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Abstract

Regional plant phenotyping research infrastructures and networks provide key ser-
vices fostering research excellence and community growth for their stakeholders.
Globally, we see an underdeveloped niche for stronger collaboration among them to
better serve the global community of plant phenotyping. We propose the concept of
a “global collaborative space” and identify potential benefits, areas for collaboration,

challenges, and concrete next steps.

Plain Language Summary

Regional plant phenotyping research infrastructures and networks support
researchers in their respective regions by providing technologies, competen-
cies, and knowledge they would not get otherwise, and help them to collaborate with
others in their field of expertise. However, going beyond regions toward a global
level, such support activities are still underdeveloped. Thus, we provide our thoughts
here on how such global cooperation among regional research infrastructures and
networks could work and what benefits it would generate. We also describe the
challenges ahead and concrete next steps.

ing how the Earth’s biodiversity and climate impact future
agricultural systems.”

Plant phenotyping (PP) research infrastructures (RIs) and
facilities provide a key foundation for research excellence
toward providing solutions to global challenges, including
food security, soil health, and sustainable agriculture, as out-
lined by the UN Sustainable Development Goals and further
international and regional high-level policies (e.g. European
Green Deal). The relevance of Rls for tackling such chal-
lenges has been stressed by many recent high-level strategic
policy documents. For example, the latest “Brisbane State-
ment 2024 acknowledges the urgent priority of “Feeding the
Planet” and the unique contributions of Rls to “understand-

This commentary has been developed based on a discus-
sion during the “Plant Phenotyping Research Infrastructures
Globally” session, which was organized as a satellite meet-
ing of IPPS24. The commentary provides a first conceptual
approach on how globally networked regional RlIs, build-
ing on the expertise of local and national PP facilities while
directly responding to the demands of their community, could
jointly work toward establishing global collaborative space.
This space would serve the demands of a global commu-
nity of plant phenotyping experts, practitioners, RI investors,
and administrators. The commentary concludes by identifying
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potential areas of collaboration, challenges, and next concrete
steps.

2 | CURRENT LANDSCAPE

Regional plant phenotyping RIs and networks have been
developing and operating for more than a decade. In Europe,
a pan-European RI, EMPHASIS, has successfully established
its position on the ESFRI roadmap since 2016 and undertaken
significant preparations toward full implementation. North
America saw the foundation of the North American Plant
Phenotyping Network in 2015, fostering collaboration across
disciplinary and national boundaries since then. In Australia,
the Australian Plant Phenomics Network, which was founded
as a national infrastructure in 2009, and was expanded
substantially in 2024, seeks to address production and envi-
ronment challenges greatly accelerated by climate change.
The International Plant Phenotyping Network (IPPN), formed
loosely in 2009 and officially founded as an association in
2016, operates as the global network for PP institutions, fos-
tering cooperation and facilitating interdisciplinary training
and industry—academia cooperation.

While the development of different geographical regions
for applying PP methods and sustaining active research com-
munities is heterogenous, some regions have seen initial
momentum toward integration across national communities:
for example, in Latin America and Asia, PP facilities and
national RIs have been established, but cross-border inte-
gration is still relatively weak in these regions—while other
regions have only more recently begun to consider PP as an
emerging research field.

The example of Africa is interesting, where PP is vital for
food security and climate resilience, yet Africa faces major
hurdles due to limited infrastructure, expertise, and meth-
ods tailored to local crops and environments (Cudjoe et al.,
2023; Ghanem et al., 2023; Yang et al., 2020;). Nonethe-
less, modern phenotyping practices are already undertaken
by CGIAR centers, and new initiatives—including regional
networks (e.g., PhenoSA), high-throughput platforms (e.g.
Stellenbosch University, UM6P, University of Pretoria), and
global partnerships through the IPPN—are rapidly advanc-
ing capacity and integration, with Africa set to host the
International Plant Phenotyping Symposium in 2026.

The global disparities in infrastructure and concentration of
PP activity are demonstrated in Figure 1.

The global RIs and networks operate user-driven services
to the benefit of their respective user communities, foster-
ing tangible outputs (e.g., publications, research projects,
patents, licenses, standard operating procedures, research
data, industry collaborations).

These services aim to alleviate the field’s known bottle-
necks, such as the high costs connected with PP hardware

Core Ideas

* Regional plant phenotyping research infrastruc-
tures and networks hold unique positions.

e Stronger collaboration between them can provide
added benefits to a global community.

* A concept for a “global collaborative space” is
proposed.

* Challenges, potential benefits, and concrete next
steps are identified.

