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The first annual Research Symposium of the World Food System Center presents a selction of onging food 
systems research taking place at ETH Zurich. It features presentations about the first round of concluding 
projects supported by WFSC grants, the Mercator Research Program, and the Coop Research Program.



Program

17.30  Welcome and Introduction        

17.35  Session 1: Organic Production Systems      

Featuring concluding PhD projects that are supported by the Mercator 
Research Program

Presented by

How longevity drives greenhouse gas emissions of milk produced by 
dairy cows in two feeding regimes

Florian Grandl
Animal Nutrition Group

Biodiverse shade tree canopies in coffee agroforestry systems 
enhance coffee production and quality

Maike Nesper
Ecosystem Management 
Group

Zinc biofortification of wheat through organic matter management 
in sustainable agriculture

Benjamin Costerousse
Roman Grüter
Plant Nutrtion and Soil 
Protection Groups

Featuring concluding Postdoctoral projects that are supported by the 
Coop Research Program

Presented by

Improving buckwheat as an agronomically attractive crop for healthy 
food

Dr. Eduardo Pérez
Crop Science Group

Cadmium Uptake by Cocoa in Latin America Dr. Anja Gramlich
Soil Protection Group

Novel approach to biologically control spoilage of fresh vegetables 
using naturally produced reuterin 

Dr. Anna Greppi
Food Biotechnology 
Group

18.35 Session 2: Sustainable Food Value Chains

19.20  Concluding Remarks followed by Poster Session with Apéro
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Posters
Cascading Crop Export Restrictions Rebekka Burkholz, Frank Schweitzer

Non-thermal plasma as a sustainable intervention technology to improve shelf life and safety of 
sprouted seeds Denis Butscher, Martin J. Loessner, Philipp Rudolf von Rohr, Markus Schuppler

How to Intensify organic Basmati production in Uttarakhand, India? M. Chakraborty, D.K. Singh, 
A. Srivastava, F. Eyhorn, J. Groot, J. Six, C. Decock

Improved cassava-maize intercropping for sustainable cassava production in Nigeria Charles 
Chigemezu, Magda Necpalova, Kreye Christine, Pieter Pypers, Abdulai Jalloh, Adeyemi Olojede, 
Anthony Ano, and Johan Six

Effects of polyphenol rich diet on the hormonal profile of heifers Daniel Chiumia, Katrin Giller, 
Joel Berard, Tobias Zehnder, Susanne E. Ulbrich

Towards nutritional security through organic management of soil fertility in orange-fleshed 
sweetpotato systems in Mozambique Rafaela Conz, Engil Pereira, Maria Isabel Andrade, Johan Six

Innovations in Agricultural Weather Insurances Tobias Dalhaus, Robert Finger

Trees for the enhancement of mycorrhizal functioning in low-input maize cropping systems 
Janina Dierks, Wilma Blaser, Hannes Gamper, Johan Six

Managing manure for sustainable organic Basmati rice production L. Ditzler, C. Decock, T.A. 
Breland, C. Francis, M. Chakraborty, D.K. Singh, A. Srivastava, F. Eyhorn, J. Groot, J. Six 

Impacts of climate change on agricultural production: Measurements at Oensingen improve 
climate and agricultural models Carmen Emmel, Petra D’Odorico, Andrew Revill

Sustainable management of peat soils in Switzerland Marie Ferré, Stefanie Engel, Adrian Müller, 
Elisabeth Gsottbauer

Living Lab for Sustainable Campus Catering  Bastian Flury, Patrick Jiranek

Dual-purpose poultry: opportunities for an ethically improved poultry production alternative 
Gangnat IDM, Mueller S, Kreuzer M, Siegrist M, Messikommer RE, Visschers VHM

Phosphorus cycling within soil aggregate fractions of maize-pigeon pea intercropping systems 
of Malawi Gina Garland, E.K. Bünemann, A. Oberson, E. Frossard, S. Snapp, R. Chikowo, J. Six

Influence of Sulforaphane Preconditioning of Colon Cancer Cells on the DNA Adducts Induced by 
the Anticancer Prodrug PR104A Frederike Gossner, Alessia Stornetta and Prof. Dr. Shana J. Sturla

PUBLIFARM Karin Güdel, Tibor Gyalog, Sabina Keller

Assessing the resilience of the tef value chain in Ethiopia Samuel Hauenstein, Jonas Joerin, 
Johan Six

Organic Wheat Farming Improves Grain Zinc Concentration in central India Julian Helfenstein, 
Isabel Müller, Roman Grüter, Gurbir Bhullar, Lokendra Mandloi, Andreas Papritz, Michael Siegrist, 
Rainer Schulin, Emmanuel Frossard 
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Edible Research – Hands-on learning for sustainability in agroecosystems  Anett Hofmann, 
Anna Gilgen, Michelle Grant, Johan Six

Developing a Sustainable Value Chain of Amazon Nuts (Bertholletia excelsa) for Swiss Consumers: 
an Interdisciplinary Approach Merel Jansen, Fidel Chiriboga, Manuel Guariguata, Carmenza 
Robledo, Juan Andrés Santelices, Julia Quaedvlieg, Chris Kettle 

Assessing and enhancing the resilience of the tef and cocoa value chain in Ethiopia and Ghana 
Jonas Joerin, Samuel Hauenstein, Evans Dawoe, Solomon Chanyalew, Pius Kruetli, Johan Six

Assessment of agricultural drought vulnerability in Sub-Saharan Africa Bahareh Kamali, Karim 
Abbaspour; Bernhard Wehrli, Hong Yang

LERNfeld Sabina Keller, Eric Wyss, Juliette Vogel

Own country is best: How country of origin, labels and seasonality affect consumers’ 
environmental and social sustainability perception of food Gianna Lazzarini, Vivianne Visschers, 
Michael Siegrist

Intensifying global croplands with lower environmental costs Wenfeng Liu, Hong Yang

The viability of conservation tillage in Swiss organic agriculture as related to efficient nitrogen 
use  Loaiza, V., Pereira, E., van der Heijden, M., Wittwer, R., Six, J.

Sustainable food processing as driver of the global bioeconomy Alexander Mathys

The economics of pesticide Use Niklas Möhring

Assessing the resilience of the cocoa value chain in Ghana Elena Monastyrnaya, Jonas Joerin, 
Evans Dawoe, Johan Six

Strategies for feeding the world sustainably with organic agriculture Adrian Müller, Christian 
Schader, Nadia El-Hage Scialabba, Judith Hecht, Anne Isensee, Karl-Heinz Erb, Pete Smith, Peter 
Klocke, Florian Leiber, Matthias Stolze, Urs Niggli

The challenges of Post-harvest drying African Cowpeas Leaves and Jute Mallow Vegetables 
Gibson Peter Mutuli, Duncan Onyango Mbuge and Raffaele Mezzenga

Evaluation of agronomic practices on growth, yield of cassava and physical properties of soils 
in Southwestern Nigeria Olabisi Onasanya, Magdalena Necpalova, Salako Felix, Stefan Hauser, 
Pypers Pieter, Abdulai Jalloh, Veronica Uzokwe , Johan Six

How can smallholders in Mozambique replenish soil nutrients in sweetpotato systems? Results 
from a field survey Engil Pereira, Rafaela Conz, Johan Six

Drying of fresh fruit: a multiscale approach Kevin Prawiranto, Thijs Defraeye, Dominique Derome, 
Jan Carmeliet

Can root-associated microbes contribute to an ecological intensification of rooibos cultivation? 
– A harmonisation of organic & conventional farming Josep Ramoneda, Emmanuel Frossard, 
Johannes Le Roux, Noel Oettle, Hannes A. Gamper

Development of High Energy Red Clover Michael E. Ruckle, Michael Meier, Lea Frey, Samuel C. 
Zeeman, and Bruno Studer
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The access of citizen-consumers’ to Swiss agro-food decision processes: often called upon, 
rarely influential?  Rémi Schweizer

Zinc and Cadmium in Soil and Wheat Grains on Swiss Farms: Comparison of Organic and 
Conventional Management Steffen A. Schweizer, Susan Tandy, Benjamin Seitz, Marcel van der 
Heijden, Rainer Schulin

Delivering Food Security on Limited Land: Engaging Global Stakeholders through Knowledge 
Exchange and Education Aimee Shreck, Michelle Grant, Nina Buchmann, and Devil Consortium 
Members

Meeting iodine requirements: importance of milk and cheese for the Swiss population Olivia 
van den Reijden

The effects of tree species diversity on soil fertility in cocoa-plantations of southeast Sulawesi 
Ariani Wartenberg, Wilma Blaser, James Roshetko, Meine Van Noordwijk and Johan Six

Nitrified Urine as Organic Fertilizer: A Trans-Disciplinary Approach to Solutions-Oriented 
Community Development Ben Wilde, Dr. Johan Six, Dr. Astrid Oberson, Dr. Eva Lieberherr, Dr. 
Engil Isadora Pereira

Improving disease resistance of pea through selection at the plant-soil interface  Lukas Wille, 
Pierre Hohmann, Monika Messmer, Bruno Studer

Virtual cold chain for modelling the postharvest quality evolution of packaged fresh fruits  
Wentao Wu, Paul Cronjé, Umezuruike L. Opara, Thijs Defraeye

Valorising non-competing forage resources of marginal mountain pastures Zehnder T., Schneider 
M.K., Berard J., Kreuzer M. and Lüscher A.

Gut microbes transform food mutagens to metabolites with changed toxicity Jianbo Zhang, 
Shana J. Sturla, Mirjam Schneider, Mostafa Fekry, Christina Engels, Christophe Lacroix
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Cascading Crop Export Restrictions
Rebekka Burkholz, Frank Schweitzer
Systems Design Group, ETH Zurich

ABSTRACT

Cereals are the most important source of calories for human consumption, of which an increasing 
amount is traded internationally. The growing complexity of global food value chains creates 
indirect international dependencies that become difficult to assess. We present a proxy for such 
food trade dependencies by considering a simple model of cascading export restrictions with 
respect to the four major internationally traded crops: maize, rice, soy, and wheat. We assume 
that in response to initial shocks or decreased imports, countries can restrict their exports to 
compensate for losses. The successive reduction of trades reveals higher order dependencies 
between countries that are not captured by an analysis that focuses on direct trading partners. It 
further allows us to identify critical trade intermediaries, which channel cascades. To study the 
evolution of the cascade risk from 1992 to 2013, we define several systemic risk indicators that 
summarize different cascade aspects and their consequences for the countries that participate in 
trade. We find that cascades usually evolve over many iterations, involve a considerable number 
of countries, and comprise a high number of export restrictions. However, in consequence, the 
losses resulting from a shock are also shared between an increasing number of countries and 
lead to reduced single losses. We interpret this as sign of enhanced risk diversification.
 

Export restrictions are a common policy to ensure the national food supply in times of stress. We analyze the 
consequences of such policies for the availability of food in other regions of the world. 
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This research is supported by the WFSC Coop Research Program. The project, 
Non-thermal plasma as a sustainable intervention technology to improve shelf 
life and safety of sprouted seeds (microPLASMA) , began in 2016. 
Further information is available at www.worldfoodsystem.ethz.ch/research/CRP 

Although sprouts are exceptionally rich sources of protein, dietary fiber, vitamins, minerals, and antioxidants, 
they represent ambivalent products because seeds used for sprouting are often contaminated with unwanted 
microorganisms and the sprouting procedure provides favorable conditions for their growth. Therefore, this 
project aims to investigate and evaluate the application of non-thermal plasma as a novel approach for the 
disinfection of sprout seeds in order to reduce food loss and increase food safety in sprout production. 

