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Welcome 
The Wageningen PhD Symposium (WPS) is an annual one-day event organized by the 
Wageningen PhD Council (WPC) at Wageningen University and Research (WUR), the 
Netherlands. The goal of the WPS is to bring together PhD and early-stage researchers from 
all disciplines to give insight on their research projects and to foster learning, inspiration and 
ultimately provoke scientific discussions that matter. Every year the WPC appoints a 
committee to organize the WPS that consists of PhDs from the six Wageningen graduate 
schools. The WPS always has themes that relate to WUR's educational goals and research 
activities, and more specifically to the University’s mission of exploring the potential of 
nature to improve the quality of life.  
The theme of this year’s symposium is ‘Science with Impact’. How do we ensure that our 
research has impact? There is no straightforward answer to this question. It is hard to define 
and measure impact of scientific research. In this symposium, we invited scientists who have 
significant contribution to their fields to talk about impact and their journeys to achieve them.  
This year, the program also includes two workshops regarding physical exercises to help you 
get through a long working day and tips on how to respond in certain situations in academic 
environment.    
This year WPS organization committee includes:  Anna Maslowska-Gornicz from Laboratory 
of Systems and Synthetic Biology, VLAG; Annelies Noorlander from Toxicology, VLAG; 
Ivanna Colijn from Food Process Engineering,VLAG;  Nhung Pham from Laboratory of 
Systems and Synthetic Biology, VLAG; Song Shuang from Laboratory of Plant Science, EPS. 
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More about...  
 

Keynote speakers 
Prof.dr.J. van der Oost (John) 
John van der Oost (born the 22th of July 1958) is considered a pioneer of the “CRISPR 
revolution” for his fundamental work on unravelling the mechanism of CRISPR-based 
immunity in bacteria, paving the way for developing CRISPR-mediated genome editing.  This 
finding brought him the highest scientific award in the Netherlands ‘de Spinozapremie’ from 
reserach funder NWO on the 212th of September 2018 
Dr. L. Bentsink (Leonie) 
What makes seeds so long lived? This and how seed germination is regulated are questions 
that Le’onie Bentsink (born 29th of August 1973), Associate Professor at Wageningen 
University and Research is addressing in her research. After her earlier Veni and Vidi frants, 
she receiced a Veci grant in Februari 2019.  
Prof. dr. W.T.S. Huck (Wilhelm) 
How did life evolve from dead chemicals? This is the question that Wilhelm Huck (born 1st of 
July 1970), Professor of Physical Organic Chemistry at Radboud University, is trying to 
answer. His research for the essence of life made him the winner of an NWO Spinoza Price, 
the highest award for science in the Netherlands on the 10th of June 2016. 
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Schedule 
General Schedule 
Start End Activity     
8:30  9:15  Registration, coffee and set up poster  
9:15  9:30  Opening by the Dean of Research  
9:30  10:20  John van der Oost (KNS)  
10:20  10:50  Coffee break   
10:50  11:20  Workshop GoalTrainers  
11:30  12:30  Parallel session 1  
12:30  13:30  Lunch and posters  
13:30  14:20  Leonie Bentsink (KNS)  
14:20  14:30  Biobreak  
14:30  15:00  Workshop Theatre  
15:10  16:10  Parallel session 2  
16:10  16:30  Coffee break   
16:30  17:20  Wilhelm Huck (KNS)  
17:20  19:00  Drinks   
   

 
Schedule parallel sessions 
 
Time  Parallel session 1a  Parallel session 1b  
11.30  Angel Marquez Aguilar  Muhammad Asrullah  
11.50  Jinfeng Wu  Naznin Nahar  
12.10  Raisa Rudge  Dominique Joubert  
      
Time  Parallel session 2a  Parallel session 2b  
15.10  Marjolein Verhulst  Max Finger-Bou  
15.30  John Onditi Yunyu Tian  
15.50  Ali Elhakeem  Floris Breman  
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Abstracts selected for oral presentation 
Session  
time 

Abstract 

1a 11:30 A fruit tree digital twin – the autonomous pruning application 
 
Angel Marquez Aguilar1*, Gert Kootstra 1, Harm Bartholomeus 2  
 
1Farm Technology Group, Wageningen University and Research, Wageningen, Netherlands 
2Laboratory of Geo-Information Science and Remote Sensing, Wageningen University and Research, 
Wageningen, Netherlands E-mail: angel.marquezaguilar@wur.nl  
 
Tree fruit crops’ economic relevance and their labour related challenges 1–3 
justify the automation of tasks like harvesting, spraying, flower mechanical 
thinning and pruning, in developed countries. Despite the focus has been on 
autonomous harvesting, automation of thinning, spraying or pruning is also 
interesting. Pruning is the removal of old or damaged, unproductive parts of trees, 
mostly branches, to improve trees’ health, yield quality, increase yield, and 
control pest, among other functions, through the improvement of sunlight access 
and the balancing of vegetative growth for example 4–8. It is a lifelong task with 
crucial influence on the orchard management and profitability. Nevertheless, 
pruning is the second greatest sink of labour and labour cost 4,5,7,9,10. This 
work presents advances towards autonomous pruning of fruit trees. Autonomous 
pruning requires accurate and reliable abstraction of the features of trees that are 
relevant for pruning. 
The first step has been identifying and characterising such features. Some of the 
most relevant ones are trees’ topology and geometry. A study of suitable sensing 
configurations with a 3D LiDAR scanner was carried out with individual 
branches and on whole apple trees. The resulting apple trees’ point clouds have 
been processed to produce Quantitative Structure Models or QSMs. These 
reconstruction models provide an approximation of the geometrical information 
of trees, such as length, diameter and orientation of branches or branch segments, 
as well as topological features such as branching order 11,12. An evaluation 
between preliminary QSMs, point clouds and trees’ ground truth is presented.  
 
Keywords: agriculture robotics, pruning, fruit trees, LiDAR, QSMs 
 
References 
1. White, U. et al. Agricultural Robotics: The Future of Robotic Agriculture. (2018). doi:arXiv:1806.06762v2 
2. Whiting, M. Precision Orchard Systems. in Automation in Tree Fruit Production: Principles and Practice 75–92 (2017). 
3. Bac, C. W., Van Henten, E. J., Hemming, J. & Edan, Y. Harvesting Robots for High-value Crops: State-of-the-art 
Review and Challenges Ahead. Journal of Field Robotics 31, 888–911 (2014). 
4. Karkee, M., Adhikari, B., Amatya, S. & Zhang, Q. Identification of pruning branches in tall spindle apple trees for 
automated pruning. Comput. Electron. Agric. 103, 127–135 (2014). 
5. He, L. & Schupp, J. Sensing and Automation in Pruning of Apple Trees: A Review. Agronomy 8, 211 (2018). 
6. Robinson, T. L., Dominguez, L. I. & Acosta, F. Pruning strategy affects fruit size, yield and biennial bearing of ‘Gala’ 
and ‘Honeycrisp’ apples. Acta Hortic. 1130, 257–263 (2016). 
7. Adhikari, B. & Karkee, M. 3D Reconstruction of Apple Trees for Mechanical Pruning. 2011 ASABE Annu. Int. Meet. 
7004, 303–318 (2011). 
8. Schupp, J. R. et al. A Method for Quantifying Whole-tree Pruning Severity in Mature Tall Spindle Apple Plantings. 
HortScience 52, 1233–1240 (2017). 
9. Akbar, S. A., Chattopadhyay, S., Elfiky, N. M. & Kak, A. A Novel Benchmark RGBD Dataset for Dormant Apple 
Trees and Its Application to Automatic Pruning. in IEEE Computer Society Conference on Computer Vision and Pattern 
Recognition Workshops 347–354 (2016). doi:10.1109/CVPRW.2016.50 
10. Medeiros, H. et al. Modeling Dormant Fruit Trees for Agricultural Automation. J. F. Robot. 34, 1203–1224 (2017). 
11. Hackenberg, J., Spiecker, H., Calders, K., Disney, M. & Raumonen, P. SimpleTree - An efficient open source tool to 
build tree models from TLS clouds. Forests 6, 4245–4294 (2015). 
12. Raumonen, P. et al. Fast Automatic Precision Tree Models from Terrestrial Laser Scanner Data. Remote Sens. 5, 491–
520 (2013). 
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1a 11:50 Wildfires do not cause significant hydro-sedimentary responses at the 
catchment scale 
 
Jinfeng Wu 1,2,3*, Jantiene E.M. Baartman 2,3, JoãoP.Nunes 3 
1College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China 
2Soil Physics and Land Management Group, Wageningen University and Research, P.O. Box 47, 6700 AA 
Wageningen, the Netherlands 3CE3C–Centro de Ecologia, Evolução e Alterações Climáticas, Faculdade de 
Ciências, Universidade de Lisboa, 1749-016 Lisboa, Portugal 
E-mail: jinfeng.wu@wur.nl 
 
Introduction 
Wildfire potential is projected to increase globally under future climates, 
especially in areas that currently have significant wildfire occurrence and many 
fire-dependent forest types [1]. Following wildfire, increased erosion rates and 
changes to runoff generation and sources of pollutants can greatly increase the 
amounts of sediment, nutrients and other constituents delivered to streams and 
reservoirs, potentially resulting in water supplies that are unfit for consumption 
[2-5]. Therefore, we aim to contribute to the knowledge of fire effects on the 
catchment scale. 
 
