The River and its catchments form Kilombero
wetland, which is a potential ecosystem to the Tanzania’s economy. However, the in-
tense utilisation of land resources for various human activities has resulted into some
changes in the land cover type along the river basin and its catchments. To analyse the
spatial-temporal changes, multispectral LANDSAT imageries of 1986 and 2015 time
periods were used. A total of seven land cover types were identified and classified and
later change detection analysis was performed. The dynamic index of land use and
land cover was computed to quantitatively monitor the change in intensity of one land
cover type. Over the period under study farming activities along the river catchments
increased by 27 %, with a dynamic degree of 0.2541 percent. On other land cover
types, forest, bushland and grassland decreased by 27 %, 24 % and 11 %, with dy-
namic degree of (-0.0501), (-0.3633), and (-0.7848) percentages respectively. It was
detected that wetlands increased by 7 %, with a dynamic degree of (5.9813) percent.
The land cover change detected contributing to depletion of natural vegetation, which
may cause changes in the water balance in the river and its catchments. The study
highlights the need for a management plan for enhancing the sustainable conservation
of the Great Ruaha River, considering the human activities, climatic anomalies and
hydrological conditions of the River basin and its catchments.
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Nansanga Farm Block in Zambia
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The contemporary phenomenon of large scale land acquisitions (LSLAs) for food
security, financial investments, biofuel production and carbon markets, have spurred
polarised debates among development practitioners, policy makers, civil society or-
ganisations, business communities and local communities. The debates are bifurcated
into techno-economic optimism on the one hand, and naively grounded and unsub-
stantiated populism, on the other. Literature on LSLA is more grounded at global,
continental/regional and national levels. These levels of investigation have focussed
on land global markets, global financial uncertainties, biofuels and the spike in food
prices of 2007/2008. The investigations take a geopolitical lens that categorises the
global north as ‘resource poor, financial haves’ and the global south as ‘resource rich,
financial have-nots.’ They have also focused on national policies, corruption and
government complicity. The analyses at these levels share a common caveat: relia-
bility of data. The actual socio-economic and ecological implications at community
level are not fully understood. This is owing to the incipience of the phenomenon,
and epistemological and methodological challenges. In 2002 the Zambian govern-
ment approved the establishment of farm blocks across the country to commercialise
agricultural land to attain economic diversification, enhance food security, open up
undeveloped rural areas, reduce poverty and minimise rural to urban migration. In
the LSLAs debate, where does the Zambian farm block programme as model of rural
development fit? Taking Nansanga farm block in central Zambia as case study, this
research seeks to challenge the mainstream socio-economic and ecological optimists
and populists in the LSLA debates. The research uses participatory rural appraisal
methods. Preliminary results indicate that socio-economic and ecological implica-
tions of LSLA are diverse and context-specific. They indicate that there have been
improvements in physical capital and cash flow into Nansanga area on the one hand,
and on the other, land loss, poor wages and land use change.
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Due to increased world demand for palm oil and suitable conditions for oil palm
production, Cameroon has witnessed a sharp rise in oil palm plantations since 2009.
Unfortunately, their expansion represents a threat to forest landscapes, wildlife biodi-
versity and the environment and contributes to deforestation and degradation of nat-
ural forests. Hence, this study aims to model the most convenient economic and
environmental alternative to smallholder farmers willing to conserve the forest while
simultaneously producing oil palm so as to earn high returns. The study uses sec-
ondary and primary data collected from April to September 2016 in the Ngwei forest
areas of Cameroon, where 216 smallholder farmers were randomly selected in the
Makondo and Ndjockloumbé villages. Data on input and output levels as well as
prices of oil palm and forest products were analysed using a Linear Programming
(LP) technique to compute the number of hectares of land to be allocated to the forest
and/or oil palm activities so as to maximise the social welfare, given the constraints
of available resources of land, labour, capital and oil palm trees. From the field survey
results, a smallholder farmer uses on average 15 ha of land, 8760 mandays of labour,
880250 FCFA of capital, and 1429 oil palm plants per cropping season. The prelimi-
nary LP results suggest that a socially efficient outcome is achieved when smallholder
farmers use 9.993 ha of land (67 % of land availability) for oil palm cultivation and
5.007 ha (33 % of land availability) for forest conservation. The sensitivity LP anal-
ysis, however, suggests that, a higher proportion of forest land could be conserved if
smallholder farmers were encouraged and supported to increase the productivity of
their plantations through the offer of improved seed varieties, good farm maintenance
or mechanisation, farm technology innovation, and improved farming conditions. The
government policy should support such economically and environmentally more sus-
tainable solutions, which enable smallholder farmers to earn similar or higher returns
while preserving the environment.
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(Hevea brasiliensis) in Xishuangbanna with Landsat Satellite
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TILL MONTAG, PHILIP BECKSCHÄFER, CHRISTOPH KLEINN

University of Goettingen, Chair of Forest Inventory and Remote Sensing, Germany

The timing of phenological events of trees, such as leaf onset and senescence, has es-
sential implications for hydrological and biogeochemical cycles as well as for organ-
isms, populations and ecological communities. For rubber trees in Xishuangbanna,
Yunnan, China, it is assumed that the timing of the leaf onset is related to the trees‘
susceptibility to powdery mildew disease, a disease caused by the fungus Oidium
heveae that predominantly infests young and tender leaves after sprouting. Leaves
and twigs of infested trees die-back affecting photosynthetic efficiency, and hence,
reducing seed and latex production. There are indications that late wintering trees,
i.e. trees which regrow leaves at a later point in time, are particularly affected by
the disease. Therefore, information on the timing of the leaf onset is crucial for the
scheduling of disease control including sulfur fumigation. In the context of monitor-
ing and assessing plant phenology, ground-level surveys are very time consuming and
expensive so that remote sensing techniques may be employed for indirect observa-
tions. This study describes the possibilities and limitations of using Landsat satellite
imagery with a temporal resolution of 16 days and a pixel size of 30 m to model and
investigate the temporal and spatial variability of phenological events across China’s
second largest rubber growing region – Xishuangbanna. We used Landsat time se-
ries data from 1991, 1995, 2003, 2014, 2015 and 2016 to map phenological patterns
of rubber plantations and analysed relationships between the timing of phenological
events and topographic variables. Analyses revealed that the timing is among other
factors influenced by the geographic location and, at a finer scale, by the topographic
position of the rubber plantation. Earlier leaf onset was observed on upslope positions
and at higher elevations. The described relationships between leaf onset and topog-
raphy provide meaningful information to predict the timing of leaf onset of future
years and to support a more focused control of the powdery mildew disease in rubber
plantations.
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Livelihoods and Sustainable Land Management in the
Mountainous North of Afghanistan

TIPHAINE LEUZINGER, DOMINIC BLAETTLER, AQILA HAIDERY, PIA FEHLE

Bern University of Applied Sciences, School of Agricultural, Forest and Food Sciences,
Switzerland

Life in the mountainous North of Afghanistan is exceptionally harsh. In a context
of high fragility, deep poverty and severe land degradation questions to do with food
security and livelihoods figure very prominently. Experiences from different parts of
the world show that sustainable land management (SLM) practices may constitute a
promising way forward. This study investigates people’s livelihoods in a case study
area in Northern Afghanistan. Based on that, it identifies potentials and limitations
for the implementation of SLM practices that were recently introduced by a devel-
opment project (terracing, gully treatment, pasture rehabilitation, grazing plan etc.).
For this purpose, a survey was conducted in three villages with 121 women and men
farmers, complemented with 24 key informant interviews and 26 focus group dis-
cussions. The analysis focuses on peoples’ perceptions and whether and how these
differ by gender, age, socio-economic position and village context. Findings suggest
that agriculture is an important but not the only livelihood activity of local people.
Local off-farm activities such as craft, small-scale trade, gold washing, and agricul-
tural wage labour as well as labour migration to other villages, districts or countries
(i.e. Iran) also play a crucial role. Especially part of the young generation aspires to
new livelihoods and to an urban life. Many people mentioned conflicts, physical and
mental illnesses and disabilities, a lack of resources and debts as major challenges.
In addition, external constraints such as insecurity, lack of employment opportuni-
ties and missing infrastructure, schooling and health services were mentioned. All
of the above absorbs attention, workforce and money and seems to have implications
on the diffusion of the newly introduced SLM practices: while people appreciate the
project interventions and observe positive results, spontaneous replication is low or
even absent. Potential hindering factors mentioned by farmers regarding the practices
include high establishment and maintenance costs, heavy workload, required skills
and coordination efforts. From the current perspective, external support seems thus to
be necessary for the implementation of SLM practices at a larger scale. The manifold
needs and aspirations of local people moreover suggest that further issues within and
beyond agriculture require utmost attention.

Keywords: Adoption of innovation, fragility, migration, rural development, socio-
economic research
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Crop Type and Condition Monitoring: A Multi-Temporal and
Multi-Sensor Approach
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Due to growing population, sparse land and water resources, the need for enhancing agricultural
productivity to ensure food security is increasing. Accurate crop maps and other data products
derived from earth observation can build the basis for agricultural monitoring at different ranges
of scale. Such data are one of the essential means to support sustainable land management. In
this study, we exploited the intra-annual temporal signatures of remotely sensed observations
and used the prior knowledge of crop calendars to create a sequential processing chain for
crop classification and condition monitoring by focusing on drought impact. Time series ob-
servations that were derived from both optical (Landsat-8, Sentinel-2) and Synthetic aperture
radar (SAR) sensors, were used in order to identify the crop type and productivity reduction
due to moisture scarcity or increased evaporative demand. Landsat-based time-series metrics
that capture the within season phenological variations were preprocessed and analysed using
Google Earth Engine cloud computing platform. The development stage of each crop through-
out the growing season was modeled and the model’s output was further used for the automatic
generation of training samples. Sentinel-1 images were used as additional input of contex-
tual feature information to classification. Two classification schemes were applied (Random
forest and decision fusion) to discriminate the main crops in the study area: cereals (wheat,
barley), maize, soy, and sunflower. The Normalized Difference Vegetation Index (NDVI) and
dual (VV + VH) polarisation backscattering time series were used to identify the main char-
acteristics of drought (start, end, duration, intensity) for different crops during different stages
of the crop development.Tested methods yielded acceptable levels of accuracies in the range of
80–86 %. Combined use of the Landsat time series and Sentinel-1 data improved the classifica-
tion accuracy. These sensors offer imagery with 10–20 m to 30 m spatial resolution, providing
opportunities for regional monitoring of crop conditions.The methods were tested on data from
two consecutive years, which enabled us to study the effect of inter-annual meteorological dif-
ferences. Based on our results, we recommend the use of multimodal satellite data to derive
accurate crop maps and information on crop condition over several years.
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Alternative Landscapes to Face Land and Energy Scarcity: Case
Study in Sudanian Savannah of Ghana
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Despite steady economic growth, sub-Saharan Africa faces major challenges to develop its bio-
economies due to stagnating or even decreasing efficiency in the conversion of environmental
resources into socio-economic goods. Many regions of the continent experienced no improve-
ment in terms of nutrition security and hunger alleviation over the last 20 years. There is po-
tential to raise yields significantly but the commercial balance of most African countries hardly
allows to undertake the required measures. Therefore, we hypothesise that the path of devel-
opment followed in the biomass production sector has been so far unsustainable. We propose
to concentrate efforts on changes in landscape configuration to maximise the benefits obtained
from the potential of nature to sustain biomass provision. We simulated data for each of the
main agricultural and woody land use types of the interior savannahs of West Africa under
different management techniques, on their capacity to provide biomass products and maintain-
ing ecosystem functions, complemented by a holistic energy balance assessment that includes
human and animal labour inputs, as a key measure of sustainability. The results have been
stored in the database of a land use change model used to create different landscape scenarios
over a fine-resolution land use map. The potential of the current land use pattern to satisfy
present human calorie intake requirements is sufficient, but some micro-nutrient shortages are
found, particularly acute in the case of vitamins. Future demands of calorie intake will most
likely be attained by further agricultural expansion, which will imply a reduction of vegetation
cover, including clearing of woodlands to satisfy fuel demands. No alternative land use pattern
will provide nutritious enough food unless significant improvements in the irrigation systems
are achieved. The potential of promising crops, such as maize, to enhance food and nutrition
security is limited, unless mineral fertiliser application increases 5- up to 10-fold beyond cur-
rent levels, due to their poor performance on the available (low) fertile lands. Furthermore,
a trade-off exists between increasing rainfed agriculture yields to desirable levels and water
available for irrigation. We provide recommendations regarding cropping systems that enhance
the sustainable production of food and fuel.
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Large areas of the Atlantic Forest region in the state of Rio de Janeiro (RJ), Brazil,
have suffered from historical deforestation and degradation due to landscape trans-
formation towards economically unsustainable coffee and sugar cane plantations con-
verted into cattle pastures afterwards. Today, over 50 % of the RJ area is covered
by pastures mainly on slopes and managed by smallholder farmers. An inadequate,
lacking or unsustainable management in combination with unsuitable environmen-
tal conditions has led to high pasture degradation, threatening the socio-ecological
resilience of the landscape. If no appropriated rehabilitation measures and/or sustain-
able pasture management will be applied to this fragile, historically strongly modified
landscape, pastures will soon devastate to a degree and extent, where land use will not
be profitable anymore and the rural population may lose its main source of income.
The study aims at improving the adaptation to exacerbating environmental conditions
in rural areas of RJ, driven by inappropriate land use and climate change with in-
creased droughts and heavy rainfalls. The status and drivers of pasture degradation
are analysed based on a case study in the municipality of Itaocara (RJ) and linked
to possible strategies for pasture rehabilitation and appropriated management. The
implementation, monitoring and post-management of a low-cost pilot rehabilitation
measure on a medium degraded sloped pasture in rural Itaocara is presented which
aims both at strengthening pasture resilience against degradation and continuation of
extensive rotational pasture management at the same time. The selection of appro-
priated strategies depends on degradation level, site conditions, farmers’ acceptance,
expected costs, required man-power and time for measure implementation.

Keywords: Degradation, erosion, pasture rehabilitation, sloped pasture, unsustain-
able land-use

Contact Address: Roman Seliger, University of Leipzig, Department of Geography, Johannisallee 19,
04103 Leipzig, Germany, e-mail: roman.seliger@uni-leipzig.de

66 ID 1035



Land use and land use change — Posters

Shifting from Subsistence Farming in Rwanda: Understanding the
Effects on Food Access among Smallholder Farmers
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For over fifteen years, agricultural transformation strategies in Africa and specifi-
cally, Rwanda have focused on shifting from the largely subsistence to market ori-
ented farming. This has been particularly taken as a key strategy to end poverty and
food insecurity in the rural areas. As the majority of Rwandan farmers are smallhold-
ers, some concerns that the new production system may increase their vulnerability
and risks to food insecurity have been raised. Although recent reports show that the
level of food availability has increased in the country, farmers’ dependency on food
markets has also increased and surprisingly, cases of malnutrition still persist even in
regions considered as the country’s granary. The question is whether commercialisa-
tion of smallholder farmers would improve or worsen households’ access to food and
consequently affect their food and nutrition security. This paper used the Household
Commercialisation Index (HCI) and the Household Food Insecurity Access Score
(HFIAS) on a sample of 331 farmers to investigate the linkages between commer-
cialisation and food security in Rwanda. Results showed that 32 % of the households
could be categorised as market oriented famers. Regarding food access, the HFIAS
calculations allowed us to classify 14 %, 18 % and 68 % households, respectively, as
food secure, moderately food insecure and severely food insecure. Results of an Or-
dered Logistic regression showed that farmers with higher level of commercialisation
were more likely to be food secure in terms of access. Other factors like land, access
to credit, distance to market, and distance to the border (for cross-border trade) had
a positive effect on the level of food security access. Male headed households were
found to be more food secure.

Keywords: Commercialisation, food access, ordered logistic, Rwanda, smallholder
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New Incursions of Pests and Diseases Present Serious Threats to
Plant Health and Sustainable Agricultural Production in

Sub-Saharan Africa
STEPHAN WINTER

Leibniz-Institute, German Collection of Microorganisms and Cell Cultures Gmbh, Plant
Virus Department, Germany

Pests and pathogens pose a significant threat to food production accounting globally
for almost 20 % of losses to agricultural production. While plant health threats from
pests and diseases are as old as agriculture itself, a new dynamics has become evident
by the enormous numbers of novel pathogenic organisms that are introduced often
far from their original distribution into new areas, to spread and establish causing
serious disturbances and imbalances in the management of crops. This dynamics is
driven by a the sharp increase of global traffic including the exchange of materials
across continents, a division of agricultural production and the intensification of agri-
culture per se. The changing climate presents additional stresses to crop cultivation
from warming and unpredictable weather patterns with strong effects on the develop-
ment of pest and pathogen populations, their dispersal and impact on both crops and
environment. Plant health is compromised by all these negative effects which taken
individually are difficult to quantify. However, as is evident from the recent outbreaks
in particular in Africa; the devastating epidemics of bacterial wilt disease in banana,
the spread of maize lethal yellowing virus disease, the range expansion and human
assisted spread of cassava brown streak virus disease and the continent wide invasion
of the fall armyworm Spodoptora frugiperda; most the biggest threats to agricultural
production is from the incursion of NEW pests and diseases rather than from changes
in pest & pathogen populations. Prediction and assessment of risks from emerging
and re-emerging pests and pathogens is keeping research very busy while much less
is done to support (resource-poor) farmers in taking the necessary preparatory steps
to reduce impact.
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Bacteria of Cowpea (Vigna unguiculata) in Seven Geographic

Regions of Kenya
JONAH NGENO1, GEORGE CHEMINING’WA2, ROBERT JACKSON3,

MARGARET HUTCHINSON2

1University of Eldoret, Seed, Crop and Horticultural Sciences, Kenya
2University of Nairobi, Plant Science and Crop Protection, Kenya
3University of Reading, Biological Sciences, United Kingdom

Cowpea is an important drought tolerant legume crop in Kenya. Its production is limited by ni-
trogen (N) deficiency in soils, but most farmers rely on organic manure and biological nitrogen
fixation to supply nitrogen requirement of cowpea plants. Bradyrhizobium spp. USDA 3456
(Biofix) is the only commercial Rhizobium inoculant available for cowpea production in Kenya.
However, research findings shows insignificant growth and yield response of cowpea inoculated
with this strain of Bradyrhizobium, probably due to its low symbiotic efficiency. There is need
therefore to identify and select native strains of cowpea rhizobia efficient in nitrogen fixation in
Kenyan soils, but information on their genetic diversity is limited. The study objective was to
characterise the genetic diversity of cowpea nodulating rhizobia in soils from 23 sites in seven
geographic regions of Kenya, through sequencing and phylogenetic analyses of 16s rRNA and
rec A genes.
Based on 16s RNA sequence analysis, 25 isolates were identical to known nitrogen fixing bac-
teria; twenty one belonged to genus Rhizobium, the rest were in genera Bosea, Bradyrhizobium
and Mesorhizobium. There was congruence in phylogenetic grouping of rhizobial isolates in
both 16s RNA and recA trees. However, incongruence in species identification of three isolates
was observed in sequence analyses of both genes, but 16s RNA gene gave ≥ 99 % sequence
homology to known species in NCBI GenBank, and may have given better species identifica-
tion. One isolate may represent a novel species in the genus Rhizobium. Forty three endophytic
plant growth promoting bacteria were also isolated, and 84 % were strains of Bacillus mega-
terium and Bacillus aryabhattai. Among the seven geographic regions, Nyakach central had
the highest species diversity of 2.15 on Shannon’s index.
It was concluded that the genetic diversity of symbiotic and beneficial endophytic bacteria of
cowpea in the study area is high, and Nyakach central has the highest species diversity. Contrary
to most published work, Rhizobium sp. appears to be more competitive in nodulating cowpea.
There is a need to establish the symbiotic efficiency of the Rhizobium isolates, and whether co-
inoculation with plant growth promoting bacteria can enhance growth and yield of cowpea.
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Systemic Infection and Aggressiveness of Curtobacterium
flaccumfaciens pv. flaccumfaciens Analysed by Scanning Electron

Microscopy in Different Genotypes of Phaseolus vulgaris
ADRIANE WENDLAND1, STELLA CRISTINA DIAS VALDO2, LEILA GARCÊS2

1Brazilian Agricultural Research Corporation (EMBRAPA), National Rice and Beans
Research Center (CNPAF), Brazil

2Federal University of Goias, Brazil

Bacterial wilt due to Curtobacterium flaccumfaciens pv. flaccumfaciens (Cff ) ranks
first in order of economic importance. It reduces grain yield by colonizing xylem
vessels impeding the translocation of water and nutrients to the superior plant parts.
Genetic resistance is the most efficient and cheapest way to control this disease in
common bean To obtain resistant cultivars, a genetic improvement programme must
consider pathogenic variability, genetic control over pathogen resistance, and meth-
ods of evaluating resistant genotypes. This study aimed to analyze, using the scanning
electron microscopy, the xylem vessels colonized by the C. flaccumfaciens pv. flac-
cumfaciens in resistant, moderately resistant and susceptible genotypes of the com-
mon bean plant and identify different levels of aggressiveness of Cff isolates, and the
horizontal /vertical resistance of common bean genotypes.The isolates were classified
into four aggressiveness groups and the most aggressive isolates were BRM 14939,
BRM 14942, that cause further reduction in height, differing from the control (non-in-
oculated plants). Plants inoculated with these isolates showed all symptoms evaluated
and higher intensity of disease. It was observed variation in plant height according
to the isolates used. In contrast, the less aggressive ones were BRM 14941and BRM
14946, and the plants showed lower intensity of disease, and symptoms of wilt and
flaccidity were more frequent. The genotypes IPA 9, Ouro Branco and Michelite
were selected as more resistant among the test isolates. The genotypes Coquinho,
BRS Cometa, CNFP 10104, BRS Requinte, and A211 exhibited horizontal resistance
and the genotypes IPA 9, Ouro Branco, Michelite, BRS Requinte, and TU genotypes
exhibited specific resistance to the major isolates of the pathogen that causes bacterial
wilt. In contrast, the TO, Cornell 49242, IAC Carioca Pyatã, Uirapuru, IPA 7419,
PI 207 262, Widusa, IPA 6, Pérola, BAT 477, BRS Esplendor, CNFC 10408, BRS
Estilo, Vermelho, BRS Campeiro, IAC Carioca Aruã, AND 277, IAC Carioca Akytã,
and IPA 1 genotypes did not contain horizontal resistance to the inoculated isolates.
The BRS Cometa, A 211, Coquinho, CNFP 10104, CNFRS 11997, and Frijólica
0–3–1 are highly susceptible to bacterial wilt.

Keywords: Bacteria, common bean, disease, genetic control, resistance structures
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Virulence Diversity of Soybean Rust Isolates from Africa
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1International Institute of Tropical Agriculture (IITA), Tanzania
2United States Department of Agriculture (USDA), Agricultural Research Service, United
States of America

3AVRDC - The World Vegetable Center, Thailand
4Wageningen University and Research, Dept. of Plant Sciences, The Netherlands

Soybean rust caused by the biotrophic pathogen Phakopsora pachyrhizi is a highly
destructive disease that occurs worldwide causing substantial yield losses. The dis-
ease has so far spread across most soybean growing areas in Africa threatening the
growing soybean sector. Breeding for resistance is so far the best management strat-
egy for soybean rust. Knowledge about P. pachyrhizi virulence is therefore needed
to guide development and deployment of soybean germplasm with durable resistance
against all pathogen populations. To assess the virulence diversity of P. pachyrhizi,
17 isolates from four different African countries were characterised on 11 soybean
host differentials with known resistance genes. All the isolates induced tan lesions
with abundant sporulation on genotypes without any known resistance genes and on
those with resistance genes Rpp4 and Rpp5b. The most durable gene was Rpp2 as
96 % of the isolates induced reddish brown lesions with little or no sporulation. The
South African isolate was the most virulent with virulence on six of the host differ-
entials, whereas those from Malawi and some of the isolates from Tanzania had the
lowest virulence. Four distinct pathotypes were identified in this study, one each in
Kenya, Malawi and South Africa and two in Tanzania representing considerable P.
pachyrhizi virulence. The three isolates from Malawi and 50 % of the Tanzania iso-
lates were grouped into one common pathotype, suggesting the presence of an iden-
tical P. pachyrhizi population in those countries. Soybean genotypes carrying Rpp1b,
Rpp2, Rpp3, and Rpp5a resistance genes and cultivars Hyuuga and UG 5 were found
to be resistant against most of the African isolates and therefore may be useful for
soybean-breeding programs in Africa or elsewhere.

Keywords: Differentials, Phakopsora pachyrhizi, resistance
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African Nightshades and African Spinach Lures Plant Parasitic
Nematodes to a Dead-End

OLIVER CHITAMBO1, SOLVEIG HAUKELAND2, KOMI FIABOE2,
FLORIAN M. W. GRUNDLER1

1University of Bonn, Inst. Crop Sci. and Res. Conserv. (INRES) - Molecular
Phytomedicine, Germany

2International Center for Insect Physiology and Ecology (ICIPE), Plant Health Division,
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Modern cropping systems are characterised by genetically uniform crop plants. These
crop plants are normally cultivated at high densities with very little variation in species
composition at both spatial and temporal scales. Consequently, this has fueled the
rapid evolution and transmission of crop pests and pathogens such as parasitic ne-
matodes. Parasitic nematodes, particularly root-knot nematodes (RKN: Meloidogyne
spp.) and potato cyst nematodes (PCN: Globodera spp) are plant pathogens of eco-
nomic importance causing severe yield loss. African nightshades (Solanum spp) and
African spinach (Amaranthus spp) are important leafy vegetables in many parts of
Africa as a rich source of nutrition and income. However, their potential use as trap
crops for parasitic nematodes remains largely unexplored. Therefore, we tested re-
sistant Amaranthus dubius and Solanum scabrum as a trap crop for RKN and PCN
respectively over 2 years in an experimental station in Kenya. The effects of the 2
trap crop on plant damages and soil infestation were compared with susceptible crop
species. After first, second and third implementation of Amaranthus dubius trap crop
our results show that RKN infestation of the soil decreased by 90, 85 and 90 % respec-
tively, whereas Solanum scabrum trap crop decreased Globodera spp by 85, 80 and
80 % respectively. Over a period of 2 years, the gall index measured on susceptible
Solanum villosum decreased from 3.5 to less than 1. To gain some insights into the
mechanism behind the suppression of parasitic nematodes by the 2 trap crops hatch-
ing and infection assays were carried out. Solanum scabrum trap crop stimulated the
hatching of Globodera spp by more than 65 %. Later, the infection process in both
trap crops was blunted by nematode triggered cell death and cell wall reinforcement
following nematode detection. Here, we show for the first time the design of a crop-
ping system using resistant African spinach and African nightshades as a trap crop
for RKN and PCN, respectively. This approach creates dynamics in cropping systems
allowing more diversity to inflict disruptive pressure on RKN and PCN populations
and increase the sustainability of agriculture.

Keywords: Genetic resistance, sustainable agriculture, trap crop
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Development of a Certification Program for Virus-Tested Plant
Material in Colombia: A Collaborative Initiative
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Crops grown for export in the tropics supplement economies by providing rural in-
come and means of employment, and in certain countries there is a lack of infor-
mation and continuity to control pathogens. Plant viruses severely affect Colombian
crops, and studies indicate that economic losses caused by phytosanitary problems
could be avoided with a standard procedure for preventive management. German
and Colombian universities, the Colombian Agricultural Institute (ICA), the Colom-
bian Corporation of Agricultural Investigation (CORPOICA), and the International
Center for Tropical Agriculture (CIAT) are working together on the initiation of a
national agricultural certification program. Three important exports from Colombia
have been chosen as model plants for experimentation: ornamental rose (Rosa sp.),
cape gooseberry (Physalis peruviana L.), and purple passion fruit (Passiflora edulis
Sims). Tests for routine detection of plant viruses affecting these cultivars are be-
ing developed based on an inventory of known and novel viruses detected in large
and small representative farms in 2016–17. Distribution of known plant viruses af-
fecting rose (PNRSV, TSV), cape gooseberry (PVY), and purple passion fruit (SMV,
PFYMV) were investigated by serological (ELISA) and molecular (RT-PCR) tech-
niques. Novel viruses will be identified by application of Next Generation Sequenc-
ing (NGS) to pooled samples of diseased crops. Small national producers and larger

Contact Address: Joseph Cutler, Humboldt-Universität zu Berlin, Albrecht Daniel Thaer-Institute of
Agricultural and Horticultural Sciences (ADTI), Lentzeallee 55/57, 14195 Berlin, Germany, e-mail:
joseph.cutler@agrar.hu-berlin.de
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exporters of horticultural and agricultural products can benefit from tools for control-
ling viral pathogens. The competitiveness of Colombian agriculture in international
markets depends on the use of healthy domestic plant material and therefore, virus-
free certification can improve quantity and quality of yields and contribute to better
trade policy decision-making. The goal of this research is to develop a pilot protocol
for routine diagnosis that can be applied in a certification programme for virus-tested
plant material for several Colombian horticultural products.

Keywords: Certification, Colombia, plant viruses, quality yields, rural livelihoods
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Detection and Characterisation of a New Ilarvirus in
Passiflora edulis
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Humboldt-Universität zu Berlin, Albrecht Daniel Thaer-Institute of Agricultural and
Horticultural Sciences (ADTI), Germany

Colombia is one of the world’s main producers and exporters of tropical fruits. Pro-
duction, commercialisation, and export of these fruits are gaining substantial impor-
tance for the Colombian economy. Colombia lacks a robust preventive management
programme for the control of plant viruses. In a large project between German and
Colombian universities, the Colombian Agricultural Institute (ICA), the Colombian
Corporation of Agricultural Investigation (CORPOICA), and the International Center
for tropical Agriculture (CIAT), tests for certification of virus-tested plant material
are being developed. After banana (Musa acuminata) and cape gooseberry (Physalis
peruviana), purple passion fruit (Passiflora edulis Sims) is the third largest fruit ex-
port of the country. The consumption of purple passion fruit is expanding worldwide,
and due to Colombia’s climatic and geographical conditions, the country could play
a leading role in this market. Recent studies have shown the presence of a new virus
of the Ilarvirus genus in Colombian purple passion fruit farms. The spread of this
virus could mean drastic reduction of crop yields and major economic losses. Having
a good understanding of the biology of this plant pathogen is essential to Colombian
farmers for preventing its infection and negative impacts on this crop. For this pur-
pose, molecular biological tools such as nucleic acid isolation, polymerase chain re-
action (PCR), and Next Generation Sequencing (NGS) are being used to measure the
frequency and distribution of this virus in Colombia, to characterise which symptoms
are associated with it, and to identify the pathways for its transmission. This research
will contribute to methods for distributing virus-free plant material of Passiflora edulis
in Colombia, and the protocols developed will be applied to other important Colom-
bian exports.

Keywords: Certification programme, Passiflora edulis Sims, plant viruses, tropical
fruits
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Impact of Cocoa Cropping Systems and Varieties on Cherelle
Wilt, Yield and Foliage Density
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Cocoa tree (Theobroma cacao L.) is one of the world´s most important perennial
crops. In nature cocoa grows in the shaded understorey of rain forests. Due to the
increased demand for cocoa in the last decades farmers are removing shade trees and
grow cocoa in unsustainable full-sun monocrop systems because this usually results
in higher yields. Cocoa yield losses might occur due to several pest and diseases, but
also a high number of pods are lost at the very early stage of fruit development, the so
called cherelle wilt. It is caused by a physiological reaction of the tree which leads to
the abortion of the small pods. This study evaluates the effects of the cropping systems
and cocoa varieties on cherelle wilt, yield and foliage density. It was performed in the
long-term trial which was initiated by the Research Institute of Organic Agriculture
(FiBL) in 2008 in the region Alto Beni in Bolivia. In this trial, 5 different cropping
systems are compared, i.e. full-sun monocultures (MONO CONV/ MONO ORG) and
agroforestry systems under conventional and organic management (AF CONV/AF
ORG) and a successional agroforestry system (SAFS) under organic management. In
this study, two commercial varieties (ICS 6, ICS 95), variety TSH 565 of the Trinidad
Selection Hybrid and the local cultivars (IIa 22, III 6) were tested. The parameters
crown volume, foliage density and light transmission at stem were collected at tree
level. With the LAI-2200C plant canopy analyser measurements were made above
and below the canopy to determine the light interception. Afterwards the foliage
density and crown volume were calculated with the software. A coordinate system to
determine the crown volume was created for each tree directly in the field. The lowest
cherelle wilt ratio of 34 % was found in the system MONO ORG and the highest 49 %
in the SAFS. In all systems, the lowest cherelle wilt ratio was observed in the variety
THS 565, whereas variety ICS 95 had the highest. The effect of crown volume, foliage
density and light transmission on the incidence of cherelle wilt and production will be
shown and discussed.

Keywords: Agroforestry systems, crown volume, monocultures, organic farming,
systems comparison
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Impact of Termites on Cocoa Yield under Different Cocoa
Cultivation Systems in Cameroon
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Termites are increasingly recognised as a major pests of cocoa cultivation. The trend
to cocoa intensification in cocoa agroforests of Cameroon must strongly lead to ter-
mite pest outbreaks and affect the cocoa yield. A cross-sectional survey was con-
ducted within five localities of Southern Cameroon along a shade gradient manage-
ment of cocoa cultivation practised from heavy shaded to unshaded systems. A total
of 104 farmers were surveyed to obtain information about termite perception and ef-
fect of pest species on cocoa yield in each locality. Overall, 43 % of respondents
reported termites as a major constraint to cocoa cultivation and placed them in third
position after S. singularis and borers. In Heavy shaded systems, the most impor-
tant damages of termites on cocoa trees are observed on stems while in low shaded
systems damages are concentrated on roots system related to sudden death of cocoa
trees. Globally, the shade trees removal increase cocoa yield in low shaded systems
compared to heavy shaded systems. However, the effect of termites on cocoa yield
was more important in low shaded systems with up to 50 % of yield loss compared
only 15 % of loss in heavy shaded systems. The agrochemical inputs were signifi-
cantly higher in low shade systems than in heavy shaded systems and cocoa farms
highly infested by termites presented a more high inputs use than poorly infested co-
coa farms in the same locality. By foraging on roots system of cocoa trees, termites
affect negatively the cocoa health resulting in decrease of cocoa yield and even death
of the tree. This study showed that Talba’s agroforestry system (intermediate shading
system) combining a sustainable cocoa production and some important ecological and
economical services especially pest biocontrol, needs to be promoted at large scale.

Keywords: Agroforestry systems, cocoa intensification, pest outbreaks, termite
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Improved Metarhizium brunneum Endophytism for Biological
Protection of Potato Plants
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Entomology, Germany

Conventional insect pest control faces a growing number of problems, such as the
decreasing efficacy of many commercial insecticides, the need for repetitive applica-
tion as well as ecotoxicological issues. Biocontrol with endophytic entomopathogenic
fungi is a promising alternative to chemical pesticides to protect crop plants system-
ically from insect herbivores, paving the way for a novel plant protection measure.
Yet, current applications are limited especially by low fungal plant colonisation, a
requirement for endophytic biocontrol.
Inspired by penetration mechanisms of plant pathogenic fungi, we aimed at enhanc-
ing potato plant penetration and colonisation by the endophytic entomopathogenic
Metarhizium brunneum strain Cb15 through supplementation of plant cell-wall de-
grading enzymes pectinase and cellulase or corresponding substrates into beads con-
taining mycelial biomass.
We found that after bead application to potato tubers and incubation at 18–23 °C with
a LD cycle of 16:8 for 21 days, M. brunneum was re-isolated from surface-sterilized
roots, tubers, and shoots in 75.0± 9.4 %, 33.3± 9.8 %, and 29.2± 15.1 % of samples,
respectively. Additional verification of re-isolated M. brunneum was conducted with
qPCR. Pectinolytic and cellulolytic enzymes were successfully induced by addition
of corresponding substrates, but activity levels were low and no correlation between
enzymatic activity and fungal penetration was found. However, incorporation of cel-
lulase into beads led to a substantial increase in plant penetration by 25.0 % in roots,
54.2 % in tubers, and 16.6 % in shoots. This was accompanied by a 3.0-fold enhanced
spore formation on the surface of beads to 1.91× 10 8 ± 0.26× 108 per bead. Finally,
a stronger root development of treated plants was observed indicating a fertilising
effect mediated by the formulation.
Our study provides first evidence that refined formulations of endophytic entomopa-
thogenic fungi could contribute to a more effective use of these fungi in strategies
priming plants against biotic and abiotic stress.
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Efficacy of the Augmentative Release of Bracon hebetor against the
Pearl Millet Ear Headminer
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Pearl millet is a staple food cereal crop in the Sahel where it is grown by smallholder
farmers for their own consumption. It is a hardy crop with high level of nutrients
and can develop on soils with low fertility and in extreme drought conditions. How-
ever, the grain yields at farmer fields are far below the potentials. The yield losses
are attributable to abiotic and biotic constraints including the millet ear headminer
Heliocheilus albipunctella the most damaging insect pests, which can destroy up to
85 % in the field. This study aimed at assessing the efficacy of the parasitoid wasp
Bracon hebetor augmentative release to control H. albipunctella in the pearl millet
production within the groundnut basin of Senegal. The study area was divided into
three homogeneous blocks (northern, southern and eastern parts) where a set of three
control villages and three releases villages were taken. The results showed, the millet
headminer was the most frequent insect pest in all locations representing 80 % of the
samples. Compared to stem borer Coniesta ignefusalis and H. albipunctella incidence
was significantly higher. The natural parasitism by Bracon hebetor was around 3 %
to 15 % in the the southern and eastern parts of groundnut basin. It was very high in
the northern part with 85 % larval mortality. In all villages where the parasitoids were
released, an increase in the parasitism level ranging between 9 % and 26 % of larval
mortality were noted in comparison with the control villages. In contrast, damages
recorded were significantly lower in the villages with parasitoids releases.

Keywords: Augmentative release, biological control, Bracon hebetor, ear headminer,
pearl millet
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The Project ATTRACAP: Optimisation of an Attract-and-Kill
Strategy for Wireworm Control in Potato
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Wireworms, the polyphagous soil-dwelling larvae of click beetles (Coleoptera: Ela-
teridae), are a major insect pest of worldwide relevance causing tremendous yield
losses in several crop production systems, like potatoes, maize and other grain crops,
oil crops as well as vegetables. Within the last years wireworm damage in potato pro-
duction substantially increased, both in conventional and organic production systems,
resulting in existence-threatening yield losses for farmers. Currently, effective plant
protection strategies are not available due to the progressive phase-out of effective
synthetic chemicals.
Based on previous projects, an innovative and effective control strategy was devel-
oped, using biological components. A capsule releases carbon dioxide (CO 2) upon
contact with the soil humidity, which attracts the wireworms towards these capsules,
where they come into contact with an isolate of the entomopathogenic fungus Metarhiz-
ium brunneum, thus substantially enhancing the frequency of fungal infections of
wireworms. The project aims at improving the efficacy levels of in previous projects
developed product candidate ATTRACAP®. The innovative formulation technology
and resulting beads will be fine-tuned and tested and validated under varying field
conditions. Apart from the academic partners, members of the project consortium
comprise the company producing the product, and consultants which stay in contact
with the farmers and will help with set-up of field experiments. As an outcome of the
project an optimised product ATTRACAP® will be available, helping both conven-
tional and organic farmers to maintain a sustainable potato production. This poster
will present the first results of the recently started project including field trials 2017.
Our formulation will pave the way towards novel “Attract-and-Kill” strategies in pest
control.

Keywords: Attract-and-kill, biocontrol, biological control agents, CO 2, entomo-
pathogenic fungi, formulation
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The Project PICTA-KILL - Novel Strategies for Biological Psyllid
Pest Control
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Psyllid pests are distributed all over the world and cause damage in crop plants. Novel
defense strategies against these insect pests are of international interest. The use of
entomopathogenic fungi as biocontrol agents for reducing psyllid pest populations
represents a plant protection method of low risk for nature and humans as well.
Being the vector of Candidatus Phytoplasma mali, the infectious agent of apple pro-
liferation, the psyllid Cacopsylla picta is responsible for an annual economic loss of a
three-digit-million range in Europe. Because there are no direct measures to combat
apple proliferation, the vector itself has to be controlled in order to protect the plants.
In Germany, there are no authorised plant protection products available, neither for or-
ganic farming nor for conventional farming. New insights into the scent preferences
of C. picta offer innovative options for its control. Hence, the aim of this project is to
develop formulations, which can be applied for “Attract-and-Kill”-strategies against
C. picta. Furthermore, it will be examined if a combination with repellent agents
supports the effect (“Push-Pull-Kill”- strategy).
In laboratory and field trials new repellent, attractive and arresting substances, ento-
mopathogenic microorganisms and other insecticides effective against C. picta as well
as formulation materials and methods for these active ingredients will be screened.
For the entomopathogenic microorganisms, cost efficient mass production processes
will be developed. Appropriate formulations will be developed and tested in labora-
tory and field trials. This joint projects cooperates with the Eilenberg group of Copen-
hagen University on entomopathogenic fungi. First results of the recently started
project on strain selection, cultivation, identification of semiochemicals and formula-
tion will be presented.

Keywords: Attract-and-Kill, Cacopsylla picta, entomopathogenic microorganisms,
Push-Pull-Kill
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Awareness and Perception about the Occurrence, Causes and
Consequences of Aflatoxin Contamination and the Willingness to

Pay of Aflatoxin Control in Burundi and Eastern Democratic
Republic of Congo
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Despite efforts to reduce aflatoxin contamination and associated mycotoxin poisoning, the phe-
nomenon continues to pose public health threat in food and feed commodity chains. To sup-
port effective development and deployment of technologies and strategies, this study examines
awareness and perception of the occurrence, causes, and consequences of aflatoxin contamina-
tion among a cross section of 310 farmers in Burundi (160) and eastern Democratic Republic
of Congo (DRC) (150). The results show about 53 % aware rate within the sampled. Farmer-
to-farmer information flow serves as important source of information about aflatoxins. While
farmers in Burundi access their information from government extension services, those in east-
ern DRC obtain information through their own observation. Kendal’s concordance rank cor-
relation analysis shown agreement in the perception of the farmers across the two locations.
The results showed that the use of contaminated seeds potentially increases the prevalence of
aflatoxin contamination. Severity on the other hand is associated with delayed harvesting and
the extent of spread of the contamination. Biological factors such as pest and disease attacks
also increases the prevalence and severity of aflatoxin contamination. Drought stress and high
temperatures followed by high humidity towards harvesting periods increased the prevalence,
severity and spread of aflatoxin contamination. The farmers also identified changes in taste,
smell, and colour of agricultural produce as signs of contamination. They associated contam-
ination with reported cases of liver infections and low resistance to diseases. This is further
compounded by their inability to sell crop at true market values. The results suggest the need to
increase awareness among farmers about aflatoxin contamination and associated effects. This
require partnerships with actors in the food value chains. There is also the need to examine the
extent to which technologies are suitable and affordable for farmers. The willingness to pay
was positively influenced by farmers income and knowledge. In order to intervene sucessfully
the aflatoxin control package needed to be a low-cost differentiation in the market that was also
credible with farmers. Development of markets that reward growers of aflatoxin free maize
with premium prices for their product will further increase adoption of aflatoxin combating
technologies

Keywords: Aflatoxin, awareness, farmers, Kendal’s concordance, perception, willingness to
pay
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Groundnut is one of Zambia’s cash and food security crop, and yet it is highly susceptible
to pre- and post-harvest aflatoxin contamination. Aflatoxins are carcinogenic, immune sup-
pressant and growth retardant substances that often undermine improved nutritional health sta-
tus and livelihoods of smallholder farmers in Africa. However, limited information exists on
the effect of farming systems on aflatoxin occurrence in Zambian agricultural commodities.
This study assessed, on-farm, the impact of agronomic practices on aflatoxin contamination of
groundnut. Groundnut samples were collected from different agro-ecological zones of Zambia
from the field at harvest and from local markets. Of the 300 analysed samples, the occurrence
of aflatoxin was found to be very high with 53 % of harvest and 98 % of market samples testing
positive for the contaminant. Total aflatoxin was noted to vary from 0.4–6,095 ppb (harvest
samples) and 0.1–5,325 ppb (market samples). Mean aflatoxin contamination level in harvest
samples (246 ppb) was higher than the market samples (180ppb). Contamination of harvest
samples, however, was enhanced by the farming practices. The groundnut variety Chalim-
bana (438 ppb) and Kamulomo (454ppb) appeared more susceptible than MGV5, MGV4 or
Njute varieties (1.3–203 ppb). Timely planting at the onset of rains (mid-November to mid-
December, 67 ppb) reduced aflatoxin contamination by over 5 times when compared to late
planting (beyond 20 December, 396 ppb). Growing groundnut in a virgin land or after a fal-
low period supported less contamination levels (1.4–20 ppb) than when the crop was cultivated
in a field where maize (202 ppb) or other legumes (247 ppb) were previously grown. Mono-
cropping (311 ppb) doubled aflatoxin contamination in harvested groundnuts compared to those
collected from intercropped fields (132 ppb). The present study confirms the role of good agro-
nomic practices in reducing aflatoxin contamination of groundnut in the field. Farmers need
to integrate variety selection with good agronomic practices if they are to consume and market
healthy groundnut commodities.
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Aflatoxins are naturally occurring, potent fungal toxins in maize and other cereals, spices, herbs
and nuts, which are declared responsible for stunting in children and may poison humans and
animals even at low concentrations. The frequent occurrence of aflatoxin in food and feed,
especially under sub-Sahara climatic conditions, is related to enormous economic losses in
the African countries and has a great impact on food safety. Despite the still relevant gain of
knowledge and tremendous efforts of the scientific community, the aflatoxin problem has not
been solved yet.
The design of the presented project founded by the German Ministry of Food and Agriculture
in 2016 is built as an initial study that is planned to be followed by a more intensive, overall
collaborative project with European and African partners. The goal of the AflaNet project is
to establish a long-term network between scientific and development partners in Kenya/East
Africa and Germany to transfer knowledge for reducing aflatoxins in the food value chain.
Scientific results have been gathered within the project
• by conducting a carry-over study of aflatoxin into milk,
• about verifying aflatoxin rapid tests and
• to set up molecular methods ensuring the control of fungal contamination.
Information about the extent to which aflatoxins are transferred from the feed into the milk and
what content can be found in yogurt and cheese, will be presented. This information is of great
importance, because it is not an unusual strategy of farmers feeding their cattle with moulded
maize unsuitable for food and consuming the contaminated milk in the diet. In addition it is
desirable that less trained persons (such as farmers) should be able to detect aflatoxins simply,
quickly and safely in order to ensure the harvested maize (or milk) are of no health concern.
Furthermore, improved methods will be reported to determine the conditions which lead to
aflatoxin formation, to monitor the growth of Aspergillus flavus and to obtain knowledge about
the physiology and the behaviour of the fungus.

Keywords: Aflatoxin B1, Aflatoxin M1, Africa, Aspergillus flavus, carry-over, food safety,
fungal contamination, maize, milk, mould, mycotoxin, PCR, rapid test
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Aflatoxins (AFs) are noxious secondary metabolites of certain fungal species found in
food and feed. Contamination of a commodity is associated with production and stor-
age losses, and subsequently less food availability. Aflatoxins can also pose human
health risks and represent a barrier to the development of trade, in both domestic and
international markets. In this study, samples of cassava, maize, groundnuts, beans,
soybeans, and sorghum, and their processed products were collected from local mar-
kets in Burundi and Eastern DRC. In order to investigate the levels of AF, samples
were analysed using a single step lateral flow immunochromatographic assay (Reveal
Q+). The results revealed the presence of AFs in all samples from both countries,
with levels ranging from 1.5 to 2781 μg kg -1. Samples collected from Burundi con-
tained relatively higher levels of AFs. In 51 % of all the crops samples, total AF
contamination was above the EU maximum tolerable level of 4 μg kg -1. Processed
products, particularly from groundnut, maize and sorghum, had the highest incidence
of AF contamination when compared to dried seeds. These results can serve as the
basis for strategic and systematic approaches to reduce AF contamination in agricul-
tural commodities in Burundi and Eastern DRC in order to reduce health risk, avoid
reduced production in livestock, and open up export markets. To further strengthen
the national efforts in abating contamination, risk assessments are proposed in order
to establish regulatory thresholds that the local consumer population can depend on,
and which can be used to monitor safety across the country.
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Banana/plantain is a staple crop for smallholder farmers in SSA both for income generation and
food security. The perennial crop form the backbone of many farming systems in these regions
as it produces fruits all year round while protecting the soil from erosion, providing shade to
other crops and surviving floods. Despite its importance, its production is faced with major
challenges including Banana Bunchy Top Disease (BBTD). BBTD is spread over 16 countries
in SSA and it is estimated to affect about 6 to 12 million smallholders. It threatens banana pro-
duction and its continuous spread has affected rural livelihoods leading to changes in food and
nutritional patterns and gender relations within households. The study seeks to assess the im-
pact of BBTD on food security and nutrition patterns and gender dynamics within households
in the affected communities. The study conducted in the BBTD project pilot sites (Cameroon,
Benin, Gabon and Nigeria) in Central and West Africa used quantitative and qualitative re-
search approaches with a standardised methodology to collect data from each pilot site. A total
of 541 households were interviewed in three communities in each pilot site as addition to focus
group discussions and community profiles conducted for men and women separately in each
community. Agriculture is the mainstay of smallholder farmers for income generation and food
security. Majority of respondents (female and male) cultivate banana for sale and household
consumption (79.4 %) followed by respondents who produce solely for sale (18.6 %) and 2 %
solely for consumption within the household. Nigeria ranked banana as 1st choice crop for men
and women, Gabon ranked it 2nd to cassava. Cameroon ranked banana as 1st choice for women
and 2nd to cocoa for men. More than 90 % indicated the presence of BBTD which has led to
yield and income loss. Introduction of management techniques and the dissemination of clean
seeds is vital to curb down the disease and boost production especially given that no varietal
resistance to this disease has so far been identified.
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Ecofunctional Management Strategies for Diaphorina citri on
Organic Orange Orchards

LEA FORSTER1, CARLOS CASTILLEJOS CRUZ2, SALVADOR GARIBAY3

1University of Kassel / University of Goettingen, Germany
2National Autonomous University of Mexico, Botany, Mexico
3Research Institute of Organic Agriculture (FiBL), Dept. for International Cooperation,
Switzerland

This study was conducted to develop eco-functional management strategies on or-
ganic citrus orchards. The citrus Huanglongbing (HLB) or greening disease is con-
sidered as the most destructive and devastating citrus disease worldwide. The bacteria
Candidatus Liberibacter is the causal agent for the disease and mostly disseminated
by the Psyllid Diaphorina citri. Therefore, this research explores potential differ-
ence in the quantity of natural enemies of D. citri in two different weed-management
systems for organic citrus production. The weed management included i) an alter-
nate weeding, ii) and a frequent and low weeding, both within the tree rows. The
on-farm study was conducted in Mexico, Veracruz on a 2 years old organic orange
(var. Valencia) orchard under a systematic line sample design. Data was taken from
5th of February till the 18th of March. Measurements were conducted in total 3 times
for the weed composition and 5 times concerning Arthropode diversity. Along tran-
sects randomly ten square metre of floral composition were determined on species
level. Afterwards the alpha and beta biodiversity are calculated with the Shannon-
Wiener index, the evenness and the beta biodiversity with the Jaccard’s index. D.
citri, Coccinellidae and Crysopidae were observed on 4 sprouts of each 3 selected
tree/treatment with a magnifying glass. With an insect net, the arthropod populations
on the ground between the trees were caught and placed into polyethylene bags with
alcohol 70%. Afterwards, the insects were counted and divided into the different
orden level. Preliminary results show that there was no difference in the weed com-
position concerning family level. The species number was on the second and third
observation date higher in the treatment with alternate weed management, 57 and 51
species against 53 and 45 in the low weed management but the Shannon index was
higher for the low mowing weed management. D. citri population was not signifi-
cantly different among treatments (correlation of 0.34). However, the amount of D.
citri was lower in the alternate weeding compared with the frequent weeding. That
is in contrast to the other arthropods, which were abundant in higher numbers in the
alternate weed management.The amount of natural enemies decreased strongly after
the second observation and was the same for both treatments.
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Kenya ranks among the top five pineapple exporters in the world. Canned pineapple is the
largest single manufactured export in Kenya making pineapple an important commodity in
monetary terms. Pineapples are hosts to one or more species of plant-parasitic nematodes and
are responsible for considerable yield losses. The presence of Meloidogyne javanica in root
or soil samples has been associated with crop losses. To secure yield and profits, the exten-
sive use of soil fumigants is currently unavoidable for the management of these plant-parasitic
nematodes. However, the adverse impact of these pesticides on human health and the envi-
ronment is evidently a major concern and alternatives that are economically competitive are
urgently needed. Biological control is being considered as part of an integrated strategy for
the management of plant parasitic nematodes in Kenya. Several native commercial and non-
commercial biological control products that possibly meet these criteria have been identified.
The work presented evaluates the efficacy of endophytic and saprophytic native fungal iso-
late against Meloidogyne javanica on pineapple. Trichoderma asperellum M2RT4 (ICIPE),
Purpureocillium lilacinum (dudutech), Trichoderma asperellum (dudutech), Purpureocillium
lilacinum (KBL) were tested. Two approaches were adopted to evaluate the efficacies of the
selected fungal isolates, (1) an in vitro assay to investigate the effect of culture filtrate of se-
lected fungal isolates on egg hatching and juvenile mortality, and (2) the effect of the selected
fungal isolates on nematode development was studied in pot trials. Rooted pineapple plants
were drenched with a conidial suspension of 1× 108 conidia ml−1 of each fungal isolate and
then infected with Meloidogyne javanica. After 12 weeks, plants were uprooted and evaluated
for efficacy of the products. Of the four fungal isolates tested in vitro, Trichoderma asperellum
isolate M2RT4 provided the best biocontrol efficacy in vitro, It reduced root-knot nematode
egg hatching 100 % as compared to other fungal isolates, the same isolate causes 100 % sec-
ond stage juvenile paralysis 5 hours after fungal filtrate application with 97 % recovery when
transferred into distilled water. Pot assay fails to demonstrate the ability of fungal isolates to
successfully reduce nematode penetration, galling and reproduction of Meloidogyne javanica.
This study provide the potential of Trichoderma asperellum M2RT4 for use against Meloidog-
yne javanica as an egg pathogen. These results indicate that most fungal biocontrol agents can
cause total nematode paralysis not necessarily mortality with nearly 100 % nematode recovery
after 7 – 9 days.
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Utravilolet B (UVB) from sunlight is the main constraint to using the environmen-
tally friendly baculovirus in plant protection, especially in tropical and subtropical
countries. Eleven oils emulsified with lecithin were evaluated as UV protectants to
improve the persistence of the beet armyworm nucleopolyhedrovirus (SeNPV) in the
laboratory. Seven of these (cotton seed, olive, flax, soybean, black seed, wheat germ
and safflower) at a concentration of 1 % provided UV protection compared to virus
alone (with lecithin) treatment irradiation under UVB for 30 minutes in the labora-
tory. There was a relatively high rate of protection when plant derived materials, i.e.,
henna, clove, skullcap, peppermint and Marasperse® (lignin), at the concentration
of 0.25 %, were mixed with cotton seed oil at 1 % and exposed to UVB light for 5
hours. The absorption spectra of the materials, either tested singly or in combina-
tion with plant derived materials, was reflected in the absorption spectrum, with more
absorption providing more protection against UVB.
Field trials with collard showed that the virus alone (with only H2O) rapidly lost
its activity after 2 days. The original activity remaining (OAR%) values were 86.66,
41.37, 0.0 and 0.0 % after 1, 2, 4 and 7 days, respectively. Whereas, addition of cotton
seed oil emulsifier to black tea provided the highest rate of protection with OAR% of
96.55, 63.33, 34.62 and 17.24 % for the same days after treatments, respectively. Also,
addition of cotton seed oil emulsifier to the lignin provided UV protection to 100, 58,
43.33 and 3.33 % respectively for the same exposure times under sunny days. The
study recommends using of natural oils to improve the persistence of baculoviruses.
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The host-preference and parasitic capacity of four local Trichogramma spp. towards four
species of stored product moth eggs were investigated in laboratory experiments in order to
select new candidate species for inundative releases against lepidopterous pests in storages.
Experiments were carried out by offering a single parasitoid female to eggs of the Indianmeal
moth Plodia interpunctella (Hubner), the Mediterranean flour moth Ephestia kuehniella Zeller,
the warehouse moth E. elutella (Hubner), and the almond moth, Cadra cautella (Walker) in
choice and no-choice assays. The Trichogramma species were collected from arid and semi-
arid areas in Egypt. These were T. bourarachae, T. cordubensis, T. euproctidis, T. cacociae, and
their efficacy was compared with the common wasp used commercially for biological control
of stored product pests (T. evanescens).The bioassay for host-preference of Trichogramma was
carried out by offering a single wasp female the choice between equal numbers of host eggs
on square cards “Petri dish tests“ and /or strip cards “strip card tests”. In Petri dish tests, E.
kuehniella was a highly acceptable host species for T. bourarachae, euproctidis, and cacociae
wasps. While elutella and cautella eggs were more acceptable for evanescens and cordubensis,
respectively. In strip card tests, E. kuehniella eggs were highly acceptable for bourarachae,
cacociae and evanescens. Eggs of elutella and cautella were more acceptable for euproctidis
and cordubensis, respectively. Also,the comparative study of parasitic capacity of the Tri-
chogramma spp. was carried out under ‘no choice conditions’ by exposing a freshly emerged
single wasp to an unlimited number of host eggs. Significant differences were found among
the parasitic capacity of the tested Trichogramma spp.: T. borarachae showed a good parasitic
potential against S. cerealella and E. kuehniella; T. evanescens and T. cacociae against S. ce-
realella; T. cordubensis against S. cerealella and P. interpunctella and T. euproctidis against
P. interpunctella. However, dissection of host eggs with wasp-emergence holes showed that
all tested wasps had a propensity to superparasitize the host eggs. T. cordubensis, T. euproc-
tidis and T. borarachae showed promise for further investigation into selecting new biological
control agents against stored product lepidopterous pests.
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Cowpea Vigna unguiculata L. Walp is an important indigenous leafy vegetable grown
in the tropics mainly as an inter crop with cereals. It is drought tolerant and improves
soil fertility. Cowpea production in the tropics is below world production records
mainly due to damage by arthropod pests and among them cowpea aphid, Aphis crac-
civora Koch, is a major pest causing direct damage by removing plant sap and in-
directly by transmitting viral diseases. Chemical pesticides used in management of
cowpea aphid have undesirable effects including toxic residues on food, indiscrim-
inate killing of beneficial arthropods, are expensive and lead to development of re-
sistance. Entomopathogenic (EPF) based biopesticides offer a sustainable alternative
to chemical pesticides in the management of cowpea aphid as they are environment
and user friendly and are compatible with other IPM strategies like biological control.
Two isolates of Metarhizium anisopliae (ICIPE 62 and ICIPE 41) and one Beauveria
bassiana (ICIPE 644) isolate which caused 90, 80 and 75 % mortality respectively to
cowpea aphid under laboratory conditions were evaluated under field conditions for
two seasons for their performance against cowpea aphid. Conidia in oil formulation
was applied at the rate of 1×1012 conidia ha−1. In the first season, characterised by
high rainfall and late and low aphid infestation, the isolates did not result in signif-
icant reduction in aphid population density and leaf yield gain compared to control.
However, in the second season with reduced rainfall and early and high aphid in-
festation all the isolates recorded significantly reduced aphid densities compared to
control. Furthermore, ICIPE 62 recorded lowest aphid density compared to ICIPE 41
and ICIPE 644. There was however no significant difference in leaf yield between
the biopesticides and control even though biopesticides treated plots produced better
quality leaves for consumption. This study confirms the efficacy of the three isolates
against A. craccivora and the potential of ICIPE 62 as promising biopesticide. The re-
sults also show that efficacy of fungal based biopesticides is dependent on prevailing
environmental conditions and therefore the need to improve their performance under
different environmental conditions.
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The Global Bioeconomy Landscape: What Determines National
Strategic Choices?

LISA BIBER-FREUDENBERGER, JAN BÖRNER

University of Bonn, Center for Development Research (ZEF), Germany

An increasing number of countries worldwide develop bioeconomy strategies to pro-
mote a stronger reliance on the efficient use of renewable biological resources in order
to meet multiple resource scarcity and sustainability challenges. Especially for devel-
oping countries, with a high potential of biomass production, bioeconomic strategies
have been promoted to be a pathway of future sustainable development. This however
has also been criticised for neglecting negative effects in terms of land and food com-
petition, social impacts, biodiversity loss and environmental degradation. However,
bioeconomies are diverse with sectors, such as agriculture, forestry, energy, paper
and pulp, textiles, chemicals and pharmaceuticals as well as science and education
in very different stages of development. We thus also expect large variation in the
factors driving sustainability outcomes of bio-based development strategies and the
appropriate strategies to promote them. Ideally bioeconomy strategies thus reflect
the comparative advantages of countries in pursuing one or the other bioeconomic
development pathway. We present a typology of bio-economies based on country-
specific characteristics, such as 1) the relative importance of bio-based economic sec-
tors as well as their capital and skill-intensity, 2) competitive advantages including
natural resource endowments and education 3) openness to and role in international
trade. We first compare the resulting bioeconomy clusters against the strategic focus
and implementation status of their dominant bioeconomic development strategy. In
a second step, we assess the clusters in terms of their sustainability performance us-
ing SDG related indicators. We hypothesise that distinct bioeconomy types can be
identified with characteristic performance levels of key sustainability indicators and
varying scope for tradeoffs and synergies. Our final discussion centres on the impli-
cations of the results for the debate on international regulatory frameworks to govern
bioeconomic change.
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Study of Implementation of Biogas Production in the Fruits and
Vegetables Wholesale CEASA-GO, Goiás, Brazil
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3Helmholtz Centre for Environmental Research GmbH (UFZ), Dept. of Environmental
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The Brazilian state owned central distribution centres for fruits and vegetables were created
in the sixties and implemented in the state of Goiás in 1975 to attend regional, mostly family
owned producers and clients. The goals of this work were to study composition, quantities and
disposal of solid residues generated at CEASA-GO along one year, observing seasonal changes,
among costs involved in transport and deposit of these, as well as electric energy consumption
on place. It was evaluated the monthly potential of the generation of electric and thermal
energy from biogas produced from these residues, as well as the use of the generated digestate
from biogas fermentation as fertiliser. Systematic bibliographic research, data collection by
interviews raising numbers of individual residues sorted by type, like e.g. pineapple or tomato,
along a one year period was combined with the biogas potential of these substrates. The biogas
potential for special substrates, like the Cerrado fruit “Pequi” (Caryocar brasiliense), where no
literature data were available have been determined in the biogas lab by batch experiments with
an automated AMPTS-II system, BioProcessControl, Sweden. Transformation of the biogas
to energy was simulated and compared to the own consumption. Based on complete data of
2015 the results show the possibility to supply all electric energy consumed by CEASA of
over 500 kW by biogas generation from a part of more than 90,000 tons of organic residues
remaining annually. A relatively fast return of investment by the reduction of costs for electric
energy (approximately 80,000 e per month), reduction of waste transport and deposit costs,
and potential gains by selling the generated fertiliser, is expected. Environmental gains could
be predicted by avoiding greenhouse gas emissions from deposits on landfills, reduction of
transport impacts, raising use of renewable energy and production of organic fertilisers. This
could provide an example for the state wholesales of all 26 Brazilian states.
Thanks to: CEASA-GO, German Agency for International Cooperation GIZ and Brazilian
CAPES and Ministry of Cities (ProBiogas-project), European Commission (Marie Curie FP7
“No-Waste” project).
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Adoption of Agroforestry-Based Biofuel Programs: A Case Study
in Hassan District, India

FLORIS DALEMANS, MIET MAERTENS, BART MUYS

KU Leuven, Earth and Environmental Sciences, Belgium

Local production of liquid biofuels has been widely considered in the South as a strat-
egy towards energy security in remote areas depending on fickle fossil fuel markets
and isolated from centralised electrification grids. In particular, much hope is set on
biofuels derived from non-edible feedstock grown on marginal or underutilised lands,
thereby trying to prevent interference with food production and food markets. This
has given rise to many biofuel projects based on wasteland plantations, but their im-
plementation faces many technical, ecological, socio-economic and institutional chal-
lenges, and many projects have failed to gain momentum. In this empirical case study,
we investigate an alternative biofuel model in Hassan district, South India, which pro-
motes the cultivation of various native oilseed trees in agroforestry systems on small-
holder farms through training and planting programs, marketing support, cooperative
establishments and distribution of processing equipment. Using an extensive survey
with 396 local smallholder farmers, we aim to understand how context-specific factors
play a role in smallholders’ decisions to adopt the proposed biofuel model or not. Our
analysis confirms that multiple barriers exist towards smallholder adoption, includ-
ing labour and land opportunity costs, poor economic viability, ecological cultivation
constraints, lack of knowledge on the value chain, and aversion towards revenue lags.
The main implication is that even for these low input – high diversity – high resilience
(LIHD) agroforestry-based systems with their associated multiple uses and co-bene-
fits, not only opportunities but also constraints exist towards smallholder adoption.
Ex-ante assessments of these context-specific determinants of (dis)adoption and rig-
orous performance evaluations are crucial to programme design, targeting and value
chain establishment.
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What Do Smallholder Maize Growers Do with their Maize
Biomass? Empirical Evidence from the Maize Belts of Ethiopia

TILAHUN WOLDIE MENGISTU, SAURABH GUPTA, REGINA BIRNER

University of Hohenheim, Inst. of Agricultural Sciences in the Tropics (Hans-Ruthenberg-
Institute), Germany

Cereals are main contributors of growth of Ethiopia’s agriculture based economy.
Despite high cereals biomass potential and yield gaps, achieving food security, how-
ever, remains a challenge. Earlier studies attributed to decisions on production and
productivity augmenting factors as the main reasons for food insecurity and poverty
paying no attention to decisions on the utilisation of biomass. This study therefore
tries to examine maize farmers’ decisions on the uses of maize biomass, extent of use
and its implication on food security and the challenges therein. The study follows a
mixed methods approach that involves both qualitative and quantitative techniques.
Data were collected through key informant interviews, focus group discussions and
household survey with 322 randomly selected farmers in two districts. Intensity of
biomass use and households’ food security, respectively, were measured using proxy
indicators, Herfindahl-Hirschman Index and Food Consumption Score. We exam-
ined the implication of intensity of biomass use decision on food security using an
endogenous switching regression model. The study finds that more than half of the
total biomass has been used for non-direct food purposes. The findings ascertain the
importance of post-production decisions on the uses of maize biomass to ensuring of
household food security. Our endogenous switching regression model further provi-
dence a compelling evidence of impact of diverse use decision on food security. The
study further identifies factors such as markets, extension and information access as
key determinants influencing post-production decisions on the uses of maize biomass.
The findings therefore underscore the importance of integration of post-production
decision on the uses of maize biomass into the maize sector’s development strategy.
Institutional innovations, particularly in the research and extension systems, and inte-
gration of maize growers into markets are decisive to fully unlock the food security
potential of maize.

Keywords: Biomass uses, challenges, ESR, food security, institutional innovations,
markets, research-extension systems, use diversification
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Intra-Household Barriers in the Adoption of Alternate
Technology: A Case of Biogas Technology in Pakistan

NAZIA YASMIN, PHILIPP GRUNDMANN

Leibniz Institute for Agricultural Engineering and Bioeconomy (ATB), Technology
Assessment and Substance Cycles, Germany

In designing agricultural policies households are considered a single decision mak-
ing unit but theoretical and empirical literature on intra-household decision making
has suggested that individuals can have divergent preferences, objectives and welfare
implications with in a household. So, the assumption of unitary model in household
decision making can be misleading particularly for those technologies which have di-
verse division of labour and welfare impacts on male and female in the household. In
this scenario, it is necessary to understand the internal dynamics of household to un-
derstand the berries to the technology adoption. This study in rural Pakistan sets out
to examine the behaviour of male and female household members towards the bio-
gas technology adoption. To meet this objective theoretical framework was mainly
adapted from the theory of planned behaviour including bargaining process and other
sources of perception and socio-cultural influences as stimuli of adoption. Data were
collected through focus group discussions and structured questionnaire with males
and females in the households. Structural equation modelling (SEM) technique was
applied to test the strength of the hypothesised relationships. Our findings highlighted
the importance of gender among other barriers in slow transition towards biogas tech-
nology. It also showed that the decision to adopt biogas technology is not only ef-
fected by the physical availability and needs of the actors but is also differentiated by
their power relations vested in variety of social norms, cultural settings and societal
construction and have different impact upon different actors. These findings hint at
the appropriate actions from policymakers and donors to develop such intervention
strategies sensitive to gender specific needs.
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Is Bamboo a Poor Man’s Timber in Ethiopia? Employment
Prospects of Bamboo among Poor Rural Farm Families
HABTAMU DEMILEW YISMAW1, BAMLAKU ALAMIREW ALEMU2,

TIM K. LOOS3

1Yom Institute of Economic Development, Research Coordination Unit, Ethiopia
2Addis Ababa University, Development Studies, Ethiopia
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Institute), Germany

The primary objective of the research is to provide holistic insights into the current sta-
tus and future potentials of the bamboo sector to enhance sustainable livelihoods and
employment generation amongst poor rural farm families in Ethiopia. The research
mainly used primary data for analysis. The sample for the research is drawn from the
two-major bamboo growing hot-spots in Ethiopia. A total of 486 sample households
were randomly selected from these areas. The research applied integrated qualitative
as well as quantitative analysis techniques. The corner solution model developed by
Cragg (1971), as an alternative to the Tobit model, is used to analyse the employ-
ment contribution of bamboo to the rural smallholder farm households. Findings of
the research show that bamboo has a notable contribution to employment among poor
rural smallholder farm households. Engaging in bamboo is more preferred by poorer
rural families with relatively lower resource settings. Results also show that entering
into bamboo employment is not a problem, yet, employment in bamboo is only sub-
sistence. Moreover, market prices of bamboo culms are found to have a significant
contribution for both the probability of employment in bamboo as well as for the con-
ditional probability of the variation in the income from bamboo of rural households.
All in all, employment in bamboo is income elastic and dominated by poorer farm
households which have relatively higher share of income from bamboo than others.
Besides, higher level of income from bamboo has a strong association with better food
security status of rural farm households. Moreover, the fact that it can be harvested in
short cycles makes bamboo the most liquid cash crop for farmers especially in times
of short run food shortage. These evidences collectively imply that employment in
bamboo is a safety-net to meet food security specially among poorer rural families.
Accordingly, the research forwarded areas of intervention to enhance the contribution
of bamboo to employment generation and maintain sustainable livelihood among poor
rural farm households. These include, among others, collective training and capacity
building schemes for farmers and artisans, distribution of improved bamboo varieties
among farmers and creating enabling market infrastructure.

Keywords: Bamboo biomass, employment, sustainable agricultural livelihoods
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BiomassNet: The First Expert Network for Food and Non-Food
Biomass in Africa
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Global demand for biomass as food, feed, a source of energy and industrial raw ma-
terials is putting increasing pressure on the agricultural sector and food production
worldwide. This is a particular challenge for Africa where many countries still strug-
gle to achieve food security, while facing new demands for biomass as a source of
income, energy and industrial raw materials. The creation of future development
pathways for the African agricultural sectors is thus a complex task and requires ex-
change and cooperation between experts from different disciplines and sectors. To
facilitate this exchange, the first expert network for food and non-food biomass in
Africa (BiomassNet) was initiated in 2016 by the Center for Development Research
(ZEF) and the Forum for Agricultural Research in Africa (FARA) within the frame-
work of the BMBF-funded research project BiomassWeb - Improving food security in
Africa through increased system productivity of biomass-based value webs. Biomass-
Net aims at supporting African countries in achieving food security and developing
sustainable bioeconomies through the exchange of knowledge and expertise between
experts from science, policy and practice. The network is open to all disciplines and
all sectors who address food and non-food biomass issues in Africa, including for ex-
ample scientists and experts from governmental and non-governmental organisations,
development agencies, or the private sector. BiomassNet is implemented through an
interactive website that allows users to create profiles, to contact each other and to
upload and download information. In addition, the BiomassNet Dgroup that currently
has 417 members from 46 countries provides a platform for moderated email dis-
cussions. The first Dgroup discussion on ‘Post-harvest cassava technology and value
addition’ was rated as highly useful by the participating experts. The BiomassNet
website will be launched in July 2017 and will form part of the ongoing FARA ca-
pacity building and outreach activities. In conclusion, we will highlight the lessons
learnt from setting up the BiomassNet expert network and discuss its possible contri-
bution to shaping future development pathways and strategies for agricultural systems
in Africa.

Keywords: Bioeconomy, capacity-building, exchange, food security, future agricul-
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Biomass Energy Use, Price Changes and Labour Allocation in
Rural Areas: An Agricultural Household Model-Based Analysis

CHEN QIU

University of Bonn, Center for Development Research (ZEF), Dept. of Economic and
Technological Change, Germany

As a kind of renewable resource derived from biological materials, biomass energy
provides a link between agriculture and human living. It plays an important role in
agriculture-based rural livelihoods. Building on the growing interest in the role of
biomass energy use in poverty reduction and food security, the main objective of this
study is to robustly investigate how different positive and negative price shocks in
exogenous markets potentially influence household biomass energy using behaviours
under the imperfect labour market in rural China. Since household’s consumption,
production and labour allocation decisions are interlinked, the impacts of exogenous
price changes on biomass energy use are complex. Thus, a comprehensive analysis
framework is thus developed in this paper based on an agricultural household model.
The total behavioural effects are estimated by adopting a two-stage estimation strat-
egy: the shadow wage of household labour is firstly estimated and then used to es-
timate consumption and labour demand systems. The results show that the effects
of price changes on household biomass energy use include a direct (i.e. the supply
or demand responds to an exogenous shock) and an indirect (i.e. the supply and de-
mand adjustments to the endogenous variations in the shadow wage induced by this
exogenous shock) component. In addition, neglecting the indirect effect can bias the
final effect on household biomass energy using behaviours, implying that market fail-
ures reduce the flexibility in household’s behaviours. The findings of this paper also
provide important policy implications for future biomass energy development: the
market prices should be adjusted to control the demand for biomass energy, and the
measures aiming at eliminating the market failures should be attached importance at
the same time.

Keywords: Agricultural household model, biomass energy use, exogenous price
changes, labour allocation, rural livelihoods
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Evaluation of the Bio-Methane Potential of By-Products from
Cassava Starch Processing

SEBASTIAN AWISZUS, SAJID LATIF, JOACHIM MÜLLER
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Institute), Germany

Aim of the present study is to examine the bio-methane potential of cassava root
peels and cassava pulp. The study especially focusses on trace elements essential
for bacteria involved in bio-methane production process. Cassava peels from Tanza-
nia and cassava pulp obtained from fresh cassava purchased from a local distributor
in Stuttgart, Germany, were analysed regarding the content of Co, Mo, Ni, Se, Fe
and Mn. Extended Weender analysis was conducted to investigate on the amount of
degradable and less degradable fractions in the chosen substrates. C/N ratio as an indi-
cator for substrate quality in terms of conditions required by methanogenic bacteria
was determined. Expectable bio-methane yield was determined based on Hohenheim
Biogas Yield Test (HBT) following standard VDI 4630.
Results showed a lignin content of 10 % dry matter basis for peels and 0.3 % dry
matter basis for cassava pulp. Detected C/N ratios were within a suitable range for
bio-methane bacteria but contents of essential trace elements in general are lower than
the concentration recommended in literature for practical applications. HBT shows a
total biogas potential of 0.443 m3 N kg−1 DM for cassava root peels and 0.450 m3 N
kg−1 DM for cassava pulp resulting in a bio-methane yield of 0.225 m 3 N kg−1 DM
for peels and 0.224 m3 N kg−1 DM for pulp, respectively.
The study shows the necessity for adding essential trace elements for establishing
a stable bio-methane process if cassava by-products are utilised. This can be re-
alised by using mixtures of cassava products and animal manure. Results further
indicate that investigated by-products of cassava starch processing have an utilisable
bio-methane potential, which can contribute to an environmentally friendly energy
supply of the cassava starch processing industry and prevent pollution caused by un-
controlled dumping.

Keywords: Bio-methane potential, cassava by-products, cassava starch processing,
trace elements
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Processing of East African Highland Green Bananas: Banana
Waste Characterisation for Bio-Energy Production in Uganda
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World over, agro-processing is a high energy consuming enterprise that in-turn gen-
erates a lot of waste residues. Uganda is the second largest global producer of ba-
nanas and the industry generates different waste fractions both at production and ba-
nana fruit processing. However, no thorough auditing and characterisation of such
waste had been done to guide potential value addition through bioenergy production.
This study therefore aimed at assessing general banana processing, waste manage-
ment methods, characterisation of waste residues and evaluation of wastes’ potential
for biogas energy production through anaerobic digestion. The results revealed that
methods for management of these wastes were mainly by dumping, reuse as mulching
materials and animal feeds, as well as use of dried fraction for fuel. The study further
indicated that processing of a unit bunch of green bananas generates 40 % as pulp and
60 % as total waste residues with total waste to pulp ratio of 1.5 and peel / pulp ratio
of 1.3. Laboratory waste analysis indicated that the waste contained high moisture
content; 90 % and 83 % for peduncle and peels respectively. The high moisture con-
tent suggests that banana waste is amenable to biochemical conversion technologies
and would require minimal additional water requirement thus reducing water costs.
Other analysis results indicate that waste was highly organic with more than 80 % of
the total solids as volatile. However, the waste had higher carbon content than to-
tal nitrogen that translated into higher C:N ratio of 41 in mixed waste. Furthermore,
the lignocelluloses content of the waste comprised of 21.16 %, 10.46 % and 11.31 %
for cellulose, hemicelluloses and lignin, respectively. The current waste management
methods were found to be neither efficient nor profitable, thus research into econom-
ically viable options for waste utilisation and reduction strategies is imperative. In
conclusion, the physic-chemical characteristics of banana waste make it favourable
for bioenergy production through anaerobic digestion. Appropriate waste pre-treat-
ment would enhance the process for improved energy yields.

Keywords: Banana processing, banana waste, bio-energy, bio-gas production, waste
characterisation, waste value addition
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The present growth in Ghanaian food and energy production to support an increasing
population is not sustainable as it depends on deforestation with little increase in pro-
ductivity per unit of land (EC, 2007). The overall objective of the WEBSOC project
is to promote growth and employment through research on green, cohesive Water,
Energy-from-Biomass, Soil, Organics, and Crop to devise ways to reverse this trend
and enhance livelihood in rural communities by increasing agricultural productivity
and employment.
The project has developed reactors for using crop residues to produce biochar and
wood gas for artisanal palm oil refineries (Dorvlo, ibid.) to lessen the pressure on
forests for firewood and charcoal and as an intelligent way of recycling organics
and reducing CO2 emission. The application of the biochar to agricultural fields
has increased soil carbon sequestration (Amoakwah, ibid.) and thereby represents a
CO2-negative approach to sustainable increase soil fertility (Eduah, ibid.), crop yields
(Amoah, ibid.), and carbon storage. Further intensification has been achieved by de-
veloping small-scale solar drip fertigation systems allowing one to two more growing
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seasons per year to produce high-value crops (Danso, ibid.). Thus the project has de-
vised a triple-win situation where farmers get sustained higher yields (from irrigation
and improved soil fertility), CC gas emissions are reduced (from increased carbon se-
questration), and small scale industries and households get energy (from pyrolysis of
crop residues). Finally, agricultural value chains (Baidoo, ibid.), both on the supply
and processing side, are under development in cooperation between local SMEs and
universities. The research into these options has been pursued within a framework
designed to educate PhD students and young scientists.

Keywords: Biochar, Ghana, irrigation, small-scale farming, sustainable inten-
sification
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Is Food Security Sufficiently Taken into Account in Estimates of
Global Biomass Potentials for Non-Food Uses?
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Given the finiteness of the global petroleum reserves accessible to humans, the need
to find ways to replace energy from fossil fuels with fuels from alternative sources
is apparent. Global awareness to this predicament has been growing over the recent
decades. As a result, biofuels, bio-oils, biogas and other biomass uses for industrial
purposes have become important non-fossil replacements. Consequently, the demand
for biomass for non-food use is steadily growing but arable land and hence biomass
resources are limited�despite being ‘renewable’. Over the last 20 years a growing
body of scientific research engaged in modelling the future biomass potentials, es-
pecially for energy uses. This research aims to review how and to what degree food
security dimensions are reflected in estimates of biomass potentials for non-food uses.
A systematic literature review showed that the predicted future biomass potentials are
highly divergent. This is mainly due to the heterogeneity of methodologies, assump-
tions and datasets employed. Fundamental to all approaches, however, is the question
of how to balance land availability for energy production with land resources required
to secure food provision. Yet, despite being a central element of the modelling ap-
proaches, food security is so far not well included in these models. Most studies
ignore a balanced dietary composition (e.g., vitamin or micronutrient requirements)
and food requirements are typically reduced to basic per capita caloric intake. The per
capita intake is then extrapolated to ‘world regions’, underrepresenting in most cases
local disparities in food availability or socio-economic access. Moreover, several of
the basic assumptions regarding future agricultural intensification, yield growth or
consumption patterns (e.g., a drastic reduction in animal protein consumption) seem
unlikely to materialize and may cause a considerable underestimation of agricultural
land requirements.
The complexity of food security is so far not well addressed in biomass potentials and
data gaps for regional break-downs, as well as trade flows, and price changes need
to be closed to avoid unsustainable policy decisions based on overestimating future
biomass potentials.
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Life Cycle Thinking in Governance: The Case Study of Bioplastic
Production in Thailand
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Bioeconomy is presented as a viable alternative to our fossil based economy, by
switching to renewable biological resources in a wide range of economic sectors. It
promotes the use of biomass not only for food, feed and energy purposes, but also for
production of different bio-based materials, e.g bio-polymers. Besides the develop-
ment of new conversion technologies, this will require the mobilisation of increasing
amounts of biomass, triggering necessary adjustments along supply chains. A large
number of actors can potentially be involved, from the stages of biomass production,
extraction, processing and manufacturing up until a final product or service is created.
Hence, institutional and regulatory frameworks, as well as policy and legal structures,
have to be in place and enforced for the new products to deliver overall sustainabil-
ity gains. A comprehensive analysis of the governance mechanisms and processes
anticipated to govern emerging value chains is needed to reduce resulting systemic
complexities and uncertainties.
An analytical tool is developed based on the implementation of life cycle thinking
into multi-level governance approaches. The production of polylactic acid (PLA)
from sugarcane in Thailand is taken as a case study, as this stands out as one of the few
pathways currently carried out at commercial scale. The proposed framework consists
of a) specifying the supply chain configuration and system boundaries; b) defining the
inventory of stakeholders and institutions within these boundaries at the institutional,
regional, and international levels. A roadmap of socio-economic actions and socio-
political accounts is obtained as a result, corresponding to the interplay of structures
and agents within specific contexts involved in the life cycle of PLA. Our proposed
theoretical themes for analysing governance comprise structures, agents and contexts.
Preliminary outcomes serve to identify significant governance gaps, mainly related
to national regulations, with the risk for pushing social and environmental pressures
further down the supply chain. A set of themes to reflect governance effectiveness
of alternative bio-based pathways will be subsequently developed, corresponding to
the impact analysis phase. In this way, this process-oriented framework for life cycle
governance analysis can contribute to setting the boundaries for sustainable transfor-
mation pathways in the bioeconomy.

Keywords: Bioeconomy, bioplastics, governance, life cycle analysis, supply chain
governance, sustainability
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An Interdiscipliniary Framework for Sustainability Assessment in
the Global Bioeconomy

JAN BÖRNER, LISA BIBER-FREUDENBERGER, NEUS ESCOBAR, JAN JANOSCH

FÖRSTER, ANGELA GUBELT, KIRSTEN SELBMANN-LOBBEDEY

University of Bonn, Center for Development Research (ZEF), Germany

A stronger reliance on the use of biological resources and processes in most, if not
all, economic sectors, i.e. a bio-based transformation, is often proposed as an alterna-
tive to our current predominantly fossil resource based economies Modern concepts
of bioeconomy go far beyond bio-based energy provision and include the substitution
of fossil resource based inputs to various productive sectors, such as the chemical
industry and the construction sector, more efficient cascading uses of biomass, and
a low bulk, but high-value biologisation of processes in food, pharmaceutical, and
recycling industries among others. However, we expect sustainability outcomes of
bio-based economic transformation to be context-dependent and contingent on ap-
propriate governance measures. In this paper, we present a theory of change that
identifies the main mechanisms through which bio-based transformation can translate
into positive or negative outcomes in the key sustainability domains of the Sustain-
able Development Goals. Based on our framework we derive theoretical pathways of
sustainable versus unsustainable bio-based transformation and identify related knowl-
edge, data, and methodological gaps for future research. Using case studies from three
bioeconomy sectors, we illustrate how these pathways may operate in transforming
landscapes (through innovation in South American agriculture), industries (though
innovation a value chains), and societies, for example, by changing production and
consumption behaviour. Furthermore, we discuss the implications of the previously
described transformative pathways for sustainability governance and argue that sus-
tainable bio-based transformation requires a mix of strategies including governance
for transformation, governance of transformation, and transformation of governance.
We conclude with directions for future research on the sustainability of bio-based
transformation.
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Plant Species Richness and Diversity in Urban Uganda: An
Inventory of Kampala’s Homegardens

EEFKE MOLLEE1, MORAG MCDONALD1, KATJA KEHLENBECK2

1Bangor University, School for Environment, Natural Resources and Geography
(SENRGy), United Kingdom

2ICRAF, Kenya and Rhine-Waal University of Applied Sciences, Fac. of Life Sciences,
Germany

Urban homegardens can be considered as multifunctional biodiversity hotspots in
an urbanising world and provide urban populations, including those in Kampala,
Uganda, with valuable produce for home consumption and sale. However, biodi-
versity of urban gardens is rarely documented and their true potential for livelihoods
is still poorly understood, while the whole urban homegarden system might be un-
der thread. The aim of this study was to determine plant species composition and
diversity in inner-, outer- and peri-urban gardens in Kampala, Uganda. We performed
a full floristic inventory of 74 homegardens, which were visited between February
and April 2015. For each plant species, apart from weeds, the scientific name, abun-
dances and main uses were recorded. Diversity indices and summed dominance ra-
tios (SDRs) were calculated and data analysed by applying ANOVAs, correlation and
cluster analyses. The total number of plant species inventoried was 248, of which 70
plant species were food plants, 101 medicinal, 53 technical and 24 ornamental plant
species. Median species richness was 25.5 (range 11 to 65) with no difference among
the three studied zones. However, garden size was positively correlated with plant
species richness (r=0.507; p < 0.001). Mean Shannon Wiener (H’) index per garden
was 2.37, with significantly lower diversity in the inner than the outer urban areas
(2.65 versus 2.16; p = 0.011). No differences between the different urban areas were
found for Evenness (J’) (mean J’=0.78). Median plant individual density per 1000
m2 garden area was 390 (range 36–3879), however, no significant differences were
found between the three urban areas. The summed dominance ratio (SDR) of plant
species indicated that food plants were slightly less dominant in peri-urban areas than
in inner and outer urban areas (62 % versus 71 %). This difference was mainly due
to a lower proportion of vegetable plant species in the peri-urban areas (18 % versus
32 %). Further data analyses, including clustering, are still on-going and final results
will be presented at the conference. Outcomes of our study may be used to identify
potentials for improving food production in homegardens by making better use of the
available plant diversity.
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Population Structure and Tree Densities of Baobab (Adansonia
digitata L.) in Kilifi County, Kenya

KATJA KEHLENBECK1, JUSTIN ORINA2, JOHN BOSCO MUKUNDI2, FREDAH

KARAMBU RIMBERIA2, MONICA A. OMONDI2, JENS GEBAUER1

1Rhine-Waal University of Applied Sciences, Fac. of Life Sciences, Germany
2Jomo Kenyatta University of Agriculture and Technology, Kenya

The baobab tree (Adansonia digitata L.), which is native in semi-arid habitats of sub-
Saharan Africa including Kenya, is harvested by local communities mainly for its
highly nutritious fruits. Baobab raw and processed products are important for rural
livelihoods as they contribute both to nutrition security and cash income generation,
particularly of women. Growing demand for the fruit pulp at local and international
markets may pose a threat to the natural resource base as baobab is only collected from
wild trees occurring on farms and community land. However, little is known on the
health of baobab populations in Kenya. Within the larger frame of the BMEL-funded
BAOFOOD project, we are assessing baobab populations in randomly selected plots
of 0.5 x 3 km each along a transect covering both high and low baobab density areas in
Kilifi County at Kenya coast. In each of the plots, all baobab trees were documented,
their height estimated and their diameter at breast height (DBH) measured. Densities
of young (DBH<1 m) and mature (DBH>1 m) baobabs were calculated and size class
distribution curves developed to assess the health of the surveyed population. First re-
sults of measuring 265 trees in three plots show a relatively high baobab density of up
to 0.79 trees per hectare, but this was mainly due to the high number of mature trees,
while young trees were rare (200 and 65, respectively). DBH ranged from 0.16 to
4.97 m and tree height from 1.2 to 24.0 m. A lack of young trees was found in the size
class distribution curves as only 24 % of the documented trees had a DBH of <100
cm, 51 % of 100–199 cm and 25 % of ≥200 cm. The lack of rejuvenation may lead
to an instable population of the surveyed region, but more data from the remaining
plots need to be included into the analyses and reasons for observed differences in
proportions of young trees among plots identified. Our study may help to develop
recommendations for sustainable resource management which is a prerequisite for
enhanced utilisation of baobab in the region.

Keywords: Diameter at breast height, fruit, natural resource management, rejuvena-
tion, tree densities
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Assessing Functional Biodiversity in (Sub-)Tropical Agricultural
Landscapes: Lessons from South Africa’s Vhembe Biosphere

Reserve
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FOORD3, VINCENT MOKOKA1,2, LOURENS SWANEPOEL3, PETER JOHN
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1University of Cologne, Range Ecology and Range Management, Germany
2University of Limpopo, Risk and Vulnerability Science Center, South Africa
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Interactive effects of climate change and land-use change may threaten food security
due to trade-offs between provisioning ecosystem services (ESs) such as food and
feed, and other ESs linked to functional biodiversity, such as natural pest control.
Although recent developments in trait-based ecology suggest that it would be possible
to adapt agricultural landscapes to meet both goals of biodiversity conservation and
food security, these ideas have rarely been tested in real-world systems in the (sub-)
tropics. It also remains an open question whether the functional biodiversity of higher
trophic levels can be predicted by proxies of structural and functional biodiversity of
vegetation. Taking two agricultural landscapes in South Africa’s Vhembe Biosphere
Reserve as an example, we aim to fill these research gaps.
In each agriculture landscape, settlement areas of agro-pastoralists are surrounded by
croplands and near-natural habitats. These three land-use types are featured by dif-
ferent structural and functional characteristics of vegetation, and thus form diverging
habitats for animals. We assessed these vegetation characteristics and linked them to
data on the functional diversity in a variety of animal taxa such as ants, spiders, bats,
and small carnivores. In this way, we were able to unravel the factors contributing
to observed variation in animal biodiversity. Our findings can also contribute to the
conservation of important biodiversity reservoirs in Africa’s agricultural lanscapes to
meet both goals of biodiversity conservation and food security. Data analysis is cur-
rently in progress, but by the time of this symposium, we will be able to present first
results.

Keywords: Biosphere reserve, ecosystem multifunctionality, plant functional types,
savannah, trophic interactions
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Phosphorus Fractionation and Sorption Characteristics of
Biochar Amended Soils of Ghana

JOSEPH OSAFO EDUAH1, HENRIK BREUNING-MADSEN2, MARK ABEKOE1,
MATHIAS NEUMANN ANDERSEN3

1University of Ghana, Dept. of Soil Science, Ghana
2University of Copenhagen, Dept. of Geosciences and Natural Resource Management,
Denmark

3Aarhus University, Dept. of Agroecology and Environment, Denmark

The high phosphorus fixing capacity of tropical soils including Ghanaian soils has
restrained the development of economically sustainable crop production. The appli-
cation of biochar can change surface chemical properties of highly weathered tropical
soils, and hence affect phosphate sorption and distribution in soils. However, little
information is available on the effect of biochar at varying levels of carbonisation on
the retention, bioavailability and fractions of phosphate in tropical soils of Ghana. In
the present study, incubation studies were conducted for 60 days to investigate the ef-
fect and mechanism of corn cob and rice husk biochar on P sorption and fractionation
in two acid and one alkaline soil. The biochars were produced at varying pyrolytic
temperatures (300°C, 450°C and 650°C) and applied at a rate of 1 % (w/w) to the
soils. Phosphorus fractionation of biochars and soil-biochar mixtures was assessed
by a modified Hedley method whiles sorption of P was studied by fitting the equilib-
rium solution and adsorbed P concentrations using Langmuir and Freundlich sorption
isotherms. Amending the acid soils with biochar increased the equilibrium P con-
centration in solution significantly with decreasing pyrolytic temperature for the two
biochar types. There was however, an increase in P sorption with increasing charring
temperatures in the alkaline soil. The interaction of biochar with soils resulted in an
increase in the readily available P (Resin-P & NaHCO3-Pi) making P more available
for plant uptake. The increase in the readily available P pool was more significant
at relatively lower temperature (300°C) than higher charring temperatures for both
biochar types. Calcium-bound P (HCl−P) of the soils increased sharply upon biochar
addition but the Al & Fe-bound P (NaOH-Pi, moderately labile P) decreased. These
changes suggest that the increase in P sorption in the alkaline soil with biochar addi-
tion could be due to Ca-induced P sorption or precipitation and was less affected by Fe
and Al oxides. Biochar effects on soil phosphorus were aligned with characteristics
of biochar and biochar-soil mixtures (PAS-FTIR, XRD etc.). The study thus showed
that biochar pyrolysed at 300–450°C could be used to reduce P sorption and increase
P bioavailability especially in acid soils.
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Nutrient Leaching in Urban Agriculture, Effects of Waste Water
Irrigation and Biochar Application to a Petroplinthic Cambisol in

N-Ghana
STEFFEN WERNER1, EDMUND KYEI AKOTO-DANSO2, DELPHINE

MANKA’ABUSI2, CHRISTOPH STEINER2, VOLKER HÄRING1, ANDREAS
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1Ruhr-Universität Bochum, Inst. of Geography, Soil Science and Soil Ecology, Germany
2University of Kassel, Organic Plant Production and Agroecosystems Research in the
Tropics and Subtropics, Germany

Urban agriculture (UA) in developing countries can contribute significantly to food
security and diversity. Excessive use of fertilisers, manures and waste water is well
documented in the literature. This may lead to high losses of nutrients through leach-
ing especially when irrigation exceeds the demands. Until today very little work was
done to measure nutrient leaching, ways to prevent it and consequently increase nu-
trient use in UA. Biochar (BC) as a soil amendment received considerable attention
in recent years for its potential to increase soil carbon stocks, crop yields and reduce
nutrient leaching. Since production of BC is inexpensive and does not require so-
phisticated technology it may be a good strategy to improve soil fertility and reduce
nutrient losses.
We tested the effects of biochar and waste water on nutrient losses from soil through
leaching with lysimeters on a Petroplinthic Cambisol in an UA field trial in Tamale,
Ghana for two years. 32 wick lysimeter were installed in Control (no amendment),
Biochar (20 t ha-1), NAP (fertilisation according to normal agricultural practice) and
NAP + Biochar plots. Lysimeter were sampled weekly, when irrigation or rainfall
took place and total amount of leachates were recorded. The samples were analysed
for NO3N, NH4-N, PO4-P, basic cations (K, Ca, Mg, Na) and pH.
The data show a reduction of water use efficiency through waste water irrigation,
which is likely attributed to soil water repellency and therefor higher conductiv-
ity. Furthermore, N loses through NO3-N leaching were found to amount to 50–
100 kg ha-1 per season when irrigation was appropriate. When plots where over ir-
rigated NO3-N leaching reached up to 250 kg ha-1. BC application did not reduce
leaching losses of nutrients.

Keywords: Biochar, nutrient leaching, urban agriculture, waste water
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Preferential Flow Paths in Rice Systems as Hot Spots for Nutrient
Cycling

IRABELLA THIEMANN1, EVA LEHNDORFF1, WULF AMELUNG1, JAN SIEMENS2

1University of Bonn, Inst. Crop Sci. and Res. Conserv. (INRES) - Division of Soil
Science, Germany

2University of Giessen, iFZ Research Centre for Biosystems, Land Use and Nutrition -
Dep. of Soil Science and Soil Resarch, Germany

After introducing upland crops like maize into permanent flooded cropping systems,
soil conditions temporally change from anaerobic to aerobic. This promotes the de-
velopment of desiccation cracks in the soil, which can act as preferential pathways.
We analysed their role for the distribution of plant nutrients in a dye tracer experiment
with Brilliant Blue on two separate fields in the International Rice Research Institute
(Los Baños, Philippines). The fields were under maize-paddy rice cultivation. The
dynamic of rice straw-C and fertiliser-N inside and outside the pathways was traced
by applying 13C-labelled rice straw and 15N-labelled urea. The dye tracer was solved
in the irrigation water and applied on the soil pits by a ponding pulse. The soil pits
were excavated horizontally in 10 cm intervals and vertically in 5–15 cm intervals un-
til 60 cm depth. The soil surface and profiles were photographed. Dyed and non-dyed
soil samples were taken for analysis. The horizontal pictures showed decreasing areas
of the dyed soil and with that decreasing proportions of the flow path areas. The typ-
ical plough pan could not be identified and it did not seem to inhibit the vertical flow
of irrigation water. A direct comparison of flow paths (dyed soil samples) and bulk
soil showed larger amounts of plant nutrients (C, N, Ca, K, Mg, Na) in the flow paths.
The labelled straw and fertiliser could be traced down to 60 cm depth. The quantifi-
cation and analysis of the microbial biomass is still in progress. Higher abundances
and higher recoveries in the microbial biomass would emphasise the importance of
the flow paths as important pathways for C-and N-input into the plant-soil system.

Keywords: 13C-labelled straw, 15N-labelled urea, desiccation cracks, dye tracer, flow
paths, maize, paddy rice

Contact Address: Irabella Thiemann, University of Bonn, Inst. Crop Sci. and Res. Conserv. (INRES) -
Division of Soil Science, Nussallee 13, 53115 Bonn, Germany, e-mail: irabella.fuhrmann@uni-bonn.de

124 ID 657



Soil and soil fertlity — Oral Presentations

Rubber Cultivation Weakened the Soil Methane Sink Function
Compared to Natural Forest

RONG LANG1, SERGEY BLAGODATSKIY1, STEFANIE GOLDBERG2,
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Institute), Germany
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The impact of transforming natural forest into rubber plantations on soil function
as CH4 sink has not been well understood, especially on the seasonal dynamic and
changes in underlying soil processes. Aimed to understand how this land use conver-
sion changes the soil CH4 sink, we conducted measurements in both natural forests
and rubber plantations in Xishuangbanna, SW China. Temporal dynamic of soil sur-
face CH4 flux, CH4 concentration and isotope signature of 13CH4 in the soil profile
at 5, 10, 30 and 70 cm depth were measured at representative time in dry and rainy
season.
CH4 uptake by soils in rubber plantations was only 41.8 % of uptake by forest soils,
with annual CH4 cumulative flux of -2.41± 0.28 and -1.01± 0.23 kg C ha −1yr−1 for
forests and rubber plantations respectively. The CH4 oxidation was stronger in dry
season than in rainy season, mainly explained by changes in soil moisture. From dry
season to rainy season, CH4 flux shifted to weak consumption in forest and young
rubber plantation, or even towards emission in older rubber plantations; CH 4 concen-
tration increased in all four depths with higher increment in older rubber plantations.
The enrichment of soil CH4 by 13CH4 was higher in forest than in rubber plantations.
The decrement of delta 13CH4 from dry to rainy season in both land uses indicated
the increased CH4 production in rainy season, while the flux showed the net consump-
tion. The CH4 turnover rate suggested that the surface 0–5 cm soil was the most active
layer responsible for CH4 oxidation.
Conversion the forest into rubber plantation weakened soil CH 4 sink function. Sea-
sonal change of CH4 flux and 13CH4 enrichment was larger under rainforest than
rubber plantations, indicating modified soil water regime under rubber. Converting
forest into rubber plantations and rubber cultivation may have profound impact on
greenhouse gas emission from soil.
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Is There a Link between Biological Nitrification Inhibition and
Mycorrhizal Symbiosis in Brachiaria Grasses?
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Arbuscular mycorrhizal fungi (AMF) are almost ubiquitous organisms living in symbiosis with
2/3 of vascular plants facilitating the uptake of nutrients by plants. In exchange fungi ob-
tain their carbon from the plants. The benefits that plants obtain from the interaction between
plant and fungus is believed to depend on nutrient limitations in the soil and can be regulated
by the plant through modification of rhizosphere carbon (C) deposition enhancing or reduc-
ing the symbiosis. It has been proposed that nutrient stoichiometry, especially the nitrogen
(N):phosphorus (P) ratio, may play a key role in AMF symbiotic functioning. The tropical
grass species Brachiaria humidicola (Rendle) Schweick has the ability to release a substantial
amount of exudates composed of substances inhibiting soil nitrification (a process known as
Biological Nitrification Inhibition, BNI) which reduces N losses from soil and increases the
plant nitrogen use efficiency. We hypothesise that such an advantage of high-BNI genotypes
and improved N uptake could result in higher requirements of other nutrients, such as P, which
may become the limiting factor for the crop growth and could lead to increased dependency
on AMF symbiosis. Three Brachiaria genotypes differing in BNIs capacity were evaluated in
a long-term field trial established at CIAT (Colombia). Root colonisation, AMF spore density
and P fractions were determined before N fertilisation, one week and three weeks after ammo-
nium sulphate application. Brachiaria genotypes with high-BNI capacity showed higher AMF
root colonisation than low-BNI genotypes and this difference was increased after N application.
Furthermore, soil P fractionation showed that the most available soil P fraction (Resin P), was
lower in high BNI after N fertilisation which could indicate increased inorganic P uptake by
AMF. Based on these observations, Brachiaria genotypes with high-BNI capacity seem to be
better adapted to nutrient-poor environments coping better with both N and P limitations when
compared to low-BNI cultivars. Nevertheless, the general validity of this observation needs to
be confirmed based on studies in different soil types and including more Brachiaria genotypes.
Our study provided promising insights in the role of mycorrhizal symbiosis for P uptake in
relation to BNI capacity in Brachiaria grasses.