ABSTRACT

The consumption of fresh fruit and vegetable products has dramatically increased during the 
past few decades and contributes substantially to consumers’ health due to the nutritional values 
and health benefits of fresh produce. However, inherent to all minimally processed products is 
the short shelf life which causes high product loss of estimated 20-30% each year, and the risk 
for outbreaks of foodborne diseases, which have been increasingly related to such products. In 
particular sprouts have been identified as a frequent source for pathogenic bacteria. The most 
likely source of unwanted microorganisms on sprouts are the seeds itself, while the conditions 
during the sprouting process heavily favour the growth of the microorganisms. The current 
lack of an effective but sustainable seed disinfection technology demonstrates the urgent need 
for research on relevant prevention and intervention technologies in the production process of 
sprouts to guarantee food safety and prolonged shelf life of the product. Use of non-thermal 
atmospheric pressure plasma represents a novel alternative approach to conventional seed 
treatment methods, because it inactivates effectively different kinds of microorganisms without 
the use of hazardous chemicals. Therefore, the application of non-thermal atmospheric pressure 
plasma as a sustainable disinfection technology will be investigated and evaluated in this project 
that focuses on three aspects: i) increase of shelf life by reduction of contaminating spoilage 
microbiota, ii) improvement of food safety by elimination of pathogens, and iii) evaluation of the 
impact of plasma treatment on the germination properties of seeds and the quality of the resulting 
sprouts. 

Non-thermal plasma as a sustainable intervention technology to improve 
shelf life and safety of sprouted seeds
Denis Butscher, Martin J. Loessner, Philipp Rudolf von Rohr, Markus Schuppler
Food Microbiology Group, ETH Zurich
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This research is supported by the WFSC Coop Research Program. The project, 
Sustainable intensification of organic Basmati rice production in Uttarakhand, 
India: a multidisciplinary systems approach (BasmaSus), began in 2015. 
Further information is available at www.worldfoodsystem.ethz.ch/research/CRP 

The presented research seeks to address how the soil fertility status of smallholder farms in northern India 
can be improved, without increasing environmental pollution.

ABSTRACT

In the state of Uttarakhand in northern India, an ongoing agricultural development project aims at 
improving the livelihoods of smallholder farmers through the promotion of organic and fair-trade 
Basmati rice production. Within this context, a research project links biophysical measurements at 
a controlled field trial, farm surveys, and bio-economic farm modeling to assess how alternative 
agronomic management affects farm-level sustainability, taking into account biophysical, 
agronomic, economic and social sustainability criteria. Here, we present the results of the field 
trial which was established at a local university to quantify field-scale greenhouse gas emissions 
and major nutrient input and loss pathways for eight organic management strategies. The 
treatments include a nutrient gradient, diverse sources of organic nutrient inputs, and improved 
irrigation management.  Preliminary results suggest that increasing nutrient inputs compared 
to farmers’ practice is essential to safeguard soil fertility in the region. Moreover, nutrient inputs 
in these systems can be increased under organic management without significantly increasing 
environmental pollution such as nitrogen leaching and greenhouse gas emissions, which is 
promising and in contrast to projections in the current literature. The results further suggest 
that the introduction of legumes in the rotation, either as intercrop or as green manure, could 
partially help close the presently observed nutrient gaps.
 

How to Intensify organic Basmati production in Uttarakhand, India? 
M. Chakraborty, D.K. Singh, A. Srivastava, F. Eyhorn, J. Groot, J. Six, C. Decock 
Sustainable Agroecosystems Group, ETH Zurich 
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Cassava and maize are produced by resource limited farmers under intercropping system for food security, 
income generation, and resource maximization in Nigeria. However, yield of both crops especially cassava is 
poor in farmers’ field. Due to the yearly increase in food demand, land use intensification and projected  
doubled demand for cassava root by the year 2020, there is a need to improve agronomic management 
strategies to ensure a sustainable yield of cassava and maize in cassava-maize intercropping system.

ABSTRACT

Intercropping has been proposed as an option for sustainable agricultural intensification and meet 
increasing global food demand while addressing environmental impact issues. It is a common 
practice in tropical parts of the world with longer growing seasons that small holder farmers 
allocate about 0.2 - 0.3 ha (30 - 45% of their farm area) to cassava based intercropping. As much 
as 15 to 20% of the world’s food supply comes from these systems that reduce risk in agriculture 
and increase food security. Cassava-maize intercropping is the most popular in Nigeria. Yet, 
the cassava yield of these systems in Nigeria is low, with an average yield of less than 12 t/ha in 
farmers’ fields despite its potential yield of over 80 t/ha. Hence, there is a substantial potential for 
agronomic improvements of the cassava-maize intercropping system. I will study (1) the effect of 
split application of different rates (0, 90:20:40 and 75:20:90) of mineral fertilizer nutrients (N:P:K)  
on the growth and development of cassava and maize; (2) 10,000 versus 12,500 plants/ha cassava 
and 20,000 versus 40,000 plants/ha maize densities on light interception and crop micro-climate 
improvement, and (3) the effects of erect and branching cassava genotypes on the yield of cassava 
and  maize in cassava-maize intercropping system over two years (2017 and 2018) in Nigeria.

Improved cassava-maize intercropping for sustainable cassava 
production in Nigeria
Charles Chigemezu, Magda Necpalova, Kreye Christine, Pieter Pypers, Abdulai Jalloh, Adeyemi 
Olojede, Anthony Ano, and Johan Six
Sustainable Agroecosystems Group, ETH Zurich
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The knowledge to be generated through this research study can be used to identify possible strategies for 
improving forage based feeding systems based on reproductive performance. 

ABSTRACT

Pregnancy failure is one of the most common problems in dairy cattle. The research interest 
addresses dietary polyphenols as contributors to the nutritional environment during early embryo 
development. The aim is to determine the effects of polyphenol rich diet on the reproductive 
performance by comparing two feeding systems; alpine and lowland systems. Thirty-eight Holstein 
(H) and Dexter (D) heifers (aged 9-26 months (mean ± s.e.m.: H=15±0.8; D=13±0.9) and with a body 
weight of H=370±11 and D=173±10 kg), were monitored for 80 days. Twenty heifers grazed alpine 
pasture at Alp Weissenstein (H: n=15) and Alp Drosa (D: n=5), respectively, while eighteen heifers 
grazed lowland pasture (H: n=12; D: n=6) at the research station Chamau. The animals were 
synchronised and slaughtered on day 4 after artificial insemination. Blood samples were collected 
and an enzyme-linked immunosorbent assay was used to quantify progesterone (P4) level. The 
feeding system significantly affected P4 at slaughter (P = 0.025) with heifers in the lowland feeding 
system having higher mean P4 values than those in the alpine regions (3.2±0.5 vs 2.1±0.2 ng/ml). 
A similar trend was observed in the Dexter heifers (5.0±1.21 vs 2.4±0.6 ng/ml). The breed had no 
effect on P4 concentrations. These preliminary findings suggest a potential influence of the diet on 
the hormone profile. Our further analysis envisions to define if the polyphenol content in the diet 
known to differ between alpine and low land pastures could substantially affect the reproductive 
performance of ruminants. The knowledge can be used to identify possible strategies for improving 
forage based feeding systems based on reproductive performance.

Effects of polyphenol rich diet on the hormonal profile of heifers
Daniel Chiumia1, Katrin Giller1, Joel Berard2, Tobias Zehnder2, Susanne E. Ulbrich1

1Animal Physiology, Institute of Agricultural Sciences, ETH Zurich
2Animal Nutrition, Institute of Agricultural Sciences, ETH Zurich
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This research is supported by the WFSC Mercator Research Program. The project, 
Towards nutritional security through organic management of soil fertility in 
orange-fleshed sweet potato systems (ORMASP), started in 2015. 
Further information is available at www.worldfoodsystem.ethz.ch/research/ MRP/  

This project promotes the use of organic farming practices to increase production and nutritional value of 
sweetpotato, supporting a food-based approach to fight malnutrition of poor farm communities in 
Mozambique. 

ABSTRACT

In a recently established field trial in Maputo, Mozambique, we examine whether residue 
incorporation in combination with organic amendments can effectively increase soil fertility 
for orange-fleshed sweetpotato production. This study is carried out in collaboration with the 
International Potato Center and will last for three growing seasons. We will evaluate the effect 
of chicken manure and cowpea biomass as well as fallow residue incorporation on: soil fertility 
(macro and micronutrients), agronomic performance (e.g., yield, above-ground production, 
etc.), and storage root quality (e.g., beta-carotene, iron, zinc, etc.). These parameters will be 
evaluated throughout crop development to follow the variation in soil nutrient demand by the 
sweetpotato. Nitrogen and phosphorus are responsible for increasing aboveground biomass and 
photosynthates during vegetative growth. Later in the root development phase, potassium then 
controls translocation and accumulation of these photosynthates into storage roots. Thus, directly 
determining productivity and nutritional quality of the storage roots. β-carotene concentration is 
an intrinsic characteristic of the variety but can also be controlled by the amount of photosynthates 
translocated down to the storage roots. Furthermore, soil micronutrients, such as Fe and Zn, 
will also be quantified in order to evaluate whether soil fertility treatments can also improve the 
contents of these micronutrients in the storage roots. We expect to empower Mozambican growers 
with farm-available resources and techniques, such as locally sourced organic fertilizers and 
cultural practices to safeguard crop production and the nutritional value of sweetpotato.
 

Towards nutritional security through organic management of soil 
fertility in orange-fleshed sweetpotato systems in Mozambique
Rafaela Conz, Engil Pereira, Maria Isabel Andrade, Johan Six
Sustainable Agroecosystems Group, ETH Zurich
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Innovations in Agricultural Weather Insurances 
Tobias Dalhaus, Robert Finger
Agricultural Economics and Policy Group, ETH Zurich

ABSTRACT

Agricultural production is exposed to a variety of risks. Especially climate related perils can cause 
substantial losses when affecting crop production. Furthermore, due to climate change, this 
hazards become more pronounced in both developing and developed countries. 
Traditionally agricultural insurances help to manage these challenges by providing payout in 
case of observed losses. However, due to asymmetric information issues and high transaction 
costs this type of insurance is often not applicable in practice. As an alternative so called weather 
insurances increasingly gain importance in both insurance practice and research. Here, insurance 
payout is independent of observed damages but is connected to underlying weather events, e.g. 
droughts measured at a weather station.
Our contributions aim to improve the performance of such weather insurances by utilizing innovative 
sources of data, considering farmers’ subjective decision making under risk and focusing also on 
weather caused quality losses..
.
 

Our research aims at improving weather risk management instruments for the agricultural sector.  
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Trees fort the enhancement of mycorrhizal functioning in low-input 
maize cropping systems
Janina Dierks, Wilma Blaser, Hannes Gamper, Johan Six
Sustainable Agroecosystems Group, ETH Zurich

ABSTRACT

Arbuscular mycorrhizal fungi (AMF) can interlink plants of the same or different species and 
improve plant mineral nutrition and soil fertility. AMF develop extensive mycelia that aid in soil 
aggregation, exploitation of soil space, and nutrient acquisition. Mycorrhizal linkages of plants 
(i.e. common mycorrhizal networks, CMN) provide possible conduits for interplant nutrient 
exchange, which can be important for seedling establishment. Trees can maintain the infectivity 
of AMF mycelia across cropping seasons, allowing crop seedlings to tap into pre-existing mycelia 
maintained by trees and gain a nutritional head start. Yet, our knowledge about the role of trees 
in sustaining CMN, enabling a tree-to-crop nutrient transfer remains limited. This project will 
elucidate how agroforestry trees via AMF and soil structure influence nutrient uptake and maize 
yield in Malawian smallholder farms. We will conduct a field survey to assess whether trees 
enhance AMF abundance, soil aggregation, and maize performance. This will elucidate the 
effectiveness of trees in increasing maize production through changes in soil functioning. In a 
greenhouse experiment, we will use 15N and 33P isotopic tracers to examine, whether a tree-to-
maize and/or soil-to-maize nutrient transfer via AMF occurs and enhances maize performance. 
To test whether a tree-to-maize nutrient transfer occurs in the field, we will apply 15N to single 
standing trees in maize fields and trace it to young maize plants, either connected via CMN or 
disconnected. Besides advancing our fundamental knowledge on CMN functioning, the project 
will allow developing guidelines for soil fertility management strategies capitalizing on AMF 
mediated soil processes.
.
 

