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Programme

Day 1 | Tuesday 8 July
From 12 | Registration and lunch
noon Poster presenters should put up their posters during this time
13:30 Welcome
Maarja Opik, New Phytologist Editor-in-Chief
Keith Lindsey, Chair of the New Phytologist Foundation
David Read, University of Sheffield
14:00 Keith Lindsey, Durham University, UK
1.1 Stem cell regulators of root behaviour
14:30 Karol Gad, Institute of Biochemistry and Biology, University of Potsdam, Germany
1.2 Development of genetic transformation strategies for Linum pubescens using
Agrobacterium tumefaciens and Agrobacterium rhizogenes
14:45 Yingqi Zhang, Northwest A&F University, China
1.3 Symbiont fungal effector SIE141 reprograms plant stress responses via targeting
thioredoxin-like CDSP32
(Unfortunately, Itumeleng is unable to attend)
15:00 Kalle Olli, Estonian University of Life Sciences, University of Tartu, Estonia
1.5 Decadal trends in phytoplankton community composition and seasonality
15:30 Coffee break
16:00 Publishing panel discussion
In this session, we will explore publishing your work with insights from researchers and
editors representing leading journals. Panellists include Chris Surridge, David Johnson,
Maarja Opik, Mari Moora and Marina Semchenko
17:00 Claire Moulton-Brown, University of Edinburgh, UK
1.6 Fight Fungus with Fungus: Enhancing barley's defence against Puccinia hordei
through arbuscular mycorrhizal inoculation
17:15 Pooja Sharma, Helmholtz Centre for Environmental Research — UFZ, Germany
1.7 Microbial contributions to metal accumulation in sunflower cultivated under climate
changes
17:30 — Poster session with drinks reception
19:00
19:00 Close of day 1




Day 2 | Wednesday 9 July

08:55 Morning announcements

09:00 Michat Bogdziewicz, Forest Biology Center, Adam Mickiewicz University, Poland
2.1 Trees struggling to reproduce as climate shifts

09:30 Lorinda Bullington, MPG Ranch, USA
2.2 Bark beetle—fungi symbioses reshape nutrient dynamics, fungal decomposer
succession, and decay rates in ponderosa pine

09:45 David Johnson, Lancaster University, UK
2.3 Microbial—plant interactions regulate soil organic phosphorus turnover and uptake

10:00 Ivika Ostonen, University of Tartu, Estonia
2.4 Back to the roots: belowground biomass as a primary carbon source for soil
microbes

10:30 Coffee break

11:00 Policy panel discussion
In this session we will explore the policy landscape from the perspective of journals, funders
and researchers. Panellists include Katie Field, Keith Lindsey and Indrek Heinla

12:00 Petr Kohout, Institute of Microbiology, CAS, Czechia
2.5 Harnessing global databases to understand fungal ecology: lessons from
GlobalFungi and GlobalAMFungi

12:30 Lunch

13:30 Zigmunds Orlovskis, BMC, Latvia
3.1 Underground biological internet: common mycelial networks in inter-plant signalling
and resistance to pathogens

14:00 Ylva Lekberg, MPG Ranch, University of Montana, USA
3.2 Invader-driven changes in soil fungal communities and consequences for restoration

14:15 Oscar Zarate Martinez, University of Tartu, Estonia
3.3 Urban fungal diversity shaped by legacy effects of historical meadows

14:30 Asko Noormets, Texas A&M University, USA
3.4 Carbon flow from plants to soil

15:00 Group Photo

15:10 Coffee break

15:30 Helena Vallicrosa, EPFL, WSL Switzerland
3.5 The role of plant—soil—microbe interactions on nitrogen cycling under drought and
warming in grasslands

15:45 Chahira Zerouki, Department of Environmental and Biological Sciences, Faculty of Science,
Forestry and Technology, University of Eastern Finland, Finland
3.6 How do forest regeneration methods impact the soil microbial communities in Boreal
zones

16:00 Al workshop (small groups)
In this session we will consider the topic of Al, including a small-group exercise followed by a
wider group discussion that will explore the challenges and opportunities that Al brings to the
world of scientific research and publishing

17:00 Al group discussion

17:30

Poster session




18:30 Close of day 2
19:00 Symposium dinner — pre-dinner drinks from 19:00, dinner will be served at approximately 19:30
Day 3 | Thursday 10 July
08:55 Morning announcements
09:00 Marina Semchenko, University of Tartu, Estonia
4.1 Growing old together: how grassland age and local adaptation shape plant—
microbial interactions
09:30 Monica Jamla, Savitribai Phule Pune University, India
4.2 Metabolite profiling and bioactivity of endophytic fungi from Piper
longum and Zingiber officinale
09:45 Ahmed Abdelfattah, Leibniz Institute for Agricultural Engineering and Bioeconomy ATB,
Germany
4.3 Evolutionary roles of seed and fruit in the assembly of the plant microbiome
10:00 Lana Bolin, University of New Mexico, USA
4.4 Soil microbes influence the ecology and evolution of plant plasticity
10:15 Meelis Partel, University of Tartu, Estonia
4.5 Observed and dark diversity of plants linked to microbes and humans
10:45 Coffee break
11:15 Katie Field, University of Shefield, UK
4.6 Ancient alliances with global consequences: the functional significance of
Mucoromycotina ‘fine root endophytes’
11:45 Wei Fu, State Key Laboratory of Regional and Urban Ecology, Research Center for Eco-
Environmental Sciences, Chinese Academy of Sciences, China
4.7 Extreme drought shifts plant—arbuscular mycorrhizal fungal associations: from
diversity-diversity to productivity-diversity
12:00 Adam Frew, Western Sydney University, Australia
4.8 From data to diversity: exploring Australia’s AM fungal communities through
AusAMF
12:15 Vincent Merckx, Naturalis Biodiversity Center, University of Amsterdam, the Netherlands
4.9 Partial mycoheterotrophy: a common strategy in arbuscular mycorrhizal plants?
12:30 | Maarja Opik
4.10 Understanding global diversity of arbuscular mycorrhizal fungi leads the way to
ecologically literate soil management guidelines
13:00 Closing remarks and awards
13:30 Close of Symposium
13:30 — | Lunch
14:30
14:30 Posters to be removed by 14:30




Speaker Abstracts

1.1

Stem cell regulators of root behaviour
Keith Lindsey ORCID iD

Department of Biosciences, Durham University, Durham, United Kingdom

The activity of meristems in central to the growth and development of plants. They are the
sites of cell division, and are maintained through the control of the identity and activity of stem
cells within the meristems. These stem cells are undifferentiated but divide to generate
surrounding differentiated tissues. We are interested in the molecular mechanisms that
regulate stem cell identity and activity, with a particular focus on the root apical meristem of
the model plant Arabidopsis. Root development is a critical feature of plant adaptation to
environments, anchoring plants in the soil, acting as a mediator of soil stresses, and
interaction with microorganisms. | will discuss our recent progress in identifying new molecular
regulators of meristem function, and show how the mathematical modelling of gene-signalling
networks can help us understand the complexities of the regulatory process.


https://orcid.org/0000-0002-7992-6804

1.2

Development of genetic transformation strategies for Linum pubescens using
Agrobacterium tumefaciens and Agrobacterium rhizogenes
Karol Gad ORCID iD

Institute of Biochemistry and Biology, University of Potsdam, Potsdam, Germany

Wild relatives of crop plants are essential genetic resources for germplasm improvement,
providing valuable agricultural traits such as resistance to biotic and abiotic stresses. Linum
pubescens Banks & Sol., a wild flax species, is a promising candidate for gene introgression in
breeding programs. In this study, two genetic transformation methods were established for
Linum pubescens using Agrobacterium tumefaciens and Agrobacterium rhizogenes. The
former enabled genetic transformation with an efficiency of 6%. Additionally, Agrobacterium
rhizogenes was used to induce transgenic hairy roots, from which whole plants were
regenerated with an efficiency of up to 10%. Molecular analyses of transformed plants
confirmed the successful integration and stable expression of a transgene. These protocols
can facilitate genetic studies of Linum pubescens for agricultural biotechnology, utilizing new
breeding techniques and exploring its secondary metabolites with potential pharmacological
applications. Furthermore, Agrobacterium-mediated transformation of this species allows
investigation of the genetic and molecular mechanisms underlying heterostyly in the genus
Linum, a trait that controls self-incompatibility and promotes outcrossing.


https://orcid.org/0009-0005-5991-6077

1.3

Symbiont fungal effector SIE141 reprograms plant stress responses via targeting
thioredoxin-like CDSP32
Yingqgi Zhang ORCID iD

Northwest A&F University, Yangling, China

Sustainable agriculture faces dual challenges from biotic and abiotic stresses. Current disease
control measures heavily relied on chemical interventions due to frequent loss of host
genotype-specific genetic resistance. Biological control is an emerging strategy to control crop
diseases, with successful few cases in production practice. Beneficial microbes also encode
numerous secreted effectors, which may mediate beneficial interactions with host plants.

Serendipita indica is one of beneficial endophytes that colonize broad-spectrum host plants
and enhance plant resilience against biotic and abiotic stresses. S. indica encodes numerous
secreted effector proteins (SIE), which form the basis to test hypothesis on their potential
immune-activation roles. By screening Arabidopsis thaliana transformants that express
individual 150 SIE effectors for enhanced resistance to Phytophthora parasitica, we identified
SIE141 to be capable of triggering immunity in multiple plants to both Phytophthora pathogens
and salt tolerance. A conserved thioredoxin-like protein CDSP32 was identified as the target of
SIE141, as a positive regulator of plant immunity. Biochemical and cell biology analyses
revealed that SIE141 mediates nuclear translocation of CDSP32 while enhancing its
enzymatic activity to depolymerize NPR1, thereby activating salicylic acid-mediated defense
responses. Our findings establish a novel paradigm for microbial-plant symbiosis and propose
effector-guided discovery of immune regulators as a strategic approach for developing stress-
resilient crops.


https://orcid.org/0000-0003-0328-710X

1.4

Harnessing holobiont interactions to enhance crop resilience: evolutionary systems
approaches for African agriculture
ltumeleng Moroenyane ORCID iD

Stellenbosch University, Stellenbosch, South Africa

To maintain food security, we must enhance our ability to protect crop plants without harming
the environment with potentially toxic synthetic chemicals. This research centres on plant
resistance and resilience to drought stress. It utilises an evolutionary systems biology
approach, focusing on the plant hologenome (the genomes of the plant and its associated
microbiome). The overall objective is to better understand and harness holobiont adaptation
and evolution mechanisms to improve, within a single or a few generations, the resistance and
resilience of plants to abiotic stress, preventing yield losses. Here, we evaluated how drought
stress alters resource allocation and mediates the trade-off between plant nutrient uptake and
growth dynamics. We focused on how carbon and nitrogen utilisation and the abundance of
microbial functional genes contribute to plant physiological performance and modulate
holobiont dynamics under drought stress. Microbial abundance/diversity and nutrient cycling
were strongly correlated with increased phenotypic plasticity under simulated drought
treatments. Distinct community assembly processes were observed for each drought
treatment, suggesting that the mode of stress influences microbiome composition, which in
turn shapes holobiont performance and plant adaptive responses. By reframing crop
improvement through a holobiont lens, this research provides a blueprint for climate-smart
agriculture.

This talk will be rescheduled as a webinar at a date to be announced.


https://orcid.org/0000-0003-3908-3694

1.5

Decadal trends in phytoplankton community composition and seasonality
Kalle Olli ORCID iD"2, Emil Nyman?3

'Estonian University of Life Sciences, Tartu, Estonia. 2University of Tartu, Tartu, Estonia.
3Urban Environment Division, City of Helsinki, Helsinki, Finland

Phytoplankton, the base of aquatic food-webs, has a pronounced seasonality in temperate
waters. Not just the total biomass, but also the species composition during the phytoplankton
spring bloom is very different from the following summer season.

We analyse trends in alpha and beta diversity, and seasonality using a half century (1967—
2018) phytoplankton time series from a confined coastal are in the Helsinki Archipelago, the
northern Baltic Sea. We hypothesise that seasonality is a complementary and sensitive
metrics to detect environmental changes in coastal habitats.

The community ordination revealed a robust temporal ordering of samples, emphasizing the
influence of time on phytoplankton composition (GAM fit: R? = 0.9). Species richness showed
a consistent increase over time and emerged as the most influential descriptor related to
community structure (GAM fit: R? = 0.56-0.70). Changes in species richness accounted for
approximately 35-36% of the mean between-sample beta diversity, leaving the remaining 64—
65% attributed to species turnover—the dominant component of the biodiversity trend.

Temporal decay of community similarity revealed rapid turnover rates, with a halving time of
24 years in the outer archipelago and 11 years in the inner bays, reflecting differences in
eutrophication strength.


https://orcid.org/0000-0002-7943-5714

1.6

Fight Fungus with Fungus: Enhancing barley's defence against Puccinia hordei
through arbuscular mycorrhizal inoculation
Claire Moulton-Brown ORCID iD', Karolina Brzezinska?, Maciej Kaczmarek?, Beatriz Orosa

Puente?, Thorunn Helgason?

"University of Edinburgh, Edinburgh, United Kingdom. 2School of Biological Sciences,
University of Edinburgh, United Kingdom. 3Scotland's Rural College, Edinburgh, United
Kingdom

Ensuring food security is a global challenge, with a 50% increase in production needed to
meet the projected demand for 2050. Increased pressure from pathogens, causing yield
losses of 10-40% annually, makes achieving the increased demand impossible. Barley
(Hordeum vulgare), a staple crop, is highly susceptible to the fungal foliar pathogen Puccinia
hordei but also forms beneficial symbioses with Arbuscular Mycorrhizal Fungi (AMF) including
Rhizophagus irregularis. We propose that mycorrhiza-induced resistance (MIR) will reduce the
pathogen burden through transcriptional and metabolic remodelling of the host.

Our model system examines the tripartite interaction between host, symbiont, and
pathogen, highlighting how symbiont colonisation alters the plant immune response and
impacts pathogen progression.