Approach 
In this study, we analysed the effects of wildfire on runoff and soil erosion at the 
catchment scale based on multivariate statistical analysis and unraveled the 
relations between rain-hydrological and sediment response at the catchment scale. 
Also, we interpreted our results using the concept of connectivity. 
 
Results 
After fire, rainfall leads to quicker and higher runoff response with more 
suspended sediment compared with pre-fire rainfall, but low and mediate rainfall 
events which account for main rainfall events in this catchment have no 
significant difference in runoff and sediment load. 
 
Discussion 
These results obtained from this study reveals both runoff and sediment were 
localized, resulting in little runoff or sediment yield after the fire at the catchment 
scale. 
 
Keywords: soil erosion, PCA, connectivity, wildfire, hydrological response. 
 
References 
1.Liu, Y., J. Stanturf, and S. Goodrick, Trends in global wildfire potential in a changing climate. Forest Ecology and 
Management, 2010. 259(4): p. 685-697. 
2. Hallema, D.W., et al., Burned forests impact water supplies. Nat Commun, 2018. 9(1): p. 1307. 
3. Robinne, F.N., et al., A spatial evaluation of global wildfire-water risks to human and natural systems. Sci Total 
Environ, 2018. 610-611: p. 1193-1206. 
4. Robinne, F.-N., et al., A Global Index for Mapping the Exposure of Water Resources to Wildfire. Forests,2016. 7(12). 
5. Smith, H.G., et al., Wildfire effects on water quality in forest catchments: A review with implications for water supply. 
Journal of Hydrology, 2011. 396(1-2): p. 170-192. 
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1a 12:10 Measuring food texture with 3D-printed tongue surfaces 
Raisa E. D. Rudge 1,2* , Joshua A. Dijksman 2 , Elke Scholten 1  

*Lead presenter  
1 Physics and Physical Chemistry of Foods, Wageningen University, Wageningen, The 
Netherlands  
2 Physical Chemistry and Soft Matter, Wageningen University, Wageningen, The Netherlands E-
mail: Raisa.Rudge@wur.nl 

 
Food scientists across the globe are working hard to produce foods that are 
allergen-free, and contain healthy and sustainable ingredients. You know the 
examples: gluten-free bread, animal-free meat substitutes, and low fat and low 
sugar products. These foods often do not have the same texture and mouthfeel as 
the original product. Sensory studies are often needed to evaluate the texture of 
these new foods, requiring large numbers of people and many food samples and 
hence time and money. An affordable solution would be using objective 
measurements to obtain insights into sensory properties. Here, physics comes to 
the rescue. To assess specific mouthfeel characteristics such as creaminess, 
smoothness, or slipperiness of foods, frictional measurements are becoming a 
standard tool in the toolbox of food scientists. The method of measuring friction, 
also known as tribology, involves sliding two surfaces past each other. In our lab, 
we use different surfaces to create the ultimate mouth-mimicking machine. We 
use 3D-printing techniques to design specific patterns on surfaces of soft 
deformable materials to mimic the rough but soft tongue and palate. These 
surfaces provide information on the effect of tongue properties on in-mouth 
friction. Additionally, we introduce model food particles varying in size and 
deformability. We find that the food particle properties play a large role in 
determining the friction. The technology presented here, paves the way towards 
better understanding of the complex relationship between measurable food 
texture and perceived mouthfeel. Our developed understanding of food friction 
will hopefully lead to guidelines to develop healthier and more sustainable foods. 
 
Keywords: Oral Processing, Food texture, Hydrogels, Tribology, Rheology. 
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1b 11:30 Time Trend of Age At Menarche and Its Link to Nutritional Status and Non-
Communicable Diseases Risk in Indonesia: Evidence from Five Waves the 
Indonesian Family Life Survey (IFLS) 
 
Muhammad Asrullah 1* , Alida Melse-Boonstra 1 , Edith Feskens 1 
1 Division of Human Nutrition and Health, Wageningen University and Research, The 
Netherlands  
* Lead presenter E-mail: Muhammad.asrullah@wur.nl 
 
Introduction 
In western countries Age at Menarche (AAM) is nowadays lower than two 
decades ago [1], coinciding with increased BMI and prevalence of Non-
Communicable Diseases (NCD). Lower AAM is associated with higher BMI [2] 
and prevalence of NCD [3]. This study aimed to determine the time trend of 
AAM and its association with BMI and NCD risk at later age in Indonesia, an 
emerging economy. 
 
Method 
This study used secondary data from 15,744 women aged 15-65 years included in 
the Indonesian Family Life Survey (IFLS) waves 1-5, which was conducted in 
the period 1993 to 2015 [4]. Univariate and multivariate linear regression was 
applied to determine the association between AAM and BMI while Poisson 
regression with robust variance was employed for determining the prevalence 
ratio of NCD related to AAM. Results were adjusted for age, BMI, household 
wealth index, housing area, and region. 
 
Results 
In Indonesia, AAM has significantly declined by one year over time from 14.4 
years of age in the 1940s to 13.4 years of age in the 1990s. AAM was significant 
inversely associated with BMI (β: -0.07 y/kgm2, 95%CI: -0.35, -0.20) and body 
weight (β: -0.09 y/kg, 95%CI: -0.69, -0.48), but not with height. 
Regarding NCD, prevalence of liver diseases were significant positively related 
to AAM (PR: 1.11, 95%CI: 1.00, 1.23). AAM was not significantly associated 
with hypertension, diabetes mellitus, asthma, chronic lung diseases, 
cardiovascular diseases, stroke, cancer, and arthritis. 
 
Conclusion 
Women with earlier AAM have higher BMI, and the prevalence of liver diseases 
was higher among women with later AAM. 
 
Keywords: menarche, nutritional status, non-communicable diseases, liver 
diseases. 
 
References  
[1] N. Krieger, M. V. Kiang, A. Kosheleva, P. D. Waterman, J. T. Chen, and J. Beckfield, “Age at menarche: 50-year 
socioeconomic trends among US-born black and white women,” Am. J. Public Health, vol. 105, no. 2, pp. 388–397, 2015.  
[2] R. Lakshman et al., “Early age at menarche associated with cardiovascular disease and mortality,” J. Clin. Endocrinol. 
Metab., vol. 94, no. 12, pp. 4953–4960, 2009.  
[3] P. Kaplowitz, “Pubertal development in girls: Secular trends,” Curr. Opin. Obstet. Gynecol., vol. 18, no. 5, pp. 487–
491, 2006.  
[4] J. Strauss et al., “The 5th Wave of the Indonesia 
Family Life Survey (IFLS): Overview and Field Report,” no. WR-144/1-NIA/NCHID, 2016 
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1b 11:50 DESIGNING INTEGRATED PEST MANAGEMENT (IPM) FOR 
EGGPLANT IN BANGLADESH 
 
Naznin Nahar 1,2* , Mohammad Mahir Uddin 2 , Peter de Jong, Paul C. Struik, Tjeerd-Jan Stomph 
1  
1Department of Plant Sciences, Wageningen University and Research Centre, Wageningen, The 
Netherlands  
2Department of Entomology, Bangladesh Agricultural University, Mymensingh, Bangladesh 
E-mail: naznin.nahar@wur.nl 
 
Introduction 
In response to the unrestricted use of pesticides, concept of IPM has been 
developed. Despite huge investment in IPM research and substantial promotion, 
IPM has a frustratingly low adoption rate, particularly in developing countries, 
reasons identified as weaknesses in research, poor outreach, poor quality of the 
proposed IPM and farmer training and organisation (Parsa et al., 2014). To 
manage Eggplant shoot and fruit borer (ESFB) moth, an IPM package was 
developed and successfully tested in pilot projects on farmers’ fields in India and 
Bangladesh. However, the adoption of the technology remained low, farmers 
returned to spraying. The reasons for low adoption are hypothesised to be both 
technical and socio-institutional. In our study, while investigating problems of 
IPM and IPM research, we identified, designed and tested more sustainable pest 
management options with farmers. 
 
Approach 
Farmers’ interview, focus group discussion with farmers and other stakeholders, 
on-farm participatory research. 
 
Results 
Apart from ESFB, two disease problems appeared as equally important: 
damping-off in the nursery and bacterial wilt in the field. Tackling both insects 
and diseases are necessary to sustain IPM. Farmers have difficulties to understand 
life stages of ESFB, could not recognize egg-mass and could not understand that 
moths developed from caterpillars. However, farmers could understand diseases 
from symptoms although they don’t know about causal organisms. Complexity of 
the understanding of causal organism (insects or disease) determines the 
possibility of IPM implementation by farmers. The more the IPM components are 
complex, the more farmers get confused. 
Farmers do not understand the mechanism of pheromone trapping, however, they 
do perceive that Trichoderma harzianum controls harmful fungi and bacteria. 
 