Rejuvenating and maintaining soil fertility by capitalizing on soil-plant interactions can be key for enhancing 
food security. With this project we aim to advance our knowledge on fundamental soil-plant interactions and 
help develop guidelines for improved soil fertility management strategies.  

14



This research is supported by the WFSC Coop Research Program. The project, 
Sustainable intensification of organic Basmati rice production in Uttarakhand, 
India: a multidisciplinary systems approach (BasmaSus), began in 2015. 
Further information is available at www.worldfoodsystem.ethz.ch/research/CRP 

The presented research examined the sustainability implications of different manure management practices 
on smallholder organic farms in Uttarakhand, India.

ABSTRACT

The research addressed the ecological, social and economic aspects of manure management on 
smallholder organic farms producing Basmati rice in Uttarakhand, India. On-farm surveys were 
coupled with simple systems modelling to generate integrated assessments of the sustainability 
of three manure management strategies (farmyard manure, vermicomposted manure, and biogas 
slurry produced from manure) at the whole-farm level, and opportunities for system improvements 
were identified. Vermicompost and biogas slurry were found to be improved technologies compared 
to farmyard manure. Vermicompost performed best on most sustainability indicator scales with 
the exception of yield and gross margin, where biogas slurry performed best. Improving the crop-
nutritive value of manure-based fertilizers was identified as a crucial point for system improvement 
in the research context, implying a necessary shift in focus away from raising bulk manure 
inputs and towards system improvements that do not hinge on increased manure availability. 
Minimizing losses during handling, storage, and application were identified as important pathways 
to improving the crop nutritive quality of the small amount of manure fertilizers farmers have 
available. Key recommendations for reducing losses include using animal bedding, collecting 
urine, covering manure stockpiles with plastic sheeting, and making vermicompost when possible. 
Advisory support should be directed towards disseminating information on these improved manure 
management techniques. Future research efforts should focus on solutions for improving biogas 
slurry storage, since making biogas has notable social benefits and biogas slurry will likely be 
the primary source of manure fertilizer for farmers making biogas.
 

Managing manure for sustainable organic Basmati rice production 
L. Ditzler, C. Decock, T.A. Breland, C. Francis, M. Chakraborty, D.K. Singh, A. Srivastava, F. Eyhorn, 
J. Groot, J. Six 
Sustainable Agroecosystems Group, ETH Zurich 
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Our research investigates the impact of climatic factors, including climate change and the short-term 
variability, on agricultural production based on direct measurements and models. Our results provide 
important information to improve climate and agricultural models. 

ABSTRACT

The arable field site at Oensingen, located in the Canton of Solothurn (CH-Oe2), is the only 
long-term agricultural measurement site in Switzerland where greenhouse gas exchange is 
continuously measured. The site has been running since 2003 and provides unique data to study 
the impact of the climate on agricultural production within the Swiss Plateau, one of the most 
agriculturally productive regions of Switzerland. The field is managed under the low pesticide 
integrated production (IP) farming protocol with a crop rotation mainly focusing on winter wheat, 
but also includes winter barley, rapeseed, peas, potatoes and intermediate cover crops. In our 
research, we combine short-term and long-term measurements with field-scale and larger-scale 
models to investigate impacts of different climatic drivers, climate variability and climate change 
on the productivity of the different crop types grown on the field. The results of studies based on 
the Oensingen field site help to improve climate and agricultural models worldwide.

Impacts of climate change on agricultural production:  Measurements at 
Oensingen improve climate and agricultural models
Carmen Emmel, Petra D’Odorico, Andrew Revill
Grassland Sciences Group, ETH Zurich
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Sustainable management of peat soils in Switzerland 
Marie Ferré, Stefanie Engel, Adrian Müller, Elisabeth Gsottbauer
Professorship for Environmental Policy and Economics, ETH Zurich

ABSTRACT

Drainage is necessary to enable agricultural activities on peat soils, but this is in conflict with 
their preservation. In addition to environmentally negative impacts, the loss of the peat threatens 
the future of agricultural practices at these places. We use the case study region of the Seeland 
in Switzerland - where intensive vegetable farming is conducted on peat soils - to study potential 
incentives promoting a more sustainable use of these soils. We developed a dynamic, computerized, 
and interactive framed economic  experiment to represent the decision situation of Swiss peatland 
farmers and conducted it with agricultural students. We compare the effects of two alternative 
payment schemes on the implementation of a more sustainable peat soil use. We find that a 
homogeneous payment is most effective in incentivizing farmers to adopt the sustainable land 
use as compared to a heterogeneous payment aligned on farmers’ opportunity costs. Social 
preferences are observed as determinant factors in explaining this result.  

In Switzerland, an important part of the production of vegetables is conducted on peat soils (e.g. in the 
Seeland). Cultivating peat soils requires drainage, which leads to their continuous degradation and to negative 
externalities (GHG emissions). Which incentives could promote more sustainable management of these peat 
soils? What would be the impacts for this high value production (vegetable farming)?  
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Living Lab for Sustainable Campus Catering 
Bastian Flury, Patrick Jiranek
World Food System Center and ETH Sustainabilty, ETH Zurich

ABSTRACT

When it comes to our lunch, a large share of the world’s population relies on some form of system 
catering - large-scale catering services such as canteens, staff restaurants and dining halls - that 
churn out an impressive number of meals during a short “lunch hour” peak period. As society 
grows increasingly conscientious about the scope of impact of their daily meals, the demand 
on catering services has evolved as well. Nowadays catering services are expected to provide a 
choice of appealing high quality, balanced, diversified, and healthy meals that are sustainably 
produced and sold at an affordable price. Many caterers have started reducing their environmental 
impact by optimizing processes and by installing new appliances. However, around half of the 
environmental impact is caused by the “shopping basket”, i.e. qualities of ingredients and overall 
menu composition. That is where different initiatives to reduce environmental impact in recent 
years have focused on, by, for example, eliminating meat components. Diets are cultural assets 
and food choices can be highly emotional, as controversial debates around such initiatives indicate. 
We argue that since universities pioneer innovation for society in many fields  campuses could be 
an ideal breeding ground for innovation in sustainable catering. Lunch guests in campus canteens 
are researchers after all who may embrace experiments taking the shape of social and institutional 
learning and transformation processes. For that reason, the World Food System Center and ETH 
Sustainability launched the project “sustainable catering at ETH Zurich” in 2013. The project adopts 
a “living lab” approach, which intrinsically acknowledges change not as unilateral action but as 
a transformation process. By doing so, the project initiated an inclusive process that brought 
together all stakeholders in campus catering at ETH Zurich. In collaboration with a catering 
service company, the project engaged students in the development of real-world solutions and 
interdisciplinary, research-based learning by transforming canteens on ETH Zurich-campus 
temporarily into “living labs”.  

University campus catering exhibits many challenges that are also symptomatic for the wider food system. 
The majority of students are on a tight budget, so price elasticity is low. To be sustainable, catering on campus 
should be environmentally conscious while providing adequate nutrition for all, regardless of their socio-
economic status. This project engaged multi-sector stakeholders to develop strategies to achieve these aims. 
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This research is supported by the WFSC Coop Research Program. The project, 
Elements of successful novel dual purpose chicken production systems (INDUCE), 
began in 2014. 
Further information is available at www.worldfoodsystem.ethz.ch/research/CRP 

Dual-purpose poultry systems offer an alternative to current specialized poultry production which is associa-
ted with the killing of 2.5 Mio day-old male chicks in Switzerland every year. Dual-purpose poultry responds to 
ethical concerns in food production, namely about animal welfare. Problems to be solved include how to ap-
propriately deal with their lower feed conversion efficiency by developing diets low in ingredients which are 
also human foods.

ABSTRACT

Since the specialization of poultry towards either egg or chicken production, male chicks from the 
layer types are culled at hatch because they do not satisfactorily produce meat. With dual-purpose 
poultry, both females and males could be used for egg and chicken production, respectively. 
However, their laying and growth performances have so far not been able to compete with those 
of specialized poultry and the eggs and chickens are smaller. In addition, the higher feed demand 
per unit of food produced could result in spending more ingredients which are also human foods. 
The present project explored the opportunities to tackle these challenges by comparing prospect 
dual-purpose genetics, testing cheaper or more sustainable feed components in a feed-no-food 
state of mind and listing the factors leveraging consumers’ willingness-to-pay for such products. 
In general, offspring of crossings between modern layer and broiler types showed better laying 
and growth performances than ancient pure breeds but performed anyway less than specialized 
(layer or broiler) types. Eggs and chickens from dual-purpose poultry were smaller (15 and 20%, 
respectively) than that of specialized poultry when kept under the same conditions. Dual-purpose 
poultry showed a slightly better ability to cope with a feed of lesser quality. Consumers’ willingness 
to pay was below the current supermarket price for these products, especially for chicken. The 
additional organic label proved to be an important leverage, probably because it supports the 
ethical image represented by dual-purpose poultry. Only 25% of the interviewed population knew 
about the culling at hatch. How to best inform consumers is currently studied.

Dual-purpose poultry: opportunities for an ethically improved poultry 
production alternative 
Gangnat IDM, Mueller S, Kreuzer M, Siegrist M, Messikommer RE, Visschers VHM
Institute of Agricultural Sciences & Institute for Environmental Decisions 
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Phosphorus cycling within soil aggregate fractions of maize-pigeon pea 
intercropping systems of Malawi
Gina Garland, E.K. Bünemann, A. Oberson, E. Frossard, S. Snapp, R. Chikowo, J. Six
Sustainable Agroecosystems Group, ETH Zurich

ABSTRACT

Maize (Zea mays) is the key staple crop in Malawi and supports the majority of the country. However, 
continuous maize monocropping and low nutrient inputs have resulted in stagnant yields that 
are insufficient for feeding the growing population. The main nutrient lacking in many parts of 
Malawi is phosphorus (P). Our approach for overcoming this issue was to increase P availability 
by intercropping maize and pigeon pea (Cajanus cajan), an edible, protein-rich legume. The goal of 
this project was to compare crop yields and aggregate-associated P forms between intercropped 
and sole maize to elucidate the mechanisms involved in P transfer between maize and pigeon 
pea. This study consisted of on-farm field trials in Malawi and a greenhouse study. Following 
plant harvest, the soils were separated into aggregate fractions and total, organic, microbial, 
mineral, and plant-available P was measured in each fraction. We found a significant increase 
in soil aggregation in the intercropped treatments, indicating that this system may stabilize soil 
nutrients and prevent rapid fixation to soil minerals. Additionally, organic P increased significantly 
in aggregates of the intercropped system, which is a particularly important P source for plants 
grown in low-input tropical soils. While we did not find a pronounced crop yield benefit, we expect 
that the impact of these changes will not be seen until subsequent seasons, when maize plants 
can use organic P reserves secured from the previous season’s pigeon pea plants. However, 
longer-term field studies on maize-pigeon pea intercropping are necessary to truly understand 
P dynamics between these species
 

Maize yields in Malawi cannot meet the needs of its growing population in part due to inherently low soil 
fertility; particularly a lack of plant-available soil phosphorus. This study aims to improve maize production 
through the use of maize-pigeon pea intercropping systems to increase phosphorus availability with less 
dependence on synthetic fertilizers
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Influence of Sulforaphane Preconditioning of Colon Cancer Cells on the 
DNA Adducts Induced by the Anticancer Prodrug PR104A
Frederike Gossner, Alessia Stornetta and Prof. Dr. Shana J. Sturla
Laboratory of Toxicology, ETH Zurich

ABSTRACT

Chemotherapeutics are often lacking sufficient selectivity towards tumor cells resulting in patients 
suffering from side effects. Enzyme-activated prodrugs offer a promising strategy to improve the 
selectivity due to activation by enzymes that are expressed at higher levels in tumors. In this thesis, 
the combined treatment of colon cancer cells with the bioactive food compound sulforaphane 
(SF), an isothiocyanate present in cruciferous vegetables, and the anticancer enzyme-activated 
prodrug PR104A was investigated. The previous findings that SF preconditioning increases the 
susceptibility of HT29 cells towards PR104A were confirmed and DNA adducts induced by PR104A 
and its bioactivated hydroxylamine and amine metabolites upon SF preconditioning were quantified. 
A relative quantitation was achieved by using a mixture of isotope labeled internal standards and a 
selected reaction monitoring (SRM) approach developed to target 19 DNA adduct masses induced 
by PR104A and its metabolites. With this approach it was possible to quantify nine adducts, whereof 
four crosslinked and five monoadducts induced by PR104A or its metabolites. SF preconditioning 
led to a ~2.7 fold increase of the four DNA adducts induced by the two metabolites in HT29 cells, 
but not of the five DNA adducts induced through direct alkylation by PR104A. For two of the four 
quantified metabolite adducts, this increase was shown to be statistically significant (p value < 
0.0001). In conclusion, these results further support the potential of improving PR104A efficacy 
by preconditioning with SF, and offer a strategy for identifying ways to improve PR104A-therapy 
by using DNA adducts as biomarkers. 