(Gill et al., 2022; Poorter et al., 2023). The IPPN Afford-
able Plant Phenotyping Working Group (since 2016) supports
the self-builder community with open protocols and methods
to cut hardware and software costs and to help democra-
tize PP application in regions with low investment capacity,
and PhenomUK’s “Access to Facilities” pilot supported the
development and replicability of affordable custom phe-
nomics equipment (https://phenomuk.org/strands/access-to-
facilities/low-cost-custom-phenomics/).

Further, the PHENET project brings together European
plant phenotyping, environmental, and data-focused research
infrastructures with global innovators to deliver cross-RI ser-
vices using low-cost, low-energy Al-enabled sensors, Earth
Observation, IoT, FAIR data/semantic web, digital twins, and
training (https://www.phenet.eu/en).

At the global level, however, we still see an underdeveloped
niche for collaboration among Rls and networks, with all the
potential benefits of stronger integration across the global PP
community.

2.1 | European infrastructure EMPHASIS

EMPHASIS is in the process of formally integrating the
national European infrastructures by establishing an interna-
tional legal entity, known as a “European Research Infrastruc-
ture Consortium” for approval by the European Commission
in 2026. EMPHASIS, with its central Coordination Office
located in Belgium, has its operating model built on a solid
“backbone” of national nodes, each representing local con-
stellations of phenotyping installations, dedicated scientific
expertise, and engaged national communities. EMPHASIS
supports open access to over 200 plant phenotyping facilities
across Europe, along with local services and expertise. It cov-
ers installations in controlled conditions, in “intensive fields”
able to accurately monitor crops at highly equipped installa-
tions, and in “lean fields” through deployment of temporary,
portable phenotyping equipment. EMPHASIS fosters good
data management practices across these multi-scale facilities
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FIGURE 1 Global distribution of plant phenotyping research infrastructures, and International Plant Phenotyping Network e. V. (IPPN)
members. Map derived from (a) the publicly accessible Global Infrastructures Database on the IPPN website
(https://www.plant-phenotyping.org/infrastructure_map) with pink color gradation derived from percentage values. (b) Map derived from IPPN
membership data from the years 2024/2025, with green color gradation showing percentage values.

and FAIR data sharing with the broader scientific commu- 2.2 | Australian Plant Phenomics Network

nity. Additionally, the RI coordinates the development of new
methods and tools for phenotyping workflows and commits to
the education and training of future phenotyping scientists.

In parallel to the establishment of EMPHASIS as a legal
entity, a number of EU funded projects have provided access
services and fostered the integration of the European com-
munity (i.e., among others EPPN2020, Al4Life, AgroServ,
Microbes-4-Climate, PHENET).

Established in 2009 via core funding from the National Col-
laborative Research Infrastructure Strategy of the Federal
Department of Education, the Australian Plant Phenomics
Network (APPN) seeks to address production and environ-
ment challenges greatly accelerated by climate change. In
2024, APPN gained additional state government, university,
and industry funding to expand from three Nodes to a truly
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national footprint of nine academic and government Nodes.
Key elements of the new configuration include the following:

* Seven Controlled Environment Nodes addressing various
industries and environmental challenges, including vertical
horticulture, medicinal agriculture, future pastures as well
as whole tree and root phenotyping.

* A coordinated suite of five Fixed Field sites, offering
accelerated field validation of early science in real world
conditions.

* Six “Mobile Phenotyping units” equipped with identical
advanced ground and drone-based phenotyping sensors and
deployed across Australia.

* A national network of trial environment monitoring sen-
sors.

* An underpinning FAIR and open data network, which
will include common data standards, as well as shared
processing and storage.

APPN’s overarching aim is to provide open access to
state-of-the art plant phenotyping technologies that drive
research excellence and innovation aimed at developing
improved crops that are better adapted to changing cli-
mates/environments.

2.3 | The North American Plant
Phenotyping Network

The North American Plant Phenotyping Network (NAPPN)
aims to be a globally renowned, scientific organization that
is self-sufficient and serves both its members and the pub-
lic. NAPPN recognizes these goals as part of its core mission
and 2025-2030 strategic plan: advocacy to public and pri-
vate sector decisionmakers, community building, community
communication, professional development and education, and
NAPPN sustainability. It also facilitates collaboration and uti-
lization of its facilities, with some examples as follows: the
TERRA-REF gantry system in Maricopa, Arizona (Zhang
et al., 2022); the Bellwether Facility in St. Louis, Missouri
(Fahlgren et al., 2015); and the Boyce Thompson Institute
Plant Phenotyping Facility in Ithaca, New York (Yu et al.,
2024). A recent review on the topic of affordability outlines
some of the efforts being undertaken to expand utilization and
cost of access of phenomics facilities (Hoyos-Villegas et al.,
2025).