Discussion 
We found multifaceted problems in farmers’ field. There was ESFB infestation, 
however, production was also compromised by diseases. Managing ESFB only 
leaving the disease problems neglected might be one of the main reasons of IPM 
failure. Indeed, the entry point of the present research was management of ESFB 
only, however, farmers questioned “ If our plants die from diseases where to 
implement your IPM for insect?”Thus, to make ESFB IPM adoptable, we must 
focus on managing diseases as well. However, in reality, technology developed 
often from the research station without concerning farmers’ constraints and needs 
and we expect farmers to follow those. To make the technology adoptable, its 
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development must start with farmers and not at the research stations. We also 
found that farmers are highly confused about metamorphosis of ESFB. As such 
adoption of IPM expected to be low. Indeed, adoption depends on farmers’ 
understanding on pest biology, ecology and familiarity with new management 
practices. Interestingly enough, farmers felt ease with disease control as they 
mixed T. harzianum in soil and perceived harmful organism in soil will be 
controlled, however, installing traps in the field, they confused why different 
morphs fall in the trap than those lives inside eggplant. This suggests farmers 
require technology that is easy to understand and instead of developing a pre-
defined technology, we should rather engage farmers to find out what is 
achievable under their conditions rather than what is technically perfect. 
Keywords: IPM, adoption, farmers’ knowledge, participatory research 
 
References 
Parsa, S., Morse, S., Bonifacio, A., Chancellor, T. C. B., Condori, B., Crespo-perez, v., Hobbs, S. L. A., Kroschel, J., Ba, 
M. N., Rebaudo, F., Sherwood, S. G., Vanek, S. J., Faye, E., Herrera, A. and Dangles, O. (2014). Obstacles to integrated 
pest management adoption in developing countries. Proceedings of the National Academy of sciences. 111: 3889-3894. 
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1b 12:10 Detecting totally correlated parameters – how to get the most out of your 
model 
 
Dominique Joubert 1* , Hans Stigter 1, Jaap Molenaar 1* 
1Biometris, Department of Mathematical and Statistical Methods, Wageningen University and 
Research, Wageningen, The Netherlands 
dominique.joubert@wur.nl , lead presenter 
 
Introduction 
Most models describing dynamic phenomena in the life sciences contain large 
numbers of unknown parameters and at times also initial conditions that need to 
be inferred from experimental data. This is a tough job and, unfortunately, in 
many cases the statistical inference fails. This may be due to the inherent 
structure of the model, referred to as structural unidentifiability [1]. The 
developers of such models are often not aware of this problem, since it is hard to 
detect ab-initio. Structural unidentifiability reveals itself in practice by model 
parameters that cannot uniquely be estimated from data. Any form of 
unidentifiability, also referred to as aliasing, immediately calls into question the 
predictive accuracy of such a model. In this presentation, we show how the 
question regarding the uniqueness of inferred parameter estimates can not only be 
answered quite easily, but we also present methods to repair this shortcoming and 
reinstate the identifiability. To that end, we have developed an easy-to-use 
MATLAB-based application which model developers can use to analyse their 
models and determine whether or not some model parameters are totally 
correlated. The novelty of this application is that it can analyse very large models 
within seconds. 
 
Approach 
We employ a numerical algorithm which involves the singular value 
decomposition of a sensitivity matrix [2]. This matrix is computed by calculating 
the sensitivities of experimentally measured sensors to each of the system 
parameters. 
 
Results 
As a showcase, we apply our methods to a model that describes the growth of a 
product in a batch reactor. We show how to use the application and interpret its 
graphical results. 
 
Discussion 
We also offer practical tips as to what steps to when a model is nonidentifiable. 
Via these steps one may cure a model and reinstate its predictive power.  
 
Keywords: Mathematical model, structural identifiability, correlated parameters. 
 
References 
[1] D. J. Cole, B. J. T.Morgan, andD. M. Titterington, Determining the parametric structure of models, Mathematical 
Biosciences 228, 16 (2010). 
[2] J. D. Stigter, D. Joubert, and J. Molenaar, Observability of complex systems: Finding the gap, Scientific Reports 7, 1 
(2017). 
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2a 15:10 Applying Particle Physics Data Analysis to Limit Order Book Data to Detect 

Malicious 
 
Anomalies in Futures Markets Marjolein E. Verhulst 1* , Joost M.E. Pennings 1,2 

*Lead presenter  
1Department of Social Sciences, Marketing & Consumer Behavior Group, Commodity Risk 
Management Expertise Center (CORMEC),  
Wageningen University, Wageningen, the Netherlands  
2Department of Finance, Department of Marketing & Supply Chain Management, Maastricht 
University, Maastricht, the Netherlands E-mail: marjolein.verhulst@wur.nl 
This research is part of the WUR-CORMEC-CERN project and has formally started on 
September 1, 2019. Signed by all parties. 
 
Introduction 
The increasing use and complexity of algorithms form a threat for effective 
governance and internal control of financial institutions. Artificial intelligence in 
trading algorithms is already used extensively (AFM, 2018) and various 
regulators across the world (AFM, 2018; CFTC, 2018; ESMA, 2015) call for 
more sharing and collaboration to prevent (algorithmic) fraud and market 
manipulation on exchanges. The key element for supervisory effectiveness is a 
better understanding of limit order book1 (LOB) behaviour, as the LOB drives 
and generates markets. Therefore, the newest techniques are necessary to ensure 
stable financial markets and to prevent fraud, so the LOB can continue to exist as 
an efficient and effective trading system. CERN has the newest machine learning 
techniques, and although the Large Hadron Collider and LOB are completely 
different by nature, the data they generate show similarities. This research 
develops a new method using machine learning technologies from particle 
physics, to combat market manipulation and fraud across the globe, to increase 
liquidity and hence to contribute to stable and more predictable financial markets. 
Specifically, LOB data from CME will be combined with particle physics data 
analysis techniques from CERN, to create a new method to protect financial 
markets by detecting, among others, anomalies and malpractices (e.g. spoofing). 
Expected results will be a diagnostic tool to identify and predict spoofing in the 
LOB of futures markets, which will be ground-breaking research for both 
academics and industry. 
 
Keywords: Limit order book, high-frequency trading, spoofing, machine 
learning, particle physics. 
 
References 
AFM. (2018). Trendzicht 2019: Een verkenning van trends en risico’s op de financiële markten. Retrieved from 
https://www.afm.nl/nl-nl/professionals/nieuws/2018/okt/trendzicht-2019 
 
Arzandeh, M., & Frank, J. (2019). Price Discovery in Agricultural Futures Markets: Should We Look beyond the Best 
Bid-Ask Spread? American Journal of Agricultural Economics, 56. https://doi.org/10.1093/ajae/aaz001 
CFTC. (2018). CFTC Charges Former Deutsche Bank Trader with Fraudulently Mismarking Swaps. Retrieved November 
30, 2018, from https://www.cftc.gov/PressRoom/PressReleases/7838-18 
 
ESMA. (2015). Final Report: ESMA’s technical advice on possible delegated acts concerning the Market Abuse 
Regulation. Retrieved from https://www.esma.europa.eu/sites/default/files/library/2015/11/2015-224.pdf 
 
Jain, P., & Jiang, C. (2014). Predicting future price volatility: Empirical evidence from an emerging limit order market. 
Pacific-Basin Finance Journal, 27, 72–93. https://doi.org/10.1016/j.pacfin.2014.01.006 
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2a 15:30 Prevalence, distribution and relative importance of the six major potato 

viruses in 
Kenya 
John Onditi 1,2, René van der Vlugt 2 and Moses Nyongesa 1 
1Kenya Agricultural and Livestock Research Organization, Horticultural 
Research Institute, KALRO Tigoni, P.O. Box 338 Limuru 00217 Kenya; 
2Laboratory of Virology, Wageningen University and Research, 
Droevendaalsesteeg 1 6708PB Wageningen, The Netherlands. 
 
Corresponding author: john.onditi@wur.nl +31619789225 
 
Abstract 
Knowledge of trends of virus prevalence, distribution and relative importance of 
the different potato viruses in a region are essential in putting in place an 
effective virus control strategy. In Kenya, this kind of information is scanty and 
has not been utilized in proposing priorities in potato virus control. A study was 
therefore conducted to describe the past and present trends in virus prevalence, 
patterns of virus distribution and to identify the regions and cultivars that require 
priority in virus control. Past virus prevalence was reviewed, present status and 
trend virus prevalence’s were analysed serologically from a survey of potato leaf 
samples randomly collected from five major potato growing areas in Kenya. 
Virus distribution maps and principal component analysis (PCA) were used to 
identify cultivars and regions with most serious virus problems. The study found 
a decreasing trend of prevalence of PVY and sudden drop in PLRV prevalence 
contrary to previous reports. There were wide variations in virus prevalence’s in 
geographically separated regions and this led to identification of some viruses 
which were predominantly localised in specific sub-regions and on specific 
cultivars. Identified regions with the virus problem were earmarked and 
recommended for intervention. To minimize prevalence on cultivars on specific 
regions, we proposed for a breeding program with priorities on replacing 
susceptible cultivars in regions identified with the virus problem resistant ones. In 
addition, regular surveillance of the viruses coupled with breeding based on 
specific demands of the various potato growing regions were recommended. 
 