This master thesis investigated the influence of sulforaphane, a food component in cruciferous vegetables, on 
the DNA adducts profile induced by the anticancer prodrug PR104A and the thereby improved selectivity. 
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PUBLIFARM
Karin Güdel, Tibor Gyalog, Sabina Keller
Grassland Sciences Group, ETH Zurich

ABSTRACT

The Agora project PUBLIFARM aims to communicate research results about the influence of 
agriculture on biodiversity and climate change to a broad public using a participatory and interactive 
approach. Both scientific and applied agricultural aspects are popularized by participatory learning 
experiences. Lay people are involved via low-threshold interactive expositions at public events as 
well as through participatory research during local events on farm (“Researcher-Days”). 
The main goals of PUBLIFARM are

1. to raise public awareness of agricultural practices and their influence on biodiversity and 
climate change;

2. to make accessible to lay people research results on soil, plant and animal sciences that 
have a bearing on everybody’s daily life. This is achieved by giving insights not only into 
the findings but also into the research approaches and scientific methods as well as into 
possible consequences for future agriculture in regard to its contribution to food security;

3. to engage lay people to critically reflect on their consumer behavior.

Important actors in agricultural, veterinary and soil research in Switzerland cooperate in the 
project and will make sure that the research findings are correctly popularized by the education 
and communication experts involved.
 

This project asks lay people to critically reflect on their consumer behavior, raises public awareness of 
agricultural practices and their influence on biodiversity and climate change, and makes accessible research 
results on soil, plant and animal sciences that have a bearing on everybody’s daily life
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Assessing the resilience of the tef value chain in Ethiopia 
Samuel Hauenstein, Jonas Joerin, Johan Six
Sustainable Agroecosystems Group, ETH Zurich

ABSTRACT

Tef is a highly nutritious, gluten free and weather and disease resistant plant from Ethiopia. It is of 
great importance to the Ethiopian food culture and is often consumed in the form of a processed 
food item in the shape of a pancake, named injera. Growing pressures related to climate change 
(e.g. droughts, floods), plans to abolish the Ethiopian export ban on non-processed tef or current 
social conflicts in Ethiopia raise the question whether the tef value chain is resilient to unexpected 
changes or shocks. In this study, the resilience guidelines of the Sustainable Agroecosystems Group 
were applied to systematically analyse the resilience of the tef value chain against key shocks, in 
particular drought. Based on a set of literature-based resilience attributes (e.g. buffering capacity, 
connectivity, diversity, etc.) and questions (e.g. availability of stocks, alternative income sources, 
etc.), key stakeholders (input suppliers, producers, processors, retailers and consumers) of the 
tef value chain were interviewed. The results show varying levels of resilience for each value chain 
process. For example, the supply system for unimproved inputs is more resilient than the one for 
improved inputs, as the improved input system often faces supply shortages and is highly reliant on 
a few key players. Following the resilience assessment, key stakeholders identified interventions 
to enhance the resilience of the tef value chain during a workshop. Key interventions include: 
establishment of alternative income sources, savings, stocks, insurance, etc.
 

Tef is an important food security crop in Ethiopia. The focus of this study is to enhance the resilience of the 
entire value chain of tef in Ethiopia. 

This research is part of the WFSC Flagship Project, Enhancing Resilience in Food Systems.

Further information is available at www.resilientfoodsystems.ethz.ch/
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Organic Wheat Farming Improves Grain Zinc Concentration in Central 
India
Julian Helfenstein, Isabel Müller, Roman Grüter, Gurbir Bhullar, Lokendra Mandloi, Andreas 
Papritz, Michael Siegrist, Rainer Schulin, Emmanuel Frossard
Plant Nutrition Group, ETH Zurich

 This project advances our understanding of Zinc (Zn) nutrition, which is of key relevance in India.  A large 
fraction of the population suffers from Zn malnutrition and many soils contain little plant available Zn.

This research is supported by the WFSC Mercator Research Program. The project, 
Zinc Biofortification of Wheat through Organic Matter Management in Sustainable 
Agriculture (ZOMM), started in 2013. 
Further information is available at www.worldfoodsystem.ethz.ch/research/ MRP/  

ABSTRACT

Zinc (Zn) nutrition is of key relevance in India, as a large fraction of the population suffers from Zn 
malnutrition and many soils contain little plant available Zn. In this study we com- pared organic 
and conventional wheat cropping systems with respect to DTPA (diethylene triamine pentaacetic 
acid)-extractable Zn as a proxy for plant available Zn, yield, and grain Zn concentration. We analyzed 
soil and wheat grain samples from 30 organic and 30 conventional farms in Madhya Pradesh 
(central India), and conducted farmer interviews to elucidate sociological and management 
variables. Total and DTPA-extractable soil Zn concentrations and grain yield (3400 kg ha-1) did 
not differ between the two farming systems, but with 32 and 28 mg kg-1 respectively, grain Zn 
concentrations were higher on organic than conventional farms (t = -2.2, p = 0.03). Furthermore, 
multiple linear regression analyses revealed that (a) total soil zinc and sulfur concentrations 
were the best predictors of DTPA-extractable soil Zn, (b) Olsen phosphate taken as a proxy for 
available soil phosphorus, exchangeable soil potassium, harvest date, training of farmers in 
nutrient management, and soil silt content were the best predictors of yield, and (c) yield, Olsen 
phosphate, grain nitrogen, farmyard manure availability, and the type of cropping system were the 
best predictors of grain Zn concentration. Results suggested that organic wheat contained more 
Zn despite same yield level due to higher nutrient efficiency. Higher nutrient efficiency was also 
seen in organic wheat for P, N and S. The study thus suggests that appropriate farm management 
can lead to competitive yield and improved Zn concentration in wheat grains on organic farms.
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This outreach project offers interactive, learner-centered workshops for teenagers. The goal is to raise 
awareness, encourage discussion and empower teenagers to take action for sustainable food consumption 
and production. 

ABSTRACT

A focus on food and drink is one of the suggested gateways to addressing sustainable development 
at schools. Our food consumption has global environmental and socio-economic implications, 
which are hard to grasp in everyday life. What impact do we make exactly if we eat fair trade 
chocolate or rice that was produced organically? Most adults and teenagers are aware that, 
e.g., the cacao products we consume, are part of a global food value chain that starts in tropical 
agricultural ecosystems. However, we know little about how cacao is grown and how it could 
be more sustainably produced. The project “Edible Research” will offer one-day workshops for 
teenagers aged 12 to 15 from lower secondary schools in Zurich to open a window to the world of 
agricultural ecosystems and their tasty products. All workshop contents are related to ongoing 
agroecosystem research projects and linked to learning objectives in the curriculum for Swiss 
primary and secondary schools, ‘Lehrplan 21’. The overall focus of the workshop is to better 
understand how basic principles of agroecology and organic farming can help to produce food 
in a more sustainable way. Content development and curriculum integration is supported by 
participatory teacher workshops. The learning environment is a unique greenhouse right in the 
city of Zurich, in walking distance of the ETH main building. If you come by one day and there is 
some smell of food, this is probably from outdoor cooking during our workshops. Join in to learn 
about what is on your plate.

Edible Research: Hands-on learning for sustainability in agroecosystems
Anett Hofmann, Anna Gilgen, Michelle Grant, Johan Six
Sustainable Agroecosystems Group, ETH Zurich

25



This research is supported by the WFSC Coop Research Program. The project, 
Developing a sustainable value chain of Brazil nuts (Bertholletia excelsa) for Swiss 
consumers: an interdisciplinary approach (SUSTAIN), began in 2016. 
Further information is available at www.worldfoodsystem.ethz.ch/research/CRP 

By developing a model that ensures ecological, social and economic sustainability of Amazon nut harvesting, 
this research contributes to the development of a more resilient Amazon nut value chain, which will lead to 
better livelihoods of Amazon nut harvesters, and preservation of an important incentive of forest conservation.

ABSTRACT

The Amazon nut is harvested in the wild from giant tropical rainforest trees in several Amazonian 
countries. Annual exports of Amazon nuts are valued at tens of millions US dollars, but only a 
small fraction are sourced ethically through certification. Amazon nut harvesting is a crucial 
part of rural livelihoods across the Amazon region, but production is under threat due to forest 
degradation, and lack of natural regeneration. This project will focus on the Madre de Dios region 
of Peru, which contains 26,000 Km2 of the most biologically diverse Amazon nut-rich forest in South 
America. The ultimate aim of this project is to help COOP develop a resilient value supply chain 
for certified and sustainable Amazon nuts from Peru. This provides an opportunity to alleviate 
poverty, conserve tropical forest and mitigate climate change through reduced deforestation and 
forest degradation. Despite Amazon nuts’ excellent nutritional and health properties, it remains 
a peripheral food product in the Swiss market. This project uses an interdisciplinary systems-
based approach to: a) provide the scientific basis for the certification of sustainably harvested 
Amazon nuts through a clear understanding of how habitat degradation and natural regeneration 
influences Amazon nut production; b) understand and reduce the barriers harvesters face to adopt 
certification (Fairtrade and Organic); c) raise consumer awareness in Switzerland of the nutritional, 
environmental and social benefits of certified Amazon nuts to sustain a larger and more resilient 
supply chain. Through these endeavours we will provide a novel and powerful contribution to the 
global sustainable food system.
 

Developing a Sustainable Value Chain of Amazon Nuts (Bertholletia 
excelsa) for Swiss Consumers: an Interdisciplinary Approach
Merel Jansen, Fidel Chiriboga, Manuel Guariguata, Carmenza Robledo, Juan Andrés Santelices, 
Julia Quaedvlieg, Chris Kettle  
Ecosystem Management Group and Plant Biochemistry Group, ETH Zurich 
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This research is supported by the WFSC Coop Research Program. The project, 
Assessing and enhancing the resilience of the tef and cocoa value chains (AERTCvc), 
began in 2016. It is part of the WFSC Flagship Project, Enhancing Resilience in Food 
Systems.
Further information is available at www.worldfoodsystem.ethz.ch/research/CRP 

Tef in Ethiopia and cocoa in Ghana are important commodities for providing livelihoods  

ABSTRACT

In this study, we assess the resilience of the tef and cocoa value chains in Ethiopia and Ghana, 
respectively. Whereas tef is a food security crop, cocoa is a cash crop. Through the adoption of a 
transdisciplinary approach we holistically (economic, social, environmental) assess the resilience 
of these value chains against key shocks (e.g. drought, price fluctuations, flood, etc.). In a first step, 
we aim to develop a framework to assess the resilience of key value chain processes (input supply, 
production, processing, retailing and consumption). In a second step, we apply this framework 
among key value chain stakeholders by doing a survey. In a third step, we develop scenarios 
jointly with key stakeholders to enhance the resilience of both value chains against key shocks. 
Action plans are then prepared for key stakeholder groups in both value chains. The adopted 
transdisciplinary research approach will provide a platform for stakeholders to directly and actively 
engage in the action research process. This will ensure that the participating stakeholders take 
ownership and benefit from the findings on how to build/enhance resilience in their working area. 
Finally, this research will directly contribute to the scientific understanding of what determines 
resilience in food systems. 