We found that AMF colonisation induces transcriptional changes in barley, up-regulating
genes related to responses to other organisms and down-regulating those linked to growth.
Co-infection results in increased expression of key immune response genes PR1a, PR1b,
PR3, and PR4. Additionally, WRKY transcription factors, crucial for stress responses, are up-
regulated by AMF but down-regulated with co-infection, indicating a complex alteration in
the plant's pattern-triggered immunity.

This research underscores the potential of symbiotic interactions to enhance crop resilience,
offering a sustainable solution to improving food security amidst climatic challenges.


https://orcid.org/0000-0001-8143-2224

1.7

Microbial contributions to metal accumulation in sunflower cultivated under climate
changes
Pooja Sharma ORCID iD, Marie Muehe

Helmholtz Centre for Environmental Research - UFZ, Leipzig, Germany

The climate change factors temperature, soil moisture, and atmospheric CO2 were shown to
increase metal mobility in soils and disrupt microbial interactions with plants. Sunflower, a
versatile crop used for food, feed, and bioenergy production, also shows promise for the
phytoremediation of metals. However, the impact of climate change on microbe-sunflower
interactions and its potential to alter plant metal accumulation remains underexplored. This
study will investigate the response of different sunflower varieties grown on Cd-contaminated
soils, focusing on metal accumulation in both the straw and edible parts of plant. Determining
parameters include shifts in rhizosphere microbiome profiles, root exudates, soil solution
metabolites, and nutrient and metal mobility. These variables will be analyzed and correlated
to better understand the underlying mechanisms. The study spans sampling at three time
points during critical growth stages within a single sunflower growth cycle: the vegetative,
flowering, and harvest stages. By examining microbial community dynamics and geochemical
changes across these stages, the study aims to elucidate how microbial interactions promote
the release of root exudates and metabolites, which support plant growth and influence
contaminant uptake. This research offers valuable insights into improving sunflower food
quality or implementing phytoremediation strategies as part of sunflower-based cover cropping
systems.


https://orcid.org/0000-0001-7513-6226

21

Trees struggling to reproduce as climate shifts
Michat Bogdziewicz

Forest Biology Center, Adam Mickiewicz University, Poznan, Poland

Traditionally, forest ecology has focused primarily on tree growth and mortality, while seed
production—crucial to population demography—remains poorly understood, particularly in the
context of climate change. Understanding how climate change affects tree reproduction is
complicated by the phenomenon of mast seeding—periods of high seed production
synchronized across individuals and populations. | will present research on the impact of
climate warming on mast seeding in European beech (Fagus sylvatica). Climate warming
disrupts beech mast cycles by reducing both interannual variability and synchrony. As a result,
the mast seeding strategy becomes less effective. In populations monitored for over 40 years
in England, average seed predation by insects has risen from about 1% to 40%, while
pollination success has dropped from around 50% to 33%. The largest individuals are most
affected, likely due to their susceptibility to self-pollination, which can only be prevented by
synchronous flowering within the population. Additionally, increased frequency of seed
production leads to chronic resource depletion, resulting in a 28% decline in tree growth.
Studies across the species’ range show that this “mast seeding breakdown” is widespread and
strongly linked to rising temperatures, especially in summer. This suggests that the
reproductive potential of beech as a foundation forest species may be threatened across its
entire distribution.



2.2

Bark beetle-fungi symbioses reshape nutrient dynamics, fungal decomposer
succession, and decay rates in ponderosa pine
Lorinda Bullington', Mary Sadyrova?, Emily Martin?, Yiva Lekberg?3, Diana Six3

"MPG Ranch, Missoula, USA. 2MPG Ranch, USA. 3University of Montana, Missoula, USA

Bark beetles introduce fungi into trees that redistribute nutrients and influence beetle fitness,
likely altering fungal community assembly and wood decomposition. Most research examines
beetles with obligate fungal partners, but little is known about species associating with loose,
variable fungal consortia. We studied the red turpentine beetle, which lacks specific partners,
to test how its fungal consortium affects tree nutrient dynamics, downstream fungal
communities, and wood decay. We used beetle-colonized and uncolonized control logs to
track fungal composition and changes in carbon (C), nitrogen (N), and phosphorus (P) in
sapwood and phloem—from before colonization through brood emergence. Endophytic fungi
were replaced in both treatments, but by different communities, and and logs with
beetle-colonized phloem lost more sapwood density. Phloem, naturally low in N, became
enriched in N, C, and P when colonized by beetle fungi, while sapwood N declined. Isotope
tracing confirmed fungal transfer of nutrients from sapwood to phloem and into beetles. Our
results demonstrate that even beetles without obligate partners benefit from nutrient
provisioning by both consortium and non-consortium fungi, though consortium fungi are
superior provisioners. Finally, beetle-associated fungi reshaped decomposer communities,
with potential consequences for nutrient cycling and carbon storage in forest ecosystems.



23

Microbial-plant interactions regulate soil organic phosphorus turnover and uptake
David Johnson ORCID iD

Lancaster University, Lancaster, United Kingdom

Organic forms of phosphorus are often major components of the total phosphorus pool in soil.
Yet, it is generally assumed that plant uptake of phosphorus is determined solely by
mineralisation, often by free-living microorganisms, of organic forms into so-called ‘plant-
available’ inorganic forms. Here we challenge this idea and provide data indicating that
ectomycorrhizal fungi can access and potentially take-up organic forms intact, thus
contributing to host tree nutrition. We place these ideas in the context of forest community
ecology using sub-tropical systems as an example. We then expand our ideas to consider
grasslands, and explore how plants and their associated arbuscular mycorrhizal fungi may
regulate turnover of organic phosphorus. The exploration of microbial mechanisms
underpinning how plants acquire hitherto “unavailable” forms of organic phosphorus is critical
not only for our understanding of ecological processes, but also because we face a looming
crisis in the supply of rock-phosphate for fertiliser production.


https://orcid.org/0000-0003-2299-2525

2.4

Back to the roots: belowground biomass as a primary carbon source for soil microbes
lvika Ostonen ORCID iD

University of Tartu, Tartu, Estonia

Estimating plants' belowground biomass, their growth dynamics or functional traits are
increasingly prominent, and an increasingly extensive number of root traits datasets have
great potential to link root functioning to soil microbiome interactions.

| aim to (1) highlight the importance of considering the functional distribution and group-
specific dynamics of belowground biomass for understanding root-microbe relationships (e.g.
proportional shifts between roots and rhizomes in grasslands or between absorptive and
transport roots in forests); (2) revisit the methodological challenges of measuring fine root
growth dynamics in the context of global change; (3) summarize recent advances in
quantifying root-mediated carbon fluxes in the rhizosphere.

Current estimates of fine root biomass dynamics rely on a variety of methods, from soil coring
to image-based approaches (e.g. cameras and scanners), while rhizosphere carbon fluxes
were measured using cuvette and microdialysis techniques, combined with metabolite profiling
and microbial community analyses.

Belowground biomass dynamics with proportional shifts between long-lived rhizomes and
short-lived roots in grasslands, or in the functional structure of fine roots in forest trees, are
part of the adaptation in a changing environment that can significantly affect soil C input and
pools. Shifts in phenology can alter root senescence patterns, triggering cascading effects on
microbial communities.


https://orcid.org/0000-0001-9043-6083

2.5

Harnessing global databases to understand fungal ecology: lessons from GlobalFungi
and GlobalAMFungi
Petr Kohout

Institute of Microbiology, CAS, Czechia

GlobalFungi and GlobalAMFungi databases are open sources and open access initiatives that
compile the most comprehensive atlases of fungal taxa distribution, so far. Altogether these
databases provide almost 100,000 samples of fungal communities from all continents and
environments and source materials, which were analysed using next-generation sequencing
technologies. Besides the applicability of such dataset to study biogeography and global
diversity patterns of fungi, it also offers unique opportunity to better understand ecology of
individual fungal species. In this talk | would like to present recent advances in understanding
global diversity patterns of various fungal ecological groups. | will show different importance of
host plant distribution of global diversity patterns of arbuscular mycorrhizal, ectomycorrhizal
and ericoid mycorrhizal fungi. Besides that, | will demonstrate the applicability of GlobalFungi
and GlobalAMFungi databases to identify various fungal traits and their applicability to better
understand assembly rules structuring fungal communities. Recently, we identified preferential
investment of arbuscular mycorrhizal fungal taxa into intraradical vs. extraradical biomass. In
subsequent application, we found higher occurrence of arbuscular mycorrhizal fungal taxa with
preferential investment to soil biomass on sites with low levels of nutrient concentrations, while
arbuscular mycorrhizal fungal taxa with preferential investment to root biomass dominated in
highly fertile soils. Altogether, GlobalFungi and GlobalAMFungi databases proved to be
unprecedented source of data with potential to significantly improve our understanding of
fungal ecology and biology.



3.1

Underground biological internet: common mycelial networks in inter-plant signalling
and resistance to pathogens
Zigmunds Orlovskis ORCID iD

Molecular Plant-Microbe Research group, Latvian Biomedical Research and Study Centre,
Latvia

Arbuscular mycorrhizal fungi (AMF) like Rhizophagus irregularis form common mycelial
networks (CMN) that interconnect multiple plant hosts, potentially serving as a conduit for
inter-plant signal exchange (communication) that may influence stress responses in receivers.
We investigate the impact of known plant defence elicitors on pathogen tolerance of plants
receiving signals via CMN by analysing leaf metabolites, emitted volatiles, and transcriptome
data. We found that the integrity of the CMN significantly shapes the responses of signal-
receiving plants, with distinct changes in defence-related transcripts and plant isoprenoids,
including volatile monoterpenes and triterpene saponins. Additionally, plants receiving signals
through intact CMN from stressed donor plants exhibit increased resistance to Fusarium
sporotrichoides and heightened susceptibility to Botrytis cinerea. Our findings emphasize the
role of CMN in shaping plant responses to pathogens and suggest that the mechanisms of
inter-plant signalling may influence genetic regulation of defence priming, offering new insights
into plant—pathogen interactions. Our research utilizes not only model species Medicago
truncatula and Daucus carota but extends to characterisation of inter-tree responses in hybrid
aspen and silver birch. We further aim to explore the regional endemic diversity of AMF
towards prospective agricultural applications for enhancement of community level resistance
in different crops and tree species.


https://orcid.org/0000-0001-8583-9814

3.2

Invader-driven changes in soil fungal communities and consequences for restoration
Ylva Lekberg ORCID iD"?, Lorinda Bullington2, Chuck Casper3, Mary Ellyn DuPre3, Morgan

McLeod*, McKenzie Murphy3, Sasha Victor®, Philip Ramsey?
"MPG Ranch, Missoula, USA. 2University of Montana, USA. 3MPG Ranch, USA. “USDA, USA.
SConservation Lands Program, Missoula, USA

Invasive plants can alter soil abiotic and biotic properties, but whether changes are invader-
specific and influence native plant restoration are not well known. We grew monocultures of
four invasive plants common to the intermountain West of the USA or a mixture of native
grasses and forbs for ten years. We then eradicated communities and planted seedlings

of native grasses and forbs and assessed restoration trajectories for two years.

Invasive plants changed soil fungal communities in species-specific ways, and three out of
four invaders accumulated putative pathogens over time, which was unexpected based on the
enemy release hypothesis. Despite this, productivity was ~50-150% higher in invaded than
native plots without distinct differences in soil abiotic properties. Restoration of native grasses
and forbs depended on previous plant communities where coverage of grasses was higher
than forbs in former forb invasions whereas forb coverage was higher in the former annual
grass invasion and in the grass-dominated native community. These differences coincided
with legacies of putative fungal pathogens, not mutualists, or soil abiotic properties. While
restoration ecology has focused on elevated nitrogen associated with invasion, our work
indicates that biotic soil legacies, including pathogens, may be more important and differ
among invaders.


https://orcid.org/0000-0003-1033-8032

3.3

Urban fungal diversity shaped by legacy effects of historical meadows
Oscar Zarate Martinez', Meelis Partel!, Petr Kohout?

'University of Tartu, Tartu, Estonia. 2Institute of Microbiology, Academy of Science, Prague,
Czech Republic

Historic land use is an important predictor of current species diversity and distribution across
various organism groups. While some evidence links modern landscape configuration to soil
biodiversity, the scale at which historical landscape legacies affect soil microbial communities
remains unclear.

We investigated the response of arbuscular mycorrhizal (AM) fungal diversity to long-term
habitat loss and fragmentation due to urbanisation. Soil samples were collected from 764
urban green areas in the city of Tartu, Estonia, where land use has been recorded since the
early 20th century. AM fungal diversity was assessed using DNA metabarcoding. Historical
proximity to meadows, forests, urban areas, and croplands was derived from historical
topographic maps.

We found a significant association between AM fungal diversity and historical proximity to
meadows: current AM fungal diversity was higher in areas that were within 200 meters of
meadows in the early 1900s.