Keywords: Biological nitrification inhibition, Brachiaria grasses, mycorrhizal symbiosis,
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Salinity Effects on Short-Term Carbon and Nitrogen
Mineralisation and Soil Microbial Properties in a Paddy Rice Soil
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Bangladesh is affected by many of the challenges affecting future food production,
such as a rising sea-water level leading to increased saltwater intrusion causing soil
salinity. Moreover, the pronounced dry and rainy seasons lead to temporal accumula-
tion of salts in the soils ultimately reducing plant growth. Addition of organic matter
is expected to ease the effect of salinity on soil microorganisms therefore positively
influencing nutrient cycling and soil fertility. However, it is not known to which ex-
tent this happens under anaerobic compared to aerobic conditions and if rice straw or
manure is better suited. Therefore, the benefits of rice straw and manure addition to
Bangladeshi paddy rice soils on microbial properties and nitrogen and carbon dynam-
ics were evaluated in a short-term laboratory incubation experiment. Two different
soils were incubated with rice straw, manure or a manure-rice straw mixture at 50
and 100 % water holding capacity for 27 days. Additionally, NaCl was added to half
of the samples resulting in non-saline (1–1.5 dS m−1) and saline (25–29 dS m−1)
conditions. Soil respiration was measured throughout the experiment. After termina-
tion, extractable C and N, inorganic N and microbial properties (microbial biomass,
ergosterol, fungal, bacterial and archaeal DNA) were determined. Rice straw addition
increased most microbial properties to a much greater extent than manure independent
of moisture level. Salinity effects on microbial properties were strongly alleviated by
rice straw and manure addition and therefore only detected in the non-amended soils.
This is due to a higher availability of C for soil microorganisms after organic matter
addition, which allows them to produce osmolytes, counteracting the osmotic effects
of increased salinity. These results highlight the importance of organic matter addition
in paddy rice soils to reduce negative effects of salinity on soil microbial communi-
ties, allowing them to maintain their main functions. Rice straw addition proved to
be a valuable source of organic matter, which can counteract some of the negative
effects of soil salinity. However, as rice straw is a valuable local source used also for
other purposes, a combination of available organic sources might be a more economic
viable option.

Keywords: Nutrient cycles, organic matter, residue management, salinisation, soil
fertility
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Small scale crop-livestock farming systems dominate in West Africa. Farmers adopt
different practices such as keeping animals overnight on fallow lands to deposit ma-
nure and urine (corralling), different cropping densities and apply organic and inor-
ganic fertilisers to maximise crop yields and improve soil fertility. However, quan-
titative data on the interactions of these practices on crop yields, soil properties and
vegetation resources is limited. A two-year study was conducted in Sudan savan-
nah ecology of Ghana to test the hypothesis that stocking density of sheep and goat
(SDSG) corralling, maize plant density (MPD) and N fertiliser rate (NFR) may in-
crease soil quality, weed diversity, yield and net income. A split-split plot design with
eight household farms as replicates was used to study the effect of three SDSG (0,
70 and 140 heads ha−1, main-plot), three MPD (66 667, 100 000 and 133 333 plants
ha−1, sub-plot) and three NFR (0–40-40, 60–40-40 and 90–40-40 NPK kg ha −1, sub-
sub plot). The animals were corralled from 19:00 to 06:00 hours GMT the following
day with no feed and water for a period of 178 nights. The animals grazed communal
pastures and crop residues during the day before corralling them at night. Increasing
the SDSG corralling from 0 to 140 heads ha-1 increased (P<0.01) soil chemical and
biological properties. The SDSG affected weed species diversity with high (p < 0.01)
number of broadleaves, grasses, and sedges on plots where sheep and goat were cor-
ralled. The SDSG × MPD and SDSG × NFR interactions had significant on grain
yield and net income. The interaction effect increased grain yield by 92 % and net
income by eighteen-fold. The results suggest that maize-livestock farmers without
access to mineral fertiliser could corral sheep and goats at 70 or 140 heads ha -1 with
maize plant density at 100 000 plants ha-1 for improved grain yield and net income.
Those with access to mineral fertiliser could corral sheep and goats either at 70 heads
ha-1 with mineral fertiliser at 90 kg N ha-1 or 140 heads ha-1 with mineral fertiliser at
60 kg N ha-1 to increase grain yield and net income on Ferric lixisol soils of Sudan
savanna zone of Ghana and similar ecologies.
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Continuous cropping with low or non-use of soil external inputs is a major constraint
for smallholder farmers in the highland regions of Kenya. On-station experiments
were set up to determine effects of minimum (MT) and conventional (CT) tillage and
organic inputs (OIs) on maize performance, water use efficiency and soil physico-
chemical properties. The research was carried out in Meru South (sub-humid) and
Gatanga (semi-humid) sub-counties during long rains and short rains 2016. The ex-
perimental design was a split plot and treatments laid down in a randomised complete
block design with four replications per treatment. Tillage was the main plot: mini-
mum and conventional. Soil inputs were the sub-plots; control (no input; C) mineral
fertiliser (MF), crop residues (CR) + MF (RMf), CR + MF + animal manure (RMfM),
CR + Tithonia diversifolia + Phosphate rock (RTiP), CR + animal manure+ legume
intercrop (RML), CR + Tithonia diversifolia + animal manure (RTiM). Higher amount
of rainfall was received during the long rain season than in the short rain season in
both sites. Data was subjected to ANOVA using Mixed Procedure Model in SAS 9.3
software. Differences between treatment means were examined using Tukey Kramer
at HSD p = 0.05. Initial soil characteristics indicated that the soils in both sites had
low amounts of total nitrogen. Tillage did not have a significant effect on maize grain
yield during the two cropping seasons. Nevertheless, maize grain yields were greater
under minimum tillage than under conventional tillage. Compared to control, results
showed that use of soil inputs significantly increased grain yields during the cropping
seasons in both sites (p<.0001). RMfM inputs led to the highest grain yields increase
during LR16 season by 120 and 97 % in Meru South and Gatanga, respectively. Dur-
ing SR16 season, RMfM performed best in Meru South while in Gatanga Mf inputs
led to the highest yields. The output highlights the importance of soil fertility manage-
ment techniques to smallholder farmers and other stakeholders for better agricultural
production in the highland regions.
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Pasture degradation hinders livestock production and ecosystem services that support
rural smallholder communities throughout Latin America. Silvopastoral systems, fea-
turing improved pasture grass species, are promising restoration strategies. However,
studies evaluating the impact of such systems, in conjunction with common manage-
ment practices, on indicators of soil health are lacking. We sought to evaluate the
impact of low-input, improved pasture grass establishment on soil health indicators,
in actively grazed silvopastoral systems. In August 2013, paired pasture manage-
ment treatments (improved vs. traditional) were established on nine farms with simi-
lar management histories and edaphic characteristics in the Matagalpa department of
Nicaragua. On each farm, one treatment was left as traditional pasture with natural-
ized grass species Hyparrhenia rufa while the adjacent treatment was sown with the
improved Brachiaria brizantha cv. Marandu species and planted with tree saplings.
Fertilisers were not used during this study, as such inputs are not commonly accessi-
ble for smallholders of the region. We measured a suite of soil chemical, biological,
and physical variables as well as standing biomass in August 2015, two years after es-
tablishment of the trial. The improved (B. brizantha) pastures were found to produce
more standing grass biomass and support higher levels of earthworm populations and
permanganate oxidisable carbon (POXC) compared to the traditional control. Cor-
relation analysis revealed that earthworms and POXC were associated with incipient
improvements to soil aggregate stability and water holding dynamics. We report mea-
surable improvements to soil health within just two years following the establishment
of improved silvopastoral systems under common smallholder management practices
and suggest that promotion of these systems, even with minimal fertility inputs, has
the potential to enhance sustainability in this region.

Keywords: Brachiaria brizantha cv. Marandu, earthworms, macrofauna, pasture
degradation, permanganate-oxidisable carbon (POXC), soil health
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Tropical Sandy Loam
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Most tropical soils are highly weathered and are vulnerable to soil erosion due to their
poor aggregate characteristics. This study assessed how corn cob biochar applied at
0 [CTRL], 10 t ha-1 [BC-10] and 20 t ha-1, [BC-20] and 20 t ha−1 with P (P-enriched
biochar) [BC-20+P] to a tropical sandy loam affected several aggregate characteris-
tics. Soil aggregate characteristics are critical indicators of soil structural stability,
and they have the propensity to influence soil physical behaviour and functioning. In
this study, we investigated the effect of corn cob biochar on the aggregate character-
istics of a highly weathered tropical sandy loam. Biochar was incorporated at varying
rates to study its effects on the stability, strength and friability of aggregates evalu-
ated. Biochar significantly increased soil organic carbon by 35–66 % relative to the
untreated soil with a surprising trend of increasing water dispersible clay as biochar
rate increased. This was attributed to an increase in pH and a substantial reduction
in EC following biochar incorporation. Amount of water stable aggregates was sig-
nificantly improved by 27–53 % in biochar treatments compared to control. Incorpo-
ration of biochar decreased the tensile strength of the large aggregates (4–8 mm and
8–16 mm), but increased same in the smaller aggregates (1–2 mm). Soil friability and
workability were significantly improved in the BC-20 and BC-20+P treatments. In
perspective, incorporation of biochar offers the potential to arrest the rate of degrada-
tion in highly weathered tropical soils and salvage the decline in their physical quality
by minimising the effects of soil erosion.

Keywords: Aggregate stability, friability, tensile strength, water dispersible clay,
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Drought and soil degradation are challenges for maize and bean agriculture produc-
tion in Central America. Slash and Burn (S&B) agriculture has led to severe soil
degradation and yield reduction with ongoing intensification. Two cropping systems
called the Quesungual Slash & Mulch Agroforestry System (QSMAS) as well as a
Slash and Mulch cropping system (S&M) were established in La Danta and La Flor
in Northwestern Nicaragua, to counteract the soil degradation. The main objectives
of this study were to compare water stress and nitrogen fixation capacity of bean
plants (Phaseolus vulgaris L.) growing in these systems in the year 2015 on six farms.
Statistical evaluation was made with a one-factorial ANOVA analyses and linear re-
gressions. Water stress was determined with the 13C isotope discrimination method.
Nitrogen fixation was determined with the 15N natural abundance method. The results
revealed that under average weather conditions in La Danta, bean plants experienced
less water stress in the S&M system. However, during dry conditions neither of the
systems had a superior mitigation effect on the water stress. Results also showed that
trees in the QSMAS were a direct competitor for the water availability to beans (i.e.
negative relationship between bean 13C and tree leave biomass). However, the harvest
index was significantly higher in QSMAS. The proportion of N derived from fixation
was 38 % (SE 7.0) and 43 % (SE 9.8) for the QSMAS and S&M systems respectively.
Nitrogen fixation was relatively low with 7.5 and 6.6 kg N ha -1 for the QSMAS and
S&M systems respectively, mainly due to the reduced bean growth (e.g. 379 vs 221 kg
DM ha-1) associated with water stress during the later growing period.
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Feeding the Soil and Feeding the Cow – Conservation Agriculture
in Kenya

HYCENTH TIM NDAH1, GÖTZ UCKERT1, JOHANNES SCHULER1, SARA

KAWEESA2, LORENZ PROBST2, PETER KURIA3, SAIDI MKOMWA3, PAULO

RODRIGUES4, JOANA SOUSA4, GOTTLIEB BASCH4

1Leibniz Centre for Agricultural Landscape Research (ZALF), Germany
2University of Natural Resources and Life Sciences (BOKU), Centre for Development
Research, Austria

3African Conservation Tillage Network (ACT), Kenya
4Universidade de Évora, Instituto de Ciências Agrárias E Ambientais Mediterrânicas
(UE/ICAAM), Portugal

One of the main obstacles to the implementation of Conservation Agriculture (CA) in sub-
Saharan Africa is the priority given to using crop residues as cattle feed rather than mulching
material. As documented in past projects (e.g. CA-SARD, CA2Africa, ABACO), in this way
the CA approach will not reach its full potential - particularly in countries with a limited
biomass production due to climatic conditions. To identify pathways for enabling an imple-
mentation of CA that is not in conflict with other goals of farmers’ livelihoods (e.g. livestock
farming), we used a transformative learning approach with farmers and other stakeholders in
Laikipia County (Kenya). The learning elements comprised: a timeline that encompasses the
past promotion activities; stakeholder mapping which highlights the various stakeholders in-
volved and their influence; non-scripted participatory videos filmed by the stakeholders them-
selves that show the farming system from different perspectives; focus group discussions struc-
tured by the Qualitative expert Assessment Tool for CA adoption in Africa (QAToCA). Chal-
lenges to CA adoption that were jointly identified include the competition for fodder, a lack
of financial resources to get started with CA. There are knowledge gaps on proper application
of CA equipment, on the fodder production and conservation options and, lastly, on sustain-
able crop-livestock production systems. Furthermore, farmers feel disconnected from existing
governmental support. However, our findings highlight solutions which enable feeding the soil
“and” feeding the cow. Some farmers already have started to grow forages on their farms in
order to reduce dependence on crop residues as a feeding source – an approach which had not
been promoted during past projects. This shows the importance of an enabling environment
provided by government programs which supports long-term extension efforts combined with
farmers’ willingness to jointly learn towards a more sustainable agriculture. On farms where
both systems (CA and conventional) are practised, women play an important role by experi-
menting with CA practices, thereby realising promising results in terms of yield and drought
resilience. Furthermore, our findings underline the need for a long-term monitoring of in-
novation processes which is often not possible within short-term term research projects and
promotion programs.
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In many smallholder farming systems in sub-Saharan Africa, nutrient supply is either too low
leading to soil fertility decline due to soil mining or too high leading to environmental pollution.
The aim of our study was the quantification of mineral nutrient transfer from soil to market in
African indigenous vegetable (AIV) production systems as guide for development of fertiliser
recommendations. In a field experiment under optimal nutrient supply, we measured biomass
and mineral nutrient concentrations (nitrogen, phosphorus, sulfur, potassium, magnesium, cal-
cium) of edible (leaves, tender laterals) and non-edible (stems, coarse roots, fine roots) plant
organs of six leafy vegetable species (amaranthus Amaranthus cruentus, cowpea Vigna un-
guiculata, African kale Brassica carinata, African nightshade Solanum scabrum, spider plant
Cleome gynandra, common kale Brassica oleracea acephala). In a “batch system”, plants were
completely harvested five weeks after transplanting. In a “continuous system”, plants stayed in
the field for 15 weeks whereby sprouts were harvested every five weeks. Plants were harvested
by pulling out or cutting five cm above soil surface or cutting edible organs only.
The nutrient transfer from soil to market was very high when plants were harvested by pulling
out and largely varied among species. For example, the potassium transfer associated with the
sale of 103 kg edible plant fresh mass varied between 6.3 kg for common kale and 34 kg for
amaranth, the nitrogen transfer varied between 5 kg for African kale and 13.5 kg for cowpea,
and the sulfur transfer varied between 1.1 kg for African nightshade and 2.3 kg for spider plant.
Harvesting edible organs only, reduced the potassium transfer from soil to market between
22 % for common kale and 79 % for amaranth, the nitrogen transfer between 20 % for African
kale and 69 % for cowpea, and the sulfur transfer between 13 % for common kale and 80 % for
cowpea.
We conclude that due to the large differences among AIV species in biomass partitioning and
nutrient concentrations in different organs, the fertiliser recommendations for replacement of
nutrient transfer from soil to market need to be species-specific and must consider also the
production system.
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Variability in soil fertility was investigated in eastern DR Congo. Three farmers’ typologies
were defined based on their resource endowment (wealthy, intermediate and poor status), where
land size and market access were considered as the main criteria. It was hypothesised that the
level of resource endowment is reflected in soil fertility status. Hence, based on farmers’ per-
ception on soil fertility, a gradient of 96 households was investigated in four field survey imple-
mentation sites: Bushumba centre, Mulengeza, Madaka and Luduha characterized by contrast-
ing agro-ecologies and market access. A total of 384 soil samples from randomly selected farms
were collected and analysed for their major nutrients. To reduce laboratory chemical analy-
sis, about 30% of the samples set was subjected to wet lab analysis, whereby the remainder
was calculated by midMIDRIFT-PLSR based predictions. Accuracies of midMIDRIFT-PLSR
based predictions across resource endowment were, on basis of the residual prediction (RPD),
“acceptable” for soil total carbon (R2 = 91.58; RPD = 3.46), total nitrogen (R2 = 85.6; RPD =
2.71), and pH (R2 = 88.7; RPD = 3.02). The measured and predicted values were then subjected
to analysis of variance using a mixed model that considered agro-ecology, typology (resource
endowment), and soil depth as random terms. This statistical analysis revealed a large vari-
ability among farms in total soil C (1.13–3.33 %), total soil N (0.08–0.53 %), available soil P
(0.72–97.16 mg kg-1), soil Ca (1.02–1.42 cmol(+) kg-1), and soil Mg (0.81–0.99 cmol(+) kg-1).
Moreover, variability in pH (4.06–6.07) differed significantly between the studied sites (agro-
ecology effect), while only exchangeable K exhibited a difference (29-870 cmol(+) kg-1 with
marginal farms having low extractable K content compared to fertile plots, respectively) regard-
ing farmers’ knowledge on soil fertility status. Generally, soil nutrients decreased significantly
with reduced farm resource endowment with respect to land size and distance to market access
which were identified as entry points to approach soil fertility improvement in the studied area.
In conclusion, variability between sites, agroecology and market access provided certain evi-
dence on the soil nutrient status serving as baseline for adequate interventions on prospective
soil productivity management of smallholder farms in the studied region.
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Land degradation caused by human impacts and climatic factors leads to desertifica-
tion and results in loss of soil fertility, increased salinisation, wind and water erosion
as well as a reduction of vegetation cover followed by socioeconomic problems. Fur-
thermore, there is also an effect on the water cycle, the biogeochemical cycle and
the climate. Especially land use practices like non-adjusted agricultural methods,
overgrazing and degradation of the vegetation cover through deforestation are main
driving forces for desertification. The present study examines how different agricul-
tural practices in Binh Thuan province, Vietnam influence soil fertility. The region
is characterised by sandy soils as well as hot and dry climate what complicates agri-
cultural production. In order to improve soil fertility and subsequently crop yields
and economic development in the coastal area sustainable management practices are
needed. To evaluate which sustainability strategies are applied in the area and how
peanut and dragon fruit cultivations influence soil properties, soil analyses for differ-
ent soil parameters were combined with a socio-scientific survey based on quantitative
interviews and SWOT analysis. Results show that most farms combine conventional
farming with different sustainable agricultural practices but are threatened through
local environmental conditions. Furthermore, higher amount of total organic carbon,
total nitrogen as well as dissolved organic carbon directly next to the dragon fruit
indicate that dragon fruit cultivation contributes more to soil fertility than peanut cul-
tivation. This is especially through the application of mulch around the plant which
increases humus content in soil and keeps the nutrients from leaching. To conclude,
desertification due to human impacts and climate change is an ongoing local and
global problem. For that reason, agricultural practices adapted to environmental con-
ditions become even more important and should be accelerated even in the frame of
the SDGs (Sustainable development goals).
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Silvopastoral systems (SPS) are an environmentally and economically beneficial alternative to
single grass systems for livestock production. The incorporation of trees, especially legumes,
in pastures has been shown to have several positive effects on soil properties and nutrient cy-
cling, while creating a favourable microclimate for the animals and increasing the productivity
(i.e. milk and meat). The inclusion of legumes or legume-trees in the pastures systems leads
to improved nutrient cycling and increased biological activity creating fertility islands within
the SPS. Soil macrofauna has been considered as bioindicator of soil quality because of the
direct effect on soil properties and on soil organic matter fragmentation and nutrient dynam-
ics. The present study was performed in an experimental block designed (n=3) (silvo)pastoral
trial located at CIAT (Colombia) and aimed to evaluate the effect of the inclusion of the herba-
ceous legume (Canavalia brasiliensis) and both herbaceous and shrub legume (Leucaena leu-
cocephala) respect to the Brachiaria cv. Cayman monoculture on a set of biological and physi-
cal parameters. We measured the abundance and diversity of soil macrofauna, macroaggregate
morphology and soil aggregation, as well as their spatial heterogeneity in relation to the trees
in the SPS. Soil samples were collected at three different distances from the Leucaena doble-
row as follows: i) between the rows, ii) at 1.5 m and iii) 5.5 m from the trees. Results ob-
tained showed that the inclusion of legumes has a positive effect on soil macrofauna with the
highest abundance found at 1.5 m distance from Leucaena. On the contrary, reduction of total
abundance was found around the trees corresponding to higher soil compaction areas probably
due to the animal grazing preference and search for shade. This phenomenon was reflected in
higher proportion of physicogenic aggregates and lower amount of large water-stable macroag-
gregates. In addition to increased productivity of legume-based pastures and the potential to
sustain higher densities of animals, our results highlight the importance of an integrated evalua-
tion of spatial heterogeneity within SPS and discuss possible consequences for the management
of trade-offs. Multivariate statistics of forthcoming data will reveal possible role of soil macro-
fauna as a reliable soil quality indicator.

Keywords: Livestock production, silvopastoral systems, soil macrofauna, soil quality
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Uganda’s Kapchorwa district is reportedly one of the most productive areas in the country.
However, the area is heavily characterised by population pressure, strong soil nutrient deple-
tion, erosion, and poor yields. Soil maps or recent information regarding soil degradation are
not available. Local soil knowledge combined with scientific analysis may be a valuable tool
for the localisation of problem areas in this region and development of mitigation strategies.
Combining local soil knowledge with scientific methods increases relevance and accuracy of
results as well as acceptance in local communities. Additionally, a comparison between scien-
tific methods and local knowledge can uncover best crop management scenarios and knowledge
gaps. To identify the validity of local soil knowledge for evaluating soil degradation, the fol-
lowing questions are examined: (i) what soil properties do local farmers use to identify soil
types; (ii) how adequate are the soil properties to describe soil fertility; (iii) how adaptable are
the soil properties to a rapidly changing environment.
Eight focus group discussions (FGDs) at four different altitudes on Mt. Elgon completed soil
classification exercises. The FGDs also rated soil fertility and discussed best practices for
management and cultivation. Additionally, 72 farmers from 35 villages participated in ques-
tionnaires about soils on their farms, and ranked their fertility. Soil samples from 135 fields
were analysed for pH, plant available nitrogen (N), phosphorus (P), potassium (K), soil organic
carbon (SOC), soil colour, and soil texture.
Farmers used soil colour, texture, and crop yields to classify soils. The farmers in all groups
showed a very high awareness of their soils and occurring degradation. They described de-
creasing soil fertility with decreasing altitude. The soil analysis confirms this observation, as
there is a decreasing gradient of nutrient availability with decreasing altitude. The comparison
of the scientific analysis and the farmers’ selected soil properties, however, showed that the
properties are inadequate in identifying indicators of soil degradation. The costs and efforts of
remediating a degraded soil outweigh mitigating the cause of degradation. Therefore, farmer
tailored monitoring tools shall be constructed to identify early warning indicators of soil quality
decrease, as well as the corresponding mitigation techniques.

Keywords: Degradation, local knowledge, soil colour, soil fertility, soil nutrients, texture,
Uganda
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Changing rainfall patterns and reoccurring dry spells impose severe challenges on
East African rainfed agricultural communities. Thus due to their prolonged plant wa-
ter availability inland valley wetlands have become increasingly important for food
security in the region. Yet a careful and knowledge based management is crucial for
the sustainable cultivation of these fragile ecosystems. In small scale farming mon-
etary resources for industrial fertilisers are constrained leaving nitrate as a limiting
factor for crop development and making efficient management of naturally occurring
nitrogen essential. This study investigates on the temporal and spatial distribution and
the relocation of soil born nitrogen from the slopes to the valley bottom of an inland
valley wetland in Uganda. In a plot study the effects of three land use types (bare
land, semi-natural vegetation and patchy agriculture) on nitrogen content in soil and
surface water is monitored using ion exchange resins and in situ quantification at dif-
ferent slope positions. Water fluxes from surface runoff and interflow are quantified on
runoff plots and in excavations at the bottom of the slope. Soil moisture is measured
using a PR2 soil moisture probe. Nitrogen content in soil water and soil moisture vary
between the three land use types and the different slope positions, with highest con-
centrations found on the bare plots and at the bottom of the slope. A sandy loam layer
at the bottom of the slope is delivering water and nitrate to the wetland even during
dry season. Nitrate concentrations in soil water at the fringe of the wetland though
were found to be very low. Thus down slope positions before the fringe seem to be of
special importance if nitrate was to be put into production before being lost for plants
from the wetland due to anaerobic soil conditions. This research is affiliated to the
GlobE-wetlands in East Africa project.
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Agriculture is not only affected by climate change but also contributing significantly to it; 19–
24 % of greenhouse gas emissions originate from the agri-food sector. Carbon related standards
and certifications such as the Publically Available Specification (PAS) 2060 for carbon neutral-
ity are on the rise. However, the biogenic carbon sequestration by agroforestry systems is not
accounted for in such Life Cycle Assessment based certifications so far. Therefore, compen-
sation of GHG emissions remains subject to offsetting by obtaining international carbon cred-
its. Carbon offsetting has been often criticised for its lacking transparency and sustainability.
Whereas, accounting for on-site carbon sequestration could incentivize agroforestry production
systems and address consumers demand for low-carbon and sustainable agri-food products.
This study investigated the Costa Rican case of the world’s first coffee that is certified as carbon
neutral in compliance with PAS 2060 since 2011. The objective was to analyse the carbon se-
questration potential of coffee-agroforestry-systems in Costa Rica and estimate to which extent
it could compensate the coffee’s carbon footprint. We developed a carbon sequestration model,
with a time horizon of 20 years, based on a detailed carbon inventory in selected transects.
Carbon sequestration on average reached 1.71 ± 2.64 t C ha−1 yr−1, which corresponds to
findings from existing literature on coffee-agroforestry-systems in Central America. This on-
site carbon sequestration rate would compensate the coffee carbon footprint of 2.79 kg CO2eq
kg−1 green coffee by 160 %. Factors, determining the potential of emission offsetting are:
carbon sequestration ha−1 (most influential), yield ha−1 and carbon footprint of the product
(least influential). The study shows the potential of accounting for on-site carbon sequestration
to replace untransparent and unsustainable carbon credits. By this, it can promote agroforestry
systems as a management option for farmers to tackle the multifaceted challenges today and in
future.
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The tropical forage grass Brachiaria humidicola (Bh) reduces soil microbial nitrifi-
cation by biological nitrification inhibition (BNI) and consequently reduces forma-
tion of nitrate (NO3) in soils. NO3 leaching and nitrous oxide (N2O) emission might
therefore be reduced by BNI. Intraspecific contrasting BNI potentials in Bh have been
observed but screening methods for field plots need to be further developed to iden-
tify high BNI Bh candidates. Nitrification discriminates against the stable isotope
15N and leads to a 15N enriched ammonium (NH+

4 ) and a 15N depleted NO3 pool.
It was hypothesised that high BNI Bh genotypes would mainly feed on NH +

4 and
lowerδ 15N values in leaves are expected whereas low BNI (and high nitrification)
should cause respective higher δ 15N leaf signatures under the assumption that NO3
has been leached out of the rooting zone. Contrasting BNI genotypes were grown
in the Llanos of Colombia for 3 years. Plots were split and either fertilised (+N) or
not (-N) with 70 kg N ha−1. Soil was collected and incubated for potential nitrifi-
cation determination. Leaves were collected from both split plots of two high BNI
(CIAT 679 and CIAT 16888) and one low BNI (CIAT 26146) Bh hybrid frequently
after fertilisation and 15N was measured with an IRMS. As reference NO3 in shoots
were measured simultaneously and NO3 in topsoil determined at 8 DAF. A strong
correlation (p = 0.006, R2=0.38) was observed between means of δ 15N leaf values
and soil NO3 at 8 DAF. High BNI Bh showed respective lower δ 15N signatures and
less NO3 in stems compared to the low BNI Bh at 11 DAF. Soil incubation indicated
lower nitrification for high BNI genotypes compared to the low BNI Bh. It could
be demonstrated that δ 15N leaf signatures and BNI are strongly linked. However it
needs to be considered that the leaf δ 15N might also be influenced by other factors
such as N fractionation under high N availability or uptake of both N forms from soil
N min pools with different δ 15N values. It was concluded that the technique has the
potential to screen for contrasting BNI genotypes within Bh.
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Adding biochar to nutrient rich organic matter during composting reportedly reduces
nitrogen (N) volatilisation and carbonisation of feedstock stabilises organic carbon
(C). A biochar-compost may thus foster lasting soil organic matter build-up while
providing nutrients to crops. We studied the effects of biochar, produced from on-
farm waste materials as compost additives on gaseous C and N fluxes under the Suda-
nian conditions of northern Ghana. Three biochar types (corn cobs, cCC; rice husks,
cRH; and wood, cWO) and their uncharred feedstocks (CC, RH and WO), were co-
composted with poultry manure (15 vol-%) and rice husk straw (60 vol-%) in ran-
domly allocated 1 m3 compost bins. During 34 days of composting, emissions of
C (CO2-C) and N (N2O-N and NH3-N) were measured using a closed chamber sys-
tem composed of a photo-acoustic infrared gas analyser (INNOVA 1312–5). Biochar
amended composts showed higher CO2-C emission rates during the initial compost-
ing phase. Emissions ranged from 8 to 17 g C m-2 h-1 in cRH, and 8 to 12 g C m-2 h-1

for RH. This indicated higher microbial activity in biochar treatments. Respiration
significantly dropped during the later days of composting with lower emission rates
in cRH (5 g C m-2 h-1) and cCC (3 g C m-2 h-1) compared to their un-carbonized
feedstocks with 9 and 11 g C m-2 h-1, respectively. Total CO2-C losses were 14 kg
C m-2 34 d-1 for RH and 9 kg C m-2 34 d-1 for cRH resulting in a 33 % reduction
(p < 0.05). Emissions were 9 and 10 kg C m-2 34 d-1 for cCC and CC while cWO and
WO emitted 8 and 9 kg C m-2 34 d-1, respectively. This reduced turnover is likely a
consequence of the high biochemical stability of biochar-C. Volatilisation of NH 3-N
was significantly lower in compost containing cWO (93 g N m-2 34 d-1) compared to
WO (174 g N m-2 34 d-1), while N2O-N emissions were lower in compost mixtures
containing cRH (35 %), cCC (9 %), and cWO (16 %) compared with their uncharred
feedstock.
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To meet the fresh food requirements of the rapidly increasing population of cities in
the semi-arid tropics, farmers often employ low quality irrigation water. In an urban
gardening area of Ouagadougou, Burkina Faso, farmers use alkaline industrial waste
water since 2006 to irrigate the intensively managed fields leading to widespread
salinisation. Hence, an on-farm experiment was conducted with two irrigation wa-
ter qualities (clean water and wastewater) to (i) assess the effects of sodium (Na) and
bicarbonate (HCO3

-) loaded industrial waste water on soil properties and plant de-
velopment and (ii) improve the affected soil and growing conditions for plants by a
gypsum (CaSO4) application as a soil amendment. To reach a target soil pH of 8
and an exchangeable sodium percentage (ESP) of 15 %, 6.8 and 10 t ha −1 of finely
powdered gypsum were incorporated into the topsoil (0–20 cm). Afterwards, rainfed
maize (Zea mays L.) and irrigated spinach (Spinacia oleracea L.) were cultivated on
the amended soils. Chemical and physical soil parameters, as well as plant growth,
yield and nutrient contents were determined. In highly salinized field areas, gypsum
application decreased soil pH on average from 8.5 to 7.2 and reduced ESP by 5.2 %.
Therefore Na content in plant tissues was significantly diminished for maize (from
5.2 to 3.2 mg g−1) and for spinach (from 79.6 to 24.3 mg g−1). A decline in the
soil sodium absorption rate during maize cultivation led to an increase in maize root
length density in highly salinized areas by 82 %. Higher soil Ca following gypsum
application also led to an increased Ca:Mg ratio from 3.5 to 7.8.
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Extensive bush encroachment by Acacia mellifera and associated woody species are
the most notable form of rangeland degradation in savannahs of South Africa. Grazing
and different rangeland management systems (communal and freehold) are consid-
ered to be of major importance for degradation. A vegetation change is mostly accom-
panied by changes in soil properties, where soils in savannah systems can profit from
woody species due to litter fall, root distribution, shadow and animal resting time.
We hypothesised that spatial patterns of soil properties in South Africa’s rangelands
are controlled by vegetation and modulated by tenure systems with higher rangeland
degradation in communal areas. To test this, we sampled soils at communal and com-
mercial land in the Kuruman area of South Africa with the following design: three
farms per tenure system, 6 randomly chosen plots (100× 100 m) per farm, and 25
soil samples (0–10 cm) per plot, each in a 5× 5 m sampling area. At every sampling
point, information of overlying vegetation was recorded. For each plot, high reso-
lution UAV aerial photos were taken to evaluate the extent of bush encroachment.
Analyses involved main physical and chemical soil parameters and isotopic analyses.
The results of aerial image classification (grass, woody species, bare ground) revealed
significant with higher coverage of bare ground and shrubs at communal farms, and
higher grass cover at commercial farms. The tenure systems had no differences in
main texture classes of the soils, but significant differences in the composition of the
sand fraction, with higher levels of fine sand and lower levels of coarse sand in com-
munal farms. The chemical soil properties showed a high variability both within and
between the farms, with much higher variability within communal than commercial
farms. Additionally, concentrations of nitrogen, carbon, calcium and pH were signif-
icant higher in communal farms.. Different photosynthetic pathways are responsible
for differences found in 13C values, with higher levels (-13�) in C4-grassland and
lower values (-22–26�) in soils under Acacia (C3). We found relationships between
soil properties and species or bare ground, where differences in texture likely interact
with both, vegetation cover and soil properties.
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In order to optimise the benefits of plant residue on soil quality improvement, it is
critical to synchronise release of nutrients from residue decomposition with plant nu-
trient uptake. We assessed nutrient release rates of chickpea (Cicer arietinum) and
white lupin (Lupinus albus) residues, and kale (Brassica oleracea var. acephala)
nutrient uptake in a nitisol with the aim of improving synchrony. The parallel ex-
periments; determination of kale nutrient uptake and legume residue decomposition,
were carried out at the university of Nairobi field station, between November 2014 and
February 2015. The residues were weighed, put in litter bags and buried at 10–15 cm
soil depth. They litter bags were retrieved at 0, 15, 30,45,60,75, 90,105 and 120 days.
The kale leaves were sampled at 30, 60 and 90 days after planting. The residues and
kale leaves were analysed for N and P concentrations. The decay (Y=y oe-kt) and half-
life (t½ =ln (2)/k) formulae were used to determine the decomposition and mineral-
isation rates, and time when half of the nutrients or weight is lost, respectively. The
weight loss of the legume residues with incubation period (days) was rapid (0–30),
moderately rapid (30–60), moderate (60–90) and gradual (90–120). The nutrient half-
life for both legumes was found to be between 20 and 30 days of incubation. About
10–33, 50 and 80–86.7 % loss of N by legume residues occurred in the first 10–15,
30–60 and 120 days, respectively. About 50 % of P released occurred between 15 and
30 days for both legumes. Kale nutrient uptake was rapid (first 30 days), moderate
(30 to 60 days) and gradual (between 60 and 120 days). The N and P release by
chickpea and lupin, and uptake by kale intersected (i.e. point of maximum synchrony
between nutrient release and uptake) at day 25 and 30, respectively. For maximum
nutrient synchrony between chickpea and lupin nutrient release and kale nutrient up-
take, the residues should be incorporated in soil during kale seedling (4 weeks old)
transplanting to optimise on residue benefits and minimise loss of available nutrients.
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Financial Incentives for Manure Management Solutions in a
Peri-Urban Context

OGHAIKI ASAAH NDAMBI, MARION DE VRIES

Wageningen University and Research, Livestock International, Animal Science Group,
The Netherlands

In the peri-urban context of West-Java, Indonesia, manure is often discharged from dairy farms
without future use. A survey of 300 dairy farmers in the district of Lembang, West Java,
showed that 84 % of farmers discharged at least part of their manure directly into the environ-
ment. These practices lead to local nuisance, losses of valuable nutrients, eutrophication of
water bodies, and higher greenhouse gas emissions. On the contrary, proper manure manage-
ment practices involving collection, treatment, storage and application of manure as a fertiliser
are known to be beneficial to the environment and to farmers. It is therefore worthy to encour-
age farmers to collect manure for application as a fertiliser on land used for fodder or food
production.
This study analyses the costs and benefits of various manure management options which are
already applied by a few farmers or are applicable under the current socio-economic situation
in West Java. Data were collected on 50 dairy farms in 2016 in Lembang, West-Java. Three
manure management options were analysed in terms of costs and benefits, where the farmer
1) applies manure to his own farmland without processing 2) sells or applies bio-slurry on his
farm after using manure in a bio-digester and 3) sells the manure to a collector who processes
it to compost and then sells it to large scale farmers.
Results showed that all manure management options were profitable. Applying manure on own
farm appeared more beneficial than selling it. A farm with 2 cows would have about 20 times
more benefit from fresh manure when he applies it as an organic fertiliser on his own farm
rather than selling it. Profitability of manure management increased with herd size and farmers
could be encouraged to manage manure together to increase profitability. Investing into manure
collection, composting and selling to large scale farmers is a profitable option. Obtaining a bank
loan would facilitate such an investment and in this case, the option would still be profitable on
a five year loan at 10 % interest rate pa.
The Sustainable Intensification of Dairy Production in Indonesia (SIDPI) project was imple-
mented as part of the CGIAR Research Program on Climate Change, Agriculture and Food
Security (CCAFS) and with support from the government of The Netherlands. CCAFS is car-
ried out with support from CGIAR Fund Donors and through bilateral funding agreements. For
details please visit https://ccafs.cgiar.org /donors. The views expressed in this document cannot
be taken to reflect the official opinions of these organisations.

Keywords: Cost benefit analysis, incentives, Indonesia, manure management, organic fertiliser
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Improved Varieties of Maize and Mineral Fertiliser in Kenya:
Determinants and Intensity of Use by Smallholder Farmers

IANNA RAISSA MOREIRA DANTAS1, MANFRED ZELLER1, HUGO DE GROOTE2,
M ZACHARY GITONGA3

1University of Hohenheim, Inst. of Agricultural Sciences in the Tropics (Hans-Ruthenberg-
Institute), Germany

2International Maize and Wheat Improvement Center (CIMMYT), Mexico
3University of Cape Town, School of Economics, Kenya

Kenya relies on agriculture as main source of livelihood, being responsible for 26
percent of the national gross domestic product (GDP) and supplying 75 percent of the
population with jobs. Maize (Zea mays) is the foremost staple food crop in Kenya.
In the past decades, growth in population and domestic consumption of maize grew
faster than the growth in production, the latter being restricted as the arable area in
Kenya can no longer be extended. Therefore, improving national food security can
only be met by increasing maize yields, and a dominant strategy in Kenya was to
support smallholder farmers to grow a higher share of improved varieties of maize
and to increase their use of mineral fertiliser, especially in conjunction with higher-
yielding hybrid maize varieties.
This paper uses a national representative survey data from maize-producing house-
holds in Kenya collected by CIMMYT between December 2012 and February 2013,
referring to the 2012 cropping year. We first perform a descriptive statistical analysis
of the adoption rate and use intensity for improved maize varieties and mineral fer-
tiliser. Preliminary results show 59.5 % of mineral fertiliser adoption and 79.5 % of
improved maize seeds adoption among the 1230 households analyzed, within the six
agroecological zones of maize in Kenya. In the second part of the paper, we analyse
the determinants of adoption and use intensity through a bivariate probit and bivariate
censored tobit model respectively. Lastly, along with an extensive literature review on
the adoption of agricultural technologies, this paper draws conclusions with implica-
tions for research and policy.

Keywords: Kenya, maize, mineral fertiliser, smallholder farmers, technology
adoption
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Seedball-Induced Changes of Root Growth and Physico-Chemical
Properties in the Rhizosphere of Pearl Millet Seedlings

CHARLES IKENNA NWANKWO1, LUDGER HERRMANN1, DORIS VETTERLEIN2,
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3University of Hohenheim, Inst. of Crop Science, Nutritional Crop Physiology, Germany

Seedball technology is a cheap “seed-pelleting-technique” that combines 80 g sand, 50 g loam,
25ml water, 2.5 g seeds and 1 g NPK-mineral-fertiliser to produce about ten seed-containing-
balls of 1.5–2.0 cm diameter size to enhance pearl millet seedlings establishment. Despite its
significance for seedling improvement, little is known about early root-development and nutri-
ent-dynamics in the root-zone, influenced by root activity. Therefore, our major objective was
a non-destructive monitoring of nutrient-distribution and early root-development in seedball-
derived pearl millet seedlings (one seedling/tube) using a computer-tomography (CT) assisted-
scanner (XT H 225; NikonR Alzenau, Germany) with a micro-focus X-ray tube and suction-cup
methods. Measurements were conducted at three time intervals at 7, 14 and 21 days after plant-
ing (DAP). Three treatments comprising non-coated seeds (control), nutrient-free seedballs
(SB) and NPK–seedball (SB+NPK) were used to germinate and grow seedlings in cylinder
tubes (height: 25 cm, diameter: 7 cm) for 24 days under controlled growth-chamber condi-
tions (temperature: 30°C, humidity: 65 %, light: 12 h light, 300μmol m2/s ) in a completely
randomised design of six treatment repetitions on a sandy soil (pH CaCl2: 4.5, >90 % sand,
P-Bray: 33.2 mg kg-1). A soil moisture content of 16 % (w/w) was adjusted gravimetrically
every 24th h. Suction cups (www.rhizosphere.com) were used for sampling of soil solutions
from the upper 3.5 cm soil layer (seedball location) and lower (7.0 cm) parts of the growth-
tubes. Root dry-matter increments by 30 %, and shoot biomass and shoot dry-matter by 164 %
and 225 % in SB+NPK compared to non-coated-seed control and by 60 % and 57 % compared
with the nutrient-free SB variant were observed. The X-ray CT-scanning images revealed more
intense development at the upper layer in the SB+NPK treatments detectable within the first
14 DAP which may reflect the well-documented root-attracting properties of localised N and P
supply. The P concentration in the soil solution collected from SB+NPK root-zone was signif-
icantly 954,999 % and 4,049 % higher than in the non-coated-seed control and the SB variant,
respectively. This was associated with 10 % and 48 % increase of electrical conductivity (EC),
respectively. EC and P determined in the sampling-solutions declined with time, reflecting root
uptake and/or translocation of nutrients into deeper soil layers.

Keywords: Arid/semi-arid seedlings, local materials, pearl millet roots, rhizosphere dynamics,
seedball technology, seedlings establishment
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Bioirrigation and Biofertilisation for Sustainable Intercropping of
Pigeon Pea and Finger Millet

DEVESH SINGH, MATHIMARAN NATARAJAN, THOMAS BOLLER,
ANSGAR KAHMEN

University of Basel, Dept. of Environmental Sciences, Switzerland

Food security for growing population and achieving the zero hunger target by 2050
is a major challenge for humanity. Sustainable intensification of agriculture, i.e. in-
creased food production without causing environmental damage has been foreseen
as the way forward to address this challenge. In this study we propose a sustain-
able cereal - legume intercropping model based on “bioirrigation” and biofertilisa-
tion. “Bioirrigation” is based on the principle of hydraulic lift (HL) where transfer of
water occurs through roots from wet soil layers to dry soil layers as a consequence
of a soil water potential gradient. Specifically, the process of bioirrigation describes
the water supply of a deep-rooted plant to a neighbouring shallow-rooted plant. We
conducted pot and field experiments to test whether the deep rooted pigeon pea could
potentially “bioirrigate” the neighbouring finger millet via the arbuscular mycorrhizal
fungi (AMF) and the plant-growth promoting rhizobacteria (PGPR). The results of
our study shows that pigeon pea does perform hydraulic lift and biofertilisers (AMF +
PGPR) seems to play an important role in redistributing the hydraulically lifted water
to finger millet. Planting one row of pigeon pea flanking eight rows of finger millet
(2:8 system) showed improved yield of finger millet compared to pigeon pea plants
planted in between eight rows of finger millet plants in a mosaic fashion. We envi-
sion that sustainable intercropping on the basis of our bioirrigation and biofertilisation
model will help to design appropriate intercropping system especially in rain-fed ar-
eas that could provide sustainable food security, particularly for the marginal farmers
in arid and semi-arid tropics.

Keywords: Arbuscular mycorrhizal fungi, biofertiliser, bioirrigation, intercropping,
plant growth promoting rhizobacteria, sustainable agriculture
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Impact of Native Rhizobium Strains Inoculation on Local
Common Bean Production at Southern Ecuador

ROLDÁN TORRES-GUTIÉRREZ1, KLEVER IVAN GRANDA MORA2, BETTINA

EICHLER-LOEBERMANN3, JOSÉ FRANCISCO GUAMÁN DÍAZ2,
YELENYS ALVARADO CAPÓ4

1Universidad Regional Amazónica IKIAM, Biotechnology, Ecuador
2Universidad Nacional de Loja, Centro de Biotecnología, Ecuador
3University of Rostock, Fac. of Agricultural and Environmental Sciences, Germany
4Universidad Central Marta Abreu de Las Villas, Instituto de Biotecnologia de Las
Plantas, Cuba

Common bean (Phaseolus vulgaris) has been a staple for the majority of low income families
in Ecuador. Seeking the increasing of production of this important crop through sustainable
methods, our research aimed to assess the effect of native Rhizobium strains inoculation on
nodulation, plant biomass and yields of two local genotypes at southern region of Ecuador.
Seeds of Calima and Mantequilla genotypes were planted under field conditions in clay loam
soil. A total of four native Rhizobium strains isolated from common beans were compared with
the inoculation of a wild type strain (Rhizobium etli CNPAF512), the application of urea and a
control without inoculation and fertilisation. Nodule number, shoot and root dry weight yield
parameters and yields of both genotypes were assessed. The results for nodules number showed
that all the strains differed statistically with control and fertilisation treatments. Although there
were no differences among strains, Rhizobium leguminosarum bv. viciae (COL6) for Calima
and wild type strain for Mantequilla turned out the highest values. The plant biomass was
variable for both genotypes, however it was remarkable affected by isolate COL6 and urea
application for Calima and Rhizobium mesoamericanum (NAM1) for Mantequilla. All yields
components were also stimulated by the inoculation of the isolate COL6, highlighting the high
performance of the strain. Surprisingly, the inoculation of the strain PIN1 (R. etli), the same
species than wild type strain, evidenced a negative effect on most of the parameters evaluated,
suggesting the specific effect of each strains for the enhancement of plan parameters and not
the effect of the Rhizobium species. The final yields of beans were concomitant with the pre-
vious results. The inoculation of NAM1-Rhizobium mesoamericanum (1.58 t ha−1 in Calima)
and COL6- Rhizobium leguminosarum bv. viciae (1.70 t ha−1 in Mantequilla), raised the best
statistical results without difference with the application of nitrogen fertiliser. However, the
increasing in both case comparing with the fertilisation treatment turned out of 2.53 % and
2.35 % respectively. These results clarify the genotypical variability among Rhizobium strains
and genotypes for common bean production and to contribute to carry out a sustainable agri-
cultural process in Andean region.

Keywords: Isolates, Phaseolus vulgaris, Rhizobium, sustainability, yield
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Nitrogen, Phosphorus and Rhizobia Inoculation Interactions on
Biological Nitrogen Fixation and Nutritional Components of

Common Bean (Phaseolus vulgaris L.)
VONGAI CHEKANAI1, REGIS CHIKOWO2, KEN GILLER3

1University of Zimbabwe, Crop Science Department, Zimbabwe
2Michigan State University, Plant Soil and Microbial Sciences, United States of America
3Wageningen University & Research, Plant Production Systems, The Netherlands

Common bean is an important legume for improving soil fertility through biological
nitrogen fixation and also good supply of protein and micronutrients for sub-Saharan
Africa populations. On-farm experiments were carried out in eastern Zimbabwe to
investigate the influence of nitrogen, phosphorus and rhizobia inoculation on the bi-
ological nitrogen fixation, protein, anti-nutritional factors and micronutrient content
in common bean. Rhizobia inoculation, nitrogen and phosphorus were tested on two
varieties (Gloria and NUA45), in a split-plot arranged in randomised complete block
design. The main plot factor was the combination of N (0 and 40 kg ha −1) and P (0
and 20 kg ha−1), and the sub-plot factors were variety and inoculation (+/- inoculum
(I)). Both N and P were applied at 20 kg ha−1 at planting, with an additional 40 kg
N ha−1 top dressing (split applied) at flowering. At peak flowering, nitrogen fixation
was estimated using the 15N natural abundance method for the control, N, P, NP, I and
NPI treatments. Using Bidens pilosa as the reference plant, the proportion of nitrogen
fixed was not significantly different between treatments presenting a non-response of
common bean to rhizobia inoculation, N and P. Common bean grain was analysed for
protein, trypsin, phytate, iron, zinc, manganese, copper and boron in response to N
and P fertilisers. Nitrogen and phosphorus application had no influence on protein,
trypsin and phytate but increased manganese and zinc content. Simultaneously, a di-
lution effect was observed on the iron, boron and copper content. Farmers can apply
only 20 kg ha−1 P without N for increased zinc, manganese in common bean. More
experiments need to be done to get a positive response of common bean to rhizobia
inoculation in Zimbabwe.

Keywords: Biological nitrogen fixation, common bean, micronutrients, nitrogen,
phosphorus, rhizobia
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Seedball Technology Improves Pearl Millet Yield in Sahelian
Production Systems
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Erratic rainfall and poor soil fertility negatively affect Sahelian pearl millet cropping
systems. This leads to poor seedlings establishment, and in turn low yields. Since the
early growth stages are determinative for the final crop performance under Sahelian
conditions, improvements should first focus on this critical early stage. However, lack
of financial resources and skills disallow Sahelian farmers to adopt already existing
solutions such as the application of irrigation, mineral fertiliser and seed treatments
(coating and priming) to enhance seedlings establishment. Obviously, over forty years
of research findings have not been extended to the Sahelian farmers. As a result,
pearl millet seedlings establishment, till date, is an utmost topic in the African Sa-
hel. In several greenhouse experiments, we chemically (nutrient concentration) and
mechanically (diameter size) optimised seedball technology based on local materials,
specifically for pearl millet production. Seedball is an easy and affordable “seed-pel-
leting” technique that combines indigenous local materials such as sand, loam, water,
and seeds in a gravimetric ratio to enhance seedlings establishment. Different amend-
ments such as fertiliser or pesticides can be added depending on target preferences and
local problems e.g. seed predation. Seedballs significantly enhanced root and shoot
traits compared to conventional sowing. To ascertain these findings, on-station and
on-farm experiments were carried out in 2015 and 2016 planting seasons in Senegal
and Niger Republic. Yield assessment revealed seedball significantly enhanced pani-
cle production by up to 29 %. Seedball yield increments vary according to soil types.
No significant differences were found in on-station experiments due to over-fertilised
soils. Seedball can increase yield in a typical Sahel environment. It is simple to make
and cheap to acquire, it saves seeds and maximally utilises mineral fertiliser. Thus,
seedball can be afforded by local farmers for pearl millet production. Additionally, it
does not conflict with pre-seasonal labour loads.

Keywords: Local materials, local seed pelleting, smallholder farmers
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Mycorrhizal Fungus Rhizophagus fasciculatus Promotes
Artemisinin Accumulation in Artemisia annua

BHOOPANDER GIRI

University of Delhi, Swami Shraddhanand College, Dept. of Botany, India

Due to the development of resistance by the malaria parasite to existing anti-malar-
ial medicines, Chinese researchers initiated a search for new antimalarial drugs and
found that the endoperoxide sesquiterpene lactone - artemisinin present in the ex-
tract of Artemisia annua was active against chloroquine resistant forms of malaria
parasite. The World Health Organisation has recommended artemisinin-based combi-
nation therapies for the treatment of Plasmodium falciparum-type malaria in many
countries, which results in a rapid increase in annual consumption of artemisinin
worldwide. Relatively low yield of artemisinin in A. annua is a serious constraint for
the commercialisation of the artimisinin-based combination therapies; therefore, the
strategies that can increase production and concentration of artemisinin in A. annua
are urgently required to meet growing demand of artemisinin in global market. Arbus-
cular mycorrhizal fungi (AMF) develop symbiotic relationship with the roots of over
90 % of land plant species and have been considered key components of terrestrial
ecosystems. In pursuit of understanding role of AMF, an experiment was conducted
to assess the impact of Rhizophagus fasciculatus on the growth and concentration
of artemisinin in A. annua. A significant increase in the biomass of A. annua was
recorded on inoculation with AMF supplemented with P fertiliser (M+P) followed
by mycorrhizal treatment alone (M). However, the biomass production was lowest in
case of non-inoculated control plants. The concentrations of mineral nutrients were
analysed in the leaves of A. annua at the end of experiment. AMF inoculation of
A. annua alone (M) or in combination with P amendment (M+P) significantly in-
creased the concentrations of macro-and micronutrients. In comparison to control and
NM+P plants, a significant increase in the density of glandular trichome was recorded
on M+P inoculation followed by M. The analysis of leaves of AMF-colonized plants
exhibited higher concentration of artemisinin compared to control plants. However,
maximum concentration of artemisinin was accrued on AMF inoculation in combina-
tion with P. The study revealed that AMF have a profound effect on the uptake of plant
nutrients, resulting in significant increase in biomass production and accumulation of
artemisinin in A. annua plants.

Keywords: Arbuscular mycorrhiza, artemisinin, mineral nutrition, nutrient acquisi-
tion, secondary metabolites
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Effect of Organic Manure and Sound Crop Rotation Pattern on
Growth and Yield of Potato (Solanum tuberosum L.) in the High

Lands of Awi Zone, Ethiopia
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Lack of sustainable soil fertility management system is a critical challenge in the
highlands of Ethiopia, wherein population and livestock pressure are high. Thus, an
experiment was initiated with the objective of improving the yield of potato through
organic treatments and sound crop rotation pattern. Two levels of sound crop rotation
patterns and four levels of organic treatments were factorially combined and laid out
in a completely randomised block design (RCBD) with four replications. The organic
treatments were: V1= 0 t ha−1 FYM; V2 = 5 t ha−1 FYM; V3 = 2.5 t ha−1 FSB; V4 = 5
t ha−1 FYM +2.5 t ha−1 FSB. The rotation patterns were: R1 = wheat - clover – potato
and R2 = clover - wheat undersown lupine – potato. In addition, farmyard manure at
1 t ha−1 and wheat – fab bean – potato rotation pattern was also included as a check
of farmers practice. The experimental results showed that combination of manure
(5 t ha−1 FYM +2.5 t ha−1 FSB) with potato followed by clover and wheat rotation
pattern was significantly improved the tuber yield of potato more than other treatment
combinations. The total tuber yield was highest (35.15 t ha -1) compared to all other
treatment combinations. In addition, the tallest plant height (86.41 cm), stem hill −1

(5.26), leaf area index (4.35), medium sized tubers (17.78 t ha −1) and large sized
tuber (15.50 t ha−1) were recorded on combinations of manures and potato followed
by clover and wheat rotation pattern. Whereas, the lowest tuber yield of 13.02 t ha −1

was recorded on unfertilised control and rotation pattern potato followed by wheat
undersown lupine and clover. Hence, the annual application rate of a combination of
manure (5 t ha−1 FYM +2.5 t ha−1 FSB) in conjunction with sound rotation pattern
(potato followed by clover and wheat) could be recommended as an alternative to
inorganic soil fertility management system in improving the yield and profitability of
potato without remarkable achievable yield reduction.

Keywords: Manure, rotation pattern, soil fertility, yield
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Application of Biogas Digestate as Biofertiliser for Paddy Rice
Cultivation in Southern Vietnam
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There are different trends in agriculture, one is related towards fertiliser supply of
crops and another towards reuse of organic residues. For sustainable cultivation of
crops the amount of mineral fertilisers should be reduced and partly replaced with
organic fertilisers. A sustainable way is the use of biogas digestate as fertiliser for
paddy rice cultivation. Therefore, an experiment was designed in the Mekong delta
with four mineral and organic fertiliser treatments: 1 st 100 % mineral nitrogen fer-
tiliser, 2nd 100 % digestate as biofertiliser, 3rd 50 % mineral fertiliser and 50 % biofer-
tiliser and 4th 75 % mineral fertiliser and 25 % biofertiliser. The results show that,
the parameters characterising the growth of the rice plants were not significant dif-
ferent. The colour of the rice plant leaves was also measured and showed significant
differences between treatment 1 and 4. The plants heights of the rice plants showed
no treatment effect, and were for the four treatments 78.5±2.06cm, 75.0±3.00cm,
73.5±4.09cm and 72.5±3.04cm, respectively. After harvesting, the length of the
paddy rice inflorescences were measured. The differences between the variants were
small and not significant, e.g. the length of the inflorescence in the 4 th variant was
17.90 ±1.75 cm and in the 1st variant (control) 20.50±1.29cm. The most important
parameter is the grain yield that means the weight of the seeds and their quality. The
highest yield was found for treatment 3 in comparison to the other treatments. It can
be conclude that it is possible to replace mineral fertiliser in rice cultivation to some
extent with biofertiliser as for example with digestate from biogas plants. Further ex-
periments regarding the exact amount of biofertiliser, and the frequency of application
are necessary.

Keywords: Biofertiliser, biogas plant, digestate, mineral fertiliser, nitrogen supply
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Agroeconomic Viability of Co-Inoculation in Common Beans
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This study aimed to analyse the agroeconomic viability of the common bean cropping
system using the Pérola variety, under sprinkler irrigation and co-inoculated with Rhi-
zobium tropici and Azospirillum brasilense. It were tested seven treatments composed
by different doses and forms of application that are economically feasible for the use
of common bean producers in commercial and family agriculture of the Brazilian
states of Goiás and Minas Gerais. The tested treatments were: control treatment (TC);
nitrogen fertilised witness (TN), which received 80 kg ha -1 of nitrogen (178 kg ha-1 of
urea); seed inoculation with two doses of Rhizobium tropici (Rt); inoculation of the
seed with two doses of Rhizobium tropici plus one dose of Azospirillum brasilense
(Rt+Ab1s); seed inoculation with two doses of Rhizobium tropici plus two doses of
Azospirillum brasilense (Rt+Ab2s); seed inoculation with two doses of Rhizobium
tropici plus spraying of two doses of Azospirillum brasilense (Rt+Ab2p); and inoc-
ulation of the seed with two doses of Rhizobium tropici plus spraying of three doses
of Azospirillum brasilense (Rt+Ab3p). All treatments used the Perola variety. Eco-
nomic viability analysis was done using partial budgeting. Partial budgets are based
on the principle that small crop management changes have effects in one or more of
the following areas: (1) Increase in income; (2) Reduction or elimination of costs;
(3) Increase in costs; and (4) Reduction or elimination of income. The net impact of
those four effects will be the positive financial changes (1 + 2) minus the negative
financial changes (3 + 4). A positive net indicates that farm income will increase due
to the change, while a negative net indicates the change will reduce farm income. Best
economic performance on commercial farms was obtained with the combination of
seed inoculation with two doses of Rhizobium tropici and then receiving three doses
of Azospirillum brasilense carried out in a spray, which led to greater profitability, i.e.
return rates of 90 % in Goiás state and 114 % in Minas Gerais state for commercial
farming, and of 13 % for family farming in Goiás state.

Keywords: Azospirillum brasilense, co-inoculation, partial budgeting, Rhizobium
tropici
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Estimation of Fertiliser Use Efficiency in Current Maize
Production Systems in Ethiopia

AMIT KUMAR SRIVASTAVA, CHO MILTIN MBOH, THOMAS GAISER,
FRANK EWERT

University of Bonn, Inst. Crop Sci. and Res. Conserv. (INRES), Germany

Maize provides the main calorie requirements in the Ethiopian diet and holds a key
role in addressing food security issues. The prevailing agriculture production systems
in the dryer regions of Ethiopia are vulnerable due to the lack of irrigation systems
and large spatial and temporal variability in rainfall. The situation gets aggravated
by a predominance of low-input production systems and depleted soils. Furthermore,
interactions between the limiting resources water and nutrients strongly influence the
efficiency with which the resources are used, the crop productivity, and the sustain-
ability of production systems. Therefore, understanding the resource use and resource
use efficiency of maize current production systems could help to identify possibilities
of producing more with the available resources and to address the variability in yield
and biomass production across the Agro-ecological zones (AEZs) in Ethiopia.
Agronomic fertiliser use efficiency (FUE) in producing maize grain and biomass
was estimated in three AEZs comprising 40 administrative zones in Ethiopia using
the crop model LINTUL5 embedded into the general modelling framework SIM-
PLACE (Scientific Impact Assessment and Modelling Platform for Advanced Crop
and Ecosystem Management). The simulations were run using a long maturing cy-
cle maize variety (BH660) and a medium maturing cycle maize variety (BH540) and
historical weather data (2004–2010).
The highest FUE was estimated with the application of 20 kg ha−1 N + 6.6 kg ha−1 P
in AEZ 2 gradually decreasing with increased fertiliser application rate in AEZ 3 hav-
ing lowest cumulative precipitation amount during the crop growth period. The find-
ing in this study indicates that FUE of nitrogen fertiliser for maize grain and biomass
production could be improved by adapting the application rates to the AEZ.
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The Importance of Organic Fertilisation and Perennial Crops for
Land Degradation Neutrality
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By 2050, agriculture needs to provide food and energy for 9 billion people. At the
same time, agriculture is losing huge areas due to soil degradation. Within the UN
sustainable development goals, land degradation neutrality indicates a key element to
face this challenge. We propose a cropping system that aims to increase soil fertility of
degraded and marginal sites and increases their potential for biomass production. For
improved agricultural practice on degraded and marginal soils, we combine perennial
biomass crops, legume intercropping and organic fertilisation. Following the idea of
a closed nutrient loop, we do not only reapply nutrients but also use the carbon share
of the organic fertilisation as a soil amendment, increasing soil fertility over time,
allowing sustainable plant biomass production.
We present results of a three-year outdoor mesocosm experiment testing the peren-
nial energy crop Sida hermaphrodita grown on marginal substrate with three kinds of
fertilisation (biogas digestate, mineral NPK, and unfertilised control) in combination
with legume intercropping. After three years, organic fertilisation (biogas digestate)
reduced the nitrate concentration in leachate and increased the soil carbon content
when compared to mineral fertilisation (NPK). On marginal substrate biomass yields
of Sida were 25 % higher when fertilised organically, compared to mineral fertiliser.
Further, we show that intercropped legume Medicago sativa fixed large amounts of
N, especially when fertilised organically, whereas mineral fertilisation suppressed bi-
ological nitrogen fixation.
We conclude that the perennial energy crop Sida hermaphrodita in combination with
organic fertilisation and legume intercropping has great potential to increase and re-
store the soil fertility of degraded and marginal soils, produce substantial biomass
yields and thus contribute to the goals of land degradation neutrality.

Keywords: Marginal and degraded land, organic fertilisation, perennial biomass
crops
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Increasing Cowpea Productivity Combining Rock Phosphate and
Arbuscular Mycorrhizal Fungi Inoculation in Sub-Saharan Africa

KANAKO SUZUKI, CHRISTIAN FATOKUN, BOUKAR OUSMANE

International Institute of Tropical Agriculture (IITA), Zambia

Cowpea is a very important crop in sub-Saharan Africa (SSA) as human food due to
its high protein content, quality feed for livestock, and it helps to restore soil fertility
through nitrogen fixation. However, phosphorous (P) deficiency remains a serious
problem to cowpea production. Our study focused on the use of indigenous rock P
due to its affordability. We inoculated cowpea with Glomus intraradices as arbuscular
mycorrhizal fungi (AMF) to promote P uptake from rock P.
Results from pot experiments using low P soil (approx. 1 ppm) from Fashola village
in south-western Nigeria showed that the optimum application level of Togolese rock
P is 60 mg P kg−1 for cowpea cultivation.
Using 15 cowpea genotypes, the pot test was conducted for verifying the effects of
co-application of rock P at 60 mg P kg−1 and AMF inoculation. One of 15 genotypes
(Sanzi) showed significantly (p < 0.05) higher shoot dry weight (SDW) at 8 weeks
after planting (WAP) with AMF co-application than in the treatment of only rock P
application. The SDW of other 14 cowpea genotypes were slightly higher than when
only rock P was applied. AMF inoculation appears to be ineffective under high soil P
condition. Therefore, these results indicated that rock P application at 60 mg P kg −1

is too high for AMF inoculation to work. Optimum application amount of rock P
should be less than 60 mg P kg−1.
In another pot test, four levels of rock P application: 0, 20, 40, and 60 mg P kg −1 were
established with AMF inoculation using six cowpea genotypes selected from above
mentioned nine genotypes. The SDW at 8 WAP showed that 20 mg P kg−1 was the
optimum level for cowpea with AMF inoculation.
Additionally, AMF can contribute to increase water as well as P uptake. We observed
that AMF inoculation has positive effect on increasing drought tolerance of cowpea.
More detailed studies need to be carried out to elucidate the effects of the co-applica-
tion of rock P and AMF inoculation on cowpea productivity in SSA.
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The Effect of Pseudomonas jessenii RU47 on
Phosphomonoesterases Activities and their Gene Abundances in

the Rhizosphere of Tomato
YULDUZKHON ABDULLAEVA, DINAH NASSAL, MARIE UKSA,

ELLEN KANDELER

University of Hohenheim, Institute of Soil Science and Land Evaluation, Germany

Phosphorus (P) is a vital macronutrient for plants and microorganisms and their growth
and development are often limited by the lack of P availability in the soil. Therefore,
the application rate of artificial P fertilisers has been globally increased. However,
excess use of P amendments causes severe environmental problems. The aim of the
study was to investigate the application potential of biological alternatives such as soil
inoculation with plant growth promoting bacteria (PGPB) to increase direct P mineral-
isation in the soil. Many soil microbes including PGPB are able to mineralise organic
P to a plant-available form by excreting enzymes such as phosphomonoesterases (EC
3.1.3). This enzyme group includes acid and alkaline phosphomonoesterases, which
are phylogenetically widely distributed among bacteria and encoded by the genes
PhoD and PhoN, respectively.
A study was conducted in the frame of the “BIOFECTOR” project (funded by the
European Commission) in order to investigate the effect of inoculation with Pseu-
domonas jessenii RU47 and additional P fertilisation on tomato plant. Soil samples
were collected from bulk soil and the rhizosphere and alkaline and acid phosphomo-
noesterase activities were measured. The abundance of PhoD and PhoN genes will
be measured in soil metagenomic DNA with quantitative real-time PCR using degen-
erative primers.
The results obtained so far reveal a higher acid and alkaline phosphomonoesterase
activity in the rhizosphere than in the bulk soil (p < 0.05). Significant differences in
both enzyme activities with respect to the different inoculation treatments were only
recorded in the rhizosphere. Higher acid phophomonoesterase activity was observed
in bulk soil than the rhizosphere in the P unfertilised rhizoboxes. Further investigation
of PhoD and PhoN gene abundance will determine whether inoculant strains or P
fertilisers can increase the genetic potential for P mineralisation in the soil. Results
of the study will contribute to further research in P fertiliser alternatives in order to
ensure future sustainable agriculture.

Keywords: Acid and alkaline phosphomonoesterase, enzyme activity, microbial min-
eralisation, phosphorus, qPCR
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Productive Impact of Residual Nutrients in Soybean and Maize
Rotation

EBENEZER SAM KOFI, JOSEPH KUGBE, PHILIP GHANNEY

University for Development Studies, Dept. of Agronomy, Ghana

Poor land management has resulted in severe soil nutrient depletion in Africa. Over
the years, alternative agricultural practices have been promoted to reduce the use of
expensive mineral fertilisers and to restore and sustain soil fertility. This study was
conducted in the Guinea savannah zone of Ghana to assess the performance of soy-
bean and maize in a rotation system. In season one, using randomised complete block
design the treatments used were untreated sole soybean, rhizobia inoculation, phos-
phorus application, rhizobia inoculation with phosphorus application and sole maize.
In the second season, the first season experimental plots served as main plot and were
divided into four sub-plots on which maize were planted and treated with four nitro-
gen rates (30, 60, 90 and 120 kg N ha -1) in a split plot design. Residual soil N, P and
their effect on growth and yield of maize and soybean were assessed. The results
show that soybean production led to significant increases in residual soil nitrogen
content of about 16 kg ha-1 to 55 kg ha-1, which is about 8 to 28 folds higher than that
observed in maize fields. The level of N was enhanced with inoculation. The appli-
cation of P to maize during the first cropping season of maize-soybean rotation led to
increases in residual P levels of soils which had positive impact on yield of soybean
that was grown in the second season. Grain yield of maize that followed soybean in a
rotation system performed better than maize that followed maize at various fertiliser
rates. Yield differences from the second season maize production in a soybean-maize
rotation system was more pronounced at lower rates of inorganic N application of
30 kg/ha than in maize-maize rotation. This shows that the residual N helps maize crop
when low rate of N (30 kg ha-1) is applied. The results also showed that phosphorus
applied to maize in the first season enhanced the performance of sole soybean sowed
in the second season. Similarly, application of 60 kg N ha -1 to maize that follows soy-
bean production in a rotation system makes much economic sense which will help the
resource poor farmer.
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Frankia inoculation: An Environmental Friendly Fertiliser of
Alder Forestation
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Alders (Alnus spp.) are native trees of the Hyrcanian forests and due its fast-growing
and pioneering ability it is a very important tree to restore disturbed forests as well as
for timber production in North Iran. Most of the biological nitrogen fixation in the for-
est soil is done by Actinorhizal plants. Frankia symbiosis with alder tree roots plays
a special role, and as a result of this coexistence, has a positive effect on tree growth.
To study the effect of symbiosis of Frankia with tree roots of Alnus subcordata and
Alnus glutinosa an experiment based on randomised complete block design was con-
ducted under greenhouse conditions including four treatments and four replications:
1. control (soil without inoculation with Frankia; 2. inoculation with Frankia; 3.
50 kg of N fertiliser ha-1; 4. 100 kg N fertiliser ha-1. The results showed that Frankia
inoculation in combination with N fertiliser had a significantly positive effect on the
diameter and shoot dry weight of Alnus subcordata and Alnus glutinosa as compared
to the control. Nodule dry weights also showed significant differences for the two in-
oculations (max.) and control (min.) and indicated that N fertiliser reduces nodulation
on the roots of alder trees. The results showed further that overall Frankia activity in
the soil decreased with N application. It can be concluded that Frankia inoculation is
essential for increasing growth and mineral nutrition of A. glutinosa and A. subcor-
data seedlings in sustainable forestation. Thus, inoculation with Frankia at the earlier
stage of growth or in the nursery will increase the compatibility of alder tree with their
new environment.
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Development of a Growing Media for Ornamental Plants Based on
Co-Composted Fecal Sludge
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Liquid and solid waste management face severe issues in Sri Lanka. The most obvious
problem is urban waste disposal. In many municipalities, waste services are restricted
to collection and disposal only, whereas treatment and recycling options are hardly
implemented, resulting in environmental pollution instead of resource recovery. Co-
composting of dewatered fecal sludge (DFS) with organic fractions of municipal solid
waste (MSW) has a high potential to be used to reduce the total amount of waste and
being used as a resource for agricultural and horticultural purposes.
The possibility to substitute inorganically fertilisation by adding co-compost to a
growing media for ornamental plant production was object of an experiment. Co-
Compost from DFS and MSW was added to a growing media in proportions from 10
to 40 vol.-%. Additionally, these four treatments had been amended with 15 vol.-%
biochar from empty fruit bunches of palm oil production. Chemical and physical pa-
rameters of the growing media as well as its effect on plant growth were tested by
cultivating Aglaonema commutata. As control a standard growing media was used to
compare the results with the general practice.
Results show that co compost is able to substitute mineral fertilisation, while enhanc-
ing structural characteristics of the growing media. Nutrient availability from co-
compost was sufficient and plant quality parameters comparable to general practice,
when added in medium amounts. Biochar decreased salt stress and lead to an extended
availability of nitrogen. Regarding the structural effect all co-compost treatments in-
creased water retention capacity. Furthermore, biochar increased porosity, leading to
a more balanced oxygen supply to the roots.
These results indicate that co-compost together with biochar can be regarded as a
value adding component to a growing media, leading to sufficient nutrient supply and
enhance the structural properties. Further experiments with other crops and longer
cultivation periods need to be conducted to verify these results.
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Compatible Solutes Accumulation Capacity of the Endophytic
Bacteria Kosakonia radicincitans
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Interest in endophytic plant growth promoting bacteria (PGPBs) has increased dur-
ing the last years because they are better protected inside plant tissues from abiotic
stresses such as extreme variations in temperature, pH, nutrient, and water availability
as well as biotic stresses such as competition. Endophytic PGPBs can directly or indi-
rectly facilitate the growth of plants, thus decreasing synthetic fertilisers input. Recent
studies on endophytic PGPB strain Kosakonia radicincitans DMS 16656T isolated by
IGZ demonstrated its plant hormones production, N-fixing and phosphorus solubilis-
ing capacity, besides showing a wide plant growth promotion activity. However, the
drying survival of the Gram-negative cells and shelf life remains poor. As a conse-
quence, cultivation and formulation techniques for K. radicincitans are highly needed.
Previous studies from our working group demonstrate the benefits of osmotic stress
during cultivation on cell drying survival. Here we set out to elucidate the compatible
solutes accumulation capacity of K. radicincitans triggered by osmotic stress. A high-
throughput microfermentation approach with the BioLector® yielded results indicat-
ing accumulation affinity to pyrimidines such as ectoine and hydroxyectoine and the
amino acid betaine from the culture media, significantly enhancing its growth rate un-
der osmotic stress exerted by 4 % NaCl. When these compatible solutes were added to
culture media with a concentration of 1 mM, since the beginning of fermentation, lag
phase was reduced down to 6.7 h in comparison to the control media, which required
at least 21.6 h. These first results indicate that a systematic approach to cultivation
and formulation may increase shelf life of this Gram-negative bacterium.
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Understanding Variability in Maize Yield and Profitability under
Fertiliser Microdosing Technology in Farmers’ Fields in

Northern Benin
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Fertiliser microdosing is currently promoted in semi-arid areas of sub-Saharan Africa
as a means to increase crop productivity, profitability and resource use efficiency.
However, little is still known regarding the main factors that govern yield response to
this technique in smallholder farmers’ fields. In this study, the performance of two
microdosing options applied alone [(M1, 23.8 kg N ha−1, 4.1 kg P ha−1 and 7.8 kg K
ha−1 and M2 (33.1 kg N ha−1, 8.2 kg P ha−1 and 15.6 kg K ha−1)] or combined with
hill-placed manure at 3 t ha−1 was evaluated on maize yield at 18 sites in 2014 and
32 sites in 2015. These four treatments were compared to an unfertilised control and
broadcast recommended rate (RR, 76 kg N ha−1, 13.1 kg P ha−1, and 24.9 kg K ha−1).
We observed a strong positive response for all of the sites to both M1 and M2, which
significantly increased maize grain yields by 1143 and 1232 kg ha −1, respectively,
compared to the unfertilised control (1069 kg ha−1). Overall, there was no significant
difference in yields between microdosing alone and RR in both seasons. Combining
microdosing and manure resulted in higher yield responses (by 1911 and 2066 kg ha −1

for M1 and M2, respectively). There was a large variability in yields among farmers,
from 512 to 1687 kg ha−1, 976 to 4006 kg ha−1 and 1513 to 4733 kg ha−1 for the
control, unmanured and manured fertilised plots, respectively. This variability can be
explained by the total rainfall, weed pressure, and the topsoil characteristics (pH, clay
content, Exch-K and Mg and organic C). Applying microdosing alone or combined
with manure was economically profitable for more than 80 % (VCR=2), while only
58 % achieved a VCR of 2 under the RR treatment. The results indicate that fertiliser
microdosing is better adapted to the realities of smallholder farmers than the RR while
still ensuring very significant yield increases and economic benefits. However, there
is a need to evaluate this technology in a larger zone and number of farms to better
predict crop responses and for a widespread adoption.

Keywords: Fertiliser microdosing, maize yield response, management and environ-
mental factors, northern Benin, profitability
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Nigeria is at the core of the oil palm belt, the African oil palm’s centre of origin,
where its products have been used since thousands of years. Once the largest palm oil
producer it is now the 5th in the world and is importing palm oil to supply the demand
from its population. This is surprising considering that Nigeria has over 3 million
hectares under oil palm and that the crop can yield over 4 tons of oil per hectare per
year in the region. Average yields are less than a fifth of the world average and reflect
the low input and extensive way of cultivation of many plantations and producers. Oil
palm plantations are usually not or inadequately fertilised, especially at the young age
when investment costs are still high and production is yet to start. In any suitable
environment and with high yielding planting material fertilisation represents the main
yield gap for oil palm. Using the data from a 7-year trial field on a large commer-
cial plantation in Edo state Nigeria this paper presents the effects that applications of
inorganic and organic fertilisers have on the growth, production and profitability of
young oil palm plantations. The treatments consist of an unfertilised control (T), com-
pany standard inorganic fertilisation regime(C1), half the standard fertilisation regime
(C0.5) and exclusive organic fertilisation using Empty Fruit Bunches (E). The growth
variables Collar Girth and Palm Height are consistently and significantly lower for T.
The production data indicate a difference in bunch Oil Extraction Rate in favour of T
but due to the stronger positive effect of fertilisation on bunch production, any appli-
cation leads to significant increase in oil yield within the first 4 years of production
(4th to 7th year after planting) with E giving the highest yield. When costs and benefits
are added to the analysis inorganic fertilisers are more profitable because of the high
application costs of organic fertiliser and their limited availability. Just 7 years after
planting, applying the standard fertiliser regime already gives 15 % higher profit from
the oil produced.
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Does Sugarcane Bagasse Ash Modify Soybean Growth and
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After extraction of sugarcane juice, the remaining fibrous material, so-called bagasse,
is burned for energy production resulting in bagasse ash. Bagasse ash is poor in
nitrogen (N) but still contains varying amounts of other plant-nutrients, including
phosphorus (P) and potassium (K). In between sugarcane rotations, N-fixing cover
crops like soybeans are planted to increase soil N-content and to reduce the need for
subsequent N fertilisation. Since soybean does not rely on mineral N, bagasse ash
has the potential of serving as a fertiliser. Here we study the bagasse ash effects on
soybean growth and development.
In our analyses, soybeans inoculated with Rhizobia were cultivated under greenhouse
conditions for 56 days. Nutrient poor substrates were homogeneously mixed with
eight doses of bagasse ash (between 0 and 30 g ash/L substrate) and the control treat-
ments contained identical amounts of P and K, in form of triple superphosphate and
potassium sulphate, as supplied by bagasse ash. After harvesting, plant biomass was
determined and stems, petioles, leaflets, pods, roots and nodules were analysed with
regards to morphology and N, P and K contents.
The results show that bagasse ash P and K are less plant-available than from the tra-
ditional fertilisers. Soybeans growing on bagasse ash treated substrate responded by
morphological plasticity. Furthermore, the N content of bagasse ash treated soybeans
significantly decreased compared to traditional fertilisers and this was probably a re-
sult of significantly decreased nodules activity. Thus, the application of bagasse ash
increased the plant biomass, modified the plant plasticity and reduced the activity of
N-fixing Rhizobia.
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sive plant phenotyping, phosphorus and potassium plant-availabilities, plant plasticity,
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The Climate Smart Villages (CSV) represent an agriculture research-for-development approach
that enables dialogue between communities of farmers, scientists, extensionists and decision-
makers towards co-learning and co-developing context-specific options that support short and
long-term adaptation to climate change while reducing impacts on the environment (e.g. GHG
emissions) and increasing productivity (i.e., addressing all three pillars of Climate Smart Agri-
culture). In Colombia, 14 communities in the northwest of Popayán, the capital city of Cauca
Department, started a CSV in 2014. In this CSV, farmers are growing coffee and sugarcane
on small areas (< 5 ha) that are vulnerable to drought. Farmers (n=30); CCAFS; ECOHAB-
ITATS and CIAT scientists jointly selected eight practices due to their potential to improve
food security and income. Some of these practices, such as good crop residue management,
potentially contribute towards climate change mitigation. Our objective was to quantify the
mitigation potential of different crop fertilisation options. In 2016, we conducted field survey
(n=12) to collect data on management practices. The collected data was used to model GHG
balances associated with the different fertilisation practices, using the greenhouse gases cal-
culator Cool Farm Tool (CFT). The GHG balances from different fertilisation strategies were
modelled comparing two scenarios: before (i.e., chemical fertilisation) and after (i.e., compost-
ing using coffee post-harvest residues, animal manure and other domestic organic wastes) the
commencement of the CSV. Results show that as a result of the CSV, 70 % of surveyed farm-
ers had changed from chemical to organic fertilisation. Estimations showed that each 1000 kg
of harvested coffee generates an average of 430 kg of post-harvest waste. Replacing chemical
fertilisers with organic material, such as coffee residues, was associated with a 33 % reduction
of GHG emissions. However, it is important to note that these results have high uncertainty
due to large uncertainties associated with both the activity data and the Tier 1 emission factors,
on which CFT is based. We conclude that organic fertilisation is a suitable strategy to mitigate
GHG emissions, increase the eco-efficiency through nutrient cycling and reduce dependence on
chemical fertilisers. Moreover, the multi-actor participatory process was critical for promoting
the transition towards climate-smartness.
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Effect of Manure Quantity and Quality on GHG Fluxes from
Tropical Pastures in Kenya
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Dung patches on grazed rangeland are a major source of anthropogenic GHGs emis-
sions from agricultural systems. Dung is rich in available carbon and nitrogen, thus,
supporting microbial processes such as methanogenesis, nitrification and denitrifica-
tion. These processes are driving greenhouse gas emissions from dung. However, the
amount and quality of dung patches depends on nutritional status and feed intake of
the livestock. Factors, which so far have not been considered in most studies focusing
on GHG emissions from dung. Moreover, our study focus on Kenya, a country in
sub-Saharan Africa (SSA), for which little to nothing is known about regarding ma-
nure induced GHG emissions. Using an automated chamber system, we investigated
the effect of manure quality and quantity on dung patches’ GHG emissions in the dry
and wet season. Experiments were done on the campus of the International Livestock
Research Institute, Nairobi, Kenya.
While significant CH4 fluxes were observed immediately following dung application
to rangelands, no major stimulation of N2O and CO2 fluxes were observed. However,
total net GHGs cumulative emissions from 1 kg manure were twice as high as those
from 0.5 kg manure during two consecutive dry seasons.
With regard to manure quality experiment, CH4 emissions from farm manure dung
patches were approx. one magnitude higher as from dung patches of cattle fed at
40 % maintenance. However, no significant manure quality effects were found on
both net cumulative CO2 and N2O emissions in four observation periods. Specifically
for dung patches N2O emissions showed large variations in total cumulative emissions
over a four week period, which could partly be explained by variations in environmen-
tal conditions (dry/ wet season), but partly were stochastic. This suggests that more
research with more replicates and treatments in different seasons is required to calcu-
late robust emission factors for N2O emissions from dung patches from rangelands in
SSA.

Keywords: Dung patches, GHGs emissions, manure quantity and quality, sub-Saharan
Africa
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Insufficient waste management in Sri Lanka attracted interest in alternative approaches
of disposal and recycling of potentially pathogenic organic wastes. Co-composted de-
watered fecal sludge (DFS) with organic fractions of municipal solid waste (MSW) is
supposed to have a potential to be used as an agricultural resource. Up to now, little is
known about the usage of such a co-compost fertiliser and needs to be studied in order
to achieve a better understanding of plant growth and soil impact to generate knowl-
edge and application recommendations. Thus, the aim of this study was to assess
the agronomic value of composted DFS-MSW mixture (initial ratio 1:2) compared to
commercial mineral fertiliser.
Field experiments were conducted with DFS-MS, its biochar enriched form and min-
eral fertiliser. As crops a short-term crop Raphanus sativus ’Beeralurabu’ (Radish)
and a long-term crop, Capsicum anuum ’CA-8’ (Capsicum) were used and cultivated
for 50 and 120 days, respectively. Both field trials were established in a randomised
complete block design.
Amended soils with DFS-MSW compost and biochar increased yields of Raphanus
sativus under drought conditions related to those assessed for control plots. For Cap-
sicum anuum, that requires longer growth periods, yields harvested on soils with DFS-
MSW were similar to those harvested on control plots while a combined application
of DFS-MSW and biochar increased yields. Applied biochar increased soil pH, which
likely affected availability of soil nutrients.
This study revealed comparable effect of compost DSF-MSW and its combination
with biochar on plant productivity compared to commercial mineral fertilisation at
field conditions.
The project is financially supported by BMZ and GIZ-BEAF.

Keywords: Biochar, composting, fecal sludge, horticulture, municipal solid waste,
resource recovery, soil amendment
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Smallholder Farmers in East Africa
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Low crop productivity among smallholder farmers in sub-Saharan Africa attributed to
poor and declining soil health has led to sever food insecurity. Previous attempts to
address this problem have been hampered by socioeconomic constraints of the small-
holders who often are unable to afford the needed inputs for improving soil fertility.
Conservation agriculture (CA) has been reported to be a sustainable approach for in-
tensification of crop production in low input farming systems. Moreover, in rain fed
agriculture, higher soil moisture content has been observed in CA systems compared
to conventional systems. However the lack of empirical data to elucidate CA ben-
efits on soil productivity have been scarce. This paper identifies CA as a low cost
production strategy for improving soil productivity and enhancing crop yield. An ex-
periment was conducted in western Kenya to test the effect of varying rates of crop
residue retention on the recovery of applied nitrogen and soil water content on a maize
crop. Soil was sampled at four different soil depths two weeks after application of cal-
cium ammonium nitrate (CAN). It was observed that treatments receiving incremental
amounts of crop residues as mulch had significant amounts of applied nitrogen within
rooting depth compared to the control and thus increasing its availability for crop
uptake. The crop had greater water use efficiency in plots receiving 8 t ha -1 as crop
residue. Cost benefit analysis showed that CA practices had between 20 to 30 % less
labour cost compared to conventional practices. Conservation agriculture therefore
portends a more cost effective strategy for improving soil productivity, better income
due to reduced costs of labour and increased fertiliser and water use efficiency for the
rural poor smallholder farmers in sub-Saharan Africa.

Keywords: Conservation agriculture, crop residue, maize, nitrogen use efficiency,
water use efficiency
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Characterisation of Organic and Non-Organic Smallholder
Farms: A Case of Highlands and Lowlands in Kenya

JULIET WANJIKU KAMAU, CHRISTIAN BORGEMEISTER, TILL STELLMACHER,
LISA BIBER-FREUDENBERGER

University of Bonn, Center for Development Research (ZEF), Germany

The contribution of smallholder farmers is crucial for sustainable development in
Kenya. These farmers are highly diverse and differ in many structural and functional
aspects and any policy intervention targeting them requires a comprehension of this
diversity. Among these smallholder farmers, the importance of organic farming is
growing and its practice has received special attention from policy makers in recent
years. In this study, a typology of smallholder farmers from a survey of 488 farm
households in Kajiado and Murang’a counties in Kenya was developed using differ-
ent multivariate analysis techniques. We found significant differences across five farm
types determined through principal components and cluster analyses in terms of re-
source endowment, farming practices and other socioeconomic factors. Farm Types
2, 5 and 3 mainly practised organic agriculture, were market oriented and had high to
medium levels of wealth as well as strong social networks unlike their counterparts
in Types 1 and 4. Overall, the practice of organic agriculture was associated with
higher agricultural income, legal ownership of land, older household heads, larger
household sizes, stronger social networks, higher access to information, richer diets
and higher levels of gender equity. On the contrary, poorer, younger and less well-
connected farmers were less involved in organic agriculture. The typical farm types
found in the two regions of study provide a baseline for further research in similar
smallholder farming systems in Kenya and beyond. This study may help to design
inclusive measures and incentives targeting also those farm types that currently do
not apply organic farming principles necessary for successful policy interventions.

Keywords: Diversity, farm typology, gender, multivariate analysis, organic agricul-
ture, policy
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The Potential of Alley Cropping as a Multi-Dimensional Strategy
for Climate Change Adaptation in Africa

LIN BAUTZE1, ADRIAN MÜLLER2, MATTHIAS MEIER2, ANDREAS GATTINGER2

1Research Institute of Organic Agriculture (FiBL), Germany
2Research Institute of Organic Agriculture (FiBL), Switzerland

Climate change is more and more perceived as a global challenge for agricultural
production, food security and human well-being. In particular drought prone regions
and smallholder farmers face inevitable negative impacts on crop yields, soils and
other ecosystem services by progressing global warming, changes in precipitation
patterns and extreme weather events. Therefore, indicators and solutions need to be
developed that combine several goals at once.
Within the Swiss project “Potential of Sustainable Land-Use Systems to Promote
Adaptation to Climate Change”, several meta-analyses on the potential of agricul-
tural techniques as climate change adaptation strategies in sub-Saharan Africa were
conducted. Agroforestry is an often recommended potential sustainable agricultural
practice. Its ways of implementation are diverse and range from long-term historic
systems to newly established alley-cropping systems and its geographic distribution
covers almost all parts of the world where trees grow.
This paper presents the results of more than 100 pair-wise comparison from alley-
cropping experiments conducted in Africa between 1984 and 2012. It shows the ef-
fects of these agroforestry systems on the nutrient-use efficiency (NUE) compared to
mono-cropping systems of cereal grain production, such as maize. The NUE is tested
as a proxy-indicator to analyse the climate change adaptation potential of such sys-
tems. It allows insights into the water efficiency (particularly relevant for drought-
prone regions), crop yields (relevant for the farmers) and the effects of management
on soil ressources (soil fertility. Additionally, other co-benefits of alley-cropping in
Africa are reviewed, such as the influence on ecosystem services (e.g. carbon se-
questration potential), on farmers (e.g. diversification of income sources) and other
human well-being aspects (e.g. the provision of medicianal plant production). Fur-
ther, the methodological challenges in comparing complex agroforestry systems with
monocultural cropping systems are discussed.
Last, this paper gives insights and recommendations how alley-cropping systems can
be utilised in Africa as a climate change adaptation strategy. It presents associated
challenges of all dimensions (socio-cultural, economic and environmental) that cur-
rently prevent the progress of this agricultural technique. Therefore, the results adress
farmers, researchers and politicians alike.

Keywords: Agroforestry, meta-analysis, N use efficiency, pair-wise comparison
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On-Farm Evaluation of Yields and Yield Gaps of Rainfed
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Smallholder rice farmers in Tanzania often obtain yields of less than 2 t ha−1. The vast
majority of them use local varieties and no mineral fertiliser at all. We investigated
whether good agriculture practices (GAP) could help to improve yields and reduce
the yield gaps in farmer fields.
Field trials with cv. SARO5 were carried out in three hydrological zones (Fringe,
Middle and Center) of the Kilombero floodplain in Ifakara, Tanzania in 2015 and
2016 using different GAP. Eight treatments with four replications were compared
in a one RCB design including; i) farmers practice (no bunding and no fertiliser,
one hand-weeding), ii) unfertilised control (bunding, leveling and weeding), iii) ii +
60 kg N ha−1, iv) ii + 120:60:60kg NPK ha−1, v) ii + pre-rice green manure (Lablab
purpureus), vi) ii + farmyard manure (60 kg N ha−1), vii) ii + post rice forage legume
(Stylosanthes guianensis) and viii) vi + residues of post-rice Vigna unguiculata. Crop
growth parameters and yield were assessed and data submitted to ANOVA.
Grain yields ranged between 2.1 and 10.7 t ha−1. Significantly higher yields were
recorded in 2015 compared with 2016 and in the fringe versus the middle zone. Plant
height, tiller number and biomass at different rice growth stages were significantly
increased by GAP, irrespective of the hydrological position. Simple bunding and lev-
elling of the plots increased yields by 35 % compared to traditional farmers practice.
Green manure application provided an additional 8 % yield benefit and the combina-
tion of FYM and cowpea added another 35 % of yield gain, however only in 2016.
Application of urea and of NPK fertilisers resulted in the highest yield increase (40
and 53 %) compared with the unfertilised control. Thus, the site-specific adoption of
different GAP components can contribute to reduce the rice yield gaps in the Kilom-
bero floodplain.

Keywords: Farmyard manure, field bunding, floodplain, green manure, mineral
fertiliser, SARO 5, Tanzania
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Contribution of Local Agroforestry Systems to Food and Nutrition
Security of Small Farming Households in Yayu,

Southwestern Ethiopia
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Ethiopia is the home of more than 30 million undernourished people, the fourth largest
amount per country in the world. Among the existing approaches to cope with food
and nutritional insecurity, agroforestry appears to be one of the most cost-effective
alternatives. Hence, this study characterised the predominant agroforestry practices
of small farming households in the Yayu Biosphere Reserve, Ethiopia by empha-
sising their contribution to local food and nutritional security. The study was con-
ducted in 2014–15, during which 300 households were selected using a multi-stage
random sampling design which considered the proximity of the sampled villages to
the forest and market/road. Data was collected by applying a semi-structured sur-
vey and through field observation. Descriptive statistics, ANOVA and Pearson cor-
relation analyses were used to estimate the extent and variation of local agroforestry
practices. Results show that three predominant agroforestry practices, namely home-
garden (HG), multistorey-coffee-system (MCS) and multipurpose-trees-on-farmlands
(MTF), are practised by 99.7 %, 93 %, and 82 % of households, respectively. MTF
is mainly used for food production, MCS for income generation and HG for both.
From all three practices, 127 useful plant species were identified, of which 42.5 %,
25.9 %, and 31.5 % were trees, shrubs, and herbs respectively. Proximity to mar-
ket is significantly associated with the number of useful species in HG (r=-0.289;
p < 0.01) and MCS (r=-0.333; p < 0.01). Out of the ten major plant utility groups,
seven were present in all three practices, i.e. food, fodder, fuel, shade, timber, NTFP
and medicinal. 80 edible species were identified in all three practices, of which 55
were primarily cultivated for household food supply. Regarding the food groups,
only ’spices/condiments/beverages’ was found in MCS, and ‘cereals’ and ‘legumes’
in MTF, while in HG all of these as well as ‘roots/tubers’, ‘vegetables’, ‘dark-vegeta-
bles’, ‘sweets’ and ‘fruits‘. In HG and MTF the species count and richness of food
groups per household was significant (p < 0.01). Income provision comes from four
major sources, MCS (60 %), HG (18 %), MTF (13 %) and off-farm activities (11 %).
Based on the observed diversity, purpose-specialisation, and synchrony of the three
agroforestry practices, we conclude that they contribute considerably but in different
ways to all pillars of food and nutritional security of households of Yayu.
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Global Warming Potential of Diversified Tropical Rice Rotation
Systems after Straw Return and Legume Intercropping
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Paddy rice cultivation is increasingly challenged by irrigation water scarcity, which is forcing
farmers to change traditional rice cultivation from flooded double-rice systems to the introduc-
tion of well-aerated upland crops during dry season. Emissions of methane (CH4) are expected
to decrease, while there is a risk of increasing emissions of nitrous oxide (N2O) and decreasing
soil organic carbon (SOC) stocks through volatilisation in the form of carbon dioxide (CO2).
We present a unique dataset of long-term continuous greenhouse gas emission measurements
(CH4 and N2O) in the Philippines to assess global warming potentials (GWP) of diversified rice
crop rotations including different crop management practices such as straw residue application
and mungbean intercropping.
Since 2012, more than four years of CH4 and N2O emissions in double-rice cropping (R-R)
and paddy rice rotations diversified with either maize (R-M) or aerobic rice (R-A) during dry
season have been collected. Introduction of upland crops reduced irrigation water use and CH4
emissions by 66–81 % and 95–99 %, respectively. Although annual N2O emissions increased
twice- to threefold in the diversified systems, the strong reduction of CH4 led to a significantly
lower annual GWP (CH+

4 N2O) as compared to the traditional R-R system.
Diversified crop management practices were first implemented during land-preparation for dry
season 2015 where i) 6 t ha-1 rice straw was returned to the field and ii) mungbean was grown
as a cover-crop between dry and wet season in addition to rice straw application. The input
of organic material (straw and mungbean) led to higher substrate availability for methanogens
during the following season. Therefore, GWP was 9–38 % higher following straw incorporation
than the control treatment. This increase was mainly driven by increases in CH4 emissions. Due
to both stimulating CH4 and N2O emissions mungbean intercropping further increased GWPs,
whereby the increase was highest in the R-R rotation (89 %) and lowest in the R-M rotation
(56 %).
Nevertheless, regarding a future expansion of lowland-upland rotations due to water scarcity in
SE-Asia it can be expected that input of crop residues can counteract the SOC loss that is likely
associated with the shift to more aerated soil conditions under upland crops.

Keywords: GWP, maize, methane, mungbean, nitrous oxide, paddy rice, residue management,
SOC
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Smallholder farmers in Uganda generally obtain low rice yields. With increasing rice
consumption and high (but volatile) local production is rapidly expanding. Aiming to
improve crop management and maintain soil fertility, this study explores management
strategies for rainfed rice production in valley swamps of Uganda. The research is
embedded in a GlobE Project, which assesses the potential of wetlands to contribute
to food security while promoting a sustainable use.
Management practices compare single-season rice cropping applying common farm-
ers´ practice, with different improved management strategies (bunding, levelling and
weeding), nutrient management (mineral vs. organic) and intensified rice double crop-
ping. A randomised complete block design was repeated at three toposequence posi-
tions of an inland valley swamp for three consecutive seasons at Namulonge, Central
Uganda. We assessed crop biomass accumulation, grain yield and nutrient uptake, as
well as changes in soil attributes.
Simple soil and crop management practices such as field bunding and levelling, and
increased frequency of weed control significantly increased grain yield from 1.8 to
3.1 t ha-1 in 2015. Maximum attainable yields of 6.3 to 7.2 t ha -1 were reached with
full mineral NPK (120:60:60) application and the provision of supplementary irriga-
tion. The application of chicken and green manure appear to be promising alternatives
to mineral fertilisers, increasing average yields to 5.0 t/ha. The benefits of the suggested
management options differed by hydrological position. In 2015, rice yielded less in
the flood-prone centre positions. Response to applied mineral fertiliser was highest
in the middle positions. Grain yields and response to organic amendments tended
to be highest in fringe positions. In consequence, there is a need for site-specific
management strategies, depending on the hydrological situation within the wetland.

Keywords: Cropping intensity, farmyard manure, green manure, inland valley,
NERICA 4
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The green revolution with the development of high-yielding rice varieties in combina-
tion with the use of synthetic fertiliser and pesticides, and the provision of irrigation
water, allowed for cultivating two crops of rice per year. However, the high water
demand for the dry season rice can no longer be met in water-scarce environments,
forcing farmers to replace dry season rice with upland crops. The short turn-over
times in rice double cropping require the rice straw of the preceding crop to be re-
moved or burnt. Replacing dry season rice with an upland crop will result in seasonal
variations of the soil aeration status that may affect soil C and N contents. On the
other hand, the return of rice straw by mulching or incorporation before maize can
add K and Si. The inclusion of a pre-rice green manure after maize may contribute to
conserve native soil N. We hypothesise that the emerging flooded – aerobic cropping
systems enhance nutrient cycling and increase yield and nitrogen use efficiency of
rice. Such effects may provide new opportunities for sustainably intensifying produc-
tion while saving water and reducing the existing gaps between potential and actual
yields.
In the Philippines, these gaps were quantified at 4.2–7.8 t ha -1 in rice double cropping
systems. With the aim of reducing yield gaps in diversified cropping systems, we
compared rice double cropping with rice-maize rotations over two years in three main
rice-growing regions of the Philippines, namely Laguna, Tarlac and Pangasinan. We
compared the effects of permanent flooding and alternating seasonal drying and wet-
ting of the soil, and assessed the effects of straw return during the wet-to-dry season
transition period after the harvest of wet season rice (K and Si cycling) and of in-
cluding a nitrogen-fixing green manure (Vigna radiata) during the dry-to-wet season
transition period after maize harvest and the transplanting of rice (N cycling).
Across systems, sites and years, we established partial nutrient balances and N use
efficiencies, seasonal soil N dynamics and determined yields, yield gaps in 24 double
rice and 24 diversified rice-maize fields. Preliminary findings of the 2016 rotation
experiments will be presented and discussed.

Keywords: Nutrient cycling, Oryza sativa, straw management, Vigna radiata,
Zea mays
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Intercropping of cassava with maize is a common practice in Nigeria and many coun-
tries in the humid and sub-humid agro-ecological zones in sub-Saharan Africa. Maize
is commonly harvested and sold fresh, thus, serving as a crucial early source of cash
income for the farmer. In the framework of the African Cassava Agronomy Initiative
(ACAI), a decision support tool (DST) is being developed to assist development part-
ners in southern Nigeria to improve the productivity of the cassava-maize intercrop-
ping system by providing information on improved planting density, variety choice
and fertiliser application for farmers. Here, we will present data of the first year
from 100 multi-locational on-farm trials across the humid forest and derived savan-
nah agro-ecological zones in Anambra, Cross River, Benue, Ogun and Oyo states.
Two researcher-managed trials were established in Oyo and Anambra states. In the
on-farm trials we tested the robustness of treatment response to increased planting
density of maize and cassava of 40,000 and 12,500 plants ha −1, respectively, and the
response to two fertiliser regimes (both at increased planting density), adjusted to ei-
ther the requirements of maize or those of cassava. The control (no fertiliser, 10,000
cassava and 20,000 maize plants ha−1 mimics farmers’ practice). In the researcher-
managed trials, we added ridging versus flat land preparation, a comparison with a
branching cassava variety and the sole crops of maize and cassava. Preliminary anal-
ysis of maize harvest data showed that median cob numbers per plot increased with
plant density and fertiliser application. Cob yields increased when fertiliser was ap-
plied. For both crops, maize and cassava, we will present cumulative distributions
for the stepwise increases in intensity for the on-farm trials, and ANOVA results for
the researcher-managed trials, and how these results serve the development of a first
version of the DST.
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Smart Designed, Mechanised Large-Scale Cocoa Plantations as a
Forward-Looking Component of Sustainable Cocoa Production

RALF RATHSACK, SILKE ELWERS

ForestFinest-Consulting, Land-Use, Germany

To meet the rising demand in the 1960s and 70s, smallholder farmers, especially in
West Africa, started to increasingly grow cocoa. In order to generate higher incomes
and to overcome price fluctuations, farmers intensified their farming strategies which
led to an intermediate improvement of livelihood but also to a higher dependency on
cocoa. Today, farmers get a share of about 6–10 % of the high-end chocolate product
compared to 15–23 % in the beginning of the 60s. Thus they often miss the up-
to-date knowledge, network and financial background to run highly intensified cocoa
cultures in a sustainable way. Among others this led to extensive use of agrochemicals
without increasing productivity in long-term. Land scarcity due to deforestation and
soil degradation processes is becoming an important issue in many tropical countries.
Besides, climate change is expected to seriously affect the present cocoa growing
regions.
Smart designed large-scale projects would be able to increase and sustain productiv-
ity in long-term by combining modern planting material, soil conservation and ad-
justed management by optimising the existing processes and including present scien-
tific findings. Thus, such projects could have the means to combine regional, national
and global interests, protect nature reserves and support the development of rural
communities by involving the rural population.
Large-scale plantations may include more than 100 shade trees of different species per
hectare while providing a stable production of 1000 kg of dry cocoa per hectare per
year, compared to the annual production of often only 350 kg per hectare on small-
holder plantations. The approach is comparable to modern fruit orchards where the
productivity per worker is increased by the use of machines that allows working more
efficiently.

Keywords: Agro-industrialisation, agroforestry-systems, cocoa, large-scale, sustain-
able land-use

Contact Address: Ralf Rathsack, ForestFinest-Consulting, Land-Use, Burchardstraße 18a, 20095
Hamburg, Germany, e-mail: rathsack@forestfinest-consulting.com

ID 858 187



Plants and soil

Effects of Seed Sizes and Varieties on Growth, Yield, and Oil and
Protein Contents of Groundnut (Arachis hypogaea L.)

