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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 (cultivating 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 depleting soils, falling watertables, and disappearing crop diversity. Clearly we need to rethink the way we farm, not just technologically, but more fundamentally, institutionally. 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 alternative 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.

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 Research for Development (BEAF). This year's Conference theme is "Future Agriculture: 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 affecting millions of people.

System-immanent attributes such as visions, aspirations, cultural specifics and production factor availability shape the response of land users to growing external pressures 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 intensification (or conservation) corridors and protection zones, or are associated with infrastructure development and urbanisation processes. A wide array of resulting response 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 specialisation in low-input small-holder systems, the intensification of agricultural production 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 creating regionally diverse configurations of land-use patterns.

1. Generating income or sustaining livelihood from small land holdings and often under conditions of poor resource base quality increasingly involves a shift towards diversification or in specialisation to high-value niche products. Such 3 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 specialty products. Diversification is exemplified by (certified) organic production 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 organisation.

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 instigated 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 pastoral forms of land use are marginalized or even excluded from the conservation areas. Over the past years, parks and protection zones have mushroomed, implemented 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 implemented rapidly and at large scale, resulting in 'revolutionary' biocultural shifts.

What are the implications of such developments and change processes for food security, 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-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 environments 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

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 malnutrition 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 particular 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 sustainable 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 become 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 rural development. Since its launch, the special initiative has developed into a broadbased 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 productivity and resource efficiency. We shall be able to transition to a modern, marketoriented yet resource-sparing agricultural system only if we have access to knowledge, markets, capital and production inputs and can draw on superior organisation and infrastructure.

"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 interdisciplinary 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 production but also to ways of improving the long-term prospects for rural areas.

Dr. Gerd Müller Federal Minister for Economic Cooperation and Development

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 enterprise 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 "modernisation 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 environmental, 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 improving the way agriculture is carried out in both tropical and temperate settings. The presentation sets the ambition for transformation of agriculture and rural land management systems to be sustainable based on improving their productive resilience in an diversified and equitable manner.

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 competition 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 security. 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 retain 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 technologies 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 increase 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.

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 Agroecosystems) project aims to restore degraded land, enhance agroecosystem productivity, 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 scaling. 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: Traditional slash-and-burn maize-bean system (TCS), Quesungual Agroforestry (AFS), Secondary forest (SF), Naturalized pastures (NP) and Improved silvopastoral systems (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, microclimate and meteorological data allowed for the modelling of tree-crop interactions and land use scenarios to further evaluate impacts of Quesungual on ecosystem services.

Enhancing Biodiversity -Identification of Conservation Corridors in a Plantation Dominated Landscape in the Mekong Region

LINDA HILGERS, PHILIP BECKSCHÄFER, CHRISTOPH KLEINN University of Goettingen, Chair of Forest Inventory and Remote Sensing, Germany

The rapid expansion of rubber tree plantations (Hevea brasiliensis) and cash crops across southern subtropical China puts high pressure on natural forests and their biodiversity. 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 plantations 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 upto-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. Instead, 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 primates 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 degree 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.

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. Ullucus tuberosus (Loz.) of the Basellaceae family is a perennial tuberous crop, originating 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 breeders. This study focuses on optimizing the slow-growth in-vitro protocol for mediumterm 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 conservation 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 maintenance 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. However, 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. Conservation of this species is important, as it will ensure the constant availability of the species for both farmers and plant breeders. 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 Center (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).

Slow-Growth in vitro

The Use of

Mauka was found in Ancash, Huánuco and Puno -three regions of Peru that had previously 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. The expansion of large-scale plantations has a major impact on tropical and subtropical 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 political 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 modelling and statistical analysis in order to identify tipping points in the provisioning of ESS. The tipping point analysis includes hydrological, agronomical and climateregulation services, as well as multiple facets of biodiversity. The evaluation of temporal trajectories in the provisioning of ESS and their potential tipping points allows us to estimate Safe Operating Spaces (SOS) within our example dataset. The geographical focus of this dataset is the Naban River Watershed National Nature Reserve (NRWNNR) in the Xishuangbanna prefecture, Yunnan province, PR China. By combining 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 science 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 improved 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.

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 production 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 combination 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 districts 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. 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 development 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 discussions. 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.

Safeguarding the Ngwei

Local off-farm activities such as craft, small-scale trade, gold washing, and agricultural 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 opportunities 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.

Alternative Landscapes to Face Land and Energy Scarcity: Case Study in Sudanian Savannah of Ghana

MARCOS JIMÉNEZ-MARTÍNEZ 1 , FRANCIS MOLUA MWAMBO 1 , CHRISTINE FÜRST 2

1 University of Bonn, Center for Development Research (ZEF) -Ecology and Natural Resources Management, Germany 2 Martin Luther University Halle-Wittenberg, Institute for Geosciences and Geography, Germany Despite steady economic growth, sub-Saharan Africa faces major challenges to develop its bioeconomies due to stagnating or even decreasing efficiency in the conversion of environmental resources into socio-economic goods. Many regions of the continent experienced no improvement in terms of nutrition security and hunger alleviation over the last 20 years. There is potential 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 development 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 maintaining 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 current 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. 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 transformation towards economically unsustainable coffee and sugar cane plantations converted 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 environmental conditions has led to high pasture degradation, threatening the socio-ecological resilience of the landscape. If no appropriated rehabilitation measures and/or sustainable 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.

Status, Drivers and Management of Degraded Sloped Pastures in the State of Rio de Janeiro

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 increased 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 appropriated strategies depends on degradation level, site conditions, farmers' acceptance, expected costs, required man-power and time for measure implementation.

For over fifteen years, agricultural transformation strategies in Africa and specifically, Rwanda have focused on shifting from the largely subsistence to market oriented 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 smallholders, 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 commercialisation 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 commercialisation 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 Ordered 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.

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 agriculture per se. The changing climate presents additional stresses to crop cultivation from warming and unpredictable weather patterns with strong effects on the development 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.

Cowpea is an important drought tolerant legume crop in Kenya. Its production is limited by nitrogen (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 bacteria; 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 identification. 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 megaterium 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 coinoculation with plant growth promoting bacteria can enhance growth and yield of cowpea.

Crops grown for export in the tropics supplement economies by providing rural income and means of employment, and in certain countries there is a lack of information 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 Colombian 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 being 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 affecting rose (PNRSV, TSV), cape gooseberry (PVY), and purple passion fruit (SMV, PFYMV) were investigated by serological (ELISA) and molecular (RT-PCR) techniques. Novel viruses will be identified by application of Next Generation Sequencing (NGS) to pooled samples of diseased crops. Small national producers and larger exporters of horticultural and agricultural products can benefit from tools for controlling viral pathogens. The competitiveness of Colombian agriculture in international markets depends on the use of healthy domestic plant material and therefore, virusfree 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. Colombia is one of the world's main producers and exporters of tropical fruits. Production, commercialisation, and export of these fruits are gaining substantial importance 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 export 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 purpose, molecular biological tools such as nucleic acid isolation, polymerase chain reaction (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 Colombian exports.
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Impact of Termites on Cocoa Yield under Different Cocoa Cultivation Systems in Cameroon

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 termite pest outbreaks and affect the cocoa yield. A cross-sectional survey was conducted within five localities of Southern Cameroon along a shade gradient management of cocoa cultivation practised from heavy shaded to unshaded systems. A total of 104 farmers were surveyed to obtain information about termite perception and effect 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 important 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 significantly 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 cocoa 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. Conventional insect pest control faces a growing number of problems, such as the decreasing efficacy of many commercial insecticides, the need for repetitive application as well as ecotoxicological issues. Biocontrol with endophytic entomopathogenic fungi is a promising alternative to chemical pesticides to protect crop plants systemically 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 enhancing potato plant penetration and colonisation by the endophytic entomopathogenic Metarhizium brunneum strain Cb15 through supplementation of plant cell-wall degrading enzymes pectinase and cellulase or corresponding substrates into beads containing 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 cellulase 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 × 10 8 per bead. Finally, a stronger root development of treated plants was observed indicating a fertilising effect mediated by the formulation.

Improved Metarhizium brunneum Endophytism for Biological Protection of Potato Plants

Our study provides first evidence that refined formulations of endophytic entomopathogenic fungi could contribute to a more effective use of these fungi in strategies priming plants against biotic and abiotic stress. Wireworms, the polyphagous soil-dwelling larvae of click beetles (Coleoptera: Elateridae), 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 production 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 developed, 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 Metarhizium 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 conventional 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.

The Project ATTRACAP: Optimisation of an Attract-and-Kill Strategy for Wireworm Control in Potato

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 proliferation, 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 organic 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, entomopathogenic 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 laboratory and field trials. This joint projects cooperates with the Eilenberg group of Copenhagen University on entomopathogenic fungi. First results of the recently started project on strain selection, cultivation, identification of semiochemicals and formulation will be presented. Despite efforts to reduce aflatoxin contamination and associated mycotoxin poisoning, the phenomenon continues to pose public health threat in food and feed commodity chains. To support effective development and deployment of technologies and strategies, this study examines awareness and perception of the occurrence, causes, and consequences of aflatoxin contamination 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. Farmerto-farmer information flow serves as important source of information about aflatoxins. While farmers in Burundi access their information from government extension services, those in eastern DRC obtain information through their own observation. Kendal's concordance rank correlation analysis shown agreement in the perception of the farmers across the two locations.

Awareness and Perception about the Occurrence, Causes and Consequences of Aflatoxin Contamination and the

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 contamination 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 Contact Address: Patchimaporn Udomkun, International Institute of Tropical Agriculture (IITA), Site de Kalambo Ucb Route Birava Bukavu, Sud-kivu, DR Congo, e-mail: p.udomkun@cgiar.org
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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 suppressant and growth retardant substances that often undermine improved nutritional health status 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 Chalimbana (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 fallow 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. Monocropping (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 agronomic 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.

Networking on Aflatoxin Reduction in the Food Value Chain -AflaNet

DOROTHEA LINK 1 , NAJIM TOUHAMI 1 , ROLF GEISEN 1 , MARKUS SCHMIDT-HEYDT 1 , HANS-GEORG WALTE 1 , CHARLES NKONGE 2 , MARYGORETTI GACHAGUA 3 , STEVE MUCHIRI 3 , CHRISTINE SCHWAKE-ANDUSCHUS 1 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. 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 production 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 impact 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 research 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 1 st choice crop for men and women, Gabon ranked it 2 nd to cassava. Cameroon ranked banana as 1 st choice for women and 2 nd 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.

Assessing the Impact of Banana Bunchy Top Disease (BBTD) on Food Security between Men and Women in Affected Communities in West and Central Africa

Ecofunctional Management Strategies for Diaphorina citri on Organic Orange Orchards

LEA FORSTER 1 , CARLOS CASTILLEJOS CRUZ 2 , SALVADOR GARIBAY 3

1 University of Kassel / University of Goettingen, Germany 2 National Autonomous University of Mexico, Botany, Mexico 3 Research Institute of Organic Agriculture (FiBL), Dept. for International Cooperation, Switzerland This study was conducted to develop eco-functional management strategies on organic citrus orchards. The citrus Huanglongbing (HLB) or greening disease is considered 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 difference 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 alternate 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 5 th of February till the 18 th of March. Measurements were conducted in total 3 times for the weed composition and 5 times concerning Arthropode diversity. Along transects 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 composition 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 significantly 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.

Efficacy of Commercial and Non-Commercial Fungal Isolates for Suppression of Root-Knot Nematode on Pineapple

EMMANUEL OLAJIDE 1 , SOLVEIG HAUKELAND 2 , WIM BERT 1

1 University of Ghent, Nematology, Belgium 2 International Center for Insect Physiology and Ecology (ICIPE), Plant Health Division,

Kenya

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 extensive 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 environment 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 noncommercial biological control products that possibly meet these criteria have been identified. The work presented evaluates the efficacy of endophytic and saprophytic native fungal isolate 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 selected 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 × 10 8 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 % second 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 Meloidogyne 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. Utravilolet B (UVB) from sunlight is the main constraint to using the environmentally 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 laboratory. 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 combination 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 H 2 O) 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. 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 semiarid 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 Trichogramma 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. cerealella; 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. euproctidis and T. borarachae showed promise for further investigation into selecting new biological control agents against stored product lepidopterous pests. 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 craccivora Koch, is a major pest causing direct damage by removing plant sap and indirectly by transmitting viral diseases. Chemical pesticides used in management of cowpea aphid have undesirable effects including toxic residues on food, indiscriminate killing of beneficial arthropods, are expensive and lead to development of resistance. 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 1×10 12 conidia ha -1 . In the first season, characterised by high rainfall and late and low aphid infestation, the isolates did not result in significant 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 infestation 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 results 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. An increasing number of countries worldwide develop bioeconomy strategies to promote a stronger reliance on the efficient use of renewable biological resources in order to meet multiple resource scarcity and sustainability challenges. Especially for developing 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 competition, 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 countryspecific characteristics, such as 1) the relative importance of bio-based economic sectors 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 using 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 implications of the results for the debate on international regulatory frameworks to govern bioeconomic change. Local production of liquid biofuels has been widely considered in the South as a strategy 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 implementation faces many technical, ecological, socio-economic and institutional challenges, 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 promotes the cultivation of various native oilseed trees in agroforestry systems on smallholder 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, including labour and land opportunity costs, poor economic viability, ecological cultivation constraints, lack of knowledge on the value chain, and aversion towards revenue lags.
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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-benefits, not only opportunities but also constraints exist towards smallholder adoption.

Ex-ante assessments of these context-specific determinants of (dis)adoption and rigorous performance evaluations are crucial to programme design, targeting and value chain establishment. In designing agricultural policies households are considered a single decision making 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 diverse 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 understand 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 biogas 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 technology. It also showed that the decision to adopt biogas technology is not only effected 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. 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 strategy: the shadow wage of household labour is firstly estimated and then used to estimate 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 demand 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 failures 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. 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 Tanzania 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 indicator 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.

Intra-Household Barriers in the Adoption of Alternate

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 m 3 N kg -1 DM for cassava root peels and 0.450 m 3 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 m 3 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 realised 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 uncontrolled dumping.

Processing of East African Highland Green Bananas: Banana Waste Characterisation for Bio-Energy Production in Uganda

ROBERT GUMISIRIZA 1 , OLIVER HENSEL 2 , JOSEPH HAWUMBA World over, agro-processing is a high energy consuming enterprise that in-turn generates a lot of waste residues. Uganda is the second largest global producer of bananas and the industry generates different waste fractions both at production and banana 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 management 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 content 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 total 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 economically 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-treatment would enhance the process for improved energy yields.

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 productivity 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 CO 2 emission. The application of the biochar to agricultural fields has increased soil carbon sequestration (Amoakwah, ibid.) and thereby represents a CO 2 -negative approach to sustainable increase soil fertility (Eduah, ibid.), crop yields (Amoah, ibid.), and carbon storage. Further intensification has been achieved by developing small-scale solar drip fertigation systems allowing one to two more growing seasons per year to produce high-value crops (Danso, ibid.). Thus the project has devised a triple-win situation where farmers get sustained higher yields (from irrigation and improved soil fertility), CC gas emissions are reduced (from increased carbon sequestration), and small scale industries and households get energy (from pyrolysis of crop residues). Finally, agricultural value chains (Baidoo, ibid.) 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, especially 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, assumptions 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 approaches, 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. 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 development 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 sustainability 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 sociopolitical 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 transformation pathways in the bioeconomy. 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 alternative 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 appropriate 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 Sustainable Development Goals. Based on our framework we derive theoretical pathways of sustainable versus unsustainable bio-based transformation and identify related knowledge, 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 sustainable bio-based transformation requires a mix of strategies including governance for transformation, governance of transformation, and transformation of governance.

Life Cycle Thinking in Governance: The Case Study of Bioplastic Production in Thailand

An Interdiscipliniary Framework for Sustainability Assessment in the Global Bioeconomy

We conclude with directions for future research on the sustainability of bio-based transformation.