These results demonstrate that past land use continues to shape urban soil microbial
communities. Recognising historical landscape legacies is important for understanding
present-day biodiversity patterns and should be considered in future urban green space
planning and soil conservation strategies



3.4

Carbon flow from plants to soil
Asko Noormets ORCID iD', Moeka Ono', Baniya Baniya', Dohee Kim', Bhaskar Mitra?,

Clement Sarpong’, Malik Malik Nkrumah'
Texas A&M University, College Station, USA. 2The James Hutton Institute, Aberdeen, United
Kingdom

Soil processes are sustained by plant-derived assimilates that enter the soil as detritus or low-
molecular leachates and exudates. Recent evidence suggests that the transfer of the latter is
largely passive, and (semi-)independent of the resources plants receive from rhizosymbionts.
However, quantifying carbon allocation in intact ecosystems on a continuous basis has not
been done, until now. Here we present ecosystem scale estimates of the flux of non-structural
compounds (Fnsc), their belowground allocation (fsc), root and fungal exudation (Fe) and
consumption in a shortleaf pine forest in east Texas. We estimate the Fe to soil as the
difference of Fnsc and tissue NSC accumulation (142 — 25 =117 g C m? yr), and the
consumption of old soil C as the difference of Rh and Fe (560 — 117 =447 g C m2 yr

1). Consistent with the “surplus carbon hypothesis”, we further demonstrate that while both Ra
and Rh have a strong diurnal cycle, substrate availability is a limiting factor for Rh, whereas
Ra may be sustained by internal diurnal starch hydrolysis, in addition to photosynthetic C

supply.



https://orcid.org/0000-0003-2221-2111

3.5

The role of plant—soil-microbe interactions on nitrogen cycling under drought and
warming in grasslands
Helena Vallicrosa Pou ORCID iD"?, Pierre Mariotte ORCID iD3, Charlotte Grossiord ORCID

iD’
'EPFL, Lausanne, Switzerland. 2WSL, Birmensdorf, Switzerland. 3Agroscope, Posieux,
Switzerland

An accurate understanding of the plant—soil biogeochemical cycles is crucial to model the
impacts of global change in grasslands. However, further exploration is needed to disentangle
the plant—microbe interaction under warming and drought. In this study, we increase
temperature and water deficit in 240 pots, considering six different grassland species (2 forbs,
2 grasses, and 2 N-fixers) and two different soil types (coming from intensive and extensive
management practices). By analyzing N content and biomass production in the soil, microbial,
belowground, and aboveground compartments, we study potential interactions between the
plant—-microbial system under the different conditions. Preliminary results indicate that plants
growing in intensively managed soils are only more productive under control and warming
treatments, becoming a concerning N source otherwise. In contrast, plant—soil systems
developing on extensively managed soils remain more stable under warming and drought.
Plants showed to be more negatively impacted by drought, whereas microbes were more
negatively impacted by warming. In addition, plant and microbial N stocks showed a negative
correlation in grasses but a positive one in forbs and N-fixer species, suggesting contrasting
plant—-microbe interactions. These findings will help better incorporate the role of microbes in
the N cycling, better understand the impacts of future conditions, and plan management
strategies accordingly.


https://orcid.org/0000-0002-5860-3096
https://orcid.org/0000-0001-8570-8742
https://orcid.org/0000-0002-9113-3671
https://orcid.org/0000-0002-9113-3671

3.6

How do forest regeneration methods impact the soil microbial communities in Boreal
zones
Chahira Zerouki ORCID iD', Xudan Zhu', Saborni Maiti?, Liang Chen', Maureen Kamau®,

Severi Solismaa', Henri Siljanen?, Frank Berninger®

'Department of Environmental and Biological Sciences, Faculty of Science, Forestry and
Technology, University of Eastern Finland, Joensuu, Finland. ?Department of Environmental
and Biological Sciences, Faculty of Science, Forestry and Technology, University of Eastern
Finland, Kuopio, Finland

Forests play a pivotal role in the Finnish economy, culture, and heritage. Therefore, ensuring
their sustainable use is a priority. One of the strategies adopted by forestry operations is
regeneration after felling (clearcutting) achieved either through natural regeneration or
plantation. Thus, understanding how microbial communities respond to forestry operations is
vital for sustainable forest management and health.

In this study, mineral and organic soil samples were collected from different plots across
Finland, including natural regeneration areas, plantations, and their respective control sites.
Mineral soil samples were stored at -80 °C followed by DNA extraction, and 16S rRNA and
ITS amplifications for sequencing afterward. Humic and mineral soil samples were first
cleaned by removing roots and rocks then used for CO, efflux measurements to inform carbon
balance calculations. In addition, mushroom fruiting bodies were collected from each plot
during the growing season. The mushrooms were dried at 60 °C, and pre-identified based on
their phenotypic features.

Soil respiration measurements were recorded from all samples, and over 200 fruiting bodies
were identified from the selected plots. Microbial diversity and the conservation of ecosystem
functions will be further studied through soil microbiome sequencing and its potential role in
plant—-microbe interactions.
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Growing old together: how grassland age and local adaptation shape plant-microbial
interactions
Marina Semtsenko

University of Tartu, Estonia

Semi-natural grasslands have been shaped by millennia of low-impact human activity creating
unique biodiversity hotspots. Conversion to arable land, land use intensification and
abandonment resulted in a drastic decline in such species-rich habitats. While impacts on
plant species richness are well described, little is known about the impact of grassland land
use change on plant populations and local evolutionary processes, especially in the context of
plant—soil interactions and climate change. We explored how grassland age and local
adaptation shape plant drought tolerance and plant—soil feedbacks by reciprocally combining
soils and genotypes of a common grass, Briza media, collected from young, intermediate, and
ancient grasslands — last cultivated 28-63, 63—84, and 84 to > 300 years ago, respectively —
and subjecting the resulting mesocosms to an intense drought event. We found that ancient
grassland soils enhanced drought resistance and post-drought recovery compared with
younger soils. Enhanced drought resilience was best explained by reduced abundance of
putative fungal pathogens in older soils. Plants were most productive and required least
investment into root production to resist water stress when grown in their “home” soils,
indicating the important role of local plant—soil adaptation. Plant—soil feedbacks were similar
across populations when plants were grown in non-local soil, but became more distinct in
home plant—soil combinations: plant—soil combinations from ancient grasslands generated
more positive feedback compared to younger soils but experienced a shift towards negative
feedback after a drought event. Our study shows that successional changes in soil microbial
communities continue at long temporal scales, potentially taking centuries to reach the ancient
grassland state, and could be a key process that leads to reduced plant drought tolerance and
more negative plant—soil feedbacks in successional compared with ancient grasslands.
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Metabolite profiling and bioactivity of endophytic fungi from Piper longum and Zingiber
officinale
Monica Jamla ORCID iD, Jayavarrshini Balamurugan, Nikita Khande

Savitribai Phule Pune University, Pune, Maharashtra, India

Endophytic fungi from medicinal plants are recognized as a prolific source of novel bioactive
compounds. This study explores the pharmaceutical potential of endophytic fungi isolated from
two medicinal plants, Piper longum and Zingiber officinale. A total of 12 fungal strains were
isolated from various plant parts and characterized. Gas Chromatography-Mass Spectrometry
(GC-MS) analysis of the fungal extracts revealed the presence of bioactive compounds such
as Piperine and Retrofractamide-A. The antioxidant activity of the extracts was assessed
using the DPPH assay, with strain S1 from P. longum demonstrating significant activity,
exhibiting an IC50 value of 50.82 ug/ml. The anti-proliferative potential of these extracts
against the HT-29 colon cancer cell line was evaluated using an MTT assay. Additionally,
molecular docking studies were conducted to assess the binding efficiency of identified
secondary metabolites against cancer-related receptors, including EGFR, COX-2, 3-catenin,
and PPARYy. The findings highlight the therapeutic potential of these fungal metabolites and
propose them as promising candidates for cancer treatment.
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Evolutionary roles of seed and fruit in the assembly of the plant microbiome
Ahmed Abdelfattah ORCID iD

Leibniz Institute for Agricultural Engineering and Bioeconomy ATB, Potsdam, Germany

Seeds and fruits represent critical stages in a plant’s life cycle and are increasingly recognized
as key hubs for microbial transmission and community assembly. While seeds can act as
vectors for vertically inherited microbes, fruits provide a unique niche that can influence the
microbiome of surrounding soil and the emerging seedling. In this talk, we explore the
evolutionary roles of seeds and fruits in shaping plant microbiomes, integrating findings from
our research on microbial inheritance and fruit decomposition. We demonstrate that seed-
associated microbial communities exhibit strong host-specific signals and potential vertical
transmission, supporting the concept of microbial inheritance. In contrast, decomposing fruits
modulate the surrounding soil microbiome and influence the microbial assembly of subsequent
plant generations through a horizontal route. Our comparative experiments on chili and tomato
plants showed that these two processes i.e., microbial inheritance via seeds and
environmental filtering via fruits are not mutually exclusive but jointly shape microbiome
trajectories. We propose that the co-evolution of plants with their reproductive structures plays
a central role in determining microbial community composition, with significant implications for
plant fitness, resilience, and adaptation. This work underscores the need to consider both
inheritance and environmental acquisition in understanding the evolution of plant-microbe
interactions.
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Soil microbes influence the ecology and evolution of plant plasticity
Lana Bolin ORCID iD

University of New Mexico, Albuquerque, USA

Stress often induces plant trait plasticity, and microbial communities also alter plant traits.
Therefore, it is unclear how much plasticity results from direct plant responses to stress vs
indirect responses due to stress-induced changes in soil microbial communities. To test how
microbes and microbial community responses to stress affect the ecology and potentially the
evolution of plant plasticity, | grew plants in four stress environments (salt, herbicide,
herbivory, and no stress) with microbes that had responded to these same environments or
with sterile inoculant. Plants delayed flowering under stress only when inoculated with live
microbial communities, and this plasticity was maladaptive. However, microbial communities
responded to stress in ways that accelerated flowering across all environments. Microbes also
affected the expression of genetic variation for plant flowering time and specific leaf area, as
well as genetic variation for plasticity of both traits, and disrupted a positive genetic correlation
for plasticity in response to herbicide and herbivory stress, suggesting that microbes may
affect the pace of plant evolution. Together, these results highlight an important role for soil
microbes in plant plastic responses to stress and suggest that microbes may alter the
evolution of plant plasticity.
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Observed and dark diversity of plants linked to microbes and humans
Meelis Partel

University of Tartu, Estonia

Plant diversity ensures the functioning of terrestrial ecosystems, but it varies naturally across
regions and ecosystem types. If we know how many ecologically suitable species are absent
and form the dark diversity at a particular site, we can infer ecosystem conditions. Dark
diversity cannot be observed directly, but it can be estimated. We have shown that in regions
with a larger human impact, natural plant communities have relatively larger dark diversity.
This alarming finding was not evident when only observed diversity was used. Dark diversity
informs nature conservation since it includes more sensitive species and reacts rapidly to
land-use changes. Linking dark diversity with species traits and site conditions can reveal
causes of why suitable species tend to be absent and set targets for ecological restoration.
Diverse vegetation promotes soil biota. Recent evidence is showing that human health is
promoted through the connections to biodiversity, particularly soil microbes. We have found
that children living closer to natural vegetation have a lower chance of having allergies. In
summary, the diversity of plants and microbes are both dependent on human activities but
also contribute significantly to our well-being, and dark diversity is allowing us to decipher
these relationships.
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Ancient alliances with global consequences: the functional significance of
Mucoromycotina ‘fine root endophytes’
Katie Field

University of Sheffield, United Kingdom

Fossil evidence from the Rhynie Chert reveals that the earliest land plants, which evolved
under high atmospheric CO,during the Paleozoic Era, hosted a diverse array of fungal
symbionts. These symbioses likely played a foundational role in the transformation of Earth’s
atmosphere, contributing to the drawdown of CO, and the rise of oxygen that set the stage for
complex terrestrial life, including mammals and humans. However, a major gap remains in our
understanding of how the nutrient acquisition strategies of these early plants shaped global
biogeochemical cycles and climate. Recent advances in experimental work now challenge
previous assumptions about the identity and function of early mycorrhizal fungi. Our research
has demonstrated that Mucoromycotina ‘fine root endophytes’ (MFRE), long understudied and
misidentified, are widespread and form nutritional symbioses with a range of plant lineages. By
developing monoxenic in vitro cultures of MFRE isolated from a lycophyte and successfully
colonising a flowering plant ( Trifolium), we show MFRE fungi transferred both phosphorus
(33P) and nitrogen ('°N) to the host in return for plant-fixed carbon. Further experimentation
has defined environmental responsiveness and a physiological niche for plant-MFRE
symbioses, helping to explain their co-existence alongside other widespread symbiotic soil
fungi. Integrating these experimental results with climate-biosphere modelling, we
demonstrate that symbiotic fungal identity critically modulates plant productivity and carbon-
for-nutrient exchange with important implications for global biogeochemical cycles. Our
findings underscore the evolutionary and ecological importance of diverse mycorrhizas in
shaping terrestrial ecosystems and highlight the need for a revised understanding of
mycorrhizal diversity in both modern and ancient contexts, with implications for reconstructing
Earth’s deep-time and projected future climate trajectory.
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Extreme drought shifts plant—-arbuscular mycorrhizal fungal associations: from
diversity-diversity to productivity-diversity

Wei Fu ORCID iD

State Key Laboratory of Regional and Urban Ecology, Research Center for Eco-Environmental
Sciences, Chinese Academy of Sciences, Beijing, China. Freie Universitat Berlin, Berlin,
Germany

Most plants form symbiotic relationships with arbuscular mycorrhizal (AM) fungi, mitigating
plant stress and influencing community dynamics. While both symbionts exhibit sensitivity to
climate extremes, the persistence and adaptability of their relationship under climate extremes
remain uncertain. Here, we implemented a grassland experiment applying two contrasting
extreme drought regimes (intense and chronic) calibrated from historical precipitation data. We
show that extreme drought shifted the positive association between AM fungal diversity and
plant communities from plant diversity to aboveground (ANPP) and net primary productivity
(NPP). This shift was evident under chronic drought but absent under intense drought.
Notably, enhanced drought resistance in plant productivity was primarily associated with the
stability of AM fungal richness rather than plant richness, highlighting their mutual dependence
under extreme drought. Furthermore, AM fungal richness emerged as the primary predictor of
compositional shifts in plant species productivity, surpassing plant species richness and soil
properties. Structural equation modelling suggested that AM fungal richness stabilizes multiple
facets of plant productivity under extreme drought, whereas the role of plant diversity was
minimal in comparison. Collectively, these findings offer empirical evidence of a shift in plant—
AM fungal associations in natural ecosystems, offering new insights into how this ancient
symbiosis adapts to rapid climate change.
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From data to diversity: exploring Australia’s AM fungal communities through AusAMF
Adam Frew ORCID iD