AYE AYE THANT1, MARIE KALOUSOVÁ1, HLA THAN2

1Czech University of Life Sciences Prague, Fac. Tropical AgriSciences, Czech Republic
2Yezin Agricultural University, Field Crop Production, Myanmar

Two experiments were conducted at upland farm of Yezin Agricultural University in
Nay Pyi Taw, Myanmar during rainy season 2010 and winter season 2010–2011. The
field experiments were laid out in a split-plot design with three replications. The main
plot factor was the four groundnut varieties, which were Sinpadaethar 7, Sinpadaethar
8, Sinpadaethar 9, and Magway 15. The sub plot factor was the three seed sizes, which
were graded as small, medium, and large with the use of different sizes of sieves.
The effects of groundnut varieties on the yield and other related characters were found
to be obvious and significant. The higher pod yield, number of pods per plant, shelling
percentage, harvest index, and oil content were observed to be highest in Sinpadaethar
7, and this variety should be recommended to be applied for effective production in
terms of pod yield in rainy and winter seasons. The highest protein content was
observed in Sinpadaethar 9 and Magway 15 in rainy and winter season, respectively.
The effects of size of planting seeds on plant characters were not as obvious as that
of variety. The plants from large seeds indicated faster growth rate, especially in
the initial growth stage as expressed in higher mean values of plant height, total dry
matter, crop growth rate and harvest index in both season. At later growth stages,
no significant differences were observed for the above parameters. Oil and protein
contents were slightly affected by seed size. Yield components, harvest index and
shelling percentage were not affected by seed size.
The interaction between varieties and seed sizes was not found in all observations.
Therefore, choice of seed size or variety can be done independently for groundnut
production. Based on the findings of this study on the effect of seed size on yield, it
can be recommended that the smaller seeds can be used as the seed stock for ground-
nut growers whereas medium and large seeds can be used for their income.
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In the Shadow of Large Infrastructure Development:
Sustainability of Sawah Surjan Systems in Yogyakarta, Indonesia

RIJANTA

Gadjah Mada University, Development Geography, Indonesia

The South Coastal Regions of Yogyakarta Province in Indonesia inherited a unique
farming system called sawah surjan. It is considered as a cultural heritage, demon-
strating a form of local wisdom in managing land resources with poor drainage. The
system shows two different but complementing land uses: first, the raised beds for
various cash crops and second, the sunken beds for rice and fish. Geomorphologi-
cally the region comprises fluvio-marine lands, occupies the back swamp zone of the
coastal zone of Kulonprogo Regency. The local knowledge of the rural dwellers of
Kulonprogo Regency has succeeded in realising the farming system as an ecologically
stable and able to provide a decent living for them. The farming systems as a cultural
heritage have been under an increasing threat of conversion for urban settlements.
Presently the area is undergoing a massive infrastructure development that increases
the risk of land conversion of the sawah surjan into different land use designations.
The construction of new arterial road along the coastal region of the province has fur-
ther encouraged large scale investments by governments and private companies (iron
ore mining, international airport, sea harbors, naval base) and smaller size of invest-
ments by the locals (governments, companies and community groups; especially those
related to development of community-initiated tourism destinations). Many of the lo-
cals have also received substantial financial compensation for their lands, but there
is an emerging question on their capability in sustaining their financial resources and
to anticipate the emerging opportunities from the development of the new infrastruc-
ture. This study aims at assessing the prospects and sustainability of sawah surjan as
a special farming system in facing the on-going large scale investments. The paper
will focus on how and to what extent large-scale infrastructure development in the
province has marginalised or provided new opportunities for the sustainability of the
existing traditional farming systems.

Keywords: Indonesia, infrastructure development, large scale investment, sawah
surjan, sustainability
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In Ethiopia average agricultural productivity can be considered being low. The production
methods are basic, labour intensive, and with low capital and external inputs. To improve ef-
ficiency in terms of productivity and profitability different agronomic interventions are tested
on 593 randomly sampled smallholder farms (SHF). The types of interventions comprise tractor
ploughing, harrowing (tractor mounted), row seeding (tractor mounted), improved seeds/varieties,
recommended dosage and timing of fertiliser, herbicide and fungicide application.
The aim is to enhance the understanding of wheat farming systems in Arsi and to evaluate the
agronomic interventions regarding productivity and profitability.
The research approach is mono-factorial. On each sampled wheat producing farm one farm
section is “treated” with one intervention whereas the other part is still managed as before in
order to allow comparison (“with” and “without”). The harvest data was collected on 227 SHF
in a pre-harvest field assessment by collection of wheat samples counting number of heads per
m2, number of seeds per head and thousand kernel weights. In order to cross-check, farmers
were additionally surveyed in a post-harvest assessment. To analyse data Microsoft Excel 2010
and the statistical program R version 3.2.2 were employed, the latter to test for significance by
applying t-tests.
The results of the farming systems analysis show a mean land size of 1.7 ha with a mean wheat
yield of 2.64 t ha-1 (2014).
The results for the pre-harvest assessment display a mean wheat yield of 4.3 t ha-1 for interven-
tion and 3.4 t ha-1 for control plots, the post-harvest assessment 4.7 t ha-1 for intervention and
3.9 t ha-1 for control plots (2016). For all interventions highly significant (p < 0.001) differ-
ences in regards to productivity were found when compared to the control plots. The average
wheat yields of intervention plots indicated following increases: tractor ploughing 21% higher
wheat yields, harrowing 9 %, improved seeds 32 %, row seeding 28 %, fertiliser application
21.5 %, herbicide application 22.5 %, and fungicide application 30 % higher wheat yields, re-
spectively. Therefore, the gross margin increased by about: 24 % through the application of
tractor ploughing, 0.4 % for harrowing, 36% for the use of improved seed, 30 % for row seed-
ing, 25 % for fertiliser-, 27 % for herbicide-, and 38 % for fungicide application.

Keywords: Ethiopia, interventions, productivity, profitability, smallholder, wheat
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Assessing the Needs for Different Climate Change Adaptation
Strategies in Ghana’s Cacao Sector

CHRISTIAN BUNN, FELIX SCHREYER, FABIO CASTRO
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Assessing the needs for climate adaptation in West African cacao production over
the next decades requires spatially detailed analysis of climate impacts. We use the
impact assessment of Bunn et al. (unpublished) on how climate change will affect the
suitability of cacao in Ghana over the next decades. They outline specific adaptation
strategies for different climate impact zones. Here we estimate the current share of
households dependent on cacao as well as the share of production that are located in
these zones.
Using a Random Forest machine learning approach to model occurrences of cacao
depending on several relevant bio-climatic and soil-related variables, Bunn et al. find
four different suitability zones for cacao in Ghana. Moreover, they employ down-
scaled RCP 6.0 climate projections to estimate the change in suitability up to the
2050s. Depending on the changes in suitability, they propose five different types
of adaptation strategies: Opportunity refers to zones that are currently unsuitable for
cacao but will probably become suitable in the future. Transformation is required in
suitable areas which are projected to become unsuitable. In areas transforming from
one suitability type to another, cacao production will be possible but under different
conditions and systemic adaptation is recommended. If the suitability type remains
the same, incremental adaptation is proposed. Finally, in regions where there is low
model agreement on the future climatic suitability of cacao, a strategy of systemic
resilience is suggested.
We assign current data from the 2010 Population and Housing Census of the Ghana
Statistical Service and cacao production statistics from the Ghana Cacao Board to the
climate impact zones specified by Bunn et al. We find that about 40 % of the house-
holds and 35 % of the current production in Ghana are located in areas that require
systemic adaptation. Only about 10 % of the households and 4 % of the production
are located in areas which will become unsuitable for cacao (transformation). Hence,
although only a minor share of activities is located in regions that are projected to be-
come fully unsuitable, there is a considerable share of areas that still require different
strategies of adaptation to actually maintain cacao production.
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Effect of Agronomic Practices on Growth and Leaf Yield in
Gynandropsis gynandra (L.) Briq.
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Gynandropsis gynandra is an African leafy vegetable with high nutritional and medic-
inal values. However, its production is constrained by poor germination and inade-
quate agricultural practices. This study assessed the effects of seedlings age at trans-
planting, planting spacing and cutting frequency on growth and yield in Gynandrop-
sis gynandra in order to improve its production in urban and peri-urban agriculture.
Seedlings were transplanted at two ages (two weeks and three weeks after sowing)
and three spacing (15 cm× 15 cm; 20 cm× 20 cm and 30 cm× 20 cm). They were
harvested following three cutting intervals (one week, two weeks and three weeks
after the first harvest). Those factors were factorial combined and evaluated in a ran-
domised complete block with three replications. Growth parameters including plant
height, stem diameter, number of leaves and branches, leaf length, leaf width and leaf
area as well as yield parameters such as total fresh and edible biomass and dry matter
content were measured. Analysis of variance and generalised linear model were used
to analyse the data collected. The results revealed that seedlings age, plant density and
cutting frequency have significant effects on growth and biomass yield without inter-
action. Seedlings at two weeks’ age grew better during the 21 days after transplanting
while three weeks old seedlings responded better after cutting. The planting spacing
of 15 cm× 15 cm gave a higher biomass yield (29 t ha -1) while plants at two weeks
after the first harvest regrew better with a higher biomass. No significant effect was
noted on leaf area (p > 0.05) at each harvest but it decreased through time in contrast
to dry matter which increased. These results offer new insights into best agronomic
practices for cultivation of the species.

Keywords: African leafy vegetables, cutting frequency, leaf yield, planting spacing,
seedling age, spider plant
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Germination and Seedling Performance of Cotton and Sesame
under Projected Climate Conditions in Burkina Faso
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Cotton (Gossypium hirsutum) and sesame (Sesamum indicum) are the major export commodi-
ties of Burkina Faso. More than 80 % of the population depend on rain-fed agriculture. The
projected warming over Africa for the 21st century is higher than the global rate, but most
likely to occur over West Africa 1–2 decades earlier between late 2030s to early 2040s. Us-
ing climate conditioning chambers we analysed germination rate, emergence time, survival
time and seedling performance (root and shoot length, biomass) of 200 cotton and 200 sesame
seeds under recent and projected climate conditions. Seeds were obtained at site (Bankandi,
11°08’56.566” N, 003°03’36.446” W). High resolution (12 km) regional climate simulations
were carried out at Karlsruhe Institute of Technology (KIT/IMK-IFU) as part of the West
African Science Service Center on Climate Change and Adapted Land Use (WASCAL) Project.
The projected climate conditions were modelled for the year 2040 in Bankandi for the months
of June and July (higher temperature and lower relative air humidity above surface (rH in %)
during the sowing and early recruitment phase). Recent climate data were collected at site
hourly from 2013–2015. Climate chambers were set with a day/night rhythm (12h light/12h
dark). Temperatures and rH were set 29,3°C (recent) / 30,7°C (projected) and 71,4% / 62,5 %
at day time. Night time was set as 26,8°C (recent)/ 29,5°C (projected) and 81,3%/ 72,4 %,
respectively.
Germination rate and emergence time did not differ significantly between recent and pro-
jected climate conditions in both crop species. However, survival rate and biomass of sesame
seedlings were significantly higher under recent conditions. Under projected conditions with
higher temperatures and lower rH, sesame roots were significantly more branched than under
recent cooler and wetter conditions. No significant differences of germination and seedling
performance could be detected in cotton.
Sesame seems to suffer from heat stress and might be more sensitive to climate change than
cotton. Varieties of both crop species should be heat and drought resistant to secure future
yields and income for the local smallholders.
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sesame, survival, West Africa
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Maize is the main food staple in East Africa contributing over 50 % of total calories
consumed. A shortage of maize causes food insecurity. Inland-valley wetlands with
enhanced soil moisture than surrounding top-lands provide opportunities for growing
off-season maize. We assessed the potential of an inland-valley in central Uganda for
producing dry-season maize. Two consecutive field experiments were conducted in
three hydrological zones (fringe, middle and centre) under different nutrient manage-
ment options. Average grain yield in the inland valley (3.8 Mg ha −1) exceeded the
national production average of upland maize by 60 %. Grain yield was high at 5.0 Mg
ha−1 and more stable in the centre of the inland valley and clearly lower at 3.2 Mg
ha−1 in both the middle and fringe. There was a seasonal influence on the production
capacity of different hydrological zones. During the short dry-season with more rain-
fall, the centre produced about 25 % higher grain yield (6.3 Mg ha −1) than the fringe
and middle. In the long dry-season with less precipitation, grain yield in the centre
(3.6 Mg ha−1) was lower, but still about 50 % higher than yield in other hydrological
zones. Grain yields were highest with 120 kg ha−1 inorganic N fertiliser, but simi-
lar to yields with 120 kg ha−1 organic N supplied by chicken manure (60 kg N ha−1)
and green-manure (60 kg N ha−1). Irrespective of the source, 60 kg N ha−1 did not
produce a noticeable yield advantage over the unfertilised control. According to our
results, maize cultivation can be restricted to the centre during the dry-season with
less expected rain, and expanded to the fringe and middle positions in the dry-season
when more rain is expected. A low-cost fertiliser combination of green manure and
chicken manure can sustain maize productivity in the inland valley.
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Inland Aquaculture and Resilience in Semi-Arid Spaces.
The Case of Mukoma Village in Mt Darwin District, Zimbabwe
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Rural poor who reside in semi-arid regions of sub-Saharan Africa (SSA) are
documented to be amongst the most affected by climate change, especially if they
depend on rain-fed agriculture only. However, many of these rural farmers have been
able, based on their available eco-resources, to diversify farming activities. Though
given less attention, important inland fisheries are practiced in different semi-arid re-
gions of the world. Seasonal small scale aquaculture is practiced by some villagers
in the semi-arid region of northern Zimbabwe and contributes to their nutrition and
food security. This study looked at the complex geographies of small scale aquacul-
ture and investigated how aquaculture based livelihoods adjusted to climatic changes.
Secondary sources, field observations, semi-structured interviews (n= 62) and focus
group discussions (n=10) were used to solicit data in Mukoma village (North Zim-
babwe) between January 2017 and May 2017. Analysis of collected data was done
qualitatively through establishment of categories, themes and relations. The study re-
vealed that small scale fisheries are important to assure livelihood of the rural poor, to
compensate the often low yields of their rain fed agriculture. Evidence from the study
suggest that small scale fishers in this semi arid space respond to climate change by
enhancing teamwork and stewardship actions which suggest high adaptive capacity.
Results suggest a sound potential for local stewardship, institutions and human activ-
ity in semi-arid small-scale fishing communes in the face of climate change. However,
the overall adaptive capacity of the Mukoma community to the climate change effects
is rather low and the fishers in particular are very susceptible to the climate change
effects. The study argues that in order to sustain this small scale fishery activity,
which has an important economic, nutritional and social function, a planned pro-poor
adaptation strategy at different scales (from local to regional) has to be developed.
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Diminishing environmental quality and rendering natural resources are increasingly
pushing agroecosystems toward more sustainable and environmental-oriented approa-
ches for crop production. Saffron is a valuable and economically strategic crop in Iran
with an 80 % of world total production in the country. Canola is one of the most im-
portant oilseed crops in Iran regarding its good yield potential in the country and great
dependence of Iran to import oilseeds. In the present study, sustainability of saffron
and canola production systems was evaluated using quantitative indices including en-
ergy efficiency, global warming potential (GWP), economic indicators, pesticide risk
(field environmental impact quotient - FEIQ), fertiliser, labour and water use effi-
ciency. Data were collected by face to face interviews with all growers of saffron and
canola (25 for saffron and 30 for canola) in the Maragheh Plain, northwestern Iran and
15 experts of the Ministry of Agri-Jihad in the study area. Results showed that canola
production was more energy-intensive than saffron production. The share of the non-
renewable energy of total energy used in the canola production system (83.7 %) was
higher than the renewable energy used (16.3 %), but the share of renewable energy
in the saffron production system (54.6 %) was greater than the non-renewable form
(45.4 %). The GWP of the GHG emissions for canola was estimated being higher
than for saffron (1671.2 vs. 646.2 kg CO 2eq ha-1). The eco-efficiency based on GWP
was 1.54 and 8.66 USD kg-1 CO2 eq for canola and saffron, respectively. The FEIQ
value was 63.1 ha−1 for saffron and 68.9 ha−1 for canola. Results revealed that water
and nutrient economic productivities were higher in saffron than canola. In terms of
economic labour productivity, however, the canola production system was more effi-
cient. It can be concluded that saffron production system was more sustainable than
canola-based agroecosystems.
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Agroecological systems should integrate increased cultivated and non-cultivated bio-
diversity in order to achieve their objectives. However, studies on agroecological
transitions have been mainly conducted on highly specialised farms. This study aims
to understand how farmers manage agroecological transitions in farms combining dif-
ferent crop and livestock productions. A generic framework was applied to compare
crop/livestock production managements within thirty diversified farms cultivating cit-
rus in the Réunion Island. The sample covered multiple forms of diversification: farm-
ers growing a diversity of fruit trees, farmers combining fruit trees with semi-peren-
nial fruit species and market-gardening, and farmers combining crop and livestock
productions. Trajectories of practices were also investigated to rebuild the sequence
of changes’ introduction in each farm. The study showed firstly that constraints and
opportunities to agroecological transitions were specific to each production. These
specificities included both agronomic features, such as sensitivity to pests, perennial
or annual nature, open-air or confined farming and surface areas, and economic fea-
tures, such as market demand, product traceability, added-value and alternative input
availability. Then, interactions between productions appeared to facilitate a progres-
sive transition for farmers. Benefic exchanges of information, matter and labour were
identified. Some farmers tested alternative practices at first on one production, such
as mechanical weeding, and then extended the successful practices to other produc-
tions. They could innovate on their main production for which they allocated more
time, for instance by introducing cover crops. Or they could innovate on secondary
productions for which they could take more risks, by reducing significantly synthetic
inputs use. Biological processes were enhanced by matter exchanges between pro-
ductions, especially on farms combining crops and livestock. Labour organisation
was improved by some alternative practices with different labour period or frequency,
such as chemical traps or mulching. The specific features of each production may
complicate the design, the support and the management of agroecological diversi-
fied farming systems, but diversification enhances agroecological transition because
of production synergism and low-risk progressive pathways of change.
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Sociotechnical System Analysis of Weeding, Key Step for
Designing Agro-Ecological Systems at the Watershed Scale
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In Martinique (French West Indies) there is high pesticide pressure because of monoculture with
high demand of farm inputs, linked to tropical conditions suitable to the growth of pathogens
and weeds. This pressure cause high river pollution, in particular herbicides pollution which are
the most used pesticides on this island. Thus, it is urgent to decrease the uses of herbicides at
the watershed scale. Our work proposes a participatory methodology to design innovative agri-
cultural systems decreasing herbicide pressure on the river. The watershed scale is a coherent
level for actions reducing river pollution because of the integration of continuous hydrologic
flows. However, watersheds, such as our study site, usually hold a high diversity of farms and
cropping systems that are integrated into social, economic and environmental contexts. This is
the reason why our question is how making a participatory process suited for designing inno-
vative agricultural systems onto a heterogeneous territory, for a common purpose of reducing
herbicides uses? We conducted an in depth analysis of the sociotechnical system of agricul-
ture in Martinique, to highlight brakes and levers of innovations at the institutional level, and
the different innovation strategies of actors. Locks of the dominant regime explained why we
are currently in a weak agroecological modernisation process of agriculture, focused on the
maximal efficiency of farms inputs and the reduction of negative impacts, instead of redesign-
ing agricultural systems (diversification, mixed cropping, agroforestry . . .). The analysis of the
sociotechnical system allowed us to understand the mechanisms at different levels (markets in-
stitutions and regulations, agrofood chains, local networks, farmers knowledge and information
services. . .) that lock the system against radical innovation. We also showed the mechanisms
of how innovation niches, from plot to regional institutions, can influence the dominant regime.
This first step of our work allowed us to identify the main brakes to be reduced, the sources
of local solutions for reducing herbicides and to choose pertinent actors for our participatory
process. These results will be used to design together agricultural systems that are adapted to
the socioeconomic context of our watershed.

Keywords: French West Indies, herbicides, innovation, participatory design, sociotechnical
system, territory
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Unlocking Genetic Variation Stored in Gene Banks for the Benefit
of Resource-Poor Farmers

MATTHIAS WISSUWA

Japan International Research Center for Agricultural Sciences (JIRCAS), Crop, Live-
stock and Environment Division, Japan

Over the past two decades, molecular approaches in crop science have moved from
basic research to applications in plant breeding, plant pathology or food chemistry. In
breeding these applications have typically developed out of QTL mapping approaches
that fine-mapped loci or cloned candidate genes controlling the trait of interest, which
allowed for the developed of molecular markers for use in marker assisted selec-
tion (MAS). To date the improvement of flooding tolerance of popular rice varieties
through MAS for the sub1 gene is one of the most successful examples of molecular
approaches being used for development.
Rapid advances in genome sequencing technologies that have driven down costs to
a level where representative sub-sets of crops stored in gene bank collections can
now be sequenced promises to provide a new boost for molecular breeding efforts.
In rice 3000 gene bank accessions have been sequenced and the data made publicly
available through the SNP-Seek website hosted by the International Rice Research
Institute (IRRI). Seeds of these sequenced rice accessions are also publicly available
and are being phenotyped under a number of environments and stresses. Own work
is currently evaluating genotypic variation for nutrient efficiency and grain yield un-
der low-input conditions in Madagascar, as practised by the predominantly resource-
poor farmers there. Through genome-wide association studies (GWAS) and allele
mining within SNP-Seek, rare alleles ‘hidden’ in gene banks are now being identi-
fied as enhancing nutrient efficiency. Carriers of such rare but useful alleles are often
traditional varieties developed by farmer-breeders under low-input conditions. After
further confirmation of allele effects in subsequent candidate gene studies, the objec-
tive will be to introgress such alleles into modern rice varieties through MAS, using
traditional varieties as donors. Thus, advances in molecular approaches have provided
new impetus for the utilisation of genetic resources present in gene banks.
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Responses of Grain Yield and P Uptake to Water Management
and Phosphorus in Lowland Irrigated Rice (Oryza sativa L.)

ARISOA RAJAONA1, TOVOHERY RAKOTOSON2, HANNAH WRIGHT3, JEMIMA
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2University of Antananarivo, Laboratory of RadioIsotopes, Madagascar
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Phosphorus (P) deficiency constitutes a major growth and yield-limiting factor in ir-
rigated and rainfed rice systems in Madagascar. Many soils in Madagascar are highly
weathered with a high Fe oxyhydroxide content leading to P sorption and low P avail-
ability, and farmers often do not apply mineral P fertilisers leading to a continuous
decline in soil P stocks. Appropriate agronomic practices should be designed to in-
crease P availability and improve P fertiliser use efficiency to encourage the appli-
cation of P inputs. P availability and P uptake by the rice crop may be affected by
water management. It is known that relatively high soil water content under frequent
irrigation increases soil P mobility and availability through reductive dissolution of
P bearing Fe-oxides. On one hand, cycles of alternate wetting and drying (AWD)
can increase P availability and acquisition under suboptimal P supply. On the other
hand, as P availability often increases drastically upon flooding, we hypothesised that
flooding during the grain filling stage may lead to luxury P loading in grains without
increasing grain yield and hence low P utilisation efficiency. The objective of this
study was to evaluate grain yield and P uptake of rice under different P rates and wa-
ter management treatments. The experiment was undertaken in Behenjy (1361 m asl),
Madagascar using X265 rice variety. A split-plot design was used with 3 irrigation
treatments (continuous flooding, continuous flooding until flowering and then drained,
and AWD) in main plots, 3 doses of P (0, 10 and 25 kg ha -1) in the sub plots, and 4
replications. Results on grain yield and P uptake of rice cultivated in lowland irrigated
system, mainly under P stress will be discussed and presented.

Keywords: Alternate wetting and drying, Madagascar, P deficiency
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Management and Genotype Effects on Resistance to Iron Toxicity
in Lowland Rice in Madagascar

LARA ERGEZINGER1, TOAVINTSOA RAJONANDRAINA2, LIN-BO WU1,
TOVOHERY RAKOTOSON2, MICHAEL FREI1

1University of Bonn, Inst. Crop Sci. and Res. Conserv. (INRES) - Plant Nutrition,
Germany

2University of Antananarivo, Laboratory of RadioIsotopes, Madagascar

Iron toxicity is one of the major abiotic stresses affecting irrigated rice production in tropical
areas where submerged paddy field soils are often characterised by excess soluble Fe. In Mada-
gascar, the yield losses recorded due to Fe toxicity are about 10 to 50 %. Although the use of
tolerant varieties is generally the most prominent strategy to alleviate Fe toxicity, tolerance of
the commonly disseminated and cultivated rice varieties remains non-elaborated. The aim of
this study was to test the tolerance to Fe toxicity of a selection of local varieties and compare it
to a selection of foreign varieties that had previously been ranked as tolerant or sensitive based
on screening in hydroponics. Plants of 23 different genotypes were grown in a highly Fe toxic
field site and in pots filled with Fe toxic soil (Fe total > 7%) placed in a greenhouse. Two
different treatments involved (i) no fertiliser, and (ii) the recommended mineral and organic
fertiliser dose, i.e. 10 t ha-1 farmyard manure, 300 kg ha-1 NPK, and 100 kg ha-1 urea. The per-
formance of each variety was assessed by determination of leaf bronzing score (LBS), biomass
yield, Fe shoot concentrations in different growth stages and lipid peroxidation (malondialde-
hyde concentration, MDA). Additionally, tolerance mechanisms to Fe toxicity were determined
by total root weight, amount of Fe plaque on the root surface and dehydroascorbate reductase
activity (DHAR). Fertiliser application significantly reduced Fe concentrations up to 84% in
shoots, coincident with a significantly higher yield. Despite a better crop performance in the
fertilised treatment, the LBS was not lower compared to that in the non-fertilised treatment.
Shoot MDA concentrations showed genotypic differences, however, not significantly corre-
lated with the yield loss. Genotypic differences could be also significantly determined in the
amount of root plaque formation and dehydroascorbate reductase activity, enabling hypothesis
for tolerance mechanisms. Additionally, Malagasy varieties generally tended to produce higher
yields compared to foreign varieties irrespective of Fe toxicity tolerance ranking. These results
clearly indicate that adaptation to local conditions needs to be considered when breeding for
tolerance to Fe toxicity. Fertiliser application can greatly improve the yield performance in Fe
toxic fields.
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Pearl millet (Pennisetum glaucum (L.) R. Br.) is the most important staple crop for
smallholder farmers in drylands of West Africa (WA) due to its high drought and heat
tolerance. In future, these farmers will need more productive and more nutritious
pearl millet varieties to combat hunger and hidden hunger in the region. To meet
this challenge, we conducted three different, large multi-location trials, to evaluate
the WA pearl millet genetic diversity for agro-morphological and grain quality traits,
to determine the potential hybrid superiority over open-pollinated cultivars, and to
develop complementary breeding strategies that lead to better performance, stability
and grain micronutrient content.
Characterisation of a broad collection of 360 WA pearl millet landraces identified
wide ranges for agro-morphological traits such as yield, flowering time, panicle length,
etc., indicating tremendous diversity and the usefulness of germplasm exchange among
national breeding programs. Grain iron and zinc contents showed significant genetic
variation in a set of 72 WA landraces and moderate-to-high heritability (h 2=0.70 for
iron, h2=0.53 for zinc), which emphasises a high potential for biofortification breed-
ing. In a multi-location trial evaluating 100 population hybrids and their 20 parental
populations, population hybrids showed grain yield superiority of on average 16.7 %
compared to their parental populations (ranging from -26 to 73 %), reflecting the great
potential of hybrid breeding to increase pearl millet productivity. To achieve the re-
quired yield stability and robustness, genetically heterogeneous hybrid types should
be preferred. Due to high genetic admixture among WA pearl millets, heterotic group-
ing, which is the basis of efficient hybrid breeding, is not feasible based on “naturally”
distinct groups, thus combining ability studies are required, followed by a systematic
development of heterotic groups. To facilitate the establishment of a male parent
pool exhibiting fertility restoration, we identified molecular markers for male-fertility

Contact Address: Bettina I.G. Haussmann, University of Hohenheim, Institute of Plant
Breeding, Seed Science and Population Genetics, Fruwirthstr. 21, 70599 Stuttgart, Germany, e-mail:
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ID 402 205



Plants and soil

restoration in the A4 cytoplasmic male-sterility system in pearl millet. Such a sys-
tem is required for economic hybrid seed production. The feasibility of hybrid seed
production by WA farmer seed cooperatives has been demonstrated for sorghum in
Mali. A similar approach should be followed for pearl millet, to facilitate smallholder
farmers’ access to the superior hybrid seed.

Keywords: Biofortification, hybrid breeding, pearl millet
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Impact of Root Temperature Regime on Growth, Photosynthesis
and Carbon Allocation in Rice Plants

ALEJANDRO PIETERS1,2, SABINE STÜRZ2, FOLKARD ASCH2

1Venezuelan Institute for Scientific Research (IVIC), Centre of Ecology, Venezuela
2University of Hohenheim, Inst. of Agricultural Sciences in the Tropics (Hans-Ruthenberg-
Institute), Germany

Temperature is a key environmental factor affecting photosynthesis and crop growth,
but most studies have focused on air temperature. Rice is mostly grown in flooded
conditions in which the meristems are immersed in ponded water, so differences in
night/day water temperatures are expected to have a large impact on growth. Rice
plants, cv IR64 were cultivated in a greenhouse in an hydroponic circulating system
in which the root and meristem growth temperatures were inverted in order to distin-
guish the effect of night-time and day-time temperature on growth and carbon balance.
Air temperatures were kept constant at 25°C ± 3 / 20°C ± 2 day / night, respectively.
After 28 days under the inverted day/night root-meristem temperature regime, plants
were measured and sampled for total and organ dry weight, photosynthesis rate in the
three uppermost leaves on the main stem and carbohydrate and soluble proteins distri-
bution. Plants subjected to low day-/high night-time temperature (18°C/28°C) showed
a larger total, leaf, root and stem dry weight than plants subjected to high-day/low-
night (28°C/18°C) root-meristem temperature. However, leaf and stem biomass rep-
resented 30 % and 40 % of total plant dry weight, respectively in both treatments.
Leaf area and photosynthetic rates were higher in the low-day/high-night temperature
treatment but at the end of the light period, leaf carbohydrate concentration was larger
in the high-day/low-night temperature treatment. The opposite was observed at the
end of the dark period, which resulted in a higher fraction of accumulated carbon be-
ing mobilised during the dark period in the low-day/high-night temperature treatment.
Leaf soluble protein concentration was higher in the high-day/low-night temperature
treatment, particularly in leaf 1 (youngest) and leaf 3 (oldest), which led to a C/N ratio
between 2.18 and 2.86 mmol CH20 g protein−1 in all leaf ages and both treatments.
Our data indicate that inverting the root/meristem temperature regime (low day/high
night) stimulates growth and leaf area development through the production of more
tillers without major changes in biomass allocation. This could be partly explained by
the faster rates of photosynthesis and the larger fraction of accumulated CH 20 which
was remobilised during the night period.
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Multi-Country Analysis of Genotype × Environment Interactions
of Lowland Rice to Improve RiceAdvice Prediction
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Lowland rice accounts for 75 % of the world’s rice production. It contributes to food
security and poverty alleviation in Africa. However, the gap between potential and
actual yield in Africa is still substantially wide. AfricaRice and its partners have de-
veloped a free android-based decision-support tool, named ‘RiceAdvice’ to improve
farmers’ decision making and to enhance productivity (yield and income) in lowland
rice systems in West East Africa at both low and high altitudes. RiceAdvice provides
users with personalized advice on rice management practices: cropping calendars,
best agricultural practices, and soil fertility management. So far, it has helped to
gain 0.6 to 1.8 t ha-1 of yield, equivalent to an income gain of $100 to $200 per ha.
RiceAdvice is ready for use in 5 countries and under testing in 9 countries in Africa.
This tool is based on detailed physiological field experiments. Knowledge of geno-
type-specific parameters for rice varieties and daily weather data obtained from ‘Rice
Garden Trials’, can be used in a validated crop simulation model. The later provides
estimation of growth duration and timing of specific development stages for each va-
riety, as well as expected yield losses due to cold or heat stress. In addition, matching
timing of application, amount, and nature of fertiliser with crop development stages
will be acquired from ‘Nutrient Omission Trials’. We report here experiments under-
taken in Madagascar, Ethiopia and Rwanda at different altitudes, using 4 contrasting
rice genotypes (Yunkeng, IR64, Chhomrong, X-Jigna). In Madagascar, 12 planting
dates monthly staggered in 2 locations were used in a non-replicated split-plot design.
In Ethiopia, the varieties were planted under two different crop establishments (trans-
planting and direct seeding) in a Spit-plot design. In Rwanda, they were planted in 2
locations, under 2 nitrogen rates (80 and 160 t ha -1) and either with or without basal
application of N, as well as omission treatments of Nitrogen, Phosphorus and Potas-
sium, in a RCBD. Result on yield stability and genotype× environment interactions
from the wide range of studied environments, will be discussed and presented.

Keywords: Altitude, cold, East Africa, nutrient availability, Oryza sativa, yield
stability
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Spikelet Sterility of Lowland Rice Related to Temperature at
Booting Stage in Different Thermal Environment in Madagascar
ANDO LALAINA RAZAFINDRAZAKA1, MARC COTTER1, ARISOA RAJAONA2,

FOLKARD ASCH1
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Institute), Germany

2Africa Rice Center (AfricaRice), Madagascar

Rising global mean temperatures increasingly open opportunities for including crops in high
altitude production systems that so far could not be grown due to temperature limitations. Low-
land rice is one of those crops. Currently the window for cropping rice in higher altitudes is
still quite small and thus genotypes that tolerate a certain degree of chilling to fit them into
the high altitude cropping calendars, are needed. Crop growth models often allow simulating
growth responses to environmental conditions if general physiological processes apply or the
genotypic specific responses to those conditions are known. One prominent aspect of chilling
effects in rice is cold induced spikelet sterility which is known to be depended on the temper-
ature rice experiences during booting stage. Since crop growth models in general are based at
air temperature measurements at 2 m height, since any other temperature profiles are not mon-
itored, spikelet sterility simulations depend on air temperature measured well above the crop.
However, after panicle initiation, the meristem from which the panicle develops is raised out
of the irrigation water into the canopy by internode elongation. Thus, the effective temperature
governing growth and development processes shifts from water to air temperature. A two years
experiment was conducted in lowland rice systems in Madagascar at two contrasting altitudinal
locations. Twenty varieties differing in their tolerance to cold were sown monthly in a non-
replicated rice garden trial. The main objective of the study presented here was to determine
the effective temperature affecting spikelet viability in high altitude rice systems. Air temper-
ature at 2 m height, air temperature within the developing canopy and the temperature at the
soil/irrigation water interface were monitored using a weather station and TinyTag dataloggers.
Phenology and spikelet sterility was monitored and related to the different temperature profiles.
Results show, that threshold temperatures for spikelet sterility estimated from air temperatures
at 2 m height strongly overestimated the effect of temperature on spikelet sterility. Minimum
soil temperature resulted in a much better fit for both spikelet sterility and threshold tempera-
ture. How to derive the effective temperature for spikelet viability during stem elongation from
air temperature will be discussed.
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Rice Genotypes under Cold Stress in the Fogera Plain, Ethiopia
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Rice, Oryza sativa L., is the most rapidly growing food source in sub-Saharan coun-
tries in general and in Ethiopia in particular. Rice cultivation is a recent phenomenon
in Ethiopia. The national average rice productivity is estimated to be 2.8 t ha −1, which
is much lower than the world average rice productivity of 4.4 t ha −1. Cold stress is
one of the main contributing factors for the low productivity in rain fed lowland rice
production. In the study presented here, thirty rice genotypes were tested in 2016/17
cropping season in a randomised complete block design with three replications to
evaluate the variability in phenological development and yield performance due to
cold stress in the Fogera plain.
The weather data was recorded at 30 minutes interval throughout the cropping sea-
son. For majority of the tested genotypes, heading and flowering periods coincided
with lower average minimum and maximum temperatures. We have clustered geno-
types according to their phenological development and maturity period. Among the
tested genotypes, the early genotypes (like Chomrhong, Machapaturi) matured in 120
days from sowing whereas the late genotypes (like WITA 4, SIM 2 Sumadil) matured
in 180 days. Majority of the tested genotypes matured from 140 to 160 days after
sowing. The time interval for phenological development (from 50 % emergence to
maturity) varied among genotypes though they have similar maturity periods. The
early genotypes showed a higher percentage of filled grains than the medium dura-
tion genotypes. Late maturing genotypes for which the heading and flowering stages
coincide with night-time cold spells (less than 10°C) showed a significantly higher
percentage of unfilled grain, resulting in a lower yield performance. The results of
this study will help to identify potential varieties with a given maturity period to cope
with the future climate variability in Fogera plain.
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Rice in Rwanda is mainly produced in irrigated systems. Since Rwanda is a very hilly country
rice is produced over a large gradient in altitude with the lowest production system situated at
900 m and the highest at about 2000 m asl. This results in significant differences in the ther-
mal growth environment for rice cultivars grown at the different altitudes. However, official
fertiliser application recommendations do not differentiate between growing environments re-
sulting in a mismatch between nutrient requirements in specific growth stages of the plant and
fertiliser application strategies. Hypothetically, in early growth stages rice at high altitudes will
take up smaller amounts of nitrogen as compared to lower altitudes as low root zone temper-
atures may slow down growth and N uptake rates. Therefore, a basal N application could be
reduced or omitted thus reducing unproductive losses of applied fertiliser. Field trials were es-
tablished at two locations (900 and 1600 m asl) investigating the response of 5 contrasting rice
varieties to three N application rates (80, 120 and 160 kg ha−1) with and without basal dressing
and three further top dressings at mid-tillering, panicle initiation and heading. Root zone tem-
peratures were 3.6°C lower at high altitude during the first planting date and 2.2°C during the
second planting date. Duration to panicle initiation and flowering differed as function of plant-
ing dates and genotypes. Thermal conditions at high altitude site increased duration by 10–15
days depending on the genotype during the first planting date, and by 8 to 24 days during the
second planting date. Thermal conditions during the second planting date increased duration
to flowering by 11–14 and 1–18 days depending on the genotype at high and low altitude sites
respectively. The high altitude site was the most affected by N split. Both grain yield and yield
parameters were affected by N split. The omission of basal application and increase of N appli-
cation at mid-tillering and panicle initiation at high altitude location have increased the number
of panicles, the 1000-grain weight and grain yield; but no significant effect of N split on yield
and yield components was found at low altitude site.
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Increasing contamination and higher enrichment ratio of non-essential heavy metals
induce various toxic responses in plants when accumulated above the threshold level.
These effects and growth responses are genotype and heavy metal level dependent.
Cadmium, a non-essential toxic heavy metal, interferes with the plant growth and de-
velopment. It reaches the leave through xylem and may become part of the food chain,
thus causing detrimental effect to human health. Therefore, there is an urgent need
to develop strategies for engineering plants for Cd 2+ tolerance and less accumulation.
Plant species generate a range of defense mechanisms to resist Cd2+ induced toxicity
and to recover the subsequent damages eliciting their genotype based biochemical re-
sponses. To counter damages plants have an efficient system of stress enzymes and
antioxidant non-enzyme molecules that is termed as antioxidant system. The mem-
bers of peroxidase family of antioxidant system, transport metal ions including Cd 2+,
and thus play important role an ion homeostasis. The present study elucidates the
role of a Pennisetum glutathione peroxidase (PgGPx) in Cd 2+ stress tolerance. Trans-
genic rice expressing PgGPx showed tolerance towards Cd 2+ stress as demonstrated
by several physiological indices including root length, biomass, chlorophyll, malon-
dialdehyde and hydrogen peroxide content. Roots of the transgenic lines accumulated
more Cd2+ as compared to shoot. PgGPx expression in rice also protected the trans-
genic plants from oxidative stress by enhancing the activity of antioxidant enzymatic
(SOD, CAT, APX, GR) machinery. Thus, overexpression of PgGPx confers Cd 2+

stress tolerance in transgenic lines by maintaining cellular ion homeostasis and mod-
ulating reactive oxygen species (ROS)-scavenging pathway. Thus, the present study
will help to develop strategies for engineering Cd2+ stress tolerance in economically
important crop plants.
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Flash flood is one of the major yield limiting factors in rice growing areas specially
the South Asia. Use of the Sub1A gene in rice breeding enhances the tolerance for
this abiotic stress in rice production. However, the identification of the new flash flood
tolerant rice genes and their use in regular breeding programme is very important to
enhance the efficiency of rice varietal development for future climate change hazards.
Ninety five rice lines including Nepalese rice landraces, modern varieties and breed-
ing lines were used in this study to evaluate submergence tolerance characteristics.
Sambha Masuli Sub-1 was used as resistance check while IR64 was used as suscep-
tible check. The 14 days old seedlings were submerged in the water tank for another
14 days. The survivability was scored 7 days after de-submergence. Highest sur-
vival was observed in Sambha Masuli Sub-1 (93.73 %), Radha-4 (89.87 %) and Suga-
pankhi (88.29 %). Rice landrace Sugapankhi showed good survival and regeneration
ability but lacks Sub1A-1 allele while screening using molecular markers. Increase
on plant height during submergence showed the lowest survival and regeneration rate
(r=-0.61171, p = 0.000, N=97). Similarly, the SPAD value (leaf chlorophyll content
is proportional with SPAD value) during submergence showed the positive correlation
(r=0.429, p = 0.000, N=97) with survivability. However, average leaf area just before
submergence showed negative relationship (r=-0.3929, p = 0.005, N=97) with it. Not
any accession showed tillering during submergence, however, accessions with high
tillering habit under normal condition showed high survival percentage during sub-
merged condition (r=0.327992, p = 0.02, N=97). Based on this study, we concluded
that Sub1A-1 allelic form is not the only one to confirm the tolerance.
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Climate change is a serious threat to the agricultural sector, and it is one of the causes
of drought affecting growth and development of plants. Soybean is one of the main
food protein sources in Indonesia, and drought stress may affect its production consid-
erably. Drought stress changes physiological and biochemical aspects of plant leading
to cell damage due to oxidative stress caused by increased free radical accumulation
in the form of reactive oxygen species. One approach for improving the tolerance
of oxidative stress in soybean under drought stress is the application of exogenous
antioxidants. The aim of this research was to investigate the effect of foliar applica-
tion of exogenous antioxidant on production and physiological characters of soybean
under drought stress. In a factorial randomised block design two factors were stud-
ied with three replications. The first factor was drought stress with three treatments:
plant watering till 80 %, 60 % and 40 % field capacity. The second factor was fo-
liar application of exogenous antioxidant with five treatments: no foliar application
(control) or an application with salycilic acid (500 ppm), ascorbic acid (500 ppm),
α-tocopherol (500 ppm) or chitosan (500 ppm). The results suggest that increased
drought stress conditions caused decreasing of stomatal density, total leaf chlorophyll,
total leaf area, relative water content, number of filled pods, and 100 seeds weight.
The effect of ascorbic acid as an exogenous antioxidant increased the total chlorophyll
content of the leaves, total leaf area, number of filled pods, and relative water content,
while chitosan treatment increased stomatal density only. Overall, exogenous antiox-
idants reduced the effects of water stress on production and physiological characters
of soybean.
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Literature describes the belowground and aboveground development of potato to be closely
and quasi-linearly related. For example, bud formation is synchronous with tuber initiation
and flowering with tuber filling. Thus, many agronomic and breeding studies in potato use
non-destructive aboveground phenology to assess belowground development. No information
is currently available on the influence of water deficit or salinity on the synchrony of above-
ground and belowground development in potato. In order to assess the effects of water deficit on
belowground development of potato it is important to know if the synchrony between above-
ground and belowground development is maintained or broken. A field experiment with 5
potato genotypes was conducted between October 2013 and February 2014 in a costal arid
region of southern Peru. Plants were subjected to four irrigation treatments: fully watered,
early drought (withholding irrigation 50 days after planting, DAP), intermediate (65 DAP) and
late drought (80 DAP). In 5-day intervals after withholding water, detailed belowground and
aboveground development was recorded.
Results showed that the synchrony between aboveground and belowground development is
strongly influenced by both water deficit as such and by the development stage during which the
water deficit was imposed. Whereas in early drought treatment the aboveground development
appears to be faster and belowground development was retarded. The opposite was found in
later development stages. Under full irrigation, on average physiological maturity of potato
tubers was reached after 90 days. Stolon initiation accounted for 11 %, tuber filling for 50 %
and bulking for 22 % of the time to physiological maturity under full irrigation. Under early,
intermediate and late drought, tuber filling phase was prolonged over all genotypes by 5 %,
10 % and 13 % in comparison to the full irrigated control, while bulking phase was shortened.
Drought also slowed down the aboveground development to flowering by a couple of days,
however, there was a strong disparity between aboveground and belowground development, as
aboveground phenological development appears to be slower under drought.
We highlight here the importance of investigating the aboveground development separately
from the belowground development, since the assumed synchrony can be considerably affected
under drought conditions.
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Combining ability analysis is one of the powerful tools available to estimate combin-
ing ability effects and aids in selecting desirable parents and crosses for exploitation
of heterosis. The performance of parents and crosses can be measured through com-
bining ability effects. Therefore, gathering information on nature of gene effects and
their appearance in terms of combining ability is essential.
In this study, the combining ability of 11 restorer lines and three widely used CMS
lines was evaluated using the line× tester mating design. It specifically aimed to (1)
quantify the level of heterosis of the generated hybrids, (2) determine the yield per-
formance of tested single cross hybrids and identify male parent with highest restor-
ing ability, (3) determine the general and specific combining ability of 11 restorer
lines and threefemale parents for different quantitative traits, and (4) estimate kin-
ship among parent lines using markers. GCA and SCA effects across yield and its
component were analysed. Neigbour-joining trees based on genetic similarity were
constructed and were visualised in MEGA5.2
The top five hybrids namely; PR47775H, PR47774H, PR47794H, PR47800H and
PR33875H were identified to have high heterotic effects and product of good line
and tester combiners. Correlation analysis revealed that GCA effect and per se per-
formance of lines had significant positive relationship. Also, lines that did not show
its high per se performance to all the traits can also be a good combiner. Analysis
of variance for yield and other agronomic characters showed significant difference
among genotypes in days to maturity, plant height at maturity, productive tiller count,
panicle length, filled grains per panicle, total spikelet count, spikelet fertility, 1000
grain weight, grain length and width, and grain yield.
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The long-term sorghum [Sorghum bicolor (L.) Moench] grain yield is around one ton per ha in
West Africa (WA), despite the varieties released by research. Sorghum production faces many
biotic and abiotic stresses, and farmers are accustomed to use their own photoperiodic, stable
and tall landrace seeds from the previous season. The International Crop Research Institute for
Semi-Arid Tropics (ICRISAT)-Mali and its partners developed several experimental photoperi-
odic guinea-race sorghum hybrids to assess their yield and quality potential and their adoption
rate by farmers. With multi-location on-farm yield trials, those tall and short hybrids were
demonstrated to have respectively up to 37 and 17 % of best average yield superiority over a
well-adapted, farmer-preferred landrace, with taller hybrids having larger relative superiorities
(up to 47 %) over the local check in low-input environments. Experimental hybrids also showed
little risk for farmers to recover their investment in purchased seed. Farmers’ adoption of those
experimental hybrids is increasing yearly (25 to 50 % of farmers in villages where the seeds
were produced in 2014), and farmers associations are trained to produce their own preferred
hybrid seeds. A long-term hybrid-breeding programme is needed to provide WA smallholder
farmers with new high-yielding hybrids that meet their low-input farming conditions and qual-
ity preferences. Presently, ICRISAT-Mali, University of Hohenheim, and partners are working
on the basis of such a long-term sorghum hybrid-breeding program. This work includes, among
others, mapping and validation of fertility restoration QTL for the A1 cytoplasmic male steril-
ity system and development of new plant material for Malian and Nigerian sorghum hybrid
breeding programs. This contribution aims (1) to present an overview of the work done so far
and more specifically (2) to present the results of a recent study assessing combining abilities of
14 and 89 new A and R lines and corresponding hybrid performance in two-year (2015–2016)
multi-location trials, conducted under two different soil phosphorus (P) levels. The outputs
of this study will underline the tremendous potential of sorghum hybrids to contribute to food
security in WA, and will provide sorghum breeders in WA with selection strategies for hybrid
breeding targeting smallholder farmers’ low input conditions.
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The study aimed to characterise rice landraces collected in Benguet based on mor-
phological and genetic traits; determine relationships and diversity; evaluate their
growth, yield and resistance to pests and diseases, grain quality; and determine the
most preferred landraces based on yield performance and sensory evaluation. Four-
teen Benguet rice landraces were characterised and evaluated in Kibungan, Benguet.
Single nucleotide polymorphism (SNP) genotyping was done at the International Rice
Research Institute-Genotyping Services Laboratory using Infinium Illumina 6K to
determine their diversity analysis. Grain quality parameters were determined at the
IRRI-Grain Quality and Nutrition Center. Based on 40 agro-morpho characters, 4
clusters were identified through Ward’s Method. Three clusters were grouped using
SNP markers. The Lamadya and Camporo group in both analyses shows their similar-
ities on morpho-agronomic traits’ expression in the field and confirmed at molecular
level. Oklan cluster has a unique profile from the rest. The combination of morpho-
logical and SNP markers is reliable in discriminating these landraces. High diversity
quantitative morphological traits such as leaf blade width, ligule length and flag leaf
width may be used to discriminate rice landraces and as markers for future breeding
programs. Low diversity qualitative traits such as leaf blade colour, auricle colour, flag
leaf attitude, culm anthocyanin colour, stigma colour, presence of awn, panicle atti-
tude of main branches, caryopsis shape and caryopsis pericarp colour may likewise
be used as markers to improve yield. Based on the correlation analysis, landraces
with more productive tillers or panicles have higher grain yield. But taller rice plants
with thicker and longer culms, longer and wider flag leaves have lower grain yield.
On grain quality, grains of most of the rice landraces have positive grain traits such as
small to medium chalkiness, low to intermediate amylose content, low to intermediate
gelatinisation temperature and soft gel consistency. Initial grain quality results should
be tested further in replication for validity of results. Nevertheless, these results are
valuable for future researches to increase yield and explore other value-addition inter-
ventions for a higher farmers’ profit. Moreover, findings in this study can be used by
stakeholders for rice landraces conservation and protection.
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Sorghum (Sorghum bicolor (L.) Moench) originated in East Africa specifically Sudan
and Ethiopia which is considered the centre of origin of the crop where wild relatives
of sorghum are widely distributed. These wild relatives harbour important genes.
However they are often neglected and orphaned. Therefore, this study aimed to ex-
plore genetic diversity among and between the accessions, and the results will help
with enhancing the utilisation of wild types in Sudan. 59 wild and cultivated sorghum
accessions, representing three sorghum growing regions in Sudan: Gezira state (cen-
tral), North Kordofan (western), and the Gadareff area (eastern). The materials were
assessed for genetic diversity and population structure using a panel of 32 SSR mark-
ers. A total of 255 total allelic variations were detected for a mean of 0.6721. The
Polymorphism Information Content (PIC) value averaged 0.6301 showing the poly-
morphic and discriminatory nature of the selected markers. The populations showed
little external gene-flow. AMOVA calculated variants are lower among populations
(4 %), moderate within individuals (23 %), and higher among individuals within pop-
ulation (73 %). The study calculated high level of inbreeding and drift which means
the wild types are isolated and/or were developed through aggressive selection in
which is logically in consistent because the wild types are grown and maintained nat-
urally. These results suggest self compatibility in wild relatives of sorghum which has
not yet been explored and exploited. Wild relatives with useful traits, a broad genetic
base and high diversity can be targeted in future studies using a molecular approach
to restore lost genes and identify new sources of resistance.
A rooted neighbour-joining tree of four sorghum cultivars and 55 wild relatives re-
vealed three distinct groups independent on their geographical origins. The results
will be useful for future collection and utilisation in genetics and breeding programs.
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Pearl millet (Pennisetum glaucum (L) R. Br.) is cultivated in India and sub-Saharan
Africa as staple crop. Especially in West Africa (WA) it is important for the food
security of smallholder farmers in rural areas. In contrast to India, breeding of hybrid
varieties is still limited in WA. An extensive diversity was shown to be present in pearl
millet in WA, its centre of origin. However, one major cause is the nonexistence of
natural heterotic patterns as indicated by several diversity studies. The development
of heterotic groups based on combining ability patterns will help to overcome this
issue and make sustainable hybrid development feasible.
Population hybrids have greater population buffering capacity than single-cross hy-
brids, which makes them suitable to cope with harsh environmental conditions like
variable inter-annual rainfall and their production requires less input and training.
This increases the chance that smallholders in WA will adopt new hybrid varieties.
The objectives of this study were to evaluate combining ability, combining ability
patterns and heterosis effects of WA pearl millet based on population hybrids, and to
derive conclusions for developing future long-term hybrid breeding programs. There-
fore, 17 populations were intercrossed in a diallel mating design. Those population
hybrids were tested together with their parents at two locations each in Niger and in
Senegal in two consecutive years. In addition, 21 microsatellite markers were used to
evaluate genetic distances between the 17 parental populations. Results of the diallel
design showed an average panmictic midparent heterosis (PMPH) of 24.2 %, rang-
ing from 0.4 to 45.7 % for panicle yield. While preparing this abstract, data analysis
for the diallel mating has been still underway. Results obtained so far indicate great
potential for pearl millet hybrid breeding in WA. Our study represents a first step to
identify combining ability patterns and initial heterotic pools for pearl millet hybrid
breeding in WA.
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Bacterial leaf blight (BLB) disease is one of the most serious diseases in hybrid
rice production because of the susceptibility of the parent lines and hybrids. Yield
losses could cause up to 20–30 % and could reach as high as 80 % if susceptible
plants are used. Development of resistant cultivars is an effective approach to com-
bat bacterial blight. This study aimed to develop hybrid parent lines (PR28A and
PR39902–19R56) and hybrid (PR40638) with introgressed Xa21 gene for BLB re-
sistance and to evaluate these breeding lines based on phenotype and genotype data.
PR40638H, is an improved version of the Mestiso 3 (M3) hybrid with introgressed
Xa21 gene that confers broad spectrum resistance to BLB. Based on the evaluation,
there is no significant difference between IRBB52 (resistant check) with pyramided
Xa4+Xa21 genes, PR28A (improved CMS line), PR39902–19R56 (improved restorer
line), and PR40638H (improved Mestiso 3 hybrid) in terms of disease reaction against
14 isolates representing 10 Philippine races of Xanthomonas oryzae pv. oryzae (Xoo).
The morpho-agronomic traits between the improved and original parent lines showed
some dissimilarity but this could be overcome by further backcrossing. This proved
the successful pyramiding of BLB resistance genes on parent lines and hybrid Mestiso
3. In terms of yield, Mestiso 3 has a maximum yield of 8.6 t ha -1, whereas PR40638H
can offer a yield of as high as 9.7 t ha-1 in both dry and wet seasons. This hybrid
with superior yield and disease resistance could be used to increase rice production to
attain rice sufficiency and increase the country’s competitive advantage on the onset
of Association of Southeast Asian Nations (ASEAN) economic integration.
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Coping with Water Scarcity: Alternate Wetting and Drying as
Mitigation Strategy for Water-Shortages in a Rice Irrigation

System in the Philippines.
PIA SCHNEIDER1, BJOERN OLE SANDER2, FOLKARD ASCH1,

REINER WASSMANN2

1University of Hohenheim, Inst. of Agricultural Sciences in the Tropics (Hans-Ruthenberg-
Institute), Germany

2International Rice Research Institute (IRRI), Rice and Climate Change Consortium,
Philippines

Irrigated rice consumes a large share of increasingly scarce freshwater resources and several
alternative irrigation techniques have been developed with the intention to save water and main-
tain high yields. One of these techniques, Alternate Wetting and Drying (AWD), is increasingly
applied in farmers’ fields in the Philippines, where irrigation water is usually applied when the
water level drops below a threshold of 15 cm below the soil surface.
WEAP (“Water-Evaluation-and-Planning”), a decision supporting tool for the management of
irrigation water, has been applied in order to evaluate potential water savings of irrigated rice
under AWD in the Philippines. The tool was validated for a clay and a sandy soil on the experi-
mental station of the International Rice Research Institute (IRRI) and thereafter, applied for the
Angat-Maasim-River-Irrigation-System (AMRIS), an important rice-growing area. Source of
the irrigation water used in AMRIS is a reservoir, which also supplies Metropolitan Manila with
97 % of its freshwater demand. In case of water shortages, Manila’s demands are prioritised
and rice production is threatened.
For the IRRI experimental station, irrigation water input under conventional and AWD irriga-
tion was simulated for 10 years using WEAP and compared to experimental data. Introduction
of AWD on clay soils saved 20 % (±9) in the dry season and 11 % (±16) in the wet season,
whereas on sandy soils, it saved 8 % (±3) in the dry season and 29 % (±10) in the wet season.
The potential impacts of simplified scenarios of the Intergovernmental Panel on Climate Change
(IPCC) and an increasing freshwater demand of Manila on the water balance of AMRIS were
simulated and evaluated. The combination of both scenarios had a significant effect on the
water level of the reservoir, with a 10 % (± 4) larger depletion of the storage volume during
the year. Moreover, inflow and precipitation were not sufficient to replenish the initial storage
volume. Streamflow in the canals was reduced and could not meet the demand at the tail-end
diversions. Implementation of AWD in AMRIS decreased the total water demand by 22 %.
Depending on the extent of the water shortage, different temporal and spatial AWD implemen-
tation approaches are proposed.
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Assessing the Scope for Resilient Crop Yields through Rainwater
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JENS HEINKE1, JENNIE BARRON2, MATS LANNERSTAD3
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3Independent Consultant, Sweden

Rainfed cropping systems continue to be a major provider of food, fodder and fibre,
particularly in sub-Saharan Africa where these systems cover more than 90 % of the
cultivated area. However, yields are often far below potential levels. In areas with
highly variable rainfall, such as semi-arid and sub-humid zones, crops are strongly
affected by soil moisture constraints. This unpredictability in rainfall and soil mois-
ture greatly increases the risks for farmers and holds back necessary investments that
could enable a sustainable intensification contributing to increased harvests yields and
contribute towards food security and nutrition goals.
Measures and investments in rainwater management (RWM) can overcome inter- and
intra-seasonal soil moisture constraints and build resilient rainfed crop systems. This
study maps where, and to what degree, rainwater management adaptation strategies
can increase the resilience of rainfed crop systems to cope with rainfall variability un-
der current rainfall regimes. The analysis uses daily precipitation data from TRMM,
combined with AFSIS soil data, and a water balance modelling approach to provide
daily estimates on soil moisture variability and yield impact under three different
management scenarios at 0.25-degree resolution.
Results show that on 136 Mha (about 60 %) of current rainfed cropland in sub-Saharan
Africa, the chance to achieve a full yield without rainwater management is less than
75 %. On about one fourth of this land (35 Mha), the risk for a total crop failure
is at least 25 %. With moderate and ambitious RWM, the chances of reaching the
full yield potential can be improved above the 75 % level on 35 Mha and 46 Mha,
respectively. On 12 Mha, the risk for a total crop failure is reduced below 25 % under
both RWM scenarios. However, even on most lands where full yields can be achieved
with relatively high certainty, the implementation of RMW can help to substantially
prolong the growing period and improve yields.
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Reciprocal Effects of Soil Moisture Dynamics and Land-Use
Systems with Cocoa in Alto Beni, Bolivia
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Soil moisture is a function of topography, soil texture, vegetation and meteorologi-
cal conditions and therefore highly spatial and temporal variable. Vegetation reduces
evaporation from the soil but takes up water for production and transpiration. Vice
versa, vegetation is affected by water availability. In many agricultural systems, espe-
cially in the (sub-) tropics with distinct dry seasons, water availability limits produc-
tion. Cocoa production relies on a stable humid and warm climate. Drought causes
a reduction in yield and long-term drought affects the vitality of the trees. Land-
use systems with cocoa range from monocultures to highly diverse agroforestry sys-
tems. Agroforestry systems have higher water needs for the dense vegetation than
monocultures, but little information is available on belowground complementarity or
competition for water.
We measured soil moisture dynamics in four depths over a 30-months period in six
different land-use systems, comprising cocoa monocultures, cocoa agroforestry sys-
tems and a fallow without cocoa in a long-term trial in Bolivia. By excluding the
influence of topography and soil texture, we could relate the spatial variability to
the land-use system. In monocultures, soil moisture was reduced in the upper 30 cm,
while agroforestry systems exploited water deeper along the profile, indicating a com-
plementarity in water use between the cocoa and the shade trees. On the other hand,
soil texture and water retention capacity influenced the plant available water. In our
case, the cocoa yield of the same type of production system was not affected by the
soil heterogeneity.
Finally, we assessed the possibility of planting cocoa trees in a natural regrowth to
maintain local biodiversity while producing cocoa. As long as the regrowth is domi-
nated by fast growing pioneer tree species, the water use of these trees is very high and
may oppress the development of the cocoa. However, in secondary forests the light
will be more limiting and an adequate tree pruning and thinning would be necessary
beside the water management.
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A Tool of Future Trans-Boundary Water Sharing to Facilitate
Land Use Transition and Poverty Alleviation in the Okavango

River Basin
XIALIN WANG, ERNST-AUGUST NUPPENAU

Justus-Liebig University Giessen, Inst. of Agricultural Policy and Market Research,
Germany

The Okavango River Basin (ORB) integrates three countries of southern Africa: An-
gola, Namibia and Botswana. Due to a poverty of the upper-catchment in Angola
and Namibia, agriculture and charcoal production are prioritised for development so
that the pristine forest landscapes tend to be fragmented by agriculture intensification
and charcoal commercialisation, which may accelerate extract conflicts with water
needs in the Botswana Delta. So far there is no such an integrated basin manage-
ment that considers both trans-boundary water sharing and poverty alleviation via a
sustainable transformation of land-uses. This study aims to design an innovative eco-
logical-economic tool for representation of decision-making at the basin level in the
context of payment for ecosystem services (PES), of which water volumes as Eco-
System-Services (ESS) are preserved by upper-catchments benefiting the Delta, in
return, payment from the Delta serves as compensation for benefit losses of the up-
per-catchments. We develop a spatial model of water flows in the upper-catchment of
ORB from these aspects: 1) water allocation and sharing is identified as 188 succes-
sive dynamic units; 2) water availability and abstract is optimised with its economic
productivity in each of all sub-basins where communities benefit from production ac-
tivities through water extract over four selected land-uses: honey-producing in the
forest, grazing on the grasslands, charcoal-making in the shrubs and crops in fields;
3) by introducing water pricing, the marginal utility of water is presented as mone-
tary value to link livelihood benefits with ESS, therefore under which price the total
benefit losses might be minimised; 4) livelihoods support with regard to the land-use
transition is accommodated with the monetary compensation when ESS buffer will be
reserved. The results indicate a water pricing institution, of which, on the one hand,
a beneficial ESS will be potentially secured through the land-use change from defor-
estation to forest occurs; on the other hand, as a beneficiary of the ESS, the Delta will
gain a retaining water provision which is even less influenced by seasonal difference
of stream flows. Furthermore, the results suggest that under the wet-season water sub-
sidy honey production has high potential to offset benefit losses of reduced intensive
agricultural production.
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Addressing Transboundary Cooperation in the Eastern Nile
through the Water-Energy-Food Nexus: Insights from an

E-Survey and Key Informant Interviews
HELEN BERGA PAULOS1, CLAUDIA RINGLER2, ELIZABETH BRYAN2, HAGAR EL

DIDI2, SARA ELNASIKH3

1University of Bonn, Center for Development Research (ZEF), Department of Economic
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2International Food Policy Research Institute (IFPRI), United States of America
3Economic and Social Research Bureau, Sudan

The Nile is the lifeblood of northeastern Africa, and its importance for and dependency of the
national economies it traverses and binds together grows as it moves from source to sea. With
rapid economic development, population growth, irrigation development, rural electrification
and overall economic growth, pressures on the Nile water resources are growing to unprece-
dented levels. These drivers of change have already contributed to stark changes in the hy-
dropolitical regime and new forms of cooperation and cross-sectoral collaboration are needed
particularly in the Eastern Nile Basin countries of Egypt, Ethiopia, Sudan and South Sudan. As
direct sharing of water resources is hampered by unilateral developments, scope has increased
for broader, cross-sectoral collaboration around the water, energy and food sectors. This pa-
per uses an e-survey, supplemented with key informant interviews geared toward national-level
water, energy and agricultural stakeholders, chiefly government staff and researchers, to un-
derstand challenges of and opportunities for cooperation across the water-energy-food nexus
nationally in Egypt, Ethiopia and Sudan as well as regionally across the Eastern Nile. Findings
from the survey tools suggest that most respondents strongly agree that collaboration across the
water, energy and agriculture sectors is essential to improve resource management in the re-
gion. At the same time there is ample scope for improvement in collaboration across the water,
energy and food sectors nationally. Ministries of water, energy and food were identified as the
key nexus actors at national levels; these would also need to be engaged in regional cross-sec-
toral collaboration. Respondents also identified a wide range of actions and investments across
the water, energy and food sectors – both for national and regional, joint investments. Chief
investments include among these are joint planning and operation of multi-purpose infrastruc-
ture, investment in enhanced irrigation efficiency, joint rehabilitation of upstream catchments to
reduce sedimentation and degradation, and investment in alternative renewable energy projects,
such as wind and solar energy.
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Simulating Hydro-Economic Impacts of Potential Water Rights
Trade in the Lake Naivasha Basin

TESFAYE BERHANU WOLDEYOHANES, ARNIM KUHN

University of Bonn, Inst. for Food and Resource Economics, Germany

The Lake Naivasha Basin in Kenya can be considered as an important social-eco-
logical system which supports economic activities such as horticultural and floricul-
tural production. These irrigation-based agrobusiness activities account for substan-
tial amounts of water use and contribute immensely to the local and national GDP.
The Lake is also designated as a Ramsar site for its international importance as a wet-
land, and supports fisheries, pastoralism, and power generation, and attracts tourists
in considerable numbers. Demand for water use in agriculture is expected to increase
due to population and economic growth in the region. All these economic and ecolog-
ical characteristics are exposed to volatile water supply from precipitation in the Lake
Naivasha Basin. As a result, management options that ensure the efficient use of water
resources in the basin have become a high level policy priority. Market-based water
allocation within the agricultural sector is a promising economic incentive, though
less practised in sub-Saharan Africa, to increase water use efficiency and sustain-
ability. In this study we attempt to analyse how potential water rights trade among
water resources user associations (WRUAs) could affect resource use efficiency in
the Basin. More specifically, we simulate the behaviour of WRUAs with respect
to water and cropland allocation decisions by introducing tradable water rights, and
analyse their potential economic impact under uncertain water availability. The Lake
Naivasha Hydro-Economic Model (LANA-HEBAMO) is used to simulate potential
water rights trade using a stochastic, recursive-dynamic simulation approach for fu-
ture water uncertainty. Decentralised decisions by water users are modeled using the
‘Multiple Optimisation Problem with Equilibrium Constraints (MOPEC) framework.
Compared to aggregate optimisation, this modelling approach is more appropriate
for policy simulations under missing or less effective water management institutions
such as in the Naivasha Basin. The result from this policy simulation will provide
important insights on the potential of tradable water rights for efficient water use and
allocation from the developing countries perspective.

Keywords: Future uncertainty, Lake Naivasha Basin, water institutions, water trade
simulation
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Experimental Exploration of Institutional Transition Options for
Sustainable Management of Common Watershed Infrastructure

in India
THOMAS FALK, SHALANDER KUMAR, SRINIVASA SRIGIRI

International Crops Research Institute for the Semi-arid Tropics (ICRISAT), India

In the context of India, water is historically stored on the surface in small reservoirs
which also recharge shallow groundwater aquifers. There is a strong evidence that
such structures have the potential to achieve a wide range of societal goals. Never-
theless, despite its obvious potentials, many communities fail to manage structures
sustainably. In the context of watershed projects the water infrastructure works well
as long as there is external facilitation but cooperation in maintenance often breaks
down as soon as projects come to an end.
This experimental study helps to better understand cooperation patterns in Rajasthan
communities using and managing small village reservoirs. In addition, this study
is intended to create awareness amongst farmers for the cooperation challenge and
encourage discussions related to it. Experimental approaches have the potential to
facilitate dialogue, shared learning, collective decision making, and strengthening the
adaptive management capacity of local communities.
We played framed public good experiments with 300 community leaders and other
local stakeholders. We introduced communication and social information in terms of
revealing the players’ decisions. The discussion was a critical element of our game as
it allowed the players to start negotiations and propose rules. We further introduced
institutional mechanisms as additional treatments.
Our results suggest that participants were able to generate solutions that are substan-
tially better than the predictions of standard economic theory even under private de-
cision making without communication. Introducing information and revealing the
individual behaviour increases investments significantly. Players who agree to rules
but also those who propose a punishment invest higher amounts. Introducing the op-
portunity to sanction fellow players also increased investments even though those who
were punished reduced their contributions.
The discussions showed that the players connected the game to their real life experi-
ences. They highlighted challenges but gave also examples where cooperation in the
community is working well. The game sessions were a revelation for the community
that led to a learning process.

Keywords: Common property resource, economic experiments, India, irrigation,
water management
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Whole-System Efficiency of Small- and Medium-Scale Reservoir-
Based Irrigation Schemes in Northern Ghana

EPHRAIM SEKYI-ANNAN1, BERNHARD TISCHBEIN1, BERND DIEKKRÜGER2,
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The design of relevant adaptation strategies for water users in irrigation schemes in
water-scarce regions of sub-Saharan Africa requires up-to-date information about the
current performance of these schemes in view of rapid changes in climate and land
use, population growth, and competing water demands. Many previous assessments
concentrated on field-level crop irrigation but information on the schemes as the whole
considering their multiple water users remains scarce. We evaluated the entire system
of a small- and a medium-scale irrigation scheme shared by multiple users and in-
cluded a water reservoir, water conveyance and distribution network, cropping fields,
and the management entity in the Upper East region of Ghana. Multiple indicators rel-
evant to water delivery and utilisation as well as to agricultural production during two
consecutive dry seasons and the intervening rainy season were analyzed. The assess-
ment has shown that technical factors such as underutilised reservoir storage capacity
and deteriorated water delivery infrastructure strongly undermined the performance
of the schemes. In particular, the medium-scale irrigation scheme utilised less than
40 % of the total storage, showing a huge need for improvement. The observations of
the field-level irrigation practices suggest that an application efficiency of about 58–
68 % is achievable in both irrigation schemes. The overall system efficiency can be
increased from 50 % to about 68 % by reducing the large water conveyance network
losses and by improving the irrigation scheduling at field level. The holistic approach
considering all competing water demands is an appropriate method for performance
evaluation of reservoir-based irrigation schemes in water-scarce regions.

Keywords: Field application efficiency, holistic performance assessment, multiple
water users, overall system efficiency, small-scale irrigation schemes
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A Multi-Facet Lens on Sustainability
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In sub-Saharan Africa small scale irrigation is developing rapidly. Whilst emphasis for devel-
opment is mainly placed on water resource availability and access for irrigation, less attention is
paid to adoption of water lifting and management technologies, its relation to irrigation labour,
profits and long term soil fertility. The dynamics of both the nutrient and the production cycle
can be significantly affected when new water lifting and management practices are introduced.
The objective of this study is to evaluate the effect of different water lifting (solar, manual
and fuel pumps) as well as water management methods on irrigation labour, nutrient balances
and profits under supplementary and full irrigation practices of vegetables in two regions of
Ethiopia. Farmers were grouped into four water management treatments: irrigation based on
soil moisture monitoring, using a mechanical scheduling device (i.e. FullStop), standard crop
water requirements (CWR) and traditional farmers practice (FARM). Results show that manual
water lifting devices are profitable under supplementary irrigation but require best management
packages, such as optimal irrigation scheduling, to boost production per ha. This in combina-
tion with viable market prices could ensure that small scale irrigation remains profitable when
full irrigation is supplied. One of the main explanatory variables is the irrigation labour which
is often forgotten to be a significant costing factor. Solar PV pump technologies show a high
potential for Ethiopia as the labour reduced by 38 % compared to manual water lifting devices.
When farmers had access to irrigation information, vegetable production using manual wa-
ter lifting technologies turned into a profitable business as long as its effect on irrigation labour
translated into proportional yield increases. For example, farmers increased irrigation for onion
by 42 % resulting in yield increases by 85 %. However, the effect of irrigation scheduling on
crop – water productivity and profits were highly variable depending on the fertiliser farmers
used. Results show the importance of a recommended water management and fertiliser package
to ensure sustainable intensification through irrigation development achieving crop productivity
and profits gains whilst reducing potential environmental effects.
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Springs are naturally occurring discharge features of groundwater flow systems and
an important source of drinking water and irrigation in the hills and mountain re-
gions of Nepal. Despite the importance of springs for the hill and mountain com-
munities, a comprehensive understanding of the hydrology of these mountain spring-
shed systems and their management plans is still not adequate. There is still lack
of information on their occurrence, source areas, and impacts from land use activi-
ties and possible climate change. Increasing anecdotal evidence suggests that natural
and anthropogenic processes are leading to the drying of springs. Therefore, un-
der the Building Climate Resilience of Watersheds in Mountain Eco-regions project
(BCRWME), a Five year field monitoring network has been set up in two study wa-
tersheds in Shikharpur and Banlek Village Development Committees (VDCs) of Far
West Nepal to collect precipitation, spring and stream flow data as well as to collect
samples for environmental isotope analysis. Springs in Shikharpur VDC are located
between 1900 to 2500 m asl and they emerge at the contacts of phyllite and karstic
limestone. Likewise, springs in Banlek VDC are located between 700 to 1100 m asl
and they emerge at the contacts of colluvial soil and fractured quartzite. The sta-
ble isotopic variation in precipitation suggests that the altitude effect are -0.30 % for
δ18O and -1.73 % for δD, and -0.26 % for δ18O and -1.41 % for δD for Shikharpur
and Banlek VDCs respectively. Based on local geological settings and isotopic infor-
mation, the recharge areas for springs in Shikharpur are located at the altitude of 994
to 1100 m asl. Likewise, the recharge areas inferred for springs in Banlek are located
at the altitude of 631 to 715 masl. The preliminary results therefore suggest that a
high proportion of precipitation from the previous year make up spring discharges
and the spring recharge areas lie in the opposite valley for both spring sites. These
results indicate that the spring recharge and watershed management programs have to
extend beyond the study watersheds and cover a much larger area.

Keywords: Environmental isotopes, mountain springs, Nepal, spring recharge areas,
watershed management
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Understanding Climate Change Impacts on Common-Pool
Resources Management: The Case of Collective Irrigation
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Communal irrigations systems are composed of a natural common-pool resource, the
water, which is distributed through a man-made common-pool resource, the irriga-
tion infrastructure. Small-scale farmers are confronted with two decisions regarding
the management of their communal irrigations systems: (i) how much to invest into
the infrastructure maintenance and (ii) how much irrigation water to extract from the
system. Moreover, environmental variations affect the timing and quantity of avail-
able irrigation water, increasing production uncertainties. Thus, small-scale farm-
ers’ dilemmas are aggravated since the uncertainty of water availability might dis-
incentivize individual infrastructure contributions while exacerbating the likelihood
of water over-extraction. This research aims at understanding how small-scale farm-
ers manage their communal irrigations systems under environmental variations. An
economic experiment originally developed for laboratory conditions was modified as
a framed field experiment and was conducted to address this question. The empiri-
cal evidence from two communal irrigations systems in Northwest Argentina tested
the eight hypotheses that the author proposed based on previous research findings
and the pertinent literature. Some of the results were consistent with prevailing find-
ings, while others challenged them. This thesis found that in the case under analysis
and under environmental variations: investment converged; the communal irrigations
systems capacity deteriorated; earnings increased; inequality decreased; cooperation
improved and groups reporting low levels of institutional robustness exceeded expec-
tations. Furthermore, this research uncovered potential strategies that could improve
communal irrigations systems management under environmental variations in the area
of study, while also contributing to the theoretical development of common-pool re-
sources and communal irrigations systems in particular.

Keywords: Argentina, collective action, common-pool resource management, envi-
ronmental variations, irrigation systems, Jujuy, small-scale farmers
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Managing the multiple tradeoffs among bioenergy use, agricultural productivity, and
ecosystem functions is a major development challenge. This presentation assesses
and describes the dimensions and sources of heterogeneity in relation to the dynamics
of water-energy-food (WEF) nexus affecting the decisions of smallholder farm house-
holds in Ethiopia. This research activity is in accordance with the on-going research
project on “Bioenergy, Food Security and Poverty Reduction: Mitigating tradeoffs
and promoting synergies along the Water-Energy-Food Security Nexus” of the Cen-
ter for Development Research (ZEF), University of Bonn. Its overall goal is to more
sustainably manage natural resources, increase food security and reduce poverty for
poor rural men and women in the face of rapid agricultural, water and energy develop-
ment, and climate change problems in the Eastern Nile basin. This includes aiming to
contribute in improving land, water and energy productivity in rain-fed and irrigation
agro-ecosystems, and increasing the ability of low-income households and communi-
ties to adapt to environmental and economic variability, demographic shifts, climatic
shocks, and long-term changes.
Although, gender is one of the aspects of heterogeneity, in this study we further ex-
plored the dissimilarities between male and female farm-households by co-develop-
ing a conceptual model of the target socio-ecological system in two major regions i.e.,
Amhara and Oromia regional states in Ethiopia. We used the ARDI (actors, resources,
dynamics and interactions) method in the development of conceptual model as part of
companion modelling, which will support in the designing of an agent-based model.
Results show that there are four aspects that make the male and female farm house-
holds different such as gender specific productive roles, the perception of resource,
access to external actors, and the decision to manage and utilise the resources, which
may affect the dynamics of WEF nexus.
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Soil Moisture and Microclimate in Integrated Crop-
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Integrated-crop-livestock-forestry(ICLF) systems were developed to increase resource
use efficiency, while at the same time these systems were attributed to be more sustain-
able compared to most monocultures. However, how ICLF systems affect the water
balance was hardly considered so far but this aspect gained considerable attention with
regard to increasing climate variability and change. In this study we measured the soil
moisture and the microclimate of ICLF demonstration plots at the Brazilian Agricul-
tural Research Corporation – EMBRAPA Beef Cattle, located in Campo Grande-MS,
Brazil. Measurements were taken in four different treatments: ICLF, ICL, continu-
ous pasture (CP) and Cerrado (native savannah vegetation). During data collection
the ICLF treatment consisted of grass pasture (Brachiaria brizantha) lined with strips
of Eucalyptus trees (Eucalyptus urograndis), the ICL and CP treatments consisted of
Brachiaria brizantha and Brachiaria decumbens pasture, respectively. The soil mois-
ture was monitored weekly with a FDR profile probe in the dry season (April 16 –
Sept 16) and in the rainy season (Oct 16 – March 17). Microclimate parameters (tem-
perature, relative humidity, precipitation, global radiation) were measured for each
treatment. The results of the microclimate measurements indicate differences in tem-
perature and air humidity between the treatments. The maximum temperatures for
treatments with trees (ICLF and Cerrado) were lower compared to treatments without
trees (ICL and CP). This can be attributed to the shading effect of trees. Regarding
soil moisture, points next to the tree rows in the ICLF treatment generally had lower
values compared to the central points. This could mainly be due to enhanced ex-
ploration by tree roots. Comparing the treatments, independently of the season the
natural Cerrado always had the highest amount of soil moisture followed by ICL, CP
and ICLF. The total amount of soil moisture for each treatments changed with the
season. Spatial and temporal dynamics of the soil moisture and microclimate will be
presented in detail. The natural cerrado showed the highest amount of soil moisture
throughout the year indicating a higher resilience against drought compared to the
land use treatments. ICLF systems should be carefully analysed with regard to their
adaptive capacity against climate variability and change.
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Run-Off, Soil Moisture, and Weed Management Strategies to
Increase Water Productivity in Rain-Fed Crops in Tanzania
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Smallholder crop production systems in the semi-arid Dodoma region frequently suf-
fer from drought-induced yield losses due to inadequate rainfall distribution and er-
ratic rainfall events. The 30 year average rainfall amount of 500 mm during the rainy-
season indicates that in general precipitation is sufficient for the crops to mature. Run-
off management could reduce the effects of intra-season variability in precipitation
and in combination with improved weed management is likely to improve overall soil
moisture availability which in turn may result in more stable yields.
The aim of this study was to analyse the potential of i) run-off management through
tied-ridges, ii) minimal irrigation to keep the soil moisture above the permanent wilt-
ing point and iii) weed management to stabilise yields in pearl millet, sorghum, maize,
and sunflower by improving water productivity.
Due to soil surface modification, tied-ridges (i) collect water during rainfall events
and thus increase the infiltration. Minimal irrigation requirements were set to 50 %
of the crop water requirements following the FAO-56 methodology and supplied via
drip irrigation (ii). The weeding treatments (iii) comprised clean weeding (4–5 times
weeding) and farmer’s weeding practice (once after emergence and once after canopy
closure).
The experiments were conducted at the Agricultural Research Institute Makutupora,
Tanzania, during the wet season from January until May 2015 and 2016. Soil mois-
ture was measured frequently using a PR2 Profile Probe. Leaf area, crop development
stages, and biomass accumulation and partitioning were determined at regular inter-
vals, and yield components were determined at harvest.
The gained dataset helped to explore the influence of differing soil moisture levels
on biomass production and crop development stages. Furthermore, ANOVA with
post hoc Tukey-Test (P ≤ 0.05) was analysed to evaluate the impact of run-off, soil
moisture management and lower weeding frequencies on crop productivity. Tied-
ridges and minimal irrigation generally increased grain yields by 80–99 % in 2015
and by 16–37 % in 2016. The yield-increasing effects were more pronounced in 2015
due to the very low yielding flat, rain-fed plots caused through insufficient rainfall
amount (2015: 321 mm and 2016: 799 mm from January until May).
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Legumes are important nitrogen (N) contributors to cropping systems, since they are
able to fix atmospheric N symbiotically. Grain legumes offer even more benefits due
to grain and straw production for human and animal consumption. Using pulses for N
input in a cropping system, however, requires improved accuracy of estimating N bal-
ances and N benefits for the following crop in a rotation, since grain and aboveground
residues are removed at harvest. Moreover, leguminous crops are often grown in dry-
land areas, exposed to water stress. This work aims at quantifying biomass and N
accumulation as well as N partitioning to above and belowground parts by mungbean
(Vigna radiata L.) under water stress.
In a controlled environment, four mungbean accessions were exposed to three irriga-
tion treatments: recommended irrigation level (control), moderate deficit and severe
deficit irrigation. Plants were harvested at maturity and dry matter and yield param-
eters were assessed. The stable isotope (δ 13C/δ 15N) composition of above and be-
lowground plant parts showed differences in the response to drought stress among the
accessions.
Water stress did not affect pod dry weight and total aboveground biomass, but number
of seeds per plant. Root biomass either increased with moderate stress and decreased
with severe stress, or vice versa. Three accessions produced higher root biomass with
severe stress (+22 %) than with recommended irrigation. Root-N accumulation was
dependent on the treatment: The proportion of root-N to total plant-N was similar
between both stress treatments and around 30–40 % of the total plant-N at maturity.
The control accumulated around 20 % of total plant-N in the roots. The isotopic
carbon discrimination (Δ13C) in the grain showed clear relations to water shortages.
The results suggest that water stress affected N partitioning between above and be-
lowground parts.

Keywords: Carbon discrimination, deficit irrigation, nitrogen partitioning, stable
isotopes, Vigna radiata, water stress
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Field Water Dynamics in Integrated Systems in the Brazilian
Cerrado Region
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Agroforestry systems were established as a viable option for Brazilian farmers in re-
cent decades. Shading is expected to affect the system’s microclimate and thus it is
likely to alter water fluxes to the atmosphere via evapotranspiration. In this study we
measured the evapotranspiration (ET) with micro-lysimeters in four different treat-
ments as a proxy for different land use systems at EMBRAPA Beef Cattle, the Brazil-
ian Agricultural Research Corporation, located in Campo Grande-MS, Brasil. The
four treatments are: Integrated systems with rows of Eucalypt (Eucalyptus urogran-
dis) trees (ICLF), integrated systems without Eucalypt trees (ICL), continuous pasture
(CP) and native Cerrado (Savannah) vegetation. In the ICLF and ICL plots Brac-
chiaria brizantha was planted and in the CP plots Brachiaria decumbens. To measure
the evapotranspiration lysimeters (diameter of 10 cm and a depth of 20 cm) were in-
serted into the ground and weighed daily during a period of 8 weeks. Within the
ICLF systems, measurements were conducted in three different distances to the tree
rows. In the treatments without trees the lysimeters were distributed randomly. Re-
sults were linked to data from the microclimate, i.e. wind speed, air humidity, and
global radiation.
Preliminary results indicate daily evaporation at CP which was on average 1 mm
higher compared to the other systems. Differences between the averages of the ICL
and ICLF systems weren’t significant but ET tends to be higher in the ICL system.
Within the ICLF systems the measurements taken with larger distance from the tree
rows showed lower daily rates of evaporation (1 mm). Differences in ET between
systems were not significant due to different growth habits of the plants inside the
lysimeters. Within the ICLF systems lysimeters with largest distance to trees showed
lower ET which an average difference of 3 mm. With higher wind velocities and
lower air humidity the difference increases. The differences in ET and microclimate
are probably a result of lower grass canopy densities close to the tree rows and on
CP. This management effect on unproductive water losses via evaporation should be
considered in the context of site productivity, system’s resilience against drought, and
resource use efficiency.
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Evaluation of Effect of Ridging on the Rainwater Use Efficiency of
Soybean Production in Northern Ghana
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As climate change continues to influence rainfall patterns, it is causing frequent and
more intense rainfall events, directly influencing the future of agriculture. Social-
ecologically, a shift in land management practices, specific to soil ridging rather than
conventional tillage/flattening could help minimise these severe rainfall events impact.
Fluctuations in soil moisture due to the variability in rainfall must be stabilised in
order to create an efficient crop production system. Soil ridging promotes the soils
ability to allow water to infiltrate, have ideal permeability and water holding capacity
– both necessary capabilities a soil must have in order to maintain consistent, proper
moisture content.
The objectives of the research were to see if a) stabilisation of soil moisture could
be achieved via soil ridging and b) to determine if the stabilisation of soil moisture
content caused a significant difference in soybean yield compared to conventional soil
preparation.
The experiment was carried out during the 2016 cropping season in the Chereponi
District of Ghana’s Northern Region. The ridges constructed were able to evacu-
ate water during times of heavy rainfall whilst the troughs maintained higher soil
moisture content during periods of brief drought, as compared to adjacent non-ridged
plots. It was found that over the 14 trial fields ridging produced an average yield of
1603 kg ha-1 (SEM ± 161) while non-ridged plots produced only 1258 kg ha -1 (SEM
± 142). The differences in yield could be evidence of greater root penetration and
nutrient scavenging, accredited from not only the increased water infiltration created
by the soil ridges but also soil de-compaction which occurred during ridge formation.
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To understand the water governance system in a typical settlement of the Central
Asian Karakorum Mountains primary data on agricultural water management systems
were collected through field survey, in-depth interviews, focal group discussions, field
measurements and semi-structured questionnaire covering 110 households selected by
a snowball sampling scheme in Karimabad, Pakistan. People of Karimabad depend
on water received from Ultar Glacier to irrigate their crops and fruit gardens. Each of
the four selected zones received irrigation water for three days and two nights or two
days and three nights. The cultivated land was categorised into three classes crop-
land (Sehin), orchard land (Baseo) and grassland (Toq). Irrigation priority was given
to cropland followed by orchards and grassland. Among four main water channels
discharge rate was highest (46.73 m3 sec−1) in Dallah, followed by Barba, Hamachi
and Dilbar. It was also observed that recently traditional double crops patterns were
replaced by the establishment of cash crops. For household consumption there is a
separate water supply system that supplies water from time to time. In case of water
shortage everyone is allowed to collect water from a particular channel. Jirga and
Nambardars (selected persons (four) from each tribe) play a very important role in
water distribution and water disputes. 86 % of the respondents confirmed that dis-
tribution of water is managed by the jirga. Which also solved disputes on irrigation
water. Farmers depend upon fruit production as a major source of income (P≤0.001)
but the production and sale of vegetables also plays an important role for the house-
hold income. The data also indicate that Karimabad has experienced major socio-eco-
nomic and agriculture changes in the last three decades whereby population growth
and intensive agriculture in water deficient periods are main causes for water scarcity.

Keywords: Agriculture system, crops rotation, gravity fed irrigation, Hunza, water
scarcity
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Most agricultural models do not adequately represent real-life development decisions,
not least because they fail to consider the impact of the full range of biophysical, so-
cio-economic, political and cultural factors that affect decision outcomes. Many mod-
elling exercises restrict their scope to system aspects that can be characterised with
precision, but this can lead to biased recommendations. For instance, only considering
annual crop yields while neglecting ecosystem services provided by trees systemat-
ically undervalues agroforestry systems. Similarly, crop models that only consider
abiotic factors but leave out pests, weeds and diseases may favour crop varieties that
fit poorly in smallholder farming systems. To produce more holistic assessments that
respond to the needs of development decision-makers, agricultural modelling needs
new strategies that enhance its ability to deal with real-world complexities and al-
low capturing system aspects that defy precise quantification. Decision analysis, a
decision-support approach from the private sector, aims to make recommendations
for specific decisions based on currently available knowledge. To gain a holistic per-
spective, it starts with an assessment – often involving decision-makers, stakeholders
and experts – of all decision-relevant aspects and their interconnections. Results from
this assessment are translated into causal decision models, in which all factors are
considered in quantitative terms, represented using probability distributions. For each
input variable, all available sources of information, including hard data and expert
opinion, are used to construct the distributions. Simulations produce probability dis-
tributions expressing the range of plausible decision outcomes. These outputs are
often sufficient for identifying preferable decision options. If not, tools such as Value
of Information analysis are used to highlight critical knowledge gaps where further
information is needed to reduce uncertainty and clarify the best decision alternative.
Decision analysis approaches are new to agricultural research for development, but
several successful applications across Africa, e.g. forecasting the impacts of agricul-
tural interventions in Kenya or prioritising among strategies for reservoir protection
in Burkina Faso, have underscored their potential. Experiences so far indicate that
decision analysis could emerge as a new paradigm for holistic, decision-focused agri-
cultural modelling.
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Low productivity of non-responsive soils, limited land for cattle grazing to produce
sufficient manure and lacking financial resources for fertiliser substantially limit food
production and threaten food security in many densely populated areas not only of
western Kenya.
Legume-led crop rotations and intercropping have been promoted by many projects,
but have not been well-adapted nor adopted. Crop-livestock integration has been sug-
gested as possible improvement but in the absence of sufficient land and of proper
manure management, animals usually compete with soils for plant residues.
While many technical biophysical solutions work in principle or under specific set-
tings, they need acceptance by those to implement them. This becomes even more
complex as farm-scale solutions need to be upscaled to the landscape level, where
collective action or access to decision-makers are crucial. We present the interdis-
ciplinary approach of the CONNESSA consortium (CONNEcting knowledge, scales
and actors; An integrated framework for adaptive organic resource management, tar-
geting soil aggradation and agroecosystems’ resilience in SSA) illustrated by a case
study in Kenya.
We follow a flexible site-specific sequence of biophysical field experiments, innova-
tion platforms (IP) and modelling exercises to derive policy recommendations. The
case study included field experiments at three sites in western Kenya, replicated at
four farms per site on effects of manure and fertiliser combinations on maize and
legume yields; experimental data were later employed for modelling. Crop-live-
stock integration, legume-based soil conservation and tree planting scenarios were
formulated by farmers, extension officers and NGO during an IP at one site, Sabatia.
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Scenarios were simulated over various years for a 20 km 2 watershed using the Land
Use Change impact Assessment tool (LUCIA). Model results were evaluated during
a second IP followed by another round of more in-depth modelling.
We discuss in how far the combined modelling-IP approach can inspire stakeholders’
development scenarios and lead to better ownership / acceptance of suggestions and
improved collective action. Parallels and contrasts between Sabatia and a twinned
case study in Burkina Faso are shown in order to derive generic conclusions.

Keywords: Actors, connecting knowledge, innovation platforms, landscape
modelling, scales, soil degradation
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By 2050, global food security will face significant challenges from climate change,
global population pressures (expected to surpass the nine billion mark), and increased
urbanisation. The recently adopted Sustainable Development Goals call for progress
on key dimensions of human development and environmental sustainability. How-
ever, as a result of growing natural resource scarcity, making progress in one area,
such as food security, will likely adversely affect progress towards desired outcomes
in other areas, such as water security or environmental sustainability. Thus, busi-
ness as usual approaches are no longer an option. Instead, advances in food secu-
rity need to be addressed within a nexus perspective incorporating key interlinkages
with related sectors, including water and energy. We use an innovative methodology
(composed of three models) to model the socio-economic linkages between water,
energy, and food in the Eastern Nile Basin. The modelling framework consists of a
biophysical representation of the natural resource base, including water, an energy
systems mode and a computable general equilibrium model. The biophysical compo-
nent model combines a hydrological model, a river basin management model, and a
crop model. The energy component model uses the MARKAL/TIMES energy model
and finally, the socio-economic component model connects the energy and biophys-
ical components through a country-specific dynamic recursive computable general
equilibrium model, allowing us to analyse the impacts of changes in water and energy
supply on the economy as a whole and on poverty and income distribution in par-
ticular, all the while exploring policy scenarios for action and for potential synergies
that may present themselves. Based upon a theoretical nexus framework, the method-
ology is expanded into a quantifiable modelling suite that underlies the analysis of
three country case studies; Egypt, Ethiopia, and Sudan. The modelling framework
is then used to examine the impact of climate change on changes in tradeoffs among
water, energy and food security in the region into the future followed by alternative
investment scenarios in irrigated agriculture as well as in conventional and alternative
energy sources to assess water, energy and food security implications and identify
policies and institutions to ensure that the needs of the poorest can be met.
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Assessing Savannah Grassland Intensification Impacts –
Integrating Vegetation Community Functions into Physiological

Crop Models
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Economists see high potential to increase agricultural productivity in African savannahs through
rangeland intensification and conversion into cropland. Ecologists however expect negative im-
pacts on ecosystem services (ESS) such as soil and vegetation degradation, which threaten the
ecological and economic sustainability of the system. Vegetation structure and its changes play
a crucial role in this context and models have been employed to simulate long-term and prob-
abilistic processes. Ecological vegetation models simulate plant type assembly dynamics, but
usually based on empirical relationships, lacking processes behind takeover and suppression of
different plant functional types. The mechanistic level of physiological crop models however
allows exploring these processes, but rigid spatio-temporal pattern of growth and plant inter-
action limit its applicability for grassland simulation. This study aims to provide a concept to
integrate ecological grassland vegetation functions into process-based crop models. Two sub-
stantial limits of crop models were identified: (1) Plant interaction on plot level is defined by
explicit or zonal canopy and rootstock overlaps due to homogeneous row arrangement, whereas
savannah vegetation has a stochastic to patchy spatial structure. (2) Crop models are able to
reflect major disturbance impacts via dry season/drought effects and simple grazing mimicking
slash-and-remove functions, but they lack carbohydrate reserves supporting survival during and
regrowth after disturbances.
To resolve these limitations, (1) on grassland plots, crop model’s row geometry is dissolved
to represent random plant arrangement, where spatially inexplicit interaction between plant
types starts when total vegetation ground cover exceeds 100 percent. An additional clumping
factor accounts for interactions occurring before 100 percent ground cover is reached, reflecting
patchy vegetation. (2) The growth of carbohydrate reserves is supplied by excess assimilates
which are not needed for plant growth when the latter is limited by phenological development.
Reserves are remobilised to support regrowth after grazing and drought as well as to allow plant
survival by compensating net respiration during dry periods.
We developed and tested a ‘minimum-invasive’ concept of amending physiological crop models
where two additional functions – heterogeneous plant arrangement and regeneration capacity
- allow the mechanistic representation of major plant type assembly processes in savannah
grasslands.
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Social-Ecological Transition from Open Access Fishery to
Successful Aquaculture: The Case of the Peruvian Scallop

LOTTA CLARA KLUGER, MATTHIAS WOLFF

Leibniz Center for Tropical Marine Research (ZMT), Theoretical Ecology and
Modelling, Germany

Mariculture is becoming increasingly important for aquatic food production, as an
alternative to exploiting natural populations. Bivalve culture represents a sector of
particular economic potential and environmental friendliness, because cultured indi-
viduals feed on naturally occurring phytoplankton at the bottom of the food chain,
reducing production costs and environmental impacts. The Peruvian bay scallop Ar-
gopecten purpuratus is a key resource targeted along the Peruvian and Chilean coast-
line since the 1950’s. In Sechura Bay (North Peru), an open-access multispecies div-
ing fishery was recently transformed into a property-rights-based mariculture regime.
While scallop production declined in other locations to the South, the bay devel-
oped into a hotspot. About 25000 persons are currently involved, representing the
most important socio-economic activity in the region. A socio-ecological analysis
suggests that the combination of favourable environmental conditions and low pro-
duction costs have facilitated the rise in scallop production in Sechura. Small-scale
scallop farmer cooperatives were the ones initiating the establishment of aquaculture
operations, holding the decision power with respect to scallop grow-out and harvest.
This bottom-up approach allows for a lasting, sustainable performance of the activ-
ity. However, today’s single-species dependence is likely to increase the system’s
vulnerability to international scallop market price fluctuations and environmental dis-
turbances. The sustainability and resilience of the system thus depends on successful
ecosystem-based management and the ability of local stakeholders to cope with dis-
turbances. A social-ecological network model based on interactions among different
actors was constructed. Preliminary results include the identification of key groups
and pathways, and the exploration of different environmental and management sce-
narios for the prediction of tipping points and points of leverage to render the system
more resilient. Hereby, this work helps to better understand feedback mechanisms be-
tween scallop mariculture, ecosystem health, and people’s well-being, and the effects
of management measures to improve the resilience of the overall social-ecological
system.
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Measuring and Modelling Soil Loss and Runoff Mitigation
Potential of Legume-Led Crop Rotations under Varying Slope

Lengths in a Small SW Kenyan Catchment
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Soil erosion is a major constraint to crop productivity in southwestern Kenya where agricultural
activities are mostly spread on hilly terrains. In smallholder-dominated Rongo sub-county soil
erosion has reportedly changed the soil properties in the entire landscape. Land tenure is con-
ventionally structured in slope direction and predominant maize plots are ploughed downhill.
Soil erosion is determined non-linearly by slope length, hence spatial arrangement and position-
ing of crops should be of great concern. We posited that placement of soil erosion conservation
measures at different slope locations affects the total amount of soil and nutrient loss on that
slope and in the landscape. This was tested by a) field measurements of run-off and erosion
on 12 m× 4 m RCBD plots under different legume ground cover (Mucuna pruriens, Lablab
purpureus, Arachis hypogaea) planted in pure stand and Zea mays/Phaseolus vulgaris inter-
crop (farmers’ practice) with and without mulch; b) Zea mays/Phaseolus vulgaris intercrop on
bounded plots of 20, 60, and 84 m length at different locations in the landscape; c) a modelling
approach using the landscape model LUCIA (Land Use Change Impact Assessment). Field
experiments showed that Mucuna pruriens decreased runoff and soil loss most effectively after
the mulch treatment, followed by Lablab purpureus and Arachis hypogaea. Highest runoff and
soil loss was observed under Zea mays/Phaseolus vulgaris intercrop. Slope length influenced
runoff, and larger soil loss was observed on the longer slope lengths. LUCIA was calibrated
and validated with the 1-year field datasets on runoff and soil loss. Model scenarios are led
by maximising food crop and fodder use whilst reducing nutrient loss on cropped fields and
avoiding siltation of fish ponds and streams in the lower watershed parts. Regarding sediment
loads at the watershed outlet, uphill soil conservation measures during first simulations proved
more effective than filter strips along streams, but growth of some legumes may be restricted
by soil moisture on the upper slopes. Modelled best practices of legume-based soil conserva-
tion will be extended to the landscape scale. We will discuss aspects of implementation of soil
conservation measures by farmers at the landscape scale.
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Climate Change Impacts on Erosion Control in a Watershed with
an Integrative Modelling Approach

HONGXI LIU, XUEQING YANG, SERGEY BLAGODATSKIY, CARSTEN MAROHN,
MARCUS GIESE, GEORG CADISCH

University of Hohenheim, Inst. of Agricultural Sciences in the Tropics (Hans-Ruthenberg-
Institute), Germany

In this study we applied a landscape based soil-crop/tree integrative model (Land
Use Change Impact Assessment, LUCIA) and investigated the efficacy of erosion
control measures in rubber plantations under increased precipitation and temperature
based on existing climate change scenarios. The model was firstly calibrated and
validated at plot level to simulate weed management (“no-weeding”, “once-weed-
ing”, “twice-weeding” and “clear-weeding”) effects on soil loss in rubber plantations.
Subsequently, the model was calibrated to simulate total sediment yield in a small
watershed (.. ha, or km2) located in Xishuangbanna, South-West China, where rubber
plantations occupy around 15 % land use in this watershed. Model outputs suggested
that total soil loss in the watershed decreased by 15 % with reduced herbicide appli-
cation in rubber plantations. Scenarios of climate change were further applied in the
model to assess response of erosion control measures to increasing precipitation and
temperature: 1) ‘baseline’ with rainfall and temperature measured in 2014; 2) ‘R+’
with rainfall amount increased by 2.6%; 3) ‘T+’ with temperature increased by 2.4°C;
4) ‘RCP (representative concentration pathways) 8.5’ with rainfall increased by 2.6 %
as well as temperature by 2.4°C. Modelling results indicated that increasing temper-
ature (‘T+’) decreased soil litter cover by accelerating decomposition. This affected
soil loss to higher extent than increasing rainfall (‘R+’) at both plot and watershed
level. Soil loss in rubber plantation increased from 2 t ha−1 to 3 t ha−1 under “twice-
weeding” due to increasing precipitation and temperature; while reduced herbicide
application (“no-weeding” and “once-weeding”) kept soil loss below 1 t ha −1. Total
sediment yield in the watershed increased from 800 t a−1 to 1130 t a−1 by increased
precipitation and temperature under current management but was reduced 960 t a −1

under reduced herbicide in rubber plantations. The results of this study suggest that
management has the potential to mitigate soil loss by climate variability or change.
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A Multi-Model Ensemble Approach to Assess the Effects of
Alternative Management Practices on Soil Properties and

Crop Yield
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Decline in agricultural production due to the growing population and soil degrada-
tion has become a major concern in Sudan Savannah as it threatens food security
that reportedly will trigger a change in food habits as well as demanding even more
food. Therefore, it is important to check soil degradation in order to ensure a sus-
tainable production system. To counteract the problem of soil degradation, alternative
management practices can be adopted that has potential to prevent and/or reduce the
severity of soil degradation as well as to improve the production system in a sustain-
able manner. For this purpose, a study has been established which compares possi-
ble technical approaches to evaluate the effect of soil and crop management options
on soil degradation; (1) experimental (short-term effects), and (2) model simulation
(long-term effects). The experimental approach includes field trails to test the effects
of contour ridge (CR), reduced tillage (RT), and crop residue management (CRM)
on soil properties and crop yield. In order to assess their impact at long-term and to
identify the best management practice, use of model simulations has become a more
appropriate trend. The models which show best validation results based on the five
years field-experiment will be used to anticipate the long-term performance of tech-
nologies and eliminate the need of conducting tedious long-term experiments. Hence,
this study intends to validate three different crop models (SIMPLACE (Scientific Im-
pact assessment and Modelling Platform for Advanced Crop and Ecosystem manage-
ment) model framework, EPIC (Environmental Policy Integrated Climate), DSSAT
(Decision Support System for Agrotechnology Transfer)) to predict the single and
combined impact of tillage and crop residue management on soil quality and crop
yield. Having such a good number of crop models that include the effects of tillage
and crop residue management on crop yield and soil properties, we will perform an
ensemble modelling approach, which denotes a comparative evaluation of the mod-
els to perceive the accuracy of the model simulation and to evaluate the uncertainties
during the simulation.
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Development, Calibration, and Validation of an Intercropping
Model

WENZHI ZENG, GUNTHER KRAUSS, THOMAS GAISER, BABACAR FAYE,
STEFAN SIEBERT

University of Bonn, Inst. Crop Sci. and Res. Conserv. (INRES), Germany

Intercropping is an agricultural practice of cultivating two or more crop species si-
multaneously in the same field. Compared to sole cropping, main advantages of in-
tercropping are an increase of the interception of solar radiation and increased nu-
trient supply when legumes are integrated into the intercropping system, resulting in
increasing crop growth. Intercropping is presently used in many tropical and subtrop-
ical regions. However, due to the spatial heterogeneity of the intercropping system
and complexity of belowground competition for water and nutrients, it is challenging
to dynamically simulate intercropping. Here we present a new intercropping model
that was developed by integrating different modules such as light interception, below-
ground allocation, soil water movement and crop growth using the Scientific Impact
assessment and Modelling PLatform for Advanced Crop and Ecosystem management
(SIMPLACE) framework. We firstly checked the plausibility of three different ap-
proaches and selected the optimal one to describe light interception between two in-
tercrops, then proposed an allocation strategy for belowground resources considering
both alive root length density and crop water demand. The model advances previ-
ous attempts of intercropping modelling by simultaneously considering aboveground
competition for light and belowground competition for water and nutrients together
of different intercropping arrangements. Field experiments including five different
intercropping arrangements were conducted in Dassari, Burkina Faso in 2015 and
2016 and used to calibrate and validate the model. The results indicate that our model
performs accurate simulations for both biomass and plant height in intercropping ar-
rangements without legumes (e.g. sorghum-maize) in both 2015 and 2016. The ac-
curacy for arrangements including legumes (e.g. cowpea) should be further improved
by a better representation of dynamics in symbiotic N-fixation.
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Assessing Impacts of Long-Term Maize-Cultivation Using the
‘Dynamic of Total Carbon and Nitrogen Distribution’ Model
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Ongoing population growth spurred the demand of agricultural land further accompa-
nied by agricultural intensification in Northwest Vietnam. This trend led to an expan-
sion of mono-maize cultivation areas to steep sloping environments with the result
of severe soil degradation. Against this background, the presented study evaluated
the development of soil fertility under mono-cropped maize cultivation in Northwest
Vietnam to offer decision support for natural resource management at watershed level.
The specific objectives were: (1) determining the dynamics of total Nitrogen (NTot)
and Carbon (CTot) under current maize cultivation regimes along selected transect
gradients, and (2) developing the spatially-explicit Dynamic of total Carbon and Ni-
trogen Distribution (DyCNDis) model to assess potential impacts of CTot and NTot
development after long-term and intensified maize cultivation patterns using Chieng
Khoi watershed as an example.
Three transects were delineated to assess NTot and CTot content in topsoil along a
25–30 m slope gradient, and to determine crop history focusing particularly on the du-
ration of maize cultivation period. Building on transect results and further auxiliary
data, the spatially-explicit DyCNDis model tool was developed using the relation-
ship of cultivation time and C/NTot content as basic modelling unit. After successful
model validation, DyCNDis was used for a soil degradation hotspot analysis, aiming
to identify those areas at watershed-level which have the highest risk of soil degrada-
tion under the current mono-cropped maize cultivation regime.
DyCNDis identified 134 ha of hotspot areas that are prone to soil degradation after 20
years of continuous maize mono-cultivation, accounting to 19 % of the total 708 ha
of upland cultivation areas in Chieng Khoi watershed. DyCNDis suggested that par-
ticularly those areas require increased attention by government authorities and local
farmers, calling for soil conservation measures to retain soil fertility in the long run.
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Evaluation of Spatio-Temporal Rainfall Variability and its
Implications on Pearl Millet Production in Semi-Arid Areas
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Improving knowledge on spatio-temporal rainfall variability and its influence on small farm-
ers’ agricultural crop production strategies enables mitigating climate change and preparing
upgraded adaptation strategies in rainfed agriculture.
We measured rainfall for 50 different spatial locations over an area of 12.5 km2 in Idifu village,
in the semi-arid Dodoma region of Tanzania for the season 2015/2016 and 2016/2017. Using
K-Means Algorithm for Clustering method and QGIS, existing rain gauges and new rain gauges
were positioned to a centroid to cover the area of influence of approximately 250,000 m2. The
average distance between rain gauges was approximately 500 m. CROPWAT model was used
to calculate the daily and decade crop evapotranspiration (ETc) of pearl millet in that study area
for each month during the growing season. The amount of daily rainfall collected at different
positions in the village for each month was compared to the calculated crop evapotranspiration
to determine the ETc deficits in each particular location.
The results show that the total ETc of pearl millet in the area on average is 527 mm which was
higher than the average amount of rainfall of the area for both seasons. However, both rainfall
and ETc deficits vary spatially in that small agricultural watershed significantly (p < 0.05)
within a short distance. The daily rainfall variability is by far higher than the monthly and
seasonal variability. This explains the high variability and risk of crop failure since the amount
of rainfall deficit which highly affects the crop growth and production is the daily rainfall
deficits as compared to the monthly and the season rainfall.
Farmers have adapted to these conditions by using crop management strategies such as dry-
seeding, re-seeding, transplanting and spatially distributing their fields across larger areas. Still
they have been repeatedly suffering from crop failures during the last years. Other strategies
are therefore required and are being tested to reduce the effect of daily rainfall variability.
Infield rainwater harvesting such as tied ridges and ponding pit cultivation may act as means
for extending favourable soil moisture conditions and hence reduce the acuteness of the spatio-
temporal rainfall variability.