Plant Species Richness and Diversity in Urban Uganda: An Inventory of Kampala's Homegardens 

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, biodiversity of urban gardens is rarely documented and their true potential for livelihoods is still poorly understood, while the whole urban homegarden system might be under 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, abundances and main uses were recorded. Diversity indices and summed dominance ratios (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 m 2 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. 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 results 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. 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 different 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 currently in progress, but by the time of this symposium, we will be able to present first results. The high phosphorus fixing capacity of tropical soils including Ghanaian soils has restrained the development of economically sustainable crop production. The application 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 effect 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 equilibrium solution and adsorbed P concentrations using Langmuir and Freundlich sorption isotherms. Amending the acid soils with biochar increased the equilibrium P concentration 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 addition 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. 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 leaching especially when irrigation exceeds the demands. Until today very little work was done to measure nutrient leaching, ways to prevent it and consequently increase nutrient 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 sophisticated 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 NO 3 N, NH 4 -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 conductivity. Furthermore, N loses through NO 3 -N leaching were found to amount to 50-100 kg ha -1 per season when irrigation was appropriate. When plots where over irrigated NO 3 -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 After introducing upland crops like maize into permanent flooded cropping systems, soil conditions temporally change from anaerobic to aerobic. This promotes the development 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 13 C-labelled rice straw and 15 N-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 until 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 typical 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 quantification 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: 13 C-labelled straw, 15 N-labelled urea, desiccation cracks, dye tracer, flow paths, maize, paddy rice 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 obtain 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 reducing 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 ammonium 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. 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 accumulation 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 extent 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 dynamics 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 termination, 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 communities, 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. Small scale crop-livestock farming systems dominate in West Africa. Farmers adopt different practices such as keeping animals overnight on fallow lands to deposit manure and urine (corralling), different cropping densities and apply organic and inorganic fertilisers to maximise crop yields and improve soil fertility. However, quantitative 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 savannah 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 increase 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 , subsub 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 corralled. 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.

Salinity Effects on Short-Term Carbon and Nitrogen Mineralisation and Soil Microbial Properties in a Paddy Rice Soil under Aerobic and Anaerobic Conditions

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.

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 physicochemical 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 experimental 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: minimum 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. During 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 management techniques to smallholder farmers and other stakeholders for better agricultural production in the highland regions. Pasture degradation hinders livestock production and ecosystem services that support rural smallholder communities throughout Latin America. Silvopastoral systems, featuring improved pasture grass species, are promising restoration strategies. However, studies evaluating the impact of such systems, in conjunction with common management 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 management treatments (improved vs. traditional) were established on nine farms with similar management histories and edaphic characteristics in the Matagalpa department of Nicaragua. On each farm, one treatment was left as traditional pasture with naturalized 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 accessible 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 establishment 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. Correlation analysis revealed that earthworms and POXC were associated with incipient improvements to soil aggregate stability and water holding dynamics. We report measurable 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. Drought and soil degradation are challenges for maize and bean agriculture production 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 regressions. Water stress was determined with the 13 C isotope discrimination method. Nitrogen fixation was determined with the 15 N 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 13 C 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.

Establishment of Silvopastoral Systems Supports Early Indicators of Soil Restoration in Low-Input Agroecosystems of Nicaragua

Research, Austria

3 African Conservation Tillage Network (ACT), Kenya 4 Universidade 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 implementation 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 involved and their influence; non-scripted participatory videos filmed by the stakeholders themselves that show the farming system from different perspectives; focus group discussions structured by the Qualitative expert Assessment Tool for CA adoption in Africa (QAToCA). Challenges 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 sustainable 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 experimenting 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 innovation processes which is often not possible within short-term term research projects and promotion programs.

Nutrient Fluxes from Soil to Market in African Indigenous

Vegetables Production System 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, calcium) 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 unguiculata, 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. 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' perception on soil fertility, a gradient of 96 households was investigated in four field survey implementation sites: Bushumba centre, Mulengeza, Madaka and Luduha characterized by contrasting 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 analysis, 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 (R 2 = 91.58; RPD = 3.46), total nitrogen (R 2 = 85.6; RPD = 2.71), and pH (R 2 = 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 variability 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 (agroecology 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) regarding 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 evidence on the soil nutrient status serving as baseline for adequate interventions on prospective soil productivity management of smallholder farms in the studied region.

Soil Fertility Variability Influenced by Resource Endowment and Farmer Knowledge in Smallholder Farming Systems of DR Congo

Soil Fertility and Agricultural Sustainability Strategies in the

Desertified Area of Binh Thuan, Vietnam Land degradation caused by human impacts and climatic factors leads to desertification 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. Furthermore, 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 agricultural 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 agricultural 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 different 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 cultivation. 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 conditions become even more important and should be accelerated even in the frame of the SDGs (Sustainable development goals). 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 cycling, 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 dynamics. 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 herbaceous legume (Canavalia brasiliensis) and both herbaceous and shrub legume (Leucaena leucocephala) respect to the Brachiaria cv. Cayman monoculture on a set of biological and physical 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 doblerow as follows: i) between the rows, ii) at 1.5 m and iii) 5.5 m from the trees. Results obtained 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 macroaggregates. 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 evaluation 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 macrofauna as a reliable soil quality indicator. The FGDs also rated soil fertility and discussed best practices for management and cultivation. Additionally, 72 farmers from 35 villages participated in questionnaires 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 decreasing 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. 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 neutrality 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, compensation of GHG emissions remains subject to offsetting by obtaining international carbon credits. 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 sequestration 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 onsite carbon sequestration rate would compensate the coffee carbon footprint of 2.79 kg CO 2 eq 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. The tropical forage grass Brachiaria humidicola (Bh) reduces soil microbial nitrification by biological nitrification inhibition (BNI) and consequently reduces formation of nitrate (NO 3 ) in soils. NO 3 leaching and nitrous oxide (N 2 O) 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 identify high BNI Bh candidates. Nitrification discriminates against the stable isotope 15 N and leads to a 15 N enriched ammonium (NH + 4 ) and a 15 N depleted NO 3 pool. It was hypothesised that high BNI Bh genotypes would mainly feed on NH + 4 and lowerδ 15 N values in leaves are expected whereas low BNI (and high nitrification) should cause respective higher δ 15 N leaf signatures under the assumption that NO 3 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 nitrification 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 15 N was measured with an IRMS. As reference NO 3 in shoots were measured simultaneously and NO 3 in topsoil determined at 8 DAF. A strong correlation (p = 0.006, R 2 =0.38) was observed between means of δ 15 N leaf values and soil NO 3 at 8 DAF. High BNI Bh showed respective lower δ 15 N signatures and less NO 3 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 15 N leaf signatures and BNI are strongly linked. However it needs to be considered that the leaf δ 15 N 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 15 N values. It was concluded that the technique has the potential to screen for contrasting BNI genotypes within Bh.

Soil Macrofauna as Indicator of Soil Quality in Improved (Silvo-)Pastoral Systems in the Tropics

Saving Mt. Elgon's Soils -How
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Isotope discrimination, N assimilation, N uptake, nitrate leaching, soil incubation 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 onfarm waste materials as compost additives on gaseous C and N fluxes under the Sudanian 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 cocomposted with poultry manure (15 vol-%) and rice husk straw (60 vol-%) in randomly allocated 1 m 3 compost bins. During 34 days of composting, emissions of C (CO 2 -C) and N (N 2 O-N and NH 3 -N) were measured using a closed chamber system composed of a photo-acoustic infrared gas analyser (INNOVA 1312-5). Biochar amended composts showed higher CO 2 -C emission rates during the initial composting 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 CO 2 -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 N 2 O-N emissions were lower in compost mixtures containing cRH (35 %), cCC (9 %), and cWO (16 %) compared with their uncharred feedstock.

Effects of Biochar on Gaseous Carbon and Nitrogen Losses During Composting of Farm Residues in Northern Ghana

Effects of Gypsum on Degraded Alkaline Soils and Plant Growth

in Urban Agriculture of Ouagadougou, Burkina Faso 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 water qualities (clean water and wastewater) to (i) assess the effects of sodium (Na) and bicarbonate (HCO 3 -) loaded industrial waste water on soil properties and plant development and (ii) improve the affected soil and growing conditions for plants by a gypsum (CaSO 4 ) 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. 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 considered to be of major importance for degradation. A vegetation change is mostly accompanied 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 commercial 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 resolution 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 communal 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 significant higher in communal farms.. Different photosynthetic pathways are responsible for differences found in 13 C 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.

Keywords: Bush encroachment, rangeland management, soil carbon, soil texture 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 nutrient 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 experiments; 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 o e -kt ) and halflife (t½ =ln (2)/k) formulae were used to determine the decomposition and mineralisation 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 halflife 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 uptake, 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. 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 environment. These practices lead to local nuisance, losses of valuable nutrients, eutrophication of water bodies, and higher greenhouse gas emissions. On the contrary, proper manure management 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 encourage farmers to collect manure for application as a fertiliser on land used for fodder or food production.

Fertilisers

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. 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-containingballs 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 nutrient-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 seedballderived pearl millet seedlings (one seedling/tube) using a computer-tomography (CT) assistedscanner (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 planting (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 conditions (temperature: 30°C, humidity: 65 %, light: 12 h light, 300μmol m 2 /s ) in a completely randomised design of six treatment repetitions on a sandy soil (pH CaCl 2 : 4.5, >90 % sand, P-Bray: 33.2 mg kg -1 ). A soil moisture content of 16 % (w/w) was adjusted gravimetrically every 24 th 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 growthtubes. 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 significantly 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. 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. increased food production without causing environmental damage has been foreseen as the way forward to address this challenge. In this study we propose a sustainable cereal -legume intercropping model based on "bioirrigation" and biofertilisation. "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 envision that sustainable intercropping on the basis of our bioirrigation and biofertilisation model will help to design appropriate intercropping system especially in rain-fed areas that could provide sustainable food security, particularly for the marginal farmers in arid and semi-arid tropics. 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 previous results. Due to the development of resistance by the malaria parasite to existing anti-malarial medicines, Chinese researchers initiated a search for new antimalarial drugs and found that the endoperoxide sesquiterpene lactone -artemisinin present in the extract of Artemisia annua was active against chloroquine resistant forms of malaria parasite. The World Health Organisation has recommended artemisinin-based combination 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. Arbuscular 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 increased 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 combination 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. 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 R 2 = 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.
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Application of Biogas Digestate as Biofertiliser for Paddy Rice

Cultivation in Southern Vietnam 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 fertiliser, 2 nd 100 % digestate as biofertiliser, 3 rd 50 % mineral fertiliser and 50 % biofertiliser and 4 th 75 % mineral fertiliser and 25 % biofertiliser. The results show that, the parameters characterising the growth of the rice plants were not significant different. 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±2.06 cm, 75.0±3.00 cm, 73.5±4.09 cm and 72.5±3.04 cm, 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 1 st variant (control) 20.50±1.29 cm. 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 experiments regarding the exact amount of biofertiliser, and the frequency of application are necessary. 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 sustainability 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 cycle maize variety (BH660) and a medium maturing cycle maize variety (BH540) and historical weather data (2004)(2005)(2006)(2007)(2008)(2009)(2010).

Agroeconomic Viability of Co-Inoculation in Common Beans

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 having lowest cumulative precipitation amount during the crop growth period. The finding 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.

The Importance of Organic Fertilisation and Perennial Crops for Land Degradation Neutrality

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 perennial 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 biological 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 restore the soil fertility of degraded and marginal soils, produce substantial biomass yields and thus contribute to the goals of land degradation neutrality. 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 Pseudomonas jessenii RU47 and additional P fertilisation on tomato plant. Soil samples were collected from bulk soil and the rhizosphere and alkaline and acid phosphomonoesterase activities were measured. The abundance of PhoD and PhoN genes will be measured in soil metagenomic DNA with quantitative real-time PCR using degenerative 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. 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 soybean and maize in a rotation system. In season one, using randomised complete block design the treatments used were untreated sole soybean, rhizobia inoculation, phosphorus 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 nitrogen 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 application 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 soybean production in a rotation system makes much economic sense which will help the resource poor farmer.

Keywords: Impact, maize, nutrients, P residual, rotation, soybean 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 forest 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 conducted 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 inoculations (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. subcordata 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. Interest in endophytic plant growth promoting bacteria (PGPBs) has increased during 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 indirectly 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 solubilising 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 consequence, 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 highthroughput microfermentation approach with the BioLector® yielded results indicating accumulation affinity to pyrimidines such as ectoine and hydroxyectoine and the amino acid betaine from the culture media, significantly enhancing its growth rate under 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. 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. 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 5 th 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 commercial 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), company 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.

Keywords

Keywords

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 application leads to significant increase in oil yield within the first 4 years of production (4 th to 7 th 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.

Keywords: Fertilisation, Nigeria, oil palm, profitability 

Does Sugarcane Bagasse Ash Modify Soybean Growth and Development?

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 treatments 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 traditional 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 result 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.

Keywords: Dose-response experiment, ICP-OES analyses, nodule activity, non-invasive plant phenotyping, phosphorus and potassium plant-availabilities, plant plasticity, soybeans, sugarcane bagasse ash The Climate Smart Villages (CSV) represent an agriculture research-for-development approach that enables dialogue between communities of farmers, scientists, extensionists and decisionmakers 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 Agriculture). 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 calculator 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., composting 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 farmers 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. Dung patches on grazed rangeland are a major source of anthropogenic GHGs emissions from agricultural systems. Dung is rich in available carbon and nitrogen, thus, supporting microbial processes such as methanogenesis, nitrification and denitrification. 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 manure 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 CH 4 fluxes were observed immediately following dung application to rangelands, no major stimulation of N 2 O and CO 2 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, CH 4 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 CO 2 and N 2 O emissions in four observation periods. Specifically for dung patches N 2 O emissions showed large variations in total cumulative emissions over a four week period, which could partly be explained by variations in environmental conditions (dry/ wet season), but partly were stochastic. This suggests that more research with more replicates and treatments in different seasons is required to calculate robust emission factors for N 2 O emissions from dung patches from rangelands in SSA. 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 smallholders 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 intensification 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 benefits 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 experiment 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 calcium 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.
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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 different multivariate analysis techniques. We found significant differences across five farm types determined through principal components and cluster analyses in terms of resource 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 wellconnected 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. 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 emphasising their contribution to local food and nutritional security. The study was conducted 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 survey and through field observation. Descriptive statistics, ANOVA and Pearson correlation analyses were used to estimate the extent and variation of local agroforestry practices. Results show that three predominant agroforestry practices, namely homegarden (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 market 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-vegetables', '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. 

The Potential of Alley Cropping as a Multi-Dimensional Strategy for Climate Change Adaptation in Africa

Global Warming Potential of Diversified Tropical Rice Rotation Systems after Straw Return and Legume Intercropping

Philippines

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 introduction of well-aerated upland crops during dry season. Emissions of methane (CH 4 ) are expected to decrease, while there is a risk of increasing emissions of nitrous oxide (N 2 O) and decreasing soil organic carbon (SOC) stocks through volatilisation in the form of carbon dioxide (CO 2 ). We present a unique dataset of long-term continuous greenhouse gas emission measurements (CH 4 and N 2 O) 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 CH 4 and N 2 O 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 CH 4 emissions by 66-81 % and 95-99 %, respectively. Although annual N 2 O emissions increased twice-to threefold in the diversified systems, the strong reduction of CH 4 led to a significantly lower annual GWP (CH + 4 N 2 O) 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 CH 4 emissions. Due to both stimulating CH 4 and N 2 O 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. 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 cropping. A randomised complete block design was repeated at three toposequence positions 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 irrigation. 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. The green revolution with the development of high-yielding rice varieties in combination 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 removed 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 production while saving water and reducing the existing gaps between potential and actual yields.

Increasing Crop Productivity in
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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 wetting 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 including 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. Intercropping of cassava with maize is a common practice in Nigeria and many countries 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 partners in southern Nigeria to improve the productivity of the cassava-maize intercropping 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 savannah 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 either 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 researchermanaged trials, we added ridging versus flat land preparation, a comparison with a branching cassava variety and the sole crops of maize and cassava. Preliminary analysis of maize harvest data showed that median cob numbers per plot increased with plant density and fertiliser application. Cob yields increased when fertiliser was applied. 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. 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 upto-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.

Assessing Yield Responses in Cassava -Maize Intercropping Across Diverse Environments in Southern Nigeria
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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 productivity in long-term by combining modern planting material, soil conservation and adjusted management by optimising the existing processes and including present scientific 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 smallholder 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. 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.
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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 groundnut growers whereas medium and large seeds can be used for their income. The South Coastal Regions of Yogyakarta Province in Indonesia inherited a unique farming system called sawah surjan. It is considered as a cultural heritage, demonstrating 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. Geomorphologically 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 further encouraged large scale investments by governments and private companies (iron ore mining, international airport, sea harbors, naval base) and smaller size of investments by the locals (governments, companies and community groups; especially those related to development of community-initiated tourism destinations). Many of the locals 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 infrastructure. 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. 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 m 2 , 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 intervention 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) differences 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, respectively. 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 seeding, 25 % for fertiliser-, 27 % for herbicide-, and 38 % for fungicide application. Gynandropsis gynandra is an African leafy vegetable with high nutritional and medicinal values. However, its production is constrained by poor germination and inadequate agricultural practices. This study assessed the effects of seedlings age at transplanting, planting spacing and cutting frequency on growth and yield in Gynandropsis 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 randomised 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 interaction. 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. Cotton (Gossypium hirsutum) and sesame (Sesamum indicum) are the major export commodities of Burkina Faso. More than 80 % of the population depend on rain-fed agriculture. The projected warming over Africa for the 21 st 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. Using 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 projected 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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(INRES) -Plant Nutrition, Germany

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 management 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 rainfall, 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 similar 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. 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 regions 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 aquaculture 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 Zimbabwe) between January 2017 and May 2017. Analysis of collected data was done qualitatively through establishment of categories, themes and relations. The study revealed 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 activity 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.