Western Sydney University, Penrith, Australia

Arbuscular mycorrhizal (AM) fungi are important for plant nutrition, soil function, and terrestrial
resilience. Despite the important advances made in our understanding of their diversity and
distribution, we still lack a coherent picture of their diversity and distribution. Nowhere is this
more apparent than in Australia: a continent of ecological singularity, vast heterogeneity, and
profound evolutionary isolation, yet until recently, a conspicuous blank spot on the mycorrhizal
map. The newly established AusAMF database begins to address this disparity, drawing
together AM fungal community data from over 600 georeferenced sites spanning all major
Australian biomes, collected via standardised protocols for soil storage, DNA extraction, and
sequencing. This unprecedented dataset permits spatially explicit inferences about AM fungal
biogeography, hints at the imprint of dispersal limitation, and lays the groundwork for
disentangling environmental and evolutionary drivers of community assembly. The data
highlight a striking spatial structuring and suggest new lines of inquiry into context-dependent
diversity, phylogenetic composition, and functional biogeography. AusAMF represents a
platform for hypothesis generation—a scaffold for advancing both regional and global
understanding of these ancient and essential symbionts. With additional sampling underway,
this expanding dataset promises further insights yet to be analysed, interpreted, and
integrated into the broader story of mycorrhizal biogeography.
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Partial mycoheterotrophy: a common strategy in arbuscular mycorrhizal plants?
Vincent Merckx ORCID iD

Naturalis Biodiversity Center, Leiden, Netherlands. University of Amsterdam, Amsterdam, the
Netherlands

The vast majority of land plants transfer part of the organic carbon they produce by
photosynthesis to root-associated arbuscular mycorrhizal (AM) fungi, which help plants to take
up nutrients and water from the soil. This carbon can be subsequently taken up by rare non-
green ‘mycoheterotrophic’ plants that tap into the same fungal network. Recent findings
suggest that carbon uptake from AM fungi might be a common strategy for green plants, which
would qualify them as partial mycoheterotrophs or mixotrophs rather than pure autotrophs.
Here, | discuss the evolutionary, ecophysiological, morphologic, genetic, and environmental
evidence for the existence and prevalence of AM partial mycoheterotrophy. | conclude that
there is strong, albeit indirect, evidence for the existence of AM partial mycoheterotrophy, but
the taxonomic distribution of this phenomenon remains to be determined. This knowledge gap
prevents us from inferring the magnitude of AM partial mycoheterotrophy in our terrestrial
ecosystems and severely limits our understanding of its potential role in plant establishment
and survival.
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Understanding global diversity of arbuscular mycorrhizal fungi leads the way to
ecologically literate soil management guidelines

Maarja Opik
University of Tartu, Estonia

Quest into biodiversity and community patterns of arbuscular mycorrhizal (AM) fungi first
flourished in 1980s and -90s, using the approaches available at that time — identifying spores
from soil. With the advent of DNA-based methods in 1990s it became apparent that
sporulating AM fungi do not represent fully what these fungi are doing in plant roots and soil.
My first contribution to understanding AM fungal diversity in 2003 (in New Phytologist)
recognised host preference and dealt a lot with developing methods. In the following decades
lab and bioinformatical methods and databases developed, data accumulated from many plant
species, biomes, regions and patterns emerged.

Major shift in understanding AM fungal diversity patterns occurred with next generation
sequencing technologies coming to market which changed accuracy of capturing (AM) fungal
diversity. In 2010 MaarjAM database of AM fungal sequences was published in New
Phytologist, 2015 first global study of AM fungi in natural biomes was published resulting from
7 years of fieldwork and a lot of 454 sequencing. To generate the same amount of data now
would be much faster. These and following studies demonstrated biome-wise differences in
AM fungal diversity and community composition (grasslands vs forests), latitudinal diversity
gradient, climatic and edaphic effects, recognised large proportion of “hidden” diversity (not
known morphologically), anthropogenic effects, role of tropical grasslands in developing AM
fungal species pools. Accumulated DNA-based data of AM fungal occurrences have enabled
computing niche properties of AM fungi.

My own work with AM fungal diversity has moved from natural systems to agricultural and
anthropogenic ones. We can now see the regional scale spatial variation, we are able to



generate spatially dense datasets and relate them with agricultural management, crop types,
soil types etc. Work on soil biodiversity has also moved from being an environmental activity to
something of societal relevance. Therefore we are working together with farmers to develop
deeper understanding of soil biodiversity in the society, including farmers, various land
managers, policy makers and general public. The basic research approaches and
accumulated understanding on AM fungal diversity now allows us to develop applications such
as biodiversity-considerate soil management guidelines for farmers, and contribute to fungal,
environmental, ecological literacy in the society.
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Poster Abstracts
Poster 1

Plant diversification shapes multi-kingdom soil microbial communities in Mediterranean
vineyards
Ana Aquilar-Paredes', Laura Ercoli?, Marco Nuti', Valentina Marrassini', Elisa Pellegrino’

'Institute of Crop Science, Scuola Superiore Sant’Anna, Pisa, Italy. 2Universita Sant' Anna di
Pisa, Pisa, Italy

Agroecological practices like cover cropping can shape soil microbial communities and
improve vineyard sustainability. This study investigates the influence of plant diversity on three
microbial groups - arbuscular mycorrhizal fungi (AMF), bacteria and archae, and cercozoan -in
organically managed Mediterranean vineyards in central Chile. We aim to evaluate multi-
kingdom interactions in response to cover crops and identify microbial network patterns related
to soil resilience. We compared plots with and without cover crops across three climatically
similar zones. DNA from bulk soil was extracted using specific primers for each microbial
group and sequenced by lllumina MiSeq. Root colonization and spore abundance of AMF were
significantly higher in cover-cropped plots in two of the three studied valleys. Bacterial and
archaea as well as AM fungal communities showed significantly greater richness and altered
community structure under cover crops, confirming strong microbial responses to plant
diversity. The cercozoan results help to clarify their multiple agroecological roles in interaction
with the other studied microorganisms in the functioning of agroecosystem habitats. in. This
work highlights the importance of integrating microbial diversity into agroecological strategies
and provides evidence of enhanced AMF diversity and microbial networking fostered by cover
crops in Mediterranean viticulture of Chile.

Poster 2

Spore traits inform the ecology and evolution of arbuscular mycorrhizal fungi
Carlos Aguilar-Trigueros ORCID iD', Bala Chaudhary?

"University of Jyvaskyla, Jyvaskyla, Finland. 2Darmouth, Hanover, USA

Understanding the ecological interactions of arbuscular mycorrhizal (AM) fungi is limited by the
scarcity of functional trait data. Spore traits represent an underutilized resource to solve this
problem, yet their use has remained largely restricted to taxonomy. To address this gap, we
compile a comprehensive database of spore across all described AM species. With this data,
we asked: (1) What is the extent of intra- and interspecific variation in spore traits, and are they
phylogenetically conserved? (2) Do trade-offs exist among energetically costly traits? (3) Can
spore traits predict symbiotic function? We found substantial variation within and among
species, and phylogenetic signals in certain traits, suggesting, for instance, that spore
ornamentation may have evolved once. Trade-offs emerged: species producing larger spores
tended to invest less in protective walls and were generally poorer mutualists. However, spore
size was positively associated with darker pigmentation, indicating additional investment in
protective traits. These findings suggest that spore trait relationships reflect life-history trade-
offs, supporting the development of a “spore economics spectrum” with implications for
predicting AM fungal function.
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Poster 3

Invasive weed (Xanthium italicum Moretti) inhibits interspecific facilitation by hindering
nodulation, nitrogen fixation and nitrogen-cycle related microbial communities in
leguminous crop (Glycine max L.)

Yasir Arafat ORCID iD', Asma Shah ORCID iD? Hua Shao ORCID iD’

'State Key Laboratory of Desert and Oasis Ecology, Key Laboratory of Ecological Safety and
Sustainable Development in Arid Lands, Xinjiang Institute of Ecology and Geography, Chinese
Academy of Sciences, Urumgi, China. ?Department of Biochemistry, Shaheed Benazir Bhutto
Women University, Peshawar, Pakistan

Intercropping cereals with legumes often drive interspecific facilitations, yet the mechanisms by
which invasive weeds inhibit interspecific facilitations in leguminous crops

is poorly understood. This study investigates the impact of Xanthium italicum on soybean
performance using root barrier systems: non-restrictive (NRP), semi-restrictive (SRP), and
completely restrictive (CRP), compared with sole soybean (SSB). Results show that free root-
root interaction with X. italicum (NRP) significantly reduced soybean nodulation (p < 0.05).
Additionally, the abundance and functional diversity of nitrogen-cycle-associated microbial
communities in the soybean rhizosphere were markedly lower (p < 0.05) in NRP and SRP
treatments compared to sole soybean (SSB). Quantitative PCR further confirmed that key
nitrogen fixation genes-amoA, amoB, and nifH were significantly downregulated (p < 0.05)
under NRP conditions. Moreover, essential nutrients (N, P, K) in rhizosphere soil were
significantly depleted (p < 0.05) in the NRP system relative to CRP and SSB treatments. These
findings suggest that X. italicum invasion impairs soybean nitrogen fixation and nodulation by
disrupting Nitrogen-cycle related microbial communities and gene expression, ultimately
affecting nutrient availability. This study reveals a novel mechanism by which invasive species
exert negative allelopathic root-root interactions, ultimately reducing ecosystem productivity
and challenging the stability of interspecific facilitation in legume-based cropping systems.

Keywords: Allelopathy, invasion, high throughput sequence, nodulation, root-root interaction
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Poster 4 (This poster was not presented)

Trait-based biogeography of ectomycorrhizal fungi: mapping functional traits in a
changing world
Milagros Barcelo ORCID iD

Hasselt University, Hasselt, Belgium

Ectomycorrhizal (EcM) fungi form symbiotic relationships with plants, playing a vital role in soil
carbon storage and nutrient cycling. Despite their ecological significance, the functional
diversity of EcM fungal communities and their global patterns remain poorly understood, as
traditional research has primarily focused on taxonomic classifications rather than functionally
relevant traits. This project employs an innovative trait-based approach to examine the global
distribution of three key EcM fungal functional traits: exploration type, nitrogen mining capacity,
and melanin content. These traits drive fungal adaptation to environmental conditions and
significantly influence carbon sequestration and nutrient cycling. The research aims to 1) map
the global distribution of EcM functional traits, 2) uncover the environmental drivers shaping
these distributions, and 3) predict shifts under climate change and nitrogen deposition
scenarios. By integrating global databases, targeted data collection, and advanced machine
learning models, this study will generate high resolution trait distribution maps, identify key
environmental dependencies, and forecast future changes in EcM functionality. The outcomes
will advance ecological modelling, refine predictions of ecosystem responses to global change,
and inform conservation strategies, addressing critical gaps in fungal functional ecology and
ecosystem management.
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The role of bacterial and fungal communities in the growth of temperate trees in Bavaria
Claudia Barrera ORCID iD", Karin Pritsch?, Thorsten Grams', Fabian Weikl'

'Professorship for Land Surface-Atmosphere Interactions, Ecophysiology of Plants, Research
Department Life Science Systems, School of Life Sciences, Technical University of Munich,
Freising, Germany. 2Research Unit Environmental Simulation, Helmholtz Center Munich,
Neuherberg, Germany

The interaction between trees in temperate forests and soil microbiota has shown to be crucial
not just for many ecological processes but also for the health of the trees. Here, we focused on
elucidating the relationship between rhizosphere communities and tree growth and how it is
affected by different environmental conditions. To address this, we analyzed the bacterial and
fungal communities in soil samples from numerous mature beech, spruce, and pine trees at 12
forest sites, forming a natural precipitation gradient throughout Bavaria. Nanopore sequencing
was implemented using the full 16S and ITS sequence to increase the resolution of microbial
identification combined with environmental variables (meteorology, tree diameter) to evaluate
the impact of the site conditions. It was found that the overall bacterial composition was not
significantly linked to tree growth. However, the bacterial diversity was mainly shaped by the
tree species and the precipitation conditions of the site. On the other hand, we presume a
more significant association between specialized fungal groups and tree growth compared with
bacteria. This work will provide new insights into the role of rhizosphere microbiota, more
precisely fungal communities, on tree growth and how they are shaped under different
environmental conditions.
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Fires are the main disturbance in boreal forests. In Fennoscandia, many fires are not stand
replacing, so a large proportion of the trees remain alive after a fire. However, it is known that
fires have a profound influence on the structure and the functioning of the microbial
community. In this study, we investigate the effects of fires along a fire chronosequence from
Varrid nature reserve, Finnish Lapland. We sampled stands from 5 different ages, ranging
from 4 years after fire to more than 180 years after the last fire. Fungi were identified using
DNA that was collected from the lowest part of the humus layer. ITS markers were used to
identify the different fungal species.

We used network analysis, based on Spearman correlation, to understand the connections
between the abundances of different genera. The analysis was, however, restricted to genera
that were observed in at least 15 samples. Samples from plots that were burned a long time
ago were more connected, while young sites did not show many connections. Some
mycorrhizal genera showed a large number of negative connections to the abundances of
many other species.

The data indicates that fungal communities, after disturbances, are more random assemblages
and then shift to be more formed by interactions of different species.
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Rising atmospheric CO, and increased nitrogen deposition profoundly influences plant—
microbe interactions. Arbuscular mycorrhizal fungi (AMF), one of the most widely distributed
plant symbiosis, plays important role in plant nutrition uptake via their hyphal networks.
However, the response of the hyphosphere microbiome to interacting environmental factors
remains poorly understood, particularly under in situ conditions. This study investigates the
structure, diversity, and functional gene expression of the hyphosphere microbiome through a
greenhouse experiment with factorial CO, (450 vs. 750 ppm) and nitrogen addition (0 vs.10
g/m?) treatments, by planting Leymus chinensis and Vicia sativa. In situ purified hyphae were
extracted from field soil and analyzed using metagenomic sequencing. The research aimed to
(1) identify treatment-responsive microbial taxa and core functional groups, and (2) uncover
regulatory patterns of key metabolic genes in carbon and nutrient cycling. We hypothesize that
elevated CO,-induced nutrient limitation will enrich bacteria capable of organic nitrogen
mineralization and phosphorus solubilization, while nitrogen addition will promote nitrogen-
cycling microorganisms and activate associated genes in the hyphosphere. By innovatively
combining in situ hyphal purification with metagenomics, this work expects to elucidate multi-
factor environmental effects on hyphosphere microbiomes, providing new theoretical insights
into cross-kingdom nutrient exchange within the plant—-AMF-bacteria continuum under climate
change.
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Noccaea praecox (Brassicaceae) is a Cd and Zn hyperaccumulator thriving in metalliferous
and non-metalliferous soils in Slovenia. The aim was to investigate microbial functional profiles
of its root-associated microbiome, i.e. rhizobiome, focusing on metal tolerance and resistance
(resistome). Therefore, roots and their rhizosphere were sampled from entire plants, which
were collected from a metalliferous and a non-metalliferous site. Shotgun metagenomic
sequencing was performed using the lllumina HiSegX platform (2x150 pair-ends) with TruSeq
DNA kit (lllumina).