Key words: Potato virus, prevalence, distribution, Kenya 
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2a 15:50 Using Species Mixtures raisesthe Stability of Biomass Production and N 
Capture in Cover Cropping 
Ali Elhakeem1*, Lammert Bastiaans1 , David Makowski2 , Saskia Houben1 , Twan Couwenberg1 
and Wopke van der Werf1  
Presenting author: Ali Elhakeem, ali.elhakeem@wur.nl  
1Centre for Crop Systems Analysis, Wageningen University and Research, Wageningen, the 
Netherlands. 
2UMR Agronomie, INRA, AgroParisTech, Université Paris-Saclay, 78850 Thiverval-Grignon, 
France. 
 
Abstract 
Cover crops, also called “green manure crops” are an instrument to improve the C 
and N cycles in agriculture. Cover crops capture left-over nitrogen from the soil 
profile after harvest of a main crop, and they sequester carbon in the soil through 
decomposition of their biomass. Diversification is seen as an ecological strategy 
to improve ecological services in agriculture. Here we investigated whether using 
species mixtures in cover cropping increases the ecological services provided by 
cover crops. We conducted eight field experiments over two years and four sites. 
Each experiment compared biomass and N capture in 20 or more treatments, half 
of them sole crops and half of them species mixtures. There were substantial 
differences in biomass and nitrogen uptake between the eight experiments. These 
were mostly related to differences between sites (sowing date, fertility level of the 
field). Mixtures performed as well as the best sole cover crops in six experiments. 
Mixtures, however, produced less variable yield than pure stands. The variability 
in biomass and N uptake between different mixtures was smaller than that 
between different sole crops. Within field variability in biomass was lower in the 
mixtures than in pure stands. The results support the notion that species mixtures 
contribute to a resilient production of biomass and uptake of residual N in cover 
cropping. Using mixtures reduces the chance of failure of a cover crop. 
 
Key-words: yield stability, winter cover crop, species mixtures 
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2b 15:10 Building a Synthetic Cell – The life of the future, the future of life 
Max Finger-Bou1* , Raymond H. J. Staals1 , John van der Oost1  

*Lead presenter  
1Laboratory of Microbiology, Wageningen University, Wageningen, The Netherlands 
max.fingerbou@wur.nl 

 
Synthetic biology merges biology and engineering: by studying existing 
biological systems and characterizing its individual components, we can create 
novel biological circuits and even new forms of life. Due to the natural versatility 
of microbes, new microorganisms can be engineered to perform particular 
functions and potentially help us solve modern problems at will. 
One of the biggest unanswered questions to date is how simple cells first arose, 
how they gave rise to the start of what we call life. Top-down synthetic biology 
strips down existing biological systems to try to understand how the system’s 
individual parts work and interact with each other. On the other hand, bottom-up 
synthetic biology involves creating a de novo protocell, able to reproduce and 
evolve, entirely from non-living components. The creation of a synthetic 
protocell not only will generate crucial knowledge about the beginning of life: 
minimal, synthetic cells are also expected to revolutionize several 
biotechnological fields, such as biorefineries and smart drug engineering. The 
Building a Synthetic Cell (BaSyC) consortium was created in the Netherlands in 
2017, consisting of several pioneering groups in the fields of physics, chemistry 
and biology. These teams are distributed in 6 Dutch research institutions, 
including Wageningen. At WUR, we have two main tasks; on one hand, we are in 
charge of testing and combining individual modules that our partners create to 
eventually bring to life inert components and, on the other hand, we have the duty 
of designing a synthetic genome containing everything necessary to sustain 
cellular life. 
 
Keywords: Synthetic biology, bottom-up, protocell, synthetic genome 
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2b 15:30 The effect of urban 2D and 3D morphology on air temperature in residential 
neighborhoods 
Yunyu Tian1,2,* , Weiqi Zhou1,2, Yuguo Qian1  
1State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental 
Sciences, Chinese Academy of Sciences, 18 Shuangqing Road, Haidian District, Beijing 100085, 
China 2University of Chinese Academy of Sciences, 19 Yuquan Road, Shijingshan District, 
Beijing 100049, China  
E-mail: yunyutian@mail.bnu.edu.cn 
 
Introduction 
Both urban two-dimensional (2D) and three-dimensional (3D) morphology can 
affect air and land surface temperature [1-3]. While many studies have looked at 
the impact of horizontal morphology, few have explored the relationship between 
vertical morphology and temperature, especially at the neighborhood scale. Our 
study aims to answer two questions: (1) Does air temperature vary in 
neighborhoods with different morphology? (2) If so, how does the 2D 
(horizontal) and 3D (vertical) morphology affect air temperature? 
Approach 
We examined the relationship between morphology and air temperature for 24 
residential neighborhoods in Beijing, using correlation analysis, regression 
analysis, and structural equation modeling. Morphological indicators were 
derived from remotely sensed land cover and light detecting and ranging 
(LiDAR) point cloud data. Air temperature was continuously measured using 
HOBO data loggers during the summer of 2014. 
Results 
Nighttime air temperature was higher in neighborhoods dominated by high-rise 
structures compared to neighborhoods dominated by low-rise structures 
suggesting that 3D morphology is more important than 2D morphology in 
predicting air temperature. The ratio of vegetation volume to building volume 
negatively correlated with average air temperature and daytime temperature, 
while the mean distance among adjacent buildings had a positive effect. Building 
height was the most important predictor of nighttime air temperature. The major 
determinants of air temperature in high-rise and low-rise neighborhoods were 
different. 
Discussion 
Both 2D and 3D morphology can affect air temperature in residential 
neighborhoods. Increasing vegetation volume relative to building volume and 
decreasing the distance among buildings can reduce daytime air 
temperatures. 
 
Keywords: Urban heat island; Spatial heterogeneity; Neighborhood morphology; 
Vertical dimension; Beijing. 
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2b 15:50 Patterns of chloroplast inheritance in Pelargonium section Ciconium: First 
hints of the underlying processes 
 
Floris C. Breman1*, Eric Schranz1 , Ronald C. Snijder2 Freek T. Bakker1  
*Lead presenter  
1Biosystematics group, Wageningen University and Research, Wageningen, The Netherlands  
2 Syngenta Seeds b.v., Enkhuizen, The Netherlands E-mail: floris.breman@wur.nl of lead 
presenter 
 
Introduction 
Species form Pelargonium section Ciconium are the ancestors to the popular 
windowsill geraniums. The ability to cross different species has long been known 
and applied in breeding efforts. Many offspring of such hybridisations are 
bleached or male sterile (caused by cytonuclear incompatibility, CNI) [1], 
probably caused by the introduction of non-compatible chloroplasts in the hybrid 
plant [2]. This study aims to elucidate the processes underlying the cytonuclear 
interactions and discuss the implications for evolution and speciation in the 
section and the genus at large. 
 
Approach 
We have crossed 15 wild species with Pelargonium x hortorum and we have 
analysed the F1 and F2 offspring with respect to chlorosis phenotype. We then 
proceeded to determine the actual chloroplast types present in offspring by 
species-specific plastome markers. 
 
Results 
We find that segregation patterns of bleaching are mostly non-mendelian. We 
further find that chlorotic phenotype of offspring is not strictly correlated to 
chloroplast type in the F2. We reject the hypothesis that just the introduction of a 
foreign chloroplast is the sole cause of chlorosis in the F2. 
 