2.4 | International Plant Phenotyping
Network

The International Plant Phenotyping Network e. V. (IPPN)
is a nonprofit organization currently uniting 60 major global

plant phenotyping institutions and industries. Founded in
2016, the IPPN aims to advance phenomics and plant phe-
notyping research by fostering international collaboration
among researchers, industry, and policymakers to address
food security and climate change, while supporting broader
plant sciences through advanced phenotyping. IPPN sus-
tains a global network, promotes stakeholder communication,
increases the visibility of plant phenotyping, and supports
interdisciplinary training and early career education.

In addition, the IPPN organizes the biennial Interna-
tional Plant Phenotyping Symposium (IPPS) to showcase
advancements in science and industry and fosters interna-
tional collaboration. The IPPN is linked to most national
and regional phenomics networks (see https://www.plant-
phenotyping.org/Partnership), including regular exchange of
information and dissemination of news items, vacancies, and
publications. Currently, the IPPN plays a key role in intercon-
necting globally fragmented national and regional communi-
ties functioning as a global hub for plant phenotyping research
and its applications.

2.5 | Concrete collaboration efforts
underway, building insights, and connections

A number of integrative efforts toward inter-network collab-
oration are underway. For example, since 2016, the IPPN
has established several Working Groups (https://www.plant-
phenotyping.org/IPPN_Working_Groups) in different topics
related to plant phenomics. Currently, there are nine working
groups active, all including multi-national teams with outputs
across 2019-2024:

* 10 special issues initiated in international peer-reviewed
journals

* 30+ webinars

» 30 travel grants to early career professionals to attend plant
science conferences

* 20 on-site workshops at international plant science or
phenomics conferences

In 2023, the APPN and EMPHASIS signed a Memo-
randum of Understanding to enhance cooperation in plant
phenotyping, with the aim of increasing research efficiency,
fostering data standardization, and avoiding research dupli-
cation, identifying shared challenges and opportunities, for
example, addressing common approaches to bridging scales
from remote sensing to ground truthing.

Through involvement in the RI-VIS initiative (increas-
ing the visibility of global research infrastructures to new
communities, https://ri-vis.eu/network/rivis/white-papers),
EMPHASIS has developed perspectives on the potential
of collaboration with different regions (Australia, Latin

85US017 SUOLULIOD BAERID 8 [qedtjdde au Aq peuenob a1 BRI YO ‘38N JOS3INI 10} AR1q 1T BUIIUO AB]IM UO (SUORIPUOD-PUR-SWLRYLIOD" A3 1M ARRIq1BUIIUO//SANY) SUORIPUOD PUe SWIS L 3L 385 *[9202/T0/20] U0 AR.qIT BUIIUO A8 ]I “RILSD LIRSS HAWS LRIINT WnuezsBunyasiod Aq 8y00, Z(dd/zo0T 0T/10p/woa Ao 1m Aeiq 1 jpul U0 ssasde//sdny Wwoiy pepeojumod ‘T ‘G202 ‘€0.28.5C


https://www.plant-phenotyping.org/Partnership
https://www.plant-phenotyping.org/Partnership
https://www.plant-phenotyping.org/IPPN_Working_Groups
https://www.plant-phenotyping.org/IPPN_Working_Groups
https://ri-vis.eu/network/rivis/white-papers

DHONDT ET AL.

America, and Africa) and developed recommendations on
future improvements which it will take forward into global
engagement roadmaps.

The IPPN Advanced Sensor Applications Working Group
meets regularly (online and on-site, e.g., EPPS2025), on
the topic of data management, with the aim to synchro-
nize data management practices and to avoid redundancy
among globally dispersed communities, with active par-
ticipants from various regional networks, like EMPHASIS
(Belgium, The Netherlands, Austria), APPN (Australia), and
IPPN (Germany).

One of the most recent examples of inter-network collabo-
ration is the establishment of the “Early Career Professionals
Network”, a new initiative launched by several national and
international networks and projects (IPPN, EMPHASIS, Phe-
nomUK, Global Wheat Datasets, ELIXIR, PHENET, and
DPPN) to provide a continuous, global platform run by
and for early-career researchers and industry professionals
in plant phenomics to foster collaboration, exchange knowl-
edge, provide access to training, and advance professional
development.

3 | A CONCEPTUAL APPROACH
TOWARD A “GLOBAL COLLABORATIVE
SPACE”

Drawing on their insights and experiences as current and
former leaders and representatives of pan-continental plant
phenomics RlIs and large-scale regional or global networks,
the authors see a significant potential to further amplify
impact across the global community by stronger collabo-
ration. Here, we identify potential areas of collaboration
between the regional RIs and networks, challenges for
realizing such collaboration, and concrete next steps and
approaches to overcome the challenges. This initial concep-
tualization of a “global collaborative space” (Figure 2) is
intended to act as an opening proposal for further and more
detailed framing and implementation in the future.