Comparison of metalliferous and non-metalliferous sites revealed differentially accumulated
functions in the rhizobiome. At the metalliferous site, the following microbial functions were
found to be the most differentially accumulated: (i) outer membrane protein, Co-Zn-Cd efflux
system; czcC, cusC, cnrC (ii) Cu-transporting P-type ATPase; ctpV, (iii) As resistance protein
ArsH; arsH, (iv) Te resistance protein TerD; terD, and (v) MerR family transcriptional regulator,
Cu efflux regulator; cueR. By contrast, at the non-metalliferous site, functions related to Mn
(mntC), Zn (yjgB), Co (cbiD) and Mo (nardJ, narW) were the most differentially accumulated.
The results highlight the functional plasticity of the rhizobiome and indicate interplay with its
hyperaccumulating host to support responses to different environmental pressures.
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Mycoheterotrophy has evolved independently in multiple lineages of arbuscular mycorrhizal
(AM) plants. These plants have distinct traits including achlorophyllous shoots, dust-like seeds
and distinct intracellular mycorrhizal structures. The combination of these features is
characteristic of mycoheterotrophy, but they probably didn’t evolve simultaneously. Instead, a
stepwise accumulation of adaptations occurred, perhaps creating intermediate trophic states
along the way that can collectively be described as mixotrophy. In a mixotrophic state, green
plants would be able to perform autotrophy and mycoheterotrophy facultatively. This
hypothesis has been supported in the analysis of mycoheterotrophy via mixotrophy in two non-
AM families, Orchidaceae and Ericaceae. This has yet to be investigated among polyphyletic
AM plants. Here we present a trait-based phylogenetic analysis that investigates the
correlation between the evolution of mycoheterotrophy, seed size, colonization type in AM
plants. This analysis elucidates potential morphological precursors for the evolution of
mycoheterotrophy in AM plants and provides insights about which lineages are most likely to
harbour mixotrophic species.
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Bananas serve as staple fruit crop globally. Fusarium wilt of banana (FWB) caused by
Fusarium oxysporum f. sp. cubense (Foc) is one of the greatest threats to banana production
worldwide. Tropical race 4 (TR4) of Foc is a highly virulent strain and has been reported in
many continents. Foc, a soil-borne fungal pathogen, cannot be eradicated once the soil is
infested with it. Synthetic fungicides are not effective to control FWB. To achieve sustainable
protection against Foc TR4, nature-based solutions such as biocontrol agents (BCAs) are of
growing interest. In this study, three BCAs, namely arbuscular mycorrhizal fungus (Glomus
mosseae, GM), silicon-solubilizing bacterium (Burkholderia aenigmatica NRBA, NRBA), and
Streptomyces sp. S5-3-7 (S5-3-7), were found to promote banana growth and reduce FWB
severity. In addition, the soil microbiomes were analyzed using Thermo Fisher

Scientific™ Axiom™ Microbiome Array. The results suggested that total 4 kingdoms, 14 phyla,
18 classes, 37 orders, 55 families, 55 genera, and 76 species were in the tested soil samples.
The soil samples treated with GM (87), NRBA (100), and S5-3-7 (87) composed more families
of microorganisms comparing to the untreated control (78) and conventional farming soil (72).
Soil microorganisms consume or produce greenhouse gases were also analyzed.
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Fungi influence plant health in many ways, ultimately affecting overall ecosystem productivity
and stress resistance. Understanding the patterns of fungal distribution across forest
microhabitats is necessary for predicting ecosystem health under environmental changes. We
explored fungal communities across eleven substrates in old forests in Estonia: leaves, leaf
litter, organic and mineral soil, moss, lichen, tree bark, wood, mammal faeces, macrofungal
fruit bodies, and snow. We revealed that the substrates varied in community richness from 1—
101 operational taxonomic units (OTUs) of the species level in fruit bodies, to 47-261 OTUs, in
moss. Organic soil had the highest number of indicator OTUs, and fruit bodies, the lowest.
Faeces had the most distinct communities, while moss, leaf and leaf litter were similar in
community composition. Fungal OTUs varied in the spectrum of preferred substrates, with
substrate preference and specificity linked to species traits such as lifestyle and nutritional
mode. Specifically, plant pathogens dominated in moss, bark, leaf litter, and leaves and were
widespread. This suggests persistent pathogen pressure on forest plants even without an
active host, and the risk of mobilising latent pathogens by disturbance of the substrates.
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Soil application of urban waste-derived compost increased bacterial community
diversity in the grapevine rhizosphere: a rhizobox approach
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This experiment explored the effects of soil application of amendments obtained from the
composting of urban wastes on rhizosphere microbial community composition. It was carried
out in a rhizobox filled with soil collected from the superficial profile of a vineyard, to collect the
white and primary growing roots, on 1 year-old grapevines on April 2023. Following the
treatments: 1) Control, fertilized with 60 kg of N/ha, 2) municipal organic waste compost, 3)
agri-food organic waste compost, 4) defecation gypsum. In the field trial, the amendments
were applied to increase organic matter, at a rate of N of 240 kg/ha. The trial was made of 4
treatments and 24 plants. In each rhizobox there were 2 plants (reps). Roots were rinsed with
magnesium sulphate solution, to collect the microbial biomass before the Shotgun genome
sequencing. Amended soils showed a richer and diverse microbial community in the
rhizosphere of the plants, compared to Control as measured by the a and B-diversity Shannon,
Chao index and Principal component analysis. The heatmap at phylum level showed a
difference between the 4 groups of treatment. Roots and leaves from the rhizobox amended
showed higher macronutrients concentration in comparison to the Control. In conclusion,
treatments with compost showed a diversity in the microbial community.
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The bacterial elicitor flagellin22 (flg22) induces rapid and sustained stomatal closure, yet its
systemic, tissue-, and cell-type-specific effects remain poorly understood. Here, we show that
flg22 triggers local and systemic long-lasting stomatal closure in tomato (Solanum
lycopersicum) leaves, with a more pronounced impact on guard cell photosynthetic activity
than on mesophyll cells. Local stomatal closure was accompanied by elevated levels of
reactive oxygen species (ROS) and nitric oxide (NO) in guard cells, while systemic responses
involved broader ROS and NO accumulation throughout the leaf. Ethylene levels increased in
both local and systemic tissues as early as 1 hour post-treatment, whereas jasmonic acid
levels rose locally only after 6 hours. Correspondingly, strong expression of SIDEF and
accumulation of DEFENSIN (DEF) proteins were detected in epidermal and guard cells, both
locally and systemically. Immunohistochemical analysis revealed enhanced DEF protein
accumulation in guard cell walls, and single-cell gPCR confirmed their capacity for de novo
DEF synthesis. These findings suggest that guard cells not only serve as a frontline barrier in
innate immunity via stomatal regulation but also actively contribute local defense by producing
antimicrobial peptides such as defensins.

This work was supported by the National Research, Development and Innovation Office of
Hungary NKFIH (FK 124871, FK 138867, PD 146980) and EKOP-24-4-613 Scholarship
Program.
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Background and Objective

Microbial metabolites such as siderophores, biosurfactants, and osmoprotectants, shaped by
plant—-microbe co-evolution, play key roles in nutrient mobilization, stress mitigation, and plant
growth promotion. This study aimed to evaluate their practical potential in sustainable
agriculture and bioremediation.

Methods

The biostimulatory effects of siderophores and biosurfactants were tested in Raphanus sativus
and Ocimum basilicum, while their combined use was assessed in greenhouse trials with
Brassica juncea to enhance heavy metal mobility and uptake. Osmoprotectant production was
optimized using Response Surface Methodology (RSM), BIOLOG profiling, and Adaptive
Laboratory Evolution (ALE), then evaluated for mitigating salinity stress.

Results

Siderophores significantly improved plant growth and reduced fertilizer demand. Combined
application with biosurfactants enhanced Pb and Zn bioavailability and uptake, increased
microbial diversity and enzymatic activity, and improved plant biomass and stress tolerance.
RSM revealed medium composition as critical for osmoprotectant yield; BIOLOG identified
sugars and carboxylic acids as key substrates. ALE enhanced production, especially of
betaine, in both Gram-positive and Gram-negative strains. Osmoprotectants promoted
resilience in salt-stressed plants by stimulating cell division and improving growth.

Conclusion

Optimized microbial metabolites offer multifunctional benefits, enhancing plant performance,
stress tolerance, and soil health—supporting their use in sustainable agriculture and
remediation strategies.
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The prevalence and severity of drought is expected to increase with climate change.
Ectomycorrhizal (EcM) and arbuscular mycorrhizal (AM) fungi can promote plant drought
tolerance, but this benefit is contingent on responses by mycorrhizal fungi to drought, which is
less known outside controlled greenhouse experiments. To determine if ECM and AM fungal
biomass, composition, and depth distribution change with drought, we sampled soil associated
with pine and herbaceous understory in 10-cm depth increments down to 40-cm in plots
exposed to a severe drought or not.

EcM (PLFA 18:2w6) and AM (NLFA 16:1w5) fungal biomass was lower in droughted plots, but
only at 0-10 cm where biomass was highest. Fungal communities also differed between
drought and control plots, with fewer contact exploration types (EcM) and fewer
Diversisporales (AM) fungi in droughted plots. The preferential occupancy of surface soils by
both AM and EcM fungi make them particularly vulnerable to drought, and we found no
evidence that deeper soil provides a refugia. Moreover, the suppression of fungal biomass and
the loss of specific functional groups of fungi could exacerbate drought responses by trees if
fungi aid in water uptake, resulting in lower forest resilience in future climates.
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The role of nucleotide monophosphate kinases in symbiosis
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Previous studies with Sinorhizobium meliloti mutants inducing ineffective nodules of alfalfa
(Medicago sativa) placed strain GY897 into Group |, where mutants are unable to invade the
developing nodule and cannot induce the expression of nitrogen-fixation-related genes coding
for the elements of the nitrogenase enzyme complex (nifHD) in bacteria and late nodulins
(Leghemoglobin, nodulin-25) in plants (Putnoky et al., 1988). Genome sequencing identified a
point mutation in the cmk gene coding for the cytidylate kinase enzyme catalyzing the
reversible conversion of (d)CMP to (d)CDP using ATP as phosphate donor. The mutation
results in a G14D substitution in the AGK(G/S)T motif, the only conserved sequence shared by
S. meliloti nucleotide-monophosphate kinases. Metabolome analysis revealed a more than 30-
fold decrease in the CDP/CMP ratio in the mutant cells, confirming that the mutation abolished
cytidylate kinase activity. Re-creation of the mutation in the wild-type background, as well as
complementation of the mutant with the wild-type gene, confirmed that this mutation is
responsible for the symbiotic phenotype. Reporter gene studies showed that the mutant
induces pseudo-nodules lacking bacteria and initiates infection threads that are arrested
mostly in the epidermal or sub-epidermal layers. Equivalent mutations in other kinase genes
are under investigation.
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Septoria tritici blotch and net blotch, caused by Zymoseptoria tritici and Pyrenophora teres,
respectively, cause significant yield losses up to 50% in wheat and barley. Biocontrol agents
are gaining attention as sustainable alternatives to fungicides, offering an eco-friendly disease
management approach. This study aimed to assess the efficacy of Bacillus velezensis BE2 in
controlling these fungal pathogens. In vitro assays demonstrated that strain BE2 significantly
inhibits fungal growth through direct antagonism. Microscopic analysis confirmed its ability to
suppress spore germination and mycelial development. Cell-free supernatant analysis using
UPLC-MS identified seven metabolite families, including key cyclic lipopeptides potentially
involved in biocontrol. To explore BE2’s biocontrol mechanisms, we analyzed plant gene
expression at different time points post-infection. Differential expression analysis revealed that
BE2 modulates key defense pathways, including oxidative stress responses, chitinase activity,
and phytohormone regulation. The in planta efficacy of BE2 was assessed by quantifying
fungal DNA at the leaf level following bacterization using foliar and root application methods.
Root application proved more effective in reducing pathogen pressure. Overall, these findings
demonstrate that B. velezensis BE2 protects wheat and barley through direct antifungal activity
and by priming plant defenses, making it a promising candidate for sustainable disease
management in cereal crops.