Discussion 
Our results hint that nuclear genomic alleles involved in organelle management 
and development play a role in the survival of offspring. Pelargonium species 
seem to have retained the ability to manage more than one organelle type. This 
makes Pelargonium an ideal model system to study evolution driven by CNI in. 
Combined with the ability to inherit organelles bi-parentally it also enables 
studying ways to overcome the CNI bottleneck. 
Keywords: Pelargonium, Cytonuclear Incompatibility, speciation, hybridisation, 
genotyping 
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Abstracts selected for poster presentation 
Poster 
number 

Abstract 

1 Large scale land investments and food security in agro-pastoral areas of 
Ethiopia 
 
Adugna Eneyew Bekele1, Liesbeth Dries2, Dusan Drabik 2, Wim Heijman2 
 
1 Jimma University Ethiopia & PhD candidate, WUR, Agricultural Economics & Rural Policy 
Group (adugna.bekele@wur.nl) 2 WUR, Agricultural Economics and Rural Policy Group 
 
Abstract 
There is an ongoing debate about the impact of large scale land investments on 
the livelihoods of rural households in developing countries. In Ethiopia, large 
scale land investments are being promoted and expanded into the pastoral 
regions. However, little is known about the consequences of this expansion for 
local communities. Using Living Standard Measurement Survey data for 2106 
agro-pastoral households, this study investigates the impact of large scale land 
investments on households' food security. Propensity score matching was used 
to address potential problems of selection bias. The findings show that on 
average, about 32% of the respondents are food insecure. After controlling for 
confounders, proximity to large scale land investments is associated with 
higher food intake with an average treatment effect of 744.71kcal per day per 
adult. Agro-pastoralists close to the large scale land investments have better 
food intake not necessarily because of direct benefits from large scale land 
investments. But, 
due to the availability natural capitals (land and soil quality) near to large scale 
land investments from which households benefited. Our result also showed that 
size of land owned, soil quality, forest, proximity to market and income 
enhance food intake. The variables associated with high food insecurity were 
household size, access to credit and pursuing pure pastoralism. We suggest 
policymakers should release policies that guide large scale land investments to 
help improve the food security of the local communities.  
 
Key words: Food security, large scale land investment, sugar plantations, 
livelihoods, pastoralism, propensity score matching 
 
 

2 Impact of improved storage technology on the adoption of higher-yielding 
maize varieties and fertilizer: Evidence from a Randomized Controlled 
Trial in Ethiopia 
Betelhem M. Negede 1, Maarten Voors 2 , Hugo De Groote 3 , Bart Minten 4 
 
1 Wageningen University &amp; Research (WUR) – negede.betelhem@wur.nl 
2 Wageningen University &amp; Research (WUR) - maarten.voors@wur.nl 
3 International Maize and Wheat Improvement Center (CIMMYT) - h.degroote@cgiar.org  
4 International Food Policy Research Institute (IFPRI) - b.minten@cgiar.org 
Abstract 
The adoption of agricultural technologies like fertilizer and improved maize 
varieties is low in Africa in general, and Ethiopia in particular. Farmers face a 
dilemma between local maize varieties (low-yielding) and improved maize 
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varieties (higher-yielding), as the latter are more susceptible to storage pests. 
The causal link between post-harvest storage technologies and the adoption of 
improved maize varieties in developing countries is poorly understood. In this 
paper, we use a panel data from a Randomized Controlled Trial (RCT) 
administered among 871 households in Ethiopia, to measure whether a 
smallholder’s  ability to store maize using an improved storage technology 
affects the household’s storage decision and, ultimately, its subsequent 
decisions about using modern inputs. Furthermore, we will analyse if access to 
an improved storage technology improves income and food security of farmers 
through increased duration of storage for grains and reduction of on-farm 
storage losses. For the empirical framework, we will estimate the direct impacts 
of randomly assigned improved storage technology on farmers input-related 
behavioural changes. We will further use ANCOVA estimation to analyse the 
impacts of treatment, and explore some of the possible channels through which 
receipt of an improved storage technology may influence food security and 
income. Net household income will be estimated using detailed data collected 
on crop and livestock production as well as household expenditure data and off-
farm income.  
 
Key-words: Improved storage technology, Modern inputs, RCT, Ethiopia 

3 Nonlinear biodegradation for heterogeneous transient unsaturated flow 
and transport 
 
D.W.S. Tang1*, S.E.A.T.M. van der Zee1,4, A. Leijnse1 , H.K. French2 , J. de Vries3  
*Lead presenter  
1Soil Physics and Land Management, Wageningen University, Wageningen, the Netherlands 
2Faculty of Environmental Sciences and Natural Resource Management, Norwegian University 
of Life Sciences, Ås, Norway 3 Institute for Biodiversity and Ecosystem Dynamics, University 
of Amsterdam, Amsterdam, the Netherlands. 4School of Chemistry, Monash University, 
Melbourne, VIC 3800, Australia E-mail: darrell.tang@wur.nl 
 
Introduction 
Contaminants that enter the unsaturated zone at the soil surface will 
contaminate groundwater aquifers [1] if not transformed on the way down. For 
organic contaminants, aerobic biodegradation is an important mechanism of 
transformation [2,3]. We investigate the complexity of biodegradation in 
variably saturated soils by integrating processes that have thus far been scarcely 
investigated in combination. 
 
Approach 
We simulate nonlinear aerobic biodegradation and transport of contaminants in 
spatially autocorrelated heterogeneous soils under transient infiltration 
conditions. These processes, especially their interactions, introduce spatio-
temporally complex emergent behaviour that affect the extent of reactant 
mixing, and thus also biodegradation [4 – 6]. 
 
Results 
Soil heterogeneity is found to significantly promote biodegradation under 
mixing-limited scenarios, as it enables reactant mixing, but slightly decrease 
biodegradation under rate-limited scenarios, as it reduces solute travel times. 
Transient flow can lead to solute plume compression, which steepens 
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concentration gradients and enhances dispersive mixing. This results in 
increased downstream biodegradation and biomass concentrations post-
transition. Preferential flow zone switching, which occurs only in the 
simultaneous presence of soil heterogeneity and transient flow, increases solute 
travel times and further facilitates mixing. 
 
Discussion 
Behavior is found that essentially differs from simplified models. The 
importance of the studied factors in biodegradation outcomes is conditioned on 
explicit considerations of reactant mixing in a multicomponent biodegradation 
process, especially for mixing-limited scenarios. Biodegradation scenarios are 
found to be mixing-limited when infiltration rates are small, contaminant 
concentrations are high, and/or oxygen is abundant. 
 
Keywords: Soil, infiltration, contamination, biodegradation, non-linear. 
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4 Roasting cocoa nibs in less than 4 min 
Fluidized bed roasting as an alternative for cocoa nibs processing 
Fabiola Peña Correa fabiola.penacorrea@wur.nl; Burçe Ataç Mogol 
burce.atacmogol@wur.nl; and Vincenzo Fogliano vincenzo.fogliano@wur.nl 
Food Quality and Design 
 
Introduction 
Cocoa beans are the key raw material for chocolate manufacturing. Very 
important quality and sensory characteristics of the final product depends on 
roasting: brown colours turn deeper, characteristic chocolate flavours are 
produced and bitterness and sourness are reduced. Actually, industrial roasting 
takes from 15 min to 1 hour, let’s call it slow roasting (SR). The fluidized bed 
roaster is a fast roasting (FR) method that has shown positive results in quality 
and nutritional characteristics in coffee. 
Approach 
The objective of this research is to compare the roasting kinetics of cocoa nibs 
at different temperatures by both SR and FR in terms of moisture content, aw, 
colour and pyrazines and acetic acid profiles. 
Results and discussion 
Moisture showed the typical decay plot in every roasting condition. 
Interestingly, the moisture contents that were reached by SR in 60 min were not 
statistically different to that by FR in 4 minutes and slight differences were 
observed in aw. Non-time-dependency was identified in the other 
physicochemical parameters, but PCA analysis of colour and aroma profiles 
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showed statistical differences between FR and SR. Although roasting time by 
FR is very low, higher yellowness and pyrazines formation were achieved. 
Both yellowness and pyrazines are related to Maillard reactions. 
 
Keywords: Cocoa nibs, fast roasting, kinetics, colour, pyrazines. 
 

5 Sustainability and design concepts with impact 
 
Frans Veenstra1  
1Plant Science, SMART farming (& fishing),, WUR; VFC-Haarlem, the Netherlands 
veenstrafishco@gmail.com 
 
Introduction 
The North Sea flatfish fisheries consists of small, family owned enterprises 
(SME), where fishermen have a decisive voice in (re)designing and anticipating 
socio-technical systems. So far, the design approach is derivative, while current 
socio-political change drivers require disruptive and prospective system 
designed fishing vessels. Since 2000, Environment, Economy and Society 
demands have become the main pillars of sustainability and a multiple-
sustainable structured design approach is needed. 
 
Approach 
The multiple-sustainability aspects have been integrated in evolving system 
design approaches, from single SHE (safety and health environment) via triple-
P (people, planet, profit) towards triple-Z (zero emissions, zero waste, zero 
accidents). In the merchant marine shipping, the system design algorithms 
mainly focus on single-sustainability aspects (energy-saving/greenhouse gas 
reductions). 
 
Results 
Problem solving methodologies and proof of concepts, from the derivative 
Beamer-2000 redesign (SHE), disruptive MDV-1 new design (triple-P) and 
prospective MDV-CE concept (triple-Z). Hard and vague requirements have 
been equally integrated in the designs, in particular the behaviour of fishermen 
(well-being, personal safety), skipper-owners (business model, retaining crew) 
and fishery partners (value chain, fish2dish). Additionally, public-political 
perceptions and human roles have become important change drivers towards 
circular design concepts with impact. 
 