Inland Aquaculture and Resilience in Semi-Arid Spaces. The Case of Mukoma Village in Mt Darwin District, Zimbabwe

Monitoring Sustainability of Saffron and Canola Production Systems in Maragheh, Northwestern Iran

Diminishing environmental quality and rendering natural resources are increasingly pushing agroecosystems toward more sustainable and environmental-oriented approaches 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 important 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 energy efficiency, global warming potential (GWP), economic indicators, pesticide risk (field environmental impact quotient -FEIQ), fertiliser, labour and water use efficiency. 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 nonrenewable 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 2 eq ha-1). The eco-efficiency based on GWP was 1.54 and 8.66 USD kg -1 CO 2 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 efficient. It can be concluded that saffron production system was more sustainable than canola-based agroecosystems. Agroecological systems should integrate increased cultivated and non-cultivated biodiversity 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 different crop and livestock productions. A generic framework was applied to compare crop/livestock production managements within thirty diversified farms cultivating citrus in the Réunion Island. The sample covered multiple forms of diversification: farmers growing a diversity of fruit trees, farmers combining fruit trees with semi-perennial 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 features, such as market demand, product traceability, added-value and alternative input availability. Then, interactions between productions appeared to facilitate a progressive 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 productions. 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 productions, 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 diversified farming systems, but diversification enhances agroecological transition because of production synergism and low-risk progressive pathways of change. 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 agricultural 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 innovative 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 agriculture 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 redesigning agricultural systems (diversification, mixed cropping, agroforestry ...). The analysis of the sociotechnical system allowed us to understand the mechanisms at different levels (markets institutions 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. 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 selection (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.
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Crop genetic resources and abiotic stress

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 under low-input conditions in Madagascar, as practised by the predominantly resourcepoor farmers there. Through genome-wide association studies (GWAS) and allele mining within SNP-Seek, rare alleles 'hidden' in gene banks are now being identified 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 objective 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.

Phosphorus (P) deficiency constitutes a major growth and yield-limiting factor in irrigated 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 availability, 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 increase P availability and improve P fertiliser use efficiency to encourage the application 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 water 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. 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 Madagascar, 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 performance of each variety was assessed by determination of leaf bronzing score (LBS), biomass yield, Fe shoot concentrations in different growth stages and lipid peroxidation (malondialdehyde 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 correlated 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. 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, h 2 =0.53 for zinc), which emphasises a high potential for biofortification breeding. 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 required yield stability and robustness, genetically heterogeneous hybrid types should be preferred. Due to high genetic admixture among WA pearl millets, heterotic grouping, 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 restoration in the A4 cytoplasmic male-sterility system in pearl millet. Such a system 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. 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 distinguish 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 distribution. 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/lownight (28°C/18°C) root-meristem temperature. However, leaf and stem biomass represented 30 % and 40 % of total plant dry weight, respectively in both treatments.
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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 being 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 CH 2 0 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 2 0 which was remobilised during the night period.

Keywords: Carbohydrate mobilisation, carbon balance, rice, root temperature regime Contact Address: Sabine Stürz, University of Hohenheim, Inst. of Agricultural Sciences in the Tropics (Hans-Ruthenberg-Institute), Garbenstr. 13, 70599 Stuttgart, Germany, e-mail: sabine.stuerz@uni-hohenheim.de 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 developed 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 genotype-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 variety, 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 undertaken 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 (transplanting 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 Potassium, in a RCBD. Result on yield stability and genotype × environment interactions from the wide range of studied environments, will be discussed and presented. 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. Lowland 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 temperature 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 monitored, 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 nonreplicated 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 temperature 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 temperature. How to derive the effective temperature for spikelet viability during stem elongation from air temperature will be discussed.

Multi-Country Analysis of Genotype × Environment Interactions of Lowland Rice to Improve RiceAdvice Prediction

Spikelet Sterility of Lowland Rice Related to Temperature at Booting Stage in Different Thermal Environment in Madagascar
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Variation in Phenological Development and Yield Performance of Rice Genotypes under Cold Stress in the Fogera Plain, Ethiopia

Rice, Oryza sativa L., is the most rapidly growing food source in sub-Saharan countries 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 season. For majority of the tested genotypes, heading and flowering periods coincided with lower average minimum and maximum temperatures. We have clustered genotypes 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 duration 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. 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 thermal growth environment for rice cultivars grown at the different altitudes. However, official fertiliser application recommendations do not differentiate between growing environments resulting 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 temperatures 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 established 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 temperatures 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 planting 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 application 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.

Adaptation of Fertiliser Application Strategies to Low Temperatures at High Altitudes Sites in Lowland Rice

Evaluation of Cd 2+ Stress Tolerance in Transgenic Rice by Overexpressing PgGPx Gene that Maintains Cellular Ion and Reactive Oxygen Species Homeostasis

TAHMINA ISLAM1 , M.K. REDDY2 

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 development. 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 Cd 2+ induced toxicity and to recover the subsequent damages eliciting their genotype based biochemical responses. To counter damages plants have an efficient system of stress enzymes and antioxidant non-enzyme molecules that is termed as antioxidant system. The members 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. Transgenic rice expressing PgGPx showed tolerance towards Cd 2+ stress as demonstrated by several physiological indices including root length, biomass, chlorophyll, malondialdehyde and hydrogen peroxide content. Roots of the transgenic lines accumulated more Cd 2+ as compared to shoot. PgGPx expression in rice also protected the transgenic 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 modulating reactive oxygen species (ROS)-scavenging pathway. Thus, the present study will help to develop strategies for engineering Cd 2+ stress tolerance in economically important crop plants.

Keywords: Cd 2+ stress, PgGPx, rice, ROS 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 breeding 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 susceptible 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 survival was observed in Sambha Masuli Sub-1 (93.73 %), Radha-4 (89.87 %) and Sugapankhi (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 submerged 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.

Production and Physiological Characters of Soybean under Drought Stress with Foliar Application of Exogenous Antioxidant

YAYA HASANAH, LISA MAWARNI, TEUKU IRMANSYAH University of Sumatera Utara, Fac. of Agriculture, Indonesia 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 considerably. 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 application of exogenous antioxidant on production and physiological characters of soybean under drought stress. In a factorial randomised block design two factors were studied 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 foliar 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 antioxidants reduced the effects of water stress on production and physiological characters of soybean.

Keywords: Antioxidant exogenous, drought stress, foliar application, soybean
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ID 641 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 aboveground 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 aboveground 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.

Drought Effects on the Synchrony of Aboveground and Belowground Phenology of Five Potato Clones

Keywords: Abiotic stress, phenological development, Solanum tuberosum

Contact Address: Julia Hoelle, University of Hohenheim, Inst. of Agricultural Sciences in the Tropics (Hans-Ruthenberg-Institute), Garbenstraße. 13, 70599 Stuttgart, Germany, e-mail: julia.hoelle@uni-hohenheim.de ID 747 Combining ability analysis is one of the powerful tools available to estimate combining ability effects and aids in selecting desirable parents and crosses for exploitation of heterosis. The performance of parents and crosses can be measured through combining ability effects. Therefore, gathering information on nature of gene effects and their appearance in terms of combining ability is essential.

Heterosis, Combining Ability and Genetic Relationship of Selected Parent Lines for Hybrid Rice Development

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 performance of tested single cross hybrids and identify male parent with highest restoring ability, (3) determine the general and specific combining ability of 11 restorer lines and threefemale parents for different quantitative traits, and (4) estimate kinship 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 performance 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. 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 photoperiodic 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 quality 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 sterility 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.

Keywords

Morpho-Genetic Characterisation, Diversity Analysis and Evaluation of Rice Landraces in Benguet

VIRGINIA TAPAT 1 , BELINDA TAD-AWAN 2 The study aimed to characterise rice landraces collected in Benguet based on morphological 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. Fourteen 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 similarities 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 morphological 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 attitude 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 interventions for a higher farmers' profit. Moreover, findings in this study can be used by stakeholders for rice landraces conservation and protection.

Keywords: Genetic diversity, landraces, single nucleotide polymorphism
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ID 555 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 explore 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 (central), North Kordofan (western), and the Gadareff area (eastern). The materials were assessed for genetic diversity and population structure using a panel of 32 SSR markers. 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 polymorphic 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 population (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 naturally. 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.

Genetic Diversity and Structure of Wild Relatives of Sorghum Populations from Different Geographical Regions of Sudan

A rooted neighbour-joining tree of four sorghum cultivars and 55 wild relatives revealed three distinct groups independent on their geographical origins. The results will be useful for future collection and utilisation in genetics and breeding programs. 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 hybrids, 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. Therefore, 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 %, ranging 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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ID 837

Development of Hybrid Rice Variety (PR40638) with Bacterial Leaf Blight Resistance

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 combat bacterial blight. This study aimed to develop hybrid parent lines (PR28A and PR39902-19R56) and hybrid (PR40638) with introgressed Xa21 gene for BLB resistance 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. 

Resources and knowledge

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 maintain 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 experimental 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 irrigation 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 implementation approaches are proposed. 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 moisture 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.

Keywords

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 under 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.

Keywords: Rainfed cropping systems, rainwater management, resilience Soil moisture is a function of topography, soil texture, vegetation and meteorological 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, especially in the (sub-) tropics with distinct dry seasons, water availability limits production. 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. Landuse systems with cocoa range from monocultures to highly diverse agroforestry systems. 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 systems 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 complementarity 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 dominated 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.

Keywords: Agroforestry, complementarity, monoculture, spatio-temporal dynamics The Okavango River Basin (ORB) integrates three countries of southern Africa: Angola, 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 management that considers both trans-boundary water sharing and poverty alleviation via a sustainable transformation of land-uses. This study aims to design an innovative ecological-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 upper-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 successive dynamic units; 2) water availability and abstract is optimised with its economic productivity in each of all sub-basins where communities benefit from production activities 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 monetary 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 deforestation 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 subsidy honey production has high potential to offset benefit losses of reduced intensive agricultural production.

Keywords: Livelihood benefits, payment for ecosystem services 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 unprecedented levels. These drivers of change have already contributed to stark changes in the hydropolitical 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 paper uses an e-survey, supplemented with key informant interviews geared toward national-level water, energy and agricultural stakeholders, chiefly government staff and researchers, to understand 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 region. 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-sectoral 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 infrastructure, 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.

Simulating Hydro-Economic Impacts of Potential Water Rights

Trade in the Lake Naivasha Basin The Lake Naivasha Basin in Kenya can be considered as an important social-ecological system which supports economic activities such as horticultural and floricultural production. These irrigation-based agrobusiness activities account for substantial 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 wetland, 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 ecological 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 sustainability. 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 future water uncertainty. Decentralised decisions by water users are modeled using the 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. Nevertheless, 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 substantially better than the predictions of standard economic theory even under private decision 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 opportunity 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 experiences. 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. 
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Whole-System Efficiency of Small-and Medium-Scale Reservoir-Based Irrigation Schemes in Northern Ghana

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 included a water reservoir, water conveyance and distribution network, cropping fields, and the management entity in the Upper East region of Ghana. Multiple indicators relevant to water delivery and utilisation as well as to agricultural production during two consecutive dry seasons and the intervening rainy season were analyzed. The assessment 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 In sub-Saharan Africa small scale irrigation is developing rapidly. Whilst emphasis for development 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 combination 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 water 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.

Hydrological Analysis of Mountain Spring Systems in Nepal for

Improved Watershed Management Communal irrigations systems are composed of a natural common-pool resource, the water, which is distributed through a man-made common-pool resource, the irrigation 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 available irrigation water, increasing production uncertainties. Thus, small-scale farmers' dilemmas are aggravated since the uncertainty of water availability might disincentivize individual infrastructure contributions while exacerbating the likelihood of water over-extraction. This research aims at understanding how small-scale farmers 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 empirical 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 findings, 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 expectations. 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 resources and communal irrigations systems in particular. Keywords: Argentina, collective action, common-pool resource management, environmental variations, irrigation systems, Jujuy, small-scale farmers

Heterogeneity of Smallholder Farm Households Affecting the

Water-Energy-Food Nexus in Ethiopia 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 households 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 Center 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 development, 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 communities 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 explored the dissimilarities between male and female farm-households by co-developing 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 households 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.

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 sustainable 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 Agricultural Research Corporation -EMBRAPA Beef Cattle, located in Campo Grande-MS, Brazil. Measurements were taken in four different treatments: ICLF, ICL, continuous 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 moisture 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 (temperature, relative humidity, precipitation, global radiation) were measured for each treatment. The results of the microclimate measurements indicate differences in temperature 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 exploration 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. 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 balances 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 dryland 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 irrigation treatments: recommended irrigation level (control), moderate deficit and severe deficit irrigation. Plants were harvested at maturity and dry matter and yield parameters were assessed. The stable isotope (δ 13 C/δ 15 N) composition of above and belowground 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 (Δ 13 C) in the grain showed clear relations to water shortages. The results suggest that water stress affected N partitioning between above and belowground parts. In the ICLF and ICL plots Bracchiaria 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 inserted 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. Results were linked to data from the microclimate, i.e. wind speed, air humidity, and global radiation.
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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.

Keywords: Brazilian savannah, evapotranspiration, micro-lysimeter As climate change continues to influence rainfall patterns, it is causing frequent and more intense rainfall events, directly influencing the future of agriculture. Socialecologically, 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 evacuate 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.

Keywords: Ghana, soil ridging, soybean 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 cropland (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 m 3 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 distribution 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 household income. The data also indicate that Karimabad has experienced major socio-economic and agriculture changes in the last three decades whereby population growth and intensive agriculture in water deficient periods are main causes for water scarcity. 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, socio-economic, political and cultural factors that affect decision outcomes. Many modelling 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 systematically 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 allow 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 perspective, 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 distributions expressing the range of plausible decision outcomes. These outputs are often sufficient for identifying preferable decision options. 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 suggested 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 settings, 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 interdisciplinary approach of the CONNESSA consortium (CONNEcting knowledge, scales and actors; An integrated framework for adaptive organic resource management, targeting soil aggradation and agroecosystems' resilience in SSA) illustrated by a case study in Kenya.
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We follow a flexible site-specific sequence of biophysical field experiments, innovation 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-livestock integration, legume-based soil conservation and tree planting scenarios were formulated by farmers, extension officers and NGO during an IP at one site, Sabatia.

Contact Address: Carsten Marohn, University of Hohenheim, Inst. of Agricultural Sciences in the Tropics (Hans-Ruthenberg-Institute), Garbentstr 13, 70593 Stuttgart, Germany, e-mail: marohn@uni-hohenheim.de ID 881

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. supply on the economy as a whole and on poverty and income distribution in particular, all the while exploring policy scenarios for action and for potential synergies that may present themselves. Based upon a theoretical nexus framework, the methodology 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. Economists see high potential to increase agricultural productivity in African savannahs through rangeland intensification and conversion into cropland. Ecologists however expect negative impacts 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 probabilistic 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 interaction 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 substantial 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.
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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. 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 individuals feed on naturally occurring phytoplankton at the bottom of the food chain, reducing production costs and environmental impacts. The Peruvian bay scallop Argopecten purpuratus is a key resource targeted along the Peruvian and Chilean coastline since the 1950's. In Sechura Bay (North Peru), an open-access multispecies diving fishery was recently transformed into a property-rights-based mariculture regime.
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While scallop production declined in other locations to the South, the bay developed 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 production 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 activity. However, today's single-species dependence is likely to increase the system's vulnerability to international scallop market price fluctuations and environmental disturbances. The sustainability and resilience of the system thus depends on successful ecosystem-based management and the ability of local stakeholders to cope with disturbances. 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 scenarios 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 between 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.

Measuring and Modelling Soil Loss and Runoff Mitigation Potential of Legume-Led Crop Rotations under Varying Slope

Lengths in a Small SW Kenyan Catchment 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 conventionally structured in slope direction and predominant maize plots are ploughed downhill. Soil erosion is determined non-linearly by slope length, hence spatial arrangement and positioning 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 intercrop (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 conservation will be extended to the landscape scale. We will discuss aspects of implementation of soil conservation measures by farmers at the landscape scale. 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-weeding", "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 km 2 ) 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 application 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 temperature ('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 "twiceweeding" 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 Decline in agricultural production due to the growing population and soil degradation 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 sustainable 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 sustainable manner. For this purpose, a study has been established which compares possible 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 technologies and eliminate the need of conducting tedious long-term experiments. Hence, this study intends to validate three different crop models (SIMPLACE (Scientific Impact assessment and Modelling Platform for Advanced Crop and Ecosystem management) 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 models to perceive the accuracy of the model simulation and to evaluate the uncertainties during the simulation.

