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Virtual Research Environments to Support
Agriculture and Food Research Communities:
The AGINFRA+ Project

by Panagiotis Zervas, Leonardo Candela and Pythagoras Karampiperis (Agroknow)

Virtual research environments are proposed as a prominent cloud-based solution for agricultural and
food scientists willing to collaborate and seamlessly access, use and reuse research resources such
as datasets, mathematical models, software components results and publications.

Current developments in ICT potentially
provide innovative and more effective
ways to support agricultural and food
researchers to work with extremely large
data sets and handle use cases involving
big data. This new paradigm raises new
research questions, new methods and
approaches to perform research in agri-
culture and food. To support this para-
digm, research facilities and e-infra-
structures need to be revisited and new
partnerships among academic institu-
tions and private companies should be
developed. This might lead to the
involvement of scientists from areas of
science and technology, who are not
involved in the agricultural and food
sector, to boost the innovation process in
this sector. This also creates new chal-
lenges and opportunities for informed
decision making from the micro scale
(i.e., precision farming) to the macro
scale (i.e., policy making) [1]. To this
end, it is evident that large-scale, cloud-
based infrastructure assets need to be
utilised to support the agriculture and
food research communities in the
process of data storage and indexing,
algorithm execution, as well as results
visualisation and deployment.

A prominent existing cloud-based solu-
tion 1is the Virtual Research
Environments (VREs) provided by the
D4Science Initiative. VREs are web-
based, community-oriented, collabora-
tive, user-friendly, open-science-com-
pliant working environments for scien-
tists and practitioners working together
on a research task [2].

In this context, the AGINFRA+ project

[L1] is exploiting the VREs paradigm

for three (3) prominent research com-

munities, namely:

» The agro-climatic and economic
modelling research community: this
community focuses use cases related
to crop modelling and crop phenol-
ogy estimation. Current cases aim to
support the workflow of researchers,
intermediaries and business analysts
working on crop modelling and yield
forecasting and related activities in
the area of policy and decision sup-
port in food security, farm manage-
ment advice and related activities. In
particular, the aim of these use cases
is to bring researchers from their cur-
rent usually local, single computer
and mostly peer network based work

space to a cluster compute and cloud
based collaborative work environ-
ment. Providing the community with
such advanced options for virtual
research will increase the buy-in to
use such frameworks and support the
community in making the transition
to effective collaborative, cloud-
based research.

* Food safety risk assessment research
community: this community focuses
on use cases to support scientists in
the multidisciplinary field of risk
assessment and emerging risk identi-
fication as there is currently a strong
need to create new software-based
solutions that support the knowledge
integration processes relevant for
these tasks. Domain-specific, cloud-
based research environments are a
promising solution to overcome cur-
rent limitations and frustrations in
these domains. Specifically, features
that facilitate scientific collaboration
as well as features to store and share
data and knowledge are important.
Furthermore, the usage of broader
infrastructural and technical solu-
tions can facilitate the creation and
adoption of standards which will
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Figure 1: AGINFRA+ Technical Infrastructure based on research community VREs.
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increase efficiency along all scien-
tific processes.

* Food security research community:
this community focuses on use cases
related to high-throughput phenotyp-
ing to support phenomics researchers
to select plant species and varieties
which are the most adapted to spe-
cific environments and to global
changes. High-throughput phenotyp-
ing produces a large amount of data
which need to be analysed immedi-
ately for decision making, as a result
cloud-based research environments
are a promising solution to support
this process.

In order to support the aforementioned
research communities, AGINFRA+
project has collected requirements from
these communities and appropriate
VREs have been set-up [L2]. These
VRESs encapsulate the technical solu-
tions serving the community require-
ments within a collaborative environ-
ment that allows the setup, execution,
monitoring and sharing of research

PERSEPHONE: Using Biogas Residues

activities and their results. More specif-
ically, as presented in Figure 1, the
VREs provide researchers access to
research resources such as data, models
and publications, in order to design and
execute their research. The resources
are findable via the VREs’ Catalogues,
which are informed by semantically
rich metadata organised and generated
using the AGINFRA+ Data &
Semantics Layer technologies.
Experiments are carried out via the exe-
cution of the available models over the
services provided by the Analytics &
Processing Layer. Finally, results are
visualised, organised and shared using
the technologies incorporated in the
AGINFRA+ Visualisation & Publishing
Layer.

In summary, the aforementioned
approach aims to serve the needs of
three adjacent but not fully connected
user communities, which perform
research on multi-disciplinary and
multi-domain problems related to agri-
culture and food. Finally, it aims to sup-

port open science to research resources
for agriculture and food.

Links:
[L1] http://www.plus.aginfra.eu/
[L2] https://aginfra.d4science.org/explore
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to Mitigate Agricultural Nitrogen Pollution

by Bella Tsachidou, Philippe Delfosse and Christophe Hissler (LIST)

At the Luxembourg Institute of Science and Technology (LIST), a multidisciplinary scientific group is
looking to prove how recycling of biogas residues back to agricultural soils has the potential to
mitigate nitrate leaching, enhance long term storage of nutrients in the agro-ecosystems and

improve agronomic performance.

As the world population grows, crop
yields need to be increased to provide
sufficient quantities of food and stock
feed. To meet this challenge, the farming
system has to overcome limiting factors
such as nutrient depletion of arable soils.
Nitrogen being the main mineral ele-
ment required for plant growth, has led
to its industrial fixation and extensive
use in the form of chemical fertilisers.
As a result, the nitrogen cycle has been
greatly modified, resulting in one of the
most challenging environmental prob-
lems: nutrient pollution of aquatic and
terrestrial ecosystems, as well as atmos-
pheric contamination. Reactive nitrogen
(Nr), released by intensive agricultural
and industrial activities, causes prob-
lems owing to its great transformation
capacity and enduring cascade between
environmental media. Inefficient use
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and losses of Nr to the environment,
have over time contributed to major
issues such as the greenhouse effect and
climate change, deterioration of soil
quality, aquatic eutrophication and loss
of biodiversity, elevated levels of
nitrates in waters, and consequently,
impacts on human health and society.

Different aspects of Nr pollution have
led to the establishment of treaties,
commissions and legal instruments in
Europe. Contamination of drinking
water was, inter alia, the main driver for
the enactment of the European Nitrates
Directive 91/676/EEC which aims to
protect water bodies from agricultural
nitrate leaching. The EU Member States
are legally bound to adopt and imple-
ment the directive, and failing to
comply with its Action Programmes

may inflict financial penalties. To date,
particular measures within the Nitrates
Action Programmes are considered
impractical and hard to implement,
leading to additional costs for farmers.
Limitation of livestock manure applica-
tion to 170kg N/ha, in accordance with
the ANNEX I, has resulted in excessive
mineral fertilisation and consequent
increase of nitrate loads in the soil and
groundwater. Therefore, in order to
solve the nitrogen pollution problem,
whilst contributing to the circular
economy, it seems reasonable to work
toward N recycling.

To prevent further acceleration of envi-
ronmental pollution caused by Nr from
agricultural sources, and at the same
time integrate the biogas sector into the
new bio-economy, we propose the recy-
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