Discussion 
Through knowledge based designing, the Horizon 2050 multiple-sustainability 
targets “emission free and autonomous shipping” are becoming feasible for 
SMEs. The success factor is collaborated designing to bridge the gap between 
science and practice. Because of the complex interactions among socio-
technical, economic and organisational system components, possibly new 
hazards and residual risks need to be analysed in a safety future foresight 
approach. 
 
Keywords: circular economy principles, hard and vague requirements, 
collaborated designs, multi-stakeholders, safety future foresight 
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6 Towards a microbiota-on-a-chip: Establishing a mucus-dependent cross-
feeding network on a gut-on-a-chip 
 
Janneke Elzinga 1 , Menno Grouls 2 , Elsbeth Bossink 3 , John van der Oost 1 , Loes I. Segerink 
3 , Mathieu Odijk 3 , Clara Belzer 1 , Willem M. de Vos 1,4 , Hans Bouwmeester 2 , Hauke Smidt 
1  

1. Laboratory of Microbiology 
 2. Division of Toxicology, Wageningen University, Wageningen, The Netherlands 
3. BIOS Lab on Chip Group, MESA+ Institute for Nanotechnology, University of Twente, The 
Netherlands 
4. Research Programme Unit Human Microbiome, Faculty of Medicine, Helsinki University, 
Helsinki, Finland 
 
Introduction 
The colonic mucus layer lining the intestinal epithelium provides a nutrient 
source for commensal bacteria. A disrupted balance between microbial mucus 
degradation and production by the host has been associated with colitis, 
colorectal cancer and infection. To study host-microbe interaction at the 
mucosal layer, we currently rely on animal models, which are costly and poorly 
supported by society. 
 
Approach 
We aim to develop a gut-on-a-chip in which intestinal microbes can be studied 
in an environment mimicking the human gut. We start by establishing a co-
culture of mucin-degrader Akkermansia muciniphila and butyrate-producer 
Faecalibacterium prausnitzii with human cells on chip, to study their effects on 
host parameters in vitro. 
 
Results 
Caco-2 cells were seeded on a polycarbonate membrane in a gut-on-a-chip 
device. Static culture was applied by refreshing cell medium twice daily for 
three days. Outflow from the upper channel (containing the cells) was collected 
after overnight incubation and analyzed by HPLC, showing lactate production 
by the cells. Anaerobic and dynamic conditions are required to obtain long-
term co-culture with intestinal bacteria. 
 
Discussion 
The development of a gut-on-a-chip including a mucosal layer colonized by 
bacteria will increase our understanding of host-microbe interactions in health 
and disease, paving the way for therapeutic (pro- or prebiotic) targets in 
intestinal disorders. Eventually, this in vitro model may reduce the need for 
animal testing in biomedical research.  
 
Key words: gut-on-a-chip, gut microbiota, mucus, gut health 
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7 Effects of genetic diversity in arbuscular mycorrhizal fungi on host plant 
development benefits and symbiotic efficiency  
Jelle van Creij, Ton Bisseling, Erik Limpens 
Laboratory of Molecular Biology, Wageningen University and Research, 
Wageningen, The Netherlands jelle.vancreij@wur.nl 
 
Introduction 
Arbuscular mycorrhizal fungi (AMF) are the most wide-spread plant 
symbionts, capable of forming a symbiotic interaction with over 80% of all 
land plants [1]. Their host plant species include important crops such as wheat, 
rice, cassava, and tomato. Plants benefit immensely from this interaction as the 
fungus provides the plant with many nutrients, most importantly phosphate and 
nitrate, in exchange for carbohydrates. This allows the plants to thrive on 
nutrient poor soil without additional fertilizing. Previous work has shown that 
AMF can adjust their transcriptome to their specific host species, illustrating 
their adaptability [2]. Aside from their broad host range, AMF are unique in 
their coenocytic physiology, effectively consisting of a single cell occupied by 
millions of nuclei. How genetic variation within this nuclei population affects 
symbiotic efficiency of the fungus is a subject of controversy in the 
mycological community [3]. Here, we attempt to elucidate this mechanism by 
comparing two genetically divergent AMF isolates in their ability to colonize 
and support different host plants. 
 
Approach 
The two AMF we tested were strains of the model species Rhizophagus 
irregularis: canonical lab strain DAOM197198 and wild isolate C3. The host 
plants were Medicago truncatula, Allium schoenoprasum, Solanum 
lycopersicum, and Nicotiana benthamiana. Non-mycorrhized plants under 
phosphate stress or with sufficient phosphate were included as control 
treatments. Plants were scored on a variety of phenotypes, including growth, 
mycorrhization level, and phosphate levels in the leaves. Furthermore, RNAseq 
was used to compare the fungal transcriptomes between these strains and 
treatments. 
 
Keywords: Arbuscular mycorrhizal fungi, symbiosis, colonization, plant 
development. 
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8 Strategies to retain volatile compounds during convective drying of 
vegetables 
 
Joanne Siccama, Lu Zhang, Maarten Schutyser Laboratory of Food Process Engineering, 
Wageningen University, Wageningen, Netherlands E-mail: joanne.siccama@wur.nl 
 
Introduction 
Drying of vegetables is common practice for preservation purposes and 
enhances more efficient transportation. However, physicochemical properties 
of vegetables are strongly altered upon drying. Among these properties is the 
undesirable loss of flavours. Therefore, there is an interest in the development 
of strategies to retain flavour compounds during vegetable drying. 
 
Spray drying 
Spray drying, a process where liquid is atomized in small droplets and dried 
with hot air, is frequently used to dry concentrated vegetable juice. Upon 
drying, the diffusion coefficients of flavour components decrease much more 
steeply than the diffusion coefficient of water (Thijssen, 1971). As a result, 
quick drying of the droplets is a promising method to encapsulate aromas. 
 
Flavour retention by encapsulation 
The addition of encapsulation agents to the food matrix can ease the spray 
drying process as well as promoting retention of aroma compounds (Madene et 
al., 2006). The selection of encapsulation agent is based on the hydrophillic or 
lipophillic nature of the aromas. For the amount to be added to the vegetable 
juice there is an optimum; volatile compounds are better retained at a higher 
initial solids concentration, but a too high solids content could result in non-
dissolved material which hinders the formation of a film around the droplets 
(Zuidam and Heinrich, 2010). 
 
Conclusion 
The retention of flavour compounds during spray drying presents a challenge 
since these volatile compounds get easily lost upon heating. The addition of a 
selected amount of encapsulation agent, e.g. hydrolysed starches, could 
enhance aroma retention and improves powder properties. 
 
Keywords: Vegetables; Encapsulation; Spray drying, Flavour 
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9 The role of geothermal resources in local development 
Katarzyna A. Kurek1*, Wim Heijman2 ,Johan van Ophem3, Stanisław Gędek4, Jacek Strojny5  
1, 2, 3 Wageningen School of Social Sciences, Wageningen University and Research, 
Wageningen, The Netherlands  
4, 5 The Faculty of Management, Rzeszów University of Technology, Rzeszów, Poland 
katarzyna.kurek@wur.nl 
 
Introduction 
Among the renewable energy resources geothermal is specific to a local 
production and consumption. Next to the heat and energy production, 
geothermal energy presents with opportunities for rural and suburban areas 
linking sustainable development goals with expansion of new local economy 
sectors. Therefore, we assume that local exploitation of geothermal resources 
delivers a local added value other than energy generation. Moreover, a change 
of a municipality socioeconomic structure is presumed while geothermal 
establishments are introduced. The aim of this research is to fill in the gap in 
the literature and establish an empirical link between the use of the geothermal 
renewable and measures of local development. The assumed added value of the 
geothermal can be analysed as direct, indirect and induced effects on a 
municipality of exploitation. This research attempts to provide a methodology 
that measures the induced impact related to the socioeconomic development. 
The theoretical conceptualization underpinning this studies is reflected in 
endogenous growth theories as well as in regional economics approach. 
Approach 
This study attempts to establish a methodology that is able to measure 
geothermal resources impact on local development. Our approach is to 
implement the added value analysis of the locations where the renewable is 
used in multiple forms. Municipalities in Poland are chosen as the main object 
of the research because of particularly high geothermal potential and private 
sector experience in bringing up geothermal enterprises. The developed model 
is to demonstrate the statistical relation between exploited geothermal energy 
and parameters of local development. The versatility of this study lies in the 
fact that exercised on the Polish municipality cases our model is applicable for 
analysis to any geothermal municipality in the world. 
Results 
Throughout the selected statistical methods we have already obtained 
significant results to justify our research assumptions. Within the three papers 
we produced the competitive advantage of using geothermal resources in the 
local economies is econometrically illustrated. We as well observe faster 
development of the geothermal municipalities compering to the referred 
municipalities or regions. Moreover, we built a local development model with 
geothermal parameters that we reckon is replicable in further studies about the 
local geothermal energy impact. 
 
Discussion 
The research aims to deliver statistical argument for the expansion of 
geothermal resources extraction in Poland and worldwide. 
 