Climate Change Impacts on Erosion Control in a Watershed with an Integrative Modelling Approach

Keywords: Crop residue management, ensemble modelling, soil degradation Intercropping is an agricultural practice of cultivating two or more crop species simultaneously in the same field. Compared to sole cropping, main advantages of intercropping are an increase of the interception of solar radiation and increased nutrient supply when legumes are integrated into the intercropping system, resulting in increasing crop growth. Intercropping is presently used in many tropical and subtropical 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, belowground 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 approaches and selected the optimal one to describe light interception between two intercrops, then proposed an allocation strategy for belowground resources considering both alive root length density and crop water demand. Ongoing population growth spurred the demand of agricultural land further accompanied by agricultural intensification in Northwest Vietnam. This trend led to an expansion 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 Nitrogen 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 duration of maize cultivation period. Building on transect results and further auxiliary data, the spatially-explicit DyCNDis model tool was developed using the relationship 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 degradation 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 particularly those areas require increased attention by government authorities and local farmers, calling for soil conservation measures to retain soil fertility in the long run. Improving knowledge on spatio-temporal rainfall variability and its influence on small farmers' 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 km 2 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 m 2 . 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 dryseeding, 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 spatiotemporal rainfall variability. 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 cropping. A 2-year-data set with maize farmers' practice (monocropping, tillage), maizechili-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 application 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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Agro-Forestry: A Sustainable Cropping Option for Uplands in Western Thailand

Keywords: Agroforestry, hedgerows, maize, Thailand, uplands, WaNulCAS (Re-)Afforestation efforts, to be a sustainable solution option for combating land degradation in West Africa, have to account for projected changes in climatic conditions such as increased temperature and rainfall variability. We applied field data from an afforestation experiment in the Sudano-Sahelian zone of West Africa to agroforestry 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 subjected 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 coefficient 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.

The complex interaction of ecosystem services, biodiversity, and socio-economic activities 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 complex 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 social 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 degraded 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 gathering 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 In the past, agricultural researchers used Mathematical Programming (MP) to analyse the multi-faceted and interlinked aspects of farm systems. However, the stage of technology 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 activities. 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 examine 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 specific 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 perceptions 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 applicability 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. 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. Literature 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.
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In order to understand the water consumption and water productivity of a shelterbelt agroforestry system versus a corresponding non agroforestry system, tree water consumption and micro climate were assessed during the growing season 2016 on two representative sites in Chui Valley, Kyrgyzstan and Kazakhstan. Tree water consumption was assessed through sapflow measurements. Micro climate data were used in order to calculate crop evapotranspiration. The measurements of tree evapotranspiration 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 evapotranspiration 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. An estimated 83 % of sub-Saharan Africans are dependent on the land for their livelihoods, 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 productivity of farming systems, land degradation reduces incomes and food security.

By reducing the resilience of the ecosystems populations depend on, land degradation 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 smallholder 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 integrate evidence into decision making on policies and investments by a range of stakeholders and partners, the project focuses on the potential of agroforestry and especially 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 Commission. Agroforestry is widely purported to improve the livelihoods of smallholder farmers, rehabilitate degraded landscapes, and enhance the provisioning of critical ecosystem services, including 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 western 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 Agroforestry 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 promoted 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 security, 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.

Assessing the Downstream Socioeconomic and Land Health Impacts of Agroforestry Promotion in Western Kenya
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In 2014 India approved a national agroforestry policy to resolve the bottlenecks like prohibition 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 agroforestry. 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 committed 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 major 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 requirement 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 Consultation 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 There has been a failure in developing evidence-based land, soil and crop management recommendations due to two fundamental limitations. The first limitation is that target areas have not been defined and properly sampled when setting up experiments 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 develop recommendations are rarely traceable. Recommendations are rarely validated in a systematic way.

A surveillance framework for making evidence-based land, soil and agronomic recommendations 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 recommendations and reduce end-user decision uncertainty. Iterative Bayesian updating is used to systematically improve recommendations over time.

Keywords: Bayesian, inference, land, recommendations, soil 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, improve livelihoods and contribute to rural development. The initiative was implemented 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 provide multiple benefits. These include several bioenergy products (e.g. straight vegetable oil, biodiesel, biogas, briquettes) and valuable co-products (e.g. animal feed, organic fertilisers, biopesticides, biochar) that can provide local clean energy solutions, 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), calophyllum (Calophyllum inophyllum), macaúba (Acrocomia aculeata) and croton (Croton 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 productivity, 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.

Keywords: Biofuel, calophyllum, croton, macaúba, mahua, neem, pongamia Teak (Tectona grandis) is produced in industrial plantations in more than 43 countries. National and international demand for teak timber exceeds the sustainable yield from natural forests and plantations. High demand creates opportunities for enterprising 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 commercial needs for timber and improve environmental conditions. This paper reports the contributions of teak systems to smallholder livelihoods in Indonesia, where farmers 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 aspect of these systems, producing commodities for both household consumption and market sale. Besides supplying food for households, smallholder teak systems provide 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. Specific 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.

Keywords: Agroforestry, diversification, livelihood, smallholder, teak, timber 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 approach 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 combined. 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 processing 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 interventions. 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 Sulawesi. With using ranking through pebble game as a method, we identify the top five priority species, along with domestication preferences and division labour by gender. Focus group discussions (FGDs) were held with 300 community members (45 % women) of 19 villages in 4 districts in South and Southeast Sulawesi province Indonesia. 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 expressed 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 contribution 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 crucial for agroforest development and biodiversity conservation. Their knowledge and skills, developed through the tasks they perform, are important aspects for agroforest management.
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Keywords: Gender role, household decision making, tree domestication, tree prioritisation, women 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 extension 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 'equipping' 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 agroforestry farm management is expected to enhance agroforestry farm productivity. The objectives of the AFFS are to: 1) enhance farmers' analytical skills in managing agroforestry that support the sustainable landscape management; 2) provide innovative extension approach that enhance farmers' analytical skills and information networking; 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 agroforestry extension agents. Topics learned in the AFFS are linked to sustainable landscape 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 agroforestry as an important source of livelihood in sustainable landscapes of Sulawesi. In contrast with the rich biodiversity, the strong focus on single commodity in Sulawesi, 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 typically 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 basically lack established marketing strategies and are unaware of the underlying competition. 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 specifications, engaging in post-harvest processing to increase the value of the commodity, and expanding their role in the value chain. Reconciliation between community livelihoods and sustainable natural resource utilisation is urgent. Recent approach embraced ecosystem service principles, where the connection between the needs for conservation and the livelihoods importance is established 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 multistakeholder forum to develop landscape management strategies that formed the basis for the formulation of government regulations and government-community agreements for collaborative management. The approach was applied in seven landscapes in three provinces (South Sulawesi, Southeast Sulawesi, Gorontalo) in Sulawesi Island, 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 provision 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 strategy development. The biggest challenge during the process represents the social capital, while to some extent challenges also cover human and financial capitals.
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Keywords: Agroforestry, ecosystem services, landscape approach, Sulawesi, sustainable livelihoods Land degradation, reflected in soil fertility depletion and declined vegetation cover, is still a major 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 integrating 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 information 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 fuelwood consumption and socio-economic benefits from improved cooking stove adaptors were determined using the controlled cooking test (CCT) and questionnaire survey. Gas and particulate 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. Allometric 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 budget 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/nm 3 ). 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 respectively. 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. 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. Preliminary 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. Preliminary findings towards the domestication of C. procera are presented here. Irrigation dams and other forms of flood and rainwater harvesting infrastructure may make important contributions to help farmers reduce poverty, improve food and nutrition 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 contexts. 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 variables were collected from ten subject matter experts via expert data elicitation methods. 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 preferable course of action, decision makers should target these variables for measurement.
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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.

Modelling Risk and Uncertainty in Flood-Based Farming Systems in East Africa

ISSOUFOU LIMAN 1,3 , CORY WHITNEY 2,1 , JAMES KUNGU 3 , EIKE LUEDELING Flood-based farming systems (FBFS) rely on seasonal floods that provide beneficial water and nutrients, but also pose many risks and uncertainties for agricultural production. 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 services. 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 particular water supply characteristics of such systems. Development of new models that produce reliable results in FBFS settings has proven difficult due to system complexity, site-specific differences among different FBFS and lack of adequate datasets to develop and parameterise models. This difficulty is further exacerbated by socio-economic 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.

Tunisia's Temperate Fruits and Nuts Are Threatened by Climate Change

HAIFA BENMOUSSA 

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 dormant 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 commercially 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 pistachio 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, because late bloom has been associated with poor fruit quality and low yields. In some years, low winter chill completely prevented trees from breaking dormancy, leading 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 processes and their responses to climatic factors. 
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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 results 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 agricultural 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 timeline 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 stakeholders 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 conditions (e.g. competition over crop residue exacerbated by free-grazing) in order become a viable agricultural system. With the intention of developing more democratic processes of knowledge production to support innovation processes, a critical methodological approach was developed 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 innovations 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 motive 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 innovation 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 theorised in terms of "power-over", "power-to" and "power-with". With regard to these three modalities, this presentation critically examines how power relations were affected by the PV proposal process with particular attention to: i) researcher-participant 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 observations 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 critical 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.

Participatory Video

Keywords: Empowerment, farmer groups, innovation processes, methods, participatory video, transdisciplinarity 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 knowhow 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 consumption 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 challenges 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 nutritional 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. forms of interaction about flood and climate risk management. The research was carried out in three different villages in the Jamalpur district of Bangladesh. Fieldwork in the three villages was conducted through participant observations and in-depth interviews 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 dissemination methods and forms of communication among the development agencies.
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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 evaluating linkages and coordination between agencies to disseminate and to communicate consistent forecast information and advisory services. 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 sharing 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 adjustments 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 delivery systems, human resource capacity, and availability as well as the critical need for such initiatives. While Ethiopia maintains a large agricultural extension service system, access to extension 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 technology 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 methodological types of social learning as well as their contribution to innovation development 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 technologies 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.

ICT-Based

Social Learning in

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 majorities to access knowledges and technologies mainly through their interaction. It serves as a coping mechanism to the prevailing limitations, but at the same time stabilizes a knowledge system that allows for the further fostering of social, political and epistemic inequalities. 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 organisation 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 profited from the project where they received different trainings on group building, saving/borrowing, agriculture and starting small businesses. The field study used a mixed method approach which consisted of focus group discussions, income-and expenditure rankings, expert interviews and a household survey with over 400 participants.
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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.

The Use of Indigenous Knowledge for Nutrition Communication: An Example of Pastoralists in Turkana County

Indigenous knowledge increasingly gains interest as an important aspect in development, particularly in the case of people living in marginalised regions like Turkana County in northern Kenya. Rural households in developing countries pursue multiple livelihood goals simultaneously, such as food security, income, and a healthy nutrition. These goals are often dynamically interconnected, 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 intensification', 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 recommendations 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 Tanzania, 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. tackle poverty, food insecurity and to enhance drought resilience. Specifically, the project targeted the promotion of peace in the region, the promotion of group socioeconomic activities to improve member's income situation and the promotion of sustainable 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 activities, including horticultural production in green houses and bull-service offered to other community members. Their households are also food secure due to the additional 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. One of the traditional livelihood practices of indigenous Tagbanuas in Palawan, Philippines is wild honey gathering from the giant honey bee. In order to analyse the linkages 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 interviews. 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 simultaneous 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 overlook 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. 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 implementation 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 Network 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 implementation 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 stakeholders 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.

Innovating in the

Ecological Changes and Local Knowledge Shifts in an Indigenous Honey Gathering Community in the Philippines

Knowledge Management for Sustainable Agricultural

Keywords: Food security upgrading strategies, process Net-Map, storylines of implementation processes, Tanzania In Chad, like in many developing countries, seed saving is important. Chadian farmers 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 semencière 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 neighbouring 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 provided 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. 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 Discussions, 2 workshops, participant observations and questionnaire interviews of 227 farmers.
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The findings showed the possibility of joint agricultural innovation development. On-farm implementation 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 longterm nature of PPT implementation over several cropping seasons provides sufficient timelines 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 enabled 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. 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 capital 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 introduction 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. Fortyeight CIGs were randomly sampled. Out of each group, a random sample of 20 members was drawn. The treatments were carried out in 2016 and consisted of varying combinations of agricultural and nutrition training. Overall, 36 groups received training held by local extension officers. The broader purpose of the extension training was the promotion of pro-nutrition innovations. Survey data, including detailed information 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 different 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. 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 proposed. While the positive ecological effects are well documented, only few smallscale 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 management 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.

How Does Social Capital Influence the Success of Development Projects? Insights from a Randomised Controlled Trial in Kenya

Keywords: Extension, common-interest groups, nutrition-sensitive agriculture

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. Results 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 interventions on actual tree planting behaviour is still work in progress.
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Schooling, Knowledge and REDD+, by Lake Tanganyika

EMMA JANE LORD

Wageningen University and Research, The Netherlands

Co-benefits put the + on the end of Reducing Emissions from Deforestation and forest 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 science. 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 excluded actor groups and their interactions with the forest conservation planning and management process. Analysis is based on five months of observation and comprehensive interviews at a REDD+ pilot site, on the western Tanzanian border, interviews in Morogoro and Dar es Salaam. Understanding organisations as human constructs, we approach the global policy of REDD+ as itself constituted within a concrete 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 institution by donors and international organisations has created complex institutional arrangements. Furthermore, the technical knowledge requirements of REDD+ fragmented 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+. Food insecurity remains a persistent problem, affecting one-third of Tanzania's population. Additionally, strong population growth and impacts of climate change hindering agricultural activity make the situation more acute. Hence, the issue has likewise 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 limitations 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 presumed 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 example innovations, we use an alternating sequence and consecutive analytical steps between the micro-(individual) and the macro-/ meso-(system) level. The three selected 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-ecological 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 literature review, semi-structured expert interviews and farmer group discussions with nine farmer groups. Summing up, this approach assists understanding of the complex, 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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Keywords: Adoption decision, food security, innovation processes, multi-level, smallholder-farmers 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 sustainable baobab management, processing and utilisation activities. This study investigated 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. Preliminary 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-harvest 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.

Innovation and Knowledge Exchange Systems: The Case of Urban

Agriculture in Maputo and Cape Town The international community set the goal "Zero Hunger" as one priority in its global commitment of achieving the Sustainable Development Goals by 2030. One priority 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, networks and applied knowledge exchange mechanisms. Using an action research approach 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 multiplication 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.

Keywords: Agroecological practices, food and nutrition security, innovation system approach, participatory guarantee system, Southern Africa, urban agriculture Improving food security and livelihood conditions of vulnerable rural populations in sub-Saharan Africa has been an on-going challenge. Innovations, suitable to context-specific circumstances of small-scale farmers, are intended to reduce poverty and increase food security. Therefore, it is indispensable to collaboratively identify farmers' views about the factors that influence their action possibilities with regard to the development, adaptation and adoption of innovations. Within the frame of a transdisciplinary research project focused on improving household food security in Tanzania, the aim of this research was to collaboratively assess differences in farmers' expectations, experiences and valuations regarding their innovation outcomes. Field work took place from January to March 2016 in the Morogoro and Dodoma regions. 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 prioritised 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 innovation 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 innovation 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 enhancing social inclusion and pro-poor innovation processes.

Keywords: Farmers' valuation and satisfaction, innovation, Trans-SEC Yam is an important food and cash crop for most families in West Africa. Yam especially 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 exporter 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 Research Institute (CRI) led project with funding from Bill and Melinda Gates Foundation (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 selection, 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 discussions 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 trellises instead of mounds and single pole staking for instance has eased the previously identified tedious nature of yam production thereby attracting more females to cultivate 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. Traditional pastoralism is diminishing in some regions today as agro-pastoralists attempt to reconcile their traditional livelihood system with modern influences, progressively 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 characterised 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 enclosures. 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: opportunities which did not exist before. In highly sensitive climatic regions, defying convention from mental enclosures to rangeland enclosure has also changed the context 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. 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 market 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-pastoralists 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.

Monitoring and Evaluation of Transdisciplinary Food Security Interventions in Kenya
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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.