Poster 19

DNA-based taxonomy revealed a novel genus and species diversity in
Archaeosporaceae (Glomeromycota)
Keyvan Esmaeilzadeh-Salestani ORCID iD"2, Vladimir Mikryukov?, Franco Magurno?®, Leho

Tedersoo?
'Institute of Technology, University of Tartu, Tartu, Estonia. 2Mycology and Microbiology Center,
University of Tartu, Tartu, Estonia. 3University of Silesia in Katowice, Katowice, Poland

The Archaeosporaceae family, a key lineage within Glomeromycota, forms arbuscular
mycorrhizal (AM) associations that are essential for plant nutrient acquisition and ecosystem
stability. Despite their ecological significance, the diversity and taxonomy of Archaeosporaceae
remain underexplored due to culturing challenges and limitations of morphological
identification. This study integrates environmental DNA (eDNA) sequences with phylogenetic
analyses to advance the taxonomy of Archaeosporaceae. Sequence data from EUKARYOME,
NCBI, and UNITE databases were analyzed using SSU, LSU, and ITS regions. Alignments
were conducted with MAFFT and ClipKIT, and phylogenetic trees were reconstructed using 1Q-
TREE with strong bootstrap support. Our analyses revealed a novel genus forming a sister
clade to Archaeospora, several newly described species, and the reclassification of
Archaeospora trappei into this new genus, indicating a deeper and previously unrecognized
taxonomic diversity within the family. These findings highlight the utility of eDNA and long-read
sequencing in uncovering hidden fungal diversity and contribute to a more comprehensive
understanding of AM fungal evolution and classification.
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Extreme climate events like intense rainfall and flooding are expected to increase in northern
sub-boreal habitats, significantly altering soil hydrology and greenhouse gas (GHG) fluxes by
shifting redox conditions and microbial communities. This study investigated the effects of a
two-week flash flood during the growing season on bacterial, archaeal, and fungal
communities, and microbial processes linked to soil CH4 and N20 fluxes in riparian grey alder
(Alnus incana) forests. Soil samples were collected before, during, and after flooding and
analysed using gPCR and metabarcoding, alongside measurements of physicochemical
properties and in-situ GHG fluxes. Flooding reduced soil nitrate, promoted dinitrogen-fixing
bacteria (e.g., Geomonas), and increased anaerobes like Oleiharenicola and Pelotalea. N2O
emissions declined, indicating a shift to complete denitrification (N2 as the main product),
though drier microzones remained N,O sources. A rich arbuscular mycorrhizal fungal (AMF)
community was found, including Acaulospora, Archaeospora, Claroideoglomus, Diversispora,
and Paraglomus. Flooding increased fungi such as Naucoria, Russula, Tomentella, and
Thelephoraceae, which aid alder in nitrogen uptake and carbon sequestration.
Microtopographic variation caused spatial heterogeneity in GHG dynamics, with CH4
emissions from wetter zones and CH4 oxidation and nitrification-driven N20O emissions in
elevated areas.
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Given the importance of the plant microbiome for plant health and development, it is crucial

to gain a deeper understanding of its ecological dynamics and its interactions with the host
plant. Such knowledge is becoming increasingly important as the plant microbiome is explored
as a means to improve agriculture, reforestation efforts, and forest productivity.

In this study we explore how methyl jasmonate (a plant hormone involved in induced defense
mechanisms) affects the leaf-associated fungal communities of oak trees and the extent of
infection by powdery mildew, a widespread oak pathogen, along a latitudinal gradient. During
10 weeks we applied either methyl jasmonate or a control treatment to selected branches on
oak trees at 27 sites across Europe. At the end of the experiment, we assessed both the
fungal community composition on the leaves and the severity of powdery mildew infection.
This investigation is part of the larger METAP initiative, which seeks to understand the
influence of methyl jasmonate on the broader oak-associated food web and the underlying
mechanisms leading to these effects. Our findings offer insights that support a better
understanding of the application of plant—-microbes in forest management and disease
mitigation strategies.
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Salinity is one of the key limiting factors in global crop production, negatively affecting plant
fitness as well as soil microbial, physical, and chemical properties. This study investigates the
use of microbial osmoprotectant—betaine, produced by psychro- and halotolerant bacteria
isolated from Antarctic soils, as a tool to improve plant performance under saline stress. To
enhance its production, we applied Adaptive Laboratory Evolution, method that led to
significant increases in metabolite yields, particularly betaine (over 1000-fold compared to the
native strain) in Bacillus. The effectiveness of betaine was evaluated through a series of
physiological and biochemical assays.

Supplementation with betaine restored mitotic activity in Allium cepa root meristems under
salinity stress and reduced chromosomal abnormalities, indicating improved cellular
homeostasis and active growth potential. Moreover, no toxic effects were observed following
betaine supplementation, even at higher concentrations (1 mg/mL). Complementary
germination assays confirmed that betaine enhances seedling vigor and growth under saline
conditions. Additionally, betaine application positively influenced soil microbial activity and
respiration, suggesting a complementary role in supporting rhizosphere function and thus
plants.

These findings demonstrate that bacteria and their osmoprotectants can act as potent plant-
targeted biostimulants and represent a promising strategy to enhance crop resilience in saline
environments.
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Plants are both drivers of soil fungal communities and are reciprocally influenced by these
fungi through mutualistic and antagonistic interactions. Particularly plant roots share close
ecological and evolutionary connections with soil fungi. Yet, how root functional strategies and
soil microbial communities depend on each other is still incompletely understood. In a
grassland biodiversity experiment, we investigated how plant species richness and root traits—
conceptualized within the root economics space—influence soil fungal communities. We show
that plant species richness and specific root functional strategies differently affect fungal
biomass and composition. Notably, saprotrophic fungi exhibited greater diversity in species-
rich plant communities and with 'slow' root traits, whereas plant pathogenic fungi were more
diverse and abundant in communities characterized by 'fast' and 'do-it-yourself' root traits.
Fungal biomass, however, was largely determined by plant species richness and not by root
traits. These results underscore the joint role of plant diversity and root functional traits in
shaping soil fungal assemblages, and highlight the advantages of including root functional
traits to capture the connection of belowground plant and microbial communities.
Understanding these relationships is crucial for predicting ecosystem responses to
environmental changes and for managing plant—-microbe interactions in natural and agricultural
systems.
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Human bone morphogenetic protein 2 (hBMP2) plays a key role in bone repair and
regeneration by promoting osteoblast differentiation through receptor-mediated activation of
osteogenic genes. However, efficient production of biologically active recombinant hnBMP2
(rhBMP2) remains a significant bottleneck in conventional expression systems. To address
this, we previously established a CRISPR/Cas9-mediated knock-in strategy targeting the intron
of the rice aAmy3 gene for rhBMP2 expression. In this study, we developed a seed-based
recombinant protein expression system using a modified CRISPR/Cas9 knock-in approach.
The rhBMP2 gene was placed under the control of the endosperm-specific GluB-4 promoter
and its native signal peptide to facilitate expression and secretion in rice seeds. Additionally,
suppression of the endogenous GluB-4 gene was employed to enhance rhBMP2
accumulation. Western blot analysis with a human BMP2-specific antibody confirmed rhBMP2
accumulation in two independent CRISPR/Cas9-Mediated Knock-In rice plants. These two
gene editing rice plants are currently being advanced to homozygosity for further evaluation of
protein yield and bioactivity. Ongoing experiments are investigating the temporal expression
and accumulation pattern of rhBMP2 during seed development. These findings demonstrate
the feasibility of using CRISPR/Cas9-mediated knock-in strategies for stable rhBMP2
production in rice seeds and support the use of rice as a scalable platform for plant-based
biopharmaceuticals.
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Arbuscular mycorrhizal fungi (AMF) can help alleviate plant responses to drought stress, but
no information on the mechanisms involved on how water is transported from root to

shoot. We investigated how the AMF Glomus intraradices transported water to the host plant
Vigna radiata, mungbean. We used a soil water profiler (SWAP) device, to track and determine
the amount of water transported by AMF to mungbean plants under drought condition. Plants
grown with AMF under drought while inserted in the SWAP chamber allowed water to
transpired faster more than plants with AMF not under the SWAP but under drought. Using
the water retention curve, we detected that water transported by AMF from the root to shoot
were responsible for 41% of the water transpired by mungbean plants. Photosyntethic rate
shows that plant under SWAP was high as the same with plant excluded rom the SWAP
chamber. Our study reveals confirmation that AMF is beneficial to the root organization
around the soil-plant—column of water absorption, with mungbean plant transpiring

around and outside of the cell membrane. This research illustrates that AMF remain a
functional part of plants even under severe drought stress.
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Plant-associated microbial communities are essential to agroecosystem resilience, yet most
studies have focused on soil and root microbiomes. The leaf microbiome, especially its fungal
and bacterial components, remains understudied in relation to plant diversity and carbon
sequestration practices. We investigated how field biodiversity and carbon management
strategies shape leaf microbial communities on 20 Finnish farms. Leaf samples from crops and
remnant vegetation were analyzed using amplicon sequencing (ITS for fungi; 16S rRNA for
bacteria).

Fungal—but not bacterial—leaf diversity was positively correlated with plant species richness.
Both fungal and bacterial community composition responded to carbon management practices,
but only fungal communities were positively associated with disease load in leaves. Network
analysis revealed three candidate keystone taxa: Alternaria sp. (FASV 34) and
Sporobolomyces roseus (FASV 2070), which were mutually exclusive, and Methylobacterium
sp. (BASV 75), which co-occurred with FASV 2070.

These findings highlight the potential of plant growth-promoting leaf microbes (PGPLMs) to
enhance crop resilience. They also suggest that different carbon practices shape distinct
microbial profiles: catch crop systems may favor pathogens, while leymix and adaptive grazing
benefit PGPLMs. Understanding leaf microbial networks is crucial for advancing sustainable
agricultural practices.
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Climate change and extreme weather events are increasing the persistence and spread of
wheat fungal pathogens. Effective disease management of winter wheat ( Triticum aestivum L.)
depends on early detection of airborne spores, but traditional methods rely on visual symptoms
after infection. This study aimed to develop a rapid, DNA-based spore surveillance system
using a Burkard 7-day recording spore trap and species-specific QqPCR assays

targeting Zymoseptoria tritici, Microdochium majus, Fusarium graminearum,

and Fusarium culmorum—major pathogens of winter wheat. Spore trap samples were
collected at canopy height on a commercial farm near Tartu, Estonia, during the growing
season. Spore trap samples were used for DNA extraction, and daily spore loads were
quantified by gPCR. Z. tritici concentrations peaked in early June, aligning with periods of leaf
wetness. M. majus was present from May to August, while F. graminearum levels remained
high in August. F. culmorum stayed mostly below detection limit. The gPCR—spore trap system
enabled sensitive, species-specific, and quantitative detection of wheat pathogens before
symptom appearance. Its high temporal resolution supports optimized fungicide timing,
reducing chemical inputs and improving cost-effectiveness. This method offers a promising
tool for precision disease management in cereal production under changing climatic
conditions.
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Grapevine (Vitis vinifera L.), one of the most widely cultivated fruit crops, is highly susceptible
to fungal diseases such as Botrytis cinerea, the causal agent of gray mold. This disease
compromise both yield and fruit quality. In the context of increasing regulatory and societal
pressure to reduce reliance on chemical fungicides, cyclic lipopeptides (CLiPs) of microbial
origin are emerging as promising biocontrol agents due to their potent antimicrobial and plant
defense inducer activities, and biodegradability.

In this study, we evaluated the antifungal properties of semi-purified extracts of supernatants
containing the lipopeptides bananamide and putisolvin produced respectively by
Pseudomonas azadiae SWRI103 (LMG 32047) and Pseudomonas ekonensis COR58 (LMG
32175). Their efficacy was assessed both in antagonism assay in vitro and on detached
grapevine leaves against B. cinerea. In the detached leaf assay, a clear dose effect was
observed. Treated leaves exhibited a significant reduction in necrotic lesion areas and a
delayed onset of necrosis up to 96 hours post-inoculation, compared to untreated controls.
Sporulation was also notably reduced. Complementary in vitro diffusion assays further
confirmed the strong inhibition of fungal development, with spore germination significantly
reduced or completely halted in the presence of bananamide and putisolvin, underscoring the
specificity and potency of the CLiPs in controlling B. cinerea infection. To support scalable and
controlled production of these bioactive compounds, we are employing synthetic biology
strategies under the HETEROCLIPS project. These efforts focus on reengineering regulatory
elements within the bananamide and putisolvin biosynthetic gene clusters, alongside the
development of optimized microbial chassis for efficient heterologous expression. These
strategies aim to overcome production bottlenecks and support downstream applications in
structural characterization and phytopathogen control. Our findings highlight the
biotechnological potential of bananamide and putisolvin as eco-compatible alternatives to
conventional fungicides, supporting the integration of microbial metabolites into sustainable
viticulture practices.
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Plant—microbe interactions can have outsized impacts on plant health and resilience to abiotic
stress. Conditioning whole microbiomes to particular stressors may provide diverse taxa that
can additively contribute to plant fitness. Here, we artificially selected soil microbiomes for
drought tolerance and wet tolerance, transferred them forward for seven generations of
selection, and provided them to drought-stressed maize. We hypothesised that drought
conditioning would progressively improve maize plant fitness under drought. At the end of the
main experiment, we additionally performed a watering experiment to observe plant fitness
under droughted and watered conditions. Each Generation, plant traits (i.e. biomass and
photosynthesis rate) and bacterial (16S rRNA) and fungal (ITS) rhizosphere composition was
characterised. Plant fithess progressively improved under drought when provided the drought-
conditioned soils and was progressively worse when provided the wet-conditioned soils. Under
watering, plants provided the drought-conditioned soils outperformed plants with the wet-
conditioned soil suggesting that microbial-provided plant fithess benefits were persisting after
watering. The microbiome data mirrored changes in plant fithess, with the wet conditioning
treatment showing the strongest divergence relative to the control microbiome. These data
suggest that we can alter plant physiology by altering the pool of available plant-associating
microbes to improve plant resilience to stress.
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Light is the most important energy source for plants. They use it in photosynthesis and it is
also crucial for their growth and development and for defence against pathogens. Experiments
with tomatoes have shown that red light increases the photosynthetic rate and the expression
of related genes. In strawberries, increased starch degradation has been observed, and the
plants have also become more resistant to Botrytis cinerea. The rhythm of starch breakdown is
regulated by the circadian clock: some of the starch produced during the day is broken down at
night, while the rest is stored. This stored starch is transported into the cytoplasm in the form of
glucose-6-phosphate, where it is converted into sucrose. Sucrose is a very important signalling
molecule in responses against pathogens. In our experiment, we investigated the effect of
nocturnal red-light treatment on the photosynthetic activity and carbohydrate metabolism of
plants, as well as its role in defence against fungal infection. Photosynthetic activity, as well as
the amounts of sucrose and starch, increased in a leaf-dependent manner after 1 and 3 weeks
of treatment. Furthermore, the defence reaction of the old leaves was enhanced by nocturnal
red-light application.
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Boreal forests are among the primary sources of secondary organic aerosols (SOAs). Plant-
emitted BVOCs serve as precursors to SOAs, significantly affecting air quality and climate.
Recent research indicates that forest fires also have long-term impacts on BVOC emissions.
Despite their importance, the effects of forest fires on BVOC emissions and consumption by
plants and soil microbes, associated genetic mechanisms, remain poorly understood.