Keywords: geothermal energy resources, local development, comparative 
advantage, Analytical Hierarchy Process, Principal Component Analysis, Shift-
Share Analysis. 
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10 Capturing the imagination with novel farming systems research 
Lenora Ditzler1* , Walter Rossing1, Clemens Driessen2, Rogier Schulte1, Dirk 
van Apeldoorn1 
*Lead presenter 
1Farming Systems Ecology Group, Wageningen University & Research, 
Wageningen, The Netherlands  
2Cultural Geography Group, Wageningen University & Research, Wageningen, 
The Netherlands E-mail: lenora1.ditzler@wur.nl 
 
In a network of experimental sites around the Netherlands, we test novel 
cropping systems that push the boundaries of what intensive agriculture can 
look like: strip and pixel cropping. These systems demonstrate current and 
future options for agricultural transformation. We investigate the effects of 
diversity on the delivery of ecosystem services by measuring nutrient use 
efficiencies, biodiversity, yield, produce quality, and control of pests, diseases, 
and weeds. We use a variety of visual aids (planting schemes, drone imagery, 
maps) to navigate the experiments, guide maintenance and monitoring, collect 
data, and communicate the research (Fig. 1). 

 
 
Figure. 1 Pixel cropping planting scheme (left), strip cropping experiment 
(right). Through our work we interact with diverse stakeholders; we observe 
that our visual aids are the centerpiece around which dialogue revolves and new 
alliances evolve. We see this as evidence that our experiments are functioning 
as boundary objects in the multi-actor process of agricultural redesign [1]. The 
iconic [2] nature of our experiments and inherently multi-disciplinary 
vocabulary we use to explain them provide interpretive flexibility [1], 
catalyzing a transdisciplinary effort to communicate and shape farming systems 
research. This has resulted in high-visibility exposure (news features, mention 
in the Dutch agricultural ministry’s vision plan, inclusion in a major exhibition 
at one of the world’s leading art museums [3]), collaborations with researchers 
in diverse fields, and courses for farmers. Our case provides insight into how 
visuals can have the emergent property of being catalysts for engagement with 
wide audiences, thereby forging unique avenues of impact. 
 
Keywords: Strip cropping, pixel cropping, icons, boundary objects. 
 
References 
[1] Klerkx et al. (2012). Design process outputs as boundary objects in agricultural innovation 
projects: Functions and limitations. Agricultural Systems, 113, 39-49. 
 
[2] Westley & Folke (2018). Iconic images, symbols, and archetypes: their function in art and 
science. Ecology and Society, 23(4). 
 
[3] https://www.guggenheim.org/exhibition/countryside 



P a g e  | 27 
 

Wageningen PhD Symposium 2019 6th edition – Science with impact 

11 Unravelling the evolutionary significance of the tripartite genome of 
Cucumber mosaic virus 
Marcelle Lauren Johnson1,2*, Mark Zwart1 , Rene van der Vlugt2 , Arjan de 
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Introduction 
Viruses possess a breadth of genomic organization, either positive or negative 
sense ssRNA, ssDNA or dsRNA or DNA. Genomes may be composed of 
single or several segments, which are collectively or independently packaged. 
Independently packaged and transmitted virus segments in particles, are said to 
be multipartite (see Visual Abstract below*). To date multipartite viruses have 
most commonly been associated with plant-infecting viruses and are designated 
taxonomically at the family level (1). For multipartite viruses, segments can be 
exchanged or lost during transmission, leading to decreases in infectivity and 
transmission. Virus replication requires successful transmission, making a 
strategy that reduces transmission paradoxical. The 8 segments of multipartite, 
faba bean necrotic stunt virus accumulate at uneven frequencies (2). This has 
been confirmed in several plant virus species; banana bunchy top virus (3), beet 
necrotic yellow vein virus (4), alfalfa mosaic virus (5) and in the animal virus, 
Bombx mori bidensovirus (6). These studies have shown that the change in 
segment frequencies is also host-specific. We propose that differences in 
segment frequencies are similar to gene copy number variation (CNV) within 
other biological systems, e.g. bacteria or plants, conferring an adaptive 
advantage. In viruses, CNV is observed in the monopartite poxvirus Vaccinia 
virus (7). Using the model tripartite ssRNA cucumber mosaic virus (CMV) we 
aim to determine (i) the host specificity of the genome formula, (ii) to what 
extent it is determined by the virus genotype, and (iii) to investigate the 
stability of the genome formula during serial passaging. 
 
Approach 
1. Comparative genomics analysis of monopartite, segmented and multipartite 
viruses. 
2. CMV G x E effect in various plant agricultural hosts. 
3. Experimental evolution of CMV genotypes in the host Nicotiana 
benthamiana. 
 
Visual Abstract 



P a g e  | 28 
 

Wageningen PhD Symposium 2019 6th edition – Science with impact 

 
*Host-specific copy number variation changes of multipartite virus genome 
segments. Figure not based on experimental data. 
Keywords: Multipartite virus, segment frequency, cucumber mosaic virus 
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12 Mapping Mangrove in Dongzhaigang, China using Sentinel-2 Imagery 
 
Na Chen 
 
Mangroves not only protect the coastline from ocean waves and storms but also 
provide economical, ecological and social functions for the human being. 
Despite the important role mangrove plays, mangrove is suffering great loss for 
the past decades. Mapping the mangrove extent is essential for the conservation 
of mangrove. This study examined the potential of original bands, spectral 
indices, include Combined Mangrove Recognition Index (CMRI) and 
Normalized Difference Vegetation Index (NDVI), Principal Component 
Analysis (PCA) of Sentinel-2 to map the mangrove of Dongzhaigang, China in 
June 2019. Random forest approach was adopted for the image classification in 
this study. Results showed that the overall accuracy and kappa coefficient of 
the image classification can achieve 90.47% and 0.86. The area of mangrove of 
Dongzhaigang, China in June 2019 is 17.83 km2. The importance of each 
variable was calculated and among all the 15 variables, the CMRI ranked 1st, 
followed by NDVI, Band 3(Green), Band2(Blue) and PCA1(the first Principal 
Component) in turn. Based on the results, we can conclude that Sentinel-2 
imagery can be used to map mangrove extent with high overall accuracy, 
spectral indices and PCA are essential for mangrove extent mapping. 
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13 Embryogenesis of Thermobia domestica 
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Introduction 
Insects display amazing diversity in Bauplan modifications, species and taxa 
richness. They also reflect diversity in early and later stages of embryogenesis 
but show highest similarity during mid embryogenesis, knows as the phylotypic 
stage. Till date, the focus remains on studying embryogenesis of 
holometabolous insects. To broaden our knowledge about developmental gene 
networks and forces shaping the insect bauplan, we must study diverse and 
“primitive” insect lineages. 
 
Approach 
A laboratory culture of the silverfish Thermobia domestica has been established 
at WUR. For in vivo documentation of embryogenesis, eggs are collected and 
dissected each day to get all embryonic stages till hatching. Embryos are fixed 
in 5% formaldehyde, permeabilized in PBSTT and stained in DAPI. Stages are 
observed in fluorescent microscope and images are processed in ImageJ. 
 
Results 
Embryogenesis of Thermobia domestica shows early, mid and late 
embryogenesis. In early embryogenesis, germ-band is formed at posterior side 
of the egg which then passes through elongation, segmentation, limb-bud 
formation, appendage formation and abdomen elongation. 
During mid embryogenesis, it shows conserved phylotypic stage. In its late 
embryogenesis, embryo moves to ventral side (katatrepsis) and points its head 
towards anterior side of egg. At last, an ectodermal layer covers the embryo 
from dorsal side. Then, embryo’s size increases and hatches out as nymph. 
 
Discussion 
Thermobia domestica is a short germ-band insect (shows sequential 
development) and moves only one time (katatrepsis) during whole 
embryogenesis. Our next step is to detail more on embryogenesis by comparing 
RNA sequencing data with other insect species. 
 
Keywords: Embryogenesis, germ band, phylotypic stage, katatrepsis. 
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14 Targeted Kinetic Models from Reduced Genome-Scale Metabolic 
Reconstructions 
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Introduction & Objectives 
In recent years metabolic models have gained importance in biotechnology, 
especially in the context of microbial production processes. Flux Balance 
Analysis techniques in particular have seen increasing use, e.g. in the prediction 
of drug targets for therapeutic intervention or knockout targets and other 
methods of strain design. However, these models do not contain information on 
the temporal dynamics of metabolites and regulatory interactions are hard to 
include. Kinetic models offer more detail on metabolite concentrations and 
dynamics, but are time-consuming to construct and optimise. We created a 
framework, DMPy, which uses a metabolic network to search for kinetic rates 
and to produce an ODE model that describes metabolite concentrations over 
time. A parameter search is included to utilise kinetic information from 
previous studies. To produce the kinetic models, we take advantage of previous 
modelling efforts such as modular rate laws. Parameter balancing is used to 
integrate measurements from different sources into a single thermodynamically 
feasible model using a Bayesian framework. 
 