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 important 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 technique 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 procurement 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 complexities 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. Extensive small ruminant production is an important livelihood strategy for the rural poor in the semi-arid NE Brazil. However, recent studies indicated that frequent droughts along with forage shortage and degradation of the natural Caatinga rangeland were main problems perceived by livestock keepers threatening the sustainability of the farming and eco-systems. Farmers' most frequently suggested drought adaptation strategies were forage production, corralling animals and irrigation. Therefore, this study examined the effect of these drought adaptation strategies on livestock performance 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.
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Results revealed that irrigation systems had significantly larger crop residue and forage areas than systems without irrigation. Semi-extensive systems had largest goat, sheep and cattle herd sizes and largest Caatinga area with lowest feed supplementation 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 subsidised 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.

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 exist 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. Further the scope of the region's national fisheries policies for establishing participatory, multilevel 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 existing 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, suggests 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 governance 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 support 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. 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 include 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 pasture-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 consideration. 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 Central 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 Internationale Zusammenarbeit (GIZ) GmbH, Regional Programme for Sustainable and Climate Sensitive Land Use for Economic Development in Central Asia. It is envisioned to be handed over to a regional organisation in the long run. Understanding the effect of variations of stocking rate, stocking density, grazing intensity, grazing 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 vegetation 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.

Regional
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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. The livestock sector plays an important economic role in the Sahel and contributes to food security of the people. However, it is highly vulnerable as a result of the large inter-annual variability 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 herbaceous biomass at the end of the growing season from 2001 to 2015. Different spatial aggregation 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 increasing model parameterisation, indicating the importance of additional unobserved and spatially heterogeneous agro-ecological effects (which might relate to grazing, species composition, optical 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 (R 2 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 management 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. 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 previous 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. Interestingly, some important species such as Panicum maximum and Digitaria macroblephara have rarely been studied for conservation and multiplication purposes despite their reported declining trend. A number of species were identified by the communities 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 tolerance among other factors in order to determine their suitability for arid and semiarid lands. The aim of this study is to use milk progesterone analysis as a new technique to detect 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 parity, and group (GA) included those in third, fourth and fifth parity. Milk samples were collected from the second week up to the 4 th 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 8 th week postpartum in G1 compared to 6.23 ng ml -1 in the 2 nd 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 16 th week of GY. Only one she-camel of GY was suspected to be pregnant due to increased progesterone level from the 12 th 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. The socio-cultural context is often ignored when crafting community groups and this has farreaching 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 organised 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 functioning 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 community groups should take into consideration the socio-cultural dynamics as well as group members' perceptions on the importance of specific social and governance factors if sustainable group activities are aimed for. This study seeks to investigate the livestock strategies of smallholder farmers in the Central Highlands Region of Kenya. Questionnaire surveys, interviews, and participatory 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 agricultural 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.
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Additionally, most farmers lack the financial capital to expand production and take advantage 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 diversifying their livestock practices. In conclusion, this report recommends that smallholders establish husbandry, breeding, and marketing cooperatives in order to combine their resources and advocate for their interests in the market. Better funded and expanded 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. The study revealed a mismatch between livestock production and consumption in both regions. On average more than half (52.4 %) of the surveyed households owned livestock, however this was not reflected 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. However, 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 discussion 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 concerning adequate production and consumption of animal source foods will be a key for achieving a good nutrition and health status of rural households. 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 generation of income and for strengthening the overall resilience of these human habitats. Despite its high relevance and the ongoing academic discourse, very limited information 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.
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The quantitative analyses are based on a combination of two data sets that were collected 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 characteristics, 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 correlations between farm-specific, socioeconomic characteristics and the economic efficiency of livestock production. This paper aims to investigate and compare economic and environmental perspectives 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 intensive production incures total costs of 451 × 10 6 Dong ha -1 which is 18 times higher compared to extensive farming (24 × 10 6 Dong ha -1 ). Among costs of intensive culture, feeds including pellet feeds, supplements and some antibiotics are the dominant items comprising 58 % (260 × 10 6 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, electricity, 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 × 10 6 Dong) than extensive farms do (32 × 10 6 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.

Comparative Economics and Environment of Shrimp Culture in Buffer Zone of Xuan Thuy National Park

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 extensive farms (7.2 heads m -2 ) and also produce more waste per unit of land. Application 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. Jameed is an important dairy product in Jordan that has been produced in the region 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 yogurt 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 Center 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 churning process. The eight batches of Jameed produced using this method in smallscale 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-energyscare 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 %. According to the Food and Agriculture Organisation definition, Good Agricultural Practices (GAP) are procedures to obtain agricultural products by pursuing sustainability 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 environment. 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 practices 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.

Improved Jameed Processing for Small Scale Sheep Dairy Farms in Jordan

Keywords: Dairy processing, dairy product quality, small ruminants

The rising awareness for ethical animal handling, sanitary safety and quality of products 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 producers traditional milking practices, low milk yields, adverse environmental conditions, 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, obtain better prices for their product, accomplish sustainability goals and improve their livelihoods. 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.
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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 Due to conversion of grassland and forest into cropland, rubber and oil palm plantations, 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. ruziziensis × B. decumbens × B. brizantha, Panicum maximum, Paspalum atratum, Stylosanthes 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 smallholdings. 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, respectively (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 natural 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. 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 increasingly 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. ruziziensis × 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 September 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. hybrid 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. guianensis (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. However, selecting suitably adapted forage species rather than intensifying the management 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. 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 energy 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.
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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 supports 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 alternative to commercial dairy concentrate and is suitable for adoption by smallholder farmers. 
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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, México. 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 components of the experimental diets administered for 10 days were 65 % maize-and 15 % soybeanmeal. 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, individual 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 increased 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 hamper oviposition in swine-pathogen helminths. Further research is needed to confirm these findings and to specifically investigate the mode of action of pineapple husk. For over fifty years, researchers have tested and introduced forage technologies aiming at improving cattle's productivity in sub-Saharan Africa (SSA). In spite the potential positive impact 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 optimal 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 income 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 productive 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. 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 performance 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 contain TECSM at 0 (control), 10, 20, 30 and 40 % inclusion levels using 25 rams averaging 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 matter 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 detergent 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.
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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 intake 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 animals 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 standardise 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 + cowpea leaf powder + carrot powder (40:40:20) 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 belonging 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 included: 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 results. 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 suggest that egg weight is not affected by the presented oil sources, whereas fatty acid contents and profiles are directly affected.

The Effect of Sea Buckthorn (Hippophae rhamnoides L.) Fruit Residues on Performance and Egg Quality of Laying Hens

Science and Food Processing, Czech Republic 2 Jordan University of Science and Technology, Animal Production, Jordan This experiment was conducted at the ITP (International Testing of Poultry) in Ústrasice, 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 temperatures 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 increasingly 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 investigated. 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 control 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, respectively; 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 statistical 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. 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 bacteriostatic 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 treatment 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.
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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 ), respectively 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. 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.

Protein Nutrition of Dairy Cows in the Tropics: Challenges and Perspectives

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. 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. 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 Colombia, most of the area dedicated to livestock production is managed under extensive and inefficient production systems. The International Center for Tropical Agriculture (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 treatment was applied on plots of 3,300 m 2 with three repetitions during a period of seven months.
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Cattle Production under Grazing with Improved Forages in the Lowland Tropics of Colombia

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. 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 season 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 0.23 e 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 -1 for 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 dormant 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 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 rumination, 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 Cynodon 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 leftovers, 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 energetic 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.

Keywords: Feeding, leftover, particle size, rumination 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). Animals 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 %), CaHPO 4 (19 %), urea (10 %), NaCl (10 %) and cottonseed meal (5 %). Quantitative 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 diets. 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 CH 4 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), CH 4 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. 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 fermentation 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 experimental 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 individually 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. 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 concentration 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 remarkably 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 significantly (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. 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 standard 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 significantly 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 significant 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 performance 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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Keywords: African yam bean, performance, rabbits Feed supplements enhance productivity by supplying deficient micronutrients forages. There are problems with compounded feeds in Uganda. This study studied the factors that affect production, 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 concentrate 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 farmers 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.

Improved Region-Specific Emission Factors for Enteric Methane

Emissions from Cattle in Nandi County, Kenya The search for alternatives to prophylactic synthetic antibiotic use in weaned pigs due to stress related challenges continues to attract the attention of researchers worldwide. 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 digestibility, 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 investigation. 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 requirements. 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, interleukin 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. Traditionally processed meat samples were collected in Marsabit County. The proximate composition, quality indices and mineral content of the samples were analysed using the methods of the Association of Official Analytical Chemists (AOAC).

Keywords: Astragalus polysaccharides, growth performance, immune response, pigs

The result showed that traditional meat products were high in protein, with mean contents ranging from 55.8-72.5 %. The minerals calcium, magnesium, iron and potassium 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 levels 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. 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 carried 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 adsorbents and sophisticated equipment. The development of simple, effective and affordable procedures for the detheobromination 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 process 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).

Keywords

The results showed that the proximate composition of CPHM improved during fermentation. 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 decreased 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 contents 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 increase 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. The objective of this study was to evaluate effect of lactic acid bacteria supplementation 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 Pakchong 1 silage were evaluated using in a completely randomised design. Napier Pakchong 1 Silage was divided into two groups (control and supplemented with LAB with 1 × 10 5 cfu ml -1 ). The method of heat provision for artisanal palm oil production is riddled with inefficient 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 environment, 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 processing the palm fruits) and simultaneously produce heat and biochar. Since the adopted design procedure was iterative, eight preliminary tests were conducted; each an improvement 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 additions 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 approximately 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.
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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 product 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 immigration 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 sustainable way by vacuum storage. Because a vacuum proves a gas-tight and insectproof 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 granary weevils (Sitophilus granarius) and minimum damage to grain quality. Moisture contents, however, are critical for long-term storage because germination of seeds decreased 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 Kilimandjaro 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. Farmers in rural areas often lack on-farm storage and cooling possibilities which affects 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.
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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

AFIFAH AFIFAH RAHMI 1 , YEFSI YEFSI MALRIANTI 1 , GUSVITA GUSVITA WIDIA 2

1 Andalas University, Agriculture Technology of Product, Indonesia 2 Andalas University, Chemistry, Indonesia

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 effectiveness 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 design, 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" (Hibiscus 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.

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 development 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 subsidised 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 approach, this paper develops a framework for identifying institutional bottlenecks and governance challenges related to mechanisation. A combination of qualitative empirical 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 imports 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 strengthening the agricultural innovation systems for agricultural machinery to support emerging private sector initiatives.

Keywords: Africa, agricultural innovation system, agricultural mechanisation, governance challenges, smallholder farming 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 conditions, 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 ambient 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 activation 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 parsley 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. 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 temperatures and 0.25-1.0 cm 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 colorimeter (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 optimisation 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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Keywords: Cabinet drying, colour, dried beef, rehydration, texture Recently, the demand for African indigenous leafy vegetables (AIVs) such as vegetable amaranth (Amaranthus cruentus L.) has been steadily increasing amongst rural, 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 opportunities 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 results 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. 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 internal 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 products are threaten the national industry. Therefore in the largest dairy production area in southern Brazil, national dairy processing companies are facing challenges to organise the supply chain and to improve their performance in this very competitive sector.
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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, management 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 % indicates 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 theory we found that cooperatives are more efficient. The reason could be that the organisation 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.

Keywords: Brazilian dairy sector, dairy cooperatives, dairy processing firms 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 phenomenon 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 surviving 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 Programme Oasis Sud and the Plan Maroc Vert, with the goal to restore a sustainable oasis ecosystem. The main focus of these interventions is on date post-harvesting operations, improving storage, transformation and marketing capability of farmers and cooperatives, sustaining rural 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. 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 Cundiboyacense 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 established and therefore the characteristics that should be measured in field and laboratory.
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The measured characteristics in the potato fields were: density of the soil mass, geometrical 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, friction 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°f or 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 .

Keywords: Animal draught, hillside agriculture, potato diggers
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Use of Computational Fluid Dynamics Modelling Tool for Assessment of Airflow Distribution in a Double-Pass Solar Drier

STANISLAV FLEKAC, JAN BANOUT

Czech University of Life Sciences Prague, Fac. Tropical AgriSciences, Czech Republic 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 solar drier called double-pass solar drier (DPSD) was designed at the Department of Sustainable Technology at the Faculty of Tropical AgriSciences at the Czech University 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 distribution 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. 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.

Keywords: Airfow, CFD, solar driers

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 farmers 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 techniques, 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. 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 consultations 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 economically 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 average 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 average 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 commercialising 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.

Participative Development of a Top-Lit-Up-Draft Reactor for Simultaneous Cooking and Biochar Making

Keywords: Biochar, cobs, cooking, energy, fertiliser, firewood, household, reactor, TLUD, top-lit-up-draft Contact Address: Yusto Yustas, Sokoine University of Agriculture (SUA), Engineering Sci. and Techn., SUA-DEST, Morogoro, Tanzania, e-mail: omukama.mugisha@gmail.com
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ID 594 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 absorbance 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 decline 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 respectively. 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.

Effects of Age, Storage Temperature and Duration on Total Phenolics, Flavonoids and Antioxidants in African Nightshade

An Optimised Solar Camel Milk Powder Processing Plant for

Rural Arid and Semi-Arid Regions 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 extension 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 irradiation 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 efficient 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 included: mass & energy balance; Pinch analysis, simulation of solar thermal and analysis 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 decreases by approximately 46.1 %. This required an increased investment cost for heat exchanger integration. Moreover, the amount of water used decreased by approximately 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.

Keywords: ASALs, butter, process optimisation, solar thermal energy This study examined the optimisation of enzymatic treatment of cassava roots for improving 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). Response 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 treatment 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 design, multivariate correlation of the glucose content was established through reduced quadratic model with R 2 = 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 maximising 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.

Keywords:

Cassava root peeling, central composite design, enzymatic treatment, glucose, optimisation Contact Address: Ziba Barati, University of Hohenheim, Inst. of Agricultural Sciences in the Tropics (Hans-Ruthenberg-Institute), Garbenstr.9, 70599 Stuttgart, Germany, e-mail: barati@uni-hohenheim.de ID 634 The mechanisation of agricultural labour processes is often associated with a decreased work burden and improved production for small-scale farmers. However, empirical evidence suggests that consequences of mechanisation may vary for men and women within households or communities. Technological interventions are known to interact with gender norms, gendered 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 decreases the time needed for livestock feeding. At the same time, additional labour and cost implications 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.

Gender Implications of the Introduction of Forage Chopper Machines

Keywords: Feeding, gender, livestock, mechanisation, Tanzania Contact Address: Gundula Fischer, International Institute of Tropical Agriculture (IITA), Africa RISING, Box 10, 0000 Duluti, Tanzania, e-mail: g.fischer@cgiar.org
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Drying Kinetics of Purple Flesh Sweet Potato Grown in Malaysia

ROSALIZAN MD SALEH, BARBARA STURM, OLIVER HENSEL

University of Kassel, Agricultural and Biosystems Engineering, Germany

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 premixed 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 discuss 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 m 2 s -1 . The activation energy for the drying process was found to be 35.102 KJ mol -1 which is comparable with the reported values of various food materials. 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 recommended 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 protection 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 farmers 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 smallholder 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 spectroscopy. 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. Firewood supply is a severe challenge in degraded and deforested areas of Tanzania which negatively 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 increasingly 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 villages. The quantitative and qualitative field-based stove performance test "Kitchen Performance 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 traditional 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.
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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. Nevertheless, 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 semiarid 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 Cooking 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 practices. 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. 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 required to maintain the practice. Sustainable Harvest International, a USA-based nonprofit 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-ofthe-art portable Indoor Air Pollution Meter (IAP) 5000 series. Using the IAP, the collaborators took 30-minute air samples of stoves at maximum cooking temperatures. 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 counterparts, the improved stoves consumed 58 % less wood and an impressive 278 % less particulate matter, as well as an astonishing 8137 % less carbon monoxide. In conclusion, 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 systematic 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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Keywords: Biomass, Central America, improved stoves 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, southwestern 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 antinutrient 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 different (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, comparable 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 promotion of their consumption may have an impact on the dietary quality of the rural and urban populations. 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 potential 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 contribution 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. Furthermore, 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 edible 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 Eulepida 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 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 (R 2 = 0.19; p = 0.002), but not in the SRS (R 2 =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 production diversity is more capable of revealing the role of agrobiodiversity for dietary diversity, by including factors affecting crop productivity, than conventional biodiversity indicators.
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Delivery of Nutrition Education through Agricultural Extension:

Evidence from a Randomised Trial in Rural Kenya The relationship of nutrition and agriculture has long been established and agricultural technologies and extension can play an important role in stabilising food security. However, agricultural and nutritional programs are mostly implemented independently. Acceptance of nutrition 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 intervention 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 nutrition-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. 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 75 th percentiles of actual dietary intake from a 24h recall tool applied to 180 households. Results from a FGD on agrobiodiversity following the 4-cell methodology 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/ nonlactating, 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.