Assessing and enhancing the resilience of the tef and cocoa value chain 
in Ethiopia and Ghana
Jonas Joerin, Samuel Hauenstein, Evans Dawoe, Solomon Chanyalew, Pius Kruetli, Johan Six
Sustainable Agroecosystems Group and TdLab, ETH Zurich 
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Assessment of agricultural drought vulnerability in Sub-Saharan Africa 
Bahareh Kamali, Karim Abbaspour, Bernhard Wehrli, Hong Yang
Water, Environment and Food Security Group, Systems Analysis, Integrated Assessment and 
Modelling Department, Eawag

ABSTRACT

Information on agricultural drought vulnerability status is useful for implementation of long term 
drought management measures. In Sub-Saharan Africa (SSA), devastating impacts of drought have 
led to many challenges to the agricultural sector. The aim of this study is to measure maize drought 
vulnerability in SSA. To accomplish this, Environmental Policy Integrated Climate model (EPIC) 
model is applied to simulate crop yields at grid level. Crop Drought Vulnerability Index (CDVI) is 
defined as a relation between different time scales of Standardized Precipitation-Evapotranspiration 
Index (SPEI) and Crop Failure Index (CFI). Results indicate that Southern African, Sahelian, and 
partially Eastern Africa are highly vulnerable to agricultural drought. Central Africa is exposed to 
low CDVI, as crops are less exposed to water stress due to high rainfall occurrence. The framework 
developed in this study presents a systematic approach for the assessment of drought impact on 
large scales. The assessment results provides a reference for proposing appropriate  societal 
preparedness and adaptive measures to reduce drought impacts.

Droughts have triggered many famines in the sub-Saharan Africa (SSA), where rainfed subsistence farming 
dominates the food production. The severity of droughts and their impacts are projected to increase as a 
consequence of climate change. Assessing crop vulnerability to drought in SSA is important for supporting 
effective actions to reduce the impact.  
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LERNfeld
Sabina Keller, Eric Wyss, Juliette Vogel
Grassland Sciences Group, ETH Zurich

ABSTRACT

The LERNfeld project is a science and education program for primary and secondary schools. 
It provides students and their teachers as well as early-career scientists and farmers a unique 
experience to cooperate in out-of-the-classroom research experiments and discussions.
Primary and secondary school students learn about agriculture, in particular in the context of 
biodiversity and climate change based on own, hands-on research. This is achieved with easy 
field experiments, fact sheets, data analyses and discussions of results obtained by the school 
students with farmers and early-career scientists (master students, PhD students and postdocs).
LERNfeld provides teachers with step-by-step instructions for learning activities based on current 
scientific understanding. Activities have been developed by scientists in close interactions and 
school trials with the teachers. Early-career scientists provide tutorials on methods, how to collect 
data and help school students to understand the science behind the data. In turn, early-career 
scientists benefit from these interactions, gaining educational and outreach experiences. Farmers 
provide insight into their daily routines and agricultural practice. In return, they obtain the results 
of on-farm experiments about farm-related topics (e.g. soil fertility, pollination, vermin, beneficial 
organism etc.).

The Global Learning and Observations to Benefit the Environment (GLOBE) program is a worldwide 
hands-on, primary and secondary school-based science and education program.
 

LERNfeld is a science education program on sustainable agriculture for primary secondary schools and 
teachers.  

29



With an overall shift towards more sustainable diets a number of environmental and social issues related to 
food production and consumption can be addressed. We investigated how consumers evaluated the 
sustainability of different food products in order to identify improvements in sustainability-related information 
of foods. 

ABSTRACT

Sustainability is becoming increasingly important in consumers’ food choices. Rules of thumb 
for choosing sustainable food, such as preferring local and organic products, are partly known 
among consumers. However, the extent to which these rules are applied for the sustainability 
assessment of foods remains unknown. 

In an online experiment conducted with 305 respondents from the general Swiss population, we 
examined how consumers evaluate the sustainability of foods differing in production country, 
labelling and seasonality. Participants rated bell peppers, apples, coffee, peppermint tea and 
sugar on their environmental impact and their social sustainability.

Swiss products were always rated more positively on their environmental and social sustainability 
than products from other countries, and distance to the production country seemed to partly 
influence the environmental and social sustainability perceptions. Both the organic and the 
fair-trade labels significantly decreased the perceived environmental impact and increased the 
perceived social benefits of food products. No significant differences were found between the 
labels regarding the foods’ perceived environmental impact, but the products’ social sustainability 
perception differed between the two labels. Seasonality had a significant but minor effect on the 
perceived environmental impact.

To conclude, Swiss consumers mainly relied on an ‘our own country is best’ heuristic and on 
sustainability labels to evaluate the environmental and social sustainability of food products. Even 
though this strategy appeared to result in rather accurate sustainability estimation, a number 
of systematic mistakes were identified. It is recommended to address these misconceptions in 
order to enable consumers to make better sustainable food choices.

Own country is best: How country of origin, labels and seasonality affect 
consumers’ environmental and social sustainability perception of food
Gianna Lazzarini, Vivianne Visschers, Michael Siegrist
Consumer Behavior Group, ETH Zurich
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This research is supported by the WFSC Mercator Research Program. The project, A 
comprehensive examination of nitrogen cycling and microbial communities within 
soil microenvironments in integrated organic farming systems in Switzerland 
(NORGS), started in 2014. 
Further information is available at www.worldfoodsystem.ethz.ch/research/ MRP/  

Nutrient use efficiency in agriculture impacts costs and environmental pollution.  This project improves the 
understanding of how nitrogen is influenced by organic versus conventional management practices.

ABSTRACT

As the most important plant nutrient, nitrogen is essential to crop production.

However, its misuse can lead to losses which contaminate the environment and decrease resource 
use efficiency. Consequently, understanding the impact of crop management practices on nitrogen 
losses and timely plant supply is of agronomic, economic and environmental significance. We 
investigated whether integrating conservation tillage in Swiss organic agriculture as an improved-
management practice is in line with efficient N use, i.e. allows of N supply while preventing losses 
through denitrification. To estimate the rate of N supply to plants we quantified mineralization 
and nitrification rates. We also determined potential denitrification to estimate N losses via N2O 
and N2. Additionally, we assessed the links between N transformation rates and the abundance of 
functional microbial genes related to soil nitrogen cycling (amoA, nirK, nirS, nosZ). No significant 
differences were found regarding mineralization and nitrification. Tillage had a significantly higher 
effect than fertilization on total bacterial content and nirK abundance during denitrification. On 
the other hand, nirS gene abundance was greater in the organic plow treatment, revealing a 
shift in bacterial nitrate reductase community composition. Although no significant effect was 
detected for N2O emissions, the inorganic fertilizer in no-till treatment tended to lead to higher 
denitrification potential. 

The measured variation in microbial response was statistically uncoupled from measured nitrogen 
pools, highlighting the need to optimize multivariate approaches towards elucidating the effect 
of different management practices on N dynamics. Conservation tillage didn’t impair N supply or 
promote N loss, which advances the validation of practices that increase the efficiency of organic 
agriculture. 

The viability of conservation tillage in Swiss organic agriculture as 
related to efficient nitrogen use 
Loaiza, V., Pereira, E., van der Heijden, M., Wittwer, R., Six, J.
Sustainable Agroecosystems Group, ETH Zurich
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We focus on system oriented food production research that considers the total value chain including emerging 
needs in society and their environmental, economic and social impact.

ABSTRACT

Sustainable food processing as key driver of the bioeconomy covers process-product-operation 
interactions, where selected examples of innovative thermal, electro-magnetic, mechanical and 
combined processes will be introduced hereafter.
Modular thermal micro process engineering was effectively applied to improve upscaling of 
microbial inactivation processes. Electro-magnetic based pulsed electrical field processing 
enables an efficient use of biomass and energy within several value chains. Consequently, PEF 
was successfully implemented into the potato and fruit juice industry. During mechanical high 
pressure processing in batch, focused investigations on the property changes within pure water 
and more complex systems, such as microorganisms, enabled a detailed understanding of the 
respective process-product-operation interactions. After studying spore inactivation in very detail, 
classical high pressure preservation could be optimized through combined thermal and mechanical 
processes such as high pressure thermal sterilisation as well as continuous ultra-high pressure 
processing up to 400 MPa as innovative multi hurdle technologies for gentle sterilisation of healthy 
and high quality food. Advanced approaches relying on innovative raw materials from algae or 
insects and their connected biorefinery concepts could even increase the impact of sustainable 
food processing. Holistic life cycle sustainability assessment, aligned with the introduced process 
innovations, can evaluate the suggested solutions on a multi parameter base, in terms of improved 
food production sustainability.

 

Sustainable food processing as driver of the global bioeconomy
Alexander Mathys
Sustainable Food Processing Group
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The economics of pesticide use 
Niklas Möhring
Agricultural Economics and Policy Group, ETH Zurich

ABSTRACT

Pesticides are an important input for agricultural production, but also have adverse effects on the 
environment and human health. It has repeatedly been shown that pesticide applications are highly 
heterogeneous with regard to intensities and products chosen, and that a substantial part of this 
heterogeneity can be attributed to individual decisions of farmers. Moreover it has been shown 
that farmers use more than profit maximizing quantities of pesticides. A better understanding 
of application behavior and rationales of application is therefore crucial for targeted policies 
reducing adverse effects of pesticide use. A first step in this analysis is to identify spatial and 
temporal patterns of application and in how far farmers change application routines – indicating 
a flexible reaction to circumstances. Moreover risk preferences and attitudes of farmers influence 
application decisions, due to a stochastic production and market environment. As it is not clear in 
which direction this effect works, a closer analysis of the role of pesticides in the production process 
is needed. Methodological issues, like the choice of pesticide use indicators and interrelations 
with other production decisions and weather arise in this context.
.
 

Pesticides are an important input for agricultural production, but also have adverse effects on the 
environment and human health. A better understanding of application behavior and rationales of application 
is therefore crucial for targeted policies reducing adverse effects of pesticide use.  
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This research is supported by the WFSC Coop Research Program. The project, 
Assessing and enhancing the resilience of the tef and cocoa value chains (AERTCvc), 
began in 2016. It is part of the WFSC Flagship Project, Enhancing Resilience in Food 
Systems.
Further information is available at www.worldfoodsystem.ethz.ch/research/CRP 

Cocoa is a key crop for Ghana as it accounts for 22% of the total export earnings and provides income for more 
than six million Ghanaians. The cocoa value chain is susceptible to various types of shocks (natural, biological, 
economic) that can have detrimental effects on the sufficient and safe supply of cocoa. Thus, the present study 
addresses the question: how resilient is the Ghanaian cocoa value chain to shocks? 