Results & Conclusions 
Building upon our published framework, we investigate the use of model 
reduction techniques to create minimal models with a maximum of predictive 
power, based on the metabolic process of interest and feasibility of 
experimental measurements. Furthermore, we examine the use of parameter 
sampling for optimal experimental design to generate informative experiments 
for models with large uncertainty ranges. By combining these different 
methods, we hope to create a straightforward way to create and apply kinetic 
models for any metabolic system of interest.  
 
Keywords: Metabolic modelling, kinetic modelling, experimental design, 
model reduction. 
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15 What do caterpillars have on their mind? 
Constructing a model of the larval Spodoptera exigua brain to study baculoviral 
entry and localization 
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Wouw, Steffi1; Smid, Hans M. 2 and Ros, Vera I.D. 1 
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Corresponding author: simone.gasque@wur.nl 
 
Alteration of host behaviour induced by parasitic infections can be caused by a 
broad range of organisms. Only few of these parasites manifest and alter these 
behavioural-changes from the central nervous system (CNS) itself, and little is 
known about the mechanisms behind these alterations. Neuroparasitology 
intertwines the existing fields of neurology, biology and parasitology – 
covering the cases of parasitic manipulation of the CNS. After infection by 
baculoviruses, infected caterpillars express hyperactivity, and/or climb the 
vegetation in “tree-top”-disease. These infections result in liquefaction of the 
caterpillars and release of virus progeny. Both behavioural alterations are 
thought to increase the transmission to susceptible hosts. Caterpillars are most 
susceptible to baculovirus infections in their earlier stages (1st – 3rd). 
Nevertheless, as previous studies modelling lepidopteran brains have focused 
on 5th instars, pupae or even adults, there is a need for developing a reliable 
model for the brains at earlier stages. In this project we will make a 3-
dimensional model of the brain-complex of uninfected 3rd instar Spodoptera 
exigua, by immunolabeling for different rate-limiting enzymes in the 
biosynthesis of the major biogenic amines in the signalling of the invertebrate 
CNS; serotonin, dopamine and octopamine. This 3D brain-model is an essential 
step, as we furthermore will study the localization of Autographa californica 
multiple nucleopolyhedrovirus (AcMNPV) in the brain-complex of S. exigua 
using a fluorescently tagged virus. 
 
Keywords: parasitic manipulation; viruses; brain model; central nervous 
system; brain infections. 
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16 Analysis of the Parasponia andersonii γ-Aminobutyric Acid Transporter 
(GAT1) mutant reveals no function during nodule organogenesis and 
nodule functioning 
 
Yuda P Roswanjaya1,2*, Wouter Kohlen1, René Geurts1 
1Laboratory of Molecular Biology, Wageningen University & Research, 
Wageningen, the Netherlands 
2 Centre of Technology for Agricultural Production, Agency for the Assessment 
and Application of Technology (BPPT), Jakarta, Indonesia 
*E-mail address: yuda.roswanjaya@wur.nl 
 
Parasponia andersonii (Parasponia) is a tropical tree of the Cannabaceae family 
and the only non-leguminous species that engages in a nitrogen-fixing 
rhizobium root nodule symbiosis. Interestingly, Parasponia is embedded in a 
larger genus: Trema. The rest of this genus does not interact with rhizobia and 
has lost several genes thought to function exclusively in nodulation, suggesting 
that Trema lost its nodulation trait. One of the genes found to be lost in Trema 
species is the γ-AMINOBUTYRIC ACID (GABA) TRANSPORTER 1 
(GAT1). In legumes, GAT1 functions in the transport of GABA, a non-protein 
incorporated amino acid, from the extracellular compartment to the cytosol of 
infected cells. Through the TCA cycle, GABA is metabolized providing an 
energy source for symbiotic bacteroids. Parasponia has three genes encoding 
putative GABA transporters (GAT1, GAT2, and GAT3). However, only GAT1 
was found to be lost in all Trema species and highly expressed in Parasponia 
root nodules. This raises the question of whether Parasponia GAT1 has a 
function during nodule organogenesis and/or functioning. To answer this 
question, four Parasponia gat1 
CRISPR-Cas9 mutant alleles were created. Mutant plants were grown and 
inoculated with Mesorhizobium plurifarium BOR2. We quantified several 
nodule related phenotypes, including nodule numbers, nodule size, 
cytoarchitecture, amount of bacteria inside each nodule, and their GABA 
content. To our surprise, no phenotypes could be found based on any of these 
quantifications. From this, we conclude that Parasponia GAT1 is not essential 
for nodule organogenesis and/or functioning. This suggests that GAT1 does not 
have to be added to the short-list of candidate genes to be transformed into 
Trema in our re-engineering efforts. 
 
Keywords: Parasponia andersonii, GABA, GAT1, Nodule organogenesis, 
Nodule functioning 
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17 Do three know more than one? Combining predictions of three different 
methods to improve prediction performance in a case study on survival in 
dairy cattle. 
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Abstract 
We investigated if the prediction of survival in dairy cattle could be improved 
by combining the prediction outcomes of three distinct prediction methods. We 
obtained predicted probabilities of survival to second lactation from a previous 
study. These probabilities were predicted at five different moments in time 
(datasets containing 1862 to 2051 randomly selected animals) using three 
different methods: multiple regression, random forest and naive Bayes. The 
predicted probabilities were stored in three ways: raw, binary and scaled to 
units of standard deviation. Four methods were tested to combine the predicted 
probabilities: voting rule, multiple regression, random forest and naive Bayes. 
For each combination method we calculated accuracy, balanced accuracy, area 
under the curve (AUC) and the proportion of surviving animals if the best 50% 
of animals was selected. No combination of predicted probabilities consistently 
improved over the single methods across data type, decision moment and 
performance metric. However, there are seven instances where a combination 
method outperformed all three single methods on a performance metric using 
raw prediction outcomes, and three instances when using binary data. Scaled 
data resulted in different prediction outcomes only for the random forest 
method and never outperformed all three single methods. The best method for 
combination were multiple regression and naive Bayes which performed equal 
or better than the single methods on all performance metrics at birth, 18 months 
of age and first calving. At 6 weeks post first calving, the multiple regression 
combination method still has equal or better performance than the single 
methods. 
 
Key words: combining methods, machine learning, survival, dairy cow 
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18 
Modelling of the optimized dietary pattern from the aspects of nutritional adequacy and 
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Introduction  

The food sector contributes about 20–30% of total greenhouse gas emissions (GHGE)(1,2), 
which is an important driver of climate change(3). There is an urgent need to change dietary 
choices and to make the food system more sustainable(4) from both climate change and health 
aspects. Some previous studies have estimated the reduction of disease risk and diet-related 
GHGE(5,6) by simulated analysis often in Western countries.. Japan is the sixth-largest 
greenhouse gas emitter in the world(7). However, current dietary guideline for Japanese do not 
take into count sustainability aspect(8,9)due to lack of scientific evidence regarding climate 
impact of dietary intake among Japanese and association between dietary GHGE and its 
nutritional or dietary quality.  

The GHGE database for food consumed in Japan has been newly developed by a previous 
study (unpublished data, under revision) to estimate diet-related GHGE among Japanese. 
Based on this database, overall better adherence to the Dietary Reference Intakes in Japan(8) 
among participants with higher diet-related GHGE was observed (unpublished data, 
manuscript is ready to submission). As for food intake, participants with higher  diet-related 
GHGE had more nutrient-dense food such as vegetable, fish and seafood and meat. These 
results suggested that shifting to the currently observed diet with low diet-related GHGE from 
those with higher GHGE would not achieve a sustainable diet among Japanese. A drastic 
dietary change would be needed to achieve both reduction of dietary GHGE and improvement 
of nutritional adequacy. Another approach, adding other dietary changes would be needed to 
propose an optimized healthy and sustainable dietary pattern for.  

The aim of this study is to model the optimized diet regarding GHGE and nutritional 
adequacy among Japanese. 

 
Approach 

Observed intake values of food and nutrition intake data among 392 healthy Japanese adults 
(aged 20–69 years) is used for analysis(10). Dietary data were collected with semi-weighed 
dietary record on four non-consecutive days. Diet-related GHGE is estimated using the newly 
developed database using production-based global link input-output model(11) which describes 
the relationship between the production and consumption systems of Japan and foreign 
countries based on the data in the year 2005 and the Standard Tables of Food Composition in 
Japan 2015(12). Data envelopment analysis is used to design diets which have lower GHGE at 
food production stage, higher nutritional quality, and higher dietary preferences. Nutritional 
quality is assessed using Nutrient Rich Diet score 15.3(13) based on the reference nutrient intake 
in the Dietary Reference Intakes in Japan(8). Dietary preferences are assessed based on the 
proportion of food intake remaining the same in the modelled diet as compared to the observed 
diet. 
 
Keywords: Dietary greenhouse gas emission, food intake pattern, disease risk, health care 
resource.  
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