Keywords: Affordability, cost of diet, LACON, wild plant foods
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Fermentation and Addition of Malt to Improve Physicochemical and Sensory Properties of Complementary Foods Prepared from Starchy Grains

SIRAWDINK FIKREYESUS FORSIDO 1 , ALEMGENA AYANA 2 , TEFERA BELACHEW 2 , OLIVER HENSEL 1

1 University of Kassel, Agricultural and Biosystems Engineering, Germany 2 Jimma University, Population and Family Health, Nutrition Unit, Ethiopia

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, physical 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 significant (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 unfermented 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 commonly used making CFs. Further research on storability of these products is recommended.
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Diversity and Nutritional Characteristics of Garcinia kola Heckel (Clusiaceae) in Southwest Cameroon

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 medicinal properties. In Cameroon, seeds of G. kola are widely used by locals for treatment 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 follows: 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 between 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 selection. 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 consciousness 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 quality. 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 proteins, sugars and minerals (Ca, Mg, K, Na, P, and Zn). The soil samples were airdried 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 Riftvalley 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.

Keywords: Guava fruit, nutritional composition, quality aspects, soil Cu, vitamin C, yield
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Dietary Diversity, and Nutritional Status of Mother-Child Pairs by Season in Enset Cultivating Areas of Southern Ethiopia

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 communitybased 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 completed 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. The aim of this study was to investigate the micronutrient potential of stinging nettle (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 Institute 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. Food availability and access in the household determines the dietary practices and nutrition status of mothers and children. This study was conducted in Laikipia County; an arid and semi-arid region in Kenya, experiencing food insecurity and undernutrition. The study assessed household food security status and determined its relationship 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 livestock. 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 caregivers 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 household 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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Rural Agriculture for Improved Nutrition: Stakeholder Insights from Different Sectors in Tanzania 

Tanzania

Nutrition sensitive pathways and approaches involving agriculture are being recognised as essential 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 nutrition, 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 available human resources, absence of coordination between sectors, lack of proof that agriculture works for nutrition and economic constraints to support agriculture. Possible measures mentioned 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.

Keywords: Agriculture, nutrition, policy, rural The household dietary diversity score (HDDS) has been increasingly used as indicator for economic 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 interviewed. 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 diversity 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 households 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, economically 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. 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 3 rd 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 iCheck TM 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 sensitization 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.
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The outstanding results from combining these various strategies have yielded substantial positive 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.

Keywords: Awareness, biofortification, cassava, genotypes, malnutrition ) 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 Household 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 insecurity 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. Background and objectives: Overweight and obesity are growing health problems in many developing 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 supermarkets 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 significant 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. Different insects such as beetles and ants, contribute to the protein and micronutrient intake of numerous human populations around the world. In the Peruvian Amazon, the insects represent a relevant food resource used as an alternative or complementary source of protein by indigenous communities. The study was conducted in 8 communities of 2 ethnic groups (4 Shipibo, 4 Ashaninca) of the upper Ucayali 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 preserved 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) informants. 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), Metamasius 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 consumption involves mainly roasting, boiling or baking with leaves.

Supermarket Shopping and Nutritional
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Keywords: Alternative food sources, developmental stages, entomophagy, indigenous food system, seasonal availability, traditional knowledge For the past decades, Voluntary Sustainability Standards (VSS) have been at the forefront of global sustainability governance in the coffee sector, in an effort to ensure transparency for the public and improve the livelihoods of smallholder coffee farmers. Raising farmer's income and ensuring economic sustainability should be considered 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 turning 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 beyond 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 companyled standards as Nespresso AAA and Starbucks C.A.F.E. Practices, as well as multicertification 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.

Keywords: Coffee certifications, economic impact, impact evaluation The potatoes production in Rwanda is constantly increasing and it represents an important 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 intensification 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, because 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 socioeconomic data, formal-informal interviews with farmers and expert interviews were conducted.

Currently, the private sector is the principal actor involved in the minitubers production, 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 demand. 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.

Keywords: Agricultural policies, formal and informal seed systems, potato, seeds Quality conscious markets are crucial for a sustainable and integrated approach to post-harvest loss (PHL) reduction. Farmers in sub-Saharan Africa (SSA), where informal 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 investigates 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 consciousness. 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 hypothesised grade to capture potential premiums in a situation where defined grades are to exist. Data was collected through in-person interviews using structured questionnaires, 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 doubled. 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 defined standards or grades exist, marketers offer significantly different premiums on average 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.

Keywords: Ghana, maize, marketers, quality loss reduction, value 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 institutional 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 facilitating 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 paper 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 vegetable 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 qualitatively 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 dissemination 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. 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 quantities, 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 central 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 conventional 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 influencing 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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Comparison of Ecosystem Services Value of Conventional and

Organic Farms in Fariman City, Iran 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 ecological 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 agroecosystem services under two different conditions -conventional and organic management -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 fertility). Also, there were two main products (tubers and seeds using and harvested crops). The crops for home consumption were considered as economic value of secondary 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 system. 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 organic 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.

Keywords: Market value, non-market value, organic agriculture, valuation 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 members are weak and insignificant for the outcome variables under study. This indicates that FMOs in Ethiopia are caught in the efficiency (becoming important market actor) 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 community, irrespective of membership, may benefit from the FMO's operations through increased competition at the local market level. Thus, all reported benefits of membership 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. Social capital provides insights on the social bonds and norms in a society. This study empirically 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 fivepoint Likert scale with increasing level of agreement. Further, when subjected to principal component analysis (PCA) these statements were reduced to four components (informal networks, 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 cooperative farmers, regulated farmers, and conventional farmers. Further, our research findings indicate that the components of social capital, informal networks, collective action and institutional trust greatly influence the farmers higher preference for cooperative markets. Collective action decreases the preference for regulated market and institutional trust decreases the preference 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 conventional 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 sustainable 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. The pulp from the fruit of the baobab tree (Adansonia digitata L.) is getting increasingly 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 natural 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 characterise 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 exporting industry in Southern Africa have been conducted to help better understand the structure and boundaries of the sector, involved agents and their interactions, innovation and production processes, sector transformation and the factors at the base of the differential performance of firms in the sector. Baobab processing initiatives from selected 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 development 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 results. This makes them particular interesting cases on whether and how high-quality products for international markets can be produced while contributing to socioeconomic development across the supply chain.
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Assessment of the Baobab Processing and Exporting Industry in Southern Africa

Keywords: Baobab (Adansonia digitata L.), co-opetition, commercialisation, food processing, innovation system analysis 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 initiated 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. Total number of 36 street vendors and 35 market-traders were interviewed via semistructured questionnaires. Street vendors could be further divided into street mobilevendors (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, situated far from main communications and selling seeds to passing-by people. Markettraders 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 opportunity 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 valuechain, including consumer preferences, domestication and the role of middlemen.

Internationalisation Paths of Chilean Fruit Export Companies:

Are They Regionally or Globally Oriented? 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 controversial approaches for firm categorisation. Simultaneously, Aggarwal et al. ( 2011) developed with their matrix of multinationality a rather inclusionary approach. Nowadays, 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 agricultural 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 longitudinal analysis for a period of 7 years (2009)(2010)(2011)(2012)(2013)(2014)(2015) to examine the changes in the internationalisation strategies of a sample of 233 fresh fruit exporters in Chile to determine 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 extend (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. 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 certified 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 Practice "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 %.

Keywords: Emerging economies, internationalisation, Latin America

Based on these findings, it is feasible to develop a Fair Trade certified system specifically 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. Enhancing agricultural productivity through the adoption of proven technologies presents a credible pathway to economic development and poverty reduction. The adoption 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 potential 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 integration 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 carried out using a control function (CF). A Double hurdle model is specified to estimate 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. Pakistan with mango as its 2 nd major export fruit and 4 th 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, perishable 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.
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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 compensation 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 processing plants and certification procedures; logistics oriented supply chain policies introduced by public and private sector can equally enhance export of perishable commodities to far-reaching markets.

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 possess bioactive compounds with antioxidant potential making them very suitable for food and nutritional security. Production of AIVs is predominantly by smallholders in rural and periurban 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 influence participation in the AIV value chains in Kenya. It further identifies constraints and opportunities 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 collective 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 supermarkets 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 coordinated 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. 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 cattle 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 behaviour 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 adequate 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.

Analysis of the Legal Framework for the Colombian Cattle Value Chain

Keywords: Competitiveness, international trade, livestock, policy analysis, public policy Gender inequalities in asset ownership result in different levels of participation, methods of production and modes of marketing cash crops, and bear consequences for women's potential outcome in the cultivation of these crops. Assessing gender participation in cash crop production is important, not just because it differs from the production 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 limiting women's ability to invest in more profitable livelihood strategies such as marketoriented agriculture. Yet the intersection between women's asset endowments and their ability to participate in and benefit from agricultural interventions receives minimal 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 relationship 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 commercialisation. 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 factors 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 income generating output. 

Keywords

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 conservation 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 related 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 debtpeonage and formalisation of restrictions upon their access rights per ToC. It is an innovative 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)(2013)(2014)(2015). A survey on socioeconomic conditions and resource access was conducted with 185 households in four municipalities of the Lower Amazon basin as were 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 bottomup 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 differences 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 markets 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 sustainability 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. The development of a competitive beef value chain for accessing formal and specialised national and international markets is among the principal goals of the Colombian 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.
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In order to understand why the development is slower in the Cauca Department compared 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 obtained 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 policymakers 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 Inclusive value chain development (VCD) approaches aim to improve linkages between retailers, intermediares and smallholders in an attempt to raise chain performance 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 smallholders 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-economic 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 understanding 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 inclusiveness of value chain development approaches. The present work studies the characteristics 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. However, smallholders have been targeted with mostly little differentiation. Within the international 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 endowments 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. Smallholder dominated rice farming and related activities play a vital role in Myanmar's economy in terms of cultivated land areas, income and employment opportunities 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, inadequate quantity and insufficient quality of agro-chemicals, lack of sufficient credit and improved technologies as well as underdeveloped infrastructures, Myanmar government 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 specialisation companies via contract system shows superior in production, processing and marketing 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, processing 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. 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 distribution of profits among actors, resulting in limited market access and high degrees of informality.
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The objective of this study is to develop sustainable sector strategies for the doublepurpose cattle value chains in the Caquetá and Guaviare Departments of Colombia -in a participatory way with all involved direct and indirect value chain actors, following 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 sustainable 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). Colombia is currently undergoing a historic process that requires reshaping the coun-try´s agricultural and environmental policy. On the one hand, Colombia is implementing 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.

Keywords

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 Development (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 recognises 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 potential, 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 Agriculture (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 developed during the process. The study will also provide a critical review of the tools employed, achievements, challenges and lessons learned that will inform policy makers and implementing organisations to better design participatory zero deforestation VC development interventions.

Keywords: Agroforestry, cocoa, LINK methodology, multi-stakeholder platforms, value chain analysis 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 cleaning 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 introduced 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 successfully 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 continents, 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 sustainability dimensions clearly exist: Socio-economic benefits, especially for smallholders, stand often against peat land conversion, deforestation and habitat destruction. Sustainability 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 governmental 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 premiums for compliance with higher sustainability standards, supported by a consumer demand.

Keywords: Certification, food security, human rights, oil palm, sustainability 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 smallscale 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 platform 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 stakeholders, 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 understanding of the qualities of different affordable insulation materials for making yoghurt, 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 context-specific information and practices. Processing of primary agricultural and forestry food products by rural producers or community-based enterprises can considerably contribute to local food security, employment, 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 companies. The development of new, marketable products has primarily been approached from the perspective of the companies involved in production and sale of such products. 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, market 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.

Local baobab producers and processors, often characterised by limited resources and expertise for product and business development, are given the opportunity to collaborate 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 unconventional product development pathway. The paper presents the approach in more detail as applied by the BAOFOOD project. Cattle production is the most important activity in the Colombian rural sector. However, the Colombian cattle value chains show high levels of disarticulation at all stages, which limit the involved actor in achieving substantial increases in competitiveness and sustainability. On the other hand, this also leads to low levels of compliance with current environmental, animal welfare or food safety regulations resulting in limited access to more formal national and international markets.
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With the aim of identifying critical points in terms of pre-mortem management practices, 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 methodology 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 Colombian Cauca Department, that allowed measuring the degree of compliance with the norm. 2) Through interviews with animal transporters and traders, the different animal 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 impacts of different management practices on meat quality and to develop strategies for improvement.

First results show that practices leading to compliance with animal welfare regulations 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 premortem 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.

Keywords: Animal trading, animal transport, cattle production, checklist, value chain The international coffee price volatility and pressurisation of multinational coffee corporations on the local exporters/manufacturers demand a better linkage among production, processing, and marketing in the Daklak coffee sector. Beside the commitment, responsibilities, and share of risk, the development of trust between the company 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 contracting, providing, supporting, collaborating, and mostly buying and selling transaction. The relations are typically based on a written contract, which defines quantity procured, 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 particular 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 discontinued intervention in the last decade has left the Daklak coffee industry now operating primarily through private sector. Food insecurity prevails in many parts of Madagascar. The Atsimo-Atsinanana Region, 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 developed. 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.

Limiting Factors in the Development of Vegetable Value Chains in Southeastern Madagascar

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 producers 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 producers, traders, urban consumers, Nutritional aspect. The approach adopted focuses on in-depth surveys of about 100 producers, about thirty traders and some 60 urban consumers. 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 quality (carrot, potato, tomato, green bean) compared to those of producers. Divergent perceptions of producers and consumers limit the development of vegetable value chains.

Keywords: Actors, producers, traders, urban consumers, value chain, vegetables 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 opportunity has brought with it more anticipatory forms of future-making that embrace urgent and large-scale solutions and the involvement of supposedly more effective international management consultancy companies. They have tended to employ 'sociotechnical imaginaries' that occlude local visions of the future and cast existing agricultural practices as non-existent, inadequate or environmentally degrading. If successful, 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 customary/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. The results show that people perceive changes in the climate such as increase in temperature, 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 effects. 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.

Dynamics of Rural Livelihoods and Rainfall Variability in Northern Ethiopia

MULUKEN ELIAS ADAMSEGED 1 , AYMEN FRIJA 2 , ANDREAS THIEL 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 regions. 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 increasing 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 householdmember skills through vocational training and education to enable them to engage in high-return and profitable non-farm livelihoods.

Index-Based Insurance for Cocoa Production in Ghana:

Just a Mirage? 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 potential to improve cocoa farmers' resilience and enhance their adaptability to climate change induced risks. However, the complex nature of the cocoa sector and the organisational 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 organisational 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 informant 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 farmers 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 insurance 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.

Keywords: Cocoa farmers, Ghana, index-insurance, willingness-to-pay 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 minorities. 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 results 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 identification 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. 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 purpose 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 productivity. 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 themselves 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 adaptation strategies would be essential to build sustainable solutions to food insecurity.

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

A Bayesian Belief Network Approach 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 revelation, 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 intensification 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 (multivariate cluster analysis and Decision tree algorithm) and probabilistic graphical models (Bayesian Belief Network) under uncertainty, we empirically examined the decision making process of farmers in KVFP. The preliminary result shows the relative importance of different external factors and regional settings (biophysical characteristics 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 Ethiopian rural households make significant part of their livelihood from natural resources 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 million 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 microenterprises (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 conducted 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. 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 extension 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 diversity 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. Survey 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 contexts, and farmer's perception of the status of degradation was affected by this variability. 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 topographical 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 practices, 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 degradation processes was better understood after analysing socioeconomic and biophysical contexts of the concerned areas.