ABSTRACT

The livelihood of six million Ghanaians depends on the cocoa value chain, which is exposed to 
various potential shocks (natural, biological, economic). This study presents an assessment 
of the resilience of key value chain processes (input supply, production, internal marketing, 
transportation, processing, and retailing) of cocoa in Ghana. Data was obtained through literature 
research, interviews with actors and experts (researchers, government representatives, and NGOs) 
and a stakeholder workshop.
The results show that governmental input supply, internal marketing, and processing have relatively 
high resilience due to improved management, reliable information channels, adequate capital, and 
insurance protection. Private input supply, transportation, and food retailing show a heterogeneous 
resilience picture. On the one hand, these processes rely on a large network of small and highly 
diversified businesses, but on the other hand small businesses often lack resources to expand 
and develop due to high interest rates that limit their access to loans. Production shows low 
resilience due to overdependence on income from cocoa, lack of planning and collaboration, as 
well as limited knowledge of efficient farming practices. 
At the workshop, key stakeholders were invited to discuss possible interventions against two major 
shocks, drought and cocoa price fluctuations. Early warning systems were proposed to be the most 
important measure against drought, while alternative income sources were unanimously agreed 
to be a mean to sustain price fluctuations. Savings, insurance protection, and self-organization 
were seen to be beneficial for resilience against both shocks. 
The present study clearly shows strengths and weaknesses in the resilience of the cocoa value 
chain in Ghana. 

Assessing the resilience of the cocoa value chain in Ghana
Elena Monastyrnaya, Jonas Joerin, Evans Dawoe, Johan Six 
Sustainable Agroecosystems Group and Climate Policy Group, ETH Zurich 
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Strategies for feeding the world sustainably with organic agriculture 
Adrian Müller, Christian Schader, Nadia El-Hage Scialabba, Judith Hecht, Anne Isensee, Karl-
Heinz Erb, Pete Smith, Peter Klocke, Florian Leiber, Matthias Stolze, Urs Niggli
Environmental Policy and Economics Group, ETH Zurich

ABSTRACT

For decades, intensification of agriculture has provided food for an increasing global population. 
This has resulted in considerable adverse environmental impacts and the development of 
agriculture to sustainably meet future demand is hotly debated. Organic agriculture has been 
proposed as a promising approach, but its technical feasibility is contested. We show, using a 
food systems model that addresses agronomic characteristics of organic agriculture that goes 
beyond assessing its lower yields, that organic agriculture could assure sufficient food availability 
in 2050, while reducing environmental impacts. Adequate nitrogen supply is a challenge. Increased 
land use is avoided if organic agriculture is combined with reductions of food waste and feed 
from arable land, with correspondingly reduced consumption of animal products. In addition to 
addressing production, sustainable food systems need to address waste, crop-grass-livestock 
interdependencies and consumption. Partial implementation of the corresponding challenging 
strategies can be combined to deliver a sustainable food future.
 

Employing a mass and nutrient flow model, we analyze the potential of organic agriculture to contribute to 
sustainable food systems. We identify potential challenges and opportunities in a context of efficiency (impact 
per unit product), consistency (most adequate use of available resources) and sufficiency (total size of outputs 
and consumption) in food systems. 
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This research is supported by the WFSC Coop Research Program. The project, Soft 
matter approach to effective preservation of African Leafy Vegetables (ALVs) by 
drying by desiccant / solar hybrid system (SoLVeD), began in 2016. 
Further information is available at www.worldfoodsystem.ethz.ch/research/CRP 

The project addresses food and nutrient deficiency in Africa by promoting the processing of local vegetables t 
make them available for long periods of time so as to mitigate the effects of food shortage during droughts. 

ABSTRACT

The problem of malnutrition and nutrient deficiency, particularly in women and children as well 
as droughts that lead to reduction in food supply and starvation are well documented for Sub 
Saharan Africa. Yet in the same region, post-harvest losses of vegetables are significantly high, 
up to half the produce, mainly due to lack of technical packages for preservation. With increasing 
urbanization, there is rising demand for packaged food. African leafy vegetables (ALVs) have 
been found to have high levels of nutrients and phytochemicals. Therefore, these vegetables 
have potential for up scaling to address food security, nutrient deficiency and packaging for 
urban consumption. They sprout in large volumes during the rainy seasons and require very 
little inputs. This study intends to address the problem of post-harvest losses of the African 
leafy vegetables by preservation through drying. In particular a hybrid super absorbent polymer 
(SAP) / solar drying system will be considered for drying. This method is likely optimize nutrient, 
phytochemical as well as colour preservation as it operates at low temperatures, is simple to 
construct and minimizes energy cost. The study will encompass soft matter characterization of 
the vegetables to understand structural changes the vegetable undergoes during processing with 
an objective of predicting optimal processing conditions and preserving the important properties 
of the dried vegetables. Nuclear magnetic resonance and microscopic optical methods will be 
used for soft matter characterization. Optimum storage conditions, shelf life and appropriate 
packaging material will be determined through sorption isotherms. 

The challenges of Post-harvest drying African Cowpeas Leaves and Jute 
Mallow Vegetables
Gibson Peter Mutuli, Duncan Onyango Mbuge and Raffaele Mezzenga
Food and Soft Materials Laboratory, ETH Zurich
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A yield gap exists in cassava production in Nigeria and this is attributed to low soil fertility driven by poor 
agronomic practices. Therefore, my research will examine how these practices affect soil functions and 
cassava root yield.

ABSTRACT

Cassava (Manihot esculentus Crantz) is a main food crop that constitutes 50% of the food intake 
in Sub-Saharan Africa. Nigeria, the largest cassava producer in the world is not attaining the 
potential yield as productivity per unit of area is low (10-15 t ha-1). The major cause is low soil 
fertility driven by poor agronomic practices. It is known that the growth, root quality and quantity 
of cassava depends largely on planting practices. However, there is a paucity of knowledge on 
how these practices affect cassava yield and soil functions. Hence, my PhD research will address 
following questions: a) Does tillage intensification increase cassava root yields b) improves soil 
physical properties and c) Does fertilisation and dense spacing produces maximum root yields. 
The study will be in Oyo and Ogun states of southwestern Nigeria over two years on farmer’s field. 
A split-split plot arrangement will be fitted into an RCBD and factors are tillage intensity (zero 
tillage, single vs double ploughing), seed bed shaping (ridging vs flat), planting density (10,000 vs 
12,500 plants ha-1) and fertilisation. In order to study the effect of tillage intensity on soil physical 
properties, monthly measurements of penetration resistance, infiltration rate, water content, bulk 
density will be taken while pre and post analysis include particle size determination, aggregate 
stability and plasticity index. Furthermore, germination count at 2 and 4 weeks after planting, 
while plant height, stem girth, and leaf number will be measured monthly. Root weight and other 
yield components will be determined at harvest.

Evaluation of agronomic practices on growth, yield of cassava and 
physical properties of soils in Southwestern Nigeria
Olabisi Onasanya, Magdalena Necpalova, Salako Felix, Stefan Hauser, Pypers Pieter, Abdulai 
Jalloh, Veronica Uzokwe, Johan Six
Sustainable Agroecosystems Group, ETH Zurich
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ABSTRACT

We conducted a field survey with 106 smallholder sweetpotato farmers in the district of Manhiça 
in Mozambique. The survey inquired about soil and crop management practices as well as 
production constraints in local sweetpotato farming. The objective was to identify practices and 
locally-available resources that can be used towards improving soil fertility management. Because 
sweetpotato requires high amounts of nutrients from the soil, the lack of nutrient replenishment 
can lead to land degradation (e.g., nutrient depletion, erosion, etc.). All interviewed farmers 
indicated that they do not apply chemical fertilizer, with only 7% producing enough animal manure 
to add to the soil. On the other hand, respondents reported practicing intercropping (85%), crop 
rotation (74%) and fallow (39%) in cropping systems based on sweetpotato, maize (88%) and 
cassava (35%). These agroecological practices have great potential to generate biomass residue 
and replenish soil nutrients organically, though only 3% indicated incorporating these residues 
in the soil. Additionally, no more than 12% of the respondents reported cultivating leguminous 
species such as peanuts, nhemba beans, and manteiga beans. From these crops, farmers can 
obtain edible products while producing high-quality biomass residue for organic management of 
soil fertility. Our study identified the potential of leveraging on already practiced land management 
to promote soil nutrient replenishment. However, current management can be redesigned to 
include dual-purpose species, such as beans, and cultural practices that enhance the supply of 
nutrients from biomass residue (e.g., incorporation, mulching, etc.). 

 

This study supports the improvement of soil fertility management in sweetpotato systems using organic-
based agricultural practices to improve food and nutrition security in smallholder communities in 
Mozambique.

How can smallholders in Mozambique replenish soil nutrients in organic 
sweetpotato production? Results from a field survey
Engil Pereira, Rafaela Conz, Johan Six
Sustainable Agroecosystems Group ETH Zurich

ABSTRACT

We conducted a field survey with 106 smallholder sweetpotato farmers in the district of Manhiça 
in Mozambique. The survey inquired about soil and crop management practices as well as 
production constraints in local sweetpotato farming. The objective was to identify practices and 
locally-available resources that can be used towards improving soil fertility management. Because 
sweetpotato requires high amounts of nutrients from the soil, the lack of nutrient replenishment 
can lead to land degradation (e.g., nutrient depletion, erosion, etc.). All interviewed farmers 
indicated that they do not apply chemical fertilizer, with only 7% producing enough animal manure 
to add to the soil. On the other hand, respondents reported practicing intercropping (85%), crop 
rotation (74%) and fallow (39%) in cropping systems based on sweetpotato, maize (88%) and 
cassava (35%). These agroecological practices have great potential to generate biomass residue 
and replenish soil nutrients organically, though only 3% indicated incorporating these residues 
in the soil. Additionally, no more than 12% of the respondents reported cultivating leguminous 
species such as peanuts, nhemba beans, and manteiga beans. From these crops, farmers can 
obtain edible products while producing high-quality biomass residue for organic management of 
soil fertility. Our study identified the potential of leveraging on already practiced land management 
to promote soil nutrient replenishment. However, current management can be redesigned to 
include dual-purpose species, such as beans, and cultural practices that enhance the supply of 
nutrients from biomass residue (e.g., incorporation, mulching, etc.). 

This study supports the improvement of soil fertility management in sweetpotato systems using organic-
based agricultural practices to improve food and nutrition security in smallholder communities in 
Mozambique.

This research is supported by the WFSC Mercator Research Program. The project, 
Towards nutritional security through organic management of soil fertility in 
orange-fleshed sweet potato systems (ORMASP), started in 2015.
Further information is available at www.worldfoodsystem.ethz.ch/research/ MRP/ormasp  
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Drying of fresh fruit: a multiscale approach
Kevin Prawiranto, Thijs Defraeye, Dominique Derome, Jan Carmeliet
Building Physics Group, ETH Zurich

ABSTRACT

The dehydration of cellular fruit tissue down to the microscale is investigated to obtain insights 
in the dehydration behavior at the macroscale. By using a multiscale approach, the findings at 
the microscale with respect to moisture transport are upscaled to the macroscale, by deriving 
transport properties, such as moisture permeability. This numerical work is backed up by non-
destructive imaging with X-ray tomography.
 

This research advances our understanding of fruit drying processes.

39



This research is supported by the WFSC Mercator Research Program. The project, 
Ecological intensification of organic rooibos cultivation in South Africa (EcoInt), 
started in 2016. 
Further information is available at www.worldfoodsystem.ethz.ch/research/ MRP 

The project tries to increase biotic soil fertility to improve the environmental sustainability of Rooibos Tea 
production in a biodiversity-sensitive area threatened by severe drought events and rural poverty. This is to be 
achieved by a more effective use of the available natural resources and a clever combination of local know-
ledge and insights into processes driving soil-microbe-plant system functioning.