Keywords: Crop water requirement, CROPWAT model, farmers’ management strategies, pearl
millet, rainfall, spatio-temporal variability, watershed
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Yields and Water Use Efficiency of Maize and Sorghum under the
Impacts of Climate Change in West Africa
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Increasing warming, recurrent dry spells, and land degradation represent serious threats to sus-
tainable development in West Africa. The climate-driven changes in soil water and nutrients
will put at risk the resilience of the production systems, but one remains uncertain about the
magnitude in this region, including northern Benin. This study examined the responses of maize
and sorghum to three soil fertility management options (control, integrated soil-crop manage-
ment, high mineral fertiliser use) under historic climate (1986–2005) and compared these to
the performance of the same options under bias-corrected ensemble predictions (BNU-ESM,
CanESM2, and MPI-ESM-MR models) of future climate (2080–2099) for three Representative
Concentration Pathways (RCPs, 2.6, 4.5, and 8.5). The climate datasets served as inputs in the
previously calibrated and evaluated CERES-Maize and CERES-Sorghum Cropping Systems
Models. The ensemble of the climate models predicted seasonal rainfall variability reaching
-2 %± 6, -4 %± 8, and +1 %± 9 for RCPs 2.6, 4.5, and 8.5, respectively. Changes in tem-
perature depicted increasing warming trends in minimum temperature of +1.0±0.2, +2.0±0.2,
+4.7°C±0.4 and maximum temperature of +1.1± 0.2, +2.0± 0.3, +4.6°C± 0.5, for RCPs 2.6,
4.5, and 8.5, respectively. The ensemble simulated a decrease in solar radiation by about -
0.4 MJ m−2d−1. CERES-Maize predicted a larger increase in the dynamics of aboveground
biomass at the season onset but a decrease later in the cropping seasons, with largest changes
under RCP8.5. CERES-Sorghum simulated similar patterns, but the decrease in biomass ac-
cumulation would occur earlier in the season under RCP2.6 and 4.5 than with RCP8.5. The
assumed future climates reduced maize biomass yield by 11–29 %, grain yield by 10–46 %,
and water-use efficiency by 17–53 %. CERES-Sorghum predicted decreases by 21–47 % for
biomass yield, 22–51 % for grain yield and 23–51 % for water-use efficiency. The largest de-
pressive effects were predicted under RCP 8.5. With an integrated soil-crop management and
high mineral fertiliser use, maize response was relatively resilient to climate change under
RCP2.6 and 4.5. It is concluded that a stabilisation of the warming below 2°C remains critical
for achieving benefits from sustainable intensification efforts in major production systems in
West Africa.

Keywords: Climate scenarios, crop production, CSM-CERES, resource use efficiency, Sorghum
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Agro-Forestry: A Sustainable Cropping Option for Uplands in
Western Thailand
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In Western Thailand, maize production is mainly carried out on uplands and freshly
cleared forests, which is not only reducing the forest area but also soil fertility. The
fertility of land reduces over time due to many factors such as losses of fertile top soil
due to lack of proper soil cover, low fertiliser inputs, intensive and inappropriate land
use. We tested various maize based soil conservation options including alley crop-
ping. A 2-year-data set with maize farmers’ practice (monocropping, tillage), maize-
chili-hedgerow intercropping (± fertilisation; minimum tillage) was used to access
the sustainability of these systems by using the Water Nutrient and Light Capture in
Agroforestry Systems (WaNuLCAS) model. After calibration and validation, WaN-
uLCAS was used to (i) predict production sustainability of maize based agroforestry
systems, (ii) improve our understanding of trees’ impact on crops in alley cropping,
and (iii) identify mitigation strategies for future land use. WaNuLCAS was used to
run for five years continuous cropping seasons with the same practices as were used
in the field experiments during 2010 and 2011. Total dry matter simulations over a
period of five years showed that agroforestry systems are very sustainable production
systems on uplands with only 19 % decrease as compared to farmer practice with 50 %
decrease from baseline. Model evaluated options to overcome the nutrient limitation
at the crop-soil-hedge interface suggested small additional amounts of fertiliser appli-
cation just at crop rows planted close to hedgerows, while keeping standard amount
of fertiliser in crop rows distant to the hedgerows. This helped sustaining total maize
biomass yields up to 1.8 kg m−2. Such strategic management options can be adopted
by the local farmers’ fostering soil conservation systems for sustainable agroforestry
production systems in future, which will directly decrease pressure on uplands due to
deforestation.
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(Re-)Afforestation efforts, to be a sustainable solution option for combating land
degradation in West Africa, have to account for projected changes in climatic con-
ditions such as increased temperature and rainfall variability. We applied field data
from an afforestation experiment in the Sudano-Sahelian zone of West Africa to agro-
forestry model WaNuLCAS for predicting the growth and biomass production of two
woody species (Jatropha curcas L. and Leucaena leucocephala Lam.), as a first step
to the assessment of the impacts of climate change on their growth. Data for model
calibration and validation stemmed from the field experiment conducted over 2014
and 2015 rainy seasons and the intervening dry season. The tree species were sub-
jected to four experimental treatments: (1) a control treatment (e.g. neither irrigation
nor fertilisation), (2) irrigation, (3) fertilisation and (4) a combination of irrigation and
fertilisation. The model was calibrated with the 2-year dataset from the fertlisation
plus irrigation treatment and validated against the datasets from the other treatments.
The seasonal dynamics of stem diameter, height, and aboveground biomass (AGB)
were reasonably well reproduced by the model (R 2> 0.5; RMSE ca 4–50 %). The
poor reproducibility of the biomass loss due to litterfall in the dry season resulted
in a poor fit between observed and simulated AGB values for both species (RMSE
>30 %). The overall simulation results were satisfactory, based on the values of the
coefficient of determination (CD) between 1.2–4.6, model efficiency (EF) and coef-
ficient of residual mass (CRM) which were closer to 1 and 0, respectively. These
findings provide a basis for (i) predicting climate change impacts on tree growth and
productivity, (ii) identifying growth-limiting factors under future climatic conditions
and (iii) exploring silvicultural options for sustainable (re)afforestation efforts in the
region.

Keywords: Climate change, land degradation, silvicultural management,
WaNuLCAS model, West Africa
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RESTORE+: A New Methodology for Addressing Landscape
Restoration on Degraded Land (in Indonesia and Brazil)

CHARLOTTE KOTTUSCH1, JASMINE PUTERI1, PING YOWARGANA1, LINDA SEE1,
SABINE FUSS2, SONYA DEWI3, ALINE MOSNIER1, FERNANDO RAMOS4,

GILBERTO CÂMARA4, NIRATA SAMADHI5, ZULFIRA WARTA6, PAUL

CHATTERTON7, FLORIAN KRAXNER1

1International Institute for Applied Systems Analysis, Austria
2Mercator Research Institute (MCC), Germany
3World Agroforestry Centre (ICRAF), Southeast Asian Research Program, Indonesia
4National Institute for Space Research (INPE), Brazil
5World Resources Institute (WRI), Indonesia
6WWF Indonesia, Indonesia
7WWF Austria, Austria

The complex interaction of ecosystem services, biodiversity, and socio-economic ac-
tivities calls for a landscape approach to complement large scale conservation efforts.
Such an approach requires the need to address multiple objectives in a comprehensive
and integrated way in areas where pressure for high-monetary value activities are in
direct competition with environmental benefits and biodiversity resources. Yet com-
plex interactions and inclusive processes in landscape approaches make it challenging
to formulate assessment mechanisms that allow for robust yet operational evaluation
of projects. To address this challenge, the RESTORE+ project (R+) has developed
a methodology that combines multi-objective modelling with advanced big data and
citizen-sourced remote sensing analyses to obtain information on biophysical and so-
cial complexity of degraded/marginal land.
Using the R+ methodology, the project aims at providing the two focus regions, i.e.
Indonesia and Brazil, with scenarios for restoration and sustainable utilisation of de-
graded land, and their implications on production, biodiversity, GHG emissions and
social impacts (e.g. land tenure rights).
In Indonesia, IIASA’s global land use model (GLOBIOM) will be adapted for the
national level to analyse the dynamics of varying land use policies that include an
array of degraded/marginal land utilisation scenarios. The modelling approach will
be combined with participatory crowdsourced mapping campaigns, to map potential
degraded/marginal land in high resolution. Utilizing crowd-empowered data gather-
ing methods, the information that is gathered can go beyond bio-physical properties.
Moreover, the restoration and utilisation cycle will look specifically into bioenergy
commodities. Specific to Indonesia, various supply chain implications of varying
policy scenarios to utilise degraded/marginal land for bioenergy will be analysed with

Contact Address: Charlotte Kottusch, International Institute for Applied Systems Analysis, Ecosys-
tems Services and Management Program, Schlossplatz 1, 2361 Laxenburg, Austria, e-mail:
kottusch@iiasa.ac.at
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a techno-economic engineering model (BeWhere), intended to merge the land use and
energy sector perspectives for landscape energy planning.
In Brazil, the project will enhance established land monitoring and modelling capabil-
ities and support Brazil’s contribution to meeting the “Bonn Challenge”. The project
will identify degraded areas, assess restoration options and explore trade-offs associ-
ated with implementation of the Brazilian Forest Code.
By exploring restoration and utilisation options of tropical degraded, abandoned and/or
marginal land, based on interlinked qualitative information with socio-economic and
environmental parameters, the new R+ methodology will contribute to easing pres-
sures on deforestation as well as mitigating climate change.

Keywords: Crowdsourcing, degradation, landscape restoration methodology, multi-
objective modelling, remote sensing
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Participatory Mathematical Farm Programming - A Management
Tool for Smallholders in Transition

DIANA XIMENA JAIME ACEVEDO, JOHANNES MÖSSINGER, THOMAS BERGER

University of Hohenheim, Inst. of Agricultural Sciences in the Tropics (Hans-Ruthenberg-
Institute), Germany

In the past, agricultural researchers used Mathematical Programming (MP) to analyse
the multi-faceted and interlinked aspects of farm systems. However, the stage of tech-
nology and computational power limited its participatory applicability in the field.
Nowadays, with new technological devices farmers can be directly involved through
participatory methods as part of the research process. At the same time farmers are
increasingly forced to reassess their traditional farm systems due to a combination of
accelerating challenges such as climate change, emerging markets and price volatility.
In this context, a tool is demanded that encompasses the traditional knowledge and
experience of smallholders as well as the systematic analysis of current farming activ-
ities. We refer to this tool as Participatory Mathematical Farm Programming (PMFP),
which involves farmers participation at the stage of data-collection, as well as during
framing, validation and discussion of the model. Hence in this study we want to ex-
amine to which extent PMFP can be used as a management tool for smallholders in
developing countries. A literature review was conducted to analyse the applicability
of current participatory approaches within MP and their contributions to farm system
modelling. In a second step, a farm-based mathematical micro-simulation model was
built for a representative group of smallholders in San Pedro del Paraná, Paraguay. In
a semi-structured household survey, data were collected on crops, livestock activities,
labour and consumption behaviour. The model was calibrated and then validated by
the smallholders with a Turing-Test. Finally, the general model was adapted to spe-
cific farm situations to generate possible farming strategies and was discussed with the
farmers. At the end of the fieldwork, smallholders were asked to express their percep-
tions and suggestions regarding the PMFP-approach. The literature review showed
that participation of farmers was often limited during the stage of data collection.
During the application of PMFP in the field, smallholders showed interest to include
it as a management tool. They highlighted comprehensibility, flexibility and appli-
cability as the main strengths of the tool. It seems that PMFP, especially through its
interactive character, was able to provide viable suggestions that farmers were willing
to adopt.

Keywords: Farming, mathematical programming, participatory methods
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Modelling the Opportunity Cost of Reforestation in the Upper
East Region of Ghana

ANDREA GONELLA JIMENEZ1, TOBIAS WÜNSCHER2, JAN BÖRNER2

1University of Bonn, Germany
2University of Bonn, Center for Development Research (ZEF), Germany

Payments for environmental services (PES) have become increasingly popular tools
to promote forest conservation as well as re- and afforestation including in developing
countries. A common challenge in the design of PES in developing country contexts
is to balance conservation and poverty alleviation goals. Addressing this challenge re-
quires targeting strategies that integrate knowledge about farm-household character-
istics and the potential for additional ecosystem service provision. In this article we
test alternative approaches to predicting farm-household opportunity costs of refor-
estation contracts against a revealed preference benchmark derived from hypothetical
auctions conducted in twelve communities, across three neighbouring districts, in the
Upper East Region of Ghana with a final sample of 219 observations.
Our prediction models are based on household survey data gathered by Tambo and
Wünscher (2011), and subsequent GPS-tracked measurements of the farms’ plots to
derive geo-spatial variables, both typically associated with opportunity costs accord-
ing to theoretical and empirical literature, for example, on the sustainable livelihoods
framework, and chronic poverty and remote rural areas.
A hierarchical linear model turned out to produce the best prediction of revealed pref-
erence estimates albeit at generally low levels of accuracy. Community specific ef-
fects remain one of the strongest predictors of revealed opportunity costs, suggesting
that model-based targeting strategies can substantially over- and underestimate actual
opportunity costs. The regression models, nonetheless, provide important insights in
terms of farm-household level determinants these costs. We find, for example, that
rainfall dependent farmers with a subsistence orientation and spatially scattered plots
tend to have particularly high opportunity costs of joining reforestation programs.

Keywords: Agriculture, Ghana, hierarchical linear model, opportunity cost, payment
for environmental services, reforestation, sustainable livelihoods framework
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Towards a More Water Efficient Agriculture in Central Asia
through Agroforestry

NIELS THEVS1, KUMARBEK ALIEV1, EVA STRENGE2, MAKSAT ERAALIEV3,
AZIM BAIBAGYSOV4, PETRA LANG3, FRANK THOMAS3

1World Agroforestry Centre, Central Asia Office, Kyrgyzstan
2University of Trier, Faculty of Regional and Environmental Sciences, Germany
3German Kazakh University, Kazakhstan
4Kazakh National University, Kazakhstan

Most of the agriculture in Central Asia depends on irrigation, e.g. agriculture in such
areas like the Ferghana Valley or along other rivers in Central Asia. The major source
of irrigation water are rivers. Glacier melt, snow melt, and rain fall in the mountains
generate the runoff of those rivers. In the course of climate change, glaciers melt
down so that a decrease in runoff by 20 % – 50 % is expected by 2050.
Against this background it is of crucial importance to increase water productivity
of irrigated agriculture and build resilience against water shortages. One method to
achieve this goal might be introducing agroforestry, in particular shelterbelts. Liter-
ature suggests that crop evapotranspiration is reduced and crop yields are increased
inside such shelterbelt systems compared to outside such systems. Though, water
consumption of the trees that form shelterbelts is unknown.
In order to understand the water consumption and water productivity of a shelterbelt
agroforestry system versus a corresponding non agroforestry system, tree water con-
sumption and micro climate were assessed during the growing season 2016 on two
representative sites in Chui Valley, Kyrgyzstan and Kazakhstan. Tree water consump-
tion was assessed through sapflow measurements. Micro climate data were used in
order to calculate crop evapotranspiration. The measurements of tree evapotranspi-
ration together with measurements of crop evapotranspiration allowed compare the
overall evapotranspiration of a shelterbelt system with a non-shelterbelts system. Data
on crop yield losses and benefits from shelterbelt trees were collected through farm
interviews.
Results indicate that wind speed is significantly reduced inside the two shelterbelt
systems. As wind speed is a major driver of crop evapotranspiration, crop evapotran-
spiration inside shelterbelt is reduced compared to outside the shelterbelt systems.
The overall water consumption of shelterbelt system was found to be lower by 10 %
compared to non-shelterbelt systems. Income from shelterbelt trees overcompensated
crop yield losses.

Keywords: Elm, Penman-Monteith, poplar, sapflow, shelterbelt, water productivity,
wind break
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Can Science Lower Risks of Failure for Transformative
Development Projects? The Example of Restoration and

Regreening of the Sahel
RAVI PRABHU1, MARK SCHAUER2

1World Agroforestry Centre (ICRAF), Kenya
2Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ), Economics of Land
Degradation Initiative, Germany

An estimated 83 % of sub-Saharan Africans are dependent on the land for their liveli-
hoods, yet two-thirds of African land is already degraded to some degree. In many
African countries, more than 65 % of the land area is degraded. By eroding the pro-
ductivity of farming systems, land degradation reduces incomes and food security.
By reducing the resilience of the ecosystems populations depend on, land degrada-
tion worsens their exposure to the vagaries of the increasingly erratic weather of the
Anthropocene. Migration is thus, unsurprisingly, accelerating with about 60 million
people at risk of being uprooted by desertification and land degradation in the next
few decades in sub-Saharan Africa. Can the science of agroforestry, land health
assessments and the economics of land degradation be integrated into development
projects so that they can lower their risks of failure? The presentation explores the
joint experiences and plans of the World Agroforestry Centre (ICRAF) and GIZ as
they seek to answer this question while improving the livelihoods of 500,000 small-
holder farmers in eight countries in the Sahel as 1 million ha of their degraded farm
land is ‘regreened’. Taking a ‘research in development’ approach that seeks to inte-
grate evidence into decision making on policies and investments by a range of stake-
holders and partners, the project focuses on the potential of agroforestry and espe-
cially Farmer Managed Natural Regeneration and our understanding of the processes
of land degradation and rehabilitation to act as the vehicles for transformative change.
The presentation will discuss collaborative, institutional and technical arrangements
in this structured ‘learning for development’ project supported by the European Com-
mission.

Keywords: Africa, agroforestry, economics, investment, land degradation, resilience,
restoration, rural development, small holder farmers
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Assessing the Downstream Socioeconomic and Land Health
Impacts of Agroforestry Promotion in Western Kenya

KARL HUGHES2, SETH MORGAN1, KATHERINE BAYLIS1, JUDITH ODUOL2,
EMILIE SMITH-DUMONT2, TOR-GUNNAR VAGEN2, HILDA KEGODE2,

MARY MUTEMI2

1The University of Illinois at Urbana-Champaign, Applied Economics, United States of
America

2World Agroforestry Centre (ICRAF), Kenya

Agroforestry is widely purported to improve the livelihoods of smallholder farmers, rehabil-
itate degraded landscapes, and enhance the provisioning of critical ecosystem services, in-
cluding carbon sequestration. Yet, the evidence base supporting these longer-term impacts
is weak. Using a quasi-experimental evaluation design based on a theory-based and mixed
methods framework, our study investigates both the downstream and intermediate effects of an
eight year effort led by Vi Agroforestry (herein Vi), a Swedish non-governmental organisation
(NGO), to promote agroforestry in large sections of Bungoma and Kakamega counties in west-
ern Kenya. In particular, we compare two sets of households against various outcome measures
along the causal chain: those belonging to (a) 226 pre-existing farmer groups operating in 60
targeted programme villages; and (b) 206 non-targeted pre-existing farmer groups operating in
61 geospatially and demographically matched comparison villages. To further counter selection
bias, we combine several econometric analytical methods, including two-stage least squares
regression (2SLS), with difference-in-differences estimation. In addition, to triangulate key
findings and interrogate impact pathways, unforeseen outcomes, and unexpected quantitative
results, we carried out semi-structured in-depth interviews with a sub-sample of 40 purposively
selected programme participants. We also applied process tracing to investigate the linkages
between Vi’s programme and previous agroforestry research carried out by the World Agro-
forestry Centre (ICRAF). We find these research-to-programme linkages to be strong and that a
significantly greater – albeit geographically variable – uptake of the agroforestry practices pro-
moted by Vi took place in the villages it targeted. Significant, yet modest and variable effects,
were also identified for tree product income, fuelwood access, and milk yields among dairy
farmers. Ironically, soil organic carbon (estimated via remote sensing) increased at a higher
rate in the sampled farm plot’s in the programme villages, overall, but so too did soil erosion.
Finally, while we find limited evidence that the programme significantly bolstered food secu-
rity, resilience, and education progression and spending, statistically significant, albeit modest,
effects we identified for our asset and consumption expenditure measures (which includes the
study’s primary outcome variable), particularly among female farmer group members.

Keywords: Agroforestry, asset accumulation, causal chain, consumption expenditure, impact,
mixed methods, process tracing, quasi-experimental, research impact, soil erosion, soil organic
carbon, theory based impact evaluation, Vi Agroforestry
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In 2014 India approved a national agroforestry policy to resolve the bottlenecks like prohibi-
tion of felling and transport of tree (agroforestry) species. In its third year of implementation,
the policy has been effective in freeing a good number of farm-grown tree species from felling
and transit regulations in many of the Indian states, in upgrading a national research centre
on agroforestry, and establishing a National Sub-Mission on Agroforestry to promote agro-
forestry. ICRAF contributes to the technical group which supports the implementation of the
newly created mission. In this short period, policy has been instrumental in channelizing large
investments. For 2016–2020, through the newly created agroforestry mission, India has com-
mitted about $ 410 million, and India’s finance commission has invested an additional $ 9.0
billion to encourage states increasing their green cover. India identified agroforestry as the ma-
jor tool to fulfil its INDC commitment, and State Governments are investing in agroforestry for
increased mitigation, adaptation, and resilience to climate change. Sixty per cent of timber re-
quirement of India is sourced through agroforestry, and timber to the value of $ 8 billion year-1

is still imported which is about 20 % of the total requirement of the country.
Success of agroforestry policy in India is causing a ripple effect. Through a National Con-
sultation held in Nepal, stakeholders’ identified the need to develop a national agroforestry
policy for Nepal. Recommendations of the consultation were jointly issued by the Ministries
of Agriculture and Forest of Nepal as “Kathmandu Declaration on Agroforestry”. As a follow
up, ICRAF with funding from the Climate Technology Centre and Network (CTCN) works
with Nepal to develop its policy. Other South Asia countries through South Asia Association
for Regional Cooperation (SAARC) have expressed deep interest to work with ICRAF either
on policy/ advocacy related issues, or to implement a regional agroforestry programme in eight
member countries: Afghanistan, Bangladesh, Bhutan, India, Pakistan, Maldives, Nepal, and Sri
Lanka. Bangladesh in collaboration with ICRAF, has initiated developing its own agroforestry
policy.
This paper will discuss in details how the Indian policy is enhancing adoption of agroforestry
not only in India, but creating a ripple effect in the region as well.

Keywords: Agroforestry, India, Nepal, policies, ripple effect
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A New Paradigm for Evidence-Based Land and Soil Management
Recommendations

KEITH SHEPHERD1, ERMIAS BETEMARIAM AYNEKULU1, ERICK TOWETT1,
MARKUS G. WALSH2

1World Agroforestry Centre (ICRAF), Kenya
2Columbia University, Earth Institute, United States of America

There has been a failure in developing evidence-based land, soil and crop manage-
ment recommendations due to two fundamental limitations. The first limitation is
that target areas have not been defined and properly sampled when setting up exper-
iments or observations, which has prevented sound inference of results to the area
of interest. The second limitation is that uncertainty in the evidence used to make
the recommendations has been ignored, thereby pushing the decision risk on to the
farmer or land user, and robbing the researchers of the knowledge required on how
to reduce uncertainty and improve recommendations. Currently, the data used to de-
velop recommendations are rarely traceable. Recommendations are rarely validated
in a systematic way.
A surveillance framework for making evidence-based land, soil and agronomic rec-
ommendations is presented and illustrated with an example of developing fertiliser
recommendations in the Africa Soil Information Service (AfSIS). The cropland areas
of a country are first identified as the region of interest. A statistically valid sampling
scheme is used for siting soil sampling campaigns and agronomic trials. Low cost and
rapid spectral measurement methods are used to handle the large numbers of sample
analyses required. The approach permits unbiased estimates of soil constraints and
crop responses to be made and mapped with the aid of remote sensing covariates.
Uncertainty in recommendations is presented to end users and value-of-information
analysis used to pinpoint where further information is required to improve recommen-
dations and reduce end-user decision uncertainty. Iterative Bayesian updating is used
to systematically improve recommendations over time.

Keywords: Bayesian, inference, land, recommendations, soil
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Nutritional Impacts of Transitioning from Homegardens to
Industrial Farms in Uganda

CORY WHITNEY1,2, DENIS LANZANOVA1, KEITH SHEPHERD2,
EIKE LUEDELING1,2

1University of Bonn, Center for Development Research (ZEF), Germany
2World Agroforestry Centre (ICRAF), Kenya

Uganda’s agriculture is currently confronted with a major government decision, set
to transform the country’s farming landscape. The national development plan (Vision
2040) calls for a transition from small-scale farming, which currently supports the
majority of Ugandans, to large-scale commercial agriculture. While this plan is likely
to boost staple crop production, its impacts on human nutrition have not been ade-
quately explored. Given its multifaceted and complex nature, an ex-ante evaluation of
Vision 2040 requires the integration of knowledge and systems thinking from beyond
the discipline-specific approaches that are often used. To this end, decision analysis,
a decision-support approach from the private sector, offers tools for including ‘intan-
gible’ factors that are important for the decision but difficult to measure. We applied
Bayesian Networks (BN), a probabilistic causal modelling technique, for decision
analysis concerning Vision 2040’s impact on the nutritional situation of Ugandans.
To project future supply of micro and macronutrients, we convened a team consisting
of technical experts and potentially affected stakeholders to construct a BN impact
model. We used various group-work techniques to produce a consensus model that
included the perspectives of all participants. To structure the analysis, participants
identified five decision-relevant questions, relating to (1) dietary diversity, (2) hu-
man displacement, (3) expected changes in urban and rural diets, (4) future income
prospects for displaced farmers and (5) changes in crop diversity. For each question,
team members designed graphical models that were then reconciled into one com-
prehensive model projecting the nutritional impacts of Vision 2040. The model was
converted into a BN, which was parameterised with probability distributions elicited
from participants. To ensure accuracy in this step, participants were trained in tech-
niques aimed at reducing estimation bias (e.g. overconfidence). Results indicated
little change in terms of macronutrient deficiency (Hunger) but a worrying increase in
micronutrient deficiency (Hidden Hunger) with the implementation of Vision 2040.
The BN approach proved effective in generating a comprehensive working model of
the implications of ‘Vision 2040’ for the nutritional status of households in Uganda.
Such methodologies and model outputs hold promise for helping decision makers
gain insight into the important linkages between nutrition and policy.

Keywords: Bayesian networks, decision analysis, East Africa, food security
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Rehabilitation of Degraded Lands through Agroforestry Systems
at Rajasthan and Odisha, India
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Land degradation is a complex and continuously occurring phenomenon caused both
by nature and human actions. Land degradation is a threat to sustainable livelihoods
globally and spreads across all major ecologies. This study reports data from assess-
ment of rehabilitation work done, a decade ago, in a region with semi-arid ecology in
Rajasthan and in a sub-humid area in Odisha, India. It presents lessons learnt on the
extent, to which degraded lands can be rehabilitated through agroforestry interven-
tions.
A decade ago, rehabilitation interventions were carried out at three degraded areas
in Rajasthan and two in Odisha. These interventions mainly included, 1) biologi-
cal - assisted regeneration of natural vegetation and seeding with local tree and fod-
der species, 2) social - fencing to protect vegetation from grazing, and limiting the
biomass harvesting, and 3) physical - making small check dams and anicuts, etc. The
fields where no interventions were carried out (control) were compared with the reha-
bilitated fields through the Before and After in Control and Impacted (rehabilitated)
Plot (BACIP) model with measurements on soil physical, chemical and hydrological
properties, and vegetation.
Most land in the study areas were severely degraded and had very low biodiversity,
vegetation cover, soil fertility and productivity. After a decade of rehabilitation inter-
ventions, the soil properties in general exhibited only small changes, but interventions
led to a clearly noticeable improvement in vegetation cover, both in species diversity
and biomass, and in hydrological parameters. The rehabilitated fields had mixed veg-
etation; trees, shrubs and grasses, whereas the control fields featured mostly scrubby
vegetation and grasses. These results point out the high potential of agroforestry sys-
tems for bringing degraded lands into productive and economic use.
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77 Million Trees for Kyrgyzstan
NIELS THEVS, KUMARBEK ALIEV

World Agroforestry Centre, Central Asia Office, Kyrgyzstan

Forest area in Kyrgyzstan in the 1980s was 1.5 million ha, now it is only 1.1 million
ha, i.e. 5.5 % of the total country area. Still, about one third of the population uses
forests as source for wood or grazing land. Annual timber and fuel wood demand are
estimated with 160 000 to 500 000 m3 and 2 million m3, respectively. 25 000 to 45
000 m3 are supplied by the State Forestry Fund. The remaining wood is imported
from Russia or cut illegally.
Agroforestry helps to increase the number of trees in the landscape where people
live and need wood or other tree products. So people have less demand to use wood
from forests and forest degradation can be avoided. Tree shelterbelts are a major
agroforestry system all over Central Asia with Poplars as main species. After collapse
of Soviet Union, large numbers of shelterbelt trees were cut.
For this study we assumed to lay shelterbelt grids of 1000× 1000 m, 500× 500 m,
and 250× 250 m hypothetically over all crop land of Kyrgyzstan. The 1000× 1000 m
grid would yield 400,000 m3 timber per year and therefore could already meet most of
the annual timber demand. The 500× 500 m grid would result in 77 million trees with
a total timber volume of 11.1 million m3. The 250× 250 m grid could meet annual
timber and fuel wood demand.
Poplars are planted by the private sector without donor money, partly in shelterbelt
like arrangements, as plantations. Rules and laws are unclear regarding agroforestry,
which is the major obstacle for a further expansion of these systems.

Keywords: Agroforestry, Central Asia, forest degradation, GIS analysis, tree shelter-
belt, wood supply
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Sustainable Bioenergy Production through Agroforestry Systems
in India, Brazil and Kenya

RODRIGO CIANNELLA, RAVI PRABHU

World Agroforestry Centre (ICRAF), Kenya

Poor rural and urban people in developing countries need access to energy to fuel
their livelihoods. Energy is required not only for basic household use, but also for
water pumping, land preparation, post-harvest management, processing, packaging,
transportation and many other activities. Bioenergy production through sustainable
practices and integrated approaches, such as agroforestry systems, can contribute not
only to improving energy access, but also to several other social and environmental
benefits.
Between 2013 and early 2017, the Programme for the Development of Alternative
Biofuel Crops tested the hypothesis that biofuels can be sustainably produced, im-
prove livelihoods and contribute to rural development. The initiative was imple-
mented by the World Agroforestry Centre (ICRAF) in partnership with centres of
excellence and other stakeholders, including from governments, private sector and
civil society. Pilots were established in three main target countries: India, Brazil and
Kenya. Pursuing a landscape approach, the Programme developed and/or assessed
sustainability aspects of agroforestry-based integrated food-energy systems that pro-
vide multiple benefits. These include several bioenergy products (e.g. straight veg-
etable oil, biodiesel, biogas, briquettes) and valuable co-products (e.g. animal feed,
organic fertilisers, biopesticides, biochar) that can provide local clean energy solu-
tions, while boosting food production and incomes. Furthermore, such products were
obtained from perennial species (mostly trees with oil-bearing seeds) that often grow
on marginal and degraded lands, such as pongamia (Millettia pinnata), simarouba
(Simarouba glauca), mahua (Madhuca longifolia), neem (Azadirachta indica), calo-
phyllum (Calophyllum inophyllum), macaúba (Acrocomia aculeata) and croton (Cro-
ton megalocarpus), inter alia.
Results demonstrated the production of biofuels (and other bioenergy products) from
native oilseed trees within agroforestry systems is not only economically viable, but
also has a positive social and environmental impact greater than traditional models
based on monoculture of annual (and often food) crops. The Programme contributed
to reduce energy poverty, increase household income, improve agricultural productiv-
ity, strengthen food security and enhance resilience of smallholder farmers, through
diversification of production and linkages to innovative value chains – and all this
while sequestering carbon and restoring degraded soils.
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Smallholder Teak Production Systems in Gunungkidul, Indonesia
JAMES ROSHETKO, GERHARD MANURUNG

World Agroforestry Centre (ICRAF), Indonesia

Teak (Tectona grandis) is produced in industrial plantations in more than 43 coun-
tries. National and international demand for teak timber exceeds the sustainable yield
from natural forests and plantations. High demand creates opportunities for enterpris-
ing farmers. Teak is now grown in smallholder agroforestry systems in many tropical
countries. These systems enable farmers to diversify production, reduce farm risk,
contribute to food security, and generate much needed income. They also meet com-
mercial needs for timber and improve environmental conditions. This paper reports
the contributions of teak systems to smallholder livelihoods in Indonesia, where farm-
ers have been producing teak for over 50 years. Indonesian farmers in Gunung Kidul
cultivate teak as one component in integrated multispecies agroforestry systems. Teak
accounts for 56 % of the trees in these systems. Annual cropping is an important as-
pect of these systems, producing commodities for both household consumption and
market sale. Besides supplying food for households, smallholder teak systems pro-
vide 40 % of household income from agricultural and timber crops. Teak and other
tree crops allow households to re-allocate labour to off-farm employment when those
opportunities are lucrative. However, farmers suffer from limited resources, labour
and access to information, which constrain the productivity of their teak systems. Spe-
cific recommendations are provided regarding how smallholders can adopt improved
silvicultural and marketing management. Roles for government, support agencies
and industry are outlined that would provide benefits to all parties. Policy changes
are identified that would motivate smallholders to improve the management of their
teak systems. Conclusions and recommendations are applicable to smallholder teak
systems across the tropics.
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Agroforestry for Livelihoods of Smallholder Farmers in Northwest
Vietnam – Research in Development

NGUYEN LA

World Agroforestry Center (ICRAF), Vietnam

In Northwest Vietnam, rain-fed crop cultivation is dominated by monoculture maize,
upland rice and cassava on sloping lands. The loss of topsoil during the rainy season
leads to a depletion of soil fertility and plant nutrients leading to reduction in crop
yield. Farmers have to invest heavily in chemical fertilisers for the maize to remain
productive compared to the past. Harsh weather conditions also reduce yields or even
lead to crop loss and make soil and water conservation more difficult.
The project has introduced trees in mono-cropped landscapes through agroforestry
to reduce dependence on annual crops, as well as increase and diversifies incomes
from tree products, while also conserving the natural resource base. The research ap-
proach combined different activities, which support each other to be possible bring
valuable research results to apply to reality. The agroforestry systems were designed
through participatory which the scientific knowledge and local knowledge are com-
bined. These established trials are evaluated to find out the suitable options. The
add value for agroforestry adoption also involved research on propagation of priority
agroforestry species, small-scale nursery development, research and transfer process-
ing techniques, exploring value-adding opportunities by smallholders and facilitating
links between producers and other market actors. The research findings were spread
through farm cross-visits, farmer field days and training sessions held at the test sites,
accompanied by regular impact assessments. In addition, these findings were used
to inform the communication strategies, policy dialogues, extension and expansion
activities through workshops, media products, extension materials and training. To
promote the agroforestry adoption, the project has been developed at three levels:
Participatory Farmer Trials, Farmer Demonstration Trials and Exemplar Landscapes
where the scientific knowledge and local knowledge are combined and utilised. This
approach is primarily based on the classic extension and dissemination theories, but
highlights the important elements of collective action and social capital development
among farmers, and between extension workers, local governments and researchers.
The results have been found useful in demonstrating farmer adoption of agroforestry
practices and developing value chains and market linkages in varying contexts, and
they support the local governments to define strategy development through policy in-
terventions.

Keywords: Agroforestry, livelihoods, local knowledge, smallholder farmers
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Gender, Species Priorities, and Domestication in South and
Southeast Sulawesi, Indonesia

ELOK MULYOUTAMI, JAMES ROSHETKO, ENDRI MARTINI, JANUDIANTO

World Agroforestry Centre (ICRAF), Indonesia

Women and men have different sets of knowledge, experiences, and strategies in
addressing aspects of plant domestication such as plant propagation, management,
utilisation and marketing. Identification of gender roles and knowledge related to
tree domestication is important in planning for tree-based livelihood enhancement
and sustainable environmental management, however, such identification has not yet
been sufficiently researched to date. Thus, this study investigated gendered selection
of economically priority species and their domestication in South and Southeast Su-
lawesi. With using ranking through pebble game as a method, we identify the top five
priority species, along with domestication preferences and division labour by gen-
der. Focus group discussions (FGDs) were held with 300 community members (45 %
women) of 19 villages in 4 districts in South and Southeast Sulawesi province In-
donesia. Men and women were disaggregated into different FGD groups. The study
showed that both men and women give priority to tree species with high economic
value; the management of those species is a stronger priority for men but is also ex-
pressed by women. However, specifically for their livelihoods, women are keen to
domesticate vegetables and other annual crops that contribute directly to household
food security and nutrition. Women focus their domestication activities on land near
the home. Timber, as in many areas, were the domain of men. Women’s contribu-
tion to timber domestication was lower than the engagement of men due to the lower
interest/priority of women. Women’s role in seed selection and propagation is cru-
cial for agroforest development and biodiversity conservation. Their knowledge and
skills, developed through the tasks they perform, are important aspects for agroforest
management.

Keywords: Gender role, household decision making, tree domestication, tree
prioritisation, women
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Agroforestry Farmer Field Schools: Informed Farmers for
Sustainable Landscapes

ENDRI MARTINI, JAMES ROSHETKO

World Agroforestry Centre (ICRAF), Indonesia

Most of agroforestry extension methods are modified from methods developed for
agricultural extension. These extension methods were mainly developed to enhance
production of staple crops or short term crops with production cycles of less than
one year especially in monoculture systems. The presences of perennial crops in
agroforestry systems require more than 1 year to see the results of agroforestry ex-
tension programs. Also, the focus of agroforestry extension programs is not only
focused on one commodity but tries to optimise production of different crops under
one agroforestry system. Thus, agroforestry extension need to focus more on ’equip-
ping’ farmers with knowledge that can enhance their analytical skills in managing
their agroforestry farms. Farmer field school (FFS) is one of the extension methods
that facilitate the process of knowledge transfer. A two-way communication between
farmers and extension agents in FFS facilitates the interactive learning process that
enhances farmers’ willingness to test technologies introduced through the extension
program. Designing an Agroforestry Farmer Field School (AFFS) focusing on agro-
forestry farm management is expected to enhance agroforestry farm productivity. The
objectives of the AFFS are to: 1) enhance farmers’ analytical skills in managing agro-
forestry that support the sustainable landscape management; 2) provide innovative
extension approach that enhance farmers’ analytical skills and information network-
ing; 3) utilize farmer demonstration trials and nursery as places to test and learn new
agroforestry technologies; and 4) prepare expert farmers who will play a role as agro-
forestry extension agents. Topics learned in the AFFS are linked to sustainable land-
scape management with a broad spectrum from germplasm improvement to garden
management. Combinations of different extension methods are used in the AFFS,
ranging from scientist-to-farmer, farmer-to-farmer, field site visits and development
of demonstration trials. The AFFS on agroforestry farm management was tested in
Sulawesi, Indonesia under Agroforestry and Forestry project (AgFor) from 2013 to
2015. The implementation of AFFS has contributed to the enhancement of agro-
forestry as an important source of livelihood in sustainable landscapes of Sulawesi.

Keywords: AgFor, agroforestry extension, demonstration trials, expert farmer,
Sulawesi
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Strategy for Value Creation: Commodity Value Chains in
Sulawesi, Indonesia

AULIA PERDANA

World Agroforestry Centre (ICRAF), Trees, Agroforestry Management, and Markets,
Indonesia

In contrast with the rich biodiversity, the strong focus on single commodity in Su-
lawesi, such as maize, is leading to ‘boom or bust’ cycles where downturns occur
after periods of rapid growth. These cycles exacerbates the condition of most of the
rural communities who subsist at low economic levels. Based on a case study in South
and Southeast Sulawesi, smallholders managing their own non-timber products typ-
ically lack access and knowledge on good seeds and its source, lack information on
good agriculture practices, lack knowledge and access of input and supplies, lack of
post-harvest handling skill, lack of quality knowledge and price. Smallholders basi-
cally lack established marketing strategies and are unaware of the underlying compe-
tition. This study investigates the lesser-explored smallholders’ non-timber products
to provide better understanding on how smallholders and other value chain actors at
smallholder level develop strategies for value creation. Results from the study found
some obstacles, but there are opportunities for smallholders to access more lucrative
value chains by increasing their awareness of market chains and market specifica-
tions, engaging in post-harvest processing to increase the value of the commodity,
and expanding their role in the value chain. However, smallholders showed low sense
of value creation by not understanding what traders and consumers really need, and
mostly selling what is produced instead of producing what sells. To fully engage in
market opportunities it is imperative for smallholders to understand their target mar-
ket and develop active marketing strategies. Key factors to address include improving
smallholders’ crop management to produce products with higher potential value, the
barriers faced by new market participants, the bargaining power of buyers (i.e. traders
or collectors), possible substitutes to products in related industry, and competition
among smallholder producers.
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Landscape Management Strategies for Rural Livelihoods and
Ecosystem Service Protection in Sulawesi, Indonesia

ATIEK WIDAYATI, NI’MATUL KHASANAH, PANDAM PRASETYO, JHON R.
SIRAIT, SRI DEWI BIAHIMO, CHANDRA I. WIJAYA, ELISSA DWIYANTI, SONYA

DEWI, JAMES ROSHETKO

World Agroforestry Centre (ICRAF), Southeast Asia Regional Program, Indonesia

Reconciliation between community livelihoods and sustainable natural resource util-
isation is urgent. Recent approach embraced ecosystem service principles, where the
connection between the needs for conservation and the livelihoods importance is es-
tablished via the functions of the ecosystems to the human needs. Ecosystem services
are managed in a landscape context where socio-economic-cultural conditions of the
actors are involved. We exercised an approach that covered diagnostic steps up to mul-
tistakeholder forum to develop landscape management strategies that formed the ba-
sis for the formulation of government regulations and government-community agree-
ments for collaborative management. The approach was applied in seven landscapes
in three provinces (South Sulawesi, Southeast Sulawesi, Gorontalo) in Sulawesi Is-
land, Indonesia. In some instances, the landscape has been well maintained with
agroforestry practices, while in other instances, natural resource degradation largely
occurs reflecting complex interactions with the utilisation for local livelihoods. The
domain of the strategies developed encompass: 1) Rewards for source water provi-
sion through downstream-upstream governance, 2) Collaborative land rehabilitation
for degraded areas and 3) Community management rights at forest with conservation
status. Experience from the processes were observed and assessed to derive lessons
learnt based on the five capitals of the sustainable livelihoods framework. From the
case studies, it is concluded that issues of ecosystem services versus livelihoods need
to be addressed at landscape level since there are interactions in spatial context, across
time and across actors. Multi-stakeholder participation needs to be incorporated as
early as possible in order to create ownership and continued commitments post strat-
egy development. The biggest challenge during the process represents the social cap-
ital, while to some extent challenges also cover human and financial capitals.

Keywords: Agroforestry, ecosystem services, landscape approach, Sulawesi, sustain-
able livelihoods
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Integrated Food and Biomass Production Systems for Enhanced
Food Security and Environmental Sustainability in Tanzania
OGOSSY GASAYA SERERYA1, ANTHONY KIMARO2, LEOPOLD LUSAMBO3,

GÖTZ UCKERT4, JOHANNES HAFNER4, STEFAN SIEBER4, FRIEDER GRAEF4

1Ministry of Natural Resources and Tourism, Tanzania Wildlife Management Authority
(TAWA), Tanzania

2World Agroforestry Centre (ICRAF), Tanzania Country Programme, Tanzania
3Sokoine University of Agriculture, Dept. of Forest Economics, Tanzania
4Leibniz Centre for Agricultural Landscape Research (ZALF), Germany

Land degradation, reflected in soil fertility depletion and declined vegetation cover, is still a ma-
jor biophysical constraint to sustained agricultural productivity in sub-Saharan Africa (SSA).
This problem is aggravated further by high rate of wood extraction for woodfuel (firewood and
charcoal) supply, which accounts for 27 % of deforestation in Tanzania. Technologies integrat-
ing crops and biomass production with efficient use of woodfuel are critical for intensifying
agriculture in SSA to enhance food security and minimise land degradation. Limited informa-
tion on the socio-economic benefits of this integrated approach affects adoption. We evaluated
socio-economic and health benefits of integrating agroforestry and improved cooking stove
(ICS) technologies to sustain maize and fuelwood supply in Dodoma, Tanzania. Household fu-
elwood consumption and socio-economic benefits from improved cooking stove adaptors were
determined using the controlled cooking test (CCT) and questionnaire survey. Gas and par-
ticulate matter (PM10) emissions were determined using gas analyser and particulate matter
sampler, respectively. Three stone fire stove (3STF) was used as a reference for the CCT. Al-
lometric equations were developed to assess wood biomass of trees in shelterbelts, woodlot,
Gliricidia-maize intercropping, on contours and farm boundaries. The CCT revealed that, ICS
save 50 % of firewood and 40 % of cooking time, leading to 50 % reduction in the firewood bud-
get per meal compared to 3STF. Accordingly, annual firewood consumption and collection time
in household adopting ICS were reduced by 67 % and 50 %, respectively. Similar results (56 –
65 % reduction) were also noted for emissions of PM10 and gases (CO, SOx, NO, and NOx in
mg/nm3). Tested agroforestry practices produced 0.5 – 8 t ha-1 of wood, which was sufficient to
satisfy a 5-member household for 11 and 34 months when using traditional 3STF and ICS re-
spectively. The reduction of firewood budget, time for cooking and fuelwood collection and gas
emission reflect economic, health and environmental benefits of ICS technologies. Additional
benefits were noted when ICS was linked to on-farm wood production. Apparently on-farm
wood supply holds high promise to meet household cooking energy demand when combined
with ICS. Besides firewood, Gliricidia intercropping produced maize grain yield (1.2 t ha-1 –
3.2 t ha-1), signifying contributions of this integrated approach to sustain food production.

Keywords: Agroforestry, controlled cooking test, GHG emissions, improved cooking stoves,
semiarid zones
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Calotropis procera: A New Investment for African Drylands
ALICE MUCHUGI1, JIANCHU XU2, AGNES GACHUIRI1 , JACINTA KIMITI3,

GACHERI MURIIRA4,2, FESTUS MUTISO3

1World Agroforestry Centre (ICRAF), Genetic Resources Unit, Kenya
2World Agroforestry Centre (ICRAF), China and East Asia Office, China
3South Eastern Kenya University, School of Environmental Sciences, Kenya
4Kunming Institute of Botany (CAS), Chinese Academy of Science, China

Calotropis procera, commonly known as milkweed, is an evergreen dry land shrub
native to tropical Africa. In some of the dry parts of the Sahel, it is sometimes the
only green plant in sight. The local communities have limited use for the species
except for some traditional medicine applications and cheese making. However, the
potential of using the fibre from mature fruits has aroused interest on the species. Pre-
liminary analysis have shown that the fibre has good quality for the textile industry
comparable to silk. For a sustainable C. procera based fibre industry, there is need
to “domesticate” the species to ensure optimal quality and quantities. As a cultivated
plant, the species will offer hope of growing a cash crop in regions with minimal
where no other cash crop survives. In addition, its leaves have shown good potential
for use as high quality livestock fodder. Communities in the semi-arid and arid areas
of sub-Saharan Africa are adversely being affected by the impact of climate change;
with reduced annual rainfall, few crops that used to grow in the region can no longer
grow to maturity due to the prolonged. Interestingly, C. procera still thrives in these
drylands showing its resilience to this extreme conditions. It will therefore offer hope
to improve livelihood for the resource poor farmers as well as reduce environmental
degradation as a ground cover. ICRAF is leading the species domestication project in
Kenya with partners in China assessing the fibre quality for textile industry. Prelimi-
nary findings towards the domestication of C. procera are presented here.

Keywords: Calotropis procera, domestication, fiber, fodder, sub-Saharan Africa,
textile industry
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EU-World Agroforestry Center Collaboration for Developing
R&D Capacity in Agroforestry: Key Highlights from 2011–2016

MUHAMMAD MEHMOOD-UL-HASSAN

World Agroforestry Center, Capacity Development Unit, Kenya

Since its foundation in the 1970’s, agroforestry science has evolved from defining key
concepts, approaches and flagship technologies towards its increasing contribution to
ecologically sound land use, food security and income generation in the global North
and South. With the launch of Sustainable Development Goals in Paris in 2015, most
agriculture related efforts to adapt to and mitigate the effects of changing climate
in developing countries call for moving away from “monoculturisation” of agricul-
tural landscapes towards “integration” through agroforestry systems at various scales
where crops, trees and livestock enterprises are integrated to provide economic, social
and ecological resilience, as well as opportunities for reversing land degradation for
smallholder and family farms. To make such integration possible, the need for re-
search-based agroforestry solutions at farm, landscape and national scales is thus ever
more urgent.
Capacity development in agroforestry, like many other fields, can take place in multi-
ple ways. Education and training (formal and informal, basic and higher), internship
opportunities, study visits, advisory and extension services, partnerships, knowledge
networks and leadership development for individuals and organisations are some of
the ways in which capacity gets developed. The aim of all such efforts is to effect
changes in knowledge, behaviours and attitudes. All capacity development efforts are
aimed at fostering innovation, discovery and delivery at individual, organisational and
system levels.
The aim of this paper is to summarise the highlights of capacity development efforts
between the European Union and the World Agroforestry Center towards developing
capacities, particularly for research in and for development across various continents.
Key areas for further deepening such collaboration are also identified.
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Viability of an Irrigation Development Intervention in Tigray:
An Application of Stochastic Impact Evaluation

NEGUSSE YIGZAW1,3, CORY WHITNEY2,1, CHRIS-ACKELLO OGUTU3, JOHN

MBURU3, EIKE LUEDELING1,2

1World Agroforestry Centre (ICRAF), Kenya
2University of Bonn, Center for Development Research (ZEF), Germany
3University of Nairobi, Dept. of Agricultural Economics, Kenya

Irrigation dams and other forms of flood and rainwater harvesting infrastructure may
make important contributions to help farmers reduce poverty, improve food and nu-
trition security, and adapt to the impacts of climate change. Water harvesting and
retention systems are of particular importance in arid and semi-arid areas, such as
northern Ethiopia, where rain fed agricultural production faces severe drought risks.
Dam construction incurs high costs, however, and governments or other investors
are often unsure of whether such investments are justified. Assessing the feasibility
of water harvesting infrastructure investments and optimising expected returns from
them requires detailed ex ante appraisal. Due to the inherently complex and uncertain
consequences of agricultural investments and often severe data scarcity, traditional
cost-benefit assessment methods face limitations. Stochastic Impact Evaluation (SIE)
attempts to overcome the particular challenges of evaluating investments in such con-
texts. Here we assess the viability of an irrigation dam intervention in Raya valley,
Ethiopia. To achieve this, we worked with stakeholders to generate a causal model of
the planned intervention’s impact pathway. We then applied an SIE approach based
on integration of Monte Carlo simulation, Partial Least Squares regression, and Value
of Information analysis. The model was developed and estimates for the input vari-
ables were collected from ten subject matter experts via expert data elicitation meth-
ods. Preliminary results indicate that the effect of the proposed dam project varies
for the different stakeholders involved. Further analysis is underway to identify the
variables with high information value and whose measurement could best inform the
investment decision. If further information is needed in order to decide on a prefer-
able course of action, decision makers should target these variables for measurement.
Our results demonstrate that SIE is an effective approach for providing guidance to
decision-makers in agricultural development, in the face of system complexity and
uncertainty.

Keywords: Dam construction, investment viability, irrigation, probabilistic simula-
tion, stochastic impact evaluation
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Modelling Risk and Uncertainty in Flood-Based Farming Systems
in East Africa

ISSOUFOU LIMAN1,3, CORY WHITNEY2,1, JAMES KUNGU3, EIKE LUEDELING1,2

1World Agroforestry Center (ICRAF), ESAF, Kenya
2University of Bonn, Center for Development Research (ZEF), Germany
3Kenyatta University, School of Environmental Studies, Kenya

Flood-based farming systems (FBFS) rely on seasonal floods that provide beneficial
water and nutrients, but also pose many risks and uncertainties for agricultural pro-
duction. FBFS are extensive in East Africa, particularly in Kenya and Ethiopia, where
they provide food to millions of people, along with many other agro-ecosystems ser-
vices. Scientists have developed many crop models as important tools for agricultural
development, but existing models are difficult to use in FBFS settings, due to the par-
ticular water supply characteristics of such systems. Development of new models that
produce reliable results in FBFS settings has proven difficult due to system complex-
ity, site-specific differences among different FBFS and lack of adequate datasets to
develop and parameterise models. This difficulty is further exacerbated by socio-eco-
nomic and management aspects that are crucial for system functioning. FBFS models
must consider sediment management, infrastructure for water acquisition and social
rules for water sharing among FBFS users.
Bayesian Networks (BN) are useful tools for analysing complex systems. They can
be used for creating expert-informed probabilistic models that can help overcome the
lack of information that is common in agricultural systems such as FBFS. In order
to apply a BN informed by available sources of information on FBFS in Kenya and
Ethiopia, we held knowledge gathering group discussions with farmers, academics,
and practitioners at Mekelle University and Alamata town in Ethiopia, and Kisumu
County in Kenya in 2016. Experts were asked to start with a high level discussion to
frame the overall BN and identify important influencing factors in FBFS. Thereafter,
the participants were engaged in model development to produce graphical models that
represented all important relationships. Probability distributions were then estimated
using experts’ knowledge together with many other sources of information, including
the FBFS literature. Initial results indicate the volatility and the maintenance of the
flooding system as important factors determining the performance of FBFS of the
region.

Keywords: Bayesian networks, crop model, East Africa, flood-based farming
systems
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Tunisia’s Temperate Fruits and Nuts Are Threatened by Climate
Change
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EIKE LUEDELING3
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3World Agroforestry Centre (ICRAF) and Center for Development Research (ZEF),
Germany

Fruit and nut orchards make up more than 20 % of Tunisia’s agricultural area. Many
species grown in these orchards, such as pistachios, almonds and peaches, fall dor-
mant during the cold season and require low winter temperatures to resume growth
in spring. Tunisia is one of the world’s warmest regions where such species are com-
mercially grown. It is therefore likely that these orchards are at high risk from climate
change. Tree phenology, the timing of annual life cycle events, has been identified as a
sensitive indicator of climate change, and it carries valuable information on the ability
of tree species and cultivars to remain viable under changing climate conditions.
To explore past responses to temperature and provide guidance for climate change
adaptation, we evaluated long-term bloom records of 37 almond cultivars and 7 pista-
chio cultivars in Tunisia. Using Partial Least Squares regression, we delineated each
cultivar’s chilling and subsequent heat accumulation phases, and estimated chill and
heat requirements by adding up all chill and heat accumulated during the respective
periods. For both almonds and pistachios, temperatures during the chilling period
were the dominant determinant of bloom dates. High temperatures during this period
were associated with delayed bloom – a contrast to reports from other regions, which
found a dominant bloom-advancing effect of warm springs.
Increasing occurrences of delayed flowering are a concern to Tunisia’s growers, be-
cause late bloom has been associated with poor fruit quality and low yields. In some
years, low winter chill completely prevented trees from breaking dormancy, lead-
ing to complete crop failure. While providing clear evidence that the production of
temperate fruits and nuts in Tunisia is threatened by winter warming, this study also
highlights shortcomings of existing tree phenology models, which currently restrict
farmers’ ability to anticipate chill-related problems and develop adequate adaptation
strategies. The challenge of maintaining the productivity of Tunisia’s orchards in a
warming climate requires heightened scientific attention to dormancy-breaking pro-
cesses and their responses to climatic factors.

Keywords: Chilling model, climate change, fruit and nut trees, Mediterranean region,
PLS regression
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From Adoption Potential to Transformative Learning around
Conservation Agriculture in Burkina Faso
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Despite the substantial support of donors and development agencies, Conservation Agriculture
(CA) has not moved from an invention to an innovation stage in sub-Saharan Africa. The re-
sults of the common strategy to transfer the technology from science through donors to farms in
a top down manner have been disappointing (with Burkina Faso being a typical case). To make
things worse, assessing the actual levels of adoption has been problematic due to the biases
and weaknesses of the applied methods - including the Qualitative expert Assessment Tool for
CA adoption in Africa (QAToCA). However, to promote sustainable farming pathways such as
CA, we still see a need for methods that help to understand and foster transitions in agricul-
tural practices. The purpose of this work is thus to design an approach that combines current
insights in learning theory and practice. The starting point of the process is an assessment of
the agro-ecosystem health of the farming system of interest, by exploring the social, economic
and ecological characteristics of the system. Second, to create space for social learning, we
apply participatory stakeholder mapping to make the roles, values, interests, and capabilities
of the different stakeholders explicit. Third, the stakeholders jointly work on a historical time-
line of CA promotion to identify key events, drivers and constraints of the innovation process.
Then, to support individual experience, dialogue and different ways of learning, the stakehold-
ers together create non-scripted, non-edited videos of their perspectives on challenges in the
farming system. These videos are then screened in a multi-stakeholder meeting to stimulate the
discussion on the innovation potential of CA. Discussions are structured by the framework of
QAToCA. The results of all exercises feed into a proposal for an improved promotion of CA.
We tested the approach in a farming community in Koumbia, Burkina Faso. The described
learning elements helped to moderate the expert bias and rigidity of QAToCA. As a learning
outcome, the results underlined that CA uptake will depend on the adaptation to the local condi-
tions (e.g. competition over crop residue exacerbated by free-grazing) in order become a viable
agricultural system.

Keywords: Adoption, conservation agriculture, participatory video, transformative learning

Contact Address: Lorenz Probst, University of Natural Resources and Life Sciences (BOKU),
Centre for Development Research (CDR), Gregor Mendel-Strasse 33, 1180 Vienna, Austria, e-mail:
lorenz.probst@boku.ac.at

294 ID 432



Knowledge systems — Oral Presentations

Participatory Video Proposals: A Tool for Empowering Farmer
Groups in Transdisciplinary Innovation Processes?

PAMELA NGWENYA, MARIA JOSE RESTREPO RODRIGUEZ, RAÚL FERNANDEZ,
BRIGITTE KAUFMANN

German Institute for Tropical and Subtropical Agriculture (DITSL), Germany

With the intention of developing more democratic processes of knowledge produc-
tion to support innovation processes, a critical methodological approach was devel-
oped within the frame of two transdisciplinary “research for development” projects
in Kenya and Tanzania. In the discovery phase of the transdisciplinary projects, five
smallholder farmer groups were invited to apply for action funds to co-develop inno-
vations to enhance livelihoods. Employing participatory video (PV), groups applied
for the grants using a ‘video proposal’. Group members collaboratively produced
videos representing their problems, aims and innovation plans. The underlying mo-
tive of this approach was to strengthen the role and the decision-making power of the
farmers in the research process, to support them in jointly conceptualising innova-
tion processes, while at the same time creating a ‘space of inclusion’ in which power
relations could be renegotiated.
However, power and empowerment are fuzzy concepts and have been variously the-
orised in terms of “power-over”, “power-to” and “power-with”. With regard to these
three modalities, this presentation critically examines how power relations were af-
fected by the PV proposal process with particular attention to: i) researcher-partici-
pant relations, ii) intra-group relations, and iii) group-community relations. We then
critically address the question: “in how far are PV proposals a tool for empowering
farmer groups in transdisciplinary innovation processes?”
A qualitative approach was employed to gain insight into farmers’ perspectives. This
included 40 semi-structured interviews and 5 narrative interviews. Initial observa-
tions conveyed the process as contributing to empowerment with regard to enhancing
group ‘capacities to act’, in terms of strengthening group members´ pride in, control
over and sense of ownership of their innovation processes. However a more criti-
cal understanding of power enables one to highlight the context-specific limitations
to empowerment, including issues of patronage, gender norms, project longevity and
economic circumstances. In conclusion, the method presented can serve as a useful
tool for supporting transformative processes of knowledge co-production and action
research, and has cautionary possibilities for supporting empowerment processes.

Keywords: Empowerment, farmer groups, innovation processes, methods, participa-
tory video, transdisciplinarity
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Agricultural development in the past decades was focused on disseminating high yielding crop
varieties, promoting the use of inputs such as chemical fertilisers or standardising technologies
as a solution-package to address low productivity. On top of causing biodiversity erosion and
disruption of local ecosystems, this approach led to the loss of traditional knowledge and know-
how regarding indigenous crop production.
In 2013 the HORTINLEA research project took interest into AIVs as a way forward to improve
livelihood and nutritional situation of eastern African farmers’. Since these vegetables were
produced as subsistence crops in East Africa for generations, it was of utmost importance to
document sustainable local practices before their extinction and to enhance them through their
integration into academic knowledge system.
In order to promote this knowledge integration, and to contribute to the edition of a guidelines’
manual to be disseminated throughout East Africa, a qualitative approach was adopted. Twenty
two farmers from Western Kenya were interviewed, with a focus on their agricultural and con-
sumption practices, as well as challenges and sources of knowledge. Thirty two academics,
mainly from Central and Western Kenya, were questioned on their perception of AIVs chal-
lenges and opportunities, as well as on current knowledge transfer methods and suggestions
for improvement. Two focus group discussions provided insight on farmers and academics
interactions and opened a window of opportunity to improve the situation.
A set of sustainable practices were identified for each step of the AIVs production process.
These practices, embedded in a given environment submitted to several challenges, are facing
possible disruption. However, a clear synergy between local and academic knowledge was
identified and by complementing each other’s knowledge gaps, farmers and academics could
be able to overcome them. AIVs’ potential can be tremendous, especially regarding their nu-
tritional content and marketing opportunities, and thus a bright future seems to await their
consumers and producers. By promoting the adoption, at a small-scale level, of sustainable
and efficient AIVs production practices, emerging from the integration of local and academic
knowledge, a step towards food security and better nutrition could be reached in Kenya, and in
East Africa.

Keywords: Academic knowledge, African indigenous vegetables, agroecology, East Africa,
integration, local knowledge, practices
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Dissemination and Communication of Scientific Forecast
Information and Advisory Services to Farming Communities in

Jamalpur District, Bangladesh
MST. SHARMIN AKTER, HARRO MAAT, CEES LEEUWIS

Wageningen University and Research, Dept. of Social Sciences; Knowledge, Technology
and Innovation Group, The Netherlands

This paper explores how development agencies disseminate and communicate sci-
ence-based forecast information about flood and climate risks and related advisory
services to farm communities. In particular we analyse dissemination approaches and
ways in which development agencies interact with farmers to enhance their capacity
to use forecast information. For this study we used the skilling concept, understood as
a combination of social and environmental learning. With this methodology we seek
to identify what kind of interactions are employed by development agencies, on what
basis participants are selected, how stakeholders of different agencies interact with the
farmers and how participants perceive the effectiveness of different approaches and
forms of interaction about flood and climate risk management. The research was car-
ried out in three different villages in the Jamalpur district of Bangladesh. Fieldwork in
the three villages was conducted through participant observations and in-depth inter-
views with different concerned stakeholders and participating farmers to explore how
forecast information and advisory services were disseminated and communicated by
development agencies. The results make clear that there is substantial variation in dis-
semination methods and forms of communication among the development agencies.
The intensity and frequency of interactions between agencies and farmers seemed
not to matter much for the achieved skilling. In particular when different streams
of information came from different sources and when participation in dissemination
activities was not representative for the farm population. We conclude that a lack of
adequate coordination among development agencies to disseminate and communicate
similar types of forecast information and advisory services enhances the chance of
communicating inconsistent information to farm community. Therefore, we suggest
that agencies reconsider effective learning strategies, most prominently by evaluat-
ing linkages and coordination between agencies to disseminate and to communicate
consistent forecast information and advisory services.

Keywords: Advisory services, Bangladesh, communication, dissemination, scientific
forecast information
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ICT-Based Platform for Facilitating Knowledge Access in
Agriculture Extension Offices: A Case Study in Ethiopia
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Challenges in integrating Information and Communication Technologies (ICTs) into
agricultural extension service delivery in developing countries are common. However,
effective approaches that look into the sociotechnical systems of ICT services imple-
mentation and use at the organisational level are yet to come. Agricultural knowledge
centres (AKCs), platforms that allow access to ICTs for online and offline knowledge
and communication resources, were piloted in selected four regions of Ethiopia in
the past decade. This research documents the challenges and opportunities of estab-
lishing AKCs by the Livestock and Irrigation Value Chains for Ethiopian Smallhold-
ers (LIVES) project and the agricultural extension offices that owned it ultimately.
Data were collected through in-depth interviews with key actors that took part in the
implementation and operationalisation processes as well as archival resources that
documented the process. The study is framed by the perspectives of Actor Network
Theory to document the interaction of social and technical factors in the processes
of establishing AKCs. Results showed that integrating AKCs into the organisational
structure of public agricultural extension offices for the purpose of knowledge shar-
ing and communication was challenging from the start. The limited awareness on the
appropriateness of AKCS for the provision of knowledge resources and information
services in a complex socio-political context of agricultural extension offices resulted
in the partial success of AKC services operationalisation. Hierarchical organisational
structure and institutional system of the public sector brought challenges to make ad-
justments with regard to financial resource allocation and operationalisation of the
AKC services. Additional but not accounted for responsibility given to unmotivated
managers of the centres influenced the service quality the AKC offered. This study
recommends the need for a closer look on the appropriateness of ICT initiatives in a
context by looking at organisational goals and objectives as well as the service deliv-
ery systems, human resource capacity, and availability as well as the critical need for
such initiatives.

Keywords: Ethiopia, extension, ICTs, information, knowledge, sociotechnical
systems
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Social Learning in Agriculture and the Battle against Systemic
Inequalities: The Case of Southwestern Ethiopia
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While Ethiopia maintains a large agricultural extension service system, access to ex-
tension knowledge and its resources is largely limited to model farmers, as parts of the
rural elites. In consequence, social learning is widely practiced as an inherent coping
mechanism to the segregated distribution of knowledge, technologies and agricultural
inputs. Despite the widespread use of social learning for knowledge and technol-
ogy transfer, it has so far hardly been documented in the context of rural Ethiopia or
analysed with reference to the translation and adaptation processes through which the
passed on knowledges are embedded into the local system of knowledge production
and sharing. The purpose of this study is, therefore, to identify the different method-
ological types of social learning as well as their contribution to innovation develop-
ment and diffusion within the agricultural context of Ethiopia. A mixed methods
approach was employed using household surveys, expert interviews, focused group
discussions, informal discussion as well as key informant interviews. The data were
documented, coded and analysed using SPSS and ATLAS.ti. The findings show that
55 % of the farmers in the case study area fully relied on social learning to adopt tech-
nologies followed by 35 % who partly use social learning. Overall, about 90 % of the
farmers acquire knowledge through social networks and by means of communication,
observation, collective labor, public meetings, social events and group socialization.
Social informal institutions such as Iddir, and collective labour groups, notably Debo
and Dado, help to learn, adopt and diffuse technologies where the formal extension
services is rather limited to model farmers, which account for only about 10% of all
farmers in southwestern Ethiopia. Social events and group socialization with peers
along with the inherent tradition of seed and knowledge sharing stimulates diffusion
of new knowledges and technologies. Based on the empirical findings, we suggest
that social learning substantially contributes to resource poor farmers and other ma-
jorities to access knowledges and technologies mainly through their interaction. It
serves as a coping mechanism to the prevailing limitations, but at the same time stabi-
lizes a knowledge system that allows for the further fostering of social, political and
epistemic inequalities.

Keywords: Communication, group socialisation, observation, social events

Contact Address: Gerba Leta, University of Bonn, Centre for Development Research (ZEF),
Dept. of Political and Cultural Change, Genscherallee 3, 53113 Bonn Bonn, Germany, e-mail:
letagerba@gmail.com

ID 239 299



Resources and knowledge
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After the great success of self-help groups (SHG) in India the approach was exported
to several African countries. In this context, the German non-governmental organ-
isation Kindernothilfe financed the so called Fumbua Uwezo Project through their
Kenyan partner Kitui Development Center. The project aims to mobilise rural women
to start saving and thereby unleash their human potential for achieving empowerment
of individuals as well as the community in social, economic and political terms in
a bottom up process. The article shows how the application of participative poverty
analysis contributed to the targeting of ultra-poor women and in how far they prof-
ited from the project where they received different trainings on group building, sav-
ing/borrowing, agriculture and starting small businesses. The field study used a mixed
method approach which consisted of focus group discussions, income- and expendi-
ture rankings, expert interviews and a household survey with over 400 participants.
The results demonstrate that beneficiaries particularly profit because, with the help of
credits from the SHG, they were able to pay school fees, improve their livestock and
purchase inputs for farming. The SHG also improved the access to food and water,
led to a rise and diversification in income and strengthened the social cohesion and
resilience of the community. The grassroots democracy structure of the SHG operates
on three levels by tackling social, economic and political challenges on an adequate
scale. The poster will also reflect on challenges like management of the burden of loan
repayment and it formulates recommendations for improving the promising approach.
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The Use of Indigenous Knowledge for Nutrition Communication:
An Example of Pastoralists in Turkana County
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Indigenous knowledge increasingly gains interest as an important aspect in develop-
ment, particularly in the case of people living in marginalised regions like Turkana
County in northern Kenya. To date, however, such knowledge is underutilised in the
context of development activities, especially, in the field of health care and nutrition.
Bioversity International is a non-governmental research for development organisation
engaged in projects addressing agrobiodiversity conservation in the Turkana region
in Kenya. Bioversity and the University of Hohenheim jointly conducted a study to
investigate the potential utilisation of indigenous knowledge for nutrition commu-
nication focussing on local narratives and local institutions that store and transmit
knowledge. The objectives were: 1) to detect certain educative messages in local nar-
ratives, 2) to assess what positive aspects of the local knowledge system can be utilised
in nutrition communication, and 3) to explore local populations’ as well as external
administrative stakeholders attitudes and perceptions towards indigenous knowledge.
In April 2016, twelve Focus Group Discussions involving the local population were
conducted. Additionally, eleven structured Expert Interviews with different stake-
holders from government or NGOs were conducted in July - August of the same year.
The findings demonstrate local people’s strong connection and appreciation of in-
digenous knowledge and the people who store and transmit it. Only few nutritional
messages could be detected in local narratives, but, upon request, crucial knowledge
about nutrition was available at community level. Local decision makers are partly
aware of the potential use of indigenous knowledge systems and some examples of in-
corporating nutrition-related messages in local narratives were mentioned. The over-
all attitudes towards the utilisation of indigenous knowledge systems were positive.
Stakeholders grown up in the particular cultural setting of Turkana are even more
aware of the potential use of local knowledge. Lastly, the local population calls for an
acknowledgment of their inherent culture, traditions and knowledge.
The findings, therefore, support the use of indigenous knowledge systems and local
narratives in special, as a well-adapted means to deliver nutrition-related messages in
Turkana County.

Keywords: Cultural-centric narratives, indigenous knowledge, Kenya, nutrition
communication
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Rural households in developing countries pursue multiple livelihood goals simultaneously, such
as food security, income, and a healthy nutrition. These goals are often dynamically intercon-
nected, meaning that development interventions targeted at improving one livelihood domain
may cause concurrent losses in another. Researchers and policy-makers have answered calls
for holistic, integrated development by formulating new paradigms, such as ’sustainable inten-
sification’, yet without prescribing concrete strategies. Hence, which innovations and practices
lead to the desired changes in specific context remains to be determined.
System modelling is a widespread strategy to integrate different livelihood domains, and make
ex-ante predictions about the outcomes of specific technological or institutional interventions.
But models are subject to uncertainty and incompleteness, and frequently suffer from narrowly
defined system boundaries. These limitations make it difficult to derive concrete recommenda-
tions for rural development interventions.
To support the selection of intervention strategies for holistic development, we propose an
alternative approach. The “positive deviance” concept rests on the observation that, in many
rural communities, some households achieve higher livelihood success than others, although
facing similar resources, challenges, and trade-offs. These positive deviant households (PDs)
likely do things differently, be it farm management, resource allocation, or off-farm activities.
We suggest that involving PDs in empirical, qualitative research may reveal successful and
potentially uncommon behaviours embedded in local context. These may be crucial inputs to
meaningful development interventions.
We designed a methodology for identifying PDs, using a lean data approach and based on
household success in five key livelihood domains. We surveyed 521 rural households in Tan-
zania, identifying 54 PDs. Here, positive deviance chiefly stemmed from success in nutrition,
income, and low environmental impact. Interventions in these domains are thus more promising
than interventions for food security or gender equity. We also systematically selected 18 PDs
for in-depth interviews and farm visits, revealing several on- and off-farm success strategies,
such as investments into crop storage, and meticulous allocation of labour resources during
periods of land preparation and sowing.
This pilot study demonstrates the potential of positive deviance analysis for rapid prioritisation
of rural intervention options, grounded in the real-life experiences of the target population.
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Innovating in the Fight against Poverty: Evidence from ‘Big-Push’
Interventions in Samburu County, Kenya
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Poverty and food insecurity in Kenya are endemic problems. Official records show
that the fight against poverty has been a developmental issue since independence.
Yet even at this present moment, more than half of the population especially in rural
areas of Kenya is living in poverty. A case example is Samburu, a county ranked
sixth poorest with a poverty incidence of 71 %. Besides being poor and food inse-
cure, this county experiences insecurity due to frequent attacks from neighbouring
pastoralist communities which occur especially during recurrent drought. This paper
uses findings from a study of SAPLIP (Samburu Livelihood Improvement Project), a
project funded by EU and implemented by World Vision Kenya in cooperation with
the National Drought Management Authority (NDMA), to show how a ‘big-push’
can contribute to reduction in poverty and food insecurity. The study employed fo-
cus group discussions, intensive key informant interviews and a household survey on
373 households consisting of 203 project participants and 170 non-participants. This
study established that SAPLIP made concurrent interventions at different levels to
tackle poverty, food insecurity and to enhance drought resilience. Specifically, the
project targeted the promotion of peace in the region, the promotion of group socio-
economic activities to improve member’s income situation and the promotion of sus-
tainable agriculture at household level to attain food security. Furthermore, SAPLIP
introduced methods of natural resource management, e.g., planting of multi-purpose
trees. Findings show that respondent’s state of livelihood has greatly improved and
are more resilient with regard to drought. They make income from their group ac-
tivities, including horticultural production in green houses and bull-service offered to
other community members. Their households are also food secure due to the addi-
tional agricultural production skills they acquired from the project and because of the
increasing peace in the locality. The paper concludes that appropriate multi-level and
multi-sectoral interventions targeting regional, inter and intra-household determinants
of poverty and food insecurity are critical for success in the fight against poverty and
food insecurity.

Keywords: Big push, innovating, Kenya, multi-sectoral, poverty and food insecurity,
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One of the traditional livelihood practices of indigenous Tagbanuas in Palawan, Philip-
pines is wild honey gathering from the giant honey bee. In order to analyse the link-
ages of the social and ecological systems involved in this indigenous practice, we
conducted spatial, quantitative, and qualitative analysis on field data gathered through
GPS mapping, community surveys, focus group discussions, and key informant in-
terviews. We found that only 24 % of the 251 local community members surveyed
could correctly identify the giant honey bee. Inferential statistics showed that a lower
level of education and higher household vegetation contribute to correct identification
of the giant honey bee. Spatial analysis revealed that mean NDVI of sampled nesting
tree areas has dropped from 0.61 in the year 1988 to 0.41 in 2015. This reduction
on vegetation cover may contribute to reduced bee-human interactions and may also
be an indication that commercialising non-timber forest products is not fulfiling its
objective of development alongside conservation. Indigenous wild honey hunting and
gathering as an ICDP shows the complexity of the social-ecological system of forest
communities. It also shows the difficulty of getting a win-win situation out of simul-
taneous pursuit of forest conservation and rural development. Knowledge shifts can,
indeed, occur from the interaction of ecological and social factors and we see that if
resource management interventions do not employ a systems approach, it can over-
look important feedback. NGO interventions should not only facilitate the learning of
visible resource managers like wild honey hunters but of the community as a whole.
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Knowledge Management for Sustainable Agricultural
Development. A Multi-Level Analysis of Obstacles and Potentials

in Ethiopia
MAXI DOMKE, JÜRGEN PRETZSCH
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This study investigates knowledge management obstacles and potentials within the institutional
and social system for agricultural and natural resource management in Ethiopia. The objectives
are 1) determining the institutional framework and collaboration, 2) analysing the capacity of
the extension system and training activities for knowledge generation and transfer, 3) investi-
gating local thresholds for information access and knowledge exchange.
The explorative study was carried out from 2013 to 2015. A single case study design was
applied with Ethiopia incorporating the national and local level as embedded units. Data was
collected by reviewing official documents, conducting 80 interviews with state and civic organ-
isational representatives and a survey with 112 community members in Amhara and Oromia
Region. Stakeholder and communication analysis was applied.
Findings show that Ethiopia’s national strategies on economic growth and climate change adap-
tation are elaborated by the government with minor involvement of non-government stakehold-
ers and lower administrational levels. The national institutions for environment and climate
change are not reflected at the regional level which results in a gap of information flow and
unclear responsibilities. The top-down and sector-focused structure of the government sys-
tem impedes multi-stakeholder collaboration and information transfer fitting to local contexts.
Trainings on agricultural and environmental rehabilitation activities are offered to local stake-
holders and community but the content and methods are partly not matching with the demand.
Information structures of the extension system are primarily one-way. Very basic local living
and working conditions induce a brain drain of qualified local staff and community members
leading to a loss of knowledge and manpower. Half of the community members face challenges
in accessing information and communication due to remoteness and lack of communication
means. Women have a limited social network and access to information due to traditional
gender patterns.
Narrowing the gap between governance and action requires a mutual understanding by the rele-
vant actors. Platforms for multi-level stakeholder dialogue can facilitate access to information,
knowledge exchange and the production of new knowledge. Prerequisites are vertical and hor-
izontal institutional linkages, and the sharing of decision-making power and responsibilities.

Keywords: Communication analysis, Ethiopia, extension, governance, multi-stakeholder
collaboration
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Food security is a major challenge in developing countries, especially in sub-Saharan Africa,
where smallholder farmers, are particularly affected by climate change. A transformation of
their livelihood along sustainable pathways is vital for building resilience.
The participatory research project Trans-SEC addresses this issue by implementing upgrading
strategies (UPS) for improving food security among the most vulnerable rural population in
Tanzania. The UPS were selected by involving all stakeholders and implemented in villages of
the sub-humid Morogoro and semi-arid Dodoma region.
For ensuring successful and sustainable implementation it was found essential, understanding
stakeholders’ motivations during implementation, identifying challenges faced in the imple-
mentation and analysing the UPS adoption rates.
This study focused on six UPS: Rainwater harvesting, improved processing (maize sheller and
millet threshing machines), improved firewood cooking stoves, kitchen gardens with green
leafy vegetables, poultry-crop integration, and optimised market oriented storage. Social Net-
work data was collected using the SNA tool Process Net-Map, to analyse and understand the
hurdles of implementation processes. The tool visualises on a social Net-Map the implemen-
tation processes, actors, and activities showing entry points for challenges. Perceptions of the
actors involved were obtained on five pre-selected criteria of influence, food security, income,
knowledge transfer and trust. Also, narratives were obtained by interviewing both local stake-
holders and scientists involved in the UPS implementation.
Results show success stories, good practices and challenges in the implementation and potential
sustainability of the UPS. We found out, for instance, that the kitchen gardens and nutrition
education increased knowledge and awareness about the importance of vegetable consumption
and the need to diversify diets to reduce nutrient deficiencies. Tied-ridges were associated with
knowledge on increased water retention on farm plots especially in semi- arid Dodoma. Poultry
crop integration and improved storage bags was associated with increased household incomes
and overall food security. Challenges due to lacking transparency occurred during the use of
improved processing machines. The improved cooking stoves groups in every village reveal
high degrees of motivation and ownership of that process.

Keywords: Food security upgrading strategies, process Net-Map, storylines of implementation
processes, Tanzania
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Participatory Variety Selection – Farmer Participation in Testing
and Evaluating New Cultivars of Groundnut, Sorghum and Pearl

Millet in Chad
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Switzerland

In Chad, like in many developing countries, seed saving is important. Chadian farm-
ers apply positive mass selection to produce their own seed. They are keen to try new
varieties, yet access is limited. The project “Opérationnalisation de la filière semen-
cière au Tchad”, financed by the Swiss Agency for Development and Cooperation,
seeks to improve access of small-scale farmers to quality seed of appropriate varieties
in view of improving their food security and income.
In 2016, the project helped the Agricultural Research Institute of Chad to introduce
a broad range of cultivars of groundnut, sorghum and pearl millet from neighbour-
ing countries. The first evaluation of this material was done in farmers’ fields using
participatory variety selection. Farmers tested all new cultivars in their fields under
their own practices at sixteen different sites across the southern and the eastern part
of Chad. Before harvest, around 30 farmers per site evaluated the varieties.
The evaluations showed that farmers appreciate several of the new cultivars and pro-
vided insights about their preferences: Farmers who assessed sorghum cultivars in the
South of Chad prefer long and large panicles with “a lot of grains”. They appreciate
erected and goose-necked panicles, as these are less attacked by birds. White and
grey grains are appreciated for cooking of traditional dishes whereas red grains are
preferred for local beer brewing. To farmers it is important that the grains can easily
be removed from the glumes. They appreciate both fine stems for livestock feeding
and strong stems for construction. Farmers are interested in sorghum varieties with
sweet stems because they can sell the stems in local markets. The evaluations also
yielded a rich body of insights into farmers’ preferences and selection criteria for
pearl millet and groundnut.
In 2017, the most preferred varieties are tested in multi-locational trials and at the
same time introduced into seed multiplication for later diffusion.
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In the Ethiopian agricultural research – extension system, contribution of smallholder-farmers
to find practical solutions to problems facing the agricultural sector is not fully harnessed. This
study was implemented between August 2014 and April 2015 to illustrate the importance of
stakeholder interaction using the Push-Pull Technology (PPT) to address the problem of the
stemborer in maize in Bako Tibe, Jimma-Arjo and Yayu Woredas of Oromia, Ethiopia. In our
study areas, maize was inter-cropped with a fodder legume, Desmodium (the push), together
with an attractant trap plant, Napier/Brachiaria grass (the pull), planted around maize-legume
inter-crop. The data was collected through 37 key informant interviews, 20 Focus Group Dis-
cussions, 2 workshops, participant observations and questionnaire interviews of 227 farmers.
The findings showed the possibility of joint agricultural innovation development. On-farm im-
plementation of PPT with the involvement of the multiple stakeholders created an opportunity
to interact, learn from each other and appreciate the respective contributions. This was unlike
the conventional linear communication from research-extension agents to farmers. The long-
term nature of PPT implementation over several cropping seasons provides sufficient time-
lines for continuous learning and interaction. This was an opportunity for the stakeholders to
clear doubts and suspicions they had at the beginning. The stemborer pest problem which had
no previous promising solution was a strong motivation for the stakeholders’ willingness to
collaborate, share knowledge and experiences and to learn more. The use of farmers’ fields en-
abled critical assessment, relaxed learning and appreciation of PPT. The PPT introduction was
also a cause of conflicts with traditional practices such as inter-cropping cereals with perennial
crops and roaming livestock during off-cropping season. This required change of the tradition
established over generations. Despite short period of the study, the stakeholders appreciated
PPT as a remedy to deal with the stemborer, a source of fodder and improving soil fertility. We
consider adaptation to the new condition as part of the social learning process. However, they
need 2–3 cropping seasons to learn and effectively assess PPT benefits. Therefore, research
and follow-up are needed on the adaptation of the technology components to local needs and
sustainability of the required inputs.

Keywords: Ethiopia, push-pull technology, social learning, stakeholders, trans-disciplinary
research process
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How Does Social Capital Influence the Success of Development
Projects? Insights from a Randomised Controlled Trial in Kenya
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Social capital plays an important role for the adoption of agricultural technologies
and can therefore positively influence farmers’ livelihoods. One dimension of social
capital refers to the way people are embedded in their networks. Common-interest
groups (CIGs) are important information networks used for channeling agricultural
extension programs. CIGs are chosen with the rationale of reducing transaction costs.
Though, little is known about how the social capital of a CIG, as well as the social cap-
ital of individuals embedded in them, can determine projects’ successes. Therefore,
this study aims to investigate the flow of agriculture and nutrition information within
CIGs, how initial social capital on CIG and household level changes through the in-
troduction of a development project and how social capital influences the project’s
success. The results can help to improve the targeting of CIGs and individuals and
increase the impact of nutrition-sensitive agricultural projects. The analysis is based
on a clustered randomised controlled trial (RCT) implemented in rural Kenya. Forty-
eight CIGs were randomly sampled. Out of each group, a random sample of 20 mem-
bers was drawn. The treatments were carried out in 2016 and consisted of varying
combinations of agricultural and nutrition training. Overall, 36 groups received train-
ing held by local extension officers. The broader purpose of the extension training
was the promotion of pro-nutrition innovations. Survey data, including detailed infor-
mation about social networks from 824 households was collected before (2015) and
after (2016) the intervention. The analysis is performed on group and on individual
levels. To proxy social capital, we rely on concepts such as network density for differ-
ent types of relation (e.g. information exchange about agriculture and nutrition). The
concepts used originate from social network analysis’ literature. For the econometric
analysis, we use project’s success as our dependent variable measured by participation
in training, and adoption of the promoted technologies. First results on group level
suggest that groups with initially high social capital have higher participation rates in
training sessions.
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Promoting Trees at the Oil Palm Frontier: Experimental Evidence
from Indonesia
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Oil palms are expanding rapidly in Sumatra, Indonesia. Numerous studies have
shown the negative environmental effects of the conversion of forests and formerly
diverse agricultural landscapes into oil palm monocultures. To counteract the decline
in ecosystem services and biodiversity, planting of native tree islands has been pro-
posed. While the positive ecological effects are well documented, only few small-
scale farmers in Sumatra enrich their plantations with native tree species. Identified
adoption barriers consist both of a lack of knowledge about the benefits and the man-
agement of native trees in oil palm plantations and of structural obstacles like missing
seed markets. Possible policy tools to overcome these barriers are informational and
structural interventions.
The current study addresses the question of how the adoption of native trees can be
promoted among small-scale oil palm farmers in Sumatra. To investigate the impact of
informational and structural interventions on farmers’ perceptions and actual adoption
of native trees, we conducted a randomised controlled trial in 2016. We implemented
two treatments: an information campaign and an additional provision of saplings to
overcome missing markets for seed material. The information campaign consists of
an extension session during which a movie was screened and an illustrative manual
provided. Additionally, each participant of the session was provided with a selection
of six native saplings in the structural intervention.
Our study covers 36 randomly selected oil palm growing villages, of which 12 were
randomly assigned to receive the information campaign only and 12 to receive both
the information campaign and the structural intervention. Survey data from 820
households was collected before and after the intervention. Additionally, data on
actual tree planting behaviour was assembled during a follow-up in late 2016. Re-
sults show a positive effect of the information campaign on the perceived provision
of ecosystem services by native trees and on the intention to plant trees in oil palm
plantations. Stated demand for saplings is only higher among farmers who received
saplings in addition to the information campaign. Analyzing the impact of the inter-
ventions on actual tree planting behaviour is still work in progress.
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Schooling, Knowledge and REDD+, by Lake Tanganyika
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Co-benefits put the + on the end of Reducing Emissions from Deforestation and for-
est Degradation (REDD+), conceptualised as a triple win for climate, biodiversity and
communities. Yet natural systems, such as forests, are increasingly being recognised
as dynamic and complex, as opposed to reductionist, analytical worldviews of sci-
ence. Decisions over what, or who to observe become distorted over multiple scales
of analysis. How can policy makers know what takes place on the ground? Scholars
have predicted – when introduced into contexts of unequal access to capital, labour
and credit – REDD+ will be biased against the interests of rural communities and
maximise exploitation by elites. Sociologically speaking, how does this process take
place? This article focuses on how power dynamics, social-political relations and
technical expertise shape REDD+ financial distribution, looking specifically at ex-
cluded actor groups and their interactions with the forest conservation planning and
management process. Analysis is based on five months of observation and compre-
hensive interviews at a REDD+ pilot site, on the western Tanzanian border, inter-
views in Morogoro and Dar es Salaam. Understanding organisations as human con-
structs, we approach the global policy of REDD+ as itself constituted within a con-
crete local project, within a real international conservation NGO, their practices and
interactions with communities, politicians, experts and intermediately actors linked
to global hierarchical chains. This case shows how the introduction of parallel in-
stitution by donors and international organisations has created complex institutional
arrangements. Furthermore, the technical knowledge requirements of REDD+ frag-
mented the local arena through the introduction of a specialised team whose interests
competed with the international NGO who created the pilot project. This highlights
the need for observation from a social, as opposed to biophysical perspective as a
crucial and overlooked stage in the implementation and evaluation of REDD+.
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Food insecurity remains a persistent problem, affecting one-third of Tanzania’s pop-
ulation. Additionally, strong population growth and impacts of climate change hin-
dering agricultural activity make the situation more acute. Hence, the issue has like-
wise received attention from scholars, NGOs, practice, government and associated
bodies. To approach such complex – multi-level and multi-entry point – problems
as food security, innovation is discussed as one possible solution. Notwithstanding
many cases of successful innovation uptake, data from the field still indicate limita-
tions to the adaptive and innovative capacity of specific food-insecure groups, such
as small-scale farmers in drought-prone regions. As a result, usage of improved seed
and fertiliser, mechanisation of agricultural production or necessary change of eating
habits often remain at low level. While the reason for failed adoption is often pre-
sumed to be rooted in individual adoption behaviour, this contribution aims to reveal
site-specific adoption barriers arising from “the making” of innovation processes. To
analyse the innovation processes and reveal possible adoption barriers for three ex-
ample innovations, we use an alternating sequence and consecutive analytical steps
between the micro- (individual) and the macro- / meso- (system) level. The three se-
lected food security innovations improved cooking stoves, fertiliser micro-dosing and
kitchen gardening were introduced to nine small-scale subsistence farmer groups in
three villages in rural Tanzania in the frame of a German-Tanzanian trans-disciplinary
action research project. The selected case study sites represent two typical agro-eco-
logical settings in sub-Saharan Africa: a semi-arid region (Dodoma) and semi-humid
region (Morogoro). The changing conceptual perspective and case diversity allows
for a better understanding of the individual adoption decisions and examines how
feedback is given into the system. We use a mixed-methods approach including lit-
erature review, semi-structured expert interviews and farmer group discussions with
nine farmer groups. Summing up, this approach assists understanding of the com-
plex, multilevel-interactions that make up for food security innovation processes in
the given context, and point to possible system adjustments for further improvement
of such innovations; needed to arrive at a more sustainable adoption behaviour and
thus, improved food security status.
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The baobab tree (Adansonia digitata L.) occurs naturally throughout the drier parts of
sub-Saharan Africa and has traditionally been used as a food source. The fruit pulp in
particular is of high nutritional value, featuring high contents of vitamin C, minerals,
as well as prebiotic and antioxidant functions. However, in Eastern Africa the species
is regarded as underutilised as its potential for improving local diets and livelihoods
is not yet fully exploited. Baobab management and processing for value addition and
marketing initiatives are scarce while extension services currently do not address sus-
tainable baobab management, processing and utilisation activities. This study inves-
tigated the gaps in knowledge and information relating to the management of baobab
trees and utilisation of baobab products in rural communities in Kilifi County, Kenya.
120 households were selected using a systematic random sampling technique. Pre-
liminary results demonstrate that although the majority of households (69.2 %) owned
baobab trees on their farms, most farmers only had limited knowledge on baobab tree
management for the entire production cycle from nursery establishment to post-har-
vest treatment, on the various types of products that can be obtained from baobab trees
including their value, as well as on potential marketing pathways. The study revealed
that only 34.2 % of respondents have been involved in making one or more baobab
products, and less than 10 % engaged in any form of baobab management practises.
Only 15 % of the respondents used the baobab fruit pulp as a source of food despite its
valuable nutritional properties. Over 70 % of the sampled households did not receive
any kind of agricultural information, indicating the potential for improving current
practises. The study will guide the development of tailor-made extension materials
and trainings which will address the gaps of information and knowledge and enable
communities to successfully adopt sustainable baobab management and processing
techniques and technologies.
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The international community set the goal “Zero Hunger” as one priority in its global
commitment of achieving the Sustainable Development Goals by 2030. One prior-
ity is given to urban areas; cities are growing fast but economically highly unequal
and access to safe and healthy food remains problematic. Sub-Saharan Africa is the
most rapidly urbanized region in the world, especially in the urban informal areas. In
this context, urban agriculture has been a popular response in contributing to income
generation and food and nutrition security and has come into the focus of scientific
research.
The aim of this study is to investigate innovation and knowledge exchange systems to
identify successful ways of dissemination for organic cultivation methods in the city
of Cape Town and Maputo. For this purpose, we use the Innovation System Approach,
where we look at all involved stakeholders in the innovation process, their role, net-
works and applied knowledge exchange mechanisms. Using an action research ap-
proach and based on qualitative and quantitative data obtained from the urban farmers
and main stakeholders, the study looks at ways of agroecological practices, challenges
and constrains of production and commercialisation. We also expect to find out what
are the reasons and motivations for farmers to adopt those practices.
The assessment of innovation and knowledge exchange system allows us to identify
drivers and barriers for a successful dissemination. Based on the results, a multiplica-
tion strategy can be developed and results could be transferred to policy makers and
urban planners. Considering the vision of making urban agriculture more sustainable,
this can contribute to urban food and nutrition security on the one hand, and on the
other hand to a more sustainable city in terms of environmental friendly areas with
benefits for the community.
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Improving food security and livelihood conditions of vulnerable rural populations in
sub-Saharan Africa has been an on-going challenge. Innovations, suitable to con-
text-specific circumstances of small-scale farmers, are intended to reduce poverty and
increase food security. Therefore, it is indispensable to collaboratively identify farm-
ers’ views about the factors that influence their action possibilities with regard to the
development, adaptation and adoption of innovations. Within the frame of a transdis-
ciplinary research project focused on improving household food security in Tanzania,
the aim of this research was to collaboratively assess differences in farmers’ expecta-
tions, experiences and valuations regarding their innovation outcomes.
Field work took place from January to March 2016 in the Morogoro and Dodoma re-
gions. We present detailed results from two farmer groups that implemented different
innovations. A participatory approach guided the use of qualitative tools, including
“outcome rating” and “opinion line”. These outcome evaluation tools were applied to
learn about farmers’ perceptions in terms of individuals’ valuations and satisfaction
regarding their outcomes and to gain insight into what and how different factors, from
the farmers’ perspective, have influenced these outcomes which were then categorised
in terms of different domains of well-being.
The extend in how far farmers’ initial expectations matched up with actual outcomes is
expressed through farmers’ degree of satisfaction, combined with their stated reasons.
Interestingly, the individual farmers’ valuation of outcomes revealed that their priori-
tised outcomes were most often related to the “intellectual” domain, which indicates
that gaining knowledge was the most important issue for the farmers. Concerning
outcomes assigned to the “financial” domain, most farmers were not satisfied with
the financial benefits gained through the innovation implementation, which indicates
that their financial resources to improve their livelihoods and influence the innova-
tion system remain low. Age and gender were identified as key factors influencing
experienced innovation outcomes.
The elucidation of the farmers’ perspectives concerning the relevance of certain in-
novation outcomes and the identification of those that are most important through
collaborative evaluation provides important information for potential scaling of the
innovation processes. Critically, the results of this study can guide strategies for en-
hancing social inclusion and pro-poor innovation processes.
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Yam is an important food and cash crop for most families in West Africa. Yam espe-
cially has sociocultural significance. It is used in fertility and marriage ceremonies,
and many communities across West Africa celebrate yam festivals to mark the end
of their harvest season. Nigeria and Ghana are the world’s leading producer and ex-
porter of yam respectively. As a consequence of this crucial role the yam sector plays
in the two countries, the Community Action for improving farmer-saved Seed Yam
(CAY-Seed) project, a Centre for Scientific and Industrial Research (CSIR)-Crops Re-
search Institute (CRI) led project with funding from Bill and Melinda Gates Founda-
tion (BMGF) was initiated. The project sought to improve the quality of small holder
farmer saved seed yam and its productivity at community level through positive se-
lection, integrated crop management practices to control viruses and nematodes, and
enhance capacity for increased food security and poverty reduction in Ghana and
Nigeria. This paper is based on data gathered from surveys and focus group dis-
cussions between 2015 and 2016 on the planned intervention. The study finds that
there are gendered roles in yam cultivation which are well defined and situated in
traditional and patriarchal settings in the two countries. The use of ridges and trel-
lises instead of mounds and single pole staking for instance has eased the previously
identified tedious nature of yam production thereby attracting more females to cul-
tivate yam. This has some new implications for ensuring food security especially at
the household level. Female farmers mention that the quality and availability of seed
yams, cost of inputs, climate variability and availability, quality and cost of land have
adverse effects on the potential benefits they can derive from yam production. The
paper concludes that the use of new techniques in yam production have the potential
to increase the income of female farmers in the long run, empower women, and also
promote food security. However, the adverse effects of seed quality, cost of inputs,
and land related challenges need to be curtailed.
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Monitoring and evaluation of food security interventions of inter- and transdisci-
plinary research projects is challenging. To relate expected changes on food situation
in a given socioeconomic context to these interventions, a proper set of measurement
indicators are required. The HORTINLEA project in Kenya supports transdisciplinary
research to improve horticultural value chains with a specific focus on rural and urban
poor in Kenya. The project measures producer’s food security status along the value
chain using four indexes: (1) Household Dietary Diversity Score; (2) Food Consump-
tion Score; (3) Adequate Household Food Provisioning and (4) Coping Strategy In-
dex. Despite these indexes have been widely analysed, its applicability in project’s
context and its relation to the household characteristics needs further research. On
the other hand, similar organisations have opted to use household characteristics that
demand fewer resources for measurement as proxy indicators of food security. Thus,
the objective of this research is to analyse the suitability of different proxy indicators
used by HORTINLEA and other organisations in Kenya for measuring food secu-
rity. Furthermore, it aims at understanding the challenges that existing monitoring
and evaluation frameworks face. A mixed-method approach was used, by combining
quantitative multivariate analysis for studying household characteristics and the food
security scores recorded in the indexes; and a qualitative analysis through thematic
research of semi-structured interviews with food security monitoring and evaluation
stakeholders. Income, agricultural productivity data and self-qualitative assessment
were among the most used proxy indicators of food security. Due lack of resources
and difficulties on data recalling and reliability, many organisations have opted to not
use the indicators that HORTINLEA is currently using; and those who have been us-
ing them, highlight the need of completing the information with other indicators. The
multivariate statistical analysis confirmed the suitability of using certain household
characteristics as proxy indicators of food security, specially income. The results of
this research are expected to contribute to the design of a monitoring and evaluation
framework of HORTINLEA and similar projects; as well as to the existing literature
on food security measurement.
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Breaking Bad? From Mental Enclosures to Rangeland Enclosures,
and vice versa

JOHN WAIRORE1, STEPHEN MUREITHI2, GERT NYBERG3, ANJA LINSTÄDTER1
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Traditional pastoralism is diminishing in some regions today as agro-pastoralists at-
tempt to reconcile their traditional livelihood system with modern influences, pro-
gressively adapting to emerging transformations. The results have been an emergence
of intensified and diversified agro-pastoralist systems in sub-Saharan Africa (SSA).
The emerging agro-pastoralists systems underline a transition, among others charac-
terised by changes in livestock management, production goals and land tenure and
use. In line with this transformation, the practice of enclosing land (exclosures and
enclosures) is an increasingly common feature of land tenure and use change, often
described as integrated part of land use management today. In East African drylands,
we show two ways in which rangeland enclosure has altered pastoral socio-ecological
systems (SESs). The first relates to breaking away from long-held pastoral traditions
(‘mental enclosures’) and embracing emerging transformations such as rangeland en-
closures. Such a paradigm shift has eroded the basic tenet upon which sustainable
traditional pastoralism is premised while presenting new opportunities for increased
flexibility in land use, pasture, livestock management and income generation: op-
portunities which did not exist before. In highly sensitive climatic regions, defying
convention from mental enclosures to rangeland enclosure has also changed the con-
text of adapting to climate change and variability among pastoral communities in the
region. The second way traces the peculiarity of the enclosure movement to highlight
the incentives and outcomes of this transformation given the prevalence of ‘mental
enclosures’ – land enclosed but not used, claimed but not physically demarcated – in
areas where rangeland enclosures predominate.