In this study, we quantify post-fire BVOC emissions from the forest floor using a dynamic
headspace technique. Belowground BVOCs were collected from established mesocosms (i.e.,
blocks of soil with intact vegetation on top) as well as from root-free soil within strictly
controlled climate chambers. Soil eDNA was extracted and amplifird16S rRNA and ITS region
was sent for sequencing to detect changes in microbial composition between pre- and post-fire
conditions. We designed BVOC-specific probes for targeted metagenomics, such as those for
monoterpene synthesis etc. to analyze the production and consumption of BVOCs by the soil
microbiome.

We have identified various BOVCs and quantified their fluxes in forest floor. This study
provides a clearer understanding of BVOC emissions and their consumption in the atmosphere
from the boreal forest floor and soil microbiome under pre- and post-fire conditions.
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Sunflower, a globally important oilseed crop with South Africa among top producers, faces
disease limitations. This study aimed to investigate the effect of planting date on disease
dynamics in South African sunflower production. Survey results revealed increased disease
severity and incidence in later plantings due to cooler weather conditions. During these trials,
we observed unusual symptoms and identified bidens mottle virus (BiMoV) through Illumina
sequencing and RT-PCR confirmation, constituting the first report of BiMoV in South Africa and
only the second report of natural infection of sunflower worldwide. Infected plants showed
significant reductions in pollen viability (17.0%), plant height (16.7%), leaf number (12.3%),
and most critically, overall yield (80.6%). The virus is aphid-vectored, with several species of
weeds serving as potential reservoirs. Concurrently, artificial inoculation trials for Sclerotinia
head rot (SHR), a key disease limiting sunflower production, demonstrated that disease
establishment was delayed by extreme temperatures, with temperatures above 27°C
suppressing disease progression. As climate change alters pathogen distribution and vector
dynamics, understanding how BiMoV and other diseases respond to environmental shifts
becomes crucial. Management strategies timing flowering with hot, dry periods may help
control Sclerotinia, but integrated approaches will be necessary as disease pressures evolve
under changing conditions.
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Infection by phytopathogens activates complex plant defense responses. Pipecolic acid (Pip) is
a key signal in systemic resistance, typically linked to salicylic acid (SA), though its interaction
with ethylene (ET) remains unclear. We examined how 6- and 24-hour Pip pretreatments
influence defense responses in tomato and alter resistance to Botrytis cinerea and
Pseudomonas syringae. While Pip had little impact on ROS at 6 hours, 24-hour treatment
promoted systemic superoxide accumulation independently of ET. Pip increased guaiacol
peroxidase activity locally at 6 hours in both genotypes, but only in wild-type plants at 24
hours. PR1 expression was induced systemically in wild type but not in ET-insensitive Nr
mutants, highlighting ET's regulatory role. Although Pip enhanced ERF1 expression in both
lines, DEF9 upregulation was specific to Nr. Pip also triggered ET production and improved
systemic resistance, reducing Bofrytis lesion size and limiting Pseudomonas infection. These
results suggest ET modulates Pip-induced defense and enhances pathogen resistance.

This work was supported by the National Research, Development and Innovation Office of
Hungary — NKFIH (Grant No. FK 124871, FK 138867, PD 146980) and the EKOP-24-4-613
University Research Scholarship Program.
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Lichens represent a classic model of symbiosis, traditionally viewed as a partnership between
fungi and algae. However, recent evidence reveals that lichens host complex microbial
communities, that play critical, yet understudied roles in the symbiosis. While bacterial roles
have been partially characterized, the functional contributions of lichen-associated fungi
remain poorly understood. Moreover, the biosynthetic potential of lichen symbionts, particularly
their biosynthetic gene clusters (BGCs), has remained largely untapped due to challenges in
culturing lichens. Here, we used metagenomic approach and BGCs mining to investigate the
functional and biosynthetic potential of the lichen Evernia prunastri. Our analysis revealed
diverse functional pathways and BGCs across the mycobiont, photobiont, and associated
microbial taxa. These gene functions and secondary metabolites collectively support core
aspects of lichen symbiosis, including nutrient provision, stress resistance, vitamin and
cofactor production, hormone-mediated growth, detoxification, and thallus maintenance. This
recent, yet-unpublished study presents the first comprehensive profiling of functional and
BGCs diversity in a multi-partner lichen system, challenging the classic concept of dual
symbiosis in lichen. Additionally, by integrating symbiosis ecology with natural product
discovery, our findings also highlight lichens as overlooked reservoirs of microbial innovation
and offer promising avenues for future bioprospecting and ecological research.
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The bacterial genus Sphingomonas is a common colonizer of major crop leaves and roots. It is
non-pathogenic and often provides growth-promoting benefits to plants, making it a promising
candidate for agricultural inoculants. To enable targeted applications, we aim to uncover the
genetic basis of Sphingomonas’ beneficial interactions with plants. To pinpoint essential genes
for plant colonization, we are performing large-scale mutant screens on

the Sphingomonas genome. We have generated a pool of ~200,000 mutants for the model
beneficial strain Sphingomonas melonis FR1. In our mutagenesis process, we use an
innovative method known as RB-TnSeq, which allows for identifying mutants in a population
simply by amplicon sequencing of their unique barcodes. We are applying these mutant
populations to in-vitro and in-planta conditions to identify differentially represented mutants
across conditions. Those mutants missing in-planta may represent genes critical for plant
colonization. In parallel, we are using a CRISPR RNA-guided integrase-based reverse
genetics system to disrupt specific genes that we believe may play an essential role in plant
interactions or bacterial colonization, and also to introduce genetic barcodes for easily
quantifying mutants and wild-type strains by amplicon sequencing. The expected outcome will
be genes required for Sphingomonas' success on plants.

Poster 37

How can we best predict plant mycorrhizal types and statuses worldwide?
Yiming Meng ORCID iD", C. Guillermo Bueno?, Carlos Carmona’, Maarja Opik', Mari Moora’,

Martin Zobel', John Davison’
'Institute of Ecology and Earth Sciences, University of Tartu, Tartu, Estonia. ?Pyrenean Institute
of Ecology, Jaca, Spain

Plant mycorrhizal characteristics, including mycorrhizal type and status, influence ecological
processes across scales from plant—plant interactions to global nutrient cycling. Understanding
the relationships between plant mycorrhizal types and statuses and other plant characteristics
can help us predict the mycorrhizal characteristics of unstudied plant species and floras. Here
we compare the performance of conventionally-used plant taxonomic information with
predictors reflecting plant phylogeny, plant—environment associations and above- and
belowground traits to predict plant mycorrhizal type and status among a set of > 10,000
characterised species from floras worldwide. Our results show that phylogenetic models
generally outperform taxonomic models, and the integration of plant traits, particularly
aboveground traits, and variables describing environmental associations, enhances the
predictive accuracy of both phylogenetic and taxonomic models. These findings underscore
the importance of accurate prediction by incorporating multiple data sources and offer a
practical framework for predicting plant mycorrhizal types and statuses.
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Pseudomonas syringae causes bacterial speck of tomato. In case of early-infection yield
losses may reach 75%. As proteins are prominent players of plant defense 4-phenylbutyric
acid (PBA), a molecular chaperon aiding in folding, might help against pathogens. PBA
induces ethylene production which is essential in establishing appropriate defense responses.
Our goal was to investigate whether PBA can alleviate induced stress through ethylene. For
this we used Ailsa Craig wild-type and Never ripe (Nr) ethylene receptor mutant plants. The
degree of biotic stress was indicated by SIPR1 gene expression, which continuously increased
following infection in both genotypes, lower values were observed in Nr. PBA also enhanced
its expression. SIBiP, marker gene for ER stress, showed similar expression. However, in this
case, PBA alleviated the developing ER stress. Oxidative stress was also examined by
measuring superoxide and hydrogen peroxide contents. The infection had a lesser effect on
these than PBA, which increased their levels. Combined treatment had an additive effect. Cell
viability (ion leakage, lipid peroxidation) changed similarly. Based on our investigations PBA
may be effective in alleviating ER stress depending on ethylene, and influence the outcome of
the infection. This work was supported by NKFIH OTKA FK 138867 and EKOP-24-3-SZTE-
544 grants.
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Background and Objective

The extensive use of synthetic phosphorus (P) and potassium (K) fertilizers since the Green
Revolution has contributed to environmental degradation, including soil exhaustion and
eutrophication. Sustainable alternatives are needed to maintain agricultural productivity while
reducing ecological impact. This study aimed to assess the potential of microbial metabolites,
particularly siderophores and siderophores accompanying metabolites (SSAM), to enhance
nutrient bioavailability and reduce reliance on synthetic fertilizers.

Methods

Greenhouse experiments were conducted using radish plants grown under optimal and
suboptimal P/K fertilization, with and without the addition of a SSAM-based biofertilizer
developed from Pseudomonas sp. ANT_H12B. Soil nutrient availability (P, K, and iron),
microbiome structure, and plant growth parameters were evaluated using chemical analyses
and sequencing-based approaches.

Results

SSAM application significantly improved the bioavailability of P and K, especially under
nutrient-deficient conditions. This enhancement was linked to microbial solubilization
processes involving siderophores and organic acids. The treatment also stimulated native soil
microbiota and improved plant growth, as evidenced by increased biomass and root
development.

Conclusion

Microbial metabolites, particularly SSAM, show strong potential as sustainable biofertilizers.
They enhance nutrient availability and support plant fitness, offering a viable strategy to reduce
dependence on synthetic fertilizers and promote environmentally responsible agriculture
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Actinorhizal root nodule symbioses arise through association between nitrogen-fixing soll
actinobacteria of the genus Frankia and a diverse group of mainly woody dicotyledonous host
plants. Some of the more ecologically important plants include species of (Allo-)Casuarina,
which are extensively used in phytoremediation and as shelter belts in warm climates due to
their high resilience to abiotic stress and their ability to survive in marginal soils. To date, all
Frankia strains isolated and sequenced from (Allo-) Casuarina nodules by traditional isolation
techniques belong to a single species: Frankia casuarinae. This limited observed diversity in
nodules is atypical for actinorhizal symbioses. We hypothesised that (Allo-)Casuarina nodules
may be colonised by uncultivable Frankia strains that escape detection by isolation methods
favouring saprotrophic growth. To investigate this, we performed direct metagenomic
sequencing on nodules collected from four different countries and reconstructed metagenome-
assembled genomes (MAGs). Our analyses revealed that dominant Frankia strains in field-
collected nodules were markedly more diverse than previously seen and included MAGs with
significant genome reduction — one of which exhibited more than 25% reduction relative to F.
casuarinae. Notably, we identified erosion of two types of [NiFe] hydrogenases, a
characteristic indicative of transition to obligate symbiosis in other Frankia lineages. These
findings imply that uncultured, potentially obligate symbionts may be prevalent in nodules in
nature but had gone undetected by traditional isolation methods. We propose that Frankia
strains have diverged along two evolutionary pathways: one towards obligate symbiosis with
substantial genome erosion, and another favouring rhizosphere colonization with minimal
genome erosion. For practical applications such as reforestation or coastal defence systems,
nodule-derived uncultivable strains may provide greater ecological compatibility.
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Addressing taxonomic challenges in arbuscular mycorrhizal fungi via molecular
techniques
Luke Quill ORCID iD, Trevor Hodkinson

Department of Botany, School of Natural Sciences, Trinity College Dublin, Dublin, Ireland

This study addresses the longstanding challenges in taxonomic investigations of arbuscular
mycorrhizal fungi (AMF) and explores various molecular alternatives. AMF are symbiotic soil
microorganisms that enhance plant nutrient uptake and plant tolerance to drought, salinity, and
disease. As key mediators between plants and their environment, the development of a robust
molecular identification protocol is essential for future taxonomic and ecological analyses.

This investigation aims to produce a protocol for DNA-based identification of AMF using a
combination of Sanger and high-throughput sequencing (HTS) techniques. Additionally, it will
allow for the identification of AMF from Ireland, a region in which no species have been
described to date.

Spores are isolated from pure cultures and undergo single-spore DNA extraction. The target
gene regions, glomalin, RPB1 and the ‘Kriger Fragment’, are amplified via PCR. Glomalin and
RPB1 are Sanger sequenced, while the Kriger Fragment undergoes library preparation and
HTS using MinlON. Bioinformatic analyses of these regions are followed by phylogenetic
reconstructions of individual and concatenated trees.

This novel approach to DNA-based analysis of AMF combines the phylo-taxonomic data from
two protein-coding genes and the standard barcoding region for AMF to provide an affordable,
comprehensive protocol for identifying AMF.
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The role of tillage practices in shaping wheat straw decomposition—associated
microbial communities in Endocalcaric-Epigleyic Cambisol
Arman Shamshitov ORCID iD', Grazina Kadziené', Francesco Pini?, Skaidré Suproniené’
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The recalcitrant nature of wheat straw presents challenges for efficient decomposition, limiting
nutrient release and organic matter retention in soils. Understanding the effects of tillage
practices on wheat straw decomposition—associated microbial communities is essential for
enhancing microbial-mediated breakdown and optimizing residue management to improve soil
health and nutrient cycling. In this study, the effects of different tillage practices on wheat straw
decomposition and associated bacterial and fungal community compositions during non-
growing and growing seasons were examined. To simulate tillage, litter bags filled with wheat
straw were placed at corresponding soil depths for conventional (22—24 cm) and reduced (8—
10 cm) tillage, and on the surface for the no-tillage treatment. Subsets of the litter bags were
randomly retrieved after 145 days and at the end of the experiment after 290 days. The results
revealed that the alpha diversity of the associated microbial community was not substantially
affected by the different tillage treatments, whereas beta diversity exhibited distinct microbial
community compositions in relation to tillage practices. This study contributes to a deeper
understanding of the responses of wheat straw decomposition—associated bacterial and fungal
communities to different tillage treatments during non-growing and growing seasons under
specific edaphic and climatic conditions.
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Fungi overperform bacteria in driving plant-soil interactions to facilitate Solanum
rostratum'’s invasion
Hua Shao ORCID iD, Kai Shi
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Invasive plants may reshape interactions between plants, soil, and microbes to facilitate their
invasion success. However, the soil-plant—-microbe interaction

during the invasion process remains elusive. We conducted field surveys spanning 3,000
kilometers in northern China to examine how soil microbes affect the invasion of Solanum
rostratum. Results revealed that invasion of S. rostratum enhanced carbon allocation

to its belowground biomass, promoting its nutrient accumulation, with cascading effects on
microbial communities. Due to their close symbiosis with plant roots, fungi were more sensitive
to plant invasion than bacteria, exhibiting greater shifts in richness and functionality.
Consequently, the interactions within the climate—plant—soil-microbe network were significantly
altered, whereby the feedback loops that promoted invasive plant success and suppressed the
native plants were enhanced. More specifically, the invasion enriched fungi, which enhanced
carbon/nitrogen mineralization and nutrient acquisition of S. rostratum. These changes led to
an increase of S. rostratum’s biomass by 7.86% and a decrease of native plants’ biomass

by 27%. Climate factors such as aridity and mean annual temperature significantly affected the
microbial community and modulated the PSF in response to the invasion. This study highlights
the pivotal role of fungi and climate change in reshaping plant invasion by modifying the plant—
soil-microbe system.
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Primed for the future: PGPR and the promise of sustainable, heritable crop resilience
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Achieving Sustainable Development Goal (SDG) 2: Zero Hunger requires innovative strategies
to ensure stable crop yields in the face of mounting global challenges. Developing disease-
resistant crops offers a sustainable alternative to chemical pesticides, which often harm the
environment and disrupt ecosystems. In this context, plant pathology is increasingly focused
on leveraging natural immune mechanisms to reduce chemical dependence. One such
promising strategy is defense priming—a process that enhances a plant’s immune readiness,
providing broad-spectrum protection with minimal metabolic cost.