Farmer's Perceptions of Land

Keywords: Agricultural practices, eastern DR Congo, farming system, soil degradation, South-Kivu, watershed 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 attribute 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 communities personally take photos and use them to generate narratives. In this study, this methodology is used to communicate the social and cultural reality which characterises 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 hypothesise 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 smallholders 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 meanings 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. We studied 12 agroecological smallholder farms in the municipalities of Guasca (Cundinamarca), Paipa and Duitama (Boyacá), in order to: 1. identify potential impacts of climate variability on production, incidence of pests and diseases, and income; 2: analyse the capabilities, potentialities and limitations of each agroecosystem to mitigate, cope and adapt to climate change and variability (resilience). We evaluated and scored 58 biophysical and cultural variables and grouped these into 11 components: 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 social mapping were conducted, along with a description of biophysical, soil and agricultural characteristics of each farm. The results show that all farmers have faced negative impacts associated to climate variability, being water scarcity the most common cause, followed by frost and heavy rains and flooding, with marked differences between 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 resilience of agroecosystems, while the main barriers to their adoption and scaling up were the limited access to capital, markets, financing and technical assistance. For every community we gather data from four focus groups with five participants. The groups are divided by the participants' gender and economic endowment. The data allows us to compare groups of individuals between and within the four communities. We identify patterns in inter-and intra-community characteristics 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 communities exposed to similar environmental challenges are perceiving risks in agriculture differently. Furthermore, the perceptions of groups within communities vary widely.
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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. The resilience concept has provided a new insight and approach to the conventional perspective of agricultural management by emphasizing the need to maintain a diversity 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 operationalize 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 farmers carried out between September 2015 and May 2016. Results from the subjective resilience measurement at the household level shows that there is no significant difference 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 capacities, 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. This paper presents the literature reviewed on the evolution of the natural hazard mitigation perspective and an overview of its progression to date. It demonstrates how the Actor-Network Theory (ANT) theoretical framework can be applicable to Muzarabani 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 providing 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 (human 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 paper 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 interactions 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. 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.
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Forward Looking Prioritisation of Farmer Innovation for Climate Change Adaptation in Cocoa Production in Ghana

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 innovation 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. The food, energy and water sectors are inextricably interlinked and face many common challenges in an era of growing natural resource scarcity, increasing environmental 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 neglected. 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. 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 socioeconomic performance. In contribution to this assessment, this study provides scientific evidence 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 pronounced 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. Migration can be one strategy of subsistence farmers to sustain, adapt or transform their livelihoods under changing environmental conditions. The sustainable livelihood approach (SLA) is well suited to tackle questions within the field of environmental change and human migration, as migratory decisions often emerge at the individual 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. 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 smallscale farmers into deeper poverty and wage-labour. The food sovereignty (FS) approach aims to return power and control over the food system to producers and consumers. 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 struggles 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 explores 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 discussions, 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 insecurity is fostered by pro-business policies introduced by the government and external stakeholders who increasingly control local resources. It was found that the commercialisation 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 somewhat 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. 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 employment as a coping strategy. This study aims at analysing the determinants of farm and nonfarm employment for smallholder farmers in Yayu biosphere reserve of South-West Ethiopia.
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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 effect 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 productivity, 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 expenditure, 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 external farm challenges. These call for sustainable and holistic approaches to improve the future productivity of small holder agriculture.

Can Sub-Saharan Africa Become Food Self-Sufficient? Supply Response Analysis of Sunflower Oil Producers in Tanzania

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 increasing 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 content, such as soybean, groundnuts, rapeseed and sunflower seeds. These crops are used largely for direct oil consumption, with their residues used as animal feed. Currently, 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 smallscale extracted edible oils contribute to about 40 % of the national edible oil requirement 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, respectively. 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 improves 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. The rural parts of Ethiopia and its agricultural sector went through dramatic changes in the last decade. However, dwindling farmlands and underdeveloped non-farm sectors 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 perspectives of spatial and sectoral wage-gaps and expansion in job opportunities fail to provide important insights and guide policy regarding the youth out-migrations witnessed 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 nonfarm activities. Contrary to the risk and poverty hypotheses of migration, household poverty showed insignificant association with children's migration. The effects, however, 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 transformation 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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Tanzania

The presented study investigates gender dynamics in vegetable producer's households as related 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 International 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 revealed 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 economically 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. 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 importance 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 agricultural 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 consumed. 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 beneficiaries 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. 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 relation 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 accounting 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 various scenarios. The simulation results have indicatedthat the consumption expenditure 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, removal 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 opportunities that link non beneficiaries to other agricultural projects to enable them coping with the increase in price or to improve their production. Climate change poses a lasting threat and its associated impacts are differentiated, affecting the livelihoods of men and women in different ways. The gendered differentiated impacts and experiences have been highlighted by both the United Nations Framework Convention on Climate Change and Food and the Agriculture Organization of the United Nations as very real, requiring clear strategies and inventions to address these. The Marrakech conference of 2001, in acknowledging the near permanent 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 variability 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 governing 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 participants 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 practices, 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. The sustainable intensification (SI) of agriculture is among the main paradigms guiding the 21 st century agricultural transition in sub-Saharan Africa. SI proposes simultaneous achievement of production and productivity increase while reducing impact 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 related 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 managed plots consistently showing higher adoption levels of both intensification and sustainability enhancing practices. The study further finds that women's empowerment makes an important distinction in the composition of SI practices adopted. Households where women have higher empowerment score on resource use, income, and time use adopted more sustainability practices, while households with lower empowerment 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 particular attention to social and relational issues.
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Keywords: Ethiopia, sustainable intensification, women empowerment 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 undernourished. 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 Dietary 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 generatedone 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 employment and less from crop production than food insecure ones. Interestingly, this is true for both rural and peri-urban areas.

Keywords: Cluster analysis, food security, Kenya, livelihood strategies 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 provides 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). Therefore, 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 studied 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 framework 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.

Keywords: Bangladesh, key informant interview, process net-map Today, agroecology is a central issue in agriculture, as it enables more sustainable and resilient systems. Nevertheless, smallholder farmers may be reluctant to adopt agroecological 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 incentives 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 services (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 incentives and had adopted conservation agriculture as a farming method., whereas the second group of 100 farmers consisted in vegetable farmers who had not adopted conservation agriculture yet. By comparing the relative value given to each incentive in the two groups, we obtained information about the needs of farmers already practicing 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. Agroforestry concession is an important policy instrument to combat deforestation in the Peruvian 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 disturbance. The Forestry and Wildlife Law and its Regulation have established activities to support 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 implementation 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. Institutional 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 development in Peru and other tropical countries. However, as the study shows, implementation depends on the institutional setting, policy environment and social, economic and environmental conditions of farmers.Further studies are necessary to explore similarities and differences for a successful implementation in other parts of Peru and other countries. 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.

Incentives for the
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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 development of climate change adaptation measures, natural resource and migration management 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 different types of environmental change and a variety of factors influencing their behaviour. 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 between environmental change and human migration in the tropics. The analysis outlined above will essentially contribute to a better understanding of the role of migration as environmentally-induced adaptation strategy. Mountains regions provide vital ecosystem services, serve as storehouses for biological 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 alternative 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, diversity and wisdom of mountain peoples for positive change.

The Asian Highlands are home to a unique concentration of both biological and cultural 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, supporting 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, social, 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 synchronise 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. 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, particularly in context of food security and a rapidly growing population. Despite vast research 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 Landsat 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 classified 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.
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Pastoral Farming in the Ili Delta, Kazakhstan, under Decreasing Water Supply: An Economic Assessment The Ili Delta with an extension of 8 000 km 2 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 dependent 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 current 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 calculated 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 already 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.

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 management, 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 resulting 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 regeneration. 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 examine the socioeconomic and gender-specific impacts of traditional and contemporary utilisation including market chains and cost-benefit assessments at household level. Agricultural cooperatives play an important role in supporting small agricultural producers 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 allocation 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.
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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 opportunity 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 comprehensive sector model and be used by the agricultural ministry of Georgia and the farmers as an instrument for effective farm decision making. Peppermint (Mentha piperita L.) leave extracts are being used widely in pharmaceutical, 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 nanofertilisers may become an alternative fertiliser source. In order to evaluate the effect of foliar application of nano-and bio-fertilisers on the morpho-physiological characteristics of peppermint, a completely randomized experiment was conducted with 7 treatments and 3 replications at the research greenhouse of Malayer University in 2015.
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Treatments were control, foliar application of 3 different nano-fertilisers (aqueous solution 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 vermiwash + 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 nanoand 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. Adverse amelioration condition of irrigated lands is an increasing problem to maintain sustainable 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 factors? 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 interactions 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 (groundwater 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. 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 pressure 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 reserves 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 population 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. Furthermore, 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 interlinked 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, monitoring, education and training; b) improve education for sustainable development, public awareness and involvement of local people in various activities, generally aiming 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 BMZfunded 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.
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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 local 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 infrastructure 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 gardens 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 Kyrgyzstan, 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 Contact Address: Aiperi Otunchieva, University of Kassel, Fac. of Organic Agriculture, Sect. of Organic Food Quality and Food Culture, Nordbahnhofstr. 1a, 37213 Witzenhausen, Germany, e-mail: aiperi.ot@uni-kassel.de

Influence of Biological Preparations on Melioration of Saline Soils: Case Study from 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 developed by Uzbek scientific institutions. Two biological preparations (Rizkom-1 and Trichodermin) applied through watering of cotton seeds before sowing should activate microbiological processes in saline soils. The Rizkom-1 is developed by the Institute 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 "Biosolvent" 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 particular 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 m 3 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 An increasing global energy demand, concerns about energy security such as availability 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, renewable 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 important issue for the deployment of such policy. The aim of this study is to provide muchneeded 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 renewable 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 behavioural 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. 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 second 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 quantitative 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 characteristics 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 m 3 water ha -1 for an economical yield. Such a WUE optimisation 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. 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 tolerate 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.) under 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 effects 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.

Keywords

Diversified Agriculture for a Balanced Nutrition in Sub-Saharan Africa -Projects Supported by the Federal Ministry of Food and Agriculture, BMEL SILVIA DIETZ 1 , HANNS-CHRISTOPH EIDEN 2

1 Federal Ministry of Food and Agriculture (BMEL), Head of Division "Research and Innovation", Germany 2 Federal 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 Germany'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 multistorey 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). NutriHAF as a research and capacity building project in the framework of the "Research Cooperation for Global Food Security and Nutrition", funded by the BMEL, aims at increasing nutrition security by integrating vegetables into multi-storey cropping 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, production and post-harvest handling of vegetables. So far, the project showed some interesting 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 extension 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 assisting 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 nutritious 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 gender 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. 

Food
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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 sinensis), 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 farming 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 community 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 associated 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 landscape 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. There is widespread consensus that the small farm sector is a key entry point for improving 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 insecurity and undernutrition. Smallholder agriculture needs to be made more nutritionsensitive, which requires innovation in various dimensions, including better technology, 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 randomised controlled trial (RCT) with farm households in western Kenya. 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 implementation remains a challenge and research cannot sufficiently impact people's realities.
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Therefore, the Green Innovation Center at AfricaRice in Benin develops service packages 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 development services in response to the diverse needs expressed by producers and processors. Costing of services is based on the prices of the local economy. Service providers are paid upon delivery using mobile money technology. An internet platform 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 innovations fly? What would be an appropriate institutional setting in order to meet the diverse demands of end users?

Keywords: Benin, cooperation, innovations, rice 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 irrigation while reducing its potentially negative consequences on downstream dwellers. Waterspreading weirs (WSWs) were introduced as holistic watershed management approach. Constructed 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 institutions 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 creating an avenue for wider impact. Growing water scarcity driven by climate change and consequent ecological degradation 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 augmentation 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 appraisal 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 operational 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 recommendable in the upstream mountainous zones in Fergana Valley of the Syr Darya. The study argues that cooperation among state agencies (water management and coordination institutes, Finance Ministry, banks) and agricultural producers (private and cooperative farms) could be essential for the success of these economically relevant technological transformations.

Keywords

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 consequences 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 successfully 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 analyses 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 benefit 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 predicted 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. Arid and semi-arid regions of the world are generally noted for their low primary productivity due to low and unpredictable water supply as well as soil infertility. Problems 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 leading 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 (Hibiscus 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

Keywords: Job creation, net profit, production costs, water productivity 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 documented 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 traditions. 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 52,54,90,102,105,111,194,275,312,314,316,318,404,411,427,467,470,486,507,508,518,519 
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Relevant Is Farmers' Knowledge in a Rapidly Changing Environment?

  SAHRAH FISCHER 1 , THOMAS HILGER 1 , SEBASTIAN POCHERT 1 , JULIUS TWINAMASIKO 2 , JAN WELSCH 3 , CATHERINE MEYER 1 , ANN-KATHRIN HEHL 1 , KATHINKA LANG 1 , JAKOB HENI 1 , GEORG CADISCH 1 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 depletion, 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 scientific 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 following 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.
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Impact of Native Rhizobium Strains Inoculation on Local Common Bean Production at Southern Ecuador
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Mycorrhizal Fungus Rhizophagus fasciculatus Promotes Artemisinin Accumulation in Artemisia annua
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	University of Delhi, Swami Shraddhanand College, Dept. of Botany, India	
	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 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 on-farm experiments were carried out in 2015 and 2016 planting seasons in Senegal
	statistical results without difference with the application of nitrogen fertiliser. However, the and Niger Republic. Yield assessment revealed seedball significantly enhanced pani-
	increasing in both case comparing with the fertilisation treatment turned out of 2.53 % and cle production by up to 29 %. Seedball yield increments vary according to soil types.
	2.35 % respectively. These results clarify the genotypical variability among Rhizobium strains No significant differences were found in on-station experiments due to over-fertilised
	and genotypes for common bean production and to contribute to carry out a sustainable agri-soils. Seedball can increase yield in a typical Sahel environment. It is simple to make
	cultural process in Andean region. 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	
	Contact Address: Charles Ikenna Nwankwo, University of Hohenheim, Inst. of Soil Science and Land
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	This study aimed to analyse the agroeconomic viability of the common bean cropping University of Bonn, Inst. Crop Sci. and Res. Conserv. (INRES), Germany
	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.
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	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.
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	Insufficient waste management in Sri Lanka attracted interest in alternative approaches Conservation
	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.
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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 regions of Nepal. Despite the importance of springs for the hill and mountain communities, a comprehensive understanding of the hydrology of these mountain springshed 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-D for Shikharpur and Banlek VDCs respectively. Based on local geological settings and isotopic information, 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.
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ties and possible climate change. Increasing anecdotal evidence suggests that natural and anthropogenic processes are leading to the drying of springs. Therefore, under 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 watersheds 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 stable isotopic variation in precipitation suggests that the altitude effect are -0.30 % for δ 18O and -1.73 % for δ D, and -0.26 % for δ 18O and -1.41 % for δ Contact Address: Luna Bharati, University of Bonn, Center for Development Research (ZEF), Genscherallee 3, 53113 Bonn, Germany, e-mail: L.bharati@cgiar.org
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Off, Soil Moisture, and Weed Management Strategies to Increase Water Productivity in Rain-Fed Crops in Tanzania

  Smallholder crop production systems in the semi-arid Dodoma region frequently suffer from drought-induced yield losses due to inadequate rainfall distribution and erratic rainfall events. The 30 year average rainfall amount of 500 mm during the rainyseason indicates that in general precipitation is sufficient for the crops to mature. Runoff 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.
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	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).