Keywords: Africa, agro-pastoralists, drylands, emerging transformations, enclosure,
pastoralism
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Characterizing Stratified Cattle Production as Option for
Enhancing Market Outlet for Lean Animals from Pastoral Areas

of Kenya
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Economic potential of cattle production in pastoral areas of Kenya is constrained by
limited market outlet for lean animals especially during dry seasons. Since the year
1999/2000, when a severe drought was experienced, there has been an emergence of
stratified forms of cattle production in which the lean animals are purchased from the
pastoral areas for fattening in areas having comparative production advantage. We aim
at understanding the characteristics of the stratified forms as option to improve mar-
ket outlet for the lean animals. Qualitative data was collected using semi-structured
questionnaire from purposively selected informants (n = 34) in Narok, Taita Taveta
and Laikipia areas. Data was coded in the frame of a content-analysis to determine
the existing forms of stratified production and their management operations for risks
minimisation. We found stratified forms practised on private ranches, leased ranches
and smallholder farms, which are undertaken by ranchers, traders, and agro-pastoral-
ists respectively, and differed in their strategy for accessing grazing resources, herd
sizes and fattening period. A number of strategies are followed to minimise risks,
including purchasing during dry seasons when the livestock prices are low, use of
agents to source animals, early sale of slow growing animals and partnership with
others. We then, collected data on individual animal weights at purchase, weights at
sale, purchase and production costs, for a period of fifteen months from five ranchers
(n = 683), two traders (n = 240) and nine agro-pastoralists (n = 140) to determine
daily animal weight gains and net revenues per animal (mean ± stand error ). Daily
animal weight gain of 0.24 ± 0.1 kg, 0.40 ± 0.0 kg and 0.24 ± 0.0 kg were observed
for ranchers, traders and agro-pastoralists, respectively. Net revenues per animal were
$58 ± 3.0 for ranchers, $79 ± 2.9 for traders and $55 ± 3.1 for agro-pastoralists.
The study revealed characteristics of stratified forms of cattle production in terms of
management operations, animal weight gains and net revenues as potential option to
enhance market outlet for the lean animals from pastoral areas of Kenya.
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Using Process Net-Map to Analyse Governance Challenges:
A Case Study of Livestock Vaccination Campaigns in Zambia

MARY LUBUNGU, REGINA BIRNER

University of Hohenheim, Inst. of Agricultural Sciences in the Tropics (Hans-Ruthenberg-
Institute), Germany

One of the major issues in the implementation of agricultural development projects is
how to overcome the implementation problems especially if the provision of funds or
inputs such as vaccines is involved. We study a case of a vaccination programme as
an example of the more general problems of governance issues that arise during the
implementation of agricultural development projects. Vaccination is particularly im-
portant because it often is the only way to deal with the livestock diseases, especially
in the sub-Saharan African countries. The study employed a novel qualitative research
method known as Process Net-Mapping, which is a visual participatory mapping tech-
nique to identify, the governance challenges that arise in the implementation process
of vaccination programs. Process Net-Mapping involves three main steps. First, the
respondents describe the implementation process step by step and identify the actors
involved in each step. Second, they rank the influence different actors have on the
outcome, and finally, respondents identify the challenges and at what point within the
implementation process they occur. The study identified delays in the procurement
and disbursement of funds as the main problems encountered in the implementation
of vaccinations. The complex design of the procurement procedure results in pro-
curement delays while delays in the release of funds arise because of the diversion of
funds. These challenges are not only relevant for vaccination programs, but they are
general problems. Therefore, considering e-procurement could address the complex-
ities of the procurement process whereas building a sustainable financial capacity in
the overall management of public funds is key in dealing with the challenge of fund
diversion. The supply side problems can also be solved through the pressure from
the demand side (farmers). However, there is a lack of power from the demand side
because there is no much opportunity for interaction between farmers and veterinary
personnel due to some social barriers and lack of effective organisation. Lobbying and
voting to induce political decision makers to take steps to improve the performance
of the veterinary service delivery is one mechanism that farmers can employ to hold
the service providers accountable and be able to demand better services.

Keywords: Governance challenges, livestock, process net-map, vaccination, Zambia
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Effect of Drought Adaptation Strategies on Goat Performance in
NE-Brazil

CHRISTOPH REIBER, KARIN STOCK DE OLIVERIA SOUZA, SANGEUN BAE,
KEBEDE KEFENIE KEFELEGN

University of Hohenheim, Inst. of Agricultural Sciences in the Tropics (Hans-Ruthenberg-
Institute), Germany

Extensive small ruminant production is an important livelihood strategy for the ru-
ral poor in the semi-arid NE Brazil. However, recent studies indicated that frequent
droughts along with forage shortage and degradation of the natural Caatinga range-
land were main problems perceived by livestock keepers threatening the sustainability
of the farming and eco-systems. Farmers’ most frequently suggested drought adap-
tation strategies were forage production, corralling animals and irrigation. Therefore,
this study examined the effect of these drought adaptation strategies on livestock per-
formance parameters such as drought mortality rate, live weight, body condition score
(BCS), birth rate, age at slaughter and flock size dynamics of goats. Interviews were
conducted with 120 goat farmers. Four systems were distinguished, i.e. goat farms
1. with corralling and irrigation (intensive), 2. with corralling and without irrigation
(semi-intensive), 3. without corralling and with irrigation (semi-extensive), and 4.
without corralling and irrigation (extensive). Data was analysed using GLM-ANOVA.
Results revealed that irrigation systems had significantly larger crop residue and for-
age areas than systems without irrigation. Semi-extensive systems had largest goat,
sheep and cattle herd sizes and largest Caatinga area with lowest feed supplemen-
tation levels. Stocking densities were slightly higher in systems with than without
corralling, particularly in irrigation projects. With respect to the goat performance
indicators, only BCS was influenced by the system with significantly higher BCS
(1.8) in intensive systems than semi-intensive systems (1.1) despite of highest feed
supplementation levels in the latter system. Goat mortality was slightly (p > 0.05)
higher in systems without than in those with corralling. Male goats seemed to grow
slightly slower in more extensive systems as indicated by higher slaughter ages and
lower carcass weights. In summary, intensive systems, particularly those with sub-
sidised irrigation, showed highest goat performance values for which access to forage
resources and better control of animals might have contributed. However, based on
the multiple-factor approach, we could not reveal a significant effect of adaptation
strategies on goat performance.
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Governing Common Waters: Small-Scale Fisheries and the
Growth of Aquaculture on Lake Victoria

KARIN WEDIG

University of Denver, Korbel School of International Studies, International Development
Program, United States of America

Rapid aquaculture growth on Lake Victoria is promising improved food security in the densely
populated lake basin and increased exports earnings for Uganda, Kenya and Tanzania, despite
declining wild fish stocks. Aquaculture is a highly efficient animal-protein production system,
but the expansion of large-scale cage developments frequently creates conflicts over access
to fisheries resources with local fishers. High entry barriers to the relatively capital-intensive
cage aquaculture for local fishing communities keep transition rates from capture fisheries low.
This article assesses the capacities of formal and informal organisational structures that ex-
ist throughout the lake basin’s fisheries to advance the participation of small-scale fishers and
fish-workers in the governance of fisheries resources. Based on a large face-to-face survey
and interviews with actor groups in all riparian states, the author examines the capacities of
formal co-management institutions, local self-help groups, and fish-farmer associations. Fur-
ther the scope of the region’s national fisheries policies for establishing participatory, multi-
level governance structures is evaluated. While Uganda and Kenya pursue rapid aquaculture
growth through foreign direct investment, Tanzania is taking a more cautious approach, citing
ecological and socioeconomic concerns. All three countries established Beach Management
Units (BMUs) for the co-management of fisheries resources, but evidence from our ongoing
research shows that BMUs have limited effects on overfishing and potentially intensify ex-
isting inequalities by targeting illegal, unregulated and undocumented (IUU) fishing among
poor small-scale fishers, while inadequately addressing significant power asymmetries within
the fish value chain. New data on informal self-help groups, which are widespread in fishing
communities, although often not exclusively focused on fisheries resource management, sug-
gests that grassroots forms of self-organisation can be effective in reducing unequal access to
resources in small-scale fisheries and may play an important role in establishing adaptive gov-
ernance structures. The author argues that integrating informal institutions into co-management
approaches could help to avoid poverty-driven social-ecological traps in capture fisheries and
improve access to aquaculture for poor fishing communities. Kenya’s and Uganda’s state sup-
port for fish-farmers’ associations contributes to inclusive economic development, but so far
fails to address the needs of fisherfolks’ who are too poor to invest in aquaculture.

Keywords: Aquaculture, eastern Africa, inclusive and sustainable development, small-scale
fisheries
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Regional Pasture Network: Knowledge Management and
Experience Sharing in Central Asia, China and Mongolia
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Sustainable management of pastures is linked to the ecological and socio-economic
stability of Central Asian countries, especially under changing climatic conditions. In
the last twenty years, the governance of pasturelands in Central and Inner Asia has
transitioned from state-led pasture management to a variety of new tenure systems
ranging from private to common property regimes. Although the political context in
each country is different, the issues which they face are remarkably similar and in-
clude the reconciliation of aims such as wealth creation, provision of access to poorer
users, and environmentally sustainable management. Reform processes are constantly
evolving – Kyrgyzstan, China, and Tajikistan have implemented various forms of pas-
ture-specific land tenure reform and are still evaluating the results; Turkmenistan and
Kazakhstan have launched pasture-specific reforms; Uzbekistan and Mongolia have
reformed general land codes and pasture-specific reforms are currently under con-
sideration. These developments have resulted in the accumulation of a vast body of
experience and knowledge; the potential benefits of experience sharing have never
been greater.
The Regional Pasture Network (RPN) is an innovative and integrated approach for
knowledge exchange on sustainable pasture management in Central Asia and Inner
Asia (https://pasture.klink.asia/dms/projects/pasture-network/en). It was launched in
2016 with the aim to connect policy makers, practitioners and researchers to exchange
experiences on pasture management, support the dissemination of these experiences
between counties in the region and promote the application of new knowledge in Cen-
tral Asian states. RPN members benefit from free access to collections of documents
in its e-library, regular updates via mailing list, and thematic discussions on the RPN
Facebook group. Currently, the RPN is supported by Deutsche Gesellschaft für In-
ternationale Zusammenarbeit (GIZ) GmbH, Regional Programme for Sustainable and
Climate Sensitive Land Use for Economic Development in Central Asia. It is envi-
sioned to be handed over to a regional organisation in the long run.
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Forage Biomass Production under Different Stocking Rates and
Stocking Densities on a Namibian Livestock Farm
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Understanding the effect of variations of stocking rate, stocking density, grazing intensity, graz-
ing itineraries, and durations of grazing and rest events on vegetation responses is crucial for
successful rangeland management. Various strategies, i.e. continuous, rotational, deferred,
high density, strip, targeted, circuit grazing are advocated, but knowledge on the effects on veg-
etation and livestock performance is scarce. Grazing management therefore still largely relies
on setting average stocking rates to match average carrying capacity, but this concept appears
increasingly unsuitable in heterogeneous and variable rangeland environments.
We investigated the impact of increased stocking rate (twice the projected grazing days per
paddock) and increased stocking density (strip grazing on a one-or-two-day moving frequency
within the projected grazing time) against the current grazing regime (control) on forage biomass
production on semiarid 9,500 ha livestock farm Springbockvley in Namibia. Springbockvley
is grazed by on average 890 Nguni cattle and 3,700 Damara sheep (grouped in three herds) at
an average stocking rate of 41 kg livestock biomass per hectare (established June 2013 - May
2016). The farm is subdivided into 60 paddocks and the three herds graze all paddocks in the
same sequence with a resting period of 80 to 100 days between grazing events. The duration
of grazing events for each paddock is determined based on visual vegetation assessment at the
end of the growing period in May. Destructive biomass sampling was done in May 2014, 2015
and 2016 in 12 test paddocks (3 treatments, 4 replications) within ten single 1 m× 1 m squares
along a 200 m transect. Samples were sorted by plant species, weighed, dried and re-weighed.
Absolute biomass production varied between treatments and replications, but declined over
the monitored period, most likely due to reduced precipitation. However, results on relative
biomass production (biomass measured plus biomass hypothetically consumed at the respective
stocking rate since the last assessment) indicate that grazing at both, higher stocking density
(approx. factor 4) and increased stocking rate (factor 1.2–2) resulted in lower yield depression.
Higher density grazing appears to lead to lower accumulation of standing dead plant material
and litter. The study is ongoing and data analysis is preliminary.
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Remote Sensing-Based Biomass Estimation to Support Rangeland
Management and Food Security in the Sahel
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The livestock sector plays an important economic role in the Sahel and contributes to food se-
curity of the people. However, it is highly vulnerable as a result of the large inter-annual vari-
ability of precipitation and, hence, rangeland production. This study aims to support effective
rangeland management in Niger by developing an approach for mapping rangeland biomass
production with remote sensing data. Our linear regression model utilises the phenology-based
seasonal cumulative Normalised Difference Vegetation Index (cNDVI), computed from 10-day
image composites of the Moderate Resolution Imaging Spectroradiometer (MODIS) NDVI
data, as a proxy for biomass production. It is calibrated with ground measurements of herba-
ceous biomass at the end of the growing season from 2001 to 2015. Different spatial aggre-
gation levels for the model calibration were tested in cross-validation (cv) to find the most
suitable one for biomass prediction. In general, the model performance increased with increas-
ing model parameterisation, indicating the importance of additional unobserved and spatially
heterogeneous agro-ecological effects (which might relate to grazing, species composition, op-
tical soil properties, etc.). The aggregation scheme, whose calibration units were derived from
an unsupervised ISODATA classification utilising 10-day NDVI images from January 2001 to
December 2015, showed the best performance with respect to predictive power (R2

cv = 0.47)
and the cross-validated root-mean-square error (398 kg ha-1), although it was not the model
with the highest number of calibration units. Once established, the presented approach can be
applied for the timely establishment of estimated biomass production maps at the end of the
growing season and before field measurements can be made available. This would mean a time
gain of two to four weeks, which is the length of time the field trips normally last. Therefore,
such maps could be used for the planning of more in-depth field missions, for better manage-
ment of rangeland resources, and for timely decisions on aid allocation and fire prevention.
Additionally, the approach can serve as a backup solution in the event that field surveys are not
carried out in a specific year or a specific region.
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Studies have shown that land users’ local ecological knowledge (LEK) on forage re-
sources is of critical importance for their adaptive rangeland management. Notwith-
standing, there has been little discussion on how smallholder farmers perceive for-
age species diversity, habitat distribution, abundance trends and associated ecological
drivers in the management of locally available natural forage resources within West
Africa. This study, thus, aims to estimate forage species diversity, analyse habitat
types of forage resources, investigate abundance trends of available forage resources,
identify local ecological drivers and document conservation measures based on the
perceptions of local agro-pastoralists. We used a structured questionnaire to carry
out ethnobotanical surveys on their understanding of such ecological variables with
respect to forage plants in different parts of northern Ghana and southern-central Bur-
kina Faso. Data were analysed via descriptive statistics, bivariate correlation analy-
sis and cognitive salience index calculation to disentangle the dynamics of local re-
sponses to the ecological variables considered in this study. Our results indicated that
the local agro-pastoralists exhibited extensive knowledge in forage species diversity,
habitat types, abundance trends and ecological drivers. It was also established that
local agro-pastoralists associated their cited forage plants more with upland than low-
land topography and combined landscapes of the two topographic positions. Accord-
ing to them, approximately 82 % of reported items were considered to be commonly
available in local landscapes, while most of them indicated that available forage re-
sources have been experiencing a gradually increasing trend over the past few years.
It was also revealed that rainfall variability, tree cutting and drought were the top-
most perceived threats causing changes in the trends of forage species abundance.
In conclusion, understanding perceptions of local agro-pastoralists regarding above-
stated ecological variables could have practical implications in favour of biodiversity
conservation.
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Indigenous Knowledge on Uses, Availability Trends and Variations
of Indigenous Grass Species in Southern Kenya
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Local communities have in the past been invaluable sources of information about their
environments and the natural resources that occur within. The inclusion of traditional
knowledge alongside scientific research into decision-making processes on natural
resource use, particularly of pastures, could improve the adoption rates of proposed
policies and technologies thus making our rangelands more productive. To pastoral
and agro-pastoral communities that rely on livestock production for 50 % or more
of their household income, grass is a key resource. Despite the many uses of the
different grass species in Kenya’s drylands, their role as livestock feed is the most
significant. This study sought to investigate local perceptions on uses, abundance,
availability as well as variations of key indigenous grasses in southern Kenya using
focus group discussions (FDGs), key informant interviews (KIIs) and a review of pre-
vious studies in the study area. Indigenous grass species were found to be mostly
used as livestock forage. Their trend in availability and abundance was reported to
be both increasing and decreasing with the declining trend mainly being attributed to
drought (98 %), increasing human population (82 %), and overgrazing (63 %) while
the increasing trend was primarily attributed to the promotion of grass species for the
rehabilitation of degraded lands and improvement of natural pasture resources. Inter-
estingly, some important species such as Panicum maximum and Digitaria macroble-
phara have rarely been studied for conservation and multiplication purposes despite
their reported declining trend. A number of species were identified by the commu-
nities in the study site as having ecotypes with different ecological requirements and
different preferences by both livestock and the communities. This warrants further
studies to screen ecotypes for their biomass yield, nutritional quality and drought tol-
erance among other factors in order to determine their suitability for arid and semi-
arid lands.
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Use of Milk Progesterone Assays for Determining Reproductive
Performance in Camel under Farming System

ELAGBA MOHAMED1, AYMAN MUSTAFA2

1University of Khartoum, Institute of Environmental Studies, Sudan
2Misurata University, Fac. of Nursing and Health Sciences: Therapeutical Nutrition,
Libya

The aim of this study is to use milk progesterone analysis as a new technique to de-
tect the estrus and ovarian activity within four months postpartum in she-camel under
farming system. Eight lactating she-camels, eight calves plus one mature male have
been selected after calving and divided into two groups (G1 and G2) without male. In
(G1) calves were completely restricted from suckling after 60 th days. Calves of (G2)
were freely suckling. Another eight lactating she-camels, eight calves and one mature
male were divided into group (GY) which included she-camels in first and second par-
ity, and group (GA) included those in third, fourth and fifth parity. Milk samples were
collected from the second week up to the 4th month postpartum. Progesterone level
was measured by radioimmunoassay (RIA) apparatus. Progesterone concentration
fluctuated during the experiment period, and attained higher value of (7.84 ng ml -1) in
the 8th week postpartum in G1 compared to 6.23 ng ml -1 in the 2nd week in G2. Only
two she-camel of G1 became pregnant during the first four months postpartum, when
progesterone concentration continued to increase from the 12 th week up to the end of
the experiment. Progesterone concentration reached higher level of 8.83 ng ml -1 in
the 6th week postpartum of GA compared to 4.7867 ng ml -1 in 16th week of GY. Only
one she-camel of GY was suspected to be pregnant due to increased progesterone
level from the 12th week up to end of experiment. The results revealed that the level
of progesterone in milk of she-camel is a good indicator of ovarian activity within the
first four months postpartum. Early estrus cycle and regulating fluctuation of milk
progesterone of young rather than adult she-camel have been observed. The effect
of restricted suckling, parity and age on progesterone concentration was insignificant
(P > 0.05). More studies are needed using hormonal treatment and new reproductive
techniques in camel pastoral system.
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Socio-Cultural Foundations and Characteristics of Well-
Functioning Pastoral Community Groups in Northern Kenya:

The Emic View
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The socio-cultural context is often ignored when crafting community groups and this has far-
reaching effects on their growth and sustainability. Up to now, there is dearth of information
about the extent of socio-cultural embeddedness in the way pastoral community groups are or-
ganised and governed. This study aimed to assess from an insider’s perspective whether such
linkages exist and if they have any influence on group performance. The study also sought to
assess the social and governance factors that pastoralists perceive as important to the function-
ing of groups. Information was gathered from participatory likert-type scale rating exercises
with 153 income generating groups (IGGs), key informant interviews with 9 head chiefs and
officials of 10 IGGs, and semi-structured interviews with 18 IGGs.
The study reveals that pastoralists are drawing from and adapting cultural and social collective
practices and norms to new purposes such as income generation. There is a glaring blend
between cultural collective activities and the current income generating groups in the way they
are organised and governed. Out of the many social factors that are described in literature, only
some such as age, gender, education and wealth are considered by pastoralists as important
to the functioning of groups. Although these social factors are considered as necessary in the
admission of a member to a group, the sufficient criteria lie in the personal character features
such as interest and willingness to cooperate such that those with such features are finally
admitted. Contrary to the expectation that heterogeneity of social factors may negatively impact
on group performance, the converse was found to be true for most factors and reasons for
these were well articulated by pastoralists. With regard to governance, pastoralists consider
oversight committees, weekly meetings, all-inclusive decision making, by-laws, transparency
and accountability related to finances and decision making as fundamental to performance of
income generating groups.
Based on these findings, it is important that development efforts to craft or strengthen commu-
nity groups should take into consideration the socio-cultural dynamics as well as group mem-
bers’ perceptions on the importance of specific social and governance factors if sustainable
group activities are aimed for.
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Post-Harvest Milk Losses in Smallholder Dairy and Pastoral
Camel Herds in Kenya
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Influence of farm-level practices on milk quality and postharvest milk losses (PHL)
were studied using qualitative and quantitative methods in smallholder and pastoral
milk producing herds in Kenya. Milk PHL was estimated at 19 % in smallholder and
at 58 % in pastoral herds, and was attributable to milking preparation and milk pool-
ing. Staphylococcus aureus was the prevalent mastitis pathogen and was associated
with increase in milk somatic cell count. The risk prevalence of Staph. aureus was
reduced (O.R.: 0.521) for those not washing hands compared to washing hands be-
cause sanitisers are not used when washing hands, making the practice ineffective.
A reduction in risk of Staph. aureus (O.R.: 0.283) was also observed in smallholder
herds not suckling calves compared to those suckling, but the risk was lower in pas-
toral camel herds suckling (O.R.: 0.175) compared to not suckling, suggesting that
suckling could help in cleaning the udder prior to milking in pastoral herds where
water is scarce. Milking cows in open field in smallholder rural herds had lower risk
(O.R.: 0.277) than milking in cowsheds due to reduced accumulation and spread of
pathogens. Use of aluminum instead of plastic containers had lower risk of Staph. au-
reus (O.R.: 0.484) in rural farms but it was higher (O.R.: 1.733) in peri-urban because
transporters often pool milk from different farms in aluminum containers. The knowl-
edge level of recommended hygienic practices was high in smallholder farms but it
was low in pastoral camel herds. Therefore, practicing hand washing with sanitiser
and using aluminum containers for milk handling are recommended in smallholder
farms, though they should be introduced in a participatory manner for increased up-
take. Calf suckling in pastoral camel herds may be recommended due to lack of water
for cleaning udders prior to milking.
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An Analysis of Smallholder Livestock Strategies in the Central
Highlands of Kenya
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This study seeks to investigate the livestock strategies of smallholder farmers in the
Central Highlands Region of Kenya. Questionnaire surveys, interviews, and partici-
patory rural appraisal methods were utilised by a multidisciplinary team of students
from the University of Copenhagen and the University of Nairobi during fieldwork in
Kibugu, Embu County, Kenya. The team found that smallholders in Kibugu depend
upon the traditional coffee/tea-cow farming system. Furthermore, farmers prefer to
raise exotic cattle breeds, despite their high resource demand and limited suitability
to the Kenyan environment. Societal norms dictate a lower social status for farmers
who raise small livestock such as poultry and dairy goats. On the other hand, dairy
cows, particularly exotic, high producing breeds such as the Friesian, are valued as
a reflection of high socioeconomic status. It was also found that government agri-
cultural agencies are ill-equipped to provide effective training in livestock husbandry
or entrepreneurship. Unlike other locations in the Central Highlands, Kibugu lacks
NGOs promoting less demanding cattle breeds or smaller animals such as dairy goats.
Additionally, most farmers lack the financial capital to expand production and take ad-
vantage of new market opportunities. Their livelihoods are also influenced by external
factors such as land pressure and increasing input prices. Examined within a greater
environmental context of increasing climate variability, seasonal unpredictability, and
worsening drought, there are indeed many factors that constrain farmers from diversi-
fying their livestock practices. In conclusion, this report recommends that smallhold-
ers establish husbandry, breeding, and marketing cooperatives in order to combine
their resources and advocate for their interests in the market. Better funded and ex-
panded extension services could encourage innovation and support farmers who aim
to diversify production, take risks, and lower the cost burden of inputs. Ultimately, it
was determined that holistic approaches to research and development could strengthen
farmers’ assets and help them adapt to a changing world.
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Inadequate consumption of animal source foods is a common problem in developing
countries, including Tanzania. It is linked with persistence of protein and energy mal-
nutrition in the country. This study examined the extent of livestock production and
consumption of animal source foods by rural households of Dodoma and Morogoro
region, Tanzania. A cross-sectional survey involved 663 households. A question-
naire tool and measurement of food intake were administered to mothers/caregivers
in the households. Interviews and focus group discussions were applied to study live-
stock production and consumption. Data were analysed using SPSS version 20 and
Microsoft Excel version 10. Results indicated that cattle were the most important
species, kept by the majority of households in Dodoma region while in Morogoro
chickens were kept by majority of households. The study revealed a mismatch be-
tween livestock production and consumption in both regions. On average more than
half (52.4 %) of the surveyed households owned livestock, however this was not re-
flected in consumption of animal source foods. The intake of diets rich in animal
sources was low in terms of frequency and quantity for the entire sample. Only 4 %
consumed milk and its products, 10 % consumed meat and 2 % consumed eggs. How-
ever, of those few who generated and consumed animal products, the dietary diversity
was significantly higher compared to their counter parts (p = 0.02). Focus group dis-
cussion revealed that most households kept livestock as a copying strategy to pay for
school fees, medical fees and other necessary household expenditures. Inadequate
nutrition knowledge on the importance of including animal source food into the meal,
poor livestock keeping practices and lack of diversified agriculture production were
found to be among the constraints of consumption of animal source foods. Therefore,
empowering rural household members with appropriate knowledge and skills con-
cerning adequate production and consumption of animal source foods will be a key
for achieving a good nutrition and health status of rural households.
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Economic Efficiency of Urban Livestock Production and its
Socioeconomic Determinants in Ouagadougou, Burkina Faso
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Urban and peri-urban livestock production is considered to be of vital importance to
African cities for its contribution to a secure and independent food supply, the gener-
ation of income and for strengthening the overall resilience of these human habitats.
Despite its high relevance and the ongoing academic discourse, very limited infor-
mation is available regarding the economic efficiency of this production type at the
household level. This study therefore intends to close this research gap by exemplarily
assessing the economic efficiency at the producer level of urban livestock production
in Ouagadougou, Burkina Faso. Based on the findings, policy decisions and extension
strategies can be adjusted and efficient livestock production supported.
The quantitative analyses are based on a combination of two data sets that were col-
lected as part of a baseline survey and during on-farm monitoring of the UrbanFood Plus

Research Project (GlobE 031A242-A). The baseline survey (n=156), carried out in
Ouagadougou in 2014, encompasses data on socioeconomic household characteris-
tics, livestock as well as related costs and revenues. The data corpus is complemented
by adding panel data on feed costs (n=1052) from on-farm monitoring of 18 of these
households from November 2014 until February 2016. The economic efficiency of
urban livestock production is calculated in form of an input-output analysis, which
entails all costs and revenues affiliated with the production and sale of cattle, pigs
and small ruminants, as well as related animal products. First results indicate that
not only the efficiency but also the economic viability of urban livestock production
varies considerably among the surveyed households. During the period under review,
23 producers (14.7 %) were able to operate profitably, whereas 133 farmers (85.3 %)
sustained moderate to substantial financial losses. This can primarily be attributed to
feed costs, which on average accounted for 86.5 % of the total production costs.
The second analytic step of this study involves the estimation of a stochastic frontier
production function. This will allow for further insights regarding possible corre-
lations between farm-specific, socioeconomic characteristics and the economic effi-
ciency of livestock production.
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This paper aims to investigate and compare economic and environmental perspec-
tives of two shrimp systems in Xuan Thuy National Park (Vietnam). The primary
data was collected in 2016 through interviewing 30 intensive shrimp farmers and 33
extensive shrimp farmers in the protected area. Economic indicators reveal that the in-
tensive production incures total costs of 451× 106 Dong ha-1 which is 18 times higher
compared to extensive farming (24× 106 Dong ha-1). Among costs of intensive cul-
ture, feeds including pellet feeds, supplements and some antibiotics are the dominant
items comprising 58 % (260× 106 Dong ha-1), followed by white leg shrimp spawns
and electricity (12 % and 7 % respectively). In the extensive culture, family labour,
giant tiger shrimp and crab spawns are the important input costs (respectively 28 %
and 27 %). Intensive ponds require huge capital for feeds, hired labour, spawns, elec-
tricity, gasoline, sand and lime, while extensive farms use much less pellet feeds,
gasoline, lime, and no electricity and sand. Intensive shrimp farming brings higher
net profit per hectare of land (233× 106 Dong) than extensive farms do (32× 106

Dong). Nevertheless, some economic efficiency indicators illustrate that the return on
working capital of extensive farms is 5 times as much as of intensive ones.
From an environmental perspective, extensive shrimp farms apply polyculture which
produces diverse aquatic animal products including giant tiger prawns, greasybock
shrimps, crabs, miscellaneous fishes and seaweed. This system generally shows more
environmental responsibility than monoculture of intensive system. Higher stocking
density in intensive shrimp ponds (78.4 heads m -2) require more food inputs than ex-
tensive farms (7.2 heads m-2) and also produce more waste per unit of land. Applica-
tion of antibiotics and other chemicals in intensive shrimp culture might create more
side-effects for shrimps and environment compared to extensive production. The
higher frequency in water exchange of intensive shrimp culture might discharge more
chemically and biologically contaminated water to the rivers than extensive farms.
Based on these insights recommendations for a more sustainable shrimp production
in the buffer zone will be developed.
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Jameed is an important dairy product in Jordan that has been produced in the re-
gion for centuries and used as a main ingredient in popular traditional cuisine called
Mansaf. Jameed is a hard dry skimmed yogurt, mainly processed using sheep milk in
a small scale labor-intensive process. Jameed processing is an important part of the
livelihoods of small ruminant keepers and contributes up to 20 % of the households’
income.
Evaluation of the traditional processing method and product quality analysis of 90
samples revealed that the traditional processing leads to low churning efficiency and
hence fat rancidity problems during storage. The traditional method depends on yo-
gurt churning to separate the butter from the yogurt. The skimmed yogurt (buttermilk)
is then transformed into Jameed through a drying process.
A modified processing method was developed and tested at the International Cen-
ter for Agricultural Research in the Dry Areas (ICARDA) that is based on the use
of a milk fat separation technique to obtain skimmed milk that is in turn processed
into skimmed yogurt and then dried directly to produce Jameed without the churn-
ing process. The eight batches of Jameed produced using this method in small-
scale processing units had 73 % less fat and 11 % higher protein content compared
to Jameed produced from the traditional method. Further changes in total solids were
not significant. Due to the improved fat recovery in the modified method, the ghee
yield increased by 29 %. Moreover, the product homogeneity was improved by 60 %
with regard to fat and by 25 % in total solids contents. The Jameed colour using the
CIELAB indicated that Jameed produced by the modified method was 3.8 % lighter
in colour which is preferred by consumers.
A simple cost benefit analysis confirmed that the modified method results in a 60 %
saving in energy and water inputs which is a significant benefit in a water-energy-
scare country. The expected price premium as a result of improvement in the quality
of Jameed is conservatively estimated at 5 %. The combined effect of the cost savings
and additional revenue is an increase in net margins (profit) of at least 20 %.
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The project on improved extension for value-added agriculture in the Jordan River
Rift Valley was a 3 year project (2011—2014) funded by Japan International Coop-
eration Agency (JICA), with artificial insemination (AI) as one of the main activities.
The implementation of AI programme has been done by a professional team to study
the conception rate, twinning rate, lamb birth weight, and 50-day lamb weight of
sheep breeds in the Jordan valley. Data was obtained from sheep farms located in
three districts (Jericho, Tubas, and Nablus). Variables for conception rate included in
the model were location, ewe breed, and parity, and ram breed which was excluded
from the model of twinning rate. Furthermore, lamb sex and liter size were added to
the model for lamb birth weight and lamb 50 day weight. Among the effects, ewe
breed and parity were significant (p < 0.05) on conception rate, whereas the locations
as well as ram breed were not significant (p > 0.05). Twining rate was affected signif-
icantly (p < 0.05) by location and parity. However, the effect of location, ram breed,
litter size, and lamb sex were not significant (p > 0.05) on lamb birth weight, while
ram breed was the only variable without significant effect (p > 0.05) on lamb 50-day
weight. Mean of conception rate, twining rate, birth weight (kg), and 50-day weight
(kg) were 62 % (57%-67 %), 1.49 (1.41–1.59), 3.67 (3.51–3.83), and 17.34 (16.43–
18.25) respectively. It is concluded that artificial insemination has good results on
conception rate and brings positive effects for the twinning rate, thereby contributing
to an increase of farm profitability. However, it is important to study the genetic ef-
fects of artificial insemination in order to improve traits of economic importance in
sheep breeds in Palestine.

Keywords: Artificial insemination, conception rate, Jordan Rift Valley, Palestine,
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An Approach to Sustainability for Smallholder Dairy Systems
Trough Animal Welfare Practices
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the Tropics and Subtropics (ITT), Germany

According to the Food and Agriculture Organisation definition, Good Agricultural
Practices (GAP) are procedures to obtain agricultural products by pursuing sustain-
ability in the social, environmental and economic aspect. The Good Dairy Practices
(GDP) were developed accordingly, with the main objective being sustainable milk
production. A main issue for GDP is animal welfare. Animal wellbeing is the result
of an adequate physical and mental state of the animal in relation with its environ-
ment. Regarding animal health and mental condition, adequate animal welfare has
a direct impact on growth, reproduction and production rates, leading to a superior
performance. For that reason, to keep animals in high welfare status is the base for
efficient, sustainable and profitable dairy farming. Moreover animal welfare prac-
tices are a new trend for livestock production. The consumer’s preferences for animal
products obtained with humane and responsible procedures are a new market demand.
The rising awareness for ethical animal handling, sanitary safety and quality of prod-
ucts and environmentally friendly practices are special concerns for consumers, hence
they constitute new market pressures for the livestock sector. These aspects challenge
smallholder dairy farming, but at the same time open opportunities for products from
animals maintained under high welfare standards. On the other hand, the small pro-
ducers traditional milking practices, low milk yields, adverse environmental condi-
tions, misuse of natural resources and poor infrastructure obstruct good quality and
constant milk production. In the case study area of Italva, Rio de Janeiro State, Brazil,
we analysed the constraints and potentials to adopt GDP in relation to animal welfare,
aiming to support farmers to increase production, achieve higher milk quality, ob-
tain better prices for their product, accomplish sustainability goals and improve their
livelihoods.

Keywords: Animal welfare, good agricultural practices, smallholder dairy systems,
sustainability
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Assessment of the Welfare of Racehorses in Central Java,
Indonesia

MUHAMMAD DANANG EKO YULIANTO, TRI SATYA MASTUTI WIDI, ESHAN

KUSUMAWICITRA, AMIEN FAHRIANTO ADI

Universitas Gadjah Mada, Dept. of Animal Production, Indonesia

As in many other developing countries, animal welfare issues are not a big topic
in Indonesia. The issue is more neglected in livestock which produces foods such
as beef cattle, goat, sheep and pig. It is easier to understand the level of welfare in
animals which have more direct contact with humans such as companion and working
animals, for example horses. This study aimed to assess the level of animal welfare of
horses used for racing in Central Java, Indonesia. In the past two decades, equestrian
sports such as racing and riding were getting more popular in Indonesia and resulted
in an increased number of racing horses. By respecting the five freedoms of animal
welfare, we assessed the welfare of 200 heads of racehorses belonging to 13 owners
in Central Java. From various sources of literature and assessment of management
practices on regular basis, five indicators were selected to describe the five freedoms
of animal attributes. Racehorses were individually assessed using those indicators.
The assessment was complemented with information on farm level such as feeding,
housing and health care management, exercise, training methods, and human-animal
interactions. The data were analysed descriptively. The results showed that 60.1 %,
22.9 % and 12.1 % of racehorses had relatively good, moderate, and poor welfare,
respectively. In conclusion, most horses used for racing are well handled. Welfare
assessment based on objective parameters can be used as first step to improve horse
welfare in Indonesia, but needs continuous improvement to improve the horses’ life
and the racing and equestrian sports itself.

Keywords: Five freedoms of animal, Indonesia, racehorse, welfare assessment
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Pen-Fed versus Grazing: The Potential of Forages for Cattle
Production in North-Eastern Cambodia

ANNA SEIDEL1, ADRIAN BOLLIGER2, UTA DICKHOEFER1
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Institute), Germany
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Forages Program, Lao PDR

Due to conversion of grassland and forest into cropland, rubber and oil palm plan-
tations, smallholder cattle farmers in the Ratanakiri Province, Northeast Cambodia,
need to cope with decreasing grazing resources for their animals and with increasing
land conflicts. The objective of this study was to evaluate if cultivated forages have
the potential to contribute to cattle feeding in order to compensate the loss of grazing
areas.
Above-ground biomass yields of cultivated forages (Brachiaria ruziziensis, B. ruz-
iziensis×B. decumbens×B. brizantha, Panicum maximum, Paspalum atratum, Sty-
losanthes guianensis) in Pruok (E 106°96´, N 13°57´) were determined destructively
during the rainy season between June and September 2015. Samples of forages were
analysed for their nutrient and energy concentrations. Furthermore, average daily
gain (ADG) of cattle pen-fed on cultivated forages (n = 16) was compared with that
of animals grazing on native grasslands and in forests (n = 19) on five different small-
holdings. Initial bodyweight of the local cattle was 122 ± 33 kg. Pen-fed animals
consumed on average 3.9 ± 0.2 kg dry matter (DM) day -1. Intake of the grazing cattle
was not measured. Live weights were recorded fortnightly for 14 weeks.
Above-ground biomass yields of cultivated forages ranged between 2 and 3 t DM ha -1

month-1 with average crude protein, neutral detergent fiber and metabolisable energy
concentrations of 84 ± 32 g kg-1 DM, 647 ± 48 g kg-1 DM and 7.3 ± 0.4 MJ kg-1 DM,
respectively. The ADG was 79 and 241 g day-1 in pen-fed and grazing cattle, respec-
tively (p < 0.01).
Sufficient forage amounts were supplied to pen-fed cattle, however, the predominant
forage was P. atratum, a low quality forage. Therefore, the differences in ADG are
likely due to variations in nutrient composition between cultivated forages and nat-
ural biomass. Under grazing conditions in the rainy season, cattle may select more
nutritious biomass. Thus, feeding cultivated forages may not substitute grazing as
management practice during the rainy season. However, with decreasing access to
grazing land or during the dry season, the use of cultivated forages as an option for
pastures or for conservation merits further study.
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Impact of Forage Management on Yield and Nutritional Quality
of Cultivated Forages in North-Eastern Cambodia
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Increasing beef prices present smallholders ready to intensify cattle production in
the Ratanakiri Province, Northeast Cambodia, with an opportunity to enhance their
livelihoods. One intensification approach, which also reduces pressure on increas-
ingly scarce grazing resources, is to cultivate forages on-farm and use these to feed
fenced livestock. The objective of this study was to evaluate if weeding and manuring
of farm-grown forages have the potential to increase their yield and nutritional quality.
Above-ground biomass yields of cultivated forages (Brachiaria ruziziensis, B. ruz-
iziensis×B. decumbens×B. brizantha (B. hybrid), Panicum maximum, Paspalum
atratum, Stylosanthes guianensis) in Lumphat district (E 106°96´, N 13°57´) were
monthly determined destructively during the rainy season between June and Septem-
ber 2015. Forage grasses and S. guianensis were cut at 6 ± 4 cm and 15 ± 7 cm
above ground level, respectively. Samples of forages (n = 41) were analysed for their
nutrient concentrations. On 20 smallholdings, forage plots of 0.01 ha were weeded
monthly, manured with on average 0.24 t N ha -1 month-1, and compared to 0.01 ha
non-managed plots.
Maximum yields were measured in P. maximum and P. atratum (3.6 ± 1.5 t dry matter
(DM) ha-1 month-1), whereas B. ruziziensis had the lowest (1.1± 0.6 t DM ha-1 month-1;
p < 0.01). The highest response to management was found in P. maximum and B. hy-
brid with an average increase of 0.8 t DM ha-1 month-1 compared to non-managed
forages (p < 0.01). Maximum crude protein concentrations were found in S. guia-
nensis (128 ± 8 g kg-1 DM), followed by B. hybrid (98 ± 12 g kg -1 DM), P. atratum
displaying the lowest concentrations (65 ± 8 g kg-1 DM; p < 0.01). Neutral detergent
fiber concentrations were highest in B. ruziziensis (668 ± 16 g kg -1 DM; p < 0.01).
Managing the forages affected their yields more than their nutritional quality. How-
ever, selecting suitably adapted forage species rather than intensifying the manage-
ment of less well-adapted ones may achieve the yields and nutrition necessary to
improve cattle productivity. In this context, S. guianensis and B. hybrid had the best
potential to supplement rations for ruminants.
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Effect of Feeding Sweet Potato Vines Silage on Dry Matter Intake,
Milk Yield and Profitability in Smallholder Dairy Systems
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MERBOLD1, JOHN GOOPY1

1International Livestock Research Institute (ILRI), Kenya
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Environmental Research, Germany

Smallholder dairy production is a key economic activity in Kenya, responsible for the
improvement of nutrition and livelihoods of many. Tropical (C4) grasses and stovers,
which frequently form the bulk of cattles’ diets have poorer digestibilities, lower en-
ergy and less protein than is required to sustain milk production and smallholders
frequently purchase commercial dairy meal (CDM – a grain-based concentrate) to
supplement their animals’ diets and so lift production. A less expensive alternative to
CDM would have immediate, positive effects on profitability and household income.
A feeding trial was conducted to evaluate the effect of feeding sweet potato vines
silage as an alternative to CDM on productivity of lactating dairy cows. Fourteen
Friesian cows in late lactation fed a basal diet of Napier grass, were supplemented
with either CDM or sweet potato vines silage mixed with wheat bran (SPVS). Milk
production, feed intake, live weight (LW) change and income per liter of milk were
monitored for a period of 56 days. Milk production for CDM was greater than for
SPVS (7.6 l day-1 vs 6.25 l day-1; p < 0.05). Cows on CDM had a higher dry matter
intake than those on SPVS (9.01 and 7.78 kg DM d -1 respectively; p < 0.05). LW
change per week was not different between the two treatments. Gross margin per
liter of milk was greater for SPVS than CDM (11.72 vs 0.26 Kenyan Shilling L -1;
p < 0.05). Our results showed clearly, that while supplementation with SPVS sup-
ports a lower level of production than CDM, its much lower cost means that sweet
potato vine silage mixed with wheat bran is a viable and financially attractive alter-
native to commercial dairy concentrate and is suitable for adoption by smallholder
farmers.
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The Use of Pineapple Husk and Neem Tree Leaves as Anthelmintic
Nutraceuticals for Pigs in Mexican Low-Input-Systems
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The creole pig is an important source of protein in traditional farming systems in Yucatán,
México. Gastrointestinal helminthiasis causes considerable economic losses due to retarded
animal growth and lowered feed conversion efficiency. Pineapple husk (Ananas comosus) and
neem tree leaves (Azadirachta indica) are widely available in tropical countries and are used
against gastrointestinal parasites in ruminants. Yet, their effectiveness against pig helminths
has to date not been studied.
A trial was conducted at the experimental stables of Universidad Autónoma de Yucatán, Méx-
ico. It included 29 young creole pigs of 9.6 kg ± 2.9 liveweight with natural polyparasitic
infections exceeding a threshold value of 200 eggs per gram of feces (EpG). Animals were
randomly assigned to treatment group A (ananas, n=9), treatment group N (neem, n=10) and
control group C (n=10). Mixed infections including Strongyloides spp., Oesophagostomum
dentatum and Trichuris suis were detected using the modified McMaster test. Main compo-
nents of the experimental diets administered for 10 days were 65 % maize- and 15 % soybean-
meal. They further contained 17 % dried pineapple husk (group A) and 15 % dried Neem leaves
(group N) at uniform crude fiber concentrations across treatments. During the experiment, in-
dividual EpG values were determined every 48 hours. On day 10, 6 animals per treatment were
killed and parasites remaining in the digesta of the gastrointestinal tract (GIT) were identified
and counted (cpGIT). EpG and cpGIT in control animals were compared to values in treated
animals for computation of treatment percentage efficacy (TPE).
In group N, no significant EpG-changes could be found (TPE: +3 %, p > 0.10) after 10 days,
whereas EpG was decreased by 84 % (TPE) in group A. Necropsy and cpGIT showed an in-
creased cpGIT (+31.2 % TPE) in group A and suggested a slight reduction of adult female
parasites in neem treated animals (TPE: -15.3 %, p≥0.05). Body weight change and hematocrit
did not show significant differences (p > 0.10) neither between nor within the groups.
Our findings suggest that pineapple husk is a nutraceutical that may reduce fecundity and ham-
per oviposition in swine-pathogen helminths. Further research is needed to confirm these find-
ings and to specifically investigate the mode of action of pineapple husk.
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For over fifty years, researchers have tested and introduced forage technologies aiming at im-
proving cattle’s productivity in sub-Saharan Africa (SSA). In spite the potential positive im-
pact of improved forage varieties (IFV) on milk yields, its adoption by smallholder livestock
farmers in SSA has remained unsatisfactory. Our study aimed at identifying opportunities and
constraints for the adoption of IFVs in smallholder dairy production systems in SSA with a
special focus on Lushoto, Tanzania. It is based on a literature review, a range of empirical
social research methods alongside the application of a Qualitative Assessment Tool for Forage
Technology (QATo-FT) in a multi-stakeholder learning workshop.
The most important findings for a limited adoption of IFV centreed on the lack of knowledge
on the stabilising effect of forage production on milk yields, the low value of labour in the dry
season resulting in farmers engaging in labour intensive, long-distance cut-and-carry feeding,
as well as limited access to existing dairy markets creating a bottleneck between producers and
consumers.
In order to offset these challenges, the following recommendations for a wide scale adoption
and up scaling of IFVs were derived: 1) Knowledge transfer on the benefits of IFVs, their
proper management (establishing, maintenance, timing of harvesting), conservation and opti-
mal utilisation in livestock is needed, using participatory approaches and mass media. 2) Local
and regional administration can help to strengthen partnerships between involved stakeholders
such as farmers, NGOs, service providers, extension officers and other networks beyond the
existing village innovation platforms. 3) Increasing the value of labour through off-farm in-
come possibilities will make IFV a necessary, labour-saving activity. 4) Creating better access
to existing markets (e.g. through establishing better connections to local collection centres)
would generate an incentive for planting IFV, supporting a higher milk production.
The aforementioned actions hold the key to motivate small-scale dairy farmers’ uptake of pro-
ductive farm actions such as improved forage technologies. As a result, the performance of
existing heads of cattle would improve, milk yields would increase and farmers’ income levels
could be enhanced, helping to reduce poverty in the region.
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Contact Address: Hycenth Tim Ndah, Leibniz Centre for Agricultural Landscape Research (ZALF),
Institute of Socio-Economics, Eberswalder Strasse 84, 15374 Müncheberg, Germany, e-mail:
ndah@zalf.de

ID 441 353



Animals and food

Graded Enterolobium cyclocarpum Seed Meal in Total Mixed
Rations for West African Dwarf Rams

O. MOSES ARIGBEDE1, AYOTUNDE OLUSEUN OGUNSAKIN1, ADEKUNLE

OLUYEMI AKINLOLU1, ADEBAYO ONI2, KARL-HEINZ SÜDEKUM3

1Federal University of Agriculture, Abeokuta, Pasture and Range Management, Nigeria
2Federal University of Agriculture, Abeokuta, Dept. of Animal Nutrition, Nigeria
3University of Bonn, Inst. of Animal Science, Germany

Globally, urbanisation has resulted into dwindling grazing lands, and this calls for
agricultural practices that will be less dependent on large expanse of land. Apart from
foliage, seeds from multi-purpose tree species are potential sources of nutrients for
ruminant animals. Thus, they can be included in rations to improve intake and perfor-
mance of intensively managed animals and serve as source of year-round cheap feed.
This study was carried out to determine the intake and performance of West African
Dwarf Rams fed graded levels of toasted Enterolobium cyclocarpum (Jacq. Griseb)
seed meal (TECSM) in total mixed rations (TMR) Five diets were formulated to con-
tain TECSM at 0 (control), 10, 20, 30 and 40 % inclusion levels using 25 rams aver-
aging 11.40 ± 0.20 kg and aged 10–12 months. In a completely randomised design,
the rams were assigned to 5 treatment groups of 5 rams each, housed in individual
pens and fed their respective diet over 16 weeks. Data collected included dry mat-
ter and nutrients intake, weight gain, nutrient digestibilities, nitrogen utilisation, feed
conversation ratio, feed efficiency and haematological indices. Rams fed TECSM had
higher dry matter intakes than those fed the control diet while those fed at 20 and 30 %
levels had higher crude protein intakes. Rams fed 0 % TECSM had higher neutral de-
tergent fiber, acid detergent fiber, lignin and hemicellulose intakes (289, 172, 80 and
110 g d−1). Nutrient digestibilities were significantly higher (p < 0.05) in rams fed
TECSM at 30 and 40 % levels than others but the two treatments were similar. Rams
fed 30 % TECSM had improved (p < 0.05) feed conversion ratio and feed efficiency.
The glucose level was highest in the blood of rams fed 30 % TECSM (112 mg dl −1),
but total protein, albumin, globulin and cholesterol levels were similar (p > 0.05) in
all the treatments. Incorporating TECSM in TMR is a promising feeding strategy
especially during the dry season when there is scarcity of high quality forages and
when grazing resources are limited. It is recommended that TECSM could be used
as a plant protein source in TMR for small ruminants up to 30 % inclusion level for
optimum performance.

Keywords: Digestibility, haematology, nitrogen utilisation, performance, voluntary
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Development of a Semi-Synthetic Diet for Mass Production of the
Edible Desert Locust Schistocerca gregaria Forskål (Orthoptera:

Acrididae)
PHILIPP STRAUB1,3, ISAAC OSUGA2,1, CHRYSANTUS MBI TANGA1, WILHELM

WINDISCH3, SEVGAN SUBRAMANIAN1

1Intern. Centre of Insect Physiology and Ecology (icipe), Plant Health Division, Kenya
2Kenyatta University, Department of Animal Science, Kenya
3Technical University of Munich, Chair of Animal Nutrition, Germany

Due to a fast-growing world population, demand for food, especially high quality
protein is increasing drastically. Insects as human food and feed supplements for an-
imals is emerging as a potential option. Desert locust, Schistocerca gregaria Forskål
is one among the edible insectsconsidered. Currently communities consume desert
locusts when they swarm. Mass-rearing protocols for desert locust under laboratory
conditions, based on natural or half-synthetic diets such as wheat seedlings or fresh
grass are widely available. However this requires constant supply of these substrates
which makes the systems more sensitive to fluctuations. Hence there is a need to stan-
dardise alternative, storable food substrates that are readily available. In this regard,
the effects of different, dried and therefore storable feeding substrates on growth and
development of the desert locust was assessed. Five different formulations of feeding
substrates were used in the study: Feed A: cornmeal + cowpea leaf powder (50:50);
Feed B: corn stover powder + soybean powder (50:50); Feed C: cornmeal + cow-
pea leaf powder + carrot powder (40:40:20), supplemented with multivitamins; Feed
D: corn stover powder + soybean powder + carrot powder (40:40:20), supplemented
with multivitamins; Feed E: cowpea leaf powder + soybean powder + carrot pow-
der (40:40:20), supplemented with multivitamins. Increase in biomass of locust was
monitored at 3-day intervals. Although all animals started to feed on all diets, diet B
ended up in complete mortality until day 14. With diet C only a few animals survived
until the end of the study with low individual weight gain. Diet A resulted in good
individual body weight gain, however associated with high varying survival rates, up
to complete mortality within individual cages. Diet D and E performed well with diet
D being superior compared to all other diets regarding feed consumption, individual
body weight gain, development rate and survival rate. Hence, a protein rich diet com-
prising of soybean and cowpea leaf powder, supplemented with carrot powder and a
source of multivitamins proved to be an effective storable food substrate for locust
rearing. We anticipate that these findings will lead to further efforts to refining mass
rearing protocols for locust.
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Nutritional Characteristics and Quality of Eggs from Laying Hens
Fed Diets Supplemented with Different Oils Produced in Romania
ELENA NARCISA POGURSCHI1, MONICA PAULA MARIN1, CARMEN GEORGETA

NICOLAE1, MARIUS MAFTEI1, MELANIA FLORINA MUNTEANU2, DANA
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1University of Agronomic Sciences and Veterinary Medicine (USAMV), Fac. of Animal
Sciences, Romania

2Vasile Goldis Wester University of Arad, Fac. of Pharmacy, Romania
3Carol Davila University of Medicine and Pharmacy, Romania

By the present work, we proposed to assess the nutritional characteristcs and quality
of eggs from laying hens fed diets supplemented with different types of oils produced
and marketed in our country, oils with low price, respectively soya bean oil, sunflower
oil and rapeseed oil. The study was performed with 729 laying hens 33 week-old be-
longing to ROSO/SL/2000 hybrid. The hens were alloted to 3 groups, each group
received isonitrogenous diets for a period of 10 weeks. Experimental diets were in-
cluded: 1) 7.74 % soya bean oil, 2) 7.92 % sunflower oil, 3) 7.83 % rapeseed oil. The
energy content of diets were: 1) 11.69 MJ ME/kg, 2) 11.85 MJ ME/kg, 3) 11.67 MJ
ME/kg, whereby these differences were supposed to not influence the expected re-
sults. Egg weight, fatty acid composition of yolk, polyunsaturated fatty acids n-3,
n-6 and their ratio were determined. The inclusion of soya bean oil, sunflower oil
and rapeseed oil in the diet of laying hens had no significant effect on egg weight.
The fatty acids profiles of yolk were affected by experimental diets. The sunflower
oil and soya bean oil increased linoleic acid content in egg yolk. The higher level of
omega-3 polyunsaturated fatty acids in egg yolk was observed in laying hens wich
received soya bean oil in their diet. The omega-6 polyunsaturated fatty acids of egg
yolk significantly decreased for laying hens wich received rapeseed oil (p<0,05). It
was found that the soya bean oil group had higher ratio of unsaturated to saturated
fatty acids compared to other groups. Lower ratios of n-6 to n-3 fatty acids were also
found in the egg yolk of the soya bean oil group. Taken togeter, these results sug-
gest that egg weight is not affected by the presented oil sources, whereas fatty acid
contents and profiles are directly affected.
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Response of two Broiler Strains to Different Dietary Levels of
Vitamin C During Summer

MOHAMED AHMED1, MAZEN ALI2, OMAR SALLAM2
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2University of Aden, Dept. of Animal Production, Yemen

This experiment was conducted to investigate the responses of two broiler strains Ross
308 and Cobb 500 to 4 levels of vitamin C (0, 150, 200 and 250 mg per 1 kg feed).
One hundred and twenty one-day-old chicks of each strain were used in this study.
The experiment was extended for 6 weeks, during which starter feeds were fed for
the first 3 weeks and finisher feeds were given there after. The experiment was con-
ducted in an open-sided house at Khanfar area, Abyan district (Yemen). Birds were
randomly assigned to the treatments with 3 replicates of 10 birds each. Weekly body
weight, feed intake, body weight gain, feed conversion ratio (FCR), production yield
kg m−2 and carcass characteristics were recorded. In addition some physiological
parameters (body temperature, red blood cells and hemoglobin), heterophil, lympho-
cyte, lymphocyte heterophil ratio, serum protein, serum uric acid, serum glucose and
serum cholesterol were also studied. A split-plot design was used in which 2 main
plots (strains) were fed the 4 levels of vitamin C as sub-plots. Data were analysed by
the general linear model (GLM) procedure; Duncan’s multiple range test was used to
compare the treatment means. The results revealed that Cobb 500 was significantly
(p≤ 0.05) superior to Ross 308 in terms of body weight, feed intake, body weight gain,
FCR and dressing percentage. However, Ross 308 showed significantly (p≤ 0.05)
higher relative weights of heart, liver and gizzard than Cobb 500. With the increas-
ing levels of vitamin C, live body weight, FCR, livability and production yield were
significantly (p≤0.05) improved. Moreover, feed intake was numerically increased at
250 versus 0 mg vitamin C. Strain had no significant (p > 0.05) effect on body tem-
perature. Nevertheless, supplementation with 200 mg vitamin C/kg feed significantly
(p≤ 0.05) reduced body temperature compared to 0 and 250 levels. Supplementation
with different levels of vitamin C significantly (p ≤ 0.05) increased serum protein
compared to unsupplemented chicken. Serum uric acid was significantly (p≤ 0.05)
reduced at 200 and 250 mg vitamin C versus control.
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The Effect of Sea Buckthorn (Hippophae rhamnoides L.) Fruit
Residues on Performance and Egg Quality of Laying Hens
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This experiment was conducted at the ITP (International Testing of Poultry) in Ús-
trasice, Czech Republic. 1440 eighteen weeks old pullets Isa Brown were divided
into two groups of 720 hens and each of them had 24 subgroups (30 hens each). The
aim of this experiment was to study the effects of sea buckthorn fruit residues on hen
performance and quality of eggs. The experimental group was fed diets in which 5 %
of the wheat was replaced by sea buckthorn fruit residues. The control group was
fed diets without any colour additives. Egg production and intensity of laying hens
were evaluated in seven periods, from 127 to 322 days of age. In our study significant
effects (p ≤ 0.05) of sea buckthorn fruit residues on total number of laid eggs and
egg yolk colour were detected. However, no effect of sea buckthorn was found on
hen performance or egg quality including egg weight, yolk weight, eggshell strength,
shape index of egg, eggshell thickness, Haugh units, eggshell colour, blood spot, and
albumen weight proportion.
Results of our study suggest that the replacement of 5 % of the feed wheat with sea
buckthorn fruit residues significantly increases the total number of laid eggs as well
as the egg yolk colour (being darker), which is favoured by consumers. The other
qualitative characteristics of eggs and of performance did not differ. However, further
studies on the effect of sea buckthorn are needed.
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Impact of Dietary Sodium Diformate on Layer Performance and
Health under Farm Conditions in Nigeria

CHRISTIAN LÜCKSTÄDT

ADDCON, Germany

Microbiological integrity of eggs is an important issue, while bacterial pathogens in
feed and environment of layer units can have serious consequences for bird health
and productivity, especially in tropical regions, where higher environmental tempera-
tures and humidity allow pathogens to thrive. Organic acids have long been used in
animal nutrition to stabilise feed and enhance animal performance. Early studies on
these additives were carried out in pig production; however they have been increas-
ingly adopted in the layer industry since the early 1990’s. Sodium diformate (NDF)
has been widely used in poultry production in tropical areas since 2009. However,
its impact under layer production systems in Africa was yet to be thoroughly investi-
gated. This formed the impetus for the current study — a commercial trial in Nigeria.
Here, the impact of 0.3 % dietary NDF on performance and health in laying hens from
55 weeks of age was studied over a period of eight weeks. The treatment and con-
trol groups (1050 birds per group) each received a commercial layer diet throughout
the trial. Feed intake over the trial period was lower in the birds that received the
NDF diet (119 v. 122 g per bird and day; p < 0.001), while hen day egg production
improved over the same period (85.9 v. 77.7 % in NDF and control groups, respec-
tively; p < 0.001). The average number of eggs laid over the experimental period was
57,518 in the group given the NDF diet, compared to only 51,047 in the control group
(p < 0.001). At the end of the trial, total egg weight was 3510 kg in the NDF group,
compared to 2910 kg in the controls, although due to the collection method, no statis-
tical comparison was possible. Finally, the use of the additive led to reduced mortality
(0.7 v. 3.8 % in the NDF and control groups, respectively; p < 0.001). These data
show that sodium diformate (traded as Formi NDF) is able to improve performance
and survival rates in layers under commercial tropical conditions in Nigeria and may
thus be a viable alternative for antibiotic inclusion in feed.
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Performance and Haematology of Broiler Starter Birds Fed
Graded Levels of Gongronema latifolium (Utazi) Leaf Extract

ISAAC OSAKWE, BRIDGET NWACHUKWU, IFEOMA NNAMANI

Ebonyi State University, Dept. of Animal Science, Nigeria

The use of ethno-pharmacological plants as growth promoters in livestock has become
necessary as a result of the problems of resistant strains and residue from antibiotic
growth promoters. Gongronema latifolium has shown both bacteriocidal and bacterio-
static effects on microorganisms and this has necessitated the intention to investigate
the effect of G. latifolium extract on growth performance and haematology of broiler
birds. Ninety six Agrited day-old broiler chicks were randomly assigned to four treat-
ment groups of 24 birds, each replicated three times with 8 birds per replicate in a
completely randomised design. The groups were fed four diets. Diet 1 (T1) contained
no G. latifolium and served as the control. Diets 2, 3 and 4 (designated T2, T3 and T4,
respectively) contained 10 ml, 20 ml and 30 ml, respectively of G. latifolium extract.
The extract was produced by dissolving 100 g of the dried and milled G. latifolium leaf
in one litre of water. Thereafter 10 ml, 20 ml, and 30 ml, respectively, were decanted
and dissolved in one litre of water for the various treatments. Feed and water were
offered ad-libitum and data were collected on growth and haematological indices.
Results showed that there were significant (p < 0.05) differences in weight gain and
feed intake and no difference (p > 0.05) in haematological parameters. Birds fed T2
(10 ml) and T4 (30 ml) gained more (p < 0.05) weight (29.8 g d -1) and (29.2 g d-1), re-
spectively than birds on the control diet (27.4 g d -1). Similarly, birds fed T4 consumed
more (p < 0.05) feed (54.4 g d-1) than birds on the control and T2 diets (47.7 g d -1)
and (50.9 g d-1), respectively. There were no significant (p > 0.05) differences in feed
conversion ratio, water intake and blood parameters measured. These results showed
that 10 ml extract of G. latifolium enhanced growth performance of broiler starter
birds without any adverse effects on their blood chemistry.
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The Performance, Haematology, and Economy of Broilers Fed
Diets with Cayenne Pepper (Capsicum annuum) Meal
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Pepper, organic in nature, has been used as spice, seed preservative and a rural remedy
against livestock diseases and parasites. The effect of dietary Dried Cayenne Pepper-
DCP (Capsicum annuum) meal on the performance, haematology, and carcass traits of
broilers fed in three phases were evaluated. In a completely randomised experiment,
240 day-old broiler chicks were allotted to 4 experimental diets at the pre-starter (0 –
3rd weeks), starter (4 – 6th weeks) and finisher (7 week) phase for 7 weeks. Animals
were kept in a deep litter poultry house at 20 chicks per replicate of three. Four exper-
imental diets were formulated for each of the growth phases with 0.1, 0.2 and 0.3 %
DCP meal in diets 2, 3 and 4, respectively, while diet 1 without DCP meal served as
the control. Inclusion of DCP meal at 0.1 – 0.3 % level in broilers diet improved their
feed intake, weight gain, and efficiency of feed utilisation over birds fed no DCP. Al-
though the cost of feed, and total cost of feed intake per bird were increased, the gross
revenue, gross margin and relative gross margin were also increased in birds fed diets
with DCP meal. Optimal performance and economy of production were obtained for
broilers fed diets with 0.3 % DCP meal, were the significantly highest values were ob-
tained for weight gain, final body weight and feed efficiency. Also the highest value
for gross revenue (Naira 1869.00), gross margin (Naira 1343.60) and relative gross
margin (1.15) were obtained for broilers fed 0.3 % DCP. The haemoglobin (9.57 –
11.60 g dl-1) and mean cell hemoglobin concentration (26.91 – 32.31 %) values were
similar across diets. The blood leukocytes and platelets of broilers fed diets with DCP
meal were significantly elevated over the control. Broilers’ carcass cut and internal
organs weights were not adversely affected by DCP meal. Inclusion of up to 0.3 %
dried cayenne pepper meal in broilers’ diet improved their performance at a low cost
had no adverse effect on their carcass traits and haematology but elevated the platelets
and the leucocytes cell count as a potential blood clotting and immunity booster.

Keywords: Broiler, carcass quality, cayenne pepper (Capsicum annuum), haema-
tology, performance
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Protein Nutrition of Dairy Cows in the Tropics: Challenges and
Perspectives
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Global milk demand is estimated to grow by 25 % over the next 10 years, in particular
in tropical regions of Africa and Asia. Although the majority of dairy cows are found
there, their annual milk production is lower than in temperate systems. These low
performance result in a high demand for natural resources, low nitrogen use efficiency,
and high environmental emissions per unit of milk produced. Hence, there is a strong
need to increase animal performances in tropical dairy systems. The aim was therefore
to highlight future challenges and perspectives related to tropical dairy cattle nutrition
based on results of different trials conducted by our group in the tropics.
Rumen-degradable protein intake was adjusted to the nitrogen (N) requirements of
rumen microbes in a study in Peru with lactating cows grazing a legume-grass sward.
Lowest rumen-degradable protein intake reduced urinary N excretion and linearly
increased efficiency of N use for milk synthesis from 0.20 to 0.25 g milk N/g N intake.
Moreover, a study conducted in El Salvador showed that a tropical legume silage
(Jackbean) can replace 55 % of crude protein from soybean in diets of dairy cows
without any negative effects on milk yield, while increasing N use efficiency from
0.13 to 0.15 g N/g N intake. In this line, common methods to estimate metabolisable
energy concentrations in ruminant feeds do not appear to be valid for tropical diets,
and results of a study with heifers show that estimated efficiency of rumen microbial
protein (MCP) synthesis is lower (5 g MCP/MJ ME intake) than values published in
the literature for temperate cattle diets (10.1 g MCP/MJ ME intake), hampering the
adjustment of N intakes to actual requirements of rumen microbes and their host.
Evidence exists of the potential to increase resources use efficiency by tropical cattle,
therefore further research is needed to develop and validate scientific methodology
for an accurate evaluation of the nutritive value of tropical ruminant feeds. Moreover,
differences in rumen protein turnover and protein requirements should be quantified to
adjust rumen-degradable protein intake to actual requirements, and to thereby enhance
N use efficiency in dairy feeding.
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In vitro Rumen Fermentation of Sauropus androgynus (L.) Merr.
Compared to Hays of Different Quality
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Katuk leaves (Sauropus androgynus (L.) Merr) have a high crude protein (CP) content.
Supplementing Katuk leaves to lignified forages, e.g., crop residues that are low in
metabolisable energy and CP will increase the nutritional value of the feedstuffs.
The main objectives of this study were to evaluate the chemical composition, the
estimated metabolisable energy (ME) and net energy for lactation (NEL) values of
Katuk leaves and to evaluate the effect of blending Katuk leaves with hay of differing
quality on in vitro rumen fermentation using an in vitro gas production technique,
namely the Hohenheim gas test (HGT).
Variation in the chemical composition was observed among feedstuffs at 45.3 g kg -1

DM (hay low quality) to 333 g kg-1 DM (Katuk leaves) for CP, 56.3 g kg-1 DM (low
quality hay) to 111 g kg-1 DM (Katuk leaves) for ash, 3.6 g kg-1 DM (low quality hay)
to 30 g kg-1 DM (high quality hay) for ether extract. The greatest fibre (aNDFom)
value was 700 g kg-1 DM (low quality hay). Low quality hay had the highest value
of lignocelluloses (ADFom, 450 g kg-1 DM) and Katuk leaves had the lowest ADFom
value (192 g kg-1 DM). Low quality hay had also the highest content of lignin (ADL,
33.9 g kg-1 DM).
Net gas production value of feedstuffs was found between 15.8 and 54.2 ml/200 mg
dry matter (DM). The estimated ME and NEL contents of feedstuffs ranged from 7.57
to 10.34 MJ kg-1 DM and from 4.32 to 6.27 MJ kg-1 DM, respectively. Using another
equation to estimate ME values, similar results were observed with values ranging
from 7.02 to 11.43 MJ kg-1 DM. Overall, according to chemical composition, in vitro
gas production and resulting ME and NEL estimation, the mixture of high quality hay
with 20 % of Katuk leaves was the best blend in terms of nutritive value for ruminants.

Keywords: Chemical composition, gas production, katuk leaves, metabolisable
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Cattle Production under Grazing with Improved Forages in the
Lowland Tropics of Colombia
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The increase in global population and changes in people’s lifestyles and diets during
the last years have generated a high demand for animal protein sources. In Colom-
bia, most of the area dedicated to livestock production is managed under extensive
and inefficient production systems. The International Center for Tropical Agricul-
ture (CIAT) is working on the sustainable intensification of livestock systems through
improving their efficiency and productivity while mitigating negative environmental
effects such as deforestation, and greenhouse gas emissions. A critical pathway to
achieve sustainable intensification of livestock systems is through the selection and
breeding and subsequent adoption of improved forages, which can either be used as
stand-alone technology or be part of a (e.g., silvo-pastoral) system. Silvo-pastoral
systems have shown excellent results in terms of higher biomass production, better
nutritional quality, positive environmental effects and higher animal stocking rates.
At CIAT’s headquarters in Colombia, we evaluated the live-weight gains (kg/ha) of
twelve steers (age: two years) randomly distributed in three groups, applying one
grazing treatment to each group. The three treatments under evaluation were: T1 -
Brachiaria Hybrid, CIAT BR02/1752 cv. Cayman, T2 - cv. Cayman plus Canavalia
brasiliensis CIAT 17009, and T3 - cv. Cayman plus C. brasiliensis CIAT 17009
plus Leucaena diversifolia ILRI 15551. In an experimental block design, each treat-
ment was applied on plots of 3,300 m2 with three repetitions during a period of seven
months.
The highest average live-weight gains were observed for T3 (552 kg ha -1), followed by
T2 (392 kg ha-1) and T1 (227 kg ha-1), respectively. This suggests stocking rates (LU =
450 kg) of 2.5 (T1; 1,104 kg ha -1), 2.7 (T2; 1,219 kg ha-1), and 3.2 (T3, 1,423 kg ha-1)
animals per hectare, respectively. Multiple comparisons with Duncan and Turkey
tests show significant differences among the three treatments, with T3 being the best
performing (p ≤ 0.05), followed by T2 and T1.
The results suggest that multi-strata silvo-pastoral systems, such as the one evaluated
in T3, can be an excellent alternative for improving the productive parameters of the
cattle sector and in addition to that, can provide valuable environmental benefits.
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Increasing Milk Production Using Dormant Alfalfa (Medicago
sativa L.) in the Peruvian High Plain (Puno)
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Cattle production in Puno is the main economic activity in the region. Puno is the
fifth milk producer in Peru and dairy has been developing at a fast rate during the last
decade. An interesting alternative implemented within the last years by regional and
NGO’s initiatives includes the introduction of dormant alfalfa, a cultivar adapted to
high altitude (4000 m a.s.l.) and extreme cold weather conditions. Particularly alfalfa
W350 with a dormancy type of 3.8 is able to survive under harsh climate conditions,
remaining dormant (May - October) to then start growing again during the rainy sea-
son from November to April. This study was conducted with a semi-structured survey
comprising 24 dairy producers from 7 districts in the provinces of Puno, Huancane,
Lampa and Melgar. The aim of the study was to identify the milk cost of production
and the main components of dairy farms in a system using alfalfa as the main forage.
SPSS software was used and generated three groups by size. Milk production cost
were 0.27, 0.24 and 0.23e l -1 for the small, medium and large producer, respectively.
The average milk production per cow was 8.0, 9.9 and 10.2 l d -1for the small, medium
and large scale farms. There is a difference between the proportion of lactating cows
for differently sized farms with 39, 33 and 47 % for small, medium and large dairy
producers. The main cost components in milk production are labour and feeding with
44 and 39 %, respectively. The cost of milk production in Puno where dormant alfalfa
is used as pasture forage was less in comparison with the intensive system developed
on the Peruvian coast around Lima or Arequipa. Results show that the use of dor-
mant alfalfa can help dairy producers in the High Plain to provide food security and
increase family income.
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Diet Selection and Ingestive Behaviour of Lambs Fed Diets with
Increasing Levels of Whey Permeate
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The selection of feed by ruminants may have an impact in their productivity due to
the nutritional value of the different diets, changing the time spent in feeding and ru-
mination, and the size of ingested particles. The aim of this study was to evaluate
the diet selection and ingestive behaviour of lambs fed diets with levels of dry whey
permeate (WP) during different times along the feedlot period. Twenty four crossbred
½ Dorper×½ Santa Inês non-castrated male lambs with four months of age and 24
± 3.2 kg body weight were used. A completely randomised design with six replicates
was used. The WP replaced ground corn in the diet (0.0, 5.0, 12.5 and 25.0 % of dry
matter (DM)). Lambs were fed ad libitum for 90 days with diets composed of Cyn-
odon dactylon hay (64 % DM) and concentrate feed (36 % DM). We measured the
time of feeding, rumination and idling, and the average particle size (APS) of left-
overs, at 9, 37, 71 and 86 days of feedlot. Data were analysed in a mixed model with
fixed effects being WP, feedlot time and their interactions (5 % significance). There
was no interaction between WP and feedlot time. Comparing days 9 and 86, there
was an increase in large particles (37.11 vs. 55.87 %) and decrease of small particles
(16.32 vs. 4.90 %) in the leftovers. It’s likely that selection is related to higher ener-
getic demand of finishing lambs compared with the ongoing rumen development of
young lambs. Intake of large particles is usually a natural way to stimulate the rumen
motility. Feeding was higher at day 9 (342 min) than at day 37 (289 min), reflecting
the time demand for large particles. This is also supported by the higher rumination at
day 9 (587 min) than at day 37 and day 86 (533 min on average), which is in line with
the lower APS at day 9 (8.98 mm) compared to day 86 d (14.67 mm). The behaviour
and the diet selection demonstrate how lambs change their feeding patterns, and that
the substitution of corn by WP does not affect this process in feedlot conditions.
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Feeding of Dairy Cows, Beef Cattle and Pigs in Peri-/Urban
Agriculture in Ouagadougou, Burkina Faso
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Urban and peri-urban livestock keeping serves socio-economic functions and has positive ef-
fects on food security. But livestock keepers in cities often face lack of feed, and feeding
therefore accounts for the most important variable costs of their activity. As quantitative data
on peri-/urban feeding strategies remain scarce, the present study tried to help filling this gap.
Within the BMBF-funded UrbanFoodPlus project (GlobE 03/A242-A), feeding strategies were
monitored in 10 visits between 11/2014 and 03/2016. Twenty-one farms representing the di-
versity of production systems in Burkina Faso’s capital Ouagadougou were selected. Data was
collected, inter alia, on individual feed intake and live weight (LW) development of 1091 ani-
mals.
Apart from three completely pasture-based ruminant farms, all other farms practiced homestead
feeding. Additionally, animals were only sent for grazing by one, one and three farmers during
early dry, late dry and rainy season, respectively.
In terms of quantity of feed offered (on dry matter basis - DM), beef cattle predominantly
received roughages and crop by-products (90%), in particular cereal straws (18 %), grass hay
(19 %), residues from corn milling (31 %) and brewers’ grains (13 %). Dairy cattle were also
fed roughages (58 %), particularly grass hay (23 %), and a substantially higher share of protein
plus energy feeds (41 %). These comprised commercial dairy concentrate (24 %), corn milling
residues (12 %) and brewers’ grains (11 %). Pigs were mainly fed with brewers’ grains (44 %),
corn milling residues (28 %) and commercial concentrates (14%), corresponding to a 62 % and
34 % share of the concentrates and roughages.
Feed intake (g DM kg-0.75 LW) during homestead feeding of beef cattle averaged 97 ± 24
as compared to 73 ± 50 for dairy cattle. Pigs were in most cases exclusively stall fed and
consumed 99 ± 63 of feed.
The data shows that long-term on-farm monitoring allows for credible insights into farmers’
feeding practices; it points to a high variability in their strategies, which are partly determined
by seasonal fodder availability and prices. Further analyses will allow comparing nutrient and
energy intake of the animals to their performances and thus conclude on resources use effi-
ciency.

Keywords: Animal nutrition, beef, Burkina Faso, cattle, dry matter intake, pig, urban and
peri-urban agriculture
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Given their high nitrogen concentration and low costs under smallholder conditions, sweet
potato vine silage (SPVS) and urea-molasses blocks (UMB) are recommended as alternative
supplementation for ruminants in tropical regions.
This study used a 3× 2 Youden square design to investigate SPVS and UMB supplementation
using 6 crossbred Holstein-Friesian×Boran heifers of 153 ±16.9 kg body weight (BW). An-
imals were stratified by BW and allocated to 3 diets, with the basal diet (BD) being offered
ad libitum (at 2 % of BW) and consisting of 61.4 % wheat straw and 38.6 % Rhodes grass hay
(on dry matter basis - DM). Diet SPVS contained 80.4 % of BD plus 19.6 % of SPVS and diet
UMB was identical to diet BD but animals had ad libitum access to licking blocks containing
molasses (35 %), CaHPO4 (19 %), urea (10 %), NaCl (10 %) and cottonseed meal (5 %). Quan-
titative and qualitative data on feed intake and fecal excretion was collected during two 7-day
experimental periods; methane emission was determined during 3 days of respiration chamber
measurements. Both experimental periods were preceded by 21 days of adaptation to the di-
ets. Samples of feed offered, refused and of feces were analysed for proximate composition
following standard protocols. Data was tested for normality and subjected to the mixed model
procedure of SAS with diet as fixed and animal as a random factor.
Heifers on SPVS had a higher (p < 0.05) intake (g kg-0.75 BW d−1) of crude protein (6.9 ±1.71)
than those offered UMB (5.0 ±0.36) and BD (5.6 ±0.39), whereas there was no treatment
difference (p > 0.05) in organic matter (OM) intake (63 ±9.7) and OM digestibility (518 ±20.4
g kg−1). Daily CH4 emissions were not different (p > 0.05) between diets when expressed per
animal or per kg OM intake. However, when expressed per unit of digested feed (liters kg−1

DOM), CH4 emissions were lower (p < 0.05) in group SPVS (112 ±17.5) as compared to
UMB (130 ±4.1) and BD (129 ±14.1).
We conclude that a supplementation with about 20 % SPVS in the diet DM slightly improves
nitrogen intake and decreases enteric methane emission in cattle on poor quality roughage
feeds.
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Supplementation of low-quality roughages with sweet potato vine silage (SPVS) or urea-molasses
blocks (UMB) is considered to improve livestock production by enhancing microbial fermen-
tation in the rumen and thereby nutrient and energy supply to the host.
A 3×2 Youden square design was used to test the effects of SPVS or UMB supplementation
on nutrient intake, nitrogen (N) balance, and ruminal synthesized microbial N during two ex-
perimental periods with each 21 d of adaptation and 7 d of total urine and feces collection.
Six Holstein Friesian-Boran crossbred heifers with a body weight (BW) of 153 kg (standard
deviation [SD] 16.9) were allotted to three groups of two animals each. Animals were fed in-
dividually with a basal diet alone or supplemented with SPVS (basal diet + SPVS [2.5 % BW,
as-fed basis]) or UMB (basal diet + UMB [ad libitum]). The basal diet consisted of 61.4 %
wheat straw and 38.6 % Boma Rhodes hay (on dry matter [DM] basis) and was offered at 2 %
of BW (as-fed basis).
Daily DM intake and digestibility of DM did not differ between diets (P > 0.05). Mean daily
DM intake and digestibility of DM were 3.1 kg d-1 (SD 0.6) and 50.3 g/100 g DM (SD 3.1),
respectively. Similarly, there were no differences (P > 0.05) in daily N intake (41.4 g d-1 [SD
8.9]) or daily urine N (19.8 g d-1 [SD 4.4]) and fecal N (26.7 g d-1 [SD 5.1]) excretions of heifers
fed the three diets. Nitrogen balances were negative for all diets, but less in heifers consuming
SPVS (-2.7 g d-1) compared with those receiving the basal diet alone (-6.2 g d-1; P = 0.02)
or supplemented with UMB (-7.2 g d-1; P = 0.01). Urinary purine derivatives excretion and
estimated ruminal synthesized microbial N were not affected by diet (P > 0.05). Urinary purine
derivatives excretion and estimated duodenal microbial N flow were 42.6 mmol d-1 (SD 11.7)
and 22.2 g d-1 (SD 9.4), respectively.
The increased N balance in heifers consuming SPVS clearly indicates that supplementation
of a low-quality roughage diet with SPVS can improve nutrient utilisation and thus ruminant
production in the Tropics.
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In Pakistan, oxytocin is being used extensively in buffalo for milk let-down especially
near terminal lactation when it refuse to accept calf for milk let-down. Therefore,
exogenous oxytocin is an alternative of calf suckling and the main solution of buffalo
milk letdown for dairy farmers but at same time it may be cause of erratic estrous
cycle and infertility. Hence, a study was designed to know the effect of different con-
centration of oxytocin on follicular dynamics and milk contents in Nili-Ravi buffalo.
Eight experimental buffaloes were synchronised with single injection of PGF2 after
ultrasonography. Daily single injection of oxytocin to each animal was 15, 30 and
45 IU, respectively while the control was injected with normal saline for 100 days.
Ultrasonography was done thrice a week to monitor follicular dynamics during whole
estrous cycle. Milk (n=400) was collected and analysed for its contents analysis with
milkoscan. Results revealed that size of dominant follicle on left ovary was remark-
ably different in 30 IU and 45 IU of oxytocin treatments compared to 15 IU and the
control, and the number of large follicles was significantly (p < 0.05) different from
control and 15IU. Large follicles were lowest in number at 45 IU. On the right ovary,
total follicles and small follicles counts were considerably (p < 0.05) higher in 45 IU
than 0 IU, 15 IU and 30 IU while sizes of dominant follicles were different signifi-
cantly (p < 0.05) in 0 IU, 30 IU and 45 IU. Medium and large follicles disclosed same
trend in all treatments. Among the milk contents, percent fat increased significantly
(p < 0.05) at the peak dose (45 IU) while solid non-fats, density, lactose, protein,
solids, freeze point and pH decreased with respect to the control. It was concluded
that oxytocin had limited effect on follicular dynamics with lowest counts of medium
follicles in all treatments. Further, it was confirmed that milk fat increased with the
increase in oxytocin application.
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Performance of Weaned Rabbit Bucks Fed Graded Levels of
African Yambean in Cassava Peel Meal-Based Diets
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A total of 40 crossbred weaned rabbit bucks with an average initial body weight of
634± 1.50g were used to study the effects of dietary inclusion of graded levels of
African yambean (AYB) in cassava peel meal (CPM) based diets on performance.
Phytochemical screening of the AYB (raw and processed) and CPM was carried out.
Four experimental diets were used in this study containing graded levels of AYB
ar (0, 10, 20 and 30 percent) respectively with CPM fixed across the treatments at
25 percent. The rabbits were divided into 4 treatments; 10 rabbits per treatment,
each serving as a replicate and were randomly assigned to the experimental diets in
a completely randomised design (CRD). The rabbits were managed based on stan-
dard experimental procedures. Feed and water were given ad ibitum. Blood samples
for serum biochemical and haematological indices were collected before and after
the feeding trial. Data on growth performance and linear body measurement were
recorded. The calcium and globulin were significantly different across treatments
(p < 0.05) for the initial and final blood analysis. Serum cholesterol was reducing
as the level of AYB was increasing. Results of growth performance were signifi-
cantly different (p < 0.05) for final weight, total weight gain and feed conversion
ratio (FCR) while total feed intake was not significantly different (p > 0.05). Dressed
weight showed significant difference (p < 0.05) between treatments. Mean score for
sensory evaluation of palatability and acceptability of rabbit meat showed significant
difference (p < 0.05) between the two processing methods (scalding and singeing).
Colour, flavor, taste and overall acceptability of scalded carcass did not have any sig-
nificant effect (p > 0.05) while singed carcass significantly differed in texture, flavor,
appearance and overall acceptability compared to scalded carcass. The economics of
production showed
that though diet with 30 percent AYB had the least cost/kg diets with higher FCR.
Feed with 20 percent AYB inclusion level did not record adverse effect on the per-
formance characteristics. From this study, AYB can be included up to 20 percent
level with cassava pee; meal for weaned rabbit bucks without adverse effects on their
performance, blood characteristics and cost of production.
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Feed supplements enhance productivity by supplying deficient micronutrients forages. There
are problems with compounded feeds in Uganda. This study studied the factors that affect pro-
duction, supply and quality of compounded feeds. A total of 87 actors in the compounded feeds
value chain were interviewed. They included raw material suppliers, agro-industrial processors,
feed producers, feed traders, service providers and consumers. Results showed that the concen-
trate feeds supply chain is complex, involving several actors. The large scale feed producers
supply chains are longer and complex. They are mainly based in Kampala and other bigger
towns and have supply networks to rural and peri-urban areas. They produce 20 % of the feeds
used of farms. The feed supply chains involving small scale producers are shorter and simpler.
The small scale producers are present in urban, peri-urban and rural areas. They ‘tailor make’
feeds for small scale farmers according to their needs. They produce 80 % of compounded
feeds used on farms. Actors identified weak enforcement of national feeds regulation policy as
the main reason for poor quality supplement feeds on the market. Farmers attributed this to the
current low milk yields on farms. Most farmers have resorted to formulating homemade feeds
despite glaring lack of technical knowledge and skills. As a result, only 13 % of interviewed
farmers reported using compounded feeds. Use of supplementary feeds is positively though
not significantly correlated with milk production. The commonly used feed supplements were
maize bran (75.8 %), dairy meal (15.2 %) and homemade rations (6.1 %). Some 4.1 % of farm-
ers use brewers waste. Farmers do not use calf pellets. The average price per kg of commonly
use feed supplements were USD 0.14 for maize bran, USD 0.33 for dairy meal and USD 0.15
for homemade rations. Feed testing facilities are costly and inaccessible to value chain actors
in Uganda. There is no feed manufacturers association to champion issues in the feed industry.
These factors have greatly affected production and supply of quality livestock feeds required
to boost animal productivity. There is urgent need to establish a feed manufacture education,
training and self-regulation and accreditation system in the industry.
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Tannins and soybean oil are available as feed supplement to ruminants in the semi-arid
region of Brazil and potentially change the degradability of nutrients and gas produc-
tion. The aim of this study was to evaluate the influence of diets with condensed tannin
(CT) and soybean oil (SBO) supplementation on in vitro gas production, degradabil-
ity and ruminal fermentation characteristics. The inclusion of CT and SBO replaced
equal amount of concentrate in dry matter basis. Treatments were T1 = 60 % elephant
grass + 40 % concentrate (control); T2 = 60 % elephant grass + 37 % concentrate +
3 % CT (Weibull); T3 = 60 % elephant grass + 35 % concentrate + 5 % SBO; T4 =
60 % elephant grass + 32 % concentrate + 3 % CT (Weibull) + 5 % SBO. The gas
production was decreased with inclusion of CT (104 ml g−1) and SBO (111 ml g−1),
with significant interaction between the two supplements (99 ml g−1) compared to
control (128 ml g−1). The effective DM degradability was also reduced to inclusion
of CT (31.0 %) and CT-SBO (33.8 %) compared to control (38.4 %). The potential
degradability of CP was lower due to SBO (73.5 %) and CT-SBO (80.3 %) inclusion,
but higher in NDF potential degradability (71.4 %) than control treatment (84.9 % to
CP and 63.8 % to NDF). In terms of effective degradability, CT was the supplement
which presented most regular pattern to decrease the degradability of DM, CP and
NDF. The effective interaction of supplements is dependent on the type of the nutri-
tional parameter under evaluation. The SBO was the supplement with wider effect on
ruminal fermentation, increasing the pH (6.58 vs 6.50) and NH 3-N (19.5 vs 13.9 ml
l−1 of rumen liquid) in comparison to control. The supplements can be regarded as
effectives to control the degradability of nutrients and gas production.
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National greenhouse gas (GHG) inventories in most developing countries, and in sub-
Saharan Africa (SSA) in particular, use default GHG emission factors (EF) provided
by the IntergovernmentalPanel on Climate Change (IPCC) to estimate methane (CH 4)
emissions from livestock – a so-called Tier 1 approach. Due to the fact that these EFs
are based on data primarily collected in developed countries in the Northern Hemi-
sphere, there is a high degree of uncertainty associated with CH 4 emission estimates
from African livestock systems. Accurate Tier 2 GHG emission reporting from de-
veloping countries becomes particularly necessary following the Paris Climate agree-
ment after COP21. Following this need, the objective of this study was to derive
region-specific enteric EFs using Tier 2 methodology for cattle under smallholder
livestock production systems in Kenya. Data on cattle characteristics and perfor-
mance was collected from 127 households in 36 villages within three agro-ecological
zones (AEZ) in Nandi County, over the duration of one full year. Live weight (LW),
growth, milk yield, milk quality and calving were recorded for 1,146 cattle that were
grouped by sex and maturity. Analysis of representative feed samples was performed
to estimate dry matter digestibility (DMD) of the available feed for each of the AEZs
and seasons. DMD ranged from 52–66.6 % (x=62.0 %). Dry matter intake (DMI)
was derived from estimated total energy requirement. DMI and DMD were used to
calculate daily methane production using a newly available CH 4 conversion factor to
create new region specific EFs.
Enteric CH4 EFs were: 39.9, 48.5, 30.6, 36.1 and 31.6 kg CH 4/head/year for ma-
ture females, mature males, heifers, steers and calves respectively, the herd weighted
mean being 36.5 kg which is substantially lower than the IPCC’s Tier 1 estimates for
unspecified African adult cattle.
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It is well recognised in ruminants that as intake decreases, nutrients absorption effi-
ciency increases. However, studies conducted on animals fed at below Maintenance
Energy Requirements (MER) are inconclusive, with some showing an increase, some
no change and some even a decrease in apparent total tract digestibility.
To investigate the effects of feeding level on energy utilisation efficiency and en-
teric methane production, a feeding trial was conducted using Boran steers (n=12,
LW=183.3±4.3kg [SE], age=18 mo). In a randomised block design, steers were fed
at 120 %, 100 %, 80 % or 60 % of calculated MER a diet composed mainly of chaffed
Rhodes grass hay (dry metter [DM]: 906.5 g kg -1; organic matter [OM]: 915.2 g kg-1;
crude protein [CP]: 57.7 g kg-1 neutral detergent fibre [NDF]: 729.3 g kg-1; metabolis-
able energy [ME]:8.3 MJ kg-1) for 35d including a 14d adaption period. One sixth of
the total energy for the 120 % treatment group was fed in a 48:52 cottonseed meal
: molasses mixture. Intakes, refusals, faecal and urine output, and enteric methane
production were measured. Statistical significance was set at p < 0.1.
Gross energy intake (GEI; MJ/d) differed between treatments (p < 0.02), but di-
gestible energy intake (DEI; MJ/d) did not differ (p = 0.24) in the 120 % and 100 %
MER treatments, but were greater than the intakes for the 80 % and 60 % MER groups
(p < 0.03). Level of intake did not affect OM or CP digestibility (p > 0.54 and
p > 0.38, respectively). Energy losses through faeces were 44 % of GEI, methane;
8.1 and urinary losses; 2.1 % but these did not differ from one treatment to another.
Methane yield (MY) were 24.1, 23.7, 27.0 and 29.64 (± 1.1 PSEM) CH 4 g per kg
DMI for the 120%, 100%, 80% and 60% groups, respectively, with the 60% treat-
ment group being significantly different from the 100% treatment group (P=0.09).
The lower DEI and higher energy losses in form of methane emissions at intakes
below MER in the present study indicate that energy utilisation in cattle fed below
maintenance is not improved and that MY actually increases in cattle fed at low levels.
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The search for alternatives to prophylactic synthetic antibiotic use in weaned pigs
due to stress related challenges continues to attract the attention of researchers world-
wide. Experiments on-field and in-lab were conducted to determine the effect of crude
polysaccharides extracted from dietary Astragalus membranaceus (APS) on weanling
pigs. We also determined the changes in the growth performance, nutrient digestibil-
ity, intestinal morphology and immune response. A total of 40 crossbred weanling
pigs aged 28-35 d at an average initial live weight of 8.68 kg were used in the in-
vestigation. The experiment was arranged in a completely randomised design with
5 treatments: namely control; AGP chlortetracycline 150 mg kg -1, APS 200 mg kg-1,
APS 400 mg kg-1 and APS 800 mg kg-1. Treatments were replicated four times with
2 pigs per pen over a 28 d experimental period. An experimental diet of corn and
soya was formulated according to USA National Research Council nutrient require-
ments. There were no significant differences in average daily feed intake, average
daily gain and gain to feed ratio although modest numerical gains were recorded. APS
significantly improved the percentage apparent nutrient digestibility. Hematological
analysis on day 14 and at the end of the experiment revealed significant increases in
leukocytes, lymphocytes, and blood platelet count but not on number of erythrocytes.
Evaluation of serum concentrations of immunoglobulin cytokines interleukin 4, inter-
leukin 6, interleukin 10 and interferon-gamma revealed no significant differences in
the serum concentrations. Dietary supplementation of crude polysaccharides isolated
from Astragalus membranaceus could be an alternative to replace antibiotic growth
promoters under smallholder conditions.
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1Jomo Kenyatta University of Agriculture and Technology, Food Science, Kenya
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The Borana community, who are pastoralists in northern Kenya, has well established
traditional meat processing and preservation practices. The preserved meat products
help to contribute to household food security, particularly during periods of droughts.
The meat products are produced mainly from cattle (Bos indicus) goat (Capra hircus)
and camel (Camelus dromedarius) meat. The processing of these products involves
the use of preservation techniques such as striping, drying and heating, with or with-
out the use of various added ingredients. However, upscaling of the traditional meat
conservation has been constrained by lack of adequate information on the nutritional
content and quality of the products. The objective of this study was therefore, to
determine the nutritional composition and indicators of spoilage in traditional meat
products of the Borana Community in Marsabit County, Kenya.
Traditionally processed meat samples were collected in Marsabit County. The proxi-
mate composition, quality indices and mineral content of the samples were analysed
using the methods of the Association of Official Analytical Chemists (AOAC).
The result showed that traditional meat products were high in protein, with mean con-
tents ranging from 55.8–72.5%. The minerals calcium, magnesium, iron and potas-
sium ranged from 35.8 – 110 mg/100 g, 52.8 – 60.7 mg/100 g, 4.5 – 7.4 mg/100 g, and
701 – 826 mg/100 g, respectively. The fatty acid composition showed that traditional
beef and goat meat products contained good amount of monounsaturated oleic acid at
mean levels of 37.2 % and 39.2 % respectively. The linoleic acid content for the same
products was 13.3 % and 13.5 %, respectively. Peroxide Value (PV), ranged from 1.8
– 2.6 mg Eq. kg-1, acid value was 0.01 % while Thiobarbituric Acid (TBA) ranged
from 0.32 – 0.52 mg malondialdehyde (MDA) kg -1. The PV, acid value and TBA lev-
els were below the value associated with meat spoilage during the expected shelf life.
Hence there is good potential for upscaling of the production of these traditional meat
products including exploring options for packaging and selling products to increase
income while contributing towards improved food security among the community.

Keywords: Borana, drying, Marsabit, meat, nutrition composition, quality,
traditional
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Detheobromination and Improvement of Nutritional Quality of
Cocoa Pod Husk through Solid State Fermentation Using

Rhizopus stolonifer
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Federal University of Technology Akure, Department of Animal Production and Health
Science, Nigeria

Cocoa pod husk (CPH), a major agro-industrial waste in Nigeria, has a potential value
as a low-cost unconventional feedstuff for livestock. Its effective use is limited by its
poor nutrient composition, mainly due to its high fibre, low protein level and high
theobromine content. Chemical methods for eliminating theobromine have been car-
ried out successfully but these procedures are expensive and cannot be adopted by
subsistence farmers in the cocoa industry due to the use of chemically-treated adsor-
bents and sophisticated equipment.
The development of simple, effective and affordable procedures for the detheobromi-
nation of cocoa pod husk is thus critical to maximise usage of the husk by farmers.
Therefore, cocoa pod husk meal was taken through a solid state fermentation pro-
cess involving Rhizopus stolonifer as its starter culture for a period of two weeks and
analysed for theobromine concentration, fibre fractions and proximate composition.
This study evaluated the effect fermentation period has on proximate composition and
theobromine concentration of cocoa pod husk meal (CPHM).
The results showed that the proximate composition of CPHM improved during fer-
mentation. Crude protein significantly had a total increment of 95 % while crude fibre
and crude lipid showed significant decrease with total reductions of 14 % and 22 %
respectively after 2 weeks of fermentation. Theobromine content in the CPHM de-
creased significantly (p < 0.05) with a total reduction of 75 %. Fibre fractions were
also enhanced with neutral detergent fibre (NDF) decreasing from 92 % (control) to
66 %. The increase in crude protein, reduction in crude fibre and theobromine con-
tents is indicative of improvement in the nutritional status of CPHM. In this study,
although the fermentation period was 2 weeks some components such as CP did in-
crease significantly after day 3, but later decreased to reach its peak again on day 14
while the theobromine content showed a gradual reduction until day 14. Therefore, a
minimum of 2 weeks of Rhizopus stolonifer fermentation could be considered as an
optimum fermentation period to significantly improve the proximate composition and
reduce the theobromine level of CPH.

Keywords: Cocoa pod husk, detheobromination, proximate composition, Rhizopus
stolonifer, solid state fermentation
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Fermentation Quality and Chemical Composition of Napier
Pakchong 1 Silage Supplemented with Lactic Acid Bacteria

SAOWALUCK YAMMUEN-ART, AUDTAKORN SUTARMJAM, APICHART SEEPAI

Chiang Mai University, Dept. of Animal and Aquatic Science, Thailand

The objective of this study was to evaluate effect of lactic acid bacteria supplementa-
tion on fermentation quality and chemical composition of Napier Pakchong 1 silage.
Lactic acid bacteria (LAB) were extracted from corn silage. The isolates was grow
in MRS agar plate at 37 °C for 48 hours in anaerobic condition. The effect of LAB
supplementation on fermentation quality and chemical composition of Napier Pak-
chong 1 silage were evaluated using in a completely randomised design. Napier Pak-
chong 1 Silage was divided into two groups (control and supplemented with LAB
with 1× 105 cfu ml-1). One kilogram of Napier Pakchong 1 grass was supplemented
with 10 ml of LAB. Silage was collected at day 14, 21, 28 and 35 of fermentation.
Samples were analysed for pH, lactic acid concentration, chemical composition by
proximate analysis and detergent method. It was found that pH of Napier Pakchong
1 silage supplemented with LAB was lower than of the control. Lactic acid concen-
tration was higher in Napier Pakchong 1 silage supplemented with LAB. The crude
protein (CP) and acid detergent fibre (ADF) concentrations of Napier Pakchong 1
silage declined with increasing ensiling time. The CP and ether extract (EE) con-
centration of Napier Pakchong 1 silage supplemented with LAB was higher than the
control (8.6 vs 8.0 % and 2.5 vs 2.3 %) The crude fibre (CF) concentration of Napier
Pakchong 1 silage supplemented with LAB was higher than in the control. It can be
concluded that LAB supplementation increased the fermentation of Napier Pakchong
1 silage and decreased the nutrient deterioration of Napier Pakchong 1 silage.