Plants possess an innate immune system capable of responding dynamically to pathogens.
Through defense priming, they can "train" this system to react more swiftly and robustly to
future threats. Notably, this primed state can be passed on to subsequent generations, offering
durable, heritable resistance without the need for genetic modification.

This study explores the potential of plant growth-promoting rhizobacteria (PGPR) in triggering
heritable immune priming in crops like wheat. PGPR-mediated priming significantly reduces
disease susceptibility, bolstering crop resilience and contributing to long-term agricultural
sustainability. By incorporating heritable defense priming into integrated crop protection
strategies, we can lower reliance on chemical inputs, support ecological integrity, and advance
food security. This paradigm-shifting approach aligns with SDG 2, offering a path toward
resilient, climate-smart agriculture and a hunger-free future.
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Phyllosphere microbiomes and greenhouse gas emission dynamics in rice cropping
systems: a review of overlooked frontier for climate change mitigation
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Soil and root-associated microbes dominate discussion on greenhouse gas (GHG) mitigation
in rice agriculture, this review synthesizes emerging evidence highlighting the understudied
role of phyllosphere microbes in modulating GHG emissions. Key phyllosphere taxa (Bacillus,
Methylobacterium and Sphingomonas) are examined for their interactions with rice plants to
regulate gas fluxes through metabolic processes (methanotrophy, nitrogen cycling and volatile
organic compound-mediated signalling). These interactions, shaped by other factors reveal
fragmented mechanistic insights into their net impact on GHG budgets. Critical gaps in recent
research are identified, such as the lack of field-scale quantification of phyllosphere-mediated
GHG fluxes and the underexplored potential of microbial consortia for targeted mitigation.
Three research avenues are prioritized: leveraging metagenomic and transcriptomic tools to
unravel microbial functional roles in situ, breeding rice cultivars that recruit beneficial
phyllosphere communities and developing beneficial microbial inoculants tailored for leaf
surface colonization. The integration of the rhizosphere and phyllosphere could be a part of a
future research. This review underscores the urgency of holistically addressing plant—-microbe
atmosphere interactions to achieve climate-smart rice production. This review advocates for
policy and research frameworks that recognize the phyllosphere as a critical frontier for
sustainable agriculture, bridging microbial ecology, crop physiology and GHG mitigation
science.
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Networks and diversity across scales: phytobiomes, soil food webs, and environment
associations

Laura Super
University of British Columbia, Vancouver, Canada

A phytobiome approach involves researching a plant as a biome (integrating the plant, its
associated micro- and macro-organisms, and the environment). My PhD work examined
phytobiomes and how plant and soil communities varied across scales, including from natural
to highly human-disturbed environments. It had lab research, field experimentation, and
continental data mining with environmental DNA (eDNA). | assessed richness and cross-taxon
association as well as quantified how predictable plant and soil food web communities were
(level of community assembly determinism). In a field experiment, at the local scale, | found
that plant and nematode communities were more deterministic and with lower richness in
forests edges than clear-cuts (removal of trees), but prokaryotic and fungal communities
showed no trend. With data mining, at the continental scale, | found microbial diversity-pH
relationships. No research showed cross-taxon association of richness. Building on my work, |
am testing how different taxa communities vary in network structure across scales, and given
more natural systems and anthropogenic change. | hypothesize that network structure will vary
with scale and will depend on taxa group, and there will be cross-taxon association in network
structure. At this conference, | will present some published results as well as upcoming results.
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Progress and future directions of biogeographical comparisons of plant-fungal
interactions in invasion contexts
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Plant invasions are biogeographical phenomena that may involve shifts in belowground plant—
fungal interactions, such as the release from fungal pathogens or more beneficial interactions
with mutualists in non-native ranges. However, native and non-native ranges are not uniform
but environmentally heterogeneous, and plant—fungal interactions are strongly shaped by
spatio-environmental context. Intense discussion at the 45th New Phytologist Symposium
revealed that we lack information on how well spatio-environmental variation within ranges has
been considered in samplings and analyses of studies comparing plant—fungal interactions
between ranges.

Through a systematic review, we assessed the sampling quality of recent biogeographical
studies. We found that the majority relied on a limited population sampling within each range,
often covering only a small fraction of the species’ spatial distribution and macroclimatic

niche. Additionally, low similarity between the sampled climatic gradients in the native and non-
native ranges might have introduced false-positive differences across ranges. These sampling
deficiencies may undermine the robustness and representativeness of range comparisons,
therewith restricting our ability to accurately assess the role of plant—fungal interactions in
invasion success. We recommend that future research incorporate broader and more
comparable spatio-environmental variation in both ranges, and we provide practical guidelines
for improving sampling designs.
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Optimized Rhizobium rhizogenes-mediated transformation for functional analysis of
redox-related genes in Arabidopsis
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Developing efficient and reproducible transformation methods is crucial for advancing research
in plant functional genomics. In this study, we established a Gateway cloning-compatible
Rhizobium rhizogenes mediated transformation system that enables fast and reliable
integration of genes of interest into Arabidopsis thaliana L. plants. Three redox-related tomato
(Solanum lycopersicum L.) genes (dehydroascorbate reductase SIDHAR1, glutathione
reductase SIGR1, glutathione synthetase SIGSH17) were cloned into binary vectors and
overexpressed in Arabidopsis roots using our optimized transformation protocol. Transgenic
roots developed on selective media within two weeks, and the expression of genes of interest
was confirmed via real-time gPCR. Functional analysis was conducted by overexpressing the
orthologous SIDHAR1 and SIGR1 genes in Arabidopsis mutants (dhar2 and gr1, respectively).
To monitor the intracellular redox state, we used Arabidopsis lines that stably expressed the
redox-sensitive green fluorescent protein (GRX1-roGFP2), allowing in vivo visualization of
redox potential. Microscopy measurements confirmed that overexpression of the tomato genes
restored redox balance in the mutant backgrounds and significantly reduced reactive oxygen
species (ROS) levels under salt stress. This method facilitates rapid gene transfer and
functional analysis. This research was funded by the Hungarian University Research
Fellowship Programme [EKOP-24-3- SZTE-591] and the Hungarian National Research,
Development and Innovation Office [NKFI-6 K 138589].
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Mining severely alters soils, causing heavy metal (HM) pollution that reduces plant and
rhizospheric microbial diversity, including arbuscular mycorrhizal (AM) fungi. The Paramillos de
Uspallata mine (Andes, Argentina), inactive for over 40 years, offers a unique case to study
AM fungal resilience. This study surveyed plants diversity, their mycorrhizal status and
associated AM fungal communities in the mine and a nearby unexploited area, evaluating their
associations with soil parameters to understand life-history strategies.

Soil HM and elements were determined via X-ray Fluorescence. Mycorrhizal status was
assessed by root staining. AM spores were extracted from dry soil using wet-sieving and
sucrose centrifugation. Alpha and beta diversity indexes were calculated and statistically
tested. Contributions of soil and biological factors were estimated by PCA.

In mine soils with elevated Fe, Pb, Zn, Ag and electrical conductivity (EC, 5.46

mS/cm), Entrophospora infrequens dominated, in association with Pappostipa speciosa,
demonstrating that this AM species is a stress-tolerant strategist in symbiosis with a pioneer
perennial plant. In contrast, unexploited area (0.48 mS/cm EC, low HM) supported competitive
and ruderal AM species. Findings reveal distinct AM fungal strategies under disturbance and
highlight E. infrequens as a potential agent for bioremediation and post-mining restoration.
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Arbuscular mycorrhizal mixotrophy in green plants
Cas Verbeek ORCID iD'?, Vincent Merckx ORCID iD*3

"Naturalis Biodiversity Center, Leiden, Netherlands. 2University of Amsterdam, Amsterdam, the
Netherlands. 3University of Amsterdam, Leiden, the Netherlands

Arbuscular mycorrhizal fungi (AM) fungi colonize the roots of plants, aiding in the acquisition
of water and nutrients. In exchange, plants supply the AM fungi with photosynthetic
products which serve as the fungus’ sole carbon source. Having lost all chlorophyll and
therefore the ability to photosynthesize, rare mycoheterotrophic plants cheat this symbiosis
and rely on carbon supplied by AM fungi instead, thus ultimately depending on the
photosynthesis of the surrounding plants. However, recent investigation using stable carbon
and nitrogen isotopes (3C and '°N) has suggested that many green plants may also call
upon this carbon source, indicating that the AM partially mycoheterotrophic (or

mixotrophic) lifestyle might be common. Here, we use DNA metabarcoding and isotopic
compositional analysis to (i) identify potential AM mixotrophic plants and their environmental
preferences, (ii) determine which AM fungi might be involved, including Mucoromycotina fine
root endophytes, and (iii) investigate how these plants and fungi are linked through common
mycorrhizal networks. To do so, we intensively sampled 11 temperate European forest plots,
providing the first extensive assessment of AM and MFRE fungal sharing between overstory
and understory vegetation and it’s relation to isotopic enrichment, thereby furthering our
understanding of the AM symbiosis and potential AM mixotrophy.
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Arbuscular mycorrhizal fungal communities affect the disease response of tomato to
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Arbuscular Mycorrhizal (AM) fungi form mutualistic symbioses with most land plants,
enhancing plant growth and defence responses to biotic stress through Mycorrhiza-Induced
Resistance (MIR). Although individual AM fungal species differ in their ability to induce MIR,
the effects of diverse AM fungal communities remain poorly understood. This gap makes it
increasingly important to understand how single-species interactions differ from those involving
diverse AM communities for accurately modelling how mycorrhizal fungi support plant health.
Using the root pathogen Rhizoctonia solani as a model, we investigated whether the impacts
of diverse AM fungal communities on tomato growth and MIR are predictable from single-
isolate responses, focusing on additive or synergistic effects. We performed high-throughput
phenotyping on tomato plants inoculated with six AM fungal community combinations varying
in taxonomic and phylogenetic diversity and compared them to single-species treatments. Our
results show that AM fungal communities generally affect plant growth and defence in ways
inconsistent with our hypotheses, based on previous observations and literature, highlighting
the complexity of AM fungal interactions and their critical, yet difficult-to-predict, roles in
shaping plant disease resistance and resilience.
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The potato black scurf is a soil-borne fungal disease caused by Rhizoctonia solani. It infects
potato and suppresses its growth at all stages. The developed black-brown sclerotia make the
commercial tubers poor appearance. Chemical fungicide application is the major disease
control strategy in the production practice, though it’s less efficient for such a soil-borne
disease. Some beneficial microorganisms, such as plant endophytic fungi and bacteria, are
well-documented to promote plant growth and suppress disease development. Application of
beneficial microorganisms emerges a promising strategy to manage crop diseases.
Serendipita indica is a beneficial endophytic fungus with a wide range of hosts. It can promote
plant growth, improve plant nutrient absorption, and enhance plant resistance to biotic and
abiotic stresses. However, little is known on specific mechanisms underlying its beneficial
effects. Emerging evidence suggests that microbe-derived small secreted proteins called
effectors play important regulatory roles in their interaction with host plants. S. indica encodes
numerous effectors, in this study we show that its effector SIE33 play a function in regulating
plant stress resistance, both to the biotic necrotrophic fungal pathogen R. solani and abiotic
salt stress. We will also show its binding host target protein. Our results provide a basis for
improving plant resistance by using beneficial endophytic fungi.
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Pedunculate oak (Quercus robur L.), a long-lived forest tree species, forms symbiotic
relationships with ectomycorrhizal fungi (EMF), which can promote nutrient uptake, stress
resilience, and growth. Like various other tree species, Pedunculate oak exhibits endogenous
rhythmic growth (ERG), a trait conferring the ability to alternate root and shoot flushes as well
as growth cessation as response to changing environmental conditions. However, effects of
different EMF species on ERG dynamics remain largely unknown. Here, we investigated the
impact of two EMF species—Piloderma croceum, a non-native fungus previously shown to
promote growth, and Cenococcum geophilum, a native species with broad ecological range—
on growth performance, biomass allocation, and ERG patterns in a clonal oak system. Our
results show that P. croceum accelerates plant development across growth stages, without
disrupting the endogenous growth rhythm. In contrast, C. geophilum, while showing high
mycorrhization rates, led to reduced biomass accumulation and lengthened development
through the ERG stages, especially by prolonging the root flush. Our findings demonstrate that
EMF species exert species-specific effects on both biomass production and temporal
development of plants, underscoring the functional importance of EMF in shaping host
development. Understanding these interactions provides new insights into the functional
diversity of ectomycorrhizal symbiosis.
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