ABSTRACT

Ecological knowledge is indispensable for an effective utilization of soil microbiological resources. Yet, 
techniques to utilize indigenous microbial communities in agricultural plant production are virtually 
inexistent, despite having obvious potential. Rooibos (Aspalathus linearis), a leguminous shrub endemic to 
the megadiverse Sandstone Fynbos vegetation of South Africa, may serve as a model system. Steadily rising 
domestic and global market demands are driving an expansion of rooibos plantations into environmentally 
sensitive areas. Current practices cause soil nutrient imbalances, organic matter degradation, erosion, 
and accumulation of pathogens and pests. To address this negative environmental footprint, we are 
evaluating simple soil manipulation measures (= dung addition and mixing of soils from sites of wild 
and cultivated rooibos) to support plant nutrition while utilizing the abiotic and biotic stress-alleviating 
services of naturally occurring root-associated microbes. The project will test and quantify the effects of 
nutrients, water availability and microbial community re-assembly (= augmentation of plant-beneficial 
and dilution of plant-antagonistic microbes through mixing of soils from wild populations and plantations) 
on plant performance (= mineral nutrition, growth, and tolerance against drought, pathogens and pests). 
The communities of arbuscular mycorrhizal fungi (AMF), rhizobia and oomycetes, as representatives of 
beneficial and antagonist microorganisms, will be characterized by sequencing. Plant nitrogen (N) and P 
contents will reveal how the total soil-microbe-plant system is performing from a nutritional point of view 
and 15N depletion involvement of rhizobia and AMF in N acquisition. Low δ13C and δ18O signatures will 
be indicative of microbial drought alleviation. Acceptance and implementation of ecological intensification 
measures will be pre-evaluated in interviews and fostered through workshops with farmers on the topic. 

Rooibos, a red tea unique to South Africa, is the first example of a locally adapted crop marketed under Geographic Indication 
status. Additionally, it is often sold under a variety of organic, fairtrade and environmental sustainability labels. However, due 
to the recent intensification of production, both organic and conventional production systems are facing severe challenges 
related to soil degradation, expansion of plantations into pristine land, and overexploitation of remaining wild populations. 
This project will comparatively explore organic and conventional production systems to identify integrative measures 
that can make best use of, but also preserve, the local biological and soil resources.  A particular focus will be placed on 
techniques to utilize indigenous soil microbial communities in Rooibos production systems through agroecological soil 
manipulation techniques.

Can root-associated microbes contribute to an ecological intensification 
of rooibos cultivation? – A harmonisation of organic & conventional 
farming? 
Josep Ramoneda, Emmanuel Frossard, Johannes Le Roux, Noel Oettle, Hannes A. Gamper
Plant Nutrition Group ETH Zurich 
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This research is supported by the WFSC Coop Research Program. The project, 
Advanced breeding of high energy red clover for sustainable ruminant livestock 
production (HERC), began in 2015. 
Further information is available at www.worldfoodsystem.ethz.ch/research/CRP 

This project aims to replace the unsustainable practice of feeding ruminant livestock high energy grains with 
sustainable feeding of high energy forages.

ABSTRACT

Red clover (Trifolium pratense L.) is one of the most important forage legumes worldwide for 
feeding ruminant livestock. Although red clover has a relatively high biomass potential, it lacks the 
high-energy carbohydrates required to meet the productivity potential of modern livestock breeds. 
Therefore, forage-based diets are supplemented with high-energy corn, cereals and soy that are 
often derived from unsustainable foreign supply chains. Although, red clover accumulates starch 
in its leaves during the day as a temporary carbon store of photosynthesis, leaf starch content has 
yet to be exploited as an agronomic trait in forage crops. In a genetically diverse population of red 
clover we found that both daytime starch accumulation and nighttime starch degradation have 
a high degree of natural variation, and red clover has the genetic potential to accumulate up to 
one third of its dry mass as starch.  As a diurnal trait, leaf starch content is unstable and strongly 
influenced by the environment. To overcome this instability, we applied the current knowledge of 
starch metabolism from the model plant arabidopsis to direct an advanced breeding approach 
based on Targeting Induced Local Lesions in Genomes (TILLING). With TILLING, we aim to identify 
beneficial alleles in genes required for diurnal starch mobilization, which are expected to further 
sequester and stabilize starch content in the leaf. These novel alleles will be combined with elite 
germplasm to develop a high-energy trait. Such a trait will provide a feed source to significantly 
improve the economic and environmental sustainability of ruminant livestock production.
 

Development of High Energy Red Clover
Michael E. Ruckle, Michael Meier, Lea Frey, Samuel C. Zeeman, and Bruno Studer 
Molecular Plant Breeding Group and Plant Biochemistry Group, ETH Zurich 
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The access of citizen-consumers’ to Swiss agro-food decision processes: 
often called upon, rarely influential? 
Rémi Schweizer
Natural Resource Policy Group, part of the Climate Policy Group, ETH Zurich

ABSTRACT

The poster presents the results of a project conducted as part of the National Research Program 
69 on “Healthy Nutrition and Sustainable Food Production”. Considering citizen-consumers 
involvement as a key to the economic success and political legitimacy of sustainable food systems, 
the project analyses how these actors, as individuals or organized groups, actually affect decision 
processes in Switzerland. By exploring who is involved in food governance, how and why, the 
research unveils a paradox in the codetermination rights of citizen-consumers in the decision-
making processes related to sustainable food systems. On the one hand, their preferences are 
constantly put forward and the organisations defending their interests are increasingly consulted. 
Consumer willingness to pay for regional and ecological products justify many decisions made by 
political and economic stakeholders, and the literature underlines their growing role in explaining 
the direction undertaken by agro-food systems. The empirical research conducted as part of the 
project provides, however, a more nuanced picture. Based on four in-depth case studies located 
in Switzerland (Swissness legislation, carbon labelling, organic farming, and the development of 
a public trademark in Geneva), the results highlight the intrinsic complexity of food governance, 
the diversity of the actors involved, and the asymmetry of power between them. They show how 
citizen-consumers’ influence remains actually quite small once discussions become technical or 
crucial economic challenges are addressed. Consumer preferences, as well as the organisations 
defending their interests, still have a limited influence in a closed and unequal decision-making 
system.
 

This research focuses on food governance in Switzerland, with the goal to explore the conditions that would 
enable citizens and consumers to become more involved in sustainable food systems. 
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This research is supported by the WFSC Mercator Research Program. The project, 
Zinc Biofortification of Wheat through Organic Matter Management in Sustainable 
Agriculture (ZOMM), started in 2013. 
Further information is available at www.worldfoodsystem.ethz.ch/research/ MRP/  

Our research addresses the challenge of widespread human malnutrition in zinc.  How do different agronomic 
practices on farms around Zurich affect nutritious zinc and toxic cadmium contents in soil and wheat grains?

ABSTRACT

Agronomic biofortification is an important strategy to combat widespread Zn deficiency in human 
nutrition. On-farm factors influencing Zn uptake by crop plants include manure application, 
fertilisation and cropping system. However, farming practices increasing Zn could also increase 
Cd uptake by crop plants. In this study we investigated the relationship between Zn and Cd in 
wheat grains and their total and phytoavailable concentrations in Swiss soils under organic and 
conventional farming. We included 28 farms around Zurich: 11 organic farms using compost 
(COMP), 10 organic farms without application of compost (ORG) and 7 conventional farms 
without compost (CONV).  We found that soil organic carbon was a key factor for soil Zn and 
Cd con¬centrations across all three systems. The soil of the compost farms had more organic 
carbon and higher microbial activity than the soils of the conventional farms, whereas there was 
no significant compost effect on soil and grain Zn because livestock was also closely related to 
the metal concentrations: Farms with livestock had more soil Zn than farms without livestock. 
In contrast to Zn, total and phytoavailable soil Cd concentrations were significantly higher on 
compost farms than on conventional farms. Therefore, higher soil Cd introduced in the past could 
have remained in the compost farm soils due to a higher rate of biocycling. Accordingly, only the 
compost farms with livestock showed significantly higher grain Cd concentrations in comparison 
to conventional farming.
 

Zinc and Cadmium in Soil and Wheat Grains on Swiss Farms: Comparison 
of Organic and Conventional Management
Steffen A. Schweizer, Susan Tandy, Benjamin Seitz, Marcel van der Heijden, Rainer Schulin.
Soil Protection Group, ETH Zurich
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This project brings together a team of international partners who are developing an integrated modeling 
system to examine a range of global food and nutrition scenarios and their regional implications

ABSTRACT

The DEVIL project tackles the challenge of feeding a growing population now and in the future 
on limited land resources by modeling feedback interactions between land use change and food 
security dynamics. Consortium partners will build an integrated modeling system based on high 
resolution, spatially disaggregated global models and databases of soils, land-use, crops and 
livestock; the global FEEDME model; and a new country-level agent-based model. This modeling 
system will be applied to examine a range of scenarios and study feedback interactions both 
globally and regionally.

The World Food System Center will lead the knowledge exchange, engagement, and outreach 
activities for the DEVIL Consortium. We will begin with a comprehensive stakeholder analysis, in 
consultation with the Consortium partners. Involvement of global and regional stakeholders from 
the start and at strategic points in the research through workshops and exchange platforms will 
enable the DEVIL project to inform decision making and provide critical feedback to the modeling 
partners. Training programs will engage advanced students from around the world with the project 
and its outputs.

 

Delivering Food Security on Limited Land: Engaging Global Stakeholders 
through Knowledge Exchange and Education (DEVIL)
Aimee Shreck, Michelle Grant, Nina Buchmann, and Devil Consortium Members
World Food System Center, ETH Zurich
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This research is supported by the WFSC Coop Research Program. The project, Dairy 
products as essential sources of iodine in the Swiss population (MIOD), began in 
2015. 
Further information is available at www.worldfoodsystem.ethz.ch/research/CRP 

The objective of this project is to provide new data for postulating feeding recommendations for dairy cows and 
revised guidelines for milking and dairy processing. The project’s overall aim is to achieve standardized iodine 
concentrations in milk and dairy products, in order to ensure that the iodine intake by the Swiss population is 
adequate, thus avoiding both deficiency and excess. 

ABSTRACT

Iodine deficiency is estimated by WHO to be the leading cause of preventable mental retardation 
worldwide. Switzerland was severely iodine deficient until iodized salt was introduced in 1922. 
National surveys in 1999, 2004 and 2009 have generally shown sufficient iodine intake in school 
aged children and pregnant women but other population groups such as weaning infants and 
women of reproductive age have low intakes. Along with iodized salt, milk and dairy products are 
the main iodine sources in Switzerland, supplying more than half of intakes, and the population 
would be iodine deficient without this important contribution. However, milk products are an 
unpredictable source: iodine concentrations of milk vary widely between seasons and production 
methods, with organic products generally showing lower concentrations. Therefore, this project 
will investigate the key factors that influence the iodine content of milk, from the dairy cow, through 
processing, to human consumption. The project goal is to provide new data for recommendations 
for dairy cow iodine supplementation and milk processing in order to achieve a specified range of 
iodine concentration in milk products, so that iodine intake by target populations in Switzerland 
are adequate, avoiding both iodine deficiency and iodine excess. This poster presents preliminary 
results of two studies run in the frame of this project: 1) a dose-response of iodine supplementation 
to dairy cow diets on milk iodine concentration; and 2) effect of processing of milk with varying 
iodine concentration on iodine content in dairy foods such as yogurt and cheese.

 

Meeting iodine requirements: importance of milk and cheese for the 
Swiss population
Olivia van den Reijden
Laboratory of Human Nutrition and Animal Nutrition Group, ETH Zurich; Institute for Livestock 
Sciences and Institute for Food Sciences, Agroscope 
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The effects of tree species diversity on soil fertility in cocoa-plantations 
of southeast Sulawesi 
Ariani Wartenberg, Wilma Blaser, James Roshetko, Meine Van Noordwijk and Johan Six
Agricultural Economics and Policy Group, ETH Zurich

ABSTRACT

Sulawesi’s rainforests are recognized for their high endemic diversity, but unfortunately they 
are threatened by expanding deforestation, driven by mining and agriculture. As cocoa is the 
principal crop of southeast Sulawesi, improving the sustainability of cocoa production is crucial. 
Many studies have examined whether there are economic and ecological advantages of complex 
cocoa agroforests versus monocultures. However, for cocoa plantations, data about the effects 
of tree diversification on soil fertility is scarce. Additionally, the effects of diversity on long term 
soil regeneration after deforestation have not been explored. We tested how tree species diversity 
impacts soil aggregation, soil nutrients, and microbial communities, across a diversity gradient 
ranging from cocoa monocultures to complex cocoa agroforests, using secondary forests and 
primary forests as a baseline. We found significantly higher levels of soil carbon, aggregate stability 
and microbial abundance in forest systems, with no apparent effect of tree diversity within cocoa 
plantations. Moreover, we found evidence of mechanistic linkages between aggregation, bacterial 
and fungal communities, and soil C stocks, suggesting that tree diversity indirectly affects soil 
aggregation and nutrient accumulation. However, the lack of a direct effect of increasing tree 
diversity leads us to conclude that the diversification of cocoa plantations is not a good short-
term solution to mitigate soil degradation after deforestation. Rather, efforts should focus on 
improving the long-term productivity of existing cocoa plantations to counteract further agricultural 
expansion, and on promoting soil health recovery via secondary forest establishment.
.
 