Keywords: Chemical composition, fermentation quality, lactic acid bacteria, napier
Pakchong 1, silage
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Clean Cook Stove Technology for Artisanal Palm Oil Clarification
and Biochar Production in Ghana

SELORM Y. DORVLO1, AHMAD ADDO2, FRANCIS KEMAUSUOR2, STEPHEN

ABENNEY-MICKSON1, ULRIK HENRIKSEN3, JESPER AHRENFELDT3,
MATHIAS NEUMANN ANDERSEN4

1University of Ghana, Dept. of Agricultural Engineering, Ghana
2Kwame Nkrumah University of Science and Technology, Dept. of Agric. Engineering,
Ghana

3Technical University of Denmark, Dept. of Chemical and Biochemical Engineering,
Denmark

4Aarhus University, Dept. of Agroecology and Environment, Denmark

The method of heat provision for artisanal palm oil production is riddled with in-
efficient systems which create unfavourable working conditions (use of spent tyres,
smoke filled work tents etc.) for the women who engage in this process. This creates
health hazards for the women and sometimes the children they carry along to work.
This study therefore seeked to produce a cook stove that provide a healthy work en-
vironment, is efficient, easy to use, and affordable for medium scale clarification of
palm oil. Further it should have a sustainable source of fuel (biomass from process-
ing the palm fruits) and simultaneously produce heat and biochar. Since the adopted
design procedure was iterative, eight preliminary tests were conducted; each an im-
provement of the previous stove tested. After obtaining the best stove configuration,
design calculations were done and the final stove fabricated and tested. The final stove
consisted of a cut out barrel, a chimney, a grate, insulation for the stove and other ad-
ditions to make handling easier. At the end of the stove evaluation tests, which were
done by the water boiling tests and controlled cooking tests, the thermal efficiency of
the stove was found to be 32.59 ± 7.11 % representing a 400 % increase in efficiency
when compared with the local replica stove. The cook stove can process approxi-
mately 103 litres of press liquor into 23 litres of palm oil within 55 minutes for one
cycle of clarification while running on 10 kg of fuel mix and has biochar yield of 5 %.
Also the stove provides a healthy work environment with a maximum CO emission of
5 ppm. Overall, the study showed that palm oil clarification with the designed cook
stove can be done in an affordable, self-sustaining and smokeless work environment
whiles recovering some biochar at the end of the process.

Keywords: Biochar, biomass, CO emission, cook stove, palm fruit fibre, palm kernel
shell
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Vacuum Storage to Protect Durable Stored Products at Different
Moisture Contents

CORNEL ADLER, AGNÈS FLORE MOUALEU

Julius Kuehn-Institute, Inst. for Ecological Chemistry, Plant Analysis and Stored
Product Protection, Germany

Durables in the tropics are easily attacked by pest insects competing with man for
resources. These insects increase product moisture contents by respiration and thus
enable the development of mycotoxin-producing fungi. In warm climates stored prod-
uct insects may already attack in the field. Consequently, the harvest may already be
contaminated with life insects. A proper storage should thus not only avoid immigra-
tion of insects along volatile cues but should also control insects already developing
in grains, pulses, dried tubers, oil seeds or nuts. This aim can be achieved in a sus-
tainable way by vacuum storage. Because a vacuum proves a gas-tight and insect-
proof seal and at the same time limits oxygen available to insects in the product.
Studies with wheat grains in vacuum bags showed rapid mortality of all stages of gra-
nary weevils (Sitophilus granarius) and minimum damage to grain quality. Moisture
contents, however, are critical for long-term storage because germination of seeds de-
creased below 90 % when wheat grains were stored at 20°C under vacuum (0.5 bar)
at m.c. of 14 % or higher. At higher temperatures this deterioration can be expected
in even shorter storage duration. In order to avoid excess plastic waste, vacuum bags
should be resealable. An alternative could be rigid structures. A project in the Kili-
mandjaro region of Tanzania could provide first results on improved grain storage at
farmer’s level. So far, there are no ready solutions for good storage from industrialised
cooler climates available because proper stored product protection has been an utterly
neglected topic for decades due to the comparatively low market value of durables.
Climate change, political unrest and increased migration may soon increase demand
and market value and we better be prepared.
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Pineapple Processing in Central Uganda
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Pineapples, like many fruits, are highly perishable and require either immediate con-
sumption or processing and/or refrigeration for later consumption. The perishabil-
ity of fruits leads to high post-harvest losses (over 50 % in Uganda). To improve
pineapple shelf life and quality, four major processes are being employed in Uganda:
processing into juice, wine, local drink (munaanansi), and dry products.
Our research assesses each of the processes to determine current practices in relation
to energy and water utilisation, and fruit wastages. The objective is to better under-
stand the present state so to guide resource optimisation, efficiency, and sustainability.
Here we present results from studies on drying and munaanansi production in central
Uganda for data collected (Nov 2016 - March 2017) within three districts (Kampala,
Wakiso, and Kayunga). One drying company/cooperative was selected from each
district. Modern hybrid dryers are employed by companies selected in Kampala and
Wakiso while the Kayunga Cooperative owns ordinary solar thermal dryers. The
Kasangati, Wakiso Company runs dryers on solar, mains, biomass, diesel, and petrol,
while the Kawempe, Kampala Company runs on mains and biomass. The average
inlet and exit temperature for one drying unit in Kasangati is 69.50°C and 47.11°C
respectively, while the inlet and exit for one drying unit in Kawempe is 118.26°C
and 59.20°C respectively. Relatedly; the average inlet and exit temperature for dryers
owned by Kangulumira Cooperative is 44.20°C and 45.50°C respectively. On aver-
age; Kasangati Company requires 10.89 kWh electrical energy and 2.48 kg of biomass
to produce 1 kg of dry pineapples, while the Kawempe Company requires 3.07 kWh
electrical energy and 3.48 kg of biomass to produce 1 kg of dry pineapples.
Munaanansi production is generally individual/family business; so six individual /
family munaanansi producers were selected from Kampala where the drink is most
popular. Firewood and charcoal are the main fuels while pineapples / pineapple peels
are main raw materials. On average; 0.20 kg of pineapples / peels, 0.21 kg of biomass,
and 1.04 L of water produce 1 L of munaanansi, yielding 0.15 kg of waste. Great po-
tential for the optimisation of energy, water, and pineapples exists in these processes.

Keywords: Biomass, dryers, munaanansi, optimisation, perishable, solar
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On-Field Assessment of an Innovative Solar Powered Milk
Cooling System in Tunisia

FARAH MRABET, VICTOR TORRES TOLEDO, ANA SALVATIERRA,
JOACHIM MÜLLER

University of Hohenheim, Inst. of Agricultural Sciences in the Tropics (Hans-Ruthenberg-
Institute), Germany

Farmers in rural areas often lack on-farm storage and cooling possibilities which af-
fects negatively the quality of their products. In the case of raw milk, a rapid cooling
within the first two hours after milking is necessary for its preservation. In warm
regions where milk cannot be cooled down, the risk of the milk rejection increases
causing economical losses to farmers and milk collectors.
The University of Hohenheim in Germany has developed a solar milk cooling system.
The technology is based on the use of 40 liters’ conventional milk cans with a special
designed ice compartment and removable insulation. The ice is produced by a solar
powered freezer able to adapt to solar radiation with the help of an adaptive control
unit. The concept allows cooling down up to 60 liters of milk by using ice as cooling
medium.
In order to test the innovative system on the field, 10 milk cooling units were installed
in 7 small farms in two regions in Sidi Bouzid, Tunisia.
Thermal milk cooling behaviour and transport times were tracked. Moreover, the milk
quality of both cooled and uncooled milk was tested for morning milk at its arrival to
the collecting centre. Furthermore, the possibility of using the system for overnight
storage of evening milk was likewise assessed.
The results obtained from the different experiments showed that the temperature of
the milk in the insulated cans decreased from an initial temperature of 35°C to less
than 15°C in the first two hours. For the overnight storage, the milk was delivered to
the collecting centre with a temperature of 8°C. The cooled milk had a higher quality
compared to the uncooled milk which presented a bacteria growth of up to 4 times
higher than the cooled sample. Milk stored overnight with the presented system was
accepted by milk collecting centres opening for new business models for farms where
milk is only picked up once a day. The results showed the capability of the system to
enable farmers to access to small-scale refrigeration and increase their income while
positively contributing to rural sustainability.

Keywords: Assessment, dairy farm, innovation, milk quality, on-farm cooling, solar
energy
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Utilisation of Different Types of Natural Dye Source as a Smart
Packaging Indicator to Detect Fillet Damage of Chicken Meat

During Storage
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This study aimed to determine the use of various types of natural dye as an indicator
of smart packaging to detect chicken fillet damage during storage, to know the effec-
tiveness of the use of natural dye as smart packaging indicators, and to determine the
colour change that occurs in the indicator film. This research used a explorative de-
sign, with two factors: either storage at room temperature or storage in a freezer, and
three different additions of natural dye extracts on the indicator film: “rosella” (Hibis-
cus sabdariffa) flower petal extract, “mangosteen” (Garcinia mangostana) peel, and
extracts of “senduduk” (Melastoma malabathricum) fruits.
The results showed that the indicator film with the addition of anthocyanin extract
was able to detect chicken filet damage occurring during room temperature storage as
indicated by the colour change on the indicator film. At room temperature storage,
all three extracts showed a change in colour of the indicator film. However, meat
detioration under room temperature was best observed with the indicator film treated
with “senduduk” extract; colour changed from °hue 351.29 (red-purple) value to °hue
41.53 (red) after 6 days at room temperature (with observations on day 1, 3 and 6).
Measured pH value changed from 4.50 to 7.17, total anthocyanin content from 7.84
to 1.34 mg L-1), at day 1 and day 6, respectively. The film thickness used ranged from
0.11 to 0.23 mm.
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The Neglected Governance Challenges of Agricultural
Mechanisation in Africa – Insights from Ghana

THOMAS DAUM, REGINA BIRNER

University of Hohenheim, Inst. of Agricultural Sciences in the Tropics (Hans-Ruthenberg-
Institute), Germany

After decades of neglect, agricultural mechanisation is back on the agricultural devel-
opment agenda in Africa. Taking the mechanisation efforts of Ghana as an example,
this paper analyses the governance challenges involved in government and private
sector efforts to promote mechanisation in smallholder-based farming systems. In
Ghana, the government has been importing tractors for individual farmers at sub-
sidised prices as well as setting up Agricultural Mechanisation Service Centres in
almost all districts. The paper aims to analyse the governance challenges associated
with such mechanisation strategies. Applying the agricultural innovation system ap-
proach, this paper develops a framework for identifying institutional bottlenecks and
governance challenges related to mechanisation. A combination of qualitative empir-
ical methods, including the Net-Map technique (a participatory mapping tool), was
used to apply the framework. The evidence collected shows that mechanisation is
constrained by missing institutions that would be required to ensure adequate training
of tractor operators and technicians to service the tractors. Apart from such deficits
in skill development, lack of access to credit and access to spare parts were major
constraints. In addition, exchange rate fluctuations and impeding custom practices
hindered a stronger private sector involvement in mechanisation. Government im-
ports of tractors and machinery were found to be influenced by political interest and
elite capture.
Some of these problems already led to the failures of past state-led mechanisation
efforts in the 1950s and 1960s. The findings suggest that instead of focusing on the
supply of subsidised machinery, the government could be more effective by strength-
ening the agricultural innovation systems for agricultural machinery to support emerg-
ing private sector initiatives.

Keywords: Africa, agricultural innovation system, agricultural mechanisation,
governance challenges, smallholder farming
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Thermal Modelling of a Solar Tunnel Dryer for Drying Parsley
(Petroselinum sativum)

PEDRO JULIAN GARCIA GUARIN

Francisco-de-Paula-Santander-Ocaña University, Mechanical Engineering, Colombia

Commersialisation of horticultural species is widespread in Colombia. Drying of
parsley leaves (Petroselinum sativum) is increasingly common due to its medicinal
and culinary properties. Furthermore, essential oils of parsley are used in perfumery,
cosmetics and soaps. If the drying of parsley leaves is done under controled condi-
tions, restrain the reproduction of undesirable microorganisms, so the quality of the
product is kept.
A thermal model is formulated to test the efficiency of the tunnel dryer “Hohenheim”.
This dryer was developed in the mid 80s at the University of Hohenheim, Germany.
This dryer is usually composed of a collector, a drying chamber and a photovoltaic
panel. In this study, the dryer was improved using a thermal model. The method
used to develop this thermal model was the finite volume method in which an energy
balance was made for each dryer section. The set function conditions for the dryer
were a variable temperature between 30 and 60°C, a relative humidity of the ambi-
ent air between 62 and 86 % HR, and an average solar radiation of 600 W m -2. The
initial moisture content of the parsley was around 78% (w.b.). The model was based
on Ficks law on thin-layer diffusion. The following coefficients were used: an ac-
tivation energy value of 56.3 kJ mol-1 and a constant in Arrhenius equation equal to
3.67× 10-2 m<sup>2</sup>/s. The results allow predicting the drying ratio of pars-
ley leaves. Furthermore, coefficients for the relative humidity, as well as for the air
and product temperature were calculated in relation with the dryer geometry and the
product placement in the dryer. Finally, efficiency values of the collector, the dryer
chamber and total efficiency are shown.
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Effect of Drying Air Temperature and Slice Thickness on the
Colour, Texture and Rehydration Parameters of Dried Beef
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There is an increasing demand for beef in sub-Saharan Africa; driven by an increase in
population growth and disposable income. However, beef is highly perishable and its
commercialisation by the pastoral communities of Kenya is challenging due to high
temperatures and the absence of cold chain. Sun drying has been done for many years
to preserve meat during excess supply. However, with an increasing demand for high
quality dried products, solar drying is gaining a lot of interest. Therefore, in order to
optimise the drying process under tropical conditions, information on dried product
quality in conditions close to those encountered in the real processes is needed. The
objective of this work therefore, was to determine the effect of drying temperature
and slice thickness on the physical quality of dried beef.
Fresh beef was dried in a cabinet dryer “Hohenheim HT mini” at 30–60°C air temper-
atures and 0.25–1.0cm slice thickness. Air flow was generated by a fan operating at
24 V and thin layer drying done to 20 % moisture content (dry basis). L*(lightness),
a*(redness) and b*(yellowness/blueness) colour measurements were done using a col-
orimeter (Minolta Chroma Meter CR-200). The rehydration ratio (RR) was calculated
as the ratio of weight after to weight before immersion in a hot water bath (100°C for
10 min). Texture measurements were done using Volodkevich bite jaws (HDP/VB*)
fixture of a TA.XT.plus Texture Analyzer. Drying time ranged between 2.5 and 30 h
for different samples. There was a significant decrease (P ≤ 0.05) in the L* a* and
b* values with increase in temperature and beef thickness. The RR was higher (P ≤
0.05) at 60°C for samples with 0.5–1.0 cm thickness and decreased (P ≤ 0.05) with
increase in beef thickness. The firmness values increased (P ≤ 0.05) with increase in
temperature from 30 to 50°C then decreased at 60°C and were significantly lower (P
≤ 0.05) at 0.25 cm beef thickness. In conclusion; with view of drying process optimi-
sation with respect to time and physical quality of beef, heating temperature zone of
60°C and a lower meat thickness was recommended.
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Recently, the demand for African indigenous leafy vegetables (AIVs) such as veg-
etable amaranth (Amaranthus cruentus L.) has been steadily increasing amongst ru-
ral, peri-urban and urban dwellers in developing countries due to their high nutritive
and medicinal values. Vegetable amaranth has a great potential in creating job oppor-
tunities especially for youth and women. However, it suffers significant postharvest
losses, owing to its fast rate of deterioration. To address this, a study was conducted
to determine the effect of ziplock packaging film bags on the shelf life and nutritional
quality of vegetable amaranth leaves cv. Madiira. The vegetable was grown under
greenhouse conditions (15 – 27°C, 60 – 80 % RH). Eight weeks after planting, leaves
were harvested and either packed in ziplock bags or unpacked (control). The leaves
were stored for 4 d (evaluated at 0, 2, and 4 d) and 7 d (evaluated at 0, 2, 4 and 7 d)
at 20°C (65 % RH) and 5°C (85 % RH), respectively. The parameters studied were
fresh weight loss, carotenoids (lutein, lycopene and β -carotene), chlorophylls, and
selected mineral elements (P, K, Ca, Mg, Fe and Zn). Ziplock packaging film bags
resulted in lower weight loss (0.2 – 1.5 %) compared with the control (0.4 – 3 %), with
the effect being more pronounced at 5°C. The carotenoid contents were significantly
higher in leaves under ziplock packaging film compared with control leaves; the re-
sults being comparable in both storage conditions. Ziplock packaging film helped to
retain chlorophyll content and thus leaf colour during storage with the effect being
more pronounced at 5°C. Mineral elements were variedly affected by using ziplock
bags depending on storage temperature and duration. The results obtained showed
immense potential of reducing postharvest loss by improving shelf life and quality
attributes of vegetable amaranth leaves using ziplock packaging film bags.
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Determinants of Technical Efficiency of Dairy Processing Firms in
Southern Brazil
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(DARE), Germany

Historically the dairy industry in Brazil has been mainly focused on the domestic
market and minor efforts were made in order to increase the productivity, technology
adoption or professionalisation of producers and processors. In recent years the inter-
nal demand for dairy products increased significantly with the purchasing power of
Brazilian consumers. Multinational dairy processors installed processing plants in the
country, but also the high quantities of imported good quality and cheap dairy prod-
ucts are threaten the national industry. Therefore in the largest dairy production area in
southern Brazil, national dairy processing companies are facing challenges to organ-
ise the supply chain and to improve their performance in this very competitive sector.
In order to design new policy recommendations to improve the performance of the
dairy industry in southern Brazil we investigate productivity and the determinants of
technical efficiency (TE) of these dairy processing firms. Data on firm structure, man-
agement capacity, institutional choice and policy support of 244 dairies are analysed.
A parametric production frontier is estimated (using the Bayesian approach) and the
determinants of technical efficiency are computed. An overall efficiency of 79 % in-
dicates margin for increasing the outputs by 21 % using the same inputs. Economies
of scale were also detected. According to the results less idle processing capacity
contributes to improve efficiency as expected. Having more organisational employees
(administrative, quality control, R&D, farmer consultancy) makes companies more
efficient. Investments in growth and modernisation in the last 5 years decreases the
efficiency of the companies. This result could be explained by high learning costs;
high interest rates over loans/credits and/or delay in getting positive effects. A larger
portfolio of products increases the efficiency. Contradicting the transaction costs the-
ory we found that cooperatives are more efficient. The reason could be that the organ-
isation matters more in Brazil than in other places for the dairy sector, or the social
capital of cooperatives play an important role. Through our results it’s possible to
suggest important management advices to companies but also public policies to the
Brazilian government in order to booster the growing dairy sector.
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Improving the Date Production Chain in the Moroccan Oases
through Small Mechanisation Inputs to Support the
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Moroccan oases as other Saharan oases are a highly artificial ecosystem that has proved to
be capable of sustaining agriculture under arid climatic conditions for centuries, though it has
suffered a strong degradation process during the last decades. This is due to a complex phe-
nomenon linked to socio-economic, political and climate changes, that has brought traditional
oasis agriculture to lose its relevance, consequently putting its complex environment in serious
danger. The most important factors of degradation of the agricultural system are: land and
water scarcity, salinity, silting and the negative impact of various pests and diseases (the most
dangerous of which is Bayoud). Small farmers are the most important resource for the surviv-
ing of the oasis ecosystem but, on a socio-economic point of view, oasis dwellers, especially
the younger ones, tend to search for better livelihood opportunities elsewhere, with consequent
loss of traditional knowledge and availability of labour for all agricultural operations.
Date palm cultivation is the most important crop in this environment but date production faces
several problems along the whole chain (field operations, storage, processing and marketing
phases) and the oldest groves are abandoned for new intensive plantations with consequent
endangering of biodiversity and genetic heritage.
In the last years, the Moroccan Government launched development programs such as the Pro-
gramme Oasis Sud and the Plan Maroc Vert, with the goal to restore a sustainable oasis ecosys-
tem. The main focus of these interventions is on date post-harvesting operations, improving
storage, transformation and marketing capability of farmers and cooperatives, sustaining ru-
ral development trough market improvement, but most constraints of field operations are still
unsolved.
This work reports an analysis that has been carried out on Moroccan oases farming system
and outlines the main constraints proposing some possible mitigation interventions, based on
the introduction of small mechanisation inputs along the production chain, especially for the
most dangerous aerial operations such as pollination, harvesting and pruning. Interventions are
designed to support and integrate the implementation of the governmental strategies as well
as other interventions (e.g., of the international cooperation agencies), allowing to create a
network of practice and to build partnerships.
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Determination of the Design and Selection Characteristics of
Potato Diggers for Animal Draught in Colombia

FERNANDO LOZANO OSORNO
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With the aim to select the main components of potato diggers that best satisfy the
technical characteristics of production of the small farmers of the Altiplano Cundi-
boyacense Region in the Western Mountains in Colombia, an assessment of the main
features that govern the design and behaviour of such machines was made. For this,
the equations of the performance of the main mechanisms of the machines were estab-
lished and therefore the characteristics that should be measured in field and laboratory.
The measured characteristics in the potato fields were: density of the soil mass, ge-
ometrical configuration of the tubers distribution in situ, geometric configuration of
the ridges in the field, cohesion and friction coefficient of the soil in the ridge, fric-
tion coefficient between soil and metal, penetration resistance of the soil in the ridge,
weights of potatoes and stems at the harvest time, soil moisture content at the harvest
season, compressive strength of clods of soil, and size distribution of clods of soil in
the ridge.
With these features, some recommendations for the size and behaviour of the cutting
blade, the drive units and the crumbling and separation units were formulated. The
study allowed finding the size ranges of the components specially for animal traction
machines but also for machines for tractor. In general the dimensions do not vary
much from those of commercial machines. The cutting blade must have 690 mm
length and 1070 mm width for tractor machine and 980 mm length and 875 mm width
for animal draught, its cutting angle should be between 50 and 74°, and slope of 25°
for tractor pull and 18° for animal draught. Tires should be used for the driving unit
that goes over the ridge. For separation of clods the conveyor belts with rods are the
best option, with 1500 mm length for tractor machines and speed so low as 0.94 m s -1.
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Use of Computational Fluid Dynamics Modelling Tool for
Assessment of Airflow Distribution in a Double-Pass Solar Drier
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Nowadays solar driers become one of the most promising technologies, which can
process significant quantities of products under adequate hygienic conditions and with
reasonable costs. Furthermore, the majority of solar driers are fully independent to
conventional sources of energy. The new model of indirect forced convection so-
lar drier called double-pass solar drier (DPSD) was designed at the Department of
Sustainable Technology at the Faculty of Tropical AgriSciences at the Czech Univer-
sity of Life Sciences Prague, a few years ago. One major drawback of DPSD is the
spatial heterogeneity of air distribution in the drying chamber, that has influence on
the uniformity of the drying process. Thanks to the technological advancement in
computing, there is a relatively new and accessible method of how to assess the distri-
bution of airflow. CFD (Computational Fluid Dynamics) which is thanks to a number
of known equations a valuable tool for engineering and analysis of solving complex
fluid flow by addressing heat and mass transfer phenomena. CFD is already used for
re-designing of tray driers and batch type driers that are producing high quality of
dried products. The current work will present how the incorporation of CFD helps to
assess the distribution of airflow in a solar drier, specifically in a drying chamber of
DPSD. The methodology is consisted of two parts: the experimental analysis, which
measured the speed of airflow, temperature and humidity as an input data, and the
modelling of airflow with the use of CFD software, which is consisted of defining
boundaries and inlet/outlet values and phenomena. The results will show us, how the
airflow is distributed inside the drying chamber through the three-dimensional model
and vectors or two-dimensional model and contours. Further, the results, may address
flaws and will propose appropriate improvements in the construction of the existing
solar drier to enhance drying efficiency and increase the final product quality.
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Hoe, Bullocks or Tractor for Ploughing, Why Do Farmers Choose
What?
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In Ghana 65 % of the population is active in agriculture, but even with that there is
a strong lack of labour. Ploughing is one of the main labour tasks in the cropping
year. Farmers in northern Ghana plough there land by hoe, with draft animals (mostly
bullocks) or mechanised (mostly tractors).
This research is explaining why farmers chose which ploughing technique, as the
three techniques are often used by different farmers in one and the same village.
The research was conducted interviewing 50 farmers over two communities in two
different regions. Various experts active in agriculture were also interviewed.
The farmers were asked about the in- and out-puts of all their fields, labour figures
were collected, as well as data on the perceived socio-economic performances of the
techniques. Farmers owning bullocks were asked to quantify all their costs. All farm-
ers were asked to motivate their answers. Experts were interviewed to ratify, steer and
interpret the farmer interviews, as well as for giving contextualising information.
The lack of bullocks and tractors, in northern Ghana, causes difficulties to plough all
the land on time. Especially for those having fewer resources to pay for the service
it is a problem. Delay in ploughing leads to a delayed planting, which in these very
time sensitive cropping zones leads to substantial yield losses. But ploughing is not
only a very crucial and expensive activity it also requires a lot of labour (7 % of the
total farm labour, for maize fields ploughed with bullocks).
Even though there is disagreement on the benefits and disadvantages of the tech-
niques, most farmers see tractors as being the future.
But even so farmers still would like to buy bullocks if they would have the money.
This because of the high prices for tractor services and their delayed arrival, a problem
which they don’t expect to be solved soon.
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Participative Development of a Top-Lit-Up-Draft Reactor for
Simultaneous Cooking and Biochar Making
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In many countries biochar is being used as a valuable soil amendment improving the
soil structure and nutrient holding and exchange capacity on a long-term base. Up to
date many different technical devices with different capacities and technical qualities
have been developed to produce the required biochar. The material used to feed these
devices ranges from forest products to agricultural residues like maize cobs.
The present study describes the participative and gradual adaptation of an existing 200
litre Top-Lit-Up-Draft (TLUD) reactor (Pyrolyser) in Tanzania that as a first version
was solely used for biochar production. After reflective stakeholder-scientist consul-
tations it was sought to find a solution sufficing local demands of adding a cooking
component to the biochar making by synchronising both. This device should be eco-
nomically and technically feasible at minimal costs in Tanzania. A new reactor was
designed to meet the requirements. Iteratively, modifications and test trials of the
existing TLUD reactor design were done, and then the new reactor and its operating
protocol were obtained and tested. The results showed that the new reactor, on aver-
age boiled 4.5 litres of water at 93°C within 44 minutes. Also, it produced 0.30 kg of
biochar per kg of cobs fed, totalling 6.0 kg per reactor minimal filling. The reactor av-
erage operating temperature was 159°C. The initial cost (e 68) of acquiring the new
reactor may not be affordable for singe households in rural area but for stakeholder
groups using it together. Household’s saving which may be gained from commercial-
ising the new reactor is assumed to amount (e 37)/month. Apart from these promising
parameters of the new reactor, more research is needed to unleash the full potential of
its applicability in rural areas.
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Effects of Age, Storage Temperature and Duration on Total
Phenolics, Flavonoids and Antioxidants in African Nightshade
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African nightshade (Solanum scabrum), a leafy vegetable plays a great role in food
security and livelihood in sub-Saharan Africa. The vegetable is highly nutritious
and contains phenolics and flavonoids, major sources of antioxidants highly valuable
in human diet. The phenolics and flavonoids have other important properties such
as, anti-inflammatory, anti-microbial, anti-allergenic and anti-thrombotic. The study
aimed at analysing the secondary metabolites during development, storage at 5°C and
80–85 % relative humidity (RH) and room temperature (RT) (20–25°C) at 55–60 %
RH, for a duration of 0, 2, 4, 6 and 8 days. The total phenolic contents (TPC) were
analysed using Folin-Ciocalteu method and were expressed as Gallic acid equivalents.
The calorimetric method was done for flavonoids followed by spectrophotometric ab-
sorbance at 510 nm and 415 nm, the results were expressed as catechin and quercetin
equivalents. TEAC assays were conducted for antioxidants. The TPC, flavonoids and
antioxidants were higher at 90 days after planting (dap) (12.6±1.7μg mg -1, 24.1 ±
2.8μg mg-1 and 0.45μg mg-1 of dry weight respectively). There was a significant de-
cline of these three after 4, 6 and 8 days storage at RT. After 8 days of storage at RT,
the TPC and flavonoids declined to 1.1 ±0.1 μg mg -1 and 2.9 ± 0.9μg mg-1 respec-
tively. There was no significant decline at 5°C storage up to 8 days. Plant age, storage
duration and temperature affects TPC and flavonoids and it would be recommendable
to store nightshade at low temperatures to avoid losses. Further experiments are going
on to determine development stages with optimal secondary metabolites and storage
longevity.
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Kenya’s camel milk industry contributes significantly to the economic and nutritional
safety of the population located in the arid and semi-arid areas (ASALs). Due to the
inadequacy of preservation technologies, the production and consumption of milk are
limited to this group. Processing the milk into powder is one approach for the exten-
sion of shelf life. This process is very energy intensive. The exemption from Value
Added Tax on solar products by the Kenyan government coupled with high solar ir-
radiation in the region provides an alternative energy source. This study, evaluated
the feasibility and design of an energy efficient and solar assisted milk processing
plant for decrease of post-harvest losses, greenhouses gas emission reduction and ef-
ficient energy utilisation. The reference values used in the computation of the energy
consumption of the milk powder and butter were based on prior fieldwork. Initially,
the process was characterised and optimised, the energy targets redefined the energy
targets and multiple solar integration points were analysed. The analytical tools in-
cluded: mass & energy balance; Pinch analysis, simulation of solar thermal and analy-
sis of the economic feasibility. The analysis showed that a significant amount of cream
is produced during milk powder processing line, and to limit its wastage, the excess
cream is channelled for butter processing. In optimising the process, a resequence
design was the most economical, having the energy requirement for the processes de-
creases by approximately 46.1 %. This required an increased investment cost for heat
exchanger integration. Moreover, the amount of water used decreased by approxi-
mately 50 % per litre of processed milk. For processes below 90°C that utilises hot
water, which is approximately 85.5 % of the total energy demand, could best be met
with evacuated tube collectors. For chilling, cooling and mechanical processes solar
photovoltaics was utilised. For the highest energy demanding process, spray drying,
the air was first preheated by exhaust air from the process, then preheated to 90°C
by solar thermal and finally indirectly heated by a fuel oil boiler. In conclusion, an
optimised hybrid system of fuel oil and solar energy is proposed for the ASAL milk
powder processing plant.
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Optimisation of Enzymatic Treatment for Cassava Root Peeling
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This study examined the optimisation of enzymatic treatment of cassava roots for im-
proving the peeling process. The peels of the cassava roots (purchased from a local
market in Stuttgart) were used. A mixed enzyme was applied on the cassava root
peels. The operational parameters were temperature (40°C, 45°C, 50°C, 55°C and
60°C), pH (3.5, 4, 4.5, 5, 5.5), incubation time (1 hour, 2 hours, 3 hours, 4 hours
and 5 hours), and a dose of enzyme (0 ml, 1.25 ml, 2.5 ml, 3.75 ml and 5 ml). Re-
sponse surface methodology by the central composite design was applied to optimise
the enzymatic treatment of cassava peels. The sugar content (saccharose, glucose,
galactose and mannose) of the applied enzyme solution, in which the cassava peels
were incubated, was measured using HPLC with refractive index (RI) detector. The
glucose content was determined as a response factor for screening the enzymatic treat-
ment efficacy assuming that breakdown of cellulose and hemicellulose will result in
an increase of glucose. After 30 runs of enzyme treatment in the central composite de-
sign, multivariate correlation of the glucose content was established through reduced
quadratic model with R2= 0.9543 and MAPE=1.08. Results showed glucose content
was significantly affected by the enzyme dose and incubation time. Under optimal
conditions (pH of 4.5, temperature of 49.8°C, incubation time of 3.8 hours, and 3.75
ml mixed enzyme), the maximum glucose content was 21.2 %. Through the maximis-
ing glucose content, the application of mixed enzyme has increased the softening of
the cassava peels. The results suggest that the enzymatic treatment could be used to
improve the peeling process by increasing loosening the cassava root peels.
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The mechanisation of agricultural labour processes is often associated with a decreased work
burden and improved production for small-scale farmers. However, empirical evidence sug-
gests that consequences of mechanisation may vary for men and women within households
or communities. Technological interventions are known to interact with gender norms, gen-
dered access to and control over resources and decision-making. Therefore, to fully understand
impacts of mechanised production gender analysis is required.
In an effort to curb the labour burden and amount of time consumed in manual feed processing
among livestock keepers the USAID-funded R4D project Africa RISING introduced forage
chopper machines in seven villages in Babati (Northern Tanzania). In 2016 – one year later
– a team of social scientists evaluated the gender implications of the new processing practices
through focus group discussions, matrix scoring, linkage diagrams and a survey. Male and
female respondents were selected from among the farmers’ groups that were formed for the
management and use of the chopper machines.
First findings show that the technology reduces in particular women’s labour burden and de-
creases the time needed for livestock feeding. At the same time, additional labour and cost im-
plications of operating the machine impeded actual technology use for some farmers. Access
to the forage choppers is influenced by various factors - among others membership and gender
dynamics in farmers’ groups. Men tend to operate machines more frequently, which they in part
justify by claiming “lower technical skills” and “lower physical strength” of women. On the
other hand, the benefits from improved feeding through the sale of milk and eggs have allowed
some women to become financially more independent. The results of this study will not only
inform the R4D project’s further livestock work, but will also feed into the ongoing gender and
mechanisation debate.
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Drying Kinetics of Purple Flesh Sweet Potato Grown in Malaysia
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Sweet potato is a very important crop for people in Southeast Asia because of its
abundant source of carbohydrate. Currently, purple flesh sweet potato (var. Kedudut)
has been introduced in Malaysia due to its health benefit properties. Additionally,
the crop is highly perishable which needs to be preserved by processing into dried
form. The dried sweet potato can be potentially used in various products such as pre-
mixed drinks, baby food and other health supplements. This draws the attention of the
importance of drying in the processing of sweet potato. The aim of this paper is to dis-
cuss the drying kinetics of purple flesh sweet potato at different temperatures and its
relation with effective moisture diffusivities and activation energy. Sweet potato was
dried until the moisture content reduced to approximately 10 % by using cabinet dryer
at 50°C, 60°C and 70°C at constant air velocity of 0.25 m s-1. Several mathematical
models such as Wang and Singh, Henderson and Pabis, Lewis, Exponential decay and
Page equations were used to describe the moisture ratio during drying process. The
result shows the best fitting model to describe the drying curves of sliced purple flesh
sweet potato is exponential decay equation for all drying temperatures. The effective
diffusivity of sweet potato at 50°C, 60°C and 70°C drying temperature were in the
range of 1.46× 10-9 to 3.39× 10-9 m2 s-1. The activation energy for the drying pro-
cess was found to be 35.102 KJ mol-1 which is comparable with the reported values
of various food materials.
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Handling of Mango
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Food and nutrition security poses a major challenge to sustainable development in
sub-Saharan Africa. Abundant intake of fruit and vegetables is essential for human
health and, particularly, mango is a good source of phytochemicals which are rec-
ommended to be included in the daily diet due to its high amounts of carotenoids
potentially serving as Vitamin A precursors. Consequently mango fruit consumption
can contribute to eliminating Vitamin A deficiency, however, mango fruits are highly
perishable due to limited alternatives in postharvest technologies. In sub-Saharan
African countries, storage and ripening of mangoes is carried out, but continues to
be a challenging problem experienced by small scale farmers. Large quantities of
mango produced are transported with trucks without cold chain or mechanical pro-
tection or recommended postharvest treatment. This results in significant amount of
quantitative and qualitative losses, due to mechanical damages, over maturation, and
postharvest diseases before reaching the consumer. However, wide range of existing
food processing and postharvest technologies is expensive and often not accessible
or adaptable to sub-Saharan African countries. Therefore, there is an urgent need to
develop appropriate affordable technologies that can empower the smallholder farm-
ers to preserve the quality of produce, support the food security, and generate income
via horticulture by reducing postharvest losses of mango. Although, refrigeration is
generally recognised as a key tool for successful marketing of perishable products,
such sophisticated cooling systems are unavailable or non-existent for African small-
holder farmers due to financial constraints and lack of electric power. The aim of the
present study was the analysis of the effect of storage conditions (cooling and low
oxygen limit) on the carotenoids profile measured by means of high pressure liquid
chromatography as well as non-destructively by means of diffuse reflectance spec-
troscopy. Results provide the information on the positive effects on the nutritional
value of the mango fruits stored with the new technology. Moreover, such technology
can easily be adopted by small scale farmers to preserve the quality of mango fruits
and contributing to food and nutrition security.
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Enhanced Food Security via Adoption of Improved Cooking
Stoves and Local Wood Plantations in Tanzania
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Firewood supply is a severe challenge in degraded and deforested areas of Tanzania which neg-
atively affects the livelihoods of rural dwellers. The majority of rural households cook with
energy-inefficient traditional three-stone-fire-stoves. Especially women and children who are
mainly responsible for firewood collection spend substantial time to collect firewood which in-
creasingly compromises their available time for agricultural activities. Our analysis showed that
Improved Cooking Stoves as well as enhanced planting of on-farm trees realise time savings
and can improve agricultural landuse management schemes in semi-arid areas of Tanzania.
Improved Cooking Stoves were implemented in a participative way within the case study vil-
lages. The quantitative and qualitative field-based stove performance test “Kitchen Perfor-
mance Test,” demonstrated that the implemented Improved Cooking Stoves reduce the demand
of firewood by almost 30 % and decreased cooking time by around 20 % compared to the tradi-
tional three-stone-fire-stoves. Farmer’s local knowledge - here on loam construction - supported
the sustained adoption and dissemination process of locally manufactured two-pot Improved
Cooking Stoves which provided additional available time for agricultural activities.
In addition, on-farm wood plantations (either as bordering or intercropped plantations) close to
homesteads reduce the number of walks to collect firewood and therefore save time. Neverthe-
less, tree husbandry faces several challenges caused by environmental as well as anthropogenic
factors. In a next step, trial plots will be established to quantify yield enhancements induced
by tree / crop integration. By providing evidence-based results on the positive effects of tree
plantations on agricultural landuse management practices as well as on food-security in semi-
arid areas of Tanzania, rural dwellers are further incentivized to engage in tree planting.
Capacity building and creation of local know-how on constructing and using Improved Cook-
ing Stoves as well as tree husbandry are central for the realisation of socio-economic benefits.
It is important to monitor the implementation of Improved Cooking Stoves and the adoption
process of planted trees regarding slow-down of dissemination rates or incomplete usage prac-
tices. The identification of bottlenecks for sustained adoption is central for endurance and
enhanced dissemination of the two innovation strategies which provide substantial “free” time
for agricultural activities.

Keywords: Agricultural yields, improved Cooking Stoves, intercropping, on-farm tree
plantation, Tanzania

Contact Address: Götz Uckert, Leibniz Centre for Agricultural Landscape Research (ZALF), Inst. of
Socio-Economics, Eberswalder Str. 84, 15374 Müncheberg, Germany, e-mail: uckert@zalf.de

ID 933 405



Animals and food

Effect of Improved Stoves on Wood Consumption and Particulate
Matter and Carbon Monoxide Production
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In rural Central America the dominant source of fuel for cooking is biomass. This
practice triggers two significant problems in the region: 1) health issues for users
and household members; and 2) deforestation caused by the quantities of wood re-
quired to maintain the practice. Sustainable Harvest International, a USA-based non-
profit organisation, has been developing and promoting different models of efficient
wood-conserving stoves in Panama, Belize, Nicaragua and Honduras since the year
2000. In collaboration with EARTH University (Costa Rica) and Aprovecho Research
Center (USA), a systematic evaluation of two improved stove models – ‘Damak’ in
Panama, and ‘Mani’ in Honduras – was performed. The evaluation used a state-of-
the-art portable Indoor Air Pollution Meter (IAP) 5000 series. Using the IAP, the
collaborators took 30-minute air samples of stoves at maximum cooking tempera-
tures. The sample consisted of 40 improved stoves and 34 traditional stoves being
measured in Honduras; in Panama the sample comprised 24 improved stoves and 22
traditional ones. The results indicated that in comparison to their traditional counter-
parts, the improved stoves consumed 58 % less wood and an impressive 278 % less
particulate matter, as well as an astonishing 8137 % less carbon monoxide. In con-
clusion, adapted, improved stoves made from local materials are proving to consume
less wood and produce better air quality for rural families in Central America. Larger
samples examining field conditions and measurements under laboratory conditions
are needed to corroborate the significantly large differences. However, this first sys-
tematic assessment gives us enough information to affirm that these locally developed
stoves are an inexpensive solution that is improving the lives of tens of thousands of
rural families in the region.
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Nutritional Potential of Underutilised Edible Plants in
Agroforestry Systems of Yayu, Southwestern Ethiopia

HABTAMU S. ARAGAW1, OMARSHERIF MOHAMMED JEMAL1, JULIAN PHILPP

WALD2, DONATUS NOHR2, DANIEL CALLO-CONCHA1

1University of Bonn, Center for Development Research (ZEF), Germany
2University of Hohenheim, Inst. of Biological Chemistry and Nutrition, Germany

In Ethiopia, food and nutrition insecurity has remained a major issue since the great
famine in 1984. Most efforts have been designed to increase productivity per unit area
of land, but the potential of uncultivated plants remains untapped. This study aimed to
explore the nutritional potential of underutilised fruits and vegetables in Yayu, south-
western Ethiopia. Group and key informant interviews along with laboratory analyses
were conducted to assess the existence, level of exploitation and nutrient content of
selected species. Proximate food composition, selected minerals, vitamins and anti-
nutrient factors content determined using standard methods. A total of 94 edible plant
species were found in coffee agroforests and home-gardens, out of which 40 were
characterized as underutilised species. Finally, twelve edible species were selected
based on their current importance and future production potential, whose proximate
food composition, mineral and vitamin content were found to be significantly differ-
ent (p ≤ 0.05). The leaves of Amaranthus graecizans, Solanum nigrum and Portulaca
oleracea contained protein in the range of 15.62 – 19.26 g/100 g dry edible portion
(EP); calcium 585.00 – 2065.00 mg/100 g; iron 24.14 – 91.19 mg/100 g and zinc
1.6 – 3.81 mg/100 g EP. The fruits of Carissa spinarum and Syzygium guineense
contained energy values of 252.30 and 244.54 kcal/100 g EP, respectively, compara-
ble to the average energy value for maize (278 kcal/100 g). In addition, Syzygium
guineense had a vitamin C content of 330.72 mg/100 g fresh EP and Rubus apetalus
had a beta-carotene content of 1.94 mg/100 g, making them a rich source of vitamins.
The content of antinutrient factors in tubers of three Dioscorea spp ranged from 158.1
– 837.41 mg/100 g EP - tannin, 2.41 – 2.81 mg/100 g - oxalate, and 31.06 – 90.17
μg/100 g - phytate. The results showed that these underutilised fruits and vegetables
are good sources of protein, minerals and vitamins, capable of supplementing locally
predominant starchy diets. Also, the minimum amount of antinutrient factors would
be advantageous for their assimilation. Therefore, adequate management and promo-
tion of their consumption may have an impact on the dietary quality of the rural and
urban populations.

Keywords: Antinutritional factors, biodiversity, diet diversity, nutrition, wild food
plants
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Contribution of Indigenous Edible Insects to Food Security in
Rural and Urban Zimbabwe
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The world’s growing population and food securities challenges have necessitated the
need for using sustainable natural resources. Consumption of insects is a traditional
practice since time immemorial in most developing countries. However, the poten-
tial contribution of edible insects to food security in these countries is under threat.
Adoption of western food habits, especially in urban areas, has caused a decline in
the consumption of edible insects. The study aimed at assessing the potential contri-
bution of edible insects to food security in urban and rural areas. For this purpose,
a survey was conducted in three urban towns and five rural districts to determine the
current consumption patterns and influencing factors for indigenous edible insects in
general, and specifically also on Eulepida species and Henicus whellani species. The
case study was conducted amongst 200 urban and 175 rural respondents. Further-
more, a nutritional analysis of the two insect species sampled from five rural districts
was performed. Consumption and nutritional data were used to assess the potential
contribution of the insects to food security. Results showed that a greater percentage
of rural respondents (89.7 %) consume at least one edible insect as compared to urban
(80 %) respondents. A less than 50 % respondents in both the rural and urban areas
consume Eulepida species and Henicus whellani. Frequency of consumption of edi-
ble insects in rural areas was significantly higher in rural than in urban areas. Rural
respondents (63.9 %) consumed insects more than three times a week as compared
to 14.5 %. for urban consumers. With a high protein content of 55 % and 68 % on
dry basis for Eulepida species and Henicus whellani, respectively, consumption of
these insects can contribute to meeting the daily protein requirement. The iron (24.2
– 52.85 mg/100g) and zinc content (10 – 20.85 mg/100g) are high for both Eulep-
ida species and Henicus whellani, making them also a potential mineral-containing
ingredient for use in food enrichment. However, the low insect consumption level in
urban areas due to restricted availability limits the actual contribution to food security.
This justifies the need to improve edible insects availability, especially in urban areas
through developing reliable value chains, insect farming and processing

Keywords: Consumption patterns, edible insects, food security, Zimbabwe
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What Is Planted Is Not Eaten – Using Production Diversity to
Link Agrobiodiversity and Dietary Diversity
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mental Research,

Agrobiodiversity and diversified production on smallholder farms influences household dietary
diversity. However, empirical evidence to support this assumption is limited. Conventional
biodiversity indicators (i.e. species richness (SR), Simpson diversity (SD)) use only species
counts. They include neither information on the quantity and quality, nor other factors affecting
production. Our objective is to develop an indicator, i.e. production diversity (PD), measuring
the role of diversity in crop production for human nutrition. We hypothesise that PD (i) shows
a clear relationship between agrobiodiversity and dietary diversity of farming households; and
(ii) includes the impact of abiotic and biotic factors such as erratic rainfall and low soil fertility
on productivity.
Data was collected from 72 farming households in Teso South, Kenya during the 2016 long
rain season (LRS) and the 2016/17 short rain season (SRS), including total crop lists and their
corresponding yields (kg). Qualitative 24h-recalls, were done with the primary caregiver in the
household, and used to calculate the individual dietary diversity score (IDDS). SR (sum of all
species) and SD (number and abundance of species) were calculated using the crop lists. PD
was calculated by summing yields from the crop list into 10 food groups, and using the formula
for SD, calculating diversity of food groups. All indicators were compared using polynomial
regression models.
PD and SR were higher in the LRS (mean PD = 0.55, SD = 0.2; mean SR= 10, SD = 4.4), than
in the SRS (mean PD= 0.38, SD = 0.25; mean SR= 8, SD = 3.3). In the LRS, PD and IDDS
showed a significant positive correlation (R2= 0.19; p = 0.002), but not in the SRS (R2=0.09;
p = 0.052). In contrast, no significant results or trends were found using SR or SD. Therefore,
when total food production is high (LRS), household consumption of self-produced foods is
also high, whereas when production is low (SRS), the use of self-produced food decreases.
Only at times of high productivity does agrobiodiversity affect IDD. The results show, that pro-
duction diversity is more capable of revealing the role of agrobiodiversity for dietary diversity,
by including factors affecting crop productivity, than conventional biodiversity indicators.

Keywords: Agriculture, biodiversity, crop production, dietary diversity, Kenya, production
diversity
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Participatory Approach to Increase Dietary Diversity through
Agricultural Activities and Nutrition Education in Western Kenya

JULIA BOEDECKER1, FRANCIS ODOUR ODHIAMBO1, CÉLINE TERMOTE1,
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This research examines the suitability of a community-based participatory approach
to increase dietary diversity through agricultural activities and nutrition education in
Vihiga County, western Kenya. It arises from a project that is part of the nutrition
cross-cutting cluster work within Humidtropics, a CGIAR research programme. The
project consists of a baseline survey covering agricultural biodiversity and nutrition
of women and small children, a phase of participatory development and implemen-
tation of community activities to improve nutrition and an endline survey. During
the baseline survey, data was collected in 10 randomly selected sub-locations in Vi-
higa County. After pair-matching, five (intervention sub-locations) of the 10 sub-
locations took part in participatory workshops to develop community activities to im-
prove nutrition, while the other five served as control. During the first year of im-
plementing the chosen activities, the communities received agricultural training and
nutrition education. The endline survey covered the 10 sub-locations surveyed at the
baseline. Within the five intervention sub-locations, households were further strati-
fied as beneficiaries (participating in development and implementation of activities;
receiving agricultural training and nutrition education) and non-beneficiaries (receiv-
ing nutrition education). Even though Vihiga County is rich in local food biodiversity
(67 cultivated and 38 wild edible species), diets lack diversity. In the participatory
workshops the communities decided to do kitchen gardening and poultry raising to
diversify diets. Children and women from the control group had significantly lower
mean dietary diversity scores (4.0 and 4.8, respectively), compared to the non-ben-
eficiaries (4.5 and 5.3, respectively), and beneficiaries (4.6 and 5.5) (p = 0.000). A
much higher proportion of children and women of the control (28 % and 30 %, re-
spectively) than in the non-beneficiary (10 % and 15 %, respectively) and beneficiary
group (12 % and 13 %, respectively) did not meet minimum dietary diversity. Look-
ing at dietary diversity and the measures applied to improve it, it can be assumed that
nutrition education had the greatest effect, before participatory agricultural activities
and agricultural trainings. This assumption however only derived from the endline
data analysis. Baseline and endline survey data still need to be compared in order to
verify which of the measures worked toward the improvement of dietary diversity.
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Delivery of Nutrition Education through Agricultural Extension:
Evidence from a Randomised Trial in Rural Kenya
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Germany
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The relationship of nutrition and agriculture has long been established and agricultural tech-
nologies and extension can play an important role in stabilising food security. However, agri-
cultural and nutritional programs are mostly implemented independently. Acceptance of nutri-
tion education on specific topics and agricultural extension has shown positive effects by itself,
but to our knowledge has not been tested in a merged setting. Therefore, the present study wants
to test the effectiveness of nutrition education, when delivered through agricultural extension.
A one-year intervention introduced nutrition education within an agricultural program, which
introduced pro-nutrition innovations. Unit of intervention were existing common-interest groups
(CIG’s) in two counties in Kenya. In a multi-stage sampling strategy, 48 CIG’s were randomly
sampled. In the next stage 20 members of each group were interviewed. For the interven-
tion a randomised control trail design was introduced and CIG’s were randomly assigned into
treatment (24) and control (24) groups. Treatments included agricultural training on two nu-
trition-sensitive technologies and a combination of nutrition education covering ‘introduction
of nutrients’, ’nutrition during different life cycles and health’. At baseline in late 2015, 809
households were interviewed about their dietary behaviour. Anthropometric data was collected
for two adults and a child between six to 59 month of age of each household, as well as nutrition
knowledge. Follow-up data on the same household was collected in late 2016.
At baseline, dietary diversity of the households depict usage of nine food groups and energy
intake was 3243 kcal per day and adult equivalent. At individual level energy and food group
consumption was slightly lower. At baseline no significant differences between the two groups
were found concerning dietary diversity, dietary quality and anthropometric measures, expect
at individual dietary diversity (IDD) and Body mass index (BMI) measures (IDD t(1024)=2.57,
p = 0.0115; BMI t(1042)=3.12, p = 0.000). Next step is to analyse difference between our two
data round to test the effectiveness of the nutrition education intervention. We test the effects
of nutrition training on nutrition knowledge, indicators of dietary quality at different levels, as
well as anthropometric measures.

Keywords: Agricultural extension, dietary diversity, Kenya, nutrition education, RCT
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The objective of this study was to determine the minimum cost of a nutritious diet
for children: 6–8 months, 9–11months, and 12–23 months and women (15–49 years):
non-pregnant/ non-lactating, pregnant and lactating by modelling locally available
foods with or without wild plant foods. Three pastoralists and three agro-pastoralists
villages were randomly selected from a list. Market surveys were conducted in each
village for plenty and lean seasons in 2016. Focus group discussions (FGD) were held
with ten women per village to determine culturally accepted dietary habits (minimum
and maximum constraints of food) and these constraints were verified against the 25 th

and 75th percentiles of actual dietary intake from a 24h recall tool applied to 180
households. Results from a FGD on agrobiodiversity following the 4- cell methodol-
ogy developed by Bioversity International were used to select three wild vegetables
and three wild fruits for modelling. All data were entered in the Cost of Diet software
developed by “Save the Children UK” to model a Locally Adapted Cost Optimised
Nutritious (LACON) diet.
The modeled LACON diet without wild plant foods costs between 49–101 Kenyan
Shillings (KES) ($0.5- $1) daily in the plenty, and between 59–119 KES ($0.6- $1.2)
in the lean season for children 6–8, 9–11 and 12–23 months. For non-pregnant/ non-
lactating, pregnant and lactating women it costs between 173–247 KES ($2- $2.4) and
226–304 KES ($2.2-$3) respectively in the plenty and lean seasons. Diets modelled
with all wild vegetables reduced to a large extend the cost of diet for all groups in
both seasons. The most significant cost reduction was found by adding Solanum
americanum, for pregnant women in both seasons, namely 47 % cost reduction. Iron
and zinc nutrient deficiencies were found in LACON diets without wild plant foods
of all groups except lactating women.
Models with all wild vegetables provided the cheapest LACON diets, but they still
remain unaffordable for most households in Turkana irrespective of their wealth level.
Nonetheless, wild plant foods have a positive impact on the reduction of the cost of
diets as well as making up for nutrient deficiencies.
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Inadequate complementary feeding, like constantly feeding young children with bulky starchy
complementary foods (CFs) as it is practised in sub-Saharan African countries like Ethiopia,
is an immediate cause of child malnutrition. Yet, there are several modification techniques
that can improve chemical, physical and sensory properties of starchy foods. This study was
conducted to evaluate the combined effects of fermentation duration and malt concentration on
physicochemical and sensory properties of starchy cereals commonly used for making CFs in
Southwest Ethiopia.
Three fermentation times (0, 24 and 48 hours), three malt concentrations (0, 2 and 5 %) and
three cereal flour types (oats, barley and teff) were combined in a factorial arrangement. The
samples were analysed for proximate, mineral and anti-nutritional factors compositions, phys-
ical and sensory properties. Treatments were compared using analysis of variance and Tukey’s
studentized range test, at 5 % level of significance.
The proximate composition and calorific value ranged between 3.67 – 6.17 %, 1.75 – 2.71 %,
8.12 – 16.82 %, 1.63 – 4.55 %, 1.58 – 5.96 %, 71.20 – 78.18 % and 359.33 – 380.26 kcal for
moisture, ash, protein, fat, fiber, carbohydrate and energy, respectively. The calcium, iron
and zinc contents ranged between 46.9–143.85 mg/100g, 2.97 – 31.39 mg/100g, 1.59 – 2.86
mg/100g, respectively. The anti-nutritional factors ranged between 18.63 – 175.07 mg/100g for
phytate and 0.84 – 42.89 mg/100g for tannin. The viscosity, water absorption capacity and bulk
density values ranged between 235.00 – 1016.33 cP, 61.33 – 143.12 % and 0.66 – 0.99 g ml-1,
respectively. Interaction of fermentation duration and malt concentration resulted in a signif-
icant (p < 0.01) reduction in crude fiber, crude fat, total carbohydrate, phytate, tannin, bulk
density and viscosity in all the three cereals. In the contrary, crude protein and calorific value
were significantly (p < 0.01) increased by the interaction effect. Ash and mineral contents
were not affected. Gruel samples prepared from 48 hours fermented cereal flours were ranked
lowest by the sensory panelists. Whereas, gruels made from 24 hour fermented and unfer-
mented cereals were ranked favourably for appearance, aroma, taste, mouth feel and overall
acceptability.
Addition of 5 % malt and fermentation for 24 hours appear to have a promising synergistic
effect in improving chemical, physical and sensory qualities of fermented starchy staples com-
monly used making CFs. Further research on storability of these products is recommended.
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Garcinia kola (Clusiaceae) is a fruit tree species indigenous to West and Central
Africa. The tree is frequently called ‘wonder plant’ because all its parts have medic-
inal properties. In Cameroon, seeds of G. kola are widely used by locals for treat-
ment of gastric problems. Studies on G. kola have mostly focused on its bioactive
substances. However, information on intraspecific diversity and the exact nutritional
values of the seeds remain unclear. Therefore, the objective of this study was to
assess and describe morphological diversity and nutritional status among different
populations of G. kola from the Southwest region of Cameroon. For examination of
the species’ current management and utilisation practices, we visited 50 farms and
interviewed 48 farmers. Further, morphological characteristics of 759 fruits, 1,821
seeds and 402 leaves coming from 81 individual trees were examined and botanical
descriptors were developed based on the species morpho-types. Seeds of each tree
were subjected to nutritional analyses for: ash, moisture, crude fat, fibre, protein and
NFE (nitrogen-free extract) content. The nutritional values were determined as fol-
lows: ash 0.33 %, moisture: 11.4 %, crude fat: 1.48 %, crude fibre: 2.27 %, crude
protein: 6.48 % and NFE: 78.02 %. We did not find any significant differences be-
tween our study sites; however, results suggest that morphological diversity within a
single population is much higher than the diversity among populations from different
sample sites. The process of G. kola domestication seems to be at its very beginning,
although we identified some efforts in terms of species-targeted cultivation and se-
lection. It is expected that this study may provide the basics for the first steps of G.
kola domestication. In future, research on the species population genetics as well as
its secondary metabolites content should be conducted to complement our data and
further promote the domestication process.
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Guava is appreciated both as a fresh fruit and an industrially processed product in the
form of juices, jellies, and sweets. It’s rich in sugars, minerals and vitamin C. The
demand for guava and guava products is rising due to the increasing health conscious-
ness and the fruit’s much appreciated nutritional benefits. There is, however, limited
knowledge of the effect of soil properties in terms of nutrients on guava fruit qual-
ity. A study was conducted on the nutritional composition of fruits from 128 trees
in four regions of Kenya (Riftvalley, Coast, Western and Eastern). Out of these, 50
trees were selected for additional soil sampling under their crown. The edible portion
of the cleaned fruits (pulp plus skin) was divided into two sub-samples. One fresh
sub-sample was used to analyse Vitamin C, total acidity, and brix immediately after
preparation. The other sub-samples were freeze-dried and later used to analyse pro-
teins, sugars and minerals (Ca, Mg, K, Na, P, and Zn). The soil samples were air-
dried and sieved through a 2 mm mesh. Later, minerals were determined by the CAT
method. Soil nutrient contents were correlated with fruit nutritional composition of
the respective 50 samples by applying Pearson correlation method. Fruit vitamin C
content, which was highest in the Eastern region (195.8 mg/100g edible portion) was
positively associated with soil Cu content (r=0.465; p = 0.01) that had also a weak
positive correlation with fruit protein content (r=0.297, p = 0.05). Soil N values,
which were lowest in Coast (0.07 %), were negatively correlated (r=-0.463, p = 0.01)
with Brix values, which were highest (12.9 %) in fruits from the Coast. Soil K content
was positively associated with Ca content in the fruits, which was highest in Riftval-
ley region (112 mg/100g edible portion). Results of our study could help developing
a fertiliser regime for guava trees that would improve not only yield, but also quality
and nutritional composition of the fruits. The surprising role of soil Cu in enhancing
the Vitamin C content of guava fruits needs to be studied in more detail.
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Several cross-sectional studies indicated a food insecurity problem in South Ethiopia.
However, seasonal trends of diet and nutritional status of mother-child pairs weren’t
well studied in enset cultivating areas of the region. Therefore, this community-
based longitudinal study was designed to assess diet diversity, and nutritional status
of mother-child pairs by season. The study was conducted on 625 randomly recruited
mother-child pairs from Shebedino and Hula woredas of Sidama zone in southern
Ethiopia. Data collection was conducted twice, first from January to early February
2017 (dry season), and second round in June 2017 (wet season). Two days 24-hrs
mother-child pairs’ dietary recall data was collected. Anthropometric measurements
were taken following standard procedures. Of the total, 578 mother-child pairs com-
pleted the study, making the response rate 92.5 %. Dietary data was analyzed for
145 mother-child pairs randomly selected from the total. Male children accounted
for 50.3 % with mean age of 38.3 (8.50) months in both sexes. More than 95 % of
the study participated mother-child pairs were from Sidama ethnicity. Religiously,
91.5% of the study participated mothers were protestant with the rest being Muslim
(5.9 %), orthodox (1.4 %), and Catholic (1.2 %) religion followers. More than half of
the mothers were from male headed households with 97.6 % co-habiting at the time of
the survey. Mean family size was 5.2 (1.78). Educational achievement of the mothers
involved in this study was low, 24.2 % attended grade 1-4 with 41.3 % being illiterate.
Majority of the mothers (87.7 %) were housewives. A paired-samples t-test proved
statistically significant negative mean change for wasting, underweight and stunting
among study participated children aged 24-59 months. This study demonstrated that
more number of children become wasted and underweight in wet season before green
maize harvest in enset cultivating areas of southern Ethiopia.
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Stinging Nettle (Urtica simensis): An Indigenous But
Unrecognised Micronutrient Potential for Combatting Hidden

Hunger in Ethiopia
TIBEBESELASSIE KEFLIE, SARAH TRILLER, JULIAN PHILPP WALD, CHRISTINE

LAMBERT, DONATUS NOHR, HANS KONRAD BIESALSKI

University of Hohenheim, Inst. of Biological Chemistry and Nutrition, Germany

The aim of this study was to investigate the micronutrient potential of stinging net-
tle (Urtica simensis) grown in Ethiopia. For this experimental study, samples were
collected from Chacha, North Shewa zone of Amhara Regional State in June, 2016.
Samples were divided into three groups. Lyophilized group was directly stored at
-80°C whereas the other two groups underwent shade (at 20–22°C for 9 days) or sun
(for 11 hours and 20 minutes) drying processes. Vitamins such as carotenoids (lutein,
zeaxanthin, β -cryptoxanthin, 9-cis-β -carotene, 13-cis- β -carotene, α-carotene and
β -carotene), thiamine, vitamin C and α-tocopherol were analysed using HPLC at In-
stitute of Biological Chemistry and Nutrition whereas, minerals such as Ca, K, Mg, P,
Fe, Mn, Zn, Cu, Co, I and Se were measured at Landesanstalt für Landwirtschaftliche
Chemie, University of Hohenheim, Stuttgart, Germany. The total moisture content of
the samples was about 84 %. Based on the lyophilized samples, the concentrations
of thiamine, vitamin C and α-tocopherol were 62.19 + 3.04 μg/100 g, 105.63 + 5.27
μg/100 g and 1.53 + 0.03 mg/100 g, respectively. The concentrations of carotenoids
were 11.96 + 0.257 mg/100 g lutein, 0.52 + 0.016 mg/100 g 9-cis-β -carotene, 0.30 +
0.13mg/100g 13-cis- β -carotene, 0.32 + 0.009 mg/100 g α-carotene and 7.92 + 0.15
mg/100 g β -carotene. They have high content of Ca (813.04 + 2.29 mg/100 g), K
(899.90 + 4.06 mg/100 g), Fe (21.25 + 0.76 mg/100 g) and Zn (1.28 + 0.04 μg/100
g). Comparing the three drying processes, lyophilized group contained the highest
concentrations of lutein, β -carotene and minerals. In conclusion, Urtica simensis is a
rich indigenous micronutrient resources to curb the issue of hidden hunger in Ethiopia.

Keywords: Ethiopia, hidden hunger, micronutrients, stinging nettle

Contact Address: Tibebeselassie Keflie, University of Hohenheim, Inst. of Biological Chemistry and
Nutrition, Garbenstr.30, 70593 Stuttgart, Germany, e-mail: tibebe.fscuhoh@gmail.com

420 ID 708



Agrobiodiversity and nutrition diversity — Posters

Food Security, Dietary Practices and Nutrition Status of
Mothers/Caregivers and Children in Laikipia County, Kenya

BRENDAH WEKESA, MARY NGENDO, STEPHA MCMULLIN

World Agroforestry Centre (ICRAF), Kenya

Food availability and access in the household determines the dietary practices and nu-
trition status of mothers and children. This study was conducted in Laikipia County;
an arid and semi-arid region in Kenya, experiencing food insecurity and undernutri-
tion. The study assessed household food security status and determined its relation-
ship with dietary practices and nutrition status of mothers and children. Four villages
were selected from vulnerable areas in the County, 152 children aged 6–59 months
and their mothers/caregivers were randomly sampled. A structured questionnaire was
used to collect data on household food production and purchase, dietary diversity of
mothers and children, and anthropometric measurements. The mean land size was 0.7
hectares and 55 %, 41 % and 33 % of the households grew staples/pulses, vegetables
and fruits on-farm respectively, mostly for home consumption while 81 % kept live-
stock. The mean weekly expenditure on food was KES 820±660 (mostly on starchy
staples). The total amount of money spent weekly on food was significantly correlated
with the mother’s BMI (rs=0.166) but not with the children nutrition status. Twenty
eight percent of the children were stunted, 16 % underweight and 2 % wasted, while
16 % of the mothers were underweight, 52 % normal and 32 % overweight/obese.
Sixty four percent of the caregivers did not achieve the minimum dietary diversity
score of five food groups a day. Most commonly consumed food groups by care-
givers were cereals (100 %), milk/milk products (79.6 %), dark green leafy vegetables
(63.2 %) and other vegetables (67.8 %), only 30 % consumed a fruit. Cereals, oils/fats
and milk/milk products were consumed by most children (≥80 %) but animal source
foods such as eggs, meat and fish were consumed by <7 % of the children. The
proportion of children who consumed vegetables was significantly higher (70 %) in
households that cultivated vegetables than (48 %) those that did not (p = 0.008), while
underweight was significantly (p = 0.019) higher among children from households
that did not grow fruits. In conclusion, the dietary practices and nutrition status of
mothers and children in Laikipia County are suboptimal and are influenced by house-
hold food access (purchases) and availability (production on-farm). Increased fruit
and vegetable cultivation could enhance household food security, dietary practices
and nutrition status.
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Nutrition sensitive pathways and approaches involving agriculture are being recognised as es-
sential to guarantee nutrition security and lessen undernutrition. In Tanzania, the majority of
the population lives in the rural areas and 80 % depend on agriculture as the main source of
livelihood. Although agriculture can play a big role in alleviating undernutrition, its role in
tackling malnutrition needs to be dealt with based on policies to the actual implementation.
This study aimed to investigate perspectives of stakeholders on links between rural agriculture
and nutrition, opportunities and challenges, evidences and policy inferences.
Methodology: Open ended interviews were conducted with 11 stakeholders identified for the
Scale-N project in Tanzania who contribute in one way or another to the nutrition sector. Two
focus group discussions with 20 farmers from Mzula and Tindiga villages in Dodoma and
Kilosa were conducted.
Stakeholders acknowledged obstacles to better achievement of undernutrition reduction which
included absence of clear cut motivations in the agriculture sector regarding enhancing nutri-
tion, concentrating on cash crops, lack of accountability for agriculture matters for improving
nutrition, policies exist but putting them into action is hindered, limited competence in the avail-
able human resources, absence of coordination between sectors, lack of proof that agriculture
works for nutrition and economic constraints to support agriculture. Possible measures men-
tioned to be taken to improve rural agriculture for better nutrition including home gardening
with different crops, nutrition training, better access to markets and labour saving technologies
to women. From the farmers’ side, 13 mentioned lack of extension services, 17 mentioned
lack of access to agricultural productive resources, lack of knowledge about nutritious and safe
food and the majority mentioned increased occurrences of natural disasters such as floods and
serious drought.
Numerous possibilities are present to strengthen the role of agriculture on nutrition in Tanzania,
however, there is need to strengthen the structure and making of policies which will in turn need
proper implementation for the desired success.
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The household dietary diversity score (HDDS) has been increasingly used as indicator for eco-
nomic ability of a household to access a variety of foods. For this paper 308 rural households in
Yayu biosphere reserve, Ilu Ababora Zone, Oromia National Regional State, Ethiopia were in-
terviewed. The data was collected in April/May 2016 prior to the implementation of NutriHAF
Africa Project. The latter aims to integrate appropriate vegetables into multi-storey cropping
systems to increase nutrition security, diversify and intensify agriculture and thus to reduce
pressure on natural habitats in biodiversity hotspots. Following the FAO (2010) guideline for
measuring household dietary diversity, respondents were asked to recall all foods eaten and
beverages taken by the whole household on the previous day.
The results show a mean HDDS of 5.2 (SD=1.9). In addition, it was analyzed which food
groups were predominately consumed at different levels of the scores and whether dietary di-
versity is correlated to the household economic status and meal frequency. While 60 % of
households had a medium HDDS of 4–6 food groups (N=186) about equal shares of house-
holds had either a low HDDS of ≤3 (N=58) or a high HDDS of 7–12 (N=64). The food groups
mainly consumed by households with low HDDS were cereals, white tubers and roots, and
legumes/nuts/seeds while only few consumed vegetables (5.2 %) or fruits (3.4 %). In contrast,
most households with high HDDS consumed vegetables (95.3%) and fruits (85.9 %) while
those with medium HDDS only to some extent (vegetables 58.1 %; fruits 17.2 %). Dark green
leafy vegetables were consumed by only 7.5 % of all households. The respondents were also
classified as poor, middle and high income based on their economic status. As expected, eco-
nomically better off households were identified with higher meal frequency and higher HDDS
while poorer households with low HDDS were identified to have fewer meal frequency.
In order to assess the change in the HDD situation and vegetable consumption one year after
the intervention of the NutriHAF Africa project, including the introduction of new vegetable
species, a second round survey in April 2017 took place and data will be included in the final
analysis.
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Background: Eastern Uganda is the second most food insecure region and has the poorest
dietary diversity of the country. Data on men’s diet adequacy are scarce. The objective of this
study was to assess the diet composition, dietary diversity and energy balance as well as the
nutritional status of male farmers in Kapchorwa District, Mid-Eastern Uganda.
Methods: An agriculture-nutrition baseline study was conducted in May-June 2016 (baseline,
t0) and August-September 2016 (follow-up, t1) within the research project “Linking agriculture
and nutrition for a healthy diet “HealthyLAND” in Kapchorwa District, Uganda. Structured in-
terviews were conducted among randomly selected farm households with children below five
years in Kapchorwa District. This study included 187 men (t0) and 79 men (t1), respectively.
Intakes of energy and macronutrient intake as well as the Individual Dietary Diversity Score
(IDDS) were calculated based on a semi-quantitative 24h-dietary-recall. Anthropometric mea-
surements for calculating body mass index (BMI) and 24-hour physical activity recalls were
included to estimate total energy expenditure and energy balance.
Results: At baseline, the mean farmers’ BMI was 21.2 (SD=3.26), with 15 % classified as
underweight, 75 % of normal weight, 8.7 % as overweight and 1.6 % as obese. The mean
energy intake was 2426 kcal day-1 (SD=853). The mean energy balance was negative, -583
kcal (SD=1093), with 72 % farmers having a higher energy expenditure than energy intake.
The IDDS (mean (SD)) did not differ significantly between the two seasons during pre-harvest
season during harvest season, (4.4 (1.2) and 4.5 (1.3), p = 0.397). Differences between seasons
were found in the consumption of pulses (49 vs 67 %, p = 0.054) and “other fruits” (33 vs.
20 %, p = 0.021). The Anova showed that IDDS is significantly positively associated with
school education level and energy intake (p < 0.01).
Conclusion: The findings confirm a poorly diversified diet that lacks an adequate energy and
nutrient supply. This limits the farmers’ capacity to intensify their farming activities needed to
improve nutrition security.
The authors acknowledge the contribution of Jan Welsch during study design and thank the
DAAD as well as BLE and BMEL for the financial support of this study as part of the Healthy-
LAND project.
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Childhood is a period of rapid growth, during this stage of life micronutrient deficiencies can
lead to retarded growth, anaemia and reduced immune function. Poor feeding practices and
limited dietary diversity are contributing factors to poor micronutrient status. Deficiencies of
vitamin A, zinc and iron co-exist in malnourished children.
The Scale-N study aims to improve nutritional and micronutrients status (vitamin A, iron, zinc)
in school-children (5–10 years) in 2 villages in Chamwino and 2 villages in Kilosa districts,
Tanzania (scale-N.org). During baseline study, 666 children were randomly recruited to ob-
tain information on demographic characteristics, anthropometry, Household Dietary Diversity
Score (HDDS), and to collect blood for the determination of haemoglobin (hemocue method)
and micronutrient status (serum vitamin A, iron and zinc by enzyme-linked immunosorbent as-
say and spectrophotometric methods). Data are presented as means (SD) and prevalences and
compared using ANOVA, and chi-squared test.
The prevalence range of underweight and stunting were 11–17 % and 25–35 % with no sig-
nificant differences between villages/districts. Anaemia, iron-, vitamin A deficiency and low
serum zinc among children in the study villages showed a prevalence range of 19–69 %, 15–
40 %, 8–19 %, and 20–49 % respectively. Children from villages of Kilosa had significantly
higher prevalence of anaemia (59 and 68 % vs. 19 and 26 %) and iron deficiency (37 and 40 %
vs. 19 and 15 %) than those of Dodoma. The overall mean HDDS was 4.8 ±1.8. The house-
holds of Kilosa villages had higher HDDS than those in Dodoma (5.7 and 6.2 vs. 4.2 and 3.0,
p < 0.001). The higher HDDS in Kilosa district contributed mainly by reported consumption
of foods such as sugar, fats/oil and beverages. The least consumed food groups in both districts
were meat/organ, eggs and milk products.
The higher diversity score consisting of food groups such as sugar, oil and beverages was
associated with higher prevalence of anaemia and iron deficiencies. Pro vitamin A rich veg-
etables/fruits and animal based foods are highly recommended in order to improve children’s
micronutrient status in the study villages. The financial support of Scale-N project by the
German Federal Ministry of Food and Agriculture (BMEL) is highly acknowledged.
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Adequate progress has been made towards reduction of the menace of micronutrient deficiency
through cassava biofortification across Africa. In Nigeria, 6 biofortified cassava varieties have
been officially released by IITA and partner NRCRI with total carotenoids content ranging
from 6.1 to 10.4 μg g-1 of fresh weight. These varieties will reach about 2 million farmers by
2018. On-going research effort by IITA and partners is geared at reaching the 3rd wave target of
15 μg g-1 of fresh weight has already identified promising pipelines genotypes with sufficient
potentials.
This success story has been achieved through concerted effort in breeding and dissemination
strategies using diverse platforms. Breeding strategies incorporates cultivar development with
building the capacity of NARS across Africa for sustained qualitative research that promotes
sustained impact of the gains from biofortification into the future. These interventions are
achieved through training on fast screening method of total carotenoids quantification using the
iCheckTM device, training on the use of tablets to enhance qualitative data collection and data
capture, enhanced knowledge on data sharing and repository through training on cassava base
and also the use of various dissemination and awareness creating platforms towards sensitiza-
tion and increased awareness through farmers field days, Nutritious food fairs, commercialised
Agroshop online market and model villages across several communities.
A paradigm shift towards the approach to awareness creation combines nutrition campaigns
with training on new nutritious food forms and value addition as well as understanding gender
preference for biofortified cassava varieties.
The outstanding results from combining these various strategies have yielded substantial pos-
itive results towards increasing the acceptability of biofortified cassava varieties and products
in Nigeria and across Africa. Hence the development of a vibrant and stronger cassava vale
chain with multi-sectoral engagements and new markets now is developing in Nigeria. These
promotes access to biofortified products, increase the cash returns to farmers and promotes
industrial growth thereby reducing hunger and malnutrition and ensuring food security and
increased income for farmers in SSA.
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Factors Influencing the Nutritional Status of Women of
Reproductive Age in Teso South Sub-County, Kenya
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4Justus-Liebig University Giessen, Center for International Development and Environ-
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Introduction: In spite of the agricultural potential in rural areas, food insecurity and poor qual-
ity diets remain a challenge. These contribute to malnutrition, both under and overnutrition
among women of reproductive age (18–49 years). This study aimed to investigate the factors
influencing nutritional status of women of reproductive age in a rural setting in Western Kenya
Method: A cross sectional nutrition survey was conducted in May-June 2016 (pre-harvest sea-
son) targeting a random sample of 418 farm households with women and their children aged
6–59 months in Teso South Sub-County. Semi-structured questionnaires were used to collect
socio-demographic and agricultural practices data. The 24-hour dietary recalls were used to
assess the women’s dietary intakes. The Minimum Dietary Diversity – Women (MDD-W) was
calculated as indicator for dietary diversity. Food insecurity was measured using the House-
hold Food Insecurity Experience Scale. The weight and height measurements were assessed to
compute body mass index (BMI) of the women.
Results: Among the surveyed households, the prevalence of moderate and severe food insecu-
rity was 23.4 % and 46.4 %, respectively. Mean (SD) women’s dietary diversity score was 4.2
(1.24) out of 10 food groups. The most consumed food group was cereals (87.3 %) followed by
other vegetables (80.1 %) and dark-green vegetables (65.0 %) while the least consumed were
nuts and seeds (4.8 %). The proportion of women who achieved MDD-W was 43.6 %. The
prevalence of underweight and overweight/ obese was 10 % and 22.2 % respectively. Bivariate
correlation analysis indicated that wealth index (r=0.79, p = 0.117), kitchen gardening (r=-
0.027, p = 0.600), food insecurity (r= -0.063, p = 0.218) and dietary diversity (r= -0.022,
p = 0.685) had no significant correlation with BMI of the women.
Conclusion: These results indicate that wealth index, kitchen gardening, food insecurity and
dietary diversity do not have a significant influence on the nutrition status of women in Teso.
This implies there may be other significant factors. There is need for further studies considering
other variables which may show significant influence on the nutrition status of women in rural
settings of Kenya.
Acknowledgement: This work was conducted with the financial support of the German Federal
Ministry of Food and Agriculture, through the HealthyLAND project.
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Supermarket Shopping and Nutritional Outcomes: A Panel Data
Analysis for Urban Kenya
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Germany
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Background and objectives: Overweight and obesity are growing health problems in many de-
veloping countries. Rising obesity rates are the result of changes in people’s diets and lifestyles.
Income growth and urbanisation are factors that contribute to these changes. Modernizing food
retail environments may also play a certain role. For instance, the rapid spread of supermar-
kets in many developing countries could affect consumer food choices and thus nutritional
outcomes. However, concrete evidence about the effects of supermarkets on consumer diets
and nutrition is thin. A few existing studies have analysed related linkages with cross-sectional
survey data. To our knowledge, we are the first to use panel data in this setting.
Methods: Panel data from households and a total of 1,199 adult individuals was collected in
urban Kenya in the years 2012 and 2015. Panel regression models with individual fixed effects
plus other controlling factors were employed.
Results: Our results show that shopping in supermarkets significantly increases adults’ body
mass index (BMI). Regarding impact pathways we did not find that supermarkets contribute to
net increases in total calorie consumption. However, our panel data models revealed signifi-
cant shifts in dietary composition. Supermarket shopping contributes to a sizeable decrease in
energy consumption from unprocessed staples and from fresh fruits and vegetables. We found
significant increases of supermarket shopping on energy consumption from dairy, vegetable oil,
processed meat products (sausages etc.), and highly processed foods (bread, pasta, snacks, soft
drinks etc.). These shifts towards processed and highly processed foods lead to less healthy
diets, with higher sugar, fat, and salt contents, and probably lower amounts of micronutrients
and dietary fibers.
Conclusion: The observed changes in dietary composition could explain the increasing effect
on BMI, even without a rise in total calorie consumption. These results confirm that the retail
environment affects people’s food choices and nutrition. However, the effects depend on the
types of foods offered. Rather than thwarting modernisation in the retail sector, policies that
incentivize the sale of more healthy foods – such as fruits and vegetables – in supermarkets
may be more promising to promote desirable nutritional outcomes.
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Community Perceptions, Practices and Knowledge of Insects for
Food in Kenya: A Case of Saturniidae
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Edible insects form a natural and renewable source of food with about 1,900 insect
species being eaten worldwide by over 2 billion people. Over 60 % of edible insects
in Africa belong to the order Lepidoptera, including saturniids. Despite consumption
of saturniids in Kenya, documented information on the extent of consumption, per-
ception and knowledge among communities in Kenya are lacking which is the focus
of this study. It was carried out in 14 counties in Kenya, namely: Homabay, Siaya,
Kakamega, Vihiga, Trans-Nzoia, Kilifi, Kwale, Machakos, Kitui, Nyeri, Meru, Taita,
Makueni, and Laikipia. Semi-structured questionnaires were used to collect informa-
tion from communities on knowledge, availability, consumption and potential for rear-
ing of saturniids for sale and local consumption. Based on the feedbacks, we recorded
the availability of seven saturniid species including Gonimbrasia zambesina, Nau-
darelia krucki, Bunaea alcinoe, Holocrina angulata, Imbrasia belina, Cirina forda
and Epiphora bauhiniae. Among the respondents, more than 80 % indicated that they
have collected insects for food. Termites, grasshoppers, crickets, compost grubs, sat-
urniids and lake flies were collected by 88, 28, 7, 3, 8 and 2 % of the respondents,
respectively. The Giriama people in Kilifi, coastal Kenya, were found to consume G.
zambesina and N. krucki. In Kakamega, western Kenya, respondents >75 years of age
indicated that they used to consume saturniids, while younger respondents refused to
consume saturniids. However, more than 70 % of the respondents expressed interested
in mass rearing of saturniids for business to regions where they are already consumed.
Some respondents were ready to taste saturniids if processed and packaged. Lack of
rearing protocols, ready markets and community acceptance were perceived as chal-
lenges by 85, 71 and 10 % of respondents, respectively. The main motivation for
respondents to rear saturniids was to generate income. Enhanced awareness on the
nutritional benefits of consuming saturniids, feasibility of mass rearing and opportu-
nities for trade will be critical to mainstream saturniids among the edible insects in
Kenya.
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Different insects such as beetles and ants, contribute to the protein and micronutri-
ent intake of numerous human populations around the world. In the Peruvian Ama-
zon, the insects represent a relevant food resource used as an alternative or comple-
mentary source of protein by indigenous communities. The study was conducted
in 8 communities of 2 ethnic groups (4 Shipibo, 4 Ashaninca) of the upper Ucay-
ali river basin. The main objective was to document the traditional knowledge on
insect use, and to characterize collection and consumption patterns of edible insects
among the communities. Samples of insects used as food were collected and pre-
served in vials with 70 % alcohol. Published taxonomical keys were used for the
identification and characterization of the local insects. The data were collected based
on thorough, semi-structured interviews with 61 (Shipibo) and 64 (Ashaninca) infor-
mants. In total, 5 insect species belonging to 3 families were considered edible for
the Shipibos and Ashanincas. From taxonomical lens, they belong to Formicidae:
Atta cephalotes (Siquisapa); Curculionidae: Rhynchophorus palmarum (Suri), Meta-
masius hemipterus (Suri pequeño); Scarabaeidae: Strategus jugurtha B. (Papaso) and
Dynastes hercules (Moho). The edible insects are collected and consumed by the
communities according to their seasonal availability. Depending on the species, only
certain developmental stages are consumed. The preparation of insects for consump-
tion involves mainly roasting, boiling or baking with leaves.

Keywords: Alternative food sources, developmental stages, entomophagy, indige-
nous food system, seasonal availability, traditional knowledge
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Coffee Certifications: A Profitable Strategy for Improving the
Livelihoods of Smallholder Farmers? Evidence from an Impact

Evaluation in Colombia’s Coffee Belt
ANDREA ESTRELLA

Muenster University, Graduate School of Politics, Trans Sustain Project, Germany

For the past decades, Voluntary Sustainability Standards (VSS) have been at the fore-
front of global sustainability governance in the coffee sector, in an effort to ensure
transparency for the public and improve the livelihoods of smallholder coffee farm-
ers. Raising farmer’s income and ensuring economic sustainability should be con-
sidered a key measure of output legitimacy of certifications, as it has been the main
incentive for producers to participate in these schemes. However, as certified products
have entered the mainstream market, supply has vastly outpaced demand, thus turn-
ing coffee certifications into an entry barrier to certain markets and causing the price
premium to erode. In addition, external circumstances beyond certifications such as
the price volatility that characterises the sector, the uneven distribution of value and
risks among the coffee value chain, the rise in input and labour costs, as well as the
impacts of climate change, pests and diseases, are already pushing coffee farmers be-
yond the limits of profitability. For all those reasons, the capacity of VSS to ensure
economic sustainability at the farm level has been put into question. So far, evidence
from qualitative studies and the few rigorous evaluations conducted points to mixed
and ambivalent effects of coffee certifications on farmers’ livelihoods. What is more,
most of these studies focus only on income from coffee, fail to accurately account
for the costs of production and use small and non-representative samples. In this
paper, we take broader impacts into account, assessing the effects at the plot, farm
and household level, and account for substitution effects due to coffee specialisation.
Using a matched sample of over 600 smallholder farmers from three cooperatives in
Colombia’s coffee belt to create a robust counterfactual, we first calculate the costs of
production of both certified and non-certified farmers and then evaluate the impacts
of third-party labels such as Fair Trade, Rainforest Alliance, and 4C, and company-
led standards as Nespresso AAA and Starbucks C.A.F.E. Practices, as well as multi-
certification strategies. The results of the study will shed light on the question of the
effectiveness of VSS in terms of creating real change on the ground.
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Formal and Informal Potato Seed Supply Systems Analyses in
Rwanda
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The potatoes production in Rwanda is constantly increasing and it represents an im-
portant food and cash source for farmers. The potato crop, together with maize, wheat,
rice, beans and cassava is one of the six priority crops on which the CIP (Crop inten-
sification Program) is focusing since 2007. Its production is mainly located at high
altitudes in the Northern and Western provinces. The Nyabihu, Musanze, Rubavu and
Burera districts, due to their favourable climatic conditions, are the 4 most productive
districts accounting for about 60 % of the national potato production. However, be-
cause of the low quality seed use by farmers together with the low health soil status,
yields remain low with an average of 11.6 t ha -1.
The aim of the study was to clarify the current formal and informal potato seed supply
system in Rwanda and understand how the certified seed production and the seed
management was carried out by farmers considering the current seed policy.
Data was collected in the Nyabihu, Musanze, Rubavu and Burera districts from the
end of June to the end of September 2016. In order to gather the agronomic and socio-
economic data, formal-informal interviews with farmers and expert interviews were
conducted.
Currently, the private sector is the principal actor involved in the minitubers produc-
tion, having a market share of 71 % while the public one has a 29 % share. The actual
production of minitubers could cover between 13–30 % of the Rwandan national de-
mand. However, due to a potato seed leak along the certification process and to a
lack of actors who multiply lower seed categories into upper ones, the same figure is
not reflected into the actual production of certified seed, which represents 5% of the
national required demand.
In conclusion, in order to supply Rwandan farmers with high quality seed, the formal
and informal systems must be complementary and mutually dependent. The certified
seed production must be combined with the development of strong and target linkages
(e.g. farmer field schools) along with the informal seed sector. The promotion of
the integrated-participative approaches in breeding, seed production and distribution
would help to increase the complementary between the two systems.
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Marketers Consciousness for Quality Loss Reduction: A Case
from Maize Marketers in Ghana

NKOYO BASSEY, ARNIM KUHN, HUGO STORM

University of Bonn, Inst. for Food and Resource Economics, Germany

Quality conscious markets are crucial for a sustainable and integrated approach to
post-harvest loss (PHL) reduction. Farmers in sub-Saharan Africa (SSA), where in-
formal markets exist, have often assessed rewards for the supply of good quality grains
as unattractive and insufficient. Such informal markets lack standard grades, thereby
relying on subjective grading (which is individual and criteria specific) and aspects of
visible quality loss (which is based on search and experience dimensions of quality),
to determine the extent of quality loss during and after purchase. This study inves-
tigates consciousness for visible quality loss reduction among maize marketers, and
consequently, the rewards that accrue to farmers, following a case study approach in
two districts in the Brong-Ahafo region of Ghana. Grain acceptability and the value
placed on visible quality loss reduction are proxies used to assess quality conscious-
ness. Assessment is based on two scenarios – the first is the current market situation
based on subjective grading; while the second scenario involves the use of a hypoth-
esised grade to capture potential premiums in a situation where defined grades are
to exist. Data was collected through in-person interviews using structured question-
naires, and responses from 288 marketers were used for the study.
With subjective grading, marketers’ acceptability of poor quality grains is assessed as
low (44 %), however, with the hypothesised grade; results show that the number of
marketers willing to accept grains with high visible quality loss (VQL) almost dou-
bled. Also, the subjective grading scenario shows a price overlap for both good and
poor quality grains. Both results of the disparity in acceptability between the two
scenarios and the price overlap in the current market scenario highlight the effect of
subjective grading in markets, which results in the difficulty in exactly differentiating
quality loss levels and consequently estimating incentives for better quality supply.
Conversely, results from the hypothesised grade scenario show that where clearly de-
fined standards or grades exist, marketers offer significantly different premiums on av-
erage over quality levels. Variables that describe collective action positively influence
potential premiums for quality loss reduction. These results highlight the importance
of standard grading systems and market groups in maize quality loss reduction.
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Filling Institutional Voids: Role of Social Networks in
Horticultural Market Access, Evidence from Kenyan Smallholders
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Imperfect market information is a key challenge to market access among small scale farmers
in developing countries. Small-scale producers are faced with limited access to formal insti-
tutional structures to facilitate functioning markets. This is due to the minimal role played
by the public sector in transmitting price information and developing market linkages. Social
networks have been found to play a key role in filling formal institutional voids through fa-
cilitating adoption of technologies and innovations. However, what role do social networks
play in access to market information, particularly for perishable crops? How does the market
information from networks translate into market access? To answer these questions, the pa-
per applied social network analysis using mixed methods approach. A household survey was
conducted in 2015 followed by an in-depth qualitative study on selected farmers, traders and
organisations. First, we mapped egocentric market information networks for small-scale veg-
etable producers. Second, we assessed frequency and reliability of market information through
various network ties. Finally, we assessed challenges and opportunities of different network ties
in access to markets. Graphs and measures of network structures were analysed quantitatively
using UCINET 6 while challenges and opportunities of the network ties were assessed qualita-
tively using MAXQDA 12. Preliminary findings show that organisational ties, particularly civil
society organisations offered novel market information; although, their ties to producers were
minimal. Information transferred was infrequent and mainly targeted to a section of farmers,
specifically group leaders who were core periphery nodes in the network. Spread and dis-
semination of market information was mainly through farmer groups and association members
(bridging ties). Traders as bridging ties played a minimal role in transfer of market information.
Bonding ties from family and relatives had higher density in the network but the information
shared played a minimal role in market access. Issues of mistrust and jealousness were cited as
challenges within bonding ties. Generally, the challenges cited by producers in utilising market
information for market access were: ascertaining timeliness of market information; risks and
related transaction costs particularly in potentially new markets.
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Does Fair Trade Certification Improve Farmworkers’ Welfare and
Empowerment? Evidence from Nicaragua and Brazil
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VICENTE2, DIANA MARCELA CORDOBA3
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Since the 1940s, Alternative Trade Organisations (ATOs) have been spreading all
around the globe, in order to find new trade and marketing channels to commercialise
fair trade goods, with the goal of contributing to a more sustainable development of
agriculture and to the increase of rural well-being. Fairtrade (FT) is one of the most
well-known Alternative Trade Organisations (ATOs). It originally aimed to create em-
powerment among small producers and improve their livelihoods. In 2011, FT USA
started certifying coffee estates, in order to include also farmworkers into a new cer-
tification scheme, known as Fair Trade for All (FT4ALL). Through the data collected
by the centre for tropical agriculture (CIAT) in Brazil and Nicaragua, we conducted an
analysis to answer the following questions: (1) what is the causal effect of FT4ALL
on workers’ welfare? and (2) is FT4ALL effective at empowering farm workers? As
result variables, we built two multidimensional indices: an index of welfare composed
of 40 variables grouped into five dimensions and an index of empowerment which in-
cludes seven dimensions and 17 variables. This allows us to look at FT4ALL impacts
from different perspectives: economic, to see if the model boosts incomes, increases
assets and improves house quality; social, to assess the improvements in quality of
life; empowerment, to determine workers’ inclusion in farm organisational life and
relationships within the farm.
We measured the average treatment effect of the certification through the implemen-
tation of the Ordinary Least Square (OLS) model, Propensity Score Matching (PSM)
and Difference-in-Differences. Our results suggest that the certification has a positive
effect on both workers’ empowerment and welfare, both in Nicaragua and Brazil. The
improvement in welfare is mainly due to increased access to education and healthcare
services, as well as improvement of house quality, reached through the investment
of a price premium received from estates from the sale of Fair Trade coffee. As for
empowerment, most workers had become more involved in organisational life and
gained greater access to training, albeit we found a negative effect on the dimension
working environment.
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Determinants of Smallholder Farmer Market Choices: A Case of
Organic Pineapple Markets in Uganda

HARRIET KYOMUGISHA1, ERNST-AUGUST NUPPENAU1, JOHNNY MUGISHA2

1Justus-Liebig University Giessen, Inst. of Agricultural Policy and Market Research,
Germany

2Makerere University, Agribusiness and Natural Resource Economics, Uganda

Organic pineapple production in Uganda is driven by the premium price in the export
market. A market chain has developed with organically certified farmers selling to
export companies. Whereas sometimes farmers fall short of the demanded quanti-
ties, the companies in some cases do not buy all the farmers’ produce. This market
failure often disadvantages the farmer whose primary objective is benefiting from the
premium price. The study examines farmers’ alternative market choices for organic
pineapple and factors that influence those choices. Inability of export companies to
procure all that farmers’ produce particularly during peak seasons, and the organic
market fixed prices that are sometimes lower than conventional market prices during
lean periods is of concern. Consequently, farmers have a decision-making challenge
regarding selling organic pineapples to the conventional markets. In the absence of
empirical knowledge on factors that influence farmers’ market choice, it is a challenge
to accordingly advise the non-homogeneous organic farmers whose decisions may not
be uniformly rewarding. This study was done in Kayunga and Luwero districts in cen-
tral Uganda, purposively selected for being the leading pineapple producers. Using
a cross-sectional household survey, data were collected from 275 randomly selected
farmers (116 organic and 159 conventional). Organic farmers’ market choices were
categorised as (1) only organic market – farmers selling to export companies and (2)
both organic and conventional – selling a portion to organic market and another to
conventional market. The data were analysed using a Logit model (for organic farmer
market choice decisions) and a Probit model to establish if both organic and conven-
tional farmers are influenced by similar factors while transacting in the conventional
market. Descriptive results show that the majority (68 %) of organic farmers sold
pineapple to both organic and conventional markets. Logit model results indicate
pineapple-farming experience (p < 0.05), annual pineapple harvests (p < 0.05), and
pineapple price in the conventional market (p < 0.01) as some of the key factors influ-
encing organic farmers’ market choice. Annual pineapple harvests and the distance
in kilometers between pineapple fields and the markets are some of the significant
factors from the Probit model assessment.
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Valuation of ecosystem services is one of the most effective ways to focus on these
services and helps planners to adopt appropriate approaches to sustain such services.
Although organic farming concentrates on maintaining and protecting the ecologi-
cal balances of agro-ecosystems, the share of organic agriculture is insignificant in
Iran (less than 1 %). Therefore, the present study aims to evaluate the value of agro-
ecosystem services under two different conditions - conventional and organic man-
agement - in Fariman city.
In this research, agro-ecosystem services were divided into two main groups; market
services (primary and secondary production) and non-market services (pest control,
soil production, carbon sequestration, supply of nutrients from the soil and soil fer-
tility). Also, there were two main products (tubers and seeds using and harvested
crops). The crops for home consumption were considered as economic value of sec-
ondary production.
The value of market and non-market ecosystem services in conventional and organic
farms was evaluated according to three different scenarios. In these scenarios it was
assumed that 10 %, 25 % or 50 % of the conventional farm area (total cultivated area
of wheat was 10.000 ha and of potato 800 ha) would be replaced by an organic sys-
tem. Finally, the differences between these scenarios were compared to the existing
situation.
From the results, conventional potato system had a higher market value than the or-
ganic system, but the value of non-market services in the conventional system was
less than the organic one. Market and non-market values for wheat organic farms was
higher than conventional farms. So, the total value of ecosystem services in organic
and conventional systems were about 260 and 106 $ per ha and year, respectively.
Results illustrate that the value of non-market services rises along with the increasing
area of organic farms. When 50 % of the farm area is cultivated under organic system,
total non-market values of potato and wheat will reach to 22960 $/year and 186613
22960 $/year, respectively. Finally, according to the results and obtained benefits,
developing and promoting organic agriculture in Iran is extremely recommended.
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Previous studies suggest that the impacts of cooperatives involved in staple crops
marketing in Africa on smallholders’ commercialisation is very modest. Moreover,
the management of these organisations is weak, membership rates are low and the
organisations are financially constrained. In this study, we use panel data collected in
2012 and 2014 from Ethiopia to further disaggregate the impacts of market-oriented
producer organisations to explain why the impacts are weak and its implication on
financing and long term competitiveness of the cooperatives. Unlike previous studies,
which studied only the impacts of membership, we distinguished village, member and
transactional level impacts.
The result indicated that the most significant positive effect of the FMOs under study
is village level impact. All farmers in the village where the FMO is present benefit
from a competitive market created by the cooperatives. Specific benefits to mem-
bers are weak and insignificant for the outcome variables under study. This indicates
that FMOs in Ethiopia are caught in the efficiency (becoming important market ac-
tor) and equity (serving all the people in the village) dilemma, which has resulted in
insignificant exclusive benefit to members who would potentially invest and improve
the efficiency of the organisations. Furthermore, two major insights are drawn from
the findings. First, studies comparing members with non-members from different
villages lead to biased measurement of membership benefits since a village commu-
nity, irrespective of membership, may benefit from the FMO’s operations through
increased competition at the local market level. Thus, all reported benefits of mem-
bership in previous studies are rather benefits of increased competition at the village
market level triggered by the introduction of FMOs. Second, the results confirm that
the present organisational structure does not provide incentives to become member
or to make voluntary investments in FMOs. This further deteriorated the resource
constraints the FMOs are facing.

Keywords: Africa, commercialisation, Ethiopia, marketing cooperatives, members
willingness to invest, producers organisations, smallholders
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Considering the urgent need to make food systems more sustainable, alternative food systems
(AFSs) are seen as starting points for sustainability transitions in the wider agro-food arena.
AFSs include a wide array of food systems that are different from and more sustainable than
the ‘conventional’ or ‘industrial’ ones. However, the literature often employs the term ‘AFS’
without further differentiation – we propose that by developing intuitive categories to describe
AFSs, we can create more powerful narratives to support AFSs with transformative potential.
This review proposes a novel categorisation of AFSs derived from an overview of their his-
tory and movements that shaped them. We propose to categorise AFS along four systemic
attributes: space, time, integration and rules. It should be highlighted that these attributes are
not mutually exclusive. The space attribute refers to the fact that AFSs tend to be more small-
scaled, localised and horizontally integrated – examples include community-supported agri-
culture, farmers’ markets, farm food outlets, box schemes, farm to school programs, or local
public procurement initiatives. A second attribute is time; emerging AFSs have put an empha-
sis on giving food enough time to grow, to be prepared with care and to be enjoyed in a social
experience (e.g. the Slow Food Movement). A third attribute is integration; a broad family of
AFSs (e.g. organic and biodynamic agriculture) were inspired by the science of agroecology
– thus attempting to increase the integration of agroecosystem elements. A fourth defining
attribute of AFSs is the attempt to change the rules and institutions that govern the interac-
tion of value chain actors. Some initiatives (e.g. Fairtrade) have focused on the adaptation of
trade linkages towards social justice and empowerment. Others, such as the food sovereignty
movement promoted by La Via Campesina and local food cooperatives, are more radical and
transformative.
We believe that referring to space, time, integration and rules, offers a unique opportunity to
create simple, compelling narratives for promoting transition in food systems. Such narra-
tives are needed to guide strategic support for initiatives with genuine transformative potential
and/or ambition. We propose to explicitly test the proposed narratives in a multidisciplinary
and transdisciplinary setting.
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The markets for organic products are emerging as an alternative to health conscious
consumers in the world. On the other hand, different scholars and organisations have
promoted models of sustainable agriculture to improve on the consumption of organic
products. For example the “Save and Grow” model promoted by Food and Agriculture
organisation (FAO). However, the purchase of organic vegetables among urban house-
holds, remains at minimum levels. Moreover, few studies have attempted to evaluate
the factors that affect perception of sustainable agriculture models for organic veg-
etables among urban households. Furthermore, the specific impact of perception of
“Save and Grow” model on the WTP has not been widely evaluated by researchers.
Therefore, we evaluated the determinants of adopting “Save and Grow model” for or-
ganic vegetables among consumers in Nairobi. Secondly, we also assessed the impact
of “Save and Grow” on WTP for organic vegetables among consumers in Nairobi.
The survey collected data from 308 consumers in Nairobi, Kenya. We selected the
consumers based on a systematic random sampling approach. This involved sampling
every 5th consumer at the exit of the retail outlets. We used a pretested questionnaire
to collect data at exit points of the main organic outlets in Nairobi.The questionnaire
contained questions on the consumers’ socioeconomic characteristics. Moreover, the
consumers were asked about there willingness to pay for organic vegetables. Subse-
quently, we analysed the data using a propensity score matching. The results suggest
a significant relationship between perception of “Save and Grow model” and the fol-
lowing socioeconomic characteristics: health, gender, employment status, education
level,price and labeling. Moreover, the “Save and Grow” had a significant impact
on WTP for organic vegetables among consumers. We concluded that sustainable
agriculture intervention is an avenue for transitioning from conventional to organic
products. Marketers of organic products can focus on this avenue in promotion of
their products in the urban markets. Policy should focus on up-scaling the “Grow
and Save”model which may accelerate on embracing of organic products in the urban
centres.
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Role of Social Capital

DIVYA RAJANNA1, BENARD OTIENO ABEL1, SHRIPAD BHAT2,
WOLFGANG BOKELMANN1

1Humboldt-Universität zu Berlin, Albrecht Daniel Thaer-Institute of Agricultural and
Horticultural Sciences (ADTI), Germany

2Indian Institute of Pulse Research, Agricultural Economics, India

Social capital provides insights on the social bonds and norms in a society. This study empir-
ically investigated the dimensions of social capital (bonding, bridging and linking) that have
potential in enhancing the performance of Indian smallholder vegetable farmers. The research
analysed dimensions of social capital and their influence on the market preferences which in
turn influences their livelihood. A survey of 100 randomly selected smallholder farmers who
were transacting in cooperative regulated or conventional market, has been conducted. The
social capital statements representing three dimensions of social capital were coded on the five-
point Likert scale with increasing level of agreement. Further, when subjected to principal
component analysis (PCA) these statements were reduced to four components (informal net-
works, collective action, formal networks, institutional trust), whose scores are used as social
capital explanatory variables in ordered probit regression to compare the preferences across
three coexisting markets. There is a significant difference between the social capital among co-
operative farmers, regulated farmers, and conventional farmers. Further, our research findings
indicate that the components of social capital, informal networks, collective action and institu-
tional trust greatly influence the farmers higher preference for cooperative markets. Collective
action decreases the preference for regulated market and institutional trust decreases the prefer-
ence for conventional marketing. Thus strengthening the social capital can be a powerful way
for improving inclusiveness of farmers to high coordinated value chains such as cooperatives.
Increased trust in formal institutions reduces the chance of farmers being exploited by conven-
tional traders. The practical implication of this study is that efforts should be made to build the
social capital among the farmers by developing research approaches and bottom up strategies
where farmers can involve in high value coordinated value chains through collective action.
The significant and positive relationship between the social capital and cooperative marketing
is a pathway for better status when the social relations are promoted and operated in a sustain-
able manner. As smallholder farmers are constrained by resources such as land, labour and
capital, there is an increased scope for enhancing the social capital and also encourage them to
act collectively to improve their livelihood.
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The pulp from the fruit of the baobab tree (Adansonia digitata L.) is getting increas-
ingly popular as a food ingredient on both a local and international scale due to its
particular nutritional properties. By adding value to the resource through processing
baobab has the potential to generate much needed income and lift rural communities
in sub-Sahara Africa out of poverty; however, increased export of the resource may
also threaten the livelihoods of local populations and lead to overexploitation of natu-
ral baobab stands. More information on the sustainable commercialisation of baobab
resources is, therefore, needed. The current paper presents preliminary results of an
ongoing research project. Innovation system analysis provides the framework to char-
acterise the developing baobab processing sector in detail, since it encompasses the
complex set of relationships amongst different actors in the system (e.g. enterprises,
research institutes, authorities, consumers, etc.) as well as influencing factors such
as laws, policies, standards or social norms. Analysis focussing on the baobab ex-
porting industry in Southern Africa have been conducted to help better understand the
structure and boundaries of the sector, involved agents and their interactions, innova-
tion and production processes, sector transformation and the factors at the base of the
differential performance of firms in the sector. Baobab processing initiatives from se-
lected countries of Southern Africa (Malawi, Zimbabwe, South Africa, Mozambique,
and Tanzania) have been assessed, highlighting small-scale commercial enterprises
reaching high-value international markets. These enterprises often derive from devel-
opment initiatives and feature not only economic but socio-economic goals in their
overall strategy and act in an environment characterised by both competition as well
cooperation dynamics (co-opetition) to achieve better collective and individual re-
sults. This makes them particular interesting cases on whether and how high-quality
products for international markets can be produced while contributing to socioeco-
nomic development across the supply chain.