We have identified the following potential benefits to be
generated by a more strategic and intensified global-scale
cooperation:

* Facilitate the exchange of technical and management
experts to improve service quality and efficiency by
“solving problems once, for all.”

* Enhance the mobility of researchers and technicians at all
career levels, opening new career paths and strengthening
knowledge exchange.

* Promote dialogue and alignment on scientific goals to fos-
ter research cross-pollination and incentivize new projects,
leading to novel outputs.
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* Increase the visibility of plant phenotyping’s potential to
attract new talent and further increase societal support.

* Foster global data harmonization and FAIR data availability
to generate high-quality datasets and create new scientific
consortia for data analysis and modeling.

* Develop algorithms to extract higher level traits from
foundational phenotypic data across scales and different
technological concepts.

* Identify new innovation and market opportunities through
global interconnectedness, strengthening industry engage-
ment and economic impact.

» Advocate for the criticality of plant phenotyping to poli-
cymakers and funders to increase capital and operational
investments. In that line, develop harmonized concepts for
scientific and socioeconomic impact measurements.

We have further identified numerous challenges, which
need to be tackled to strengthen the cooperation among
regional RIs and networks:

* Differing strategic planning and investment cycles among
regional infrastructures and networks.

* Local focuses of regional infrastructures, which are
designed to meet the specific needs of their communities.

* Need to balance community-driven demands with top-
down strategic plans.

* Interdisciplinary nature of plant phenotyping, which
requires accommodating diverse and potentially diverging
community demands.

* Funding constraints and competition with other sectors,
highlighting the need for a strong, unified voice advocat-
ing for scientific, economic, and social benefits of plant
phenotyping.

» Absence of shared frameworks to standardize facility spec-
ifications and minimize errors across different locations.

We propose the following next steps and general
approaches for regional PP RIs and networks to over-
come challenges and realize the benefits of a “global
collaboration space’:

* Refine the concept with direct feedback and broader
perspectives from local and national plant phenotyping
facilities and communities.

* Adopt agile mindsets to allow for flexibility in adapting
long-term strategies, with the primary goal of strengthening
cooperation.

» Establish regular, ongoing “touchpoints” for the global
community as part of a formal timeline of activities.

* Initiate joint advocacy for funding and allocate a portion
of individual budgets to global collaboration, supported by
compelling business cases.
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Current Landscape of Regional Reseach Infrastructures and Networks
APPN _IPPN
Australia International
“Proposed Global Collaborative Space*
Bridging regional networks to create global synergies and address plant phenotyping
challenges worldwide
N

/ Potential Benefits \

+ Expert knowledge exchange

+ Increased expert mobility

+ Cross-border research and collaboration

» Enhanced visibility

+ Global FAIR data harmonization

« Innovation opportunties

+ Market development

+ Joint advocacy for funding and policy support

KHarmonized impact measurement j

FIGURE 2

Main challenges
» Low alignment of strategy processes
» Local versus global priorities
» Funding contraints

%

Next steps
Integrate community feedback
Adopt agile collaborative mindset
Establish regular touchpoints
Joint advocacy for funding
International governance
_4

Summary of the initial conceptualization of a “global collaborative space.” APNN, Australian Plant Phenomics Network; IPPN,

International Plant Phenotyping Network e. V.; NAPPN, North American Plant Phenotyping Network.

* Integrate international expertise and perspectives into gov-
ernance bodies to align regional strategies with global
collaboration goals.

* FElevate the profile of phenomics through its recognition
as a unique scientific discipline and its introduction into
commercial and policymaking spheres to guide funding
strategies toward global collaboration.

* Recognize that building global collaborations requires risk
management, flexibility, and adaptation due to the complex
political and scientific landscape.

4 | CONCLUSION

In this commentary, we introduced the conceptual frame-
work for a “global collaborative space” in PP, drawing on
the collective experience of leaders from pan-continental RIs
and networks. We have identified key benefits of intensified
global collaboration, including enhanced technical competen-
cies, increased mobility, and improved data harmonization,
all of which are critical for advancing research and max-
imizing societal impact. We also acknowledge significant
challenges, such as misaligned strategic planning and the need
for sustainable international funding models. To move for-
ward, we propose concrete next steps, emphasizing an agile
approach, community-driven development, and joint advo-
cacy to secure the necessary support. This study is intended to
be a starting point for the broader PP community to engage in

a more detailed discussion and future implementation of this
framework.
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