Cocoa is currently one of the world’s most important cash crops, and the principal livelihood source of 
thousands of smallholders not only in Sulawesi, but also in Brazil, Ghana or the Ivory Coast. Price volatility 
and declining cocoa yields, linked to unsustainable management practices, pest and disease incidence and 
soil degradation, have exacerbated farmer vulnerability; improving the sustainability and productivity of 
existing cocoa plantations should thus be a priority.  
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This research is supported by the WFSC Mercator Research Program. The project, 
Nitrified Urine as Fertilizer: A trans-disciplinary approach to solutions-oriented 
community development (NUFSOC), started in 2016. 
Further information is available at www.worldfoodsystem.ethz.ch/research/ MRP/  

Poor soil fertility due to continuous soil mining is one of the underlying causes of food insecurity in Africa. This 
research is focused on assessing the biophysical and social implications of utilizing nitrified urine as 
sustainably-sourced organic fertilizer to reduce food insecurity in informal settlements in South Africa.

ABSTRACT

Rapidly growing informal settlements in the developing world currently face major development 
crises, two of which are the inadequate provision of basic sanitation and chronic food insecurity. 
Although traditionally viewed as distinct matters to be solved with disparate solutions, there 
is growing awareness that technologies designed to close the nutrient loop offer a means 
to simultaneously improve both issues. In particular, a system designed and tested at the 
Swiss Federal Institute of Aquatic Science and Technology (EAWAG), shows great promise as 
an ecologically sustainable, hygienically safe, and socially equitable alternative to traditional 
sanitation management. By combining source separation toilets that facilitate the collection of 
nutrient rich urine with the processing techniques developed at EAWAG, full recovery of nitrogen 
and phosphorus is possible and can sustainably close the agricultural nutrient cycle. This research 
will quantify both the biophysical and social implications of using this processed human urine as 
an organic fertilizer for agricultural cropping systems. To accomplish this objective, our research 
will focus on four work packages designed to fill knowledge gaps with regard to the use of urine 
as fertilizer: (i) an agricultural field experiment to quantify the ecological implications of this 
amendment; (ii) a participatory field trial to elucidate farmer perceptions of this fertilizer; (iii) an 
acceptance survey to understand consumer attitudes of food grown with recycled nutrients; (iv) 
qualitative interviews to view the policy implications, potential, and limitations of this technology 
to improve the sanitation and food insecurity challenges currently facing these communities. 
 

Nitrified Urine as Organic Fertilizer: A Trans-Disciplinary Approach to 
Solutions- Oriented Community Development
Ben Wilde, Dr. Johan Six, Dr. Astrid Oberson, Dr. Eva Lieberherr, Dr. Engil Isadora Pereira.
Sustainable Agroecosystems Group, Plant Nutrition Group, and Institute for Environmental 
Decisions, ETH Zurich
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Improving disease resistance of pea through selection at the plant-soil 
interface 
Lukas Wille, Pierre Hohmann, Monika Messmer, Bruno Studer
Molecular Plant Breeding Group, ETH Zurich and Dept. of Crop Sciences, Research Institute of 
Organic Agriculture (FiBL)

 The study aims to investigate the genetic basis of resistance of pea against soil fatigue considering plant-
microbe interactions. Project outcomes will directly promote the breeding of pea varieties resistant to soil-
borne pathogen complexes.

This research is supported by the WFSC Mercator Research Program. The project, 
Improving disease resistance of pea through selection at the plant-soil interface 
(resPEAct), started in 2016. 
Further information is available at www.worldfoodsystem.ethz.ch/research/ MRP/  

ABSTRACT

Legumes are able to improve soil fertility via a mutualistic symbiosis with nitrogen-fixing 
rhizobacteria.  Therefore, they represent ecologically important crops for organic and other 
sustainable farming systems.  Besides their ecological function, grain legumes considerably 
contribute to the dietary protein N needs of humans (Graham and Vance 2003). Despite their 
importance, legume cultivation remains low due to low and unstable yields (Rubiales and Mikic 
2015). Soil fatigue, also called legume yield depression syndrome, is caused by a complex of 
different soil-borne pathogens and thought to be the main reason for these yield losses, especially 
in pea (Pisum sativum) (Fuchs et al. 2014). The overall goal of this project is to improve the resistance 
of pea against soil-borne diseases. More than 250 pea lines (varieties, advanced breeding material 
and GenBank accessions) will be screened for resistance in standardised growth chamber 
experiments and on-farm. A screening tool for breeders will be developed in collaboration with 
Getreidezüchtung Peter Kunz. The role of root exudates in shaping the plants’ own detrimental or 
beneficial microbial community in the rhizosphere will be investigated by HPTLC in collaboration 
with Giessen University, Germany, and CAMAG, Switzerland. Key pathogens and beneficials will 
be characterised by quantitative real-time PCR and linked to root exudate profiles of pea varieties 
with contrasting resistance levels. In addition, we will identify resistance associated quantitative 
trait loci via genome-wide association study. Our study will shed light on the complex interactions 
between pea and soil microbes and promote resistance breeding programmes for legumes.

This project is supported by the Mercator Foundation Switzerland and the Swiss Federal Office of Agriculture.
Fuchs, J. G., Thuerig, B.,  Brandhuber, R., Bruns, Ch., Finckh, M. R., Fließbach, A., Mäder,  P., Schmidt, H., Vogt-Kaute, 

W., Wilbois, K.-P., Lucius, T. (2014). Evaluation of the causes of legume yield depression syndrome using an improved 
diagnostic tool. Applied Soil Ecology 79: 26-36.

Graham, P. H. and Vance, C. P. (2003). Legumes: importance and constraints to greater use. Plant Physiology 131: 
872–877.

Rubiales, D., Mikic, A. (2015). Achievements and challenges in legume breeding for pest and disease resistance. 
Critical Reviews in Plant Science 34: 2–3.
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This research is supported by the WFSC Coop Research Program. The project, Eco-
smart ventilated packaging for fresh fruit using virtual cold chains (PACKCHAIN), 
began in 2015. 
Further information is available at www.worldfoodsystem.ethz.ch/research/CRP 

Cooling fresh fruit after harvest, and keeping them under optimum temperature conditions during transport 
and storage is essential to reduce produce quality loss. A major challenge is the cooling heterogeneity of 
individual fruit throughout the entire cold chain, which is discussed in this work.

ABSTRACT

An important share of the food losses, energy consumption and carbon footprint in the fresh fruit 
and vegetables supply chain is embedded within postharvest unit operations such as precooling, 
refrigerated transport and storage. Improving ventilated packaging is an efficient way to increase 
product quality and shelf life by better and more uniform cooling throughout the cold chain. 
Packaging also helps in reducing the energy use of mechanical ventilation systems by altering the 
airflow resistance. The complex role of packaging solutions in the fresh produce supply chain is still 
not fully understood. The project applies virtual tracking of the thermal history of individual fruit 
throughout cold chain unit operations to predict the fruit quality evolution during its postharvest 
life. In a later stage, this information is combined with life cycle assessment as a novel approach 
to improve the food cold chain, by reducing product losses and environmental impact.

Virtual cold chain for modelling the postharvest quality evolution of 
packaged fresh fruits 
Wentao Wu, Paul Cronjé, Umezuruike L. Opara, Thijs Defraeye 
Building Physics Group, ETH Zurich 
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This research is supported by the WFSC Mercator Research Program. The project, 
Extensive Grazing on Subalpine Pastures: Integrating Biodiversity and the 
Production of Meat with Special Quality (EG4BM), started in 2015. 
Further information is available at www.worldfoodsystem.ethz.ch/research/ MRP/  

The increasing tendency for abandonment of marginal pastures takes forage resources out of production, thus 
reducing the production of animal-source foods from non-arable land, i.e. feed which is not in competition 
with human food production. We seek strategies to reconcile the conservation of biodiversity and the 
maintenance of forage productivity with a viable organic meat production in subalpine pastures in order to 
counteract this tendency.

ABSTRACT

Since marginal mountain pastures are not arable, they provide forage resources for animal-source 
foods not in competition with human food production. On top, they harbour unique biodiversity 
and recreational values. These ecosystem services are under threat from abandonment of these 
areas and subsequent shrub encroachment. Our main aim was, therefore, to develop strategies 
for conserving biodiversity and maintaining productivity of subalpine pastures by organic low-
input grazing with robust breeds. In part 1 of the project, we visited 24 sites across the Swiss 
Alps and carried out a botanical survey investigating the relationship between shrub cover and 
the composition of understorey vegetation. In part 2, a grazing experiment was carried out to 
study the biomass production of subalpine vegetation types as well as the growth performance 
and meat quality of Dexter cattle and Engadine sheep. Part 1 revealed that the identity of the 
dominant shrub species has a strong impact on botanical composition. The understorey vegetation 
of Alnus viridis (green alder) was much more species-poor than that of Pinus mugo (creeping pine) 
and had a higher nutrient indicator value. Part 2 demonstrated that the understorey vegetation 
of A. viridis provides a largely underestimated forage resource for grazing animals. Productivity 
and meat quality of lambs and cattle was equal if not higher on sites with A. viridis than on open 
pastures. Together, these results indicate that conservation targets can potentially be achieved 
by simultaneously producing organic meat from robust breeds thus motivating farmers to keep 
this land under production. 
 

Valorising non-competing forage resources of marginal mountain 
pastures
Zehnder T., Schneider M.K., Berard J., Kreuzer M. and Lüscher A.
Animal Nutrition Group, ETH Zurich and Forage Production and Grassland Systems Group, 
Agroscope
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The study is addressing how human gut microbes could change the structure and toxicity of mutagens present 
in the food, with an emphasis of fundamental insight on toxicity change. Such information may help us to 
develop prevention strategies for the exposure of the food mutagens. 

ABSTRACT

The human gut harbors a diverse community of microbes that can alter the potency of carcinogens 
in the colon, the chemical basis of bacterial mediated biotransformations is not well established. 
In this study, human gut microbes were tested for their ability to biotransform carcinogenic 
heterocyclic amines (HCAs). Three species belonging to Eubacterium and Lactobacillus species 
were observed to biotransform heterocyclic amines, and their proficiency in the presence of 
complex gut microbiota was confirmed using an intestinal fermentation model mimicking human 
proximal and distal colon microbiota. The chemical structures of the biotransformation products 
were characterized. The chemical structures of the transformation products were characterized, 
and glycerol was found to be essential, providing a basis for insight regarding the mechanism of 
the transformation. The biological impact of the observed biotransformation was investigated by 
cell-based assays, supporting that biotransformed products have altered toxicological potencies 
relative to their precursors. These results suggest that dominant species of gut microbiota could 
biotransform dietary carcinogens and modulate their toxicity effects, a possible basis of individual 
susceptibility of individuals to toxicants and help in developing personalized nutrition-based 
disease prevention strategies. 

Gut microbes transform food mutagens to metabolites with changed 
toxicity
Jianbo Zhang, Shana J. Sturla, Mirjam Schneider, Mostafa Fekry, Christina Engels, Christophe 
Lacroix
Laboratory of Toxicology, ETH Zurich
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