Keywords: Baobab (Adansonia digitata L.), co-opetition, commercialisation, food
processing, innovation system analysis
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Garcinia kola (Bitter kola) is a medicinal plant species, whose seeds are collected in
the forests of sub-Saharan Africa mainly for subsistence and used as a treatment for
stomach ache or as a stimulant. A little is known about the nutrition composition,
domestication or market chain development of bitter kola. The seeds are however
commonly traded at local markets and even attract the attention of consumers abroad.
Thus, the aim of the survey was to document who were typical sellers of bitter kola
seeds and what marketing practices they used. During June and July 2016, we initi-
ated a survey in the streets of four different districts of Yaoundé city with increasing
distance from the centre in order to identify suitable markets and respondents. To-
tal number of 36 street vendors and 35 market-traders were interviewed via semi-
structured questionnaires. Street vendors could be further divided into street mobile-
vendors (24), predominantly boys (95.6 %) with average age of 15.6 (±3.16) years,
selling seeds close to the main streets to taxi drivers to cover their school fees, and
stall-holders (12), mainly women (58.3 %) of average age 38.5 (±7.56) years, situ-
ated far from main communications and selling seeds to passing-by people. Market-
traders were again particularly women (86 %), 49.9 (±9.92) years old, selling bitter
kola to a very diverse group of customers, similarly to stall-holders. Nevertheless,
different selling units were observed among both types of vendors, i.e. street vendors
used three seeds at an average price of 100 FCFA (e0.15), while market-traders used
mainly cups for 500 FCFA (e0,76) each. Majority of all vendors (87.5 %) sold seeds
because of their medicinal ability. Selling bitter kola seeds represented good opportu-
nity for targeted vendors, which could explain why most of them came from the same
region as the majority of seeds. Collector survey points played an important role as
54.8 % of respondents purchased bitter kola from them, while all street vendors were
buying the seeds from market-traders. Further studies should document whole value-
chain, including consumer preferences, domestication and the role of middlemen.

Keywords: Mapping of market chain, medicinal plants, non-timber forest products,
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In the past, big multinational companies from developed countries dominated the
agricultural world markets. Thus, research on internationalisation strategies focusses
mainly on these firms. In the literature, there is a continuing debate regarding firms’
internationalisation pathways and the definition of “global company” resulting in con-
troversial approaches for firm categorisation. Simultaneously, Aggarwal et al. (2011)
developed with their matrix of multinationality a rather inclusionary approach. Nowa-
days, however, showing a rapid export growth, firms from emerging economies have
become key players in the world export markets, increasing their importance. Our
research contributes to the existing literature by studying companies from the agricul-
tural sector in Chile as a prime example of emerging economies from Latin America,
which has not been covered by the conceptual literature yet. We conduct a longi-
tudinal analysis for a period of 7 years (2009–2015) to examine the changes in the
internationalisation strategies of a sample of 233 fresh fruit exporters in Chile to de-
termine their internationalisation level. To do so, we adapt and extend the matrix of
multinationality developed by Aggarwal et al. (2011) to classify firms according their
internationalisation level. We use secondary data from Eximfruit database, which
contains the distribution of Chilean fresh fruit exports to different geographic regions.
With 65.12 % of the firms being classified as transregional, 16.06 % as global, 12.75 %
as host regional and 6.07 % as regional, results of our empirical study indicate that the
most employed internationalisation strategy is the transregional. Most of the fruit
export companies in Chile follow a pattern of incremental internationalisation, with
periods of internationalisation and de-internationalisation. Firms mainly prefer to ex-
tend (and contract) their market scope in one single geographic region per year, which
could indicate some liability of inter-regional foreignness in the internationalisation
process. We confirm the broad triad region (North America, Europe and Asia) as the
most important market in the world, even for emerging economies located out of these
regions. Simultaneously, the home region becomes increasingly important in the last
years, especially for the more internationalised firms. However, it is still not fully
penetrated by most of the firms, regardless their internationalisation level.
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Are Thai Consumers’ Willing to Pay More for Local Fair Trade
Rice
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This research aimed to investigate the feasibility to develop Fair Trade certified system
specifically for Thailand under “Fairtrade Thailand” label by analysing consumers’
perception toward the Fair Trade concept and willingness to pay for different types of
certified labels on 5 kilogram Thai Hom Mali (Jasmine) bag rice. The analyses were
based on data collected from 407 samples of Thai Hom Mali bag rice consumers
in Bangkok. In order to know the impact of knowledge about certified labels on
willingness to pay, two formats of questionnaire were used: explaining the meaning
of labels before and after completing the choice tasks. The base case (status quo) was
Thai Hom Mali bag rice with Thai Hom Mali standard guarantee label. The mixed
logit model was used for analyses.
The results showed that consumers have a lack of understanding about existing certi-
fied labels. Only Thai Hom Mali standard guarantee label was known by the majority
of consumers (58 %). The majority of consumers supported the “Fairtrade Thailand”
certified label idea. Consumers were willing to pay 20 % premium for Thai Hom Mali
bag rice with “Fairtrade Thailand”. Without Thai Hom Mali standard guarantee label,
the price for a bag of rice dropped by 19 % compared to the base case. For one who
cannot differentiate between “Organic Thailand” label and Good Agricultural Prac-
tice “Q” label, the willingness to pay for “Organic Thailand” label was 12 % which
was not significantly different from the willingness to pay for “Q” label with 7 % of
the consumers in this study. For consumers knowing the meaning of both “Organic
Thailand” label and “Q” label, the willingness to pay for “Organic Thailand” label
increased to 22 % which is much higher than the willingness to pay for “Q” label of
8 %.
Based on these findings, it is feasible to develop a Fair Trade certified system specif-
ically for Thailand under “Fairtrade Thailand” label since the majority of consumers
agreed and supported this concept. However, one of the most important things to do is
to find a way to disseminate and to educate consumers about the “Fairtrade Thailand”
label as well as on other existing certified labels, in order to increase the value of high
standard products.
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Enhancing agricultural productivity through the adoption of proven technologies pre-
sents a credible pathway to economic development and poverty reduction. The adop-
tion of improved chickpea varieties have the potential to contribute not only to food
security but also to economic growth and development as well as poverty reduction
among the poor, since the adoption of such improved varieties are both pro-poor and
environmentally friendly. Chickpea serves as a source of proteins and nutrients for
poor households with the improved varieties having a very high value with poten-
tial for export. We therefore analysed the impacts of improved chickpea adoption on
smallholder market participation and market integration employing a panel analysis
of three rounds (2008, 2010, 2014), drawn from 606 households in potential chickpea
producing areas in the Shewa region of Ethiopia. The decision to adopt is improved
varieties is potentially endogenous on small market participation and market integra-
tion as well as other observed or unobserved characteristics. The problem of selection
bias is addressed by estimating a correlated random effect (CRE) panel models for
commercialisation regression using a multiple instruments. Instrumentation is car-
ried out using a control function (CF). A Double hurdle model is specified to esti-
mate commercialisation wherein the first hurdle tackles the decision to participate or
commercialise using a probit maximum likelihood estimator while the second hurdle
specifies the intensity of market participation or commercialisation using a truncated
normal regression model. From this study, it is expected that the adoption of improved
chickpea varieties will increase by more than 70 % across the three panel data rounds.
Adoption of chickpea varieties will drive both commercialisation decision and the
degree of commercialisation at a less significant rate as a result of the food security
issues in Ethiopia. Accordingly, labour force is expected to be positively correlated
with both outcomes of commercialisation since a more active labour force implies
higher production and therefore market participation. This study therefore affirms the
importance of improved chickpea varieties for commercialisation and thus provides
support for policies targeting poverty alleviation in rural areas.
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Logistics-Centric Supply Chain Approach for Pakistan Mango
Export to Europe Market: Discrete Choice Analysis

SHAMS UL HAQ1,2, AYE MOE SAN2
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2Yezin Agriculutral University, Dept. of Agricultural Economics, Myanmar

Pakistan with mango as its 2nd major export fruit and 4th largest producer in the world
is still facing serious constraints in its export marketing. Having said all about the
issues and challenges related with the production and domestic infrastructure, per-
ishable nature of the product like mango makes its exporters more sensitive to have
improved supply chain to access distant but high value markets like Europe.
This study based on the fact that international freight charges account for almost 70 %
of total export cost, is hypothesised that improved transport in terms of cost and value
can be a commercially attractive proposition for the traders. Logistics oriented supply
chain derived from transaction cost theory is supposed as the theoretical foundation
of the research. Primary data of the 100 grower cum exporters, sole exporters and 30
shipping companies like air and sea lines collected during a field survey in 2014 has
been employed for the analysis. Sea-freighting has been compared with the current
mode of transportation (air) as a future alternative mode. Discrete choice modelling
technique is used as a methodological tool after identifying attributes of transaction
cost, travel time, loss & damage, frequency and compensation during the focus group
discussions.
In the results, findings of different mixed logit models of mode choice reveal that air
transport is costly but more safe. Though sea-freighting is found 3 to 4 times cheaper
than air but yet it’s highly sensitive as it takes around 27 days for shipment from
Pakistan to Europe. Factors like transport cost, travel time, loss & damage and com-
pensation are found significantly affecting overall shippers’ mode choice behaviour.
For future, exporters perceive that if somehow high percentage of loss and damage
in sea-shipping is reduced with the provision of high-tech containers; they will be
willing to adopt sea transport on regular basis.
The authors conclude that along with the provision of domestic facilities like pro-
cessing plants and certification procedures; logistics oriented supply chain policies
introduced by public and private sector can equally enhance export of perishable com-
modities to far-reaching markets.

Keywords: Discrete choice modelling, Europe, logistics, mango, mixed logit,
Pakistan
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Value Chain Governance of African Indigenous Vegetables:
Smallholders Participation in Kenya
BENARD OTIENO ABEL, DIVYA RAJANNA

Humboldt-Universität zu Berlin, Albrecht Daniel Thaer-Institute of Agricultural and
Horticultural Sciences (ADTI), Germany

Production and marketing of African indigenous vegetables (AIVs) offers opportunities for
smallholders to participate in higher value chains in Kenya. There is growing demand for AIVs
among the middle and upper-class urban consumers due to promotional campaigns by research
organisations and public agencies. The vegetables are rich in macro and micronutrients and pos-
sess bioactive compounds with antioxidant potential making them very suitable for food and
nutritional security. Production of AIVs is predominantly by smallholders in rural and peri-
urban areas in Kenya. These vegetables are now sold in big supermarkets signalling prospects
for the smallholder to participate in coordinated higher value chains. Access and participation
in these higher value chains depend on the embeddedness in the coordination and governance
structures. Based on an exploratory multiple case study, this paper comprehensively maps out
chain actors and their activities, assesses the coordination and governance structures that influ-
ence participation in the AIV value chains in Kenya. It further identifies constraints and oppor-
tunities for integration and finally explores upgrading strategies for sustainable smallholders’
participation. A comparison has been made between governance coordination in the traditional
and coordinated value chains for rural and peri-urban smallholders. A stratified multistage
sampling technique was used to select a sample of 288 respondents and data was collected
through semi-structured interviews using different instruments for different nodal actors. A
majority of farmers (98 %) participate in traditional value chains as compared to only 2 % that
supply supermarket which represent coordinated value chains. The study did not find collec-
tive actions for marketing indigenous vegetables among rural farmers. There were no direct
transaction relationships between rural farmers with the more remunerative urban traders and
supermarket outlets. Farmers in the peri-urban areas made use of farmer groups to participate
in urban wholesale markets as well as supply supermarket outlets. The wholesalers and super-
markets set compliance parameters such as price, quality and quantities in the traditional and
coordinated value chains respectively. Vertical linkages between value chain actors in both co-
ordinated and traditional value chains are weak; mostly characterised by “arms-length” market
transactions, except for the modular governance arrangements exhibited between supermarkets
and their suppliers.

Keywords: African indigenous vegetables, chain governance, coordinated value chains, small-
holder participation, traditional value chains
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Analysis of the Legal Framework for the Colombian Cattle
Value Chain
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1International Center for Tropical Agriculture (CIAT), Colombia
2University of Cauca, Dept. of Agricultural Sciences, Colombia

The legal framework for the cattle sector can also be considered as public policy for
its development. This can be understood as a set of incentives and sanctions, which
influences the affected actors and generates changes, not only in internal behaviours
and dynamics but also in values. In 2003, Colombia’s legal framework for the cat-
tle value chain saw the beginning of a period of major transformations, but it was
in 2007 when a radical and complex legislation was presented to introduce the cattle
sector into the context of international trade. However, the expected changes of be-
haviour among actors were not fully achieved by as incompliance could and still can
be observed throughout the sector.
This study was conducted in 2016 and has the aim to revise the legal framework for
the Colombian cattle value chain and to a) analyse the underlying complexities that
came with the implementation of rigid legislative processes, and b) to identify the
bottlenecks considering the aim of putting the cattle sector into a global context. The
methodology consists of two steps: 1) a systematic and chronological compilation of
the laws, decrees, resolutions and standards, and 2) an analysis of both the institutional
and social evolution of the sector over time, as well as the advances and challenges
presented in terms of e.g., traceability, hygiene, animal welfare and sustainability.
First results show that although important advances have been made in order to adapt
the legal framework to international requirements, these are not sufficient when ade-
quate enforcement and control mechanisms are missing. In addition, the success of
public and legislative policies depends to a great extent on the context in which they
are applied and the capacities actors have to understand their complexity.
This study will serve decision makers in the development of targeted follow-up and
improvement processes in order to ensure future competitiveness and sustainability
of the cattle sector at international level. It will also serve the value chain actors
as guidance on the rules that apply for their specific activity – a valuable source of
information given the fact that official information sites are often incomplete.

Keywords: Competitiveness, international trade, livestock, policy analysis, public
policy
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Gendered Analysis of Asset Ownership and Participation in
Market Oriented Crop Value Chains

TATU MNIMBO1, JOYCE LYIMO-MACHA1, JUSTIN KALISTI URASSA1,
KHAMALDIN DAUD MUTABAZI1, STEFAN SIEBER2

1Sokoine University of Agriculture, Tanzania
2Leibniz Centre for Agricultural Landscape Research (ZALF), Inst. of Socio-Economics,
Germany

Gender inequalities in asset ownership result in different levels of participation, meth-
ods of production and modes of marketing cash crops, and bear consequences for
women’s potential outcome in the cultivation of these crops. Assessing gender partic-
ipation in cash crop production is important, not just because it differs from the pro-
duction of other crops, but because cash crop production holds significant potential
as a means by which rural households can improve their welfare. In many contexts,
ownership of assets is strongly gendered, reflecting existing gender norms and limit-
ing women’s ability to invest in more profitable livelihood strategies such as market-
oriented agriculture. Yet the intersection between women’s asset endowments and
their ability to participate in and benefit from agricultural interventions receives mini-
mal attention. This study aimed at analysing the relationship between asset ownership
and participation in markets oriented crop value chains. The specific objectives are
1. To analyse gender dynamics in crop commercialisation; 2. To assess the relation-
ship between asset ownership and market participation. Results show that households
with a good number of family labour are likely to participate in commercialisation.
We also find a positive relationship between participation and value of durable assets,
suggesting it is an important determinant in the decision to participate in commer-
cialisation. Furthermore, we find that the degree of commercialisation is negatively
associated with age and household size but positively associated with food security.
The study concludes that asset ownership is significantly shaped by institutional fac-
tors such as social norms and the study observes the importance of complimenting
resources such as labour and capital to be able to translate asset ownership into in-
come generating output.

Keywords: Asset ownership, gender, market oriented crops, participation, value
chain
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Sustainable Resource and Market Access: Towards an Enabling
Institutional Environment along the Value Chain of a Non-Timber

Forest Product in Amazonia?
MARCELO CUNHA

Freie Universitaet Berlin, Geography, Germany

Given the lack of access of forest dependent rural dwellers to natural resources and markets as
well as the lack of an enabling institutional environment for reconciling biodiversity conserva-
tion and livelihood strategies in the Amazon:
How do informal and formal institutions affect the access to Brazil nuts (BN) and markets by
upstream actors of the BN value chain (VC) in the Lower Amazon region?
The informal institution analysed is the ‘debt-peonage system’ and the formal one is the ‘Term
of Compromise’ (ToC) in Brazil. ToC is a legally-based instrument for overcoming conflicts
between Brazil’s Ministry of Environment (MMA/ICMBio) and traditional populations over
natural resources in protected areas.
The analytical framework captures how both informal and formal institutions as well as re-
lated formalisation and institutionalisation processes affect the resource and market access by
upstream VC actors. At the core of the analysis is the VC position of BN gatherers affected
by both the processes of institutionalisation of limitations upon their access ability per debt-
peonage and formalisation of restrictions upon their access rights per ToC. It is an innova-
tive framework for inclusive sustainable value chain development (VCD) of agricultural and,
especially, non-timber forest products in different rural contexts.
Quantitative and qualitative data were collected from ‘community’ to national level (2012–
2015). A survey on socioeconomic conditions and resource access was conducted with 185
households in four municipalities of the Lower Amazon basin as were narrative, problem-cen-
treed and key-informant interviews with VC actors (BN gatherers and buyers), representatives
of government (e.g. MMA/ICMBio) and NGOs.
Results indicate: (i) formalisation of resource and market access restrictions per ToC has re-
inforced unbalanced patron-client relations among BN gatherers and buyers already institu-
tionalised per debt-peonage; (ii) self-reliant sustainable BN VCD depends on democratic par-
ticipation in decision-making for locally adapted ToC by transforming the governance struc-
tures of councils for managing PAs from ‘consultative’ to ‘deliberative’ ones, while co-shaping
a conducive context-sensitive institutional environment, policies and service provision; (iii)
‘socioeconomic upgrading’ of the position of upstream VC actors builds on ability and self-
organisation of smallholders in ’well-managed’ cooperatives. Finally, evidence-based policy
‘suggestions’ are provided for self-determined sustainable rural development.

Keywords: (Agro)biodiversity conservation, access ability, Amazonia, environmental gover-
nance, inclusive sustainable development, institutions, livelihoods, local markets, production
networks, sustainable upgrading
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Value Chain Analysis of Vegetable Crops: The Case of ‘Yayu’
Biosphere Reserve Area of Ethiopia

AKALU TESHOME, JOCHEN DÜRR

University of Bonn, Center for Development Research (ZEF), NutriHAF Project,
Germany

The study was conducted in Yayu and Hurumu districts of Illubabor zone, Ethiopia
with the specific objectives of analysing vegetable value chain, examining the per-
formance of actors in the chain, and identifying factors affecting vegetables market
participation decision of smallholder farmers. Both quantitative and qualitative data
were collected using different survey instruments. The quantitative data were gener-
ated from randomly sampled 330 producers, 25 traders and 16 consumers using struc-
tured questionnaire. Qualitative data were also collected from four farmer groups,
13 traders, 3 input suppliers, 11 consumers (including restaurants) and 7 experts and
2 development agents. The study revealed that the major actors in the study area
are input suppliers, producers, collectors, wholesalers, retailers, consumers. Six mar-
keting channels for vegetable crops were identified. The study identified different
constraints related to vegetable production. The major constraints are: lack of nutri-
tion-sensitive farming systems; pest and disease problems; high cost of seed; lack of
high quality seeds; non-availability of chemical inputs; seasonal constrained produc-
tion systems; competition with cash crops; lack of research and extension support;
low productivity; low prices after harvesting; and non-availability of improved tech-
nology. The major constraints related to vegetable marketing are: the low volume of
supply; seasonal non-availability of vegetables; fluctuations in price; problems with
storage, processing and packaging (lack of post-harvest handling); lack of adequate
market place; distance from market place; and shortage of capital. Lack of aware-
ness of nutritional issues; low purchasing power; the high price of vegetables; and
low supply of vegetables were identified as the major constraints related to vegetable
consumption. The results of econometric analysis showed that market participation
decision in vegetables market was significantly affected by age of the household head,
sex, education, family size, irrigation access, non-farm income, access to input and
extension, distance to the market and lagged price. Therefore, policy aiming at in-
creasing farmers’ access to modern inputs, developing and improving infrastructure,
gender consideration and improving extension system are recommended to accelerate
the chain’s development.

Keywords: Econometric analysis, market participation, value chain, vegetables
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Sustainable Intensification Pathways for Dairy Farming in Kenya
JAN VAN DER LEE1, BOCKLINE BEBE2, SIMON OOSTING1

1Wageningen University and Research, Wageningen Livestock Research, The Netherlands
2Egerton University, Dept. of Animal Science, Kenya

This case study on dairy farming in Kenya illustrates how intensification takes shape
within a given context – a context with various opportunities and constraints within
which farmers have to make strategic management decisions on the future of their
farms – and assess sustainability of this intensification. The study follows a bottom-
up identification of sustainability indicators and sustainable intensification pathways.
These are generated from interviews, augmented from literature, and structured in the
MESMIS framework.
Land appears to be the most limiting production factor in the Kenyan highlands, while
climate effects on production are most limiting in the coastal lowlands. Large differ-
ences in intensification are visible, with a variety of farming systems as a result. We
show how farmers at different intensification levels in four selected case study areas
can - or should – have different strategies for sustainable intensification, depending
on their current land use intensity, access to external inputs and services, and the mar-
kets they trade in. The outcomes of a SWOT analysis inform coping strategy options
for dealing with the major stresses and shocks affecting dairy farming. Strategies for
sustainable intensification (SI) are then explored, identifying key SI challenges, SI
choices and coping strategies for farmers.
Currently farmers choose between three intensification pathways: Connecting to the
processed dairy supply chain, to niche chains for quality products, or to the local raw
milk chain. The choice for particular (alternative) pathways depends on stakeholder
goals, and on how one deals with the trade-offs between alternative pathways and
coping strategies.
In strategy selection, trade-offs between economic, social and environmental sustain-
ability parameters can make for big differences, where choices include ‘reducing cost
of production’ vs. ‘retaining the smallholder mode of production’; ”development for
all smallholder members of dairy cooperative societies” vs. ‘focus on entrepreneurial
dairy smallholders’; ‘participating in the bulk processed milk sector’ vs. ‘developing
ways to market milk locally’; ‘local nutrient-balanced systems’ vs. ‘traded feed and
fodder with accumulation of manure’.
This case study informs research needs for sustainable intensification of dairy farming
in Africa, split out by farming system-, value chain-, and sustainability issues.

Keywords: Dairy, farming systems, Kenya, sustainable intensification
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Bottlenecks for the Sustainable Development of the Beef Value
Chain in the Colombian Cauca Department
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MORALES VELASCO1, NOE ALBAN LOPEZ1, MICHAEL PETERS2,
STEFAN BURKART2

1University of Cauca, Dept. of Agricultural Sciences, Colombia
2International Center for Tropical Agriculture (CIAT), Colombia

The development of a competitive beef value chain for accessing formal and spe-
cialised national and international markets is among the principal goals of the Colom-
bian agricultural development plans. However, cattle production in Colombia is very
diverse in terms of e.g., climatic conditions, agro-ecological zones, farm sizes and
production systems. This is influencing the nature of the aligned value chains and
their potential for development and for accessing more sophisticated markets. While
in some Departments (e.g., Córdoba) a stronger development and export orientation
can be observed, in other Departments (e.g., Cauca) the beef value chains are rather
characterised by their informality and limited access to formal markets.
In order to understand why the development is slower in the Cauca Department com-
pared to others, a full in-depth value chain analysis was conducted with the goal to
identify the most crucial bottlenecks for a sustainable development. Data was ob-
tained between 2015 and 2017 for all direct and indirect actors along the value chain,
by applying semi-structured surveys (>800), personal interviews with experts and
value chain actors (15), and workshops (5). Data is currently being analyzed.
Among the expected results we will be able to show a complete map of the value
chain, focusing on the strengths, weaknesses, opportunities and threats for each group
of actors as well as for the value chain itself, and the external factors influencing the
chain. This will help in identifying the major bottlenecks and possible strategies for
achieving a stronger, sustainable and more market-oriented development of the value
chain. The results will be of high relevance for the involved decision- and policy-
makers and support them in the formulation of adequate development strategies and
sector policies. The results will also be of relevance for the value chain actors, as
the identified bottlenecks and strategies directly present opportunities for improving
competitiveness.

Keywords: Cattle production, competitiveness, public policy, sustainability, value
chain analysis
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Inclusive Value Chain Development through Evidence Based
Targeting of Actors
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Inclusive value chain development (VCD) approaches aim to improve linkages be-
tween retailers, intermediares and smallholders in an attempt to raise chain perfor-
mance or target individual actors, especially smallholder farmers in order to raise
capacity that in turn should generate livelihoods for them. Often, however, there is
no evidence-based targeting and differentiation between possible subgroups of small-
holders or other actors even though research indicates that VCD interventions may
only help smallholders participate in coordinated value chains if certain household
characterstics are given. For one, smallholder households may require certain assets
in order to successfully participate in the value chain. Also, the proximate socio-eco-
nomic and policy environment may determine to a large extent if a household is able
to benefit from the value chain or not (Horton, Donovan, Devaux, Torero 2016). This
underlines a pressing need for a more comprehensive and differentiated understand-
ing of the asset endowments and meso-level conditions of smallholder households for
policy design, yet the empirical research is largely inadequate in this regard.
We argue that cluster analysis applied to large-N socio-economic panel datasets may
help to identify the right target groups and in turn improve the improve the inclusive-
ness of value chain development approaches. The present work studies the character-
istics of smallholder producers of African Indigenous Vegetables (AIVs) in Western
and Central Kenya and the degree of similarity between them. The AIV sector has
received prominence given the potential of these crops to reduce malnutrition. How-
ever, smallholders have been targeted with mostly little differentiation. Within the in-
ternational research project HORTINLEA we have collected data from approximately
1000 smallholder producer households at various points in time. The clustering of the
households was carried out based on variables that were derived using the conceptual
framework of the livelihood approach because this approach integrates various en-
dowments and also the institutional frame household participants of VCs operate in.
Finally, we discuss the homogeneity of the individual smallholder clusters as well as
the heterogeneity between the clusters and what implications this may carry for value
chain strategy development.
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Performances of Private Rice Specialisation Companies in
Myanmar Rice Value Chain
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Smallholder dominated rice farming and related activities play a vital role in Myan-
mar’s economy in terms of cultivated land areas, income and employment opportu-
nities for millions of rural households, and production and export values. In order to
overcome the barriers of rice sector development such as usage of impure seed, inade-
quate quantity and insufficient quality of agro-chemicals, lack of sufficient credit and
improved technologies as well as underdeveloped infrastructures, Myanmar govern-
ment had given attractive policy such as giving priority of export licenses to private
rice specialisation companies. Thus, since 2008, private rice specialisation companies
have been actively involved along Myanmar rice value chain by launching resource
providing contract systems in major rice growing areas of Myanmar. However, since
2011–2012, their activities have been gradually declined following changes in the
incentive policy as well as incomprehensive contract system and delayed repayment
of contract smallholders. The decline of their activities may negatively affect the
Myanmar rice value chain in some extent. Thus, this study aimed to examine the
performances of private rice specialisation companies from two major rice growing
areas: Ayeyarwaddy and Bago regions during 2014–2015. Quantitative value chain
approach was applied in comparison of financial performances of different rice value
chain stakeholders (paddy producers, millers, local and central wholesalers, retailers
and exporters) along conventional and private rice specialisation companies’ value
chains. The findings show that the shorter rice value chain of private rice specialisa-
tion companies via contract system shows superior in production, processing and mar-
keting stages as compared to conventional one. In addition, performances of private
rice specialisation companies indicate that the stakeholders can get the opportunities
to use certified seed, better quality agro-chemicals and sufficient credit access, pro-
cessing at modernised mills and producing better quality rice varieties. All this leads
to a better competition position in world export rice market. The study also points out
that the production and processing stages of rice value chain need new investments
and improvements to have the greatest impact on growth, profitability and rice sector
development.
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Participatory Development of Sector Strategies for Double-
Purpose Cattle Value Chains in Caquetá and Guaviare, Colombia
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The rapid globalisation of agricultural commodity markets, especially for livestock
products, implies compliance with new requirements in terms of health, food safety,
traceability and sustainability. In order to increase livestock sector competitiveness
and to achieve access to such markets, coordinated efforts among all actors of a value
chain are essential, especially when it comes to the development of joint strategies
and initiatives. However, in Colombia’s livestock sector, the efforts towards a market
vision are often hampered by ineffective policies, disarticulation, low associativity,
lack of enforcement of existing regulations and laws, and inequality in the distribu-
tion of profits among actors, resulting in limited market access and high degrees of
informality.
The objective of this study is to develop sustainable sector strategies for the double-
purpose cattle value chains in the Caquetá and Guaviare Departments of Colombia
– in a participatory way with all involved direct and indirect value chain actors, fol-
lowing a two-step process. Step one comprised a basic value chain analysis through
consulting primary (e.g. expert interviews) and secondary sources. Step two consists
of multi-actor workshops (two per department) with the relevant value chain actors
(LINK 2.0 methodology), where results from step one were shared, discussed and
validated (workshop one) and a joint vision and sector strategy developed (workshop
two). The value chain analysis took place early 2017, the first round of multi-actor
workshops was finished April 2017 and the second round will be finished by June
2017.
As results we expect to obtain a) a profound value chain analysis, where all relevant
bottlenecks for a sustainable development have been identified and later on prioritised
by the actors, b) a joint vision for the value chain based on currently unmet market
opportunities, and c) strategies and actions agreed among the actors for reaching sus-
tainable value chain development. The results will be of high importance for the
involved actors, as they serve as guidance on how to improve the value chains. For
national and regional decision makers, the results might serve as valuable input for
setting priorities (e.g., where to invest or where to prioritise for further research).

Keywords: Double-purpose cattle, multi-stakeholder platforms, sustainability, value
chain
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Analysis of Pulses Industry Value Chain in Bago and Mon State,
Myanmar

YEE MON AUNG, THEINGI MYINT
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Agriculture sector in Myanmar has a fundamental role in promoting inclusive growth
and poverty reduction. Pulses production has grown more rapidly than any other
crop since liberalisation in 1988. The competitive structure and liberalised market of
pulses has resulted in more profitable value chain engagement for farmers and other
market actors along the pulses value chain, even more than for other crops. Myan-
mar produces over 20 varieties of beans and pulses and many of these varieties are
export-only commodities. Pulses are one of the most profitable crops to farmers in
terms of comparative advantage. This study aims to gain insight into pulses value
chain development options and the market environment in the Bago Region and Mon
State of Myanmar, with special consideration given to gender and environment dy-
namics. The study applied the value chain approach in identifying linkages between
farmer groups, commercial buyers and private service providers in order to increase
profitability throughout the industry. Primary data collection related to key actors
along pulses value chains were carried out by personal interview and key informant
interview methods at village cluster and township level. The pulses value chain starts
from input suppliers to market intermediaries, local consumer to export market in
India. Pulses processing usually involve two steps. Primary processing consists of
receiving, cleaning and quality sorting of seeds. Secondary processing consists of
preparing seeds for consumer use and can include dry packing, canning and the mak-
ing of soup mixes, powder and flour. However, in study areas, secondary processing is
minimal with the processing sequences ending at dry packing. Many of these pulses
are sent in their raw state to the traders. If Myanmar can focus on producing more
value added beans and pulses, improving farmers’ conditions through financial and
technical assistance and garnering more private and public sector research and devel-
opment (R&D), the industry can continue to grow.
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Multi-Stakeholder Platforms for Value Chain Upgrading.
The Case of Cocoa in the Colombian Amazon

ANDRÉS CHARRY, MATTHIAS JÄGER, JHON JAIRO HURTADO
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Colombia is currently undergoing a historic process that requires reshaping the coun-
try´s agricultural and environmental policy. On the one hand, Colombia is imple-
menting a post conflict agenda after concluding peace negotiations with the FARC
guerrilla. The agreement includes important agricultural reforms which are expected
to have major social and environmental impacts across the country, especially in the
regions previously controlled by the FARC. Simultaneously and in connection, the
Colombian northern Amazon has been experiencing greater rates of deforestation.
As an attempt to align governmental, private and international cooperation efforts
for addressing these issues integrally, the Colombian Ministry of Environment and
Sustainable Development (MADS), the Ministry of Agriculture and Rural Develop-
ment (MADR), various private and public research institutes, the country´s public
rural credit institute (FINAGRO), with support from international cooperation, have
designed a strategy called Vision Amazonía (VA). One of VA five components recog-
nises the role of the agricultural sector as both a driver of deforestation and at the
same time, as an alternative to initiate a green growth economic pathway. One of the
strategies to mitigate deforestation is to support four agricultural value chains (VCs)
committed to zero deforestation goals.
The cocoa VC has been among the four prioritised VCs given its reforestation poten-
tial, its suitability to local soil and climatic conditions, niche market potential and the
current presence of producer organisations and development projects in the region. In
the period between January and June 2017, the International Center of Tropical Agri-
culture (CIAT) has been facilitating the consolidation of multi-stakeholder platforms
for redesigning the sector’s VC upgrading strategy, including zero deforestation and
market differentiation goals in the departments of Guaviare and Caquetá, by using a
participatory process that involves key stakeholders along the entire VC. This study
aims at documenting the experience by providing an overview of the approaches and
methodologies used, and by presenting the outcomes, strategies and action plans de-
veloped during the process. The study will also provide a critical review of the tools
employed, achievements, challenges and lessons learned that will inform policy mak-
ers and implementing organisations to better design participatory zero deforestation
VC development interventions.

Keywords: Agroforestry, cocoa, LINK methodology, multi-stakeholder platforms,
value chain analysis
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Do Palm Oil Sustainability Certifications Deliver their Promises?
A Review

HAZAL AKÇAKARA, TINA BEUCHELT

University of Bonn - Center for Development Research (ZEF), Ecology and Natural
Resources Management, Germany

Oil palm cultivation has been spreading massively in South East Asia, Central and
West Africa, and Central America. Being high-yielding crops, they provide farmers
with good profit margins and are attractive for the industry as the cheap palm oil can
be used for a large diversity of products, e.g. cooking oil, personal care and clean-
ing products or biofuels. The downsides of production are negative effects on the
environment and society such as deforestation, habitat destruction, green-house gas
emissions, and human right offenses. Concerns about negative impacts on local food
security are also raised. Therefore, palm oil sustainability certifications were intro-
duced in the last decade and aim to address these challenges. Since the oil palm sector
continues to be under critique, this research reviews scientific and grey literature for
the sustainability challenges in the oil palm production and how far they are success-
fully addressed by certification systems. It focuses specifically on the impacts of the
sustainability certifications on the environment, human rights and food security.
The comprehensive literature review shows that effects of oil palm production vary
according to the socio-economic and agro-ecologic production systems across con-
tinents, i.e. in West Africa more positive sustainability effects are found while in
South East Asia the opposite is the case. Trade-offs between the different sustainabil-
ity dimensions clearly exist: Socio-economic benefits, especially for smallholders,
stand often against peat land conversion, deforestation and habitat destruction. Sus-
tainability certifications can only address the identified challenges to a certain degree.
For example, food security aspects are insufficiently covered by the certifications.
Despite certification, deforestation and human right offenses continue and inherent
problems related to market demand and controls exist. Additionally, only a small
share of production is covered by voluntary sustainability standards while govern-
mental standards, such as in Indonesia, are not sufficiently enforced. To improve the
sustainability of oil palm production, more engagement is needed at producer country
level, for example law enforcements, major palm oil consumers (like China) need to
request also sustainability criteria and multinationals need to offer higher price pre-
miums for compliance with higher sustainability standards, supported by a consumer
demand.
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Enhancing Skill-Sharing within Multi-Stakeholder Processes:
An Example from the Small-Scale Dairy Chain in Kenya

ANN-KRISTIN VON SAURMA-JELTSCH1,2, MARGARETA LELEA2,
BRIGITTE KAUFMANN2

1University of Kassel, Fac. of Organic Agricultural Sciences, Germany
2German Institute for Tropical and Subtropical Agriculture (DITSL), Germany

The small-scale dairy value chain, comprised of smallholder dairy farmers, mobile
traders and retailers in milk bars, plays a major role in Kenya’s food security. As
much as 80 % of the country’s milk is marketed through this chain, and it is sold at
about half of the price of milk sold in the supermarket. Yet members of the small-
scale dairy value chain face several challenges, such as limited coordination, high
seasonal fluctuations of milk supply, and the need for context-specific information.
To overcome these challenges, this study analyses skill-sharing between the different
actors of the small-scale dairy value chain to create diverse benefits both from the
learning process and from improved practices.
Data was collected in Nakuru, Kenya from November 2016 until February 2017
through participatory methods, including small-scale dairy multi-stakeholder plat-
form meetings, peer-to-peer exchanges, group trainings, and narrative interviews. All
activities were conducted with between 13 – 16 people.
Coding this qualitative data offers results about the information needs of the stake-
holders, types of information exchange and what stakeholders learn from the process.
To create value in low-external input systems, the stakeholders needed different types
of information, such as botanical knowledge for diverse cropping systems, an un-
derstanding of the qualities of different affordable insulation materials for making yo-
ghurt, etc. Additional the stakeholders augmented their critical thinking skills through
information exchange in peer-to-peer visits. Both the benefits of the learning process
and the benefits of the activity of focus are presented.
The study shows that the collaborative learning process was mutually beneficial for
the stakeholders, despite their different perspectives, interests and information needs.
This research further confirms that collaborative learning processes are particularly
important for actors working in low-external input systems that require highly con-
text-specific information and practices.

Keywords: Multi-stakeholder platform, skill-sharing, small-scale dairy, value chain
improvement
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Security and Livelihoods in Eastern Africa
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Processing of primary agricultural and forestry food products by rural producers or
community-based enterprises can considerably contribute to local food security, em-
ployment, alternative household income and improved livelihoods. The development
and launching of new products by firms has key influence in achieving such objectives
since it contributes to continuous business success and growth of the involved com-
panies. The development of new, marketable products has primarily been approached
from the perspective of the companies involved in production and sale of such prod-
ucts. However, it is increasingly recognised that successful product innovations is the
outcome of a collective effort rather than the achievement of a single person or firm.
Furthermore, it has been demonstrated that collaboration and stakeholder involvement
in the new product development process has positive effects on its market success.
Such considerations are currently being addressed and put into practice within the
BAOFOOD project. The project aims to promote the domestication, production, mar-
ket development, processing and consumption of baobab for the improvement of food
security, nutrition and rural livelihoods in Kenya and the Sudan. The project’s ultimate
goal is to establish a community-based processing unit to produce and supply highly
nutritious baobab products for home consumption and local and regional markets.
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Local baobab producers and processors, often characterised by limited resources and
expertise for product and business development, are given the opportunity to collabo-
rate with a variety of stakeholders including members across the baobab value chain,
research institutions, or regulatory bodies as well as benefit from the project and the
insights it generates in customer needs and expectations, technology development and
optimisation, or value chain setups. The development of marketable products requires
local producers and processors to understand demand and consumer preferences at
various markets, and mobilise the technical and economic expertise required to meet
these demands in a competitive environment. This approach gives the opportunity to
not only contribute to food security and improved livelihood objectives but also to
help build local entrepreneurial skills and verify the applicability of this more uncon-
ventional product development pathway. The paper presents the approach in more
detail as applied by the BAOFOOD project.

Keywords: Baobab (Adansonia digitata L.), food security, product development
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The Impact of Management Practices on Pre-Mortem Meat
Quality along the Colombian Cattle Value Chain

STEFANNY QUIÑONES1, AMANDA NOGUERA1, SILVIO ANDRÉS MOSQUERA1,
NELSON JOSÉ VIVAS QUILA1, SANDRA MORALES VELASCO1, JHON JAIRO

MUÑOZ QUICENO1, STEFAN BURKART2

1University of Cauca, Dept. of Agricultural Sciences, Colombia
2International Center for Tropical Agriculture (CIAT), Trop. Forages Program, Colombia

Cattle production is the most important activity in the Colombian rural sector. How-
ever, the Colombian cattle value chains show high levels of disarticulation at all
stages, which limit the involved actor in achieving substantial increases in compet-
itiveness and sustainability. On the other hand, this also leads to low levels of compli-
ance with current environmental, animal welfare or food safety regulations resulting
in limited access to more formal national and international markets.
With the aim of identifying critical points in terms of pre-mortem management prac-
tices, this study examined the degrees of compliance with national norms among the
cattle value chain actors at pre-mortem stages (primary production, animal transport
and animal trading). The study was carried out in 2016 and 2017 and the method-
ology followed a three-stage process: 1) by consulting the Resolution 20148 (2016)
issued by the Colombian Agriculture and Livestock Institute (ICA), a checklist was
developed and applied with small and medium-scale cattle producers in the Colom-
bian Cauca Department, that allowed measuring the degree of compliance with the
norm. 2) Through interviews with animal transporters and traders, the different an-
imal marketing channels were identified and the transporting and trading practices
were evaluated regarding their compliance with national regulations. 3) A profound
literature review was conducted in order to identify the magnitude of negative im-
pacts of different management practices on meat quality and to develop strategies for
improvement.
First results show that practices leading to compliance with animal welfare regula-
tions are the ones being less regarded by the actors (5 % compliance level), whereas
practices leading to compliance with animal health and biosafety regulations are the
ones of most importance to the actors (<23 % compliance level). The results will
help to identify gaps in terms of the regulatory framework and its application at pre-
mortem value chain stages and be of high value for the involved value chain actors
and decision makers in order to develop the value chain and achieving access to more
formal national and international markets.
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Post mortem Management and Microbiological Presence as
Quality Factors along the Beef Value Chain in Colombia
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2International Center for Tropical Agriculture (CIAT), Trop. Forages Program, Colombia

The production of high quality food for formal national and international markets is
among the principal goals for the development of the Colombian agricultural sector.
In such markets, the final consumer expects to buy products of high quality in terms of
both taste and food safety. For being able to access those markets, it is fundamental
that the value chain actors follow strict food safety protocols and that effective and
efficient control mechanisms are in place. Yet little is known in that aspect in most of
Colombia’s beef value chains.
With the goal of determining the food safety along the beef value chain in Colombia,
this study assesses the beef management practices and contamination levels with mi-
croorganisms at post-mortem value chain stages in the Colombian Cauca Department
(Popayán, Patía and Mercaderes municipalities). The assessment follows the Good
Manufacturing Practices concept (GMP), including an evaluation of contamination
levels with Escherichia coli, Coliform bacteria and Pseudomonas.
Data was obtained in a two-stage process between 2016 and 2017: The first stage
was the application of a checklist for different types of meat sellers (n=63), which is
based on the current Colombian food safety regulations. In the second stage, micro-
biological tests (3M® protocol; n=27) were carried out to determine and quantify the
presence of E. coli, Coliform bacteria and Pseudomonas in the final product.
The results of the checklist show low levels of compliance with current food safety
regulations (<60 %) among the meat sellers. Microbiological tests reveal high Col-
iform bacteria contamination (100 %) for all meat selling establishments in Popayán
and also contamination with E. coli and Pseudomonas (>90 %) in small and larger
establishments. Microbiological tests were negative for the Mercaderes municipality
showing the positive effects of applying GMP and a cold chain for quality assurance.
The results helped to identify critical points in terms of food safety along the value
chain and will facilitate the development of adequate food safety measures, protocols
and control mechanisms by the value chain actors and the corresponding authorities,
as first step towards the development of a safer beef value chain and compliance with
national and international standards.
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Strengthening the Linkages between Farmer Producer and
Manufacturer in the Coffee Value Chain of Daklak, Vietnam
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The international coffee price volatility and pressurisation of multinational coffee cor-
porations on the local exporters/manufacturers demand a better linkage among pro-
duction, processing, and marketing in the Daklak coffee sector. Beside the commit-
ment, responsibilities, and share of risk, the development of trust between the com-
pany and the farmer depends on the continuous flow of significant economic gain.
This study attempted to analyse the relationship between coffee farmer producers and
manufacturers as well as the problems and constraints that impede these stakeholders
benefit from the system. The Pearson’s chi-square test was employed to assess the
statistical significance of farmer responses across the study sites. The results revealed
that coffee farmer producers and manufacturers are vertically linked through contract-
ing, providing, supporting, collaborating, and mostly buying and selling transaction.
The relations are typically based on a written contract, which defines quantity pro-
cured, supply of input, extension advice, and technical support. Contracts mostly are
seasonal and carried out by the manufacturer with each farmer household who commit
the quantity they can supply in specific farming areas. Contract also terms in particu-
lar coordination activities between both parties to guarantee the production outcome,
purchasing price, time delivery, payment method, and both parties’ responsibility for
risk in production and market price fluctuation. The capital shortage, water scarcity,
small scale production, lack of collective action in quality control, and obsolete local
infrastructure have long been the problems and crucial challenges for coffee farmer in
order to secure their participation in this sector. In fact, the government’s discontin-
ued intervention in the last decade has left the Daklak coffee industry now operating
primarily through private sector.
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Limiting Factors in the Development of Vegetable Value Chains in
Southeastern Madagascar
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Food insecurity prevails in many parts of Madagascar. The Atsimo-Atsinanana Re-
gion, located in the Southeast of the country, ranks first with a lean period of 6 to 7
months compared to a national average of 5 months and a prevalence rate of 64% in
2012. The population of this area shows an enormous deficiency in micronutrients,
partly due to an infrequent, low-level and low-diversity consumption of vegetables..
Vegetable crops, which are grown on very restricted surfaces, are also weakly devel-
oped. However, this region with its hot and humid climate almost all the year and its
characteristic terroirs presents agro-climatic conditions favourable to vegetable crops.
In addition, almost all the vegetables sold in the urban markets of the region come
from the Malagasy highlands. The purpose of this paper is to explain why local pro-
ducers do not address the needs of urban consumers for vegetables.
The value chain approach is considered the most appropriate way to conduct this
study by highlighting the bottlenecks faced by the various actors, including produc-
ers, traders, urban consumers, Nutritional aspect. The approach adopted focuses on
in-depth surveys of about 100 producers, about thirty traders and some 60 urban con-
sumers. The results show that local growers mainly grow leafy vegetables (petsai,
cabbage sprouts) and fruit vegetables (African eggplant, eggplant), which are mainly
intended for self-consumption. These are short-cycle crops but also do not require
a lot of inputs or interviews. Thus, the current perceptions of producers regarding
vegetables limit the diversification of vegetable crops. The results also show that the
preferences of urban consumers focus mainly on vegetables of better nutritional qual-
ity (carrot, potato, tomato, green bean) compared to those of producers. Divergent
perceptions of producers and consumers limit the development of vegetable value
chains.
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Future Agriculture: Development Visions and Socio-Ecological
Transformations in Africa

LIZ WATSON

University of Cambridge, Studies in Geography, United Kingdom

African rural environments are currently characterised as places of crisis and oppor-
tunity. The dryland regions of East Africa, for example, are portrayed as areas that are
particularly vulnerable to the contemporary ‘grand challenges’ of population growth,
climate change, food insecurity and political instability. At the same time, they are
also seen as new lands of opportunity: as poorly developed areas with unexploited re-
sources, investment there is thought to be able to reap good returns, and to potentially
drive the growth of ‘rising’ national economies. This context, together with other
factors, has led to a flurry of new development visions, plans, policies and initiatives.
Together, these activities can usefully be described as forms of ‘future-making’ (Ap-
padurai 2013), that employ particular kinds of ‘socio-technical imaginaries’ (Jasanoff
and Kim 2015). Historically, researchers have not paid much attention to these imag-
inaries, but they play a huge role in social, environmental and political outcomes.
Appadurai (2013) distinguishes between two kinds of future-making: the aspirational,
that is more ‘open’, and connected to ‘informed, creative and critical citizenship’; and
the ‘anticipatory’, a more reductive, probability-based approach. Empirical research
suggests that in dryland East Africa at least, the perceived moment of crisis and op-
portunity has brought with it more anticipatory forms of future-making that embrace
urgent and large-scale solutions and the involvement of supposedly more effective in-
ternational management consultancy companies. They have tended to employ ‘socio-
technical imaginaries’ that occlude local visions of the future and cast existing agri-
cultural practices as non-existent, inadequate or environmentally degrading. If suc-
cessful, these anticipatory forms of decision-making will result in a biocultural shift
– from relations to nature that are socially embedded, socially managed and locally
negotiated, to ones that are increasingly commoditized and enclosed. The process is
complex: the future is not a choice between experts vs citizens, modern vs custom-
ary/traditional, local vs global, private ownership vs the commons, or subsistence vs
markets. What is clear is that rural development and natural resource management
is at the centre of this dynamic future-making process, and that it is possible for that
future-making to be more aspirational, based on socio-technical imaginaries that are
more empirically grounded, created and owned by all.
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Mountain Communities’ Perception of Climate Change
Adaptation, Disaster Risk Reduction and Ecosystem-Based

Solutions in the Chicon Watershed, Peru
YAREMI KARINA CRUZ RIVERA

Cologne University of Applied Sciences, Institute for Technology and Resources
Management in the Tropics and Subtropics, Germany

Located in the Urubamba mountain range, the Chicon glacier is one of the third high-
est tropical glaciers of Peru and is the source of water of the Chicon Watershed. More-
over, from this watershed four communities obtain water for human consumption and
agriculture, which is their main economic activity. In the last years glacier retreat is
evident in the area and threatens the livelihoods of the people.
The general objective of this research is to analyse the perception of people living in
this watershed to climate change, disaster risk and ecosystem-based solutions. The
specific objectives are to identify natural hazards and climate change effects in the
community, to recognise potential ecosystem services suitable for ecosystem-based
adaptation (EbA) and ecosystem-based disaster risk reduction (Eco-DRR), and to as-
sess to which climate change effects and disasters the communities are vulnerable
based on their own perception. The methodological steps are based on literature re-
view, expert interviews, questionnaires at community level, workshop and field ob-
servations.
The results show that people perceive changes in the climate such as increase in tem-
perature, less precipitation and shifts in rainy and dry season. The climate-related
disasters that were identified are glacial lake outburst floods (GLOF), droughts, frosts
and hailstorms. However, GLOF are not frequent in the area and drought is the hazard
considered to become more frequent. Additionally, pests were identified as biological
hazards. Several ecosystems services can be obtained for EbA and Eco-DRR from
forests, especially if native trees such as Qiwiña (Polylepis), Chachacoma (Escallonia
resinosa) and Aliso (Alnus jorullensis) are exploited.
Finally, the tested hypothesis was rejected as people in the study area are well aware
of climate change impacts, although they only partially understand causes and ef-
fects. However, they recognise and exploit ecosystem services provided by the forest.
Therefore, local population started to implement ecosystem-based solutions in the
watershed with support of external institutions.

Keywords: Chicon watershed, climate change, disaster risk reduction, ecosystem-
based solutions, perception of communities
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Dynamics of Rural Livelihoods and Rainfall Variability in
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This study examines the association of livelihood dynamics of rural households in
Ethiopia with rainfall conditions and socio-economic characteristics, using a 15-year
panel data set. The data is collected in two communities in Tigray and Amhara re-
gions. We employed fixed and random-effect conditional logit models to explain
household decision-making processes regarding livelihood strategies. Our finding
shows that participation of rural households in non-farm livelihoods has been increas-
ing over the years but with great fluctuations. We also found that rainfall conditions
during the main rainy season negatively and significantly affects household decisions
to pursue non-farm livelihoods. The motivation of farm households to diversify into
non-farm livelihoods is mainly driven by low-performance farming outcomes as well
as demographic characteristics (specifically adult household size, human capital and
education) and degree of access to financial schemes. These findings suggest policy
implications for increasing access to financial schemes and improving household-
member skills through vocational training and education to enable them to engage in
high-return and profitable non-farm livelihoods.

Keywords: Business activities, household, livelihood, non-farm activities, rainfall,
wage employment
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Index-Based Insurance for Cocoa Production in Ghana:
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Switzerland
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Index-based rainfall insurance is a financial adaptation option that pays out benefits
based on a predetermined index e.g. rainfall level. It is a measure that has the po-
tential to improve cocoa farmers’ resilience and enhance their adaptability to climate
change induced risks. However, the complex nature of the cocoa sector and the or-
ganisational structure of Ghanaian farmers create uncertainty about the adoption and
successful implementation of index insurance. This paper presents results of a study
on factors impacting farmers’ willingness to pay for index insurance as well as or-
ganisational and institutional factors that can influence its demand and adoption in
Ghana. Primary data were collected through structured surveys with 313 households
in 20 communities in Bia East and Dormaa West districts. In addition, five insurance
companies were interviewed to determine their interest in and potential challenges for
the establishment of a market for index insurance products for farmers. Key infor-
mant interviews were conducted with representatives of the Ghana Cocoa Board to
determine the factors that can affect adoption of index insurance.
Econometric analysis of the data reveals that indeed the vast majority of cocoa farm-
ers are willing to pay the equivalent of 10 % of the value of a 62 kg of bag of cocoa as
insurance premium. Insurance companies will be willing to provide index insurance
packages to cocoa farmers provided there is time series yield and meteorological data
available to help them structure the premium. Insurance companies, however, are
concerned about farmers’ level of education and organisation and how index insur-
ance can be sold to them. The main policy recommendation based on these findings
is to advance the concept of index-based insurance by training the cocoa extension
service division with support of the Ghana Cocoa Board to educate farmers on index
insurance. However, with no clear structures and resources allocated for adoption and
implementation for index insurance, its future remains unclear.
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Assessing Household Vulnerability to Flash Floods and
Landslides: Key Insights from Vietnam
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Vietnam is one of the most natural hazard-prone countries in East Asia. Every year it
loses 1–1.5 percent of GDP due to natural disasters which hinders the socio-economic
development of the country. Seventy percent of the population is concentrated in the
floodplains and coastal areas relying on natural resources for subsistence especially
smallholder agriculture. Flash floods and landslides are recurring disasters which
heavily affect the country in terms of land area impacted, population affected and
economic loss. In addition to this, climate change accelerates the negative impacts on
the livelihood of these poor rural households.
Against this background, this paper presents the Livelihood Vulnerability Index (LVI),
a composite index, to estimate the vulnerability level of smallholder farmers to these
hazards. As a case study, we selected Yen Bai province, one of the poorest provinces
in the Northern Mountainous Region of Vietnam with a high proportion of ethnic mi-
norities. This province is frequently affected by flash floods and landslides. Based on
collected data from 406 households in three communes: An Binh, An Thinh and Dai
Son, the LVI is calculated under seven major components namely socio-demographic,
livelihood strategies, social networks, health, food, water, and hazard impacts. The re-
sults show that Dai Son commune has the highest LVI and is the most vulnerable due
to its high vulnerability values in socio-demographic and water security components.
On the other hand, An Thinh is considered as the least vulnerable because of better
social networks, health standard, socio-demographic factors and water security. Most
of the agricultural lands of the households are damaged by flash floods and landslides
thus leading to insufficient on-farm food. Therefore, ‘food’ is the most vulnerable
major component in the three communes. These findings can contribute to the iden-
tification and prioritisation of measures to ensure better food and water accessibility
through production system enhancement and natural resource management strategies.
The LVI is replicable for assessing the vulnerability of small holder farmers in other
hazard-prone areas.

Keywords: Flash floods, hazard-prone areas, landslides, livelihood vulnerability
index, Vietnam, Yen Bai province
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Local Community’s Perception, Assessment and Management of
Food Insecurity Risks: The Case of Family Farming Households
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Family farmers in Ethiopia constitute over 81 % of the total population of the country
and account for more than 95 % of the total agricultural production. However, these
farmers are operating under continuous threats of complex sets of risks. The pur-
pose of this study was to assess local community’s risk perceptions, assessment and
management practices to mitigate food insecurity risks. We used a mixed methods
approach comprising qualitative and random quantitative survey data from Jimma
and Bako areas in Oromia region of southwestern Ethiopia. Results indicate that
climate-related variables and institutions influencing agricultural inputs, outputs and
food prices were important sources of household food insecurity risks. Noteworthy,
90% of farmers in the sample perceived that late onset of rain was the major source
of risk. Similarly, 55 % reported that early cessation of rainfall is the major sources of
risk of food insecurity. About half of the sample indicated that extended drought was
a major source of risk. In addition, 70% reported that they experienced effects of late
onset of rain while 30 % and the full sample experienced early cessation of rainfall
and drought in the last five years, respectively. Farmers assessed drought as a difficult
to predict and avoid source of risk with the highest negative impact on crop productiv-
ity. Market and institutional variables were additional sources of risk. Results show
that 78 % and 98 % of farmers, respectively, perceived that large decreases in maize
prices and large increases in input prices were important sources of food insecurity.
High input costs and low grain prices have been important disincentives to increasing
grain production in Ethiopia for over the last six decades. Households and the local
community at large are using different risk management strategies to protect them-
selves from food insecurity. These strategies range from risk coping strategies such
as reduction of consumption to adaptation strategies such as use of short season and
early maturing crop varieties and development of suitable crop agronomic practices
in response to changing sources of food insecurity. Promoting such coping and adap-
tation strategies would be essential to build sustainable solutions to food insecurity.

Keywords: Local community, risk assessment, risk management, risk perception

Contact Address: Getachew Legese Feye, University of Bonn, Center for Development Research
(ZEF), Genscherallee 3, D-53113 Bonn Bonn, Germany, e-mail: abayomiget@yahoo.com

ID 900 483



Economics

Farmers Intensification Decisions under Fragile and
Unpredictable Environment in Kilombero Valley Floodplain:

A Bayesian Belief Network Approach
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Like Most of the countries in sub-Saharan Africa, Tanzania have continued facing the
challenges of feeding their growing population coupled with increasingly degrading
environment and uncertainties resulting from climate change. Based on this reve-
lation, the government of Tanzania and different international and local NGOs are
embarked on a strategy that increase in food production and poverty reduction should
come from development of the agricultural sector through “sustainable” agricultural
intensification in selected targeted clusters of potential agriculture hotspots across the
country. The Kilombero Floodplain (KVFP) is endowed with a productive natural
resource base, fertile land, reliable water availability and extensive pastures to small
holder farmers in Kilombero and Ulanga districts. However, the supply of productive
land is increasingly constrained by population pressure, competition from commercial
ventures and institutional land tenure restrictions. These forces farmers who intent to
increase production quantities to adopt different agricultural intensification strategies.
A range of intensification pathways including use of improved/hybrid seed variety,
increase frequency of cropping, small-scale irrigation, and agro-chemical input use
are identified in the area. Aimed at identifying appropriate pathways to intensifica-
tion strategies which overlaps with their livelihood strategies by farmers, this study
dissects an important question of which strategies do the farmers uptake and how are
these decisions made. By combining statistical tools from machine learning (multi-
variate cluster analysis and Decision tree algorithm) and probabilistic graphical mod-
els (Bayesian Belief Network) under uncertainty, we empirically examined the deci-
sion making process of farmers in KVFP. The preliminary result shows the relative
importance of different external factors and regional settings (biophysical character-
istics of their farm plot, access to input and output market, credit access, and off-farm
livelihood opportunity) and internal characteristics of the farmer (age household size,
farmer type, household commercialisation index, capital endowment) were found to
be the main factors that farmers consider in their choice intensification strategies. In
addition, farming practices, intensification strategies in particular, in the floodplain
are associated with trade-off between increased food productions and sustaining the
ecosystem services provided by the floodplain.

Keywords: Agriculture, Bayesian Belief Network, floodplain, food productions,
intensification, Tanzania
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Farmers’ Perception and Adaption to Climate Change in the
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The Central Dry Zone covers about 13 % of Myanmar and is home to nearly a third
of the total population of 52 million. The majority of households depend on agricul-
ture-based income (83 %). Besides low profitability, poor diversification, and high
reliance on credit, these agricultural households are subject to additional stress by soil
degradation, erratic rainfall patterns and extreme temperatures, and commodity price
fluctuations. Particularly the climate change phenomena have become recently a ma-
jor constraining factor for agricultural production in the Dry Zone. In this study we
explore how farmers perceive agricultural problems in relation to climate change, and
which strategies they apply to cope with and adapt agricultural practices to climate
change based on traditional knowledge. Based on household surveys, participatory
rural appraisals (PRA) and key-informant interviews it can be concluded that most
farmers recognise climate change as a key constraint as they perceive their agricul-
tural production being severely impacted, particularly by erratic rainfall. In response
to increasingly frequent pre-monsoon droughts, some farmers have actually aban-
doned during the past 15 years cultivating rice as the main subsistence and market-
crop, but also the cultivation of pre-monsoon crops such as sesame. Most farmers
have traditionally been dealing with climatic risks by providing supplementary irriga-
tion, e.g. by establishing tube wells, by cultivating short-cycled cash crop instead of
rice, and by substituting annual crops by fruit orchards. In the recent past, their adap-
tation repertoire has been complemented by institutional assistance from government
organisations, namely in the form of improved weather forecast, training activities,
and the provision of adapted seeds. In addition, there has been improved access for
some farmers to communication infrastructure or improved agricultural technologies.
These differential affect adaptation to climate change and changes in cropping pat-
terns and agronomic practices. We will present preliminary findings from the ongo-
ing research project on how traditional adaptation strategies blend and interact with
external “modern” strategies to adapt to climatic change processes in the dry zone of
Myanmar.
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Ethiopian rural households make significant part of their livelihood from natural re-
sources in general and from forest produces in particular. Bamboo is one of the most
important forest resources in the country, which is estimated to be around one mil-
lion hectares, of which 850,000 ha are lowland and 350,000 ha are highland bamboo
varieties. This is the largest bamboo area in Africa. Apart from serving as source of
energy, fodder and construction, bamboo can serve as an input for small and micro-
enterprises (SMEs) via forward and backward linkages. Its production is a major part
of farming system and source of livelihood for rural people. Notwithstanding such
higher potential for both livelihoods enhancement and environmental sustainability,
the sector has been overlooked for a long time. Being cognizant of the benefits of
bamboo, attention has been given to the sector since recently. This research was con-
ducted with the major objective of providing an insight into the current status and
future potentials of the bamboo sector in Ethiopia in order to enhance sustainable
livelihoods. The research mainly used primary data for its analysis. The sample for
this research was drawn from the two-major bamboo growing national regional states
in Ethiopia, Amhara and Benishangul Gumuz. A total of 486 sample households
were randomly selected. Both quantitative and qualitative data were collected. Survey
questionnaire was the main tool to collect the quantitative data while the qualitative
data were collected using focus group discussions, key informant interviews and case
story narrations. Ordered response models and principal component analysis were
applied to analyse the food security status of smallholder farmers captured by their
food consumption score, dietary diversity scale, and coping strategy index. Results
suggest that bamboo has untapped potential to ensure food security – especially to
poor rural smallholder farm households. To tap into the full potential of bamboo, a
collective action of the government, NGOs and other stakeholders is required to create
awareness among smallholder farm households and artisans about the diverse benefits
of bamboo, improved methods of growing and extracting its culms and adoption of
modern and up to date technologies.
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Farmer’s Perceptions of Land Degradation in South Kivu,
Eastern DR Congo
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The Kivu dorsal in South Kivu is characterised by variable rainfall conditions, and a
diversity of soils and cropping systems. Furthermore, socioeconomic contexts vary
widely both in terms of population density and their access to land, agricultural exten-
sion services, road infrastructures and markets. These factors are expected to affect
the degree of pressure on soil resources. This study aimed at assessing how the di-
versity in biophysical and socioeconomic contexts affect crops choice, and farming
practices in South-Kivu and the resulting status of soil degradation as perceived by
farmers. Household and community surveys were carried out in eight watersheds
from four territories dominated by smallholder farming systems in South Kivu. Sur-
vey data were assessed based on percentage frequency; descriptive statistics; factor
analysis and chi-square methods. Result showed that heterogeneity was observed at
different scales (territory and watershed) due to biophysical and socioeconomic con-
texts, and farmer’s perception of the status of degradation was affected by this vari-
ability. Based on the farmers’ own criteria (possessed lands, types of cattle, access
to markets. . .), four types of farm were identified and described, and their important
characteristics outlined. In most watersheds (more than 74 %), erosion was the main
cause of degradation. More than 10 crops were grown to satisfy food requirements
and agricultural practices were associated depending on each site and their available
means. The hierarchical ascending clustering analysis made for these three criteria
(crops, practices and degradation status) has shown strong links between the topo-
graphical location and the status of degradation, the status of degradation and crops
as well as the practices adopted in farmer’s fields. But regarding the farming prac-
tices, differences were very small across sites. Similar trends were observed in both
watersheds of each territory and were often characterised in the same way, in terms
of degradation status or in terms of adopted crops. Overall, analysis of soil degrada-
tion processes was better understood after analysing socioeconomic and biophysical
contexts of the concerned areas.
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degradation, South-Kivu, watershed

Contact Address: Aimé Heri-Kazi Bisimwa, Catholic University of Louvain (Université Catholique
de Louvain), Earth and Life Institute / Environmental Sciences (ELI-e), Croix Du Sud 2 Bte 1.,
1348 Louvain-la-Neuve, Belgium, e-mail: aime.heri-kazi@uclouvain.be

ID 289 487



Economics
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The probability of a sufficient calorie intake and a diverse diet is related to various so-
cial, economic and political factors. Often neglected, individual preferences and mo-
tivation often form nutrition choices as well. Particularly core concepts of behavioural
economics – altruism, risk and time preferences – can impact food and nutrition secu-
rity of individuals, and of dependent household members. Yet, empirical evidence is
scarce. Therefore, this study explores the linkages between behavioural preferences
and food and nutrition security utilising a household-level survey.
The household survey is carried out in rural areas of East India, in regions with se-
vere malnutrition rates and high poverty rates. 954 households are interviewed with
each having at least one child below 2 years of age. The households are selected
using a stratified randomized sampling technique from 85 villages. FNS indicators
are obtained (e.g. FIES, MDDW, MAD, anthropometric measurements) and form a
comprehensive understanding of malnutrition rates among households and individu-
als. Hypothetical games are used in a mix of qualitative and quantitative questions
for preference assessment. These elicit risk preference, time preference and altruism
of the household heads and the spouses. Additionally, socioeconomic, demographic
and social aspects are surveyed. Additionally, a village-level recall questionnaire is
utilised in focus group discussions.
Basic descriptive statistics hint at severe nutritional status of the households. Key in-
formant interviews indicate qualitatively the relation of time preference and preferred
food consumption and the level of altruism to the nutritional status of dependent chil-
dren. Risk and time preferences seem to be dominated by risk averse behavior and
short-term preference. Final results will indicate to which extent behavioural prefer-
ences impact the nutritional status focusing on women in reproductive age and on their
children below 2 years of age, controlling for determinants that have been established
in previous literature. The study will add to the literature by empirically assessing the
influence of core concepts of behavioural economics on food and nutrition security.
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Using of Photovoice to Elicit Socio-Cultural Values of Ecosystem
Services in a Rural Community, Namibia
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Economic valuation of ecosystem services has been criticised as inadequate to advise
decision-making, as it fails to reflect the plural socio-cultural values that people at-
tribute to nature. Efforts are ongoing to better capture the socio-cultural values (SCV)
of ecosystem services. Consequently, this study contributes to the improvement of the
socio-cultural assessment and valuation of ecosystem services, using the photovoice
approach. Photovoice is a participatory approach whereby members of local com-
munities personally take photos and use them to generate narratives. In this study,
this methodology is used to communicate the social and cultural reality which char-
acterises people’s relationship with nature.
The Kavango West region in Northern Namibia, until recently a subsistence economy,
is undergoing changes including the intensified use of natural resource. We hypoth-
esise that a change in SCV is related to the change in practices, and investigated the
SCV in two villages near Nkurenkuru. Prior to eliciting SCVs, we examined the
historical socio-cultural elements characterising the relationship between the small-
holders and their ecosystem services.
The data consists of 165 photos and 170 narratives. MAXQDA, a qualitative analysis
tool was applied to classify SCV, and thematic analysis was used to construct mean-
ings of the identified SCV. Findings from 20 photovoice participants revealed multiple
myths, taboos and practices related to use of river and forest ecosystems. For example,
some participants photographed landscapes and told narratives about the Ekongoro, a
mythical figure (or supernatural snake) which is believed to be the provider and the
ruler of water and water resources, such as fishes. Ekongoro is valued but feared for its
role in governing and managing water resources. This example shows that Ekongoro
is a belief system that influences how people use their ecosystems.
Overall, the SCVs identified provide insight on the valuation and management of all
Millennium Ecosystem Assessment (MEA) service categories. Photovoice proved ex-
cellent in eliciting deep cultural elements which explain what nature means to people.
The study highlights that assessment of SCV of ecosystem services should understand
and include people’s cultural belief systems. This is essential in rural subsistence so-
cieties where cultural belief systems still have an influence on people’s action and
decisions.
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We studied 12 agroecological smallholder farms in the municipalities of Guasca (Cun-
dinamarca), Paipa and Duitama (Boyacá), in order to: 1. identify potential im-
pacts of climate variability on production, incidence of pests and diseases, and in-
come; 2: analyse the capabilities, potentialities and limitations of each agroecosystem
to mitigate, cope and adapt to climate change and variability (resilience). We evalu-
ated and scored 58 biophysical and cultural variables and grouped these into 11 com-
ponents: physical conditions; soil quality; soil, water, and crop management; main
agroecological structure (MAS); and social, economic, institutional, political, and
technological aspects. The methodology included the review of secondary sources
and field visits, in which semi-structured interviews, participant observation and so-
cial mapping were conducted, along with a description of biophysical, soil and agri-
cultural characteristics of each farm. The results show that all farmers have faced neg-
ative impacts associated to climate variability, being water scarcity the most common
cause, followed by frost and heavy rains and flooding, with marked differences be-
tween locations. The overall resilience level rated all farms at similar levels (between
3.74 and 2.83), being slightly higher in the Guasca locality (average 3.47) compared
with Paipa - Duitama (average 3.11). Agroecological management of soils and crops,
addition of organic matter to the soil, rain-water harvesting, construction of reservoirs,
small-scale irrigation systems and greenhouses, coupled with social organisation and
productive association, proved to be the most important strategies to increase the re-
silience of agroecosystems, while the main barriers to their adoption and scaling up
were the limited access to capital, markets, financing and technical assistance.
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Community Characteristics and Risk Perception in Agriculture:
A Case Study in Rural Northern Ghana
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Reducing risk in agriculture is the aim of many interventions in West Africa. Tar-
get groups predominantly consist of smallholder farmers threatened by the present
and future impacts of climate change. Smallholder farmers in northern Ghana live
in culturally and socio-economically diverse communities with similar environmental
challenges. This study identifies non-environmental community characteristics re-
lated to risk perception in agriculture on the inter- and intra-community level. We
want to show how risk reduction interventions such as improved seeds and sustain-
able planting practices affect communities and individuals differently. We use Partic-
ipatory Risk Mapping (PRM) as an analytical tool to measure and identify the local
ranking, frequency, and coping strategies for perceived risks in four communities in
north Ghana. For every community we gather data from four focus groups with five
participants. The groups are divided by the participants’ gender and economic en-
dowment. The data allows us to compare groups of individuals between and within
the four communities. We identify patterns in inter- and intra-community characteris-
tics which are linked to risk perception. By focusing on the characteristics we collect
additional data to test and support our findings. The results indicate that communi-
ties exposed to similar environmental challenges are perceiving risks in agriculture
differently. Furthermore, the perceptions of groups within communities vary widely.
On the inter-community level the accessibility to lucrative markets for selling and
networks outside of the community have a major impact. Culturally defined roles of
men and women and coping strategies are the most influential characteristics on the
intra-community level. Coping strategies depend on the prevalent sharing system for
labour and goods but also on business opportunities apart from farming. The results
underline the complexity of communities in northern Ghana. Similar risk reduction
interventions can have diverse impacts within and on communities. The identified
non-environmental characteristics provide a systematic approach to understand the
diversity of communities and its influence on risk perception in agriculture.
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The resilience concept has provided a new insight and approach to the conventional
perspective of agricultural management by emphasizing the need to maintain a di-
versity of future options while increasing production efficiency to adapt to inevitable
and often unpredictable changes. The concept has developed into various academic
disciplines and covers a wide range of development sectors, yet ways to define and op-
erationalize resilience as a practical and measurable concept are still being developed.
This study combined a subjective resilience measurement based on the 5-point Likert
scale of farmers’ perception on the capacities of their agricultural systems to cope
with and recover from salinity damage, and to change to other systems in the case
of increased salinity intrusion with a qualitative resilience assessment. We conducted
case study research in villages located along salinity transects in the Mekong delta
and at different distances to sea dykes in the Red River delta in Vietnam. Empirical
data consisted of interviews with local authorities, 11 focus group discussions, 118
semi-structured and 226 structured interviews and 3 role-playing games with farm-
ers carried out between September 2015 and May 2016. Results from the subjective
resilience measurement at the household level shows that there is no significant dif-
ference of resilience between farming systems (p-value<0.05, Kruskal-Wallis test).
None of the agricultural systems has a higher score than others of all resilience capac-
ities, implying that an increase in one resilience capacity by switching systems would
be achieved at the expense of other resilience components. Adjustment of resilience
capacities e.g. through policies and interventions to sustain agricultural production
or facilitate transformation to alternative systems when necessary is a critical task in
agricultural management and will be discussed.

Keywords: Agricultural systems, salinity intrusion, subjective resilience, surrogates,
Vietnam
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Climatic Changes in the Mid-Hills of Nepal: A Study on
Smallholder Farmers’ Perception and Reactions

LEONIE KREIPE1, EVA WIENERS2, EVA SCHLECHT1
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2University of Hamburg, CEN Center for Earth System Research and Sustainability, Inst.
of Geography, Germany

Climate and weather conditions in the mid-hills of Nepal have always been changing and local
farmers have continuously adapted to such change. However, in recent decades these changes
accelerated. The awareness of increased climate variability constitutes a prerequisite for ade-
quate adaptation measures in the cropping systems. Hence, this study examined how farmers
perceive climatic changes and whether their perceptions are confirmed by 35 years of records
from two weather stations. Furthermore, farmers’ reactions and - if any - targeted adaptations
to perceived changes were investigated in order to assess their resilience to extreme weather
events and ongoing climate change.
To this end, 60 formal semi-structured interviews were conducted with individual farmers in
Kaule, a village situated in the Himalayan mid-hills, 25 km northwest of Kathmandu, Nepal.
Half of the interviewees are members of a local non-governmental organisation (NGO) focusing
on agroforestry. It was examined whether the time of residency in Kaule, education level,
income sources and membership in the NGO had an influence on the perception of and the
reaction to weather changes.
Farmers were generally well aware of changes in the local weather and their perceptions re-
flected the weather station records. Time series analysis proved a significant increase in both
mean annual minimum and maximum temperatures. Absolute amounts of annual rainfall ap-
peared to be stable with an average 2699 mm in 1981 – 1985 and an average 2679 mm in 2011 –
2015. Analysis in R found a decreasing, though non-significant trend. However, in accordance
with farmers’ perception, the annual distribution of rainfall did change, with longer dry peri-
ods during winter. While NGO members were primarily concerned about decreasing rainfall,
non-members mostly mentioned abnormal weather patterns. The majority of farmers (59 %)
did not implement targeted measures in response to weather changes; however, some farmers,
especially members of the NGO, actively responded by delaying planting (27 %) or irrigating
with spring, river, rain or domestic water (13 %). Promising adaptation measures suggested by
the farmers were the storage of water in tanks and the reuse of domestic water for irrigation as
well as the planting of trees and the protection of forests.
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Analysing the Effects of Conflicts on Agricultural Production,
Case of Nuba Mountains Region

TAISSER H. H. DEAFALLA1, ELMAR CSAPLOVICS1, MUSTAFA MAHMOUD EL

ABBAS2, MOHAMED EL NOUR TAHA3

1Technische Universität Dresden, Inst. Photogrammetry and Remote Sensing, Germany
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Links between environmental resources and conflicts are highly complex, non-linear and in-
fluenced by a combination of factors, including social, environmental, political, economic,
historical, and the different aspects of vulnerability. Actually, the interaction of these factors
plays a role in either preventing or stimulating conflict. Nevertheless, large open access natural
resources can undermine the quality of governance, aggravate corruption, weaken economic
performance and, thereby, increase the vulnerability of countries to conflicts. The changes in
and depletion of natural resources linked to climate change have been considered as a causal
factor in the current crisis in many regions of Sudan. The current study aimed to examine the
effects of war on agricultural situation and macroeconomic situation of Nuba Mountains region.
The methodology applied in this research was three-pronged: multi-temporal satellite data (i.e.
LANDSAT) to examine the changes in land cover and land use, with primarily paying attention
to changes in vegetation health, vegetation land changes, as well as the abandoned and agri-
cultural land loss during the period 1994 to 2014. Furthermore, formal literature reviews, and
semi-structured interviews of household heads. The total sample size was 175 questionnaires,
covering displaced and non-displaced respondents distributed among different units of Nuba
Mountains and the Nubian displaced community in Khartoum state. Geographic object-based
image analysis was applied to analyse the satellite data. Normalized difference vegetation in-
dex and green normalised difference vegetation index were used as main features to guide the
analysis. Qualitative and quantitative techniques were used to analyse the socio-economic data.
The study indicated that, there are reduced and failure in agricultural yields, as well as loss of
livestock, which endangered both pastoralists and rural peoples. Moreover, loss of arable land
was due to bombardment and soil erosion. The study showed increasingly rapid changes in
social structure, institutional and livelihood transformation across broad areas of the state. In
sum, the successful key to face the impacts of environmental change need to create dynamic
innovation research, strategies, and policy that focus on local communities to avoid the hazard
of marginalising those who rely on natural resources for subsistence and income generation.

Keywords: Agricultural production, conflicts, geographic object-based image analysis, macro-
economic situation, Nuba Mountains region
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Perspectives of Stakeholders Towards the Development of
Ecotourism as Collective Actions of Sustainable Collaborative

Management in Kerinci Seblat National Park, Sumatra, Indonesia
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Regions around preservation and conservation areas, such as national parks, are vul-
nerable to conflicts, especially, between local communities and conservation man-
agers. In consideration of this problem it is necessary to unify the stakeholders in
the context of collaborative management to support pathways to sustainable manage-
ment. In collective collaborative management all stakeholders do not only work for
their own success, but share responsibilities for the task of the other actors at the
same time. Conceptually the determination of ecotourism as a collective action has
been examined with the adaptive collaborative management approach referring to the
governance theory and the common pool resources theory. In detail this research fo-
cuses on the pattern of collective actions among the interest groups in the Kerinci
Seblat National Park (KSNP) area. The study was conducted in four selected vil-
lages surrounding the park. The villages represent northern and southern parts of the
Kerinci Regency. Secondary and primary data were collected by some methods such
as participant observation, focus group discussion, open discussion, participant rural
appraisal, and in depth interview. Data was analysed by qualitative content analysis,
institutional analysis and development, and interpretative – qualitative technique.
The research results show that ecotourism can be a foundation for the formation of
collective action in the context of collaborative management around the National Park
area. But based on the empirical field study it can be stated that the local communities
are not interested in the development of ecotourism due to contested property rights
and utilisation interests in the area. Therefore, this research proposes that the local
government and the KSNP authority should not only play a primary role regarding
the development and the management of ecotourism, but also should be the primary
drivers of the movement, which ultimately invites the local communities to initiate
their collective actions.

Keywords: Collaborative management, collective action, ecotourism, Indonesia,
Kerinci Seblat National Park, sustainability
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Natural Hazard Mitigation Strategies Review: Actor Network
Theory and the Eco-Based Approach Understanding in Zimbabwe
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This paper presents the literature reviewed on the evolution of the natural hazard miti-
gation perspective and an overview of its progression to date. It demonstrates how the
Actor-Network Theory (ANT) theoretical framework can be applicable to Muzara-
bani in Zimbabwe as a tool for analysing and elaborating hazard mitigation strategies.
ANT is gradually becoming influential, but still a bone of contention mainly because
of its radical approach. ANT treats humans and non-humans as equal actors. In spite
of its limitation, studies have shown that an ANT grounded approach is useful in pro-
viding a framework for the comprehension of the complexities of daily life during
natural hazard episodes and the dynamic role of Ziziphus mauritiana in the network
in Muzarabani of Zimbabwe. The theory can demonstrate its importance in respect
of how social results are produced as a result of linkages among diverse actors (hu-
man and non-human) in a network. The chief significance of this consideration is
that ANT offers a lens through which to assess the role of Ziziphus mauritiana as
an actor in determining social processes and relations. Attention to this decisive role
can contribute to an all-inclusive appreciation of the complexity of actors in semi-arid
regions. Ziziphus mauritiana, an eco-resource, like other non-human phenomena, is
introduced as an important and neglected actor in natural hazard mitigation discourse.
Literature accessed has also affirmed that ANT can also demonstrate the dual value
of rendering a theoretically informed method of sampling by mapping on actors that
are linked to the eco-resource in question, Ziziphus mauritiana and analysis. The pa-
per draws on contemporary empirical work in Muzarabani and the recurrent nature
of natural hazards in this semi-arid landscape to explain noticeable results of the in-
teractions between the human and non-human actors in hazard mitigation. The paper
argues that if ANT is used logically it is useful in examining eco-based natural hazard
mitigation approaches in semi-arid regions.

Keywords: Actor network theory, adaptation, commodity chain frameworks,
ecological, hazard mitigation
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Forward Looking Prioritisation of Farmer Innovation for Climate
Change Adaptation in Cocoa Production in Ghana
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Prioritisation of climate change adaptation is challenged by the heterogeneity of pro-
jected hazards across space and farmers’ resource endowments. Single adaptation
solutions are unlikely and portfolios of commendable no-regret options should be de-
veloped. Site-specific scaling of farmer innovation may make wide adoption feasible
but requires the reconciliation of top-down climate impact modelling and bottom-up
participatory development processes.
First we developed a gradient of climate change impacts and assessed projected risks
to cocoa production in Ghana from global climate models. We then conducted a series
of focus group discussions and individual interviews to gather farmer innovation to
manage climate risk along this gradient. The efficacy of these innovation options
was verified by expert panels. For each impact zone, and for different household
typologies, hazard specific sets of hierarchical portfolios with incremental returns and
required effort were developed in focus group discussions.
We followed the notion that model based approaches in isolation will always fail to
provide exact results, but may be useful to provide expert decision makers with a
tool to prioritise concepts. This may be especially useful for tropical crops that often
depend on adequate precipitation for which climate projections are highly uncertain.
The result were portfolios of climate smart adaptation practices from farmer innova-
tion with positive returns that respond to site specific climate hazards. We suggest that
our approach may be a pragmatic way to develop site-specific climate smart practices
for scaling. Practices will be included in training materials for certified farmers to be
field tested as a pilot for sector-wide application. If successful an additional 93,000
households may remain in cocoa and about 430,000 would diversify production while
keeping area under cocoa.

Keywords: Climate smart agriculture, cocoa, ex-ante, Ghana
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Gender Aspects of Intra-Household Decision-Making and its
Effects on the Social Expenditure Patterns of Ethiopian

Households
ORKHAN SARIYEV, TIM K. LOOS, MANFRED ZELLER

University of Hohenheim, Inst. of Agricultural Sciences in the Tropics (Hans-Ruthenberg-
Institute), Germany

Decision-making is a widely used measure of women empowerment. Studies using
this proxy to capture bargaining within a household usually neglect the possibility that
all household members may actively participate in household decision-making. Mea-
suring decision-making in a wider context than just a process of husband and wife’s
bargaining over decisions is much more appropriate and yet, insufficiently analysed.
Based on a sample of 378 Ethiopian households, this study addresses this shortcom-
ing and in addition, assesses the effect of decision-makers’ gender on the social ex-
penditures of the households, i.e. spendings directed towards education, clothing,
health, and remittances. In detail, objectives are to (i) develop an index that captures
the decision-making power of (all) women within a household, hence addressing the
methodological gap present throughout the literature; and to (ii) estimate the effect of
women’s increasing decision-making power on the social expenditures of the house-
holds which may lead to positive effects on the households’ livelihood. Covering
seven fields of household decision-making (i.e. animal purchases, use of income from
animal sales, agricultural technology adoption, household purchases, crops grown,
harvest use, and input use), the variable information captures the possibility of deci-
sions being made by single, two, or more individuals. By means of principal com-
ponent analysis, a suitable index referred to as Women’s Participation in Decision-
making Index (WPDMI) is developed. Using this index as the main independent vari-
able of interest, a log-linear model is employed to identify the effect of increasing
women’s decision-making power on the households’ social expenditure patterns. All
validity tests yielded positive results meaning that the newly developed WPDMI in-
dex sufficiently captures and reflects the empowerment information contained in the
decision variables. Moreover, the findings show that an increasing women participa-
tion in household decision-making processes results in positive and significant effects
on the per-capita social expenditures of the households. As a whole, this study offers
an approach to address the methodological gap in the analyses of decision-making
throughout the literature. It further confirms previous findings of positive effects of
women’s increasing decision-making power on the household’s livelihoods.

Keywords: Decision-making, Ethiopia, social expenditure, women empowerment
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Food-Energy-Water Nexus: What Would Be the Impact of a
Carbon Tax?
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The food, energy and water sectors are inextricably interlinked and face many com-
mon challenges in an era of growing natural resource scarcity, increasing environmen-
tal externalities, and lack of good governance. The importance of those linkages can
be further seen through the adoption of the Sustainable Development Goals, which
includes a set of goals and targets on food (SDG2), water (SDG6) and energy security
(SDG7). It will be extremely challenging to achieve these goals equitably, efficiently
and by 2030 due to important interlinkages and growing natural resource scarcity.
This paper assesses implications for the nexus based on changes from the energy
side: among the three sectors, the energy sector is most dynamic and while many
linkages between the food and water sectors have been studied, energy has been ne-
glected. This study assesses the impact of a carbon tax on fossil fuels on food and
water outcomes.
We find that changes in the energy sector in response to a potential carbon tax that
reduces the relative comparative advantage of fossil fuels particularly affect those
regions that are both net exporters of primary fossil fuels and net importers of refined
petrol, such as East and West Africa, but that impacts on global food prices are limited.
The number of people at risk of hunger would increase by 9 million people in response
to the carbon tax, with the largest increases changes in the South Asia and sub-Saharan
Africa region. At the same time, the carbon tax would increase the share of unmet
water needs in all regions of the globe due reduced household incomes. Importantly,
depending on the adaptation measures chosen in response to the carbon tax, the food
and water security situation could substantially worsen, for example, if biofuel areas
are expanded to compensate for the reduced use of fossil fuels under the carbon tax.
Under such a scenario the number of people at risk of hunger by 2050 could be 31
million higher. On the other hand, to the extent that the reduction in fossil fuel use
due to carbon taxes lessens climate change, these taxes can improve food security
substantially.
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Land, Livelihoods and Gender: Dynamics of Community Forestry
in Petén, Guatemala
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In the Maya Biosphere Reserve in Petén, Guatemala, about 350,000 ha of forest have been
granted as community concessions since 1997. Each of these concessions is operated by a
community forest enterprise (CFE) which is responsible for sustainably managing the forest
and sharing the resulting benefits among members. In coming years, all currently nine active
concessions will be considered for renewal contingent upon their environmental and socio-
economic performance. In contribution to this assessment, this study provides scientific evi-
dence on: 1) socio-economic benefits, 2) gendered access to resources, and 3) opportunities for
enhancing gender equity and, overall, viability of the concessions.
Adopting an asset-based approach, we initially studied the socio-economic performance of
three concessions in 2014/15 using the 5Capitals methodology. In 2016/17, we expanded
the study to three further concessions in which we tested a gender-responsive version of the
methodology (5Capitals-G) to elucidate gender-based constraints and opportunities in the CFEs
and the value chains they are linked to.
Concession benefits at enterprise and household levels were significant, but varied widely
across CFEs (n=6) and households (n=170). At enterprise level, asset building was most pro-
nounced as regards natural, social and physical capitals. Human capital was well developed
for managing forests, but less so for processing wood and doing business. All enterprises
were profitable, but their financial capital varied. Men dominate CFE governance, but women
are increasingly shaping business decisions. At household level, forest income allowed CFE
members to move above the (extreme) poverty line and to develop their physical and human
capital. Labour was strongly divided by gender, with men primarily focused on timber and
women on non-timber forest products. Women’s influence on household decisions and control
over resources varied widely. Most CFEs lack strategies to involve younger women and men
in forest management and business administration. This threatens the long-term prospects of
the CFEs, as do competing claims on the land by external stakeholders. We argue that the
community concessions should be renewed as they contribute to both forest conservation and
livelihoods development, and conclude with opportunities for enhancing this model and scaling
it elsewhere in Latin America and beyond.

Keywords: Asset building, community forestry, forest enterprises, gender, Guatemala,
livelihoods, Petén
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Smallholder Farmers’ Adaptations of Agroecology in the Context
of Livelihood Asset-Deprivation: Social and Ecological

Consequences in Bilanga, Burkina Faso
DIANE KAPGEN, LAURENCE ROUDART

Free University of Brussels (ULB), Centre for Studies in International Cooperation and
Development (CECID), Belgium

In the sudano-sahelian climate zone of eastern Burkina Faso, the local NGO ARFA – Associ-
ation pour la Recherche et la Formation en Agro-écologie – implements smallholder-tailored
development programs based on improved agroecological farming practices and small farm
equipment diffused through village-level operating farmer groups.
A qualitative research design was used to analyse how agroecology impacts on different small-
holders’ livelihoods and which factors shape benefits and adverse effects. We relied on the
sustainable livelihoods framework and further completed it with a) the francophone agronomy-
based Agriculture Comparée approach to better investigate the farming systems level, and b) the
development-anthropology ECRIS (Enquête Collective Rapide d’Identification des conflits et
des groupes Stratégiques) related concepts to gain in-depth understanding of social structures,
power relations and conflicting interests.
Depending on the strength of their livelihood asset base and their personal livelihood strategies,
farmers use different logics of action when engaging in the programs. Asset-endowed farmers
hold leading positions in the farmer groups and have a wider range of possibilities for appropri-
ating the program’s elements to their advantage. Program-related ignorance of smallholders’
unequal starting positions create both ecological and social discrepancies. They hit asset-de-
prived farmers and fragile ecosystem components at the same time. Insufficient access to small
equipment for implementing labor-intensive water-harvesting-techniques (stone bunds and Zaï)
hinders equipment-deprived farmers’ adoption, thus contributing to the spreading of unfertile
soil (Zippélé). Lack of local plant nurseries for agroforestry land management intensifies the
practice of uprooting saplings in the bush for replanting them in the fields, leading to both the
loss of trees in uncultivated ecosystems and more fragile field trees compared to plants from tree
nurseries. Livestock herd size limits farmers’ capacity to gain excreta necessary for the inten-
sively promoted compost production technique. Livestock-poor farmers’ children browse the
bush collecting the excreta from trespassing herds, contributing to both children’s exploitation
and removal of valuable natural fertiliser from the bush. Water quantities needed for compost
production clash with the need for drinking water in the dry season. These examples outline
our study’s contribution to understanding the complex social-ecological interactions in agroe-
cological development programs, which are shaped by smallholders’ diverging livelihood asset
bases and opportunities to appropriate the programs’ elements.

Keywords: Adaptation of agroecological practices, Burkina Faso, farmer diversity, livelihood
impact, rural development programs, social-ecological trade-offs
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on the Migratory Decision of Subsistence Farmers in Rural

Ethiopia: An Empirical Study
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Migration can be one strategy of subsistence farmers to sustain, adapt or transform
their livelihoods under changing environmental conditions. The sustainable liveli-
hood approach (SLA) is well suited to tackle questions within the field of environ-
mental change and human migration, as migratory decisions often emerge at the indi-
vidual or household level. For Ethiopia the depletion of natural resources and climate
variability is observed in large parts of the country and local case studies revealed
the influence of environmental change on out-migration, usually in combination with
socio-economic and political factors. But so far there is a lack of knowledge how
these factors which shape the decision to adapt, for example through migration, or to
stay are interrelated.
The presentation will focus on the research design for an empirical study which will
be conducted in South Wollo end of 2017. South Wollo is an out-migration area in
the northern Ethiopian highlands, where precipitation variability, population pressure,
land degradation and food insecurity are well known as putting the livelihoods of the
rural population under pressure. By applying mainly semi-structured interviews and
focus groups with local farmers and regional key informants, the research aims to 1)
understand the livelihood strategies of subsistence farmers to deal with environmental
changes, 2) identify the (in)direct influence of environmental change on out-migration
and the interrelations with other factors and 3) examine what hampers or triggers the
migratory decision of the farmers. The local data collection will take place in eight
villages which differ in terms of severity of land degradation and livelihood strategies.
Moreover, preliminary findings from a preparatory field visit in spring 2017 will be
presented.
Being part of a dissertation project this empirical study is considered as a first crucial
step to shed light on the complex interrelations between environmental change and
human migration in the tropics and aims to support stakeholders and policy makers
in Ethiopia. This study is part of the interdisciplinary junior research group MigSoKo
(https://www.ufz.de/index.php?en=41462), which is based at the Helmholtz Centre
for Environmental Research in Leipzig.
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Improving food security is essential for most rural Tanzanian households where the nutritional
status of the country’s population is low. Given the challenges of rising food demand it is highly
recommended to upgrade existing smallholder food systems against upcoming vulnerabilities.
The aim of this study was to assess and apprehend the role of actors and the interlinkages
among the upgrading strategy/ies (UPS) groups; to determine the relationship within these UPS
group actors; to recognise the differences between the different UPS groups and other actors;
and to define possible success factors for UPS group performance. The study was conducted
in the framework of a multi-disciplinary Trans-SEC project in Tanzania, designed to enhance
food security for rural poor households by employing food securing UPS along the food value
chain. Our specific focus was on two UPS, namely a) tied ridges and fertiliser micro dosing b)
maize sheller and millet thresher.
Research methods included individual interviews using the social network analysis tool Net-
Map and focus group discussions. The Net-Map tool enabled visualising and understanding the
power relations, interlinkages among the UPS groups, and stakeholder goals, all of which facil-
itate knowledge transfer and material flow. The results show that most UPS in the sub-humid
region had slightly higher knowledge network densities in contrast to those in the semi-arid
region. The knowledge, money and material flows were similar among different groups. Moti-
vations for participating in a UPS group differ to some extent between UPS groups and all types
of actors whereby enhancing food availability, more joy, more income, more knowledge and
better social relations were most frequently mentioned. The results provide understanding of
the different UPS stakeholder group’s performances by showing attributes of stakeholders and
then relating them to their goals and perceived influence. The results further provide the basis
for future strategic planning to further enhance participation and up-scaling. This study sug-
gests that improved performance along the food value chain is needed, investments in policies,
capacity building for farmers and social learning in terms of collective action and collabora-
tion. The study serves as a landmark for understanding stakeholders’ roles and their influence
in implementing upgrading strategies.
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Food Sovereignty in Rural Myanmar: A Case Study on Drivers of
Agrarian Transformation and impacts on Small-Scale Farmers

ANNAPIA DEBARRY
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With the economic opening of Myanmar the commercialisation of agriculture is one
of the main goals of the government. Small-scale farmers in Myanmar are struggling
with these commercialisation processes: Pro-business land reform and local power
structures along with foreign investments in export-oriented, large-scale agriculture
are undermining local food systems and customary land tenure rights pushing small-
scale farmers into deeper poverty and wage-labour. The food sovereignty (FS) ap-
proach aims to return power and control over the food system to producers and con-
sumers. This paper introduces the results of a field research which was conducted
in two villages in southern Shan State and puts small-scale farmers and their strug-
gles over land, food and rights at the centre of discussion by using the approach of
FS to examine the factors which are pushing commercialisation. Moreover, it ex-
plores aspects of the academic discourse on FS and gives critical insights. Data was
collected with a mixed-method approach. Qualitative methods were taken from the
Participatory Rural Appraisal (PRA) tool box, including transect walks and seasonal
calendars. The methodology also included gender-disaggregated focus groups dis-
cussions, semi-structured interviews with village residents and key-informants. A
household survey (n=60) was conducted in both villages to back up the qualitative
data. Data was analysed along three key factors, namely food security and farming
situation, access to land and migration and labour. Through this broad perspective,
the research identified a variety of interrelated factors negatively influencing the local
FS. Results show that farmers are forced to stay in a “circle of poverty”: Food inse-
curity is fostered by pro-business policies introduced by the government and external
stakeholders who increasingly control local resources. It was found that the commer-
cialisation of agriculture (e.g. through hybrid crops and large-scale cultivation) plays
an important role in the struggle of small-scale farmers. It is argued that although the
academic discourse on FS has to be deepened on some levels (e.g. the relationship
between FS and capital-state power relations), it is an important contribution to some-
what radical thinking on development as it puts those at the heart of discussion who
are undermined by neo-liberal policies and state-driven power relations.

Keywords: Agrarian Question, capitalism, contract farming, food security, food
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Sustainability Assessment for Planning Development Interventions
Within the Framework of the Sustainable Development Goals
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With the adoption of the Sustainable Development Goals (SDGs), the United Nations
have internalised a set of features for future development which are to circumvent
known shortcomings of the Millennium Development Goals and set binding rules
also for the industrialised countries. Particularly influential for the shaping of the
underlying principle of SDGs was the concept of “planetary boundaries”; a scien-
tific normative compass envisaging a human development process which does not
transgress the point of no return in terms of the Earth’s life support systems. Integral
to the idea of coupled “natural-social” systems, is the concept of inter- and transdis-
ciplinarity; i.e. that solutions to complex problems and preceding research must be
based on integrative efforts of traditionally separate disciplinary areas and with full
participation of stakeholders.
While this broad approach to sustainable development has largely been accepted by
the international community, accountability remains left to national governments.
Hence, there has been significant criticism that this type of diversity will allow room
for much obscurity and strategic “cherry-picking” when designing policy interven-
tions, ultimately resulting in suboptimal outcomes in terms of interdisciplinary and
integrative approaches.
Given the lack of internationally set accountability mechanisms with regard to the
SDGs, we are proposing an ex-ante impact assessment method to be used. It could
be used to evaluate projects prior to their setup and funding approval along the lines
of SDGs rather than the nationally readapted goals that are derived by the individual
governments.
As a case study, we apply this ex ante assessment methodology to an ongoing inter-
national transdisciplinary research effort, aiming at improving rural and urban liveli-
hoods in Kenya by developing the sector of indigenous vegetables. Systematically
evaluating the project activities against the 169 SDG targets using a relevancy scoring
system provides a reproducible and simple but comprehensive overview of the areas
where significant SDG contributions are to be expected and where less so.
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Determinants of Farm and Non-Farm Employment among
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Enhancing agricultural productivity has remained to be one of the major challenges in sub-
Saharan Africa, where Ethiopia is not an exception. Although agriculture is the main stay of
the Ethiopian economy contributing for half of the GDP and 50 % of exports, the sector is
characterised by its subsistence nature and incapacity to attain food and nutrition security at
national level, resulting small holder farmers to diversify their livelihoods to non-farm employ-
ment as a coping strategy. This study aims at analysing the determinants of farm and non-
farm employment for smallholder farmers in Yayu biosphere reserve of South-West Ethiopia.
A household survey was undertaken to collect gender disaggregated data from 334 small holder
farmers and supported by qualitative data collected from 28 Focus group discussions and 6 key
informant interviews. Gender disaggregated tobit regression analysis followed by marginal ef-
fect computations were employed to capture the probability and extent of determinant variables
in predicting farm and non-farm employment. Augmented production factors particularly farm
physical capital and land ownership along with total agricultural productivity have been found
to increase the probability and intensity of farm engagement positively and significantly for
both male and female headed households. For every unit increase in total agricultural produc-
tivity, there has been a 2.1 % and 4.3 % increase in the extent of farm engagement for both male
and female headed households, respectively. Similarly, the level of farm engagement increased
significantly for every unit increase in farm land, farm physical capital, access to credit and
irrigation, ownership of non-farm assets and labour support system practised in the area. On
the contrary, a higher level of education, increment in non-farm income and household expen-
diture, incidence of crop damage by wild animals as well as pests and diseases were found to
influence farm engagement negatively and increased non-farm employment significantly. The
results implied that engagement in farm is highly dependent on availability and efficient use
of scarce farm production factors, productivity of the farming sector and the presence of exter-
nal farm challenges. These call for sustainable and holistic approaches to improve the future
productivity of small holder agriculture.