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 wilting 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 moisture was measured frequently using a PR2 Profile Probe. Leaf area, crop development stages, and biomass accumulation and partitioning were determined at regular intervals, and yield components were determined at harvest.
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  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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Linking the Economics of Water, Energy, and Food: A Nexus Modelling Approach for Egypt, Ethiopia, and Sudan

  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. However, 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, business as usual approaches are no longer an option. Instead, advances in food secu-
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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 component 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 biophysical components through a country-specific dynamic recursive computable general equilibrium model, allowing us to analyse the impacts of changes in water and energy
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The model advances previous 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 arrangements without legumes (e.g. sorghum-maize) in both 2015 and 2016. The accuracy for arrangements including legumes (e.g. cowpea) should be further improved by a better representation of dynamics in symbiotic N-fixation. Keywords: Competition, intercrops, Lintul 5, modelling, SIMPLACE Contact Address: Wenzhi Zeng, University of Bonn, Institute of Crop Science and Resource Conservation (INRES), Katzenburgweg 5, 53115 Bonn, Germany, e-mail: wzeng@uni-bonn.de
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  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 capabilities and support Brazil's contribution to meeting the "Bonn Challenge". The project will identify degraded areas, assess restoration options and explore trade-offs associated 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 pressures on deforestation as well as mitigating climate change.
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the Opportunity Cost of Reforestation in the Upper East Region of Ghana

  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 requires targeting strategies that integrate knowledge about farm-household characteristics and the potential for additional ecosystem service provision. In this article we test alternative approaches to predicting farm-household opportunity costs of reforestation 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.
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  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.
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of Degraded Lands through Agroforestry Systems at Rajasthan and Odisha, India

  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 assessment 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 interventions. A decade ago, rehabilitation interventions were carried out at three degraded areas in Rajasthan and two in Odisha. These interventions mainly included, 1) biological -assisted regeneration of natural vegetation and seeding with local tree and fodder 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 rehabilitated 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 interventions, 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 vegetation; trees, shrubs and grasses, whereas the control fields featured mostly scrubby vegetation and grasses. These results point out the high potential of agroforestry systems for bringing degraded lands into productive and economic use.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 m 3 and 2 million m 3 , respectively. 25 000 to 45 000 m 3 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 m 3 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 m 3 . 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.
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  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 market 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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World Agroforestry Center Collaboration for Developing R&D Capacity in Agroforestry: Key Highlights from 2011-2016

  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 agricultural 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 research-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 multiple 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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and Communication of Scientific Forecast Information and Advisory Services to Farming Communities in Jamalpur District, Bangladesh

  This paper explores how development agencies disseminate and communicate science-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
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  MEKONNEN BIRKE 1 , ANDREA KNIERIM 1 , AZAGE TEGEGNE 2 1 University of Hohenheim, Institute of Social Sciences in Agriculture, Germany 2 International Livestock Research Institute (ILRI), LIVES Project, EthiopiaChallenges 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 implementation 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 establishing AKCs by the Livestock and Irrigation Value Chains for Ethiopian Smallholders (LIVES) project and the agricultural extension offices that owned it ultimately.
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  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 communication focussing on local narratives and local institutions that store and transmit knowledge. The objectives were: 1) to detect certain educative messages in local narratives, 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 stakeholders from government or NGOs were conducted in July -August of the same year. The findings demonstrate local people's strong connection and appreciation of indigenous 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 incorporating nutrition-related messages in local narratives were mentioned. The overall 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. STEINKE 1,2 , JACOBVAN ETTEN 2 , MARKVAN WIJK 3 1 Humboldt-Universität zu Berlin, Germany 2 Bioversity International, Information services and seed supplies, Costa Rica 3 International Livestock Research Institute (ILRI), Livestock Systems and the Environ-
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Fight against Poverty: Evidence from 'Big-Push' Interventions in Samburu County, Kenya ANDREW

  KIPLAGAT 1 , ANIKA MAHLA 2 , KARIN GAESING 2 , ROSE LOKOYEL 1 1 University of Eldoret, Dept. of Environmental Planning and Management, Kenya 2 University of Duisburg-Essen, Inst. for Development and Peace (INEF), GermanyPoverty 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 insecure, 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 focus 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

Development. A Multi-Level Analysis of Obstacles and Potentials in Ethiopia

  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) investigating 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 organisational 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 adaptation are elaborated by the government with minor involvement of non-government stakeholders 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 system impedes multi-stakeholder collaboration and information transfer fitting to local contexts. Trainings on agricultural and environmental rehabilitation activities are offered to local stakeholders 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 relevant actors. Platforms for multi-level stakeholder dialogue can facilitate access to information, knowledge exchange and the production of new knowledge. Prerequisites are vertical and horizontal institutional linkages, and the sharing of decision-making power and responsibilities.
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  Studies have shown that land users' local ecological knowledge (LEK) on forage resources is of critical importance for their adaptive rangeland management. Notwithstanding, there has been little discussion on how smallholder farmers perceive forage 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
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out ethnobotanical surveys on their understanding of such ecological variables with respect to forage plants in different parts of northern Ghana and southern-central Burkina Faso. Data were analysed via descriptive statistics, bivariate correlation analysis and cognitive salience index calculation to disentangle the dynamics of local responses 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 lowland topography and combined landscapes of the two topographic positions. According to them, approximately 82 % of reported items were considered to be commonly available in local landscapes, while most of them indicated that available forage resources have been experiencing a gradually increasing trend over the past few years. Contact Address: John-Baptist S. N. Naah, University of Bonn, Center for Development Research (ZEF), Walter-Flex-Str. 3, D-53113 Bonn, Germany, e-mail: jnaah@uni-bonn.de 332 ID 1086
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  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 because sanitisers are not used when washing hands, making the practice ineffective.

	BASOLE OLIVIER KASHONGWE 1 , JOSEPH MATOFARI 2 , BOCKLINE BEBE 1 ,
	CHRISTIAN HÜLSEBUSCH 3
	1 Egerton University, Dept. of Animal Science, Kenya
	2 Egerton University, Dept. of Dairy, Food Science and Technology, Kenya
	3 German Institute for Tropical and Subtropical Agriculture (DITSL), Germany
	Influence of farm-level practices on milk quality and postharvest milk losses (PHL)
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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 pastoral 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. aureus (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 knowledge 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 uptake. Calf suckling in pastoral camel herds may be recommended due to lack of water for cleaning udders prior to milking.

Keywords: Policy implication, postharvest milk losses, Staphylococcus aureus

Contact Address: Basole Olivier Kashongwe, Egerton University, Dept. of Animal Science, Egerton, Njoro, Kenya, e-mail: okashongwe@yahoo.fr

336 ID 281

An Analysis

of Smallholder Livestock Strategies in the Central Highlands of Kenya

  

	EMILY KINSEL, ANTONIA HERM-STAPELBERG, ASTRID BERTELSEN,
	DANIEL ELLEHAMMER LARSEN
	University of Copenhagen, Fac. of Science, Denmark

:

  Dairy cattle, Kenya Central Highlands, livestock strategies, smallholder farming

Contact Address: Emily Kinsel, University of Copenhagen, Fac. of Science, Bülowsvej 17, 1870

Frederksberg Copenhagen, Denmark, e-mail: ejkinsel@gmail.com ID 880

Can

Livestock Production Contribute to Consumption of Animal Food Sources? A Case of Rural Tanzania

  University of Hohenheim, Inst. of Biological Chemistry and Nutrition, Germany Inadequate consumption of animal source foods is a common problem in developing countries, including Tanzania. It is linked with persistence of protein and energy malnutrition 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 questionnaire tool and measurement of food intake were administered to mothers/caregivers in the households. Interviews and focus group discussions were applied to study livestock 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.
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Improvement 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 significantly (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 Contact Address: Muayad Salman, Ministry of Agriculture, General Direct. of Extension and Rural Dev., Qusin, Nablus, Palestine, e-mail: moayednas@yahoo.com
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  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 comprising 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. Vasile Goldis Wester University of Arad, Fac. of Pharmacy, Romania 3 Carol Davila University of Medicine and Pharmacy, Romania
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The Constraints

Nutritional Effects of Dietary Astragalus Polysaccharides on Weaned Pigs under Smallholder Conditions ERNEST

  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 Intergovernmental Panel 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 Hemisphere, there is a high degree of uncertainty associated with CH 4 emission estimates from African livestock systems. Accurate Tier 2 GHG emission reporting from developing countries becomes particularly necessary following the Paris Climate agreement 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 performance 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 CH 4 EFs were: 39.9, 48.5, 30.6, 36.1 and 31.6 kg CH 4 /head/year for mature 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. DARKWAH YEBOAH 1 , YU-GUO ZHEN 2 , CHARLES ADARKWAH 3 1 University of Energy and Natural Resources, Dept. of Animal Production and Health, Ghana 2 Jilin Agricultural University, Animal Nutrition and Feed Science, China 3 Humboldt-Universität zu Berlin, Division Urban Plant Ecophysiology, Germany

	The Immuno-
	PHYLLIS NDUNG'U 1 , BOCKLINE BEBE 2 , JAMES ONDIEK 2 , KLAUS
	BUTTERBACH-BAHL 3,1 , LUTZ MERBOLD 1 , JOHN GOOPY 1
	1 International Livestock Research Institute, Kenya
	2 Egerton University, Dept. of Animal Science, Kenya
	3 Karlsruhe Inst. of Technology, Inst. of Meteorology and Climate Research, Atmospheric
	Environmental Research, Germany

and Nutritional Characteristics of Traditional Meat Products of Borana Community in Marsabit County, Kenya

  Ernest Darkwah Yeboah, University of Energy and Natural Resources, Dept. of Animal Production and Health, P.O. Box 214, Sunyani, Ghana, e-mail: ernest.darkwah@uenr.edu.gh Jomo Kenyatta University of Agriculture and Technology, Food Science, Kenya 2 National Museums of Kenya, CBD, Kenya 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 without 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.
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Cook Stove Technology for Artisanal Palm Oil Clarifi- cation and Biochar Production in Ghana

  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-
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  Insects, moisture content, seal, storage, vacuum Makerere University, Dept. of Electrical and Computer Engineering, Uganda 2 University of Kassel, Agricultural and Biosystems Engineering, Germany 3 Newcastle University,School of Agric., Food and Rural Developm., United Kingdom Pineapples, like many fruits, are highly perishable and require either immediate consumption or processing and/or refrigeration for later consumption. The perishability 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 understand 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 average; 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 potential for the optimisation of energy, water, and pineapples exists in these processes.
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Fair Trade Certification Improve Farmworkers' Welfare and Empowerment? Evidence from Nicaragua and Brazil

  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 empowerment among small producers and improve their livelihoods. In 2011, FT USA started certifying coffee estates, in order to include also farmworkers into a new certification 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 includes 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 implementation 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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Challenges of Producer Organisations in Impacting Smallholders' Productivity and Commercialisation: Evidence from Ethiopia

  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.
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Chain Analysis of Vegetable Crops: The Case of 'Yayu' Biosphere Reserve Area of Ethiopia

  The study was conducted in Yayu and Hurumu districts of Illubabor zone, Ethiopia with the specific objectives of analysing vegetable value chain, examining the performance 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 generated from randomly sampled 330 producers, 25 traders and 16 consumers using structured 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 marketing channels for vegetable crops were identified. The study identified different constraints related to vegetable production. The major constraints are: lack of nutrition-sensitive farming systems; pest and disease problems; high cost of seed; lack of high quality seeds; non-availability of chemical inputs; seasonal constrained produc-
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of Pulses Industry Value Chain in Bago and Mon State, Myanmar

  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. Myanmar 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 dynamics. 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 making 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 development (R&D), the industry can continue to grow.
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mortem Management and Microbiological Presence as Quality Factors along the Beef Value Chain in 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 microorganisms 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, microbiological 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 Coliform 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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t Fly -Engaging Young Professionals as Service Providers to Accelerate Adoption and Impact at Large Scale

  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 approaches that also include nutrition training and market linkage elements. Data from the baseline (late 2015) and follow-up survey (late 2016) are used to statistically 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 agricultural 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.
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Agriculture Organisation (FAO) and the international agricultural research centres (IARCs) of the CGIAR (formerly the Consultative Group on International Agricultural Research) provide long-term funding for the conservation of priority collections of crop diversity around the world. 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 supported 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 resources for food and agriculture. The urgency of such efforts is increasing, not least because of pressure on food production systems from climate change.

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 adequately 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 'intangible' 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) human 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 comprehensive 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 techniques 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. 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 implementation of community activities to improve nutrition and an endline survey. During the baseline survey, data was collected in 10 randomly selected sub-locations in Vihiga County. After pair-matching, five (intervention sub-locations) of the 10 sublocations took part in participatory workshops to develop community activities to improve nutrition, while the other five served as control. During the first year of implementing 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 stratified as beneficiaries (participating in development and implementation of activities; receiving agricultural training and nutrition education) and non-beneficiaries (receiving 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-beneficiaries (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 %, respectively) than in the non-beneficiary (10 % and 15 %, respectively) and beneficiary group (12 % and 13 %, respectively) did not meet minimum dietary diversity. Looking 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.

Agrobiodiversity and nutrition diversity

Keywords: Agrobiodiversity, community-based participatory approach

Contact Address: Julia Boedecker, Bioversity International, Healthy Diets from Sustainable Food Systems, c/o ICRAF, P.O. Box 30677, 00100 Nairobi, Kenya, e-mail: j.boedecker@cgiar.org ID 715 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.

Diet Adequacy of Male Ugandan Farmers -A Cross-Sectional Case Study in Kapchorwa District of 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 interviews 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 measurements 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.

Dietary Diversity and Micronutrient Status of School Children in

Chamwino and Kilosa Districts, Tanzania 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 obtain 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 assay 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 significant 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 households 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 vegetables/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.

Community Perceptions, Practices and Knowledge of Insects for

Food in Kenya: A Case of Saturniidae 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, perception 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 information from communities on knowledge, availability, consumption and potential for rearing of saturniids for sale and local consumption. Based on the feedbacks, we recorded the availability of seven saturniid species including Gonimbrasia zambesina, Naudarelia 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, saturniids 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 challenges 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 opportunities for trade will be critical to mainstream saturniids among the edible insects in Kenya. 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 history 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 smallscaled, localised and horizontally integrated -examples include community-supported agriculture, 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 emphasis 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 interaction 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 narratives 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.

Keywords: Edible insects, mass rearing, saturniids

Sustainable Agriculture Models and Willingness to Pay (WTP):

A Matching Approach among Consumers in Kenya 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 households, remains at minimum levels. Moreover, few studies have attempted to evaluate the factors that affect perception of sustainable agriculture models for organic vegetables 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 organic 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 5 th 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. Subsequently, we analysed the data using a propensity score matching. The results suggest a significant relationship between perception of "Save and Grow model" and the following 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. 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 agriculture-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 major 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 agricultural production being severely impacted, particularly by erratic rainfall. In response to increasingly frequent pre-monsoon droughts, some farmers have actually abandoned during the past 15 years cultivating rice as the main subsistence and marketcrop, but also the cultivation of pre-monsoon crops such as sesame. Most farmers have traditionally been dealing with climatic risks by providing supplementary irrigation, 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 adaptation 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 patterns and agronomic practices. We will present preliminary findings from the ongoing 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.

Keywords
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Contact Address: Akary Min, University of Bonn, Department of Geography, Lennestrasse 62, 53113 Bonn, Germany, e-mail: s7akminn@uni-bonn.de 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 adequate 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 reflected the weather station records. Time series analysis proved a significant increase in both mean annual minimum and maximum temperatures. Absolute amounts of annual rainfall appeared 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 periods 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. Links between environmental resources and conflicts are highly complex, non-linear and influenced 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.

Climatic Changes in the Mid-Hills of Nepal: A Study on Smallholder Farmers' Perception and Reactions

Analysing the Effects of Conflicts on Agricultural Production, Case 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 agricultural 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 index 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.

Perspectives of Stakeholders Towards the Development of Ecotourism as Collective Actions of Sustainable Collaborative Management in Kerinci Seblat National Park, Sumatra, Indonesia

DONI YUSRI 1 , HEIKO FAUST 2 1 University of Pertamina, Communication Sciences, Indonesia 2 University of Goettingen, Dept. of Human Geography, Germany

Regions around preservation and conservation areas, such as national parks, are vulnerable to conflicts, especially, between local communities and conservation managers. In consideration of this problem it is necessary to unify the stakeholders in the context of collaborative management to support pathways to sustainable management. 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 focuses 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 villages 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. 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. Measuring 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.

Institutions and livelihood

Based on a sample of 378 Ethiopian households, this study addresses this shortcoming and in addition, assesses the effect of decision-makers' gender on the social expenditures 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 households 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 decisions being made by single, two, or more individuals. By means of principal component analysis, a suitable index referred to as Women's Participation in Decisionmaking Index (WPDMI) is developed. Using this index as the main independent variable 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 index sufficiently captures and reflects the empowerment information contained in the decision variables. Moreover, the findings show that an increasing women participation 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. 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 appropriating the program's elements to their advantage. Program-related ignorance of smallholders' unequal starting positions create both ecological and social discrepancies. They hit asset-deprived 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 intensively 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 agroecological development programs, which are shaped by smallholders' diverging livelihood asset bases and opportunities to appropriate the programs' elements.
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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 facilitate 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. Motivations 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 suggests 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 collaboration. The study serves as a landmark for understanding stakeholders' roles and their influence in implementing upgrading strategies.

Sustainability Assessment for Planning Development Interventions

Within the Framework of the Sustainable Development Goals 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 scientific 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 transdisciplinarity; 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 interventions, 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 international transdisciplinary research effort, aiming at improving rural and urban livelihoods 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.

Urban Agriculture for Food Security and Income Generation:

The Case of Maputo and Cape Town 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 commonalities. 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. Male out-migration from rural communities to urban areas and abroad for better economic 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 primarily 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 opportunities 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-migration 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 ACIARfunded project "Improving water use for dry season agriculture by marginal and tenant farmers in the Eastern Gangetic Plains", this presentation will investigate how a collective 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 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 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 identified 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 randomly 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 located 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 agroforestry), 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 management in these natural oak forests might lead to a strong decrease of the intra-species diversity. This study undertakes researches of sewage water quality indicators after purification: 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 biogenous 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. NO 3 -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±0.08 mg l -1 , aluminum 0.12±0.01 mg l -1 , and lead 3.66±0.06 mg 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 channel water contained more generic diversity (9 genus) as presented by Chlorophyta, and opposite to the Sorbulak lake contained also Chromophyta (7 genus ) and Cyanophycea.

Study of

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. However, Sorbulak lake water doesn't correspond to the quality levels for heavy metals and phenols.

Keywords: Algae, biogenous element, lake-collector Sorbulak, waste water 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 agricultural practices; • organisational structures; • most successful communication channels for information sharing from farmer to policy level.
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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 characteristics 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 More than 2 billion people worldwide suffer from macro-and micronutrient deficiencies, 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 diversity 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 aquaculture 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. Compared 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 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 programme "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 harvester, 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 resistance 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
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