Keywords: Agricultural productivity, determinants, farm employment, non-farm employment,
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Can Sub-Saharan Africa Become Food Self-Sufficient? Supply
Response Analysis of Sunflower Oil Producers in Tanzania
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There are many arguments that, increasing food self-sufficiency in sub-Saharan Africa
(SSA) could reduce the high food price escalations which are often related to the in-
creasing demand and importation of food commodities. In Tanzania, as in most SSA
countries, edible oil crops production has been among the most vibrant activities, as
there has been rapid expansion in the production of oil crops with high protein con-
tent, such as soybean, groundnuts, rapeseed and sunflower seeds. These crops are
used largely for direct oil consumption, with their residues used as animal feed. Cur-
rently, annual edible oil demand is around 400,000 tons, a figure that is increasing
at a rate of 3 % annually mainly because of population growth and increased health
concerns. Current data shows that domestic production of both factory and small-
scale extracted edible oils contribute to about 40 % of the national edible oil require-
ment while the deficit is imported. However, among the edible oil seeds, sunflower
subsector dominates the supply of edible oil. In this study, an attempt has been made
to examine the supply response of sunflower edible oil sub-sector against imported
palm oil by using the Nerlovian partial adjustment model. Findings indicate, that the
short-run price elasticities for sunflower oil and palm oil were -0.0028 and -0.396,
while the long-run elasticities were -0.0045 and -0.64, respectively. On the other
hand, short and long run elasticity for farmer income were 5.54 and 8.99, respec-
tively. The speed of adjustment of per capita sunflower edible oil consumption was
relatively high with 61.4 % per period. This high adjustment perhaps indicates that
Tanzania sunflower edible oil sub-sector, with its predominantly smallholder farmers
for raw material production, and small and few medium oil processors, may not be
having enough capacity in terms of resources and technology to immediately increase
sunflower edible oil production to self-sufficient level when the economic milieu im-
proves in their favour. This calls for the Tanzania Government to review the tax policy
on the imported agricultural technologies and other materials which increase costs for
farmers and processors. This could enhance to achieve her self-sufficient endeavour.
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The Effects of Childhood Work on Adult Migration and
Occupational Structure in Rural Ethiopia
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The rural parts of Ethiopia and its agricultural sector went through dramatic changes
in the last decade. However, dwindling farmlands and underdeveloped non-farm sec-
tors coupled with unmatched population growth continued to define its rural areas.
Empirical evidence show that rural youth are abandoning agriculture and leaving the
rural areas, despite limited gainful employment opportunities are available outside
agriculture. In this regard, studies that examine rural out-migrations from the per-
spectives of spatial and sectoral wage-gaps and expansion in job opportunities fail to
provide important insights and guide policy regarding the youth out-migrations wit-
nessed in Ethiopia since early 2000s. In this paper, we argued and provided evidence
that rural out-migration might also be driven by childhood conditions and develop
over time to adulthood in addition to other observable factors at a point in time.
Using two-wave panel dataset, separated by 15 years, we examined the effects of
childhood work and school participation of 4 to 14 years old children in 1999/2000
on their out-migration and occupational structures as of 2015/2016 in rural Ethiopia.
The results showed that while village out-migration during this period was dominated
by females and younger members, economic (labour) out-migration, in particular, was
male oriented. More importantly, children who combined work with schooling were
highly likely to out-migrate from the villages. We argued that childhood work when
combined with schooling, in consonance with human capital theory of migration,
may provide children the opportunity to acquire transferable and marketable skills
and build their entrepreneurial spirit leading to aspire to out-migrate and work in non-
farm activities. Contrary to the risk and poverty hypotheses of migration, household
poverty showed insignificant association with children’s migration. The effects, how-
ever, were heterogeneous by gender and birth order. The occupational trajectories and
earnings revealed that about half of migrants worked in non-farm activities and earned
twice as much as non-migrant earnings.
The findings suggest that to ensure labour migration as engine for structural transfor-
mation and improve labour market outcomes, policy makers need to link early human
capital polices such as child schooling with youth-targeted labour market policies.
Moreover, anti-poverty policies alone may not regulate rural out-migrations.
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Gender Dynamics in Smallholder Vegetable Production: Insights
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The presented study investigates gender dynamics in vegetable producer’s households as re-
lated to labour, income and expenditure allocation – as field that has not yet been sufficiently
covered by research. It is conducted under the “Africa Research in Sustainable Intensification
for the Next Generation” (Africa RISING) project funded by the United States Agency for In-
ternational Development (USAID) and led by the International Institute of Tropical Agriculture
(IITA). The study focuses on farmers in Babati, Kiteto and Kongwa districts in northern and
central Tanzania.
Quantitative data was collected during a survey with 400 male and female farmers in nine
villages. Later on, we conducted focus group discussions with sex-separated farmer groups and
expert interviews with male and female extension officers. Thus, we validated the quantitative
data, investigated on underlying causes for gender inequalities and identified entry points for
additional research and development interventions.
The survey results show that men and women have different perceptions of labour, income
and expenditure allocation within the households. Following this, the qualitative research re-
vealed that both men and women keep information on their individual income confidential in
order to strengthen their position in intra-household negotiations. Moreover, both complain
about their partner’s lack of contribution to the household economy and production activities.
Nevertheless, both qualitative and quantitative data indicate that men have higher income and
are in power when it comes to money-related decisions, while women remain economically
dependent. Women explain their dependence with men’s control of access to land, financial
capital, knowledge and markets. Men on the other hand named women’s physical limitations
and poor money management skills as reasons that prevent them from progressing economi-
cally through vegetable farming. Both stated that domestic labour prevents women from getting
more involved in farming activities.
The analysis shows that distrust and low cooperation within the households constitute obstacles
for food security, poverty alleviation and women empowerment. Therefore, we emphasise the
necessity of including men in gender-transformative approaches in agricultural research and
development.
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Consumption Patterns and Welfare Implications of the Maize
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The domestic food policy in Swaziland has been linked to high and rising food prices
especially, maize and maize meal prices. As a food grain that is of significant im-
portance for food security in Swaziland, the price of maize has important welfare
implications on household welfare. This is of particular importance when we take
into account the potential risks associated with import dependence as Swaziland is
highly reliant on imports to meet domestic demand for basic staples in particular.
Moreover, maize expenditure accounts for over 20 % of poor households’ income as
well as maize accounts for 63 % of calorie intake in the country. This suggests that
severe price movements in the maize market negatively influence the food security
and nutritional status, especially for vulnerable, low-income households that spend a
substantial proportion of their income on food. On the other hand, high prices of agri-
cultural products have the potential to increase rural incomes and food security levels,
resulting from positive production effects. The current study therefore, analyses the
food consumption patterns of rural households in Swaziland using a QUAIDS model
to obtain the estimates of price and expenditure elasticities for major food items con-
sumed. The estimated elasticities are subsequently used to evaluate the distributional
effects of the maize policy changes on household welfare through the compensating
variation welfare measure. The results of the study suggest that majority of the food
items are demand inelastic with meat and dairy exhibiting elasticities greater than 1.
Moreover, the results of the study indicate that poor households are the major ben-
eficiaries of maize market liberalisation as they spend a larger share of their food
budget on maize. However, lowering the price of maize may have potential risks to
net selling households, by discouraging production in the long-run. Therefore, policy
strategies should focus more on expanding agricultural production and diversification
of production activities, which can improve household income as well as stimulate
food demand in Swaziland.
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Impacts of Cash-Transfer Program on Village Economy in
Ethiopia: Village General Equilibrium Modelling Approach

KELEMEWORK GELETA GEBEYEHU
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Cash transfer programme is designed to address poverty and considered as an engine
for rural economic growth in Ethiopia. Various studies have been conducted in re-
lation to the impact of cash transfer programs. However, those studies focused on
the impacts on beneficiaries (participants) while spillover effects of the programme
remained understudied. The main sources of the data were the national social ac-
counting matrix and 150 randomly selected households in the village of Harawobello,
of which 75 are participants of the programme. The village is in an area where the
level of poverty is deep rooted (50 % poor). Village level general equilibrium model
has been applied to capture economy-wide impacts of the programme using vari-
ous scenarios. The simulation results have indicatedthat the consumption expendi-
ture of non-beneficiary households has been increased after removal of cash transfer
program. Non-participant households benefited more from the decrease in price of
commodities; the price effect outweighs the income effect. Complete removal of the
programme leads to household welfare loss for beneficiary household groups while
non-participants derive positive welfare gain due to price reductions. However, re-
moval of cash transfer programme results in a net welfare loss of ETB 3900 from
the village. Moreover, the micro simulation results confirmed that after the removal
of the program, the incidence of poverty is increased by 4 %. The poverty gap and
severity index have also risen by 5 % and 1 % respectively. The income inequality
of households has been increased by 50 % and 20 % for cash transfer participant and
non-participant household groups respectively. These call either to create other oppor-
tunities that link non beneficiaries to other agricultural projects to enable them coping
with the increase in price or to improve their production.
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Socio-cultural Norms and Smallholder Adaptation to Climate
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Climate change poses a lasting threat and its associated impacts are differentiated,
affecting the livelihoods of men and women in different ways. The gendered differ-
entiated impacts and experiences have been highlighted by both the United Nations
Framework Convention on Climate Change and Food and the Agriculture Organiza-
tion of the United Nations as very real, requiring clear strategies and inventions to
address these. The Marrakech conference of 2001, in acknowledging the near per-
manent threat of climate change, stressed the need to enhance capacities to adapt to
the impact and challenges societies are confronted with. A number of studies have
shown that sub-Saharan African countries are particularly vulnerable to climate vari-
ability and climate change. The threats to individuals and collectives are deepened due
to limited capacities to response to climate change and variability impacts. Increased
exposure to impacts yet constrained ability to utilise adaptive options have been found
to be context specific, finding expression in socio-cultural norms and practices gov-
erning rights and entitlements. This study explored the gendered outcomes of climate
induced adaptation within four (4) communities in the transition zone of Ghana, with
specific focus on the Nkoranza South Municipality. This study also examined the
influence of socio-cultural norms and practices on pattern and direction of climate
change adaptation of small holder farmers. Using a household survey with 384 par-
ticipants and 8 focused group discussions organised separately for women and men,
the work showed that in spite of the strong influence of contextual norms and prac-
tices, they do not only constitute barriers to adaptation but also provide opportunities
for important alteration in livelihoods. These transformations and diversifications in
livelihoods help to curb maladaptation and heightened sensitivities to climate change
impacts. These transformations are however more likely to be undertaken by women
as opposed to men, thus providing opportunities for women to increase their control of
financial resources through their engagement in trading and other communally based
economic activity. Additionally, non-farm, especially activities with low sensitivity to
climate change and variability, have become reliable means through which livelihoods
are sustained.
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The Role of Gender in the Sustainable Intensification of
Agriculture
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The sustainable intensification (SI) of agriculture is among the main paradigms guid-
ing the 21st century agricultural transition in sub-Saharan Africa. SI proposes si-
multaneous achievement of production and productivity increase while reducing im-
pact on the environment, and contributing positively to it. This paper explores the
role of women’s empowerment and gender relations in the decision to adopt SI re-
lated practices. It identified seven intensification and seven sustainability-enhancing
practices and compared the decision to adopt these with the gender of plot managers
and women’s empowerment scores. Women’s empowerment was measured using the
component indicators of the Women’s Empowerment in Agriculture Index (WEAI),
which measures women’s empowerment across five domains: production decision,
resource use, income, leadership, and time use. Using plot-level production data
from household surveys in two rural districts of Ethiopia, the study finds that there
is an overall gender gap in the adoption of SI strategies, with male owned and man-
aged plots consistently showing higher adoption levels of both intensification and sus-
tainability enhancing practices. The study further finds that women’s empowerment
makes an important distinction in the composition of SI practices adopted. House-
holds where women have higher empowerment score on resource use, income, and
time use adopted more sustainability practices, while households with lower empow-
erment scores adopted more intensification than sustainability related practices. These
findings confirm that gender plays an important role in the promotion of sustainable
agriculture, where gender inequality and lower levels of women empowerment have
environmental cost beyond economic ones which deserves critical attention. With
these novel findings, the study recommends the contextualisation of SI as the guiding
paradigm of the ongoing agricultural development should be done by paying particu-
lar attention to social and relational issues.
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The international community set the goal “Zero Hunger” as one priority in its global
commitment of achieving the Sustainable Development Goals by 2030. Cities are
growing fast but economically highly unequal and access to safe and healthy food
remains problematic. Sub-Saharan Africa is the most rapidly urbanised region in
the world, especially the urban informal areas are growing. In this context, urban
agriculture has been a popular response in contributing to income generation and food
and nutrition security and has come into the focus of scientific research.
Due to this, this research raises the question of the impact of urban agriculture, related
to food security and possible income means for the disadvantaged urban communities
in Cape Town and Maputo. Could urban agriculture be a solution to food security
especially for cities in the Global South?
To tackle this question, the first representative household survey with urban famers in
Maputo has been conducted. In Cape Town a household survey with special focus on
smallscale and market garden production as well as information exchange shows up
urban gardening activities in different townships. The results of both surveys provide
a picture of sociodemographic, socioeconomic, production and knowledge transfer
data of urban farmers in both cities and set the base to analyse differences and com-
monalities.
Even if two realities are found in both cities – a comparative analysis allows to draw
up recommendations about the role and meaning of urban agriculture in both cities
and therefore to foster the scientific research in this area.
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Germany

With around 800 million people being undernourished and 2 billion suffering from
hidden hunger, the global community is still very far from achieving the first two
Sustainable Development Goals to eradicate extreme poverty and hunger. Despite a
recent favourable economic development, Kenya ranks still among the top countries
where hidden hunger is prevalent with around 20 % of all Kenyans being undernour-
ished. It is thus imperative to investigate the characteristics of food insecurity in the
Kenyan society. This paper explores the characteristics in a two-step cluster analysis,
focusing on the structural differences of household income, livelihood strategies and
asset distribution. It is based on data from the HORTINLEA Household Survey 2015,
in which 700 vegetable producers have been interviewed - 200 rural producers each
in Kakamega and Kisii County, and 150 peri-urban producers each in Kiambu and
Nakuru County. To address the complexity of food security in its four dimensions,
multiple food security indicators such as the Food Consumption Score, Household Di-
etary Diversity Index or Month of Adequate Household Food Provisioning have been
used to group the households into food secure and food insecure households. Since
the differences between rural and peri-urban Kenya are substantial in terms of public
infrastructure and level of income, we separated and compared rural and peri-urban
households in the analysis by using a dummy. Four clusters have been generated -
one food secure and one food insecure one each in peri-urban and rural areas. Results
show a significant higher prevalence of food insecurity in the rural areas especially in
the utilisation and stability dimension. Food secure producers in the peri-urban area
do have higher levels of education and own more land. However, both food secure
and insecure households in peri-urban areas are better endowed with household assets
such as cars or TVs. Food secure producers have more income from off-farm employ-
ment and less from crop production than food insecure ones. Interestingly, this is true
for both rural and peri-urban areas.
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What Are the Governance Challenges of Microcredit Programs in
Bangladesh? The Case of a Specialised Government Credit

Program
MST. TANIA PARVIN, REGINA BIRNER

University of Hohenheim, Inst. of Agricultural Sciences in the Tropics (Hans-Ruthenberg-
Institute), Germany

Bangladesh is well known for its micro-finance institutions (MFIs), which are widely
recognised as an effective tool for poverty reduction and employment generation.
Since the inception of micro-finance in the 1970s, a variety of MFIs has emerged
in Bangladesh. Not all MFIs are equally successful, and there are important gaps
on the factors determining their effectiveness. To better understand the governance
challenges faced by MFIs, a case study was conducted that focused on a particularly
interesting case: the Microcredit Scheme of the Bangladesh Handloom Board (BHB).
The studied case is a specialised government-funded credit programme which pro-
vides microcredit to a specific non-agricultural household called handloom weavers
in Bangladesh. The study attempted to examine the governance challenges from both
the supply-side (the BHB) and the demand-side (the handloom weavers). There-
fore, a participatory mapping method called Process Net-map was used to identify
the governance challenges confronted by the supply-side stakeholders. In addition,
key informant interviews were conducted to collect in-depth information on the stud-
ied issue from both groups of stakeholders. Finally, ’Content Analysis’ technique was
used to analyse and interprete the findings which was further guided by a conceptual
framework to distinguish the challenges from both sides. The findings analysed from
both of the perspectives reveals that the BHB Microcredit Scheme faces problems
in allocating adequate resources to human and physical capacity development. This
problem is further combined with a shortage of funds that make it impossible to meet
the clients’ expectations. Moreover, there is no adequate legal and regulatory frame-
work to govern the stakeholders’ activities. A further problem is the inability of the
programme to control political influence and corruption in the system. Competition
by the providers of informal credit sources also causes a problem. Moreover, the
policy of lending only to groups proves counterproductive in this case, as it leads to
the exclusion of potentially viable borrowers. Against this background, a reform of
the organisational policy of the BHB programme is recommended. The paper also
draws conclusions that apply more generally to microcredit programs that are run by
government organisations.
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Promoting Agroecological Practices among Cambodian
Smallholder Farmers - Which Incentives Work?

EMILIE PERROUSSET, DIRK LANDMANN

University of Goettingen, Dept. of Agricultural Economics and Rural Development,
Germany

Today, agroecology is a central issue in agriculture, as it enables more sustainable and
resilient systems. Nevertheless, smallholder farmers may be reluctant to adopt agroe-
cological practices; especially innovative ones, as they are knowledge-intensive and
require investments which are perceived as risky, especially for the poorest farmers
who are mostly women.
This paper investigates preferences of Cambodian smallholder farmers regarding in-
centives to adopt conservation agriculture practices in horticulture. It focuses more
specifically on home gardens and small scale vegetable production in the northern
province of Siem-Reap. The incentives considered are training, contract farming,
technology (drip irrigation system), inputs (high quality seedlings) and financial ser-
vices (microcredit).
The data were gathered during a discrete choice experiment involving two groups
of farmers: the first group of 70 farmers was already part of a project providing in-
centives and had adopted conservation agriculture as a farming method., whereas the
second group of 100 farmers consisted in vegetable farmers who had not adopted con-
servation agriculture yet. By comparing the relative value given to each incentive in
the two groups, we obtained information about the needs of farmers already practic-
ing conservation agriculture, as well as about the ideal design of a project aiming at
convincing more farmers to switch their current practices to more ecological ones.
The results show that the incentives which farmers value the most are the access to
microcredit and the access to technical know-how, consisting in the support of an
agricultural technician and the organisation of trainings on specific topic, e.g pest
management. By contrast, market access through contract farming as well as the
use of technology, in our case a drip irrigation system, has a lower influence on the
farmer’s decision to adopt agroecological practices. Stakeholders involved in projects
promoting conservation practices should thus concentrate their efforts on training and
financial services in order to convince farmers.

Keywords: Cambodia, conservation agriculture, developing country, discrete choice
experiment, drip irrigation, horticulture, incentives
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Incentives for the Implementation of Agroforestry Concessions:
Experiences from Communities in the Peruvian Amazon

NICOLAS JOSE MESIA ROJAS1, JÜRGEN PRETZSCH1, YVES ZINNGREBE2,
PEDRO DANIEL PARDO VILLEGAS3

1Technische Universität Dresden, Inst. of International Forestry and Forest Products:
Tropical Forestry, Germany

2Georg-August-Universität Göttingen, Dept. for Agricultural Economics and Rural
Development, Germany

3Universidad de San Carlos de Guatemala, Biology School/ Dept. of Ecology, Guatemala

Agroforestry concession is an important policy instrument to combat deforestation in the Peru-
vian Amazon. It authorises small and medium farmers to access in a sustainable way to forest
and natural resources, in forest production or protection areas that present some degree of dis-
turbance. The Forestry and Wildlife Law and its Regulation have established activities to sup-
port agroforestry systems and forest plantations in the context of agroforestry concessions. As
the uptake of agroforestry concessions depends on farmers’ decisions, incentive systems have
to be adjusted to fit local sustainable production systems and farmers’ preferences. This study
seeks to identify and assess policy options that function as incentives for the effective imple-
mentation of agroforestry concessions according to their objectives as specified in the FWL and
RFWL. It was carried out in the communities of Marisol, La Primavera, Nueva Esperanza and
Gran Pajaten, in the province of Mariscal Caceres, San Martin department. 86 key stakeholders
at the national, regional/local, and farm level provided crucial information through discussion
meetings, individual interviews, and workshops. A SWOT analysis was applied in order to
identify strengths, weaknesses, opportunities and threats of agroforestry concessions as well
as strategic actions for its implementation. The interviews allowed to identify 19 incentives,
which can be grouped as follows: research and extension services, administrative procedures,
infrastructure and basic services, market development and financial mechanisms. The results
of the research confirm that there are important differences between the political levels. Institu-
tional stakeholders at both levels (national and regional/local) are more concerned in facilitating
the process of access to agroforestry concessions because directly affects the implementation
of this instrument. In contrast, the proposed incentives by farmers respond to the current needs
and limitations on what they have on their daily basis. Taking into account the growing market
in agroforestry products, agroforestry concessions offer strong potential for sustainable devel-
opment in Peru and other tropical countries. However, as the study shows, implementation
depends on the institutional setting, policy environment and social, economic and environmen-
tal conditions of farmers.Further studies are necessary to explore similarities and differences
for a successful implementation in other parts of Peru and other countries.

Keywords: Agroforestry concession, incentives, Peruvian amazon, policy instruments
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The Feminisation of Agriculture in South Asia: An Opportunity
for Farmer Collectives?

STEPHANIE LEDER1, MANITA RAUT2, PANCHALI SAIKIA3, FRASER SUGDEN4

1Swedish University of Agricultural Sciences (SLU), Department of Urban and Rural
Development, Sweden

2International Water Management Institute (IWMI), Nepal
3International Water Management Institute (IWMI), India
4University of Birmingham, United Kingdom

Male out-migration from rural communities to urban areas and abroad for better eco-
nomic opportunities is not a new phenomenon. Nevertheless, only few studies explore
how the absence of men affects access to and control over decision-making processes
on water, land and agriculture within patriarchal and caste-based societies.
The so-called feminisation of agriculture refers to more than only the demographic
rise of women-headed households. While women were previously responsible pri-
marily for reproductive tasks, they now enter new spaces which previously were
men’s responsibility: farm management, income generating labour and community
leadership. As the literature on the feminisation of agriculture has pointed out, this
is associated with both new vulnerabilities such an increased labour burden, and op-
portunities for women’s empowerment in water and land management in small-scale
farms.
Moving beyond notions of the “left behind”, diverse women’s perspectives on their
own empowerment within an era of agrarian transformation through male out-migra-
tion and climate change are examined. Case studies of villages in Nepal, India and
Bangladesh demonstrate how women of different caste, class and age within various
household setups experience gendered norms, roles and relations in their community
in regard to water access and agricultural practices. Based on finding of the ACIAR-
funded project “Improving water use for dry season agriculture by marginal and tenant
farmers in the Eastern Gangetic Plains”, this presentation will investigate how a col-
lective approach to farming can address gender inequality in water resource and land
tenure structures in Bihar and West Bengal in India as well as the Eastern Terai in
Nepal.

Keywords: Bangladesh, dry-season agriculture, farmer collectives, feminisation of
agriculture, gender, India, migration, Nepal, small-scale agriculture, South Asia,
water management
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Meta-Analysis of Rural Household Adaptation Strategies to
Environmental Change in Sub-Saharan African Drylands

CHARLOTTE WIEDERKEHR, KATHLEEN HERMANS, RALF SEPPELT

Helmholtz Centre for Environmental Research (UFZ), Computational Landscape
Ecology, Germany

Drylands encompass approx. 40 % of the global earth surface and arguably constitute
one of the world regions that are impacted the most by global environmental and
climate change. It is estimated that about one billion people in drylands directly
depend on natural resources for their livelihood. These people suffer particularly from
worsening environmental conditions and often have few capabilities to compensate
for lacking resources or the consequences of extreme weather events.
Local case studies have proven to be an effective instrument to investigate adaptation
behaviour of different population groups in the context of environmental and climate
change. The knowledge generated by these studies is crucial for the strategic develop-
ment of climate change adaptation measures, natural resource and migration manage-
ment on national, regional and international level. However, given context-specific
local framework conditions, case study results are rarely directly applicable to bigger
regions. Consequently, synthesis methods are needed to generate transferable results
that can be incorporated into political processes. A major strength of these methods is
the possibility to promote an understanding of underlying processes, causal linkages
and patterns while maintaining the descriptive richness of local case studies.
This presentation outlines the approach and preliminary results of a comprehensive
meta-analysis of household adaptation strategies in the context of environmental
change with a focus on sub-Saharan African drylands. The aim of this study is to
identify relevant strategies adopted by rural households to adapt to or cope with dif-
ferent types of environmental change and a variety of factors influencing their be-
haviour. Particular attention is paid to potential ‘adaptation pathways’ and regional /
sub-regional patterns.
This meta-analysis is part of a dissertation project within the framework of MigSoKo,
an interdisciplinary junior research group investigating the complex dynamics be-
tween environmental change and human migration in the tropics. The analysis out-
lined above will essentially contribute to a better understanding of the role of migra-
tion as environmentally-induced adaptation strategy.

Keywords: Adaptation, coping, environmental change, meta-analysis, sub-Saharan
Africa
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Mountain Futures: Seeds of Change in the Asian Highlands
JIANCHU XU

World Agroforestry Centre (ICRAF), China and East Asia Office, China

Mountains regions provide vital ecosystem services, serve as storehouses for biolog-
ical and cultural diversity, and are on the frontlines of global change. Yet their role
has often been marginalised, and predictions of the future often cast the mountains as
areas of increasing poverty and environmental degradation. We propose an alterna-
tive narrative which recognises the possibility of a ‘good Anthropocene’, and which
realises the potential for mountains to act as testing grounds for adaptations to global
problems. This conception of Mountain Futures aims to harness the ingenuity, diver-
sity and wisdom of mountain peoples for positive change.
The Asian Highlands are home to a unique concentration of both biological and cul-
tural diversity which has co-evolved over centuries to produce a range of farming
systems adapted to multiple environments and climates. The knowledge embedded in
these systems needs to be recalibrated for new challenges such as climate change, and
there is thus an urgent need to combine local, traditional knowledge with nonlocal,
scientific expertise in order to build adaptive capacity for a new generation.
The Mountain Futures Initiative was launched in 2016 as a means of meeting this
challenge. The Initiative aims to realise sustainable visions of the future through the
establishment of a multi-stakeholder regional platform aimed at identifying, support-
ing and scaling up “seeds of change”. “Seeds” are ideas or projects that are currently
undeveloped but which have the potential to bring about positive environmental, so-
cial, and economic change in mountain regions. Agroforestry can play a key role in
bringing about this change through equipping land managers with effective tools to
safeguard their livelihoods and environments.
Examples of seeds include: an integrated approach to mining site restoration using
agroforestry and fungi to rapidly deliver improvements to soil health and recover
ecosystem functions; the revitalisation of traditional ecological calendars to synchro-
nise agricultural activities with phenological cues; wild mushroom domestication in
the Mekong region; the development of sustainable urban food systems in mountain
areas; smart infrastructure planning to minimise the costs and maximise benefits of
road-building.

Keywords: Agroforestry, food systems, good anthropocene, mountain futures, seeds
for positive change
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Spatio-Temporal Patterns of Land Abandonment in the Lower
Region of Amu Darya River

CHRISTIAN BAUER1, MICHAEL THIEL1, FABIAN LÖW2, DORIS KLEIN3,
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2Maptailor Geospatial Consulting GbR, Germany
3German Aerospace Center (DLR), German Remote Sensing Data Center, Germany

Since the collapse of the Soviet Union, farmlands in Uzbekistan have been widely
abandoned. However, the dependency on agriculture is still high for cash crops, par-
ticularly in context of food security and a rapidly growing population. Despite vast re-
search in land degradation, the processes and drivers for abandonment remain hardly
understood. Until now, no or little attention was paid to site-specific developments
such as abandonment of arable land in irrigation agriculture and abandonment of land
that was reclaimed in arid and semi-arid regions. Analysis of time series from Land-
sat earth observation data are recognised as highly suitable to establish retrospective
and current land use changes. We combined multi-annual Landsat data and Random
Forest machine learning to classify arable land and to discriminate between used and
unused fields for the observation period between 2000 and 2016. The fields clas-
sified as “unused” were then subdivided according to their intensity of intra-annual
NDVI signal that was used as further proxy to get information on the time at which
the field became abandoned. A pixel-based classification was preferred instead an
object-based classification to minimise prediction errors on field level. Furthermore,
intensity information was used for validating retrospective data for years without field
survey information. Overall, the classification of unused land was challenged by the
complexity of the crop rotations, long fallow cycles, and the data scarcity. The derived
information is concluded to support regional land use planners and decision makers
to improve land management and to designate regions for alternative usages such as
pastoralism.

Keywords: Abandoned farmland, land degradation, land-use change, machine
learning
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Water in Central Asia: Abundantly Available, Heavily Contested,
But Glue to International Collaboration

JOHN LAMERS, BERNHARD TISCHBEIN, MAKSUD BEKCHANOV

University of Bonn, Center for Development Research (ZEF), Germany

Central Asia is not only prominent for its human-made environmental catastrophe of
which the Aral Sea crises is probably the most well-known, but not only example.
The fashionable opinion that Central Asia as a whole is saddled with a water crises is
truthful as well. But the trendy view that the region needs to cope with water scarcity,
is however, regardless of how often it is repeated, only marginally supported by facts
and figures from the past and present. The five countries in Central Asia, Kazakhstan,
Kyrgyzstan, Uzbekistan, Tajikistan and Turkmenistan appear since years among the
top per capita water users worldwide, with concurrently very modest to low water
use efficiencies in the irrigated agricultural sector that however consumes the bulk
of all water resources in the region. And this regardless the indicator analysed. Yet,
the fact that the farming communities in e.g. tail end regions regularly face water
shortages during cropping periods masks for a larger part the true causes of the water
crises. This study unravels the water crises in Central Asia by tackling international
and national facets and its relationships. It also addresses options for actions to ease
the current water crises by structuring these on national level according to technical,
financial and institutional aspects. It is concluded that the water crises in Central Asia
clearly has international characteristics and much has been done. Predominating are
also domestic facets that can be tackled by the individual countries and farmers. Yet, a
collaboration among the countries in Central Asia is highly recommended to be better
prepared for the water challenges to come.

Keywords: Aral Sea Basin, upstream. downstream, water scarcity
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Pastoral Farming in the Ili Delta, Kazakhstan, under Decreasing
Water Supply: An Economic Assessment

ELISABETH BARANOWSKI1 , NIELS THEVS2, ALTYN KHALIL1, AZIM

BAIBAGYSOV3, MARGULAN IKLASOV3, SABIR NURTAZIN3,
VOLKER BECKMANN1

1University of Greifswald, Botany and Landscape Ecology, Germany
2World Agroforestry Centre, Central Asia Office, Kyrgyzstan
3Kazakh National University, Kazakhstan

The Ili Delta with an extension of 8 000 km2 is the largest natural delta region of
Central Asia. It contains large areas of pastures, which are dominated by Phragmites
australis reed vegetation. For local population, pastoral farming is one of the most
important land use forms and income sources. The pastures are almost entirely de-
pendent on Ili River’s runoff. The Ili River is a transboundary river shared by China,
upstream, and Kazakhstan, downstream. Due to the expansion of irrigated agriculture,
as well as, shortcomings of inter-governmental agreements, the Ili Delta is threatened
by water shortages and subsequent pasture degradation.
Against this background we aim to assess these threats from an economic point of
view and analysed the economy of the pastoral system in the Ili Delta in its cur-
rent state and in three scenarios including different assumption on water supply:
(I) sufficient water supply (normal situation), (II) decreasing water supply, and (III)
significantly decrease of water supply (worst case). Data was collected in 2015
through 35 farm and additional expert interviews. Production parameters were cal-
culated and entered to a cost-benefit analysis, in order to estimate profits of livestock
keeping for three scenarios.
Three farm types, family-, medium- and large-scale farms, were identified at a range
between subsistence and market orientated commercial production. Beef cattle, 24 000
animals in 2015, dominate livestock throughout the Ili Delta. Interviews revealed a
continuous decrease of water flow into the Ili Delta over the last few years. This al-
ready resulted in a qualitative and quantitative reduction of pastures at margins of the
Delta, where most of villages are located. Big commercial farms produce at the upper
stretch of Ili River, whereas villages at the underflow are almost cut off water supply.
As adaption strategy in face of pasture degradation, most farmers purchase winter
fodder. According to our calculations, this significantly reduces profits of worst case
in comparison to normal situation (by 80 or 90 %) for all farm types. We conclude that
under further decreasing water supply, especially downstream village population will
have to reduce livestock significantly or out migrate from the delta region completely.

Keywords: Adaption strategy, cost-benefit analysis, upstream-downstream conflict
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Forests make important contributions to safeguarding agricultural production, food
security and nutrition of rural and urban populations. The walnut-fruit forests in
Kyrgyzstan constitute a unique resource in this regard. Simultaneously, they are of
global importance as a biodiversity hotspot. However, current patterns of forest man-
agement are unsustainable, large parts of the forest are overaged and benefits derived
from these forests are unequally distributed among local populations. Walnut (Juglans
regia L.) kernels have traditionally been used for human diets and constitute an eco-

Contact Address: Dietrich Darr, Rhine-Waal University of Applied Sciences, Faculty of Life Sciences,
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nomically important product of these forests. Although the walnut value chain in
Kyrgyzstan is of significant economic importance, the level of domestic processing
is low and locally manufactured walnut products are of low quality. The SUSWAL-
FOOD project (funding code 01DK17016) aims at contributing to the development of
nutritious food from neglected and underutilised plant species of the Kyrgyz Walnut
forests, thereby improving local food security, promoting sustainable forest manage-
ment, and increasing local incomes.
Initial analyses have investigated timber growth of walnut trees and quality parameters
of respective walnuts from various parts of the forest. Regarding quality parameters,
nut dimensions, walnut weight, kernel weight, and rupture force were determined re-
sulting in a classification of the investigated trees. Results show that most trees are
old and may therefore be anticipated to display declining walnut yields, underlining
the need for forest rejuvenation. Timber and walnut quality varied greatly across the
study area. These results will facilitate the selection of superior trees for forest regen-
eration. Further work in this project aims to analyse the nutritional composition and
secondary plant compounds of other selected plant species of the walnut forests and
their potential use in new food products; further investigate the morphology, diversity,
and plant-soil interaction of these species to determine their biological productivity
and to support sustainable management and conservation efforts; and finally exam-
ine the socioeconomic and gender-specific impacts of traditional and contemporary
utilisation including market chains and cost-benefit assessments at household level.

Keywords: Bioeconomy, Central Asia, food security, forest-based rural development,
fruit tree, nutrition, value chain
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Optimisation of Cooperative Herb Farmers’ Production in
Imereti, Georgia

WELCOME ZIMUTO, JANA MAZANCOVA, TOMAS RATINGER

Czech University of Life Sciences Prague, Fac. Tropical AgriSciences, Czech Republic

Agricultural cooperatives play an important role in supporting small agricultural pro-
ducers in developing countries. This study was carried out in Georgia, Imereti Region
to model alternative profit maximisation and crop-land allocation strategies for two
cooperative herb farms. 32 farmers from two cooperatives; Dovlati and Kvitiri were
interviewed. We simulated 3 scenarios for each cooperative using General Algebraic
Modelling System. The GAMS results were used to assess the best crop land alloca-
tion strategy with profit and crop land allocation as the key informant variables. The
results of the first and second scenarios in both cooperatives recommended farmers to
grow only fennel crop while abandoning parsley and coriander herb crops. To offset
the one crop allocation recommended in scenarios 1 and 2, the market constraint was
introduced in the third scenario. The model results for scenario 3 recommended the
farmers to grow fennel and parsley and not to grow coriander for both cooperatives.
As such scenario 3 was selected as the suitable optimal profit maximisation alternative
for both cooperatives. The shadow prices associated with all the scenarios indicated
that the farmers were over utilising land and labour resources. In all the three models
there was a slight decrease in profit as we progressed from the first scenario simulation
to the third scenario simulation. The model presented both cooperatives with an op-
portunity to maximise their profit margin if the farmers cooperate both on production
and marketing. In conclusio,n the model can be further developed into a comprehen-
sive sector model and be used by the agricultural ministry of Georgia and the farmers
as an instrument for effective farm decision making.

Keywords: Cooperative farmers, crop-land allocation strategy, profit maximisation,
shadow prices
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Effect of Foliar Application of Biofertiliser and Nanofertilisers on
Morpho-Physiological Characteristics of Peppermint

(Mentha piperita L.)
MAJID ROSTAMI, ZAHRA MOVAHEDI, SAMIRA SIAHPOOSH

Malayer University, Dept. of Agronomy, Iran

Peppermint (Mentha piperita L.) leave extracts are being used widely in pharmaceuti-
cal, food and cosmetic industry. Although this plant originally is not native to Iran, its
cultivation significantly increased during the last two decades. As the use of chemical
fertilisers and their influence on the environment is viewed critically, bio- and nano-
fertilisers may become an alternative fertiliser source. In order to evaluate the effect of
foliar application of nano- and bio-fertilisers on the morpho-physiological character-
istics of peppermint, a completely randomized experiment was conducted with 7 treat-
ments and 3 replications at the research greenhouse of Malayer University in 2015.
Treatments were control, foliar application of 3 different nano-fertilisers (aqueous so-
lution of nitrogen, iron and potassium at the rate of 2 g L -1) and foliar application
of 3 different bio-fertilisers (normal vermiwash, enriched vermiwash (normal vermi-
wash + aqueous extracts of Urtica dioica) and tea compost). After transplantation
stems were cut at 3 cm above the soil level and plants received first foliar application
when the stem reached 5 cm of height. Foliar application was effectuated by evenly
spraying of the solution until the whole plant was wet; spraying was done 4 times
at weekly intervals. The results showed a significant positive effect of both nano-
and bio-fertilisers on plant height, leaf area, leaf dry weight, total dry weight, relative
water content, photosynthesis pigments and the concentration of mineral nutrients.
The lowest amount of leaf dry weight (1.73 g pot -1) was observed for the control.
The application of nitrogen nano-fertiliser increased leaf dry weight by 165 %. The
lowest plant height (12 cm) was recorded for the control, whereas the highest plant
height (28.8 cm) was found for the nitrogen nano-fertiliser treatment followed by the
enriched vermiwash (20.4 cm). In all treatments the chlorophyll a content was higher
than found for the control, but the application of enriched vermiwash resulted in the
highest amount of chlorophyll a (2.4 mg g -1 FW). The highest amount of soluble
protein (1.53 mg g-1 FW) was related to enriched vermiwash but the lowest soluble
protein content (1.05 mg g-1 FW) was observed in tea compost treatment. In general,
nitrogen nano-fertiliser and enriched vermiwash had the highest positive effects on the
studied traits and were the best fertilisers among nano-fertilisers and bio-fertilisers,
respectively. It is therefore recommendable to use enriched vermiwash or nitrogen
nano-fertiliser for increasing the yield and quality of peppermint.

Keywords: Compost, crop nutrition, medicinal plants, nano-fertiliser, vermiwash
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Assessment of the Land Reclamation Condition Using
Environmental Variables in Ellikkala District, Karakalpakistan

SHAVKAT KENJABAEV1, MUROD SULTANOV2, CHRISTIAN BAUER3

1Scientific Information Center Interstate Coordination Water Commission (SIC ICWC),
Uzbekistan

2Urgench State University, Geography, Uzbekistan
3University of Wuerzburg, Geograhpy, Germany

Adverse amelioration condition of irrigated lands is an increasing problem to maintain sus-
tainable agricultural production in the Central Asian countries, especially in lowlands of the
Amudarya and Syrdarya rivers. Establishing systems for analysis of land reclamation condition
using environmental information which is difficult or expensive to collect, update, or upgrade,
even if valid scientifically, will have limited utility when used for large, complex environments
or when used for continuous monitoring. However, combined assessment of available variables
is lucking in Uzbekistan in particular and in Central Asia in whole. How can the available
data from different organisations be integrated? What are the relationships amongst the fac-
tors? These are major issues which are not easily resolved. It is, however, only through an
integrated, multi-level, approach that both the land and water management and the existing in-
teractions amongst the individual components of the landscape can be evaluated. In response to
these problems, main goal of this study is to explore and review existing assessment methods
used in Uzbekistan to assess and map land reclamation condition and find out environmentally
sensitive areas, on which further land improvement measures can be taken.
The GIS software, with available soil, vegetation, hydrological and infrastructure data was
successfully employed to create thematic layers and to assess land reclamation condition in
Ellikkala district, Karakalpakistan. Delineation of environmentally sensitive areas of study
area was performed based on thematic layers. Created method in a GIS environment simplifies
data handling, provides ease of access to the information acquired and its timely updating,
and enhances interpretation by facilitating cross data analysis procedures and the application
of sophisticated classifications. The approach also allows identifying and understanding the
factors that combine and accelerate land degradation in order to adequately manage the land
and its resources.
By noticing the evaluation of environmental factors, the soil (texture), land condition (ground-
water table) and water availability (distance to the irrigation systems) have the intensive effect
on land reclamation condition throughout the study region. A GIS tool has the potential to
generate maps that can be used in specific land management improvement programs.

Keywords: GIS, Karakalpakistan, land reclamation condition, remote sensing
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Communication Strategy for the Conservation of Flood-Plain
Forests in the Amudarya River Basin, Uzbekistan

ELENA KAN1, INNA RUDENKO2, JENS WUNDERLICH3

1NGO KRASS (Khorezm Rural Advisory Support Service), Uzbekistan
2Urgench State University, Fac. of Tourism and Economics, Uzbekistan
3Michael Succow Foundation for the Protection of Nature, Germany

Once widely spread across Central Asia, nowadays the unique tugai flood-plain forests
in the lower reaches of the Amudarya river in Uzbekistan are under desperate pres-
sure due to reduced natural flood regime, intensive land use for irrigated agriculture
and overexploitation of forest resources. The establishment of the Lower Amudarya
state biosphere reserve (LABR) in 2011 demonstrated the governmental commitment
to preserve the biodiversity of degrading tugai habitats through a new management
model for protected areas and sustainable use of natural resources. Biosphere re-
serves are worldwide model regions in which sustainable farming systems are tested
and disseminated in accordance with the needs of nature and of humans. In addition
to the protection of natural areas biosphere reserves serve to integrate the local popu-
lation through environmental education and promotion of sustainable and ecological
farming systems. For the LABR administration all the above turned to be new tasks,
for which there still remains an ample room to enhance scope and effectiveness. Fur-
thermore, among stakeholders, there is still a limited understanding of both biosphere
reserve concepts, and the urgent need for conservation of tugai ecosystems vital for
local communities, as well to humanity on a regional and global level. This calls
for creating a common understanding about the importance of tugai ecosystems and
elaboration of communication strategies for their conservation, which should be inter-
linked with almost all activities of management of a biosphere reserve. The suggested
communication strategy is based on the following goals: a) use the protected tugai
floodplains of the Amudarya river basin and its surrounding areas for research, mon-
itoring, education and training; b) improve education for sustainable development,
public awareness and involvement of local people in various activities, generally aim-
ing at the conservation of the unique and globally significant tugai habitat.
The present paper is based on NGO-led activities in LABR within the on-going BMZ-
funded project “Ecosystem based land and forest management of the tugai habitats
of Amudarya river for improving livelihood of local communities and as adaptation
strategy to climate change”, which is implemented in Uzbekistan in partnership with
the Michael Succow Foundation for the Protection of Nature.

Keywords: Amudarya river basin, biosphere reserve, Central Asia, communication,
tugai floodplain forest
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Rainwater Harvesting as a Sustainable Alternative for Ensuring
Food Security

AIPERI OTUNCHIEVA, SISIRA WITHANACHCHI, ANGELIKA PLOEGER

University of Kassel, Fac. of Organic Agriculture, Sect. of Organic Food Quality and
Food Culture, Germany

Rainwater harvesting (RWH) has been used since ancient times and started gaining
popularity recently. As simple, cost effective and sustainable alternative for securing
food, RWH offers stability in terms of water availability for agricultural output for
smallholder farmers in arid and semi-arid areas. Although trivial forms of RWH exist
in such areas, efficiency of water use might be doubtful. To be precise, poor water
maintaining capacity, increased level of evaporation, absence of calculations of lo-
cal precipitation levels and actual annual need for irrigation water weakens efficient
use of this precious natural resource. Taking into account this assumption, the article
seeks practical solutions for food security in the absence of water system infrastruc-
ture in rural areas. Our hypothesis states that even with annual precipitation less than
300 mm, it is possible to ensure and maintain rainfed agriculture. This work serves
as a continuation of the previous research completed in April 2015 on kitchen gar-
dens in this area. The theory and practice-based training sessions were provided for
the farmers (n=15) in the Shybran village of Batken province in southern Kyrgyzs-
tan, and took place at the end of dry and beginning of rainy season (August). Within
this framework, farmers were informed about the chances to increase water supply,
improve water use efficiency and employment of appropriate crops in terms of local
climatic conditions. In addition, the farmers were given financial support to construct
RWH structures. These RWH structures will increase water use efficiency, and their
wider dissemination among rural farmers in southern Kyrgyzstan, will insure water
sustainability, increase reliance on self-grown food, and eventually decrease youth
migration from rural areas.

Keywords: Arid and semi-arid areas, climate change, local initiatives, water
efficiency, water sustainability
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Influence of Biological Preparations on Melioration of Saline
Soils: Case Study from Uzbekistan

YULIA SHIROKOVA, GAUCHARAY PALUASHOVA, FARKHAD SADIEV,
NAILYA SHARAFUTDINOVA

Scientific Research Institute of Irrigation and Water Problems, Laboratory of Soil
Research and Meliorative Processes, Uzbekistan

Lowland and desert areas of Uzbekistan are prone to soil salinisation, which has a
seasonal character and increases from spring to autumn. This phenomenon affects
soil fertility and land productivity. This paper presents a study on an application of
locally produced biological and biochemical preparations with the purpose to assess
their effectiveness and environmental safety as a mean for the melioration of saline
soils of Uzbekistan. Experiments were carried out with different preparations devel-
oped by Uzbek scientific institutions. Two biological preparations (Rizkom-1 and Tri-
chodermin) applied through watering of cotton seeds before sowing should activate
microbiological processes in saline soils. The Rizkom-1 is developed by the Insti-
tute of Microbiology of the Science Academy of Uzbekistan based on algae called
chlorella, whereas Trichodermin, with the active ingredient trichoderma – a naturally
occurring mycopathogenic fungus – is produced by the Uzbek Research Institute of
Plant Protection. Further, we tested locally produced biochemical preparation “Bio-
solvent” developed by the Institute of Bioorganic Chemistry of the Science Academy
of Uzbekistan and its effect on leaching of salt from the soil. In all the experiments
we checked moisture, salinity and chemical composition of the soil before and after
treatment. The results show that preparations maintain a higher moisture content in
the soil which can lead to water savings during irrigation. This concerns in particu-
lar the application of Rizkom-1. Additionally, leaching with the upfront spraying of
the soil with 11 % solution of the preparation “Biosolvent” and subsequent supply of
2000 m3 ha-1 of water, toxical ions (chlorine, sulfates and sodium) are more washed
out as the control. At the same time, there was no negative influence of “Biosolvent”
in the form of increased leaching of nutrients NPK from the soil.

Keywords: Biological preparations, chemical composition of soils, leaching,
melioration, saline soils, spraying of soil, watering of cotton seeds
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The Consequence of Agroforestry in Genetic Diversity of Oak
Forests of West of Iran

SOUDABEH ALI AHMAD KORORI1, ELAHEH MADANI MASHAEI1,
SEYEDMAHMOUD MONEMIAN2

1Technology of Natural Sustainable Ecosystem Research Group (TONSERG), Iran
2University of Bremen, Fac. of Ecology, Germany

In the past decade, oak mortality in the Zagros oak forests (western Iran) have been
reported repeatedly. Many hypotheses for the decline of the Persian Oak (Quercus
persica) have been presented, amongst it its genetic extinction. Agroforestry systems
are one of the prevalent management systems in these natural forests. The goal of this
paper was to investigate the impact of agroforestry on the natural oak forests of Ilam
province, especially with regard to the intraspecies genetic diversity; as this was iden-
tified as a possible cause of oak decline. The study sites were located in the Zagros
region, Ilam province, West Iran, bordering Iraq. Three study sites were chosen ran-
domly in similar ecological conditions, to provide an assessment of the effect of the
agroforestry management system on the genetic diversity of Oak trees. The first site
was located in a 22-year old protected forest area (control site), the second site was
located in a forest under moderate agroforestry management and the third one was lo-
cated in an area under agroforestry management only. In each site, leaf samples were
taken from 15 stands. Additionally, in the surrounding area of each site, leaves from
25 individual stands were sampled as a contril in order to consider genetic diversity.
Therefore, in total 70 individual stands were selected for molecular investigation. The
genetic diversity of the samples was evaluated using microsatellite molecular markers
(SSR method). According to the results of molecular studies, the minimum number
of the polymorphic loci (24) was observed for the third site (highest rate of agro-
forestry), and the maximum number of the polymorphic loci (27) was observed for
the first site (undisturbed protected area). Moreover, site 2 showed 26 polymorphic
loci. The results also revealed a high intra-species diversity (31 polymorphic loci
in total). Therefore, it can be concluded that an inappropriate agroforestry manage-
ment in these natural oak forests might lead to a strong decrease of the intra-species
diversity.

Keywords: Genetic diversity, intra-species diversity, Persian oak, Zagros
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Human Factors in Deployment of Renewable Energy in Iran:
The Case of Dairy Farmers

MASOUD YAZDANPANAH, NOZAR MONFARED, ELHAM BOZORGPARVAR

Ramin Agriculture and Natural Resources University (Khouzestan), Dept. of Agricul-
tural Extension and Education, Iran

An increasing global energy demand, concerns about energy security such as avail-
ability of fossil-fuel resources and dependency on these, anthropogenic emissions of
greenhouse gases and environmental degradation caused by energy generation from
fossil fuels, stimulated debate on future efficacy of fossil fuel. In this situation, renew-
able energies sources (RES) can be one of the options to satisfy energy demand with
low carbon energy generation. The government of Iran is recognising the potentials
of RES and announced the plan to deploy 2 GW of RES capacity between the years
2010 – 2015. However, scientific evidence shows that public acceptance is an impor-
tant issue for the deployment of such policy. The aim of this study is to provide much-
needed empirical data about dairy farmers’ attitude and willingness to use renewable
energy instead of fusel fuel energy at their farms. This will provide a knowledge base
for the development of public policy measures that ultimately aim to increase growing
renewable energy production among Iranian dairy farmers. For this purpose we apply
a well-established social-psychological model, the Theory of Planned Behaviour, to
identify the psychosocial factors that influence attitudes of dairy farmers towards re-
newable energy. The empirical data collection part includes a cross-sectional survey
among dairy farmers in the Khokeloeh and Boerahmad Province in the southern Iran.
The data were collected with the help of personal interviews, which were based on
a questionnaire specially designed for this survey. The reliability and validity of the
instruments were examined and approved
Structural equation modelling showed that moral norms, attitudes and perceived be-
havioural control are significant factors influencing willingness to use of renewable
energy, while subjective norms and self-identity do not play a significant role. These
variables can predict nearly 57 % variance in dairy farmers’ willingness. The findings
yield public policy implications for renewable energy use among dairy farmers.
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Increasing Water Use Efficiency in Saffron (Crocus sativus L.)
Cultivation

MOHAMMAD HOSSEINI, ABDOLLAH MOLLAFILABI

Research Institute of Food Science and Technology (RIFST), Department of Food
Biotechnology, Iran

An experiment was conducted at the Gonabad Research Station of Agriculture and
Natural Resources, Iran to demonstrate the effects of moisture stress on saffron yield
and quality in 2012 and 2013. The statistical design was a randomised complete block
design with five treatments and four replicates. The treatments were: irrigation till
70 % field capacity (FC), 60 % FC, 50 % FC, first control (three irrigations), and sec-
ond control (three irrigations + one in mid summer). Quantitative measurements were
number of flowers, fresh weight of flowers, dry stigma, number of corms and corm
weights, as well as at the end of the experiment amount of corm covering, and dry
weight of leaves. Quality measurements included amount of picrocrocin, crocin and
safranal. Combined analysis for two years showed no significant effects on quantita-
tive characteristics but high significant effects on quality characteristics. By reducing
irrigation to 50 % FC quality factors increased and showed positive effects of moisture
stress on saffron quality. However, there was a trend of decreasing quantity character-
istics because of a reduction of soil moisture content. For increasing saffron stigma
yield three irrigations + one irrigation in mid summer is optimum. For increasing
the amount of picrocrocin,crocin and safranal a moisture stress is desirable. Actually,
efforts are necessary to increase water use efficiency (WUE) in saffron with respect
to the actuall used 3000 m3 water ha-1 for an economical yield. Such a WUE opti-
misation is especially necessary because of recent drought years in the main areas of
saffron cultivation in the great Khorasan. The results of this experiment showed that
moisture stress as much as 60 % FC can be recommended for both saffron quantity
and quality.
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Foliar Application of Zinc Oxide on Yield of Cowpea under
Cutting of Irrigation Conditions

VIDA VARNASERI GHANDALI, ABBAS NASIRI DEHSORKHI

University of Zabol, Agronomy, Iran

Drought stress is one of the most adverse factors of plants growth and productivity.
Proper nutrition availability under stress conditions could partly help the plant to tol-
erate different stresses. Zinc plays a key role in the synthesis of proteins, DNA, and
RNA. In order to investigate effect of foliar application of Zinc oxide in common and
nanoparticles form on yield and yield components of cowpea (Vigna sinensis L.) un-
der drought stress conditions, an experiment was carried out as a split plot complete
randomised block design with three replications in a field located in Shooshtar city in
Iran, during the growing season of 2014–2015. Water stress at three levels (control,
cutting of irrigation at 50 % flowering, and cutting at 50 % pod setting stages) were
assigned as main plots and zinc oxide foliar application at five levels (control, 5 and
10 g l−1 nano sized zinc oxide, and 5 and 10 g l−1 non-nano-scale zinc oxide) were
randomised in sub-plots. The results suggested that the drought stress at flowering
and podding stages decreased the 100-seed weight by 36 % and 21 % in comparison
to control treatment, respectively. The maximum effects of Zinc on increasing traits
was found by foliar application of 10 g l -1 nano zinc oxide, 10 g l-1 zinc oxide, 5 g l-1

nano zinc oxide and 5 g l-1 zinc oxide, respectively. The results showed that foliar
application of 10 g l-1 nano zinc oxide in the control and for the drought stress at
flowering and podding stage treatments, increased the grain yield by 64 %, 57 % and
37 % in comparison to the control without foliar application, respectively. Positive ef-
fects of application of nano-scale zinc oxide particles on yield and yield components
of cowpea was higher as those of micro-particles zinc oxide, and can reduce stress
effects.
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Study of Quality Water in Bypass Channel and the Sorbulak Lake
(Almaty, Kazakhstan), Used for Irrigation of Agricultural Land

NAILYA IBRAGIMOVA1, OLEG ESYREV2, ADIYA IBRAGIM1

1German-Kazakh University (GKU), Fac. of Engineering and Economics, Kazakhstan
2Scientific Center of Anti-Infective Drugs, Laboratory of Pharmacology and Toxicology,
Kazakhstan

This study undertakes researches of sewage water quality indicators after purifica-
tion: in the bypass channel and in the lake-collector Sorbulak which water is used for
irrigation of field and technical cultures.
Determination of phosphate, sulphates and nitrites shows that the level of these bio-
genous elements in Sorbulak lake has been twofold reduced in comparison with the
channel water: 10.04 ± 0.07 mg ml-1 / 22.7 ± 0.2 mg ml-1, 405.2 ± 0.05 mg ml-1 /
987.6 ± 0.60 mg ml-1 and 22,5 ± 0.08 mg ml-1 / 34.6 ± 0.05 mg ml-1, respectively.
NO3 - anion in channel water and in Sorbulak were lower than 23 mg l -1, and the
content of total nitrogen lies within 30–39 mg l -1.
Sorbulak lake showed a reduced concentration of phenol 2.02±0.08mg l -1, aluminum
0.12±0.01mg l-1, and lead 3.66±0.06mg l-1, compared to the bypass channel, but
phenol and lead concentration were still higher than allowed. Moreover, reduction of
surfactants (cation, anion) was observed in Lake Sorbulak, but the concentration of
neon was practically the same in the channel as in the collector.
The comparative analysis of algological biodiversity identified that the bypass chan-
nel water contained more generic diversity (9 genus) as presented by Chlorophyta, and
opposite to the Sorbulak lake contained also Chromophyta (7 genus ) and Cyanophycea.
Increase of biodiversity of this last group of microalgae can be the reason of inorganic
phosphorus and nitrogen absorption and as a result of biomass collection. That is
why irrigation water containing these microalgae can stimulate growth of agricultural
crops.
Thus, the channel for discharge of sewage water can be considered as an independent
purification ecosystem, as the water passing through it continues to purify a a result of
diverse form of lives in it. Finally, maximal purification is reached in the lake. How-
ever, Sorbulak lake water doesn’t correspond to the quality levels for heavy metals
and phenols.
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Diversified Agriculture for a Balanced Nutrition in Sub-Saharan
Africa – Projects Supported by the Federal Ministry of Food and

Agriculture, BMEL
SILVIA DIETZ1, HANNS-CHRISTOPH EIDEN2

1Federal Ministry of Food and Agriculture (BMEL), Head of Division “Research and
Innovation”, Germany

2Federal Office for Agriculture and Food (BLE), President, Germany

Focus on Nutrition – Research funding of German-African Consortia
With the funding instrument “Research Cooperation for Global Food Security and Nutrition”
the Federal Ministry of Food and Agriculture (BMEL) strengthens the contribution of Ger-
many’s agricultural and nutritional research to the development of an efficient food system
in partner countries, by building long-term partnerships between agricultural and nutritional
research institutions in Germany, Africa and Southeast Asia.
Two calls for proposals have be published since 2013 focusing on diversified agriculture for
nutrition-sensitive food production and on improved processing of local food to reduce seasonal
food insecurity as well as food and nutrient losses. In this context, twelve consortium projects
will be funded by the end of 2017.
Funding agency is BLE.
The BMEL-Session (6B) at the Tropentag 2017 presents a variety of the consortia and their
projects funded within the frame of the first call on “Diversified Agriculture for a Balanced
Nutrition”:

1. Diversifying agriculture for balanced nutrition through fruits and vegetables in multi-
storey cropping systems (NutriHAF), coordinator: The Center for Development Research
(ZEF).

2. Urban farming in Southern Africa – improved food safety and income options for urban
disadvantaged communities (UFISAMO), coordinator: Humboldt University of Berlin
(HU Berlin).

3. Food Security in rural Zambia (FOSEZA): Integrating Traditional Fruit and Vegetable
Crops in Smallholder Agroforestry Systems, coordinator: Leibniz Universität Hannover.

4. Improving Community Health-Nutrition Linkages through Solar Energy Based Fish and
Crop Integrated Value Chains (Ich liebe Fisch), coordinator: Fraunhofer Research Insti-
tution for Marine Biotechnology and Cell Technology.

5. Agriculture and Dietary Diversity in Africa (ADDA), coordinator: Georg-August-Uni-
versität Göttingen.

Keywords: Climate change, diversification, nutrition-sensitive agriculture, research coopera-
tion, sub-Saharan Africa

Contact Address: Henning Knipschild, Federal Office for Agriculture and Food (BLE), Interna-
tional Cooperation and Global Food Security 323, Deichmannsaue 29, 53179 Bonn, Germany, e-mail:
henning.knipschild@ble.de
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How to Make Nutrition-Sensitive Agriculture Work? Experiences
of the NutriHAF Project in SW-Ethiopia

JOCHEN DÜRR

University of Bonn, Center for Development Research (ZEF), NutriHAF Project,
Germany

NutriHAF as a research and capacity building project in the framework of the “Re-
search Cooperation for Global Food Security and Nutrition”, funded by the BMEL,
aims at increasing nutrition security by integrating vegetables into multi-storey crop-
ping systems in a biodiversity hotspot of SW-Ethiopia. To achieve this goal, the
project creates knowledge about appropriate vegetables and adoption strategies and
transfers knowledge to farmers and decision makers about nutritional values, produc-
tion and post-harvest handling of vegetables. So far, the project showed some inter-
esting results, but also faced some constraints on different levels and dimensions. The
main constraint at the beginning was the reluctance of farmers to introduce unknown
crops (mainly leafy vegetables) in shaded areas. Another constraint is that female
farmers, the main vegetable cultivators, face a high workload. Also, the existing ex-
tension services are not specialised in horticulture production, and even if there is
official political support to nutrition-sensitive agriculture, this has not been translated
yet into concrete actions on the local level. The NutriHAF project responded to these
constraints by establishing demonstration plots in shaded and open spaces, by assist-
ing the planting of the vegetables, by giving advice to farmers and extension workers,
by organising policy round table discussions and by developing recipes and making
cooking demonstrations. The latter turned out to be a key factor for the raising interest
of farmers (as consumers) of the newly introduced crops as their good taste convinced
them. A major success was that they produced, stored, shared and demanded seeds
for the next growing season. If this interest continues to grow, value chains of nutri-
tious leafy vegetables are expected to emerge in the region. For this to happen, the
NutriHAF project will continue to generate knowledge and build capacities, give gen-
der trainings, assist market development, create awareness of stakeholders and search
for political support. But the strongest driver to make nutrition-sensitive agriculture
work seems to be the interest of farmers for tasty food as well as for new cash crop
opportunities.

Keywords: Ethiopia, leafy vegetables, multi-storey cropping systems, nutrition-
sensitive agriculture, research cooperation

Contact Address: Jochen Dürr, University of Bonn, Center for Development Research (ZEF),
NutriHAF Project, Genscherallee 3, Bonn, Germany, e-mail: jduerr@uni-bonn.de
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Urban Agriculture in Mozambique and South Africa. First
Evidence from a Complex Research Project

ERIK ENGEL1, HEIDE HOFFMANN2, KARIN FIEGE3, DOREEN SPARBORTH1,
MAXIMILIAN BAUMANN4, NICOLE PAGANINI2 , ANJA SCHELCHEN3, SAMUEL

QUIVE5, ABDULRAZAK KARRIEM6, DANIEL TEVERA7, CHRIS D’AIUTO8,
SUREN SEWCHURAN8, IVO CUMBANA5, LUISA MUTISSE CHICAMISSE5,

ANTONIO PAULO9, ERIK DOLCH3, MATTHIAS SCHMIDT3, KRISTINA

BACKHAUS2, FILOMENA DOS ANJOS10

1Frankenfoerder Forschungsgesellschaft, Germany
2Humboldt-Universität zu Berlin, Albrecht Daniel Thaer Institute of Agricultural and
Horticultural Sciences, Germany

3Humboldt-Universität zu Berlin, Centre for Rural Development, Germany
4Freie Universität Berlin, FAO Reference Centre for Veterinary Public Health, Dept. of
Veterinary Medicine, Germany

5Universidade Eduardo Mondlane, Fac. of Arts and Social Sciences, Mozambique
6University of the Western Cape, Inst. for Social Development, South Africa
7University of the Western Cape, Dept. of Geography, Environmental Studies & Tourism,
South Africa

8Abalimi Bezhekaya, South Africa
9Technical Secretariat for Food Security and Nutrition, Mozambique

10Universidade Eduardo Mondlane, Fac. of Veterinarian Science, Mozambique

Sub-Saharan Africa is the most rapidly urbanized region in the world, especially in
informal areas. In the course of accelerated urbanisation processes in the global south
and the increasing need for sustainable urban planning, urban agriculture has come
into focus of scientific research. It has been a popular response to growth dynamics
and food crisis in many countries over many centuries.
The research project UFiSAMo is implemented with BMEL funding from 2016 –
2019 by universities in Berlin, Maputo and Cape Town as well as by a private research
institution, an NGO and a government organisation. It investigates whether and how
urban agriculture can contribute to improving urban food and nutrition security as
well as income, especially for disadvantaged communities.
We approach urban agriculture by analysing
• value chains of urban agricultural and consumption habits of urbanites;
• risks and benefits associated with plant and livestock production and good agricul-
tural practices;
• organisational structures;
• most successful communication channels for information sharing from farmer to
policy level.

Contact Address: Erik Engel, Frankenfoerder Forschungsgesellschaft, Berlin, Germany, e-mail:
engel@frankenfoerder-fg.de
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Action-oriented research ensures that results are directly shared and discussed with
farmers and implementing partners. The creation of a research network focusing on
urban agriculture and flanked by the development of modules for universities as well
as by policy dialogues serve to sustain the results after project funding has ended.
Urban agriculture in Maputo and Cape Town shows distinct characteristics in the
ways urban farmers produce, consume and/or market their products. These char-
acteristics entail different benefits and risks for producers and different challenges for
researchers.
An overview of the approach as well as of first results and challenges in this complex
research project shall be presented:
• value chains for urban agricultural products and challenges in the two cities
• existing challenges and good practices in urban agricultural production in Maputo
and Cape Town including product quality
• participatory certification schemes for Cape Town
• existing information dissemination channels and challenges
• challenges in managing such a research project.
At the end, I will indicate more detailed (verbal or poster) presentations of specific
components during other Tropentag sessions.

Keywords: Dissemination and information, food and nutrition security, good agri-
cultural practices (GAP), income generation, Mozambique, participatory guarantee
system (PGS), South Africa, urban agriculture, value chains
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FOSEZA - Food Security in Rural Zambia: Integrating
Traditional Fruit and Vegetable Crops in Smallholder

Agroforestry Systems
ETTI WINTER1, HARTMUT STÜTZEL2, JOHANNES HADERSDORFER3

1Leibniz Universität Hannover, Institute for Environmental Economics and World Trade,
Germany

2Leibniz Universität Hannover, Institute of Biological Production Systems, Germany
3Technical University of Munich (TUM), School of Life Sciences Weihenstephan,
Germany

The FOSEZA project addresses the extreme malnutrition observed in the northern regions of
Zambia. The project is going to develop sustainable diets through diversifying the farming
system currently dominated by cassava and maize and characterised by significant nitrogen
deficiencies. Target crops for diversification are traditional fruit trees and vegetables, such
as Masuku (Uapaca kirkiana), Intungulu (Aframomum africanum), Wild Orange (Citrus sinen-
sis), Bambara nut (Vigna subterranea), African eggplant (Solanum aethiopicum) and Amaranth
(Amaranthus sp.). It will also be tested if the designed agroforestry system can be combined
with small scale fish farming and insect production to increase protein availability. Fish farm-
ing is particularly suited for the wetland regions in Zambia; however, current productivity is
quite low and the entire production chain needs to be considered to improve the system. The
designed farming system will be implemented in a remote village by considering the linkages
to input markets and extension services. We look at food security from a gender and commu-
nity perspective. Developed participatory education tools, agricultural demonstration fields, as
well as a community managed tree nursery are aiming to disseminate the knowledge necessary
to improving nutrition quality and food distribution within households. Looking at the options
for “future agriculture”, particularly the consideration of natural resource depletion and associ-
ated environmental costs have changed the beliefs about what agricultural systems will prove
to be the most efficient in the long run. Recent concepts like “sustainable intensification”,
“water-smart agriculture”, and “wildlife-friendly farming” all address the issues of planetary
boundaries and place their emphasis on gender related, smallholder and community oriented
strategies. Diversified farming systems managed through an ecosystem approach at the land-
scape level are believed to increase yields with low external inputs and minimum environmental
impact, which will consequently strengthen local food sovereignty. However more sound case
studies are needed to test the assumptions and derive options for upscaling. FOSEZA shall
contribute to this research gap through a transdisciplinary and interdisciplinary approach. By
combining on-station research and participatory field research the project also supports the
development of networks between identified action groups.

Keywords: Agricultural diversification, food sovereignty, nutrition quality

Contact Address: Etti Winter, Leibniz Universität Hannover, Institute for Environmental Economics
and World Trade, Königsworther Platz 1, Hannover, Germany, e-mail: winter@iuw.uni-hannover.de
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Improving Community Health-Nutrition Linkages through Solar
Energy Based Fish and Crop Integrated Value Chains

MARINA GEBERT1, DAUD KASSAM2, JOSHUA VALETA2, DENNIS CHINKHATA3,
ZIONE KALUMIKIZA4, VINCENT MLOTHA5, SIFO MOFOLO6,

BERND UEBERSCHÄR7

1Fraunhofer Research Institution for Marine Biotechnology and Cell Technology, Marine
Biotechnology, Germany

2Lilongwe University of Agriculture and Natural Resources, Aquaculture and Fisheries
Science Department (LUANAR-AQF), Malawi

3Innovative Fish Farmers Network Trust (IFFNT), Malawi
4Lilongwe University of Agriculture and Natural Resources, Dept. of Human Nutrition
and Health (LUANAR-HNH), Malawi

5Lilongwe University of Agriculture and Natural Resources, Dept. of Food Science and
Technology (LUANAR-FST), Malawi

6Quantum for Urban Agriculture and Environmental Sanitation (QUALIVES), Malawi
7Association for Marine Aquaculture Ltd. (GMA), Germany

More than 2 billion people worldwide suffer from macro- and micronutrient deficien-
cies, specifically in developing countries. Fish is rich in essential fatty acids, contains
healthy proteins and many other nutrients that do not occur in such quantity and di-
versity either in cereals, other crops or in meat. The project “Ich Liebe Fisch” focuses
on research and linking of several aspects along the value chain of sustainable aqua-
culture of the endemic fish species Oreochromis karongae (“Chambo”), a high quality
protein source for improving human nutrition in Malawi.
Through the project, the wider implementation of integrated agriculture-aquaculture
(IAA) systems will be promoted as an efficient, sustainable and ecological alternative
for production of healthy and diversified foods. IAA systems combine fish farming
with growing of crops in a synergistic approach. Surface areas in fish ponds or dykes
will be used to grow crops, making use of the nutrients produced from the fish. Com-
pared to land-based production of crops, this aquaponics-like approach saves water
for irrigation and reduces the evaporation of the ponds. The major input of organic
matter comes from fish feed, which is being assimilated into fish protein and, through
the faeces of the fish, into highly bioavailable organic fertilisers. These systems will
allow enhanced productivity and, eventually, improve nutritional and socio-economic
benefits to smallholder fish farmers in the project areas.
Specifically, the project approach is to (a) enhance the production of endemic fish
species through breeding and hybridisation, (b) establish a solar powered hatchery
and optimise rearing protocols of O. karongae, in order to improve the sustainable

Contact Address: Marina Gebert, Fraunhofer Research Institution for Marine Biotechnology and
Cell Technology, Marine Biotechnology, Mönkhofer Weg 239a, 23562 Lübeck, Germany, e-mail:
marina.gebert@emb.fraunhofer.de
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supply of fingerlings for ongrowing farms, (c) integrate nutrient fluxes between ani-
mal and crop production, (d) train local communities and smallholder farmers, thus
ensuring capacity development in IAA and its benefits, (e) monitor changes in health
status and food habits of local families and especially children and elderly people af-
ter project implementation, (f) facilitate establishment of a community agriculture-
nutrition-health linkage innovation platform and networking with relevant institutions
to safeguard sustainability beyond the project life cycle.

Keywords: Capacity development, farmers, fish, health, integrated agriculture- aqua-
culture, solar-powered aquaculture, vegetables
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Improving Agricultural Extension to Promote Nutrition-Sensitive
Innovation: Insights from a Randomised Experiment in Kenya

MATIN QAIM, ANDREA FONGAR, THEDA GÖDECKE, LISA JÄCKERING,
SYLVESTER OGUTU, MEIKE WOLLNI

University of Goettingen, Dept. of Agricultural Economics and Rural Development,
Germany

There is widespread consensus that the small farm sector is a key entry point for im-
proving nutrition in sub-Saharan Africa. Smallholder farmers are not only producing
most of the food in Africa, they are also the group that is most affected by food inse-
curity and undernutrition. Smallholder agriculture needs to be made more nutrition-
sensitive, which requires innovation in various dimensions, including better technol-
ogy, enhanced production patterns, improved agricultural training, and better market
access. As is well known, nutrition improvements also require greater awareness and
knowledge about healthy foods and dietary practices. What is less understood is how
to successfully induce nutrition-sensitive innovation and related behavioural change
among smallholder farm households. We analyse the role of agricultural extension
services in this connection.
We hypothesise that improved agricultural extension can play an important role for
better nutrition. In addition to providing agricultural training, extension officers could
provide relevant nutrition education to foster awareness and promote the adoption of
technologies and practices that can help to improve dietary quality and micronutrient
intake. Such a combination of agricultural and nutrition training has never been tested
rigorously. In addition, extension officers could also facilitate market linkages. We
evaluate the effectiveness of improved agricultural extension services through a ran-
domised controlled trial (RCT) with farm households in western Kenya. The RCT was
carried out and completed in 2016. Different experimental treatments were designed
where agricultural training as a standalone approach is compared with alternative ap-
proaches that also include nutrition training and market linkage elements.
Data from the baseline (late 2015) and follow-up survey (late 2016) are used to sta-
tistically evaluate impacts of the different extension approaches on the adoption of
particular technologies (e.g., biofortified beans, improved chicken), household dietary
practices, and other relevant variables. Results suggest that the combination of agri-
cultural training with nutrition training is particularly promising. The findings can
help to improve the design and effectiveness of extension approaches towards more
nutrition-sensitive smallholder systems.

Keywords: Extension effectiveness, Kenya, smallholders

Contact Address: Matin Qaim, University of Goettingen, Dept. of Agricultural Economics
and Rural Development, Platz der Göttinger Sieben 5, 37073 Göttingen, Germany, e-mail:
mqaim@uni-goettingen.de
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Put Agricultural Research into Use to Accelerate the Impact on
Income and Productivity for Farmers (Example Benin)

ANDREA WILHELMI-SOMÉ1, MARC BERNARD2

1Gesellschaft für Internationale Zusammenarbeit Gmbh (GIZ), Program Green
Innovation Centers for the Agriculture and Food Sector, Germany

2Africa Rice Center (AfricaRice), Knowledge Management Unit, Benin

The linkage of results delivered by research institutes of tropical agriculture to the
implementation activities of development agencies in order to address development
goals such as food security more efficiently is getting closer. In Benin, the GIZ pro-
gramme “Green Innovation Centre for Agriculture and Food Sector (GIAE)” selected
innovations which were developed and validated by AfricaRice, a leading pan-African
rice research organisation, and its national partners. The innovations include the ASI
Thresher, GEM parboiling, mechanical weeders, enhanced power tiller, reaper har-
vester, transplanter, manual seeder, rice milling unit and rice husk briquetting machine
amongst others.
Furthermore, the cultivation of the new rice variety ORILUX 6 bred by AfricaRice,
is also successfully promoted by GIAE as this variety has a high consumer oriented
quality like the flavor, is drought resistant, increases yield and has high breaking re-
sistance during processing. The implementation and scaling out of those innovations
is contributing to all five general objectives defined by GIAE such as increasing rice
productivity and farmers’ income, enhancing quality and adding value to rice and rice
by-products.

Keywords: Benin, cooperation, innovations, rice

Contact Address: Andrea Wilhelmi-Somé, Gesellschaft für Internationale Zusammenarbeit
Gmbh (GIZ), Program Green Innovation Centers for the Agriculture and Food Sector,
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Innovations Don’t Fly – Engaging Young Professionals as Service
Providers to Accelerate Adoption and Impact at Large Scale

MARC BERNARD

Africa Rice Center (AfricaRice), Knowledge Management Unit, Benin

There are no silver bullets in agricultural development, nor have merely participative
approaches of the past 30 years proven to provide sustainable diffusion of innovations.
The Africa Rice Center has developed a range of scalable technologies, but their im-
plementation remains a challenge and research cannot sufficiently impact people’s
realities.
Therefore, the Green Innovation Center at AfricaRice in Benin develops service pack-
ages to promote promising technologies and to contribute to business development.
So to speak it is acting as a “marketing unit” for research products of AfricaRice
and national centres. To achieve impact at scale the unit operates on a franchising
model. Local institutions and graduates from agricultural colleges and universities
are engaged to provide a range of networking, innovation support and business de-
velopment services in response to the diverse needs expressed by producers and pro-
cessors. Costing of services is based on the prices of the local economy. Service
providers are paid upon delivery using mobile money technology. An internet plat-
form assures monitoring of the innovation process in near real time and to provide
feedback to research.
The centre has established a network of 500 service providers covering one third of
the country. It is currently assisting 6000 producers directly and is reaching out to
50,000 in 173 villages.
The success of the approach raises structural questions. Do we need a permanent
“marketing unit” between research and development organisations to make innova-
tions fly? What would be an appropriate institutional setting in order to meet the
diverse demands of end users?

Keywords: Benin, cooperation, innovations, rice
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Enhancing Resilience of Communities in Pastoral and Agro-
Pastoral Systems by Using Water-Spreading Weirs as a Rainwater

Management Strategy (Example Ethiopia)
CHRISTINA KETTER1, TILAHUN AMEDE2

1Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ), Germany
2International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Natural
Resource System Agronomy, Ethiopia

Spate irrigation can be abrupt and difficult to regulate. GIZ is looking for a sustainable strategy
to rehabilitate degraded, drought-prone landscapes and to maximise the benefits of spate irri-
gation while reducing its potentially negative consequences on downstream dwellers. Water-
spreading weirs (WSWs) were introduced as holistic watershed management approach. Con-
structed in valley bottoms at the foot of the slopes of mountainous landscapes, WSWs are
designed to suit the location – specific requirements of geographical conditions at each site to
capture, store and convert run-off water from both erratic rainfall and heavy floods from the
highlands. WSWs reduce flow velocity, increase sedimentation of the fertile soil and boost
infiltration of water up- and downstream, – how to enhance crop and fodder production on the
rehabilitated sites is one of the challenges of the project.
The International Crop Research Institute for Semiarid Tropics (ICRISAT) and its partners
have tested some newly developed crop and fodder production options, employing management
strategies to stabilise their production and their adaptation to climate variability. Together with
farmers, the project assessed, mapped and digitalized soil water-holding capacity (SWHC).
This information was then linked to optimal crop and fodder options according to the fertility
status of each plot. By assigning targeted crop types to the different plots it was possible to
produce about 190 tons of fodder. Grain yield increments of at least 130 % and 200 % were
obtained for the cereals and grain legumes respectively. These positive increases are expected
to be even higher in the longer term. Water-spreading weirs were also found to be effective at
filling up gullies with sediment which enabled the surrounding area to recover its function as
pasture or crop land. At the time of writing, GIZ, ICRISAT and their partners are scaling up
innovations to neighbouring districts using participatory approaches, as well as working with
the Federal Government of Ethiopia to institutionalise proven approaches.
Besides benefiting the agro-pastoral and pastoral communities, both GIZ and ICRISAT have
benefited from the strong partnership. By investing in WSWs and creating linkages with in-
stitutions in Afar, GIZ has opened-up an opportunity for ICRISAT to test its drought resistant
crops and management practices at farm and landscapes scales. On the other hand, ICRISAT
has assisted GIZ to convert investment in physical structures to productive use, validating the
concept, benefiting rural communities, enhancing the capacities of local institutions and creat-
ing an avenue for wider impact.

Keywords: Cooperation, Ethiopia, fodder production, spate irrigation
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Cost-Effective Options of Climate Change Adaptation for
Sustainable Agro-Ecosystem Enhancement in the Aral Sea Basin

MAKSUD BEKCHANOV

University of Bonn, Center for Development Research (ZEF), Germany

Growing water scarcity driven by climate change and consequent ecological degrada-
tion problems challenges researchers and policy makers for finding more effective yet
affordable ways of water management. Especially in arid regions with heavy reliance
on irrigated agriculture, such as the Aral Sea basin of Central Asia, water scarcity is
an enormous threat for income and environmental security. Despite availability of a
wide arsenal of tools to combat water scarcity their investment costs often prevent
their wider implementation by water users and managers. This study assessed the
water conservation potential and implementation costs of various water augmenta-
tion options in the Aral Sea Basin where unaccountable use of scarce water resources
led to gradual depletion of one of the largest lakes in the world. For economic ap-
praisal of potential technological improvements in irrigation sector, this research used
a basinwide hydro-economic model that comprises a detailed water balance accounts
across the sub-regions within the basin and relationships between water use and crop
production. Modelling outcomes underlined the economic relevance of improving
water distribution (conveyance) efficiency through canal lining and effective opera-
tional management in the lower reaches of the Amu Darya basin. Improved efficiency
of water application in rice production was found out essential under growing water
scarcity conditions, especially in the lower reaches of both Amu and Syr Darya basins.
Meantime improved water application efficiency of gardens and orchards became rec-
ommendable in the upstream mountainous zones in Fergana Valley of the Syr Darya.
The study argues that cooperation among state agencies (water management and co-
ordination institutes, Finance Ministry, banks) and agricultural producers (private and
cooperative farms) could be essential for the success of these economically relevant
technological transformations.

Keywords: Amu and Syr Darya, environmental degradation, Fergana Valley, water
application efficiency, water conservation

Contact Address: Maksud Bekchanov, University of Bonn, Center for Development Research (ZEF),
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Evapotranspiration-Based Irrigation Scheduling for Cotton in the
Aral Sea Basin, Central Asia

YULDUZOY DJUMANIYAZOVA1, MUROD SULTANOV2, VINAY NANGIA3,
JOHN LAMERS4

1Urgench State University, Biology, Uzbekistan
2Urgench State University, Geography, Uzbekistan
3International Center for Agricultural Research in the Dry Areas (ICARDA), Jordan
4University of Bonn, Center for Development Research (ZEF), Germany

The Aral Sea Basin (ASB) in Central Asia is particularly known for its present and
predicted deficiencies in available water which may even lead to increased conflicts.
This necessitates a re-thinking of the irrigated production practices that consume
virtually 90 % of all water resources and in turn on the social and ecological con-
sequences of such changes. The development of sustainable intensified production
practices in ASB should focus with priority on the crop water demand for winter
wheat and cotton since these predominate by far the cropping portfolios. Yet, the
general lack of research resources limits the necessary field experiments, which can
be compensated in part by modelling. Therefore, the DSSAT cotton-module was suc-
cessfully calibrated and evaluated and next used for scenario assessments considering
different levels of water availability. The developed key crop coefficient of 1.16 (Kc
mid) matched extremely well with the previously, empirically measured 1.2 (Kc mid).
When scheduling irrigation based on evapotranspiration (ET), results of scenario anal-
yses indicated that up to 34 % of water could be saved in the ASB without any changes
in yields. The assessment of an ET-based irrigation scheduling according to existing
soil types showed that up to 54.000 ha (ca 20 % of the total irrigated area) could ben-
efit from such water savings on loamy soils. When taking into account the temporal
dynamics of ground water during the growing period water savings can be expected
on ca. 63.000 ha (ca. 24 % of the total irrigated area). Against the background of pre-
dicted demand under business-as-usual it is argued that the potential for water saving
is huge, but this necessitates in-depth change in cultivating practices, which in turn
needs a highly needed institutional and legal backing.

Keywords: Cotton, crop coefficient, DSSAT modelling, water saving
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Studying the Possibility of Replacing Common Crop Plants with
Medicinal Plants in Arid and Semi-Arid Areas: A Case Study in

South Khorasan Province, Iran
MOHAMMADJAVAD SEGHATOLESLAMI1, HASSAN FEIZI2

1Birjand Branch, Islamic Azad University, Dept. of Agriculture, Iran
2University of Torbat Heydarieh, Plant Production and Medicinal Plant Department,
Iran

Arid and semi-arid regions of the world are generally noted for their low primary pro-
ductivity due to low and unpredictable water supply as well as soil infertility. Prob-
lems caused by weather conditions in arid and semi-arid regions have reduced yield of
most crop plant in these areas. The climate change, on the other hand, has exacerbated
environmental conditions in these areas. Thus, any changes in cropping systems lead-
ing to higher farm revenues could be useful in terms of income and job creation, and
thus improve rural development. The cultivation of medicinal and aromatic plants is
gaining interest because of increasing demand for these products. A high number of
medicinal plants are adapted to arid and semi-arid regions. South Khorasan province
in eastern Iran has been affected by climate change and drought for more than 15
years. This province is habitat of many important medicinal plants. Some of these,
due to their adaptability to drought, have been considered as suitable replacement for
common crops. In order to find appropriate replacement for common crops in this
region, several experiments were conducted over the last decade, to test water stress
effect on different medicinal plants. Based on these experiments, cumin (Cuminum
cyminum), ajowan (Carum copticum), chicory (Cichorium intybus), roselle (Hibis-
cus sabdariffa), marigold (Calendula officinalis) and purslane (Portulaca oleracea)
have been selected. Taking into account the production costs, marketable product, as
well as market revenues, chicory showed the best economic result. The highest water
productivity was found for chicory, cumin and roselle, respectively. The results also
showed that, sugar beet and cotton cultivation in South Khorasan is unjustified.

Keywords: Job creation, net profit, production costs, water productivity
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Wisdom of the Mountains
FREDERIK VAN OUDENHOVEN

Ethnobotany, The Netherlands

The Pamiri people in Tajikistan and Afghanistan have long been among the most
isolated communities in the world. They live according to centuries old traditions, yet
increasingly must deal with Western influences entering their lives. One of the areas
in which these changes are most visible is on the dinner table, where foreign foods
are replacing traditional ones. The consequences for local crop diversity (the Pamirs
are considered a globally important centre of diversity for important fruit and grain
crops) are profound.
Together with local agricultural scientists and fellow researcher Jamila Haider, I doc-
umented Pamiri crop varieties and their numerous uses for food and medicine. It
resulted in the publication of With our own hands, a 688 page book highlighting the
critical role of the people of the Pamirs as custodians of their food, seeds and tradi-
tions. It is also the first document to chronicle this hitherto orally transmitted (food)
culture in printed form, in a manner accessible to the Pamiri people themselves. Every
community, school and community centre in the region received a copy.
In the film Wisdom of the Mountains we travel to the Pamirs with the first copies of
our book, bringing it back to the farmers, scientists, cooks and teachers who helped
make it. Through their stories we explore the tremendous contrasts between the
Afghan and Tajik Pamirs, between visions of progress and development. And we
learn how osh is made, one of the most iconic dishes of the Pamirs.

Keywords: Afghanistan, food culture, Pamir, Tajikistan

Contact Address: Frederik van Oudenhoven, Ethnobotany, The Hague, The Netherlands, e-mail:
fvanoudenhoven@gmail.com
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80 . . . . . . . . . . . . . 376
84 . . . . . . . . . . . . . 363
89 . . . . . . . . . . . . . 154
90 . . . . . . . . . . . . . 156
91 . . . . . . . . . . . . . 237
92 . . . . . . . . . . . . . 389
94 . . . . . . . . . . . . . 440
99 . . . . . . . . . . . . . 333
101 . . . . . . . . . . . . 564
113 . . . . . . . . . . . . . 86
114 . . . . . . . . . . . . 541
116 . . . . . . . . . . . . 196
119 . . . . . . . . . . . . . 28
123 . . . . . . . . . . . . . 90
125 . . . . . . . . . . . . . 27
128 . . . . . . . . . . . . 253
133 . . . . . . . . . . . . 157
136 . . . . . . . . . . . . 390
138 . . . . . . . . . . . . 441
139 . . . . . . . . . . . . 391
142 . . . . . . . . . . . . . 53
143 . . . . . . . . . . . . 536
145 . . . . . . . . . . . . 415
151 . . . . . . . . . . . . 416
155 . . . . . . . . . . . . 480
162 . . . . . . . . . . . . 334

164 . . . . . . . . . . . . 545
178 . . . . . . . . . . . . 392
180 . . . . . . . . . . . . 531
182 . . . . . . . . . . . . 179
183 . . . . . . . . . . . . 496
192 . . . . . . . . . . . . 128
195 . . . . . . . . . . . . . 26
199 . . . . . . . . . . . . 357
200 . . . . . . . . . . . . 442
201 . . . . . . . . . . . . 443
202 . . . . . . . . . . . . 549
206 . . . . . . . . . . . . 539
207 . . . . . . . . . . . . 385
208 . . . . . . . . . . . . 507
211 . . . . . . . . . . . . 450
217 . . . . . . . . . . . . 342
219 . . . . . . . . . . . . 481
230 . . . . . . . . . . . . 459
239 . . . . . . . . . . . . 299
247 . . . . . . . . . . . . 508
256 . . . . . . . . . . . . 158
259 . . . . . . . . . . . . 300
263 . . . . . . . . . . . . 486
269 . . . . . . . . . . . . 129
271 . . . . . . . . . . . . 393
274 . . . . . . . . . . . . . 94
277 . . . . . . . . . . . . 358
280 . . . . . . . . . . . . 460
281 . . . . . . . . . . . . 336
286 . . . . . . . . . . . . 495
287 . . . . . . . . . . . . 394
289 . . . . . . . . . . . . 487
291 . . . . . . . . . . . . 231
292 . . . . . . . . . . . . . 54
293 . . . . . . . . . . . . 104
296 . . . . . . . . . . . . 159

297 . . . . . . . . . . . . 301
302 . . . . . . . . . . . . 160
307 . . . . . . . . . . . . 364
314 . . . . . . . . . . . . . 55
315 . . . . . . . . . . . . 502
316 . . . . . . . . . . . . 386
322 . . . . . . . . . . . . 255
323 . . . . . . . . . . . . 302
325 . . . . . . . . . . . . 161
327 . . . . . . . . . . . . 436
329 . . . . . . . . . . . . . 83
340 . . . . . . . . . . . . 456
341 . . . . . . . . . . . . 303
342 . . . . . . . . . . . . 370
343 . . . . . . . . . . . . 461
345 . . . . . . . . . . . . 462
346 . . . . . . . . . . . . 509
349 . . . . . . . . . . . . 395
351 . . . . . . . . . . . . 105
353 . . . . . . . . . . . . 130
361 . . . . . . . . . . . . 238
364 . . . . . . . . . . . . . 99
365 . . . . . . . . . . . . 122
367 . . . . . . . . . . . . . 50
368 . . . . . . . . . . . . 444
370 . . . . . . . . . . . . 261
371 . . . . . . . . . . . . . 56
374 . . . . . . . . . . . . 352
379 . . . . . . . . . . . . 183
380 . . . . . . . . . . . . 445
381 . . . . . . . . . . . . 417
382 . . . . . . . . . . . . 230
383 . . . . . . . . . . . . . 57
386 . . . . . . . . . . . . 437
387 . . . . . . . . . . . . 304
388 . . . . . . . . . . . . 540
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389 . . . . . . . . . . . . 377
391 . . . . . . . . . . . . 493
392 . . . . . . . . . . . . 305
393 . . . . . . . . . . . . 131
394 . . . . . . . . . . . . 544
397 . . . . . . . . . . . . 270
398 . . . . . . . . . . . . 287
399 . . . . . . . . . . . . 455
401 . . . . . . . . . . . . 298
402 . . . . . . . . . . . . 206
404 . . . . . . . . . . . . 529
405 . . . . . . . . . . . . 162
406 . . . . . . . . . . . . 232
408 . . . . . . . . . . . . 457
409 . . . . . . . . . . . . 463
410 . . . . . . . . . . . . 184
413 . . . . . . . . . . . . 188
416 . . . . . . . . . . . . 229
417 . . . . . . . . . . . . 152
425 . . . . . . . . . . . . . 51
426 . . . . . . . . . . . . 387
427 . . . . . . . . . . . . 351
429 . . . . . . . . . . . . 374
430 . . . . . . . . . . . . . 20
431 . . . . . . . . . . . . 198
432 . . . . . . . . . . . . 294
433 . . . . . . . . . . . . 375
436 . . . . . . . . . . . . 359
437 . . . . . . . . . . . . . 95
438 . . . . . . . . . . . . 132
441 . . . . . . . . . . . . 353
442 . . . . . . . . . . . . 133
443 . . . . . . . . . . . . . 35
444 . . . . . . . . . . . . 488
445 . . . . . . . . . . . . 297
446 . . . . . . . . . . . . 464
448 . . . . . . . . . . . . 479
450 . . . . . . . . . . . . 411
453 . . . . . . . . . . . . . 74
457 . . . . . . . . . . . . . 49
460 . . . . . . . . . . . . 510
467 . . . . . . . . . . . . 511
468 . . . . . . . . . . . . 134
470 . . . . . . . . . . . . 503

471 . . . . . . . . . . . . 465
476 . . . . . . . . . . . . 306
478 . . . . . . . . . . . . . 58
480 . . . . . . . . . . . . 512
484 . . . . . . . . . . . . 458
485 . . . . . . . . . . . . 418
487 . . . . . . . . . . . . 384
493 . . . . . . . . . . . . 251
497 . . . . . . . . . . . . 438
501 . . . . . . . . . . . . 396
502 . . . . . . . . . . . . 234
503 . . . . . . . . . . . . 551
505 . . . . . . . . . . . . . 25
508 . . . . . . . . . . . . . 59
511 . . . . . . . . . . . . 135
516 . . . . . . . . . . . . 106
527 . . . . . . . . . . . . 485
533 . . . . . . . . . . . . 163
535 . . . . . . . . . . . . 412
536 . . . . . . . . . . . . 360
540 . . . . . . . . . . . . 329
541 . . . . . . . . . . . . . 60
542 . . . . . . . . . . . . 217
546 . . . . . . . . . . . . 213
549 . . . . . . . . . . . . . 34
554 . . . . . . . . . . . . 181
555 . . . . . . . . . . . . 218
559 . . . . . . . . . . . . 307
562 . . . . . . . . . . . . . 33
572 . . . . . . . . . . . . 513
576 . . . . . . . . . . . . 308
581 . . . . . . . . . . . . 136
582 . . . . . . . . . . . . 340
583 . . . . . . . . . . . . 126
585 . . . . . . . . . . . . 189
586 . . . . . . . . . . . . 372
590 . . . . . . . . . . . . 538
593 . . . . . . . . . . . . 397
594 . . . . . . . . . . . . 398
596 . . . . . . . . . . . . 259
597 . . . . . . . . . . . . 484
598 . . . . . . . . . . . . 399
600 . . . . . . . . . . . . 137
601 . . . . . . . . . . . . 466

603 . . . . . . . . . . . . 248
604 . . . . . . . . . . . . 266
606 . . . . . . . . . . . . . 93
607 . . . . . . . . . . . . 164
609 . . . . . . . . . . . . 400
611 . . . . . . . . . . . . 492
612 . . . . . . . . . . . . 290
615 . . . . . . . . . . . . . 32
617 . . . . . . . . . . . . . 38
618 . . . . . . . . . . . . . 73
622 . . . . . . . . . . . . 537
628 . . . . . . . . . . . . . 37
630 . . . . . . . . . . . . 107
633 . . . . . . . . . . . . 296
634 . . . . . . . . . . . . 401
639 . . . . . . . . . . . . 402
640 . . . . . . . . . . . . 165
641 . . . . . . . . . . . . 214
645 . . . . . . . . . . . . 419
647 . . . . . . . . . . . . 138
648 . . . . . . . . . . . . 139
649 . . . . . . . . . . . . 563
650 . . . . . . . . . . . . 150
652 . . . . . . . . . . . . 309
654 . . . . . . . . . . . . 482
655 . . . . . . . . . . . . 310
656 . . . . . . . . . . . . 272
657 . . . . . . . . . . . . 124
658 . . . . . . . . . . . . 153
659 . . . . . . . . . . . . 534
661 . . . . . . . . . . . . 361
663 . . . . . . . . . . . . . 91
664 . . . . . . . . . . . . 344
668 . . . . . . . . . . . . 514
669 . . . . . . . . . . . . 515
671 . . . . . . . . . . . . 108
672 . . . . . . . . . . . . 274
673 . . . . . . . . . . . . 260
678 . . . . . . . . . . . . 194
679 . . . . . . . . . . . . 435
680 . . . . . . . . . . . . 197
681 . . . . . . . . . . . . 166
682 . . . . . . . . . . . . 219
685 . . . . . . . . . . . . 365
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687 . . . . . . . . . . . . 110
690 . . . . . . . . . . . . . 88
698 . . . . . . . . . . . . 111
700 . . . . . . . . . . . . 311
701 . . . . . . . . . . . . 265
704 . . . . . . . . . . . . 371
708 . . . . . . . . . . . . 420
710 . . . . . . . . . . . . 112
714 . . . . . . . . . . . . 338
715 . . . . . . . . . . . . 413
717 . . . . . . . . . . . . 403
719 . . . . . . . . . . . . 467
721 . . . . . . . . . . . . 497
722 . . . . . . . . . . . . 192
724 . . . . . . . . . . . . 257
725 . . . . . . . . . . . . 256
728 . . . . . . . . . . . . 326
729 . . . . . . . . . . . . 439
730 . . . . . . . . . . . . 516
732 . . . . . . . . . . . . 327
733 . . . . . . . . . . . . 429
738 . . . . . . . . . . . . . 23
742 . . . . . . . . . . . . 211
747 . . . . . . . . . . . . 215
751 . . . . . . . . . . . . 182
752 . . . . . . . . . . . . 254
753 . . . . . . . . . . . . . 22
754 . . . . . . . . . . . . . 87
755 . . . . . . . . . . . . 140
758 . . . . . . . . . . . . 286
759 . . . . . . . . . . . . 151
760 . . . . . . . . . . . . 239
762 . . . . . . . . . . . . 167
765 . . . . . . . . . . . . 325
766 . . . . . . . . . . . . 421
767 . . . . . . . . . . . . 468
768 . . . . . . . . . . . . 185
769 . . . . . . . . . . . . 410
771 . . . . . . . . . . . . 178
775 . . . . . . . . . . . . 210
781 . . . . . . . . . . . . 373
784 . . . . . . . . . . . . . 84
789 . . . . . . . . . . . . 227
790 . . . . . . . . . . . . . 76

791 . . . . . . . . . . . . 341
792 . . . . . . . . . . . . 208
795 . . . . . . . . . . . . 422
797 . . . . . . . . . . . . 209
798 . . . . . . . . . . . . 235
799 . . . . . . . . . . . . . 21
800 . . . . . . . . . . . . 113
801 . . . . . . . . . . . . 491
802 . . . . . . . . . . . . 203
808 . . . . . . . . . . . . 366
809 . . . . . . . . . . . . 447
813 . . . . . . . . . . . . 345
814 . . . . . . . . . . . . 240
817 . . . . . . . . . . . . 312
818 . . . . . . . . . . . . 354
820 . . . . . . . . . . . . . 82
821 . . . . . . . . . . . . 504
823 . . . . . . . . . . . . 190
824 . . . . . . . . . . . . . 61
827 . . . . . . . . . . . . . 78
828 . . . . . . . . . . . . 414
830 . . . . . . . . . . . . 168
831 . . . . . . . . . . . . 193
832 . . . . . . . . . . . . 446
833 . . . . . . . . . . . . 204
835 . . . . . . . . . . . . . 85
837 . . . . . . . . . . . . 220
841 . . . . . . . . . . . . 313
844 . . . . . . . . . . . . . 43
846 . . . . . . . . . . . . . 92
847 . . . . . . . . . . . . 169
850 . . . . . . . . . . . . 141
851 . . . . . . . . . . . . . 36
852 . . . . . . . . . . . . 262
854 . . . . . . . . . . . . 379
855 . . . . . . . . . . . . 212
856 . . . . . . . . . . . . 470
858 . . . . . . . . . . . . 187
860 . . . . . . . . . . . . . 42
862 . . . . . . . . . . . . 186
863 . . . . . . . . . . . . 517
866 . . . . . . . . . . . . 314
868 . . . . . . . . . . . . . 62
872 . . . . . . . . . . . . 241

873 . . . . . . . . . . . . 388
880 . . . . . . . . . . . . 337
881 . . . . . . . . . . . . 250
882 . . . . . . . . . . . . . 72
884 . . . . . . . . . . . . 518
888 . . . . . . . . . . . . 562
889 . . . . . . . . . . . . 448
891 . . . . . . . . . . . . . 30
892 . . . . . . . . . . . . 170
893 . . . . . . . . . . . . 404
895 . . . . . . . . . . . . . 63
897 . . . . . . . . . . . . 430
900 . . . . . . . . . . . . 483
901 . . . . . . . . . . . . 543
902 . . . . . . . . . . . . 519
905 . . . . . . . . . . . . 449
906 . . . . . . . . . . . . 335
907 . . . . . . . . . . . . 505
908 . . . . . . . . . . . . 258
909 . . . . . . . . . . . . 471
910 . . . . . . . . . . . . . 41
911 . . . . . . . . . . . . 472
912 . . . . . . . . . . . . 295
913 . . . . . . . . . . . . . 39
914 . . . . . . . . . . . . 346
915 . . . . . . . . . . . . 180
918 . . . . . . . . . . . . 520
922 . . . . . . . . . . . . 423
923 . . . . . . . . . . . . 532
930 . . . . . . . . . . . . 273
931 . . . . . . . . . . . . . 79
933 . . . . . . . . . . . . 405
937 . . . . . . . . . . . . 207
938 . . . . . . . . . . . . 242
939 . . . . . . . . . . . . 424
940 . . . . . . . . . . . . 425
941 . . . . . . . . . . . . 426
944 . . . . . . . . . . . . 542
945 . . . . . . . . . . . . 100
948 . . . . . . . . . . . . 252
950 . . . . . . . . . . . . . 31
951 . . . . . . . . . . . . 473
954 . . . . . . . . . . . . . 80
955 . . . . . . . . . . . . 315

599



Tropentag 2017 – University of Bonn

956 . . . . . . . . . . . . . 48
960 . . . . . . . . . . . . 285
962 . . . . . . . . . . . . 171
964 . . . . . . . . . . . . 427
966 . . . . . . . . . . . . 102
967 . . . . . . . . . . . . 228
970 . . . . . . . . . . . . 101
971 . . . . . . . . . . . . . 52
976 . . . . . . . . . . . . 264
977 . . . . . . . . . . . . 243
978 . . . . . . . . . . . . 275
979 . . . . . . . . . . . . 494
980 . . . . . . . . . . . . 343
981 . . . . . . . . . . . . . 64
985 . . . . . . . . . . . . 474
988 . . . . . . . . . . . . 191
989 . . . . . . . . . . . . 103
991 . . . . . . . . . . . . . 65
993 . . . . . . . . . . . . 367
994 . . . . . . . . . . . . 114
996 . . . . . . . . . . . . 324
997 . . . . . . . . . . . . 406
1000 . . . . . . . . . . . 172
1001 . . . . . . . . . . . 115
1003 . . . . . . . . . . . 490
1004 . . . . . . . . . . . 125
1005 . . . . . . . . . . . 521
1006 . . . . . . . . . . . . 81
1008 . . . . . . . . . . . 316

1009 . . . . . . . . . . . 355
1019 . . . . . . . . . . . 339
1025 . . . . . . . . . . . 331
1027 . . . . . . . . . . . 522
1030 . . . . . . . . . . . 221
1031 . . . . . . . . . . . 428
1033 . . . . . . . . . . . 318
1035 . . . . . . . . . . . . 66
1036 . . . . . . . . . . . 530
1039 . . . . . . . . . . . 454
1041 . . . . . . . . . . . 523
1042 . . . . . . . . . . . . 67
1044 . . . . . . . . . . . 216
1045 . . . . . . . . . . . 489
1048 . . . . . . . . . . . 271
1049 . . . . . . . . . . . 173
1059 . . . . . . . . . . . 116
1060 . . . . . . . . . . . 123
1061 . . . . . . . . . . . 174
1062 . . . . . . . . . . . 368
1064 . . . . . . . . . . . 369
1065 . . . . . . . . . . . 142
1066 . . . . . . . . . . . 328
1068 . . . . . . . . . . . 195
1070 . . . . . . . . . . . 244
1072 . . . . . . . . . . . 143
1073 . . . . . . . . . . . 144
1075 . . . . . . . . . . . 145
1076 . . . . . . . . . . . 236

1079 . . . . . . . . . . . 330
1080 . . . . . . . . . . . 362
1081 . . . . . . . . . . . 524
1082 . . . . . . . . . . . 506
1084 . . . . . . . . . . . . 75
1086 . . . . . . . . . . . 332
1089 . . . . . . . . . . . 279
1090 . . . . . . . . . . . 281
1091 . . . . . . . . . . . 282
1092 . . . . . . . . . . . 283
1093 . . . . . . . . . . . 284
1094 . . . . . . . . . . . 288
1095 . . . . . . . . . . . 289
1096 . . . . . . . . . . . 278
1097 . . . . . . . . . . . 276
1098 . . . . . . . . . . . 277
1099 . . . . . . . . . . . 552
1100 . . . . . . . . . . . 554
1101 . . . . . . . . . . . 555
1102 . . . . . . . . . . . . 12
1103 . . . . . . . . . . . 558
1104 . . . . . . . . . . . 559
1105 . . . . . . . . . . . 560
1107 . . . . . . . . . . . 202
1108 . . . . . . . . . . . 548
1109 . . . . . . . . . . . . 14
1110 . . . . . . . . . . . 478
1111 . . . . . . . . . . . . 13
1112 . . . . . . . . . . . 565
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