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PLENARY SESSION: Establishing and maintaining mycor-
rhizas: The molecular interplay 

Chair: Paola Bonfante 

KL (ID 512) 

Reprogramming root cells and altering lipid metabolism to accommodate arbuscular my-
corrhizal fungi 

Maria J. Harrison (Boyce Thompson Institute, Ithaca, NY, USA) 

Most vascular flowering plants have the ability to form endosymbioses with arbuscular mycor-
rhizal (AM) fungi from which they generally gain mineral nutrients while providing carbon to the 
fungal symbiont. Development of the symbiosis is complex and is initiated by signal exchange 
that enables growth of the fungus into the root and subsequently into the root cortical cells. 
Here, reorganization of the cortical cell, coordinated with terminal differentiation of the fungus 
results in a branched hypha called an arbuscule, enveloped in the plant periarbuscular mem-
brane. This interface is the site of nutrient exchange between the symbionts. We are interested 
in the molecular basis of development of arbuscular mycorrhizas as well as the mechanisms 
underlying nutrient exchange between the symbionts. We use Medicago truncatula and 
Brachypodium distachyon, along with AM fungi, Glomus versiforme and Rhizophagus irregularis, 
for our studies. Recently, we used a phylogenomic profiling approach to identify plant genes 
conserved for AM symbiosis that we predict should play significant roles in symbiotic develop-
ment and/or function1. This approach revealed at least 138 genes conserved for symbiosis and 
initial evidence suggests that some of these genes function together in small modules to modify 
aspects of root cell biology or metabolism to accommodate the fungus within the cell. One such 
module is comprised of two genes, FatM1 and RAM22, that encode enzymes of lipid biosynthe-
sis. Analysis of M. truncatula fatm and ram2 mutants provided evidence that FatM and RAM2 
redirect lipid biosynthesis in the colonized cells to generate C16:0 b-monoacylglycerol, a class of 
lipid that is typically exported from the cell3. Furthermore, the phenotype and lipid profiles of 
an ABC transporter mutant, str, suggests that this transporter, which is also conserved for AM 
symbiosis, may be responsible for export of C16:0 b-monoacylglycerol across the periarbuscular 
membrane3. Two previous studies have predicted that AM fungi may lack the capacity for de 
novo fatty acid biosynthesis and therefore may depend on the plant for a supply of fatty acids4,5. 
Thus, our data support the hypothesis that expression of AM symbiosis-conserved genes ena-
bles the root cell to modify lipid biosynthesis to generate a molecule for export to the periar-
buscular apoplast, for subsequent access by the fungus. 

References: 
1Bravo et al., (2016) Nature Plants. DOI:10.1038/NPLANTS.2015.1208. vol 2. 
2Gobbato et al., (2012) Current Biology, 22:2236-2241. 
3Bravo et al., (2017) New Phytologist doi:10.1111/nph.14533 
4Trepanier et al., (2005) Appl. and Environ. Micro., 71:5341-5347 
5Wewer et al (2014) Plant Journal 79:398-412.
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IL (ID 67) 

Effector warfare: the role of effector proteins in the establishment and maintenance of 
mycorrhizal interactions  

Jonathan M. Plett (Hawkesbury Institute for the Environment, Western Sydney Univer-
sity, Richmond, Australia), Krista L. Plett (Hawkesbury Instittue for the Environment, 
Western Sydney University, Richmond, Australia), Maira Pereira (INRA, Nancy, France), 
Johanna Wing-Hang Wong (Hawkesbury Institute for the Environment, Western Sydney 
University, Richmond, Australia), Sara Hortal (Western Sydney University, Richmond, 
Australia), Claire Veneault-Fourrey (INRA, Nancy, France), Annegret Kohler (INRA, 
Nancy, France), Francis Martin (INRA, Nancy, France), Ian C. Anderson (Hawkesbury In-
stitute for the Environment, Western Sydney University, Richmond, Australia) 

In forest ecosystems the roots of most trees and shrubs are colonized by mutualistic ec-
tomycorrhizal (ECM) fungi. Like other mycorrhizal fungi, ECM fungi provide their host 
with growth limiting nutrients in return for photosynthetically fixed carbon. Thanks to 
massive community efforts in genomic and transcriptomic sequencing, the last decade 
has brought us unprecedented understanding of the mechanistic nuts and bolts of how 
these interactions are established. One of the most striking hallmarks of the ‘symbiotic 
toolbox’ encoded by ECM fungi are genes that appear to encode effector-like proteins. 
Effectors are typically small (<300 amino acids), secreted proteins induced during symbi-
osis that bear little homology to any other characterized genes. The proteins classified as 
effectors have been labelled as master regulators of symbiosis due to their ability to ef-
fect a change in host signalling or physiology to foster (or force?) symbiosis. I will discuss 
some of our most recent advances in understanding the biological significance of these 
enigmatic proteins in establishing and maintaining symbiosis with their host plants. I will 
finish off with discussing a question that continues to intrigue – if these master regulators 
are so ‘effective’, why have ECM fungi not made the evolutionary leap to become path-
ogenic? 

Keywords: protein-protein interactions, hormone signaling, host specificity 
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IL (ID 115) 

Nitrogen metabolism in endomycorrhizal symbioses: is orchid mycorrhiza unique? 

Silvia Perotto (Dept. Life Sciences and Systems Biology, University of Turin, Turin, Italy), Vale-
ria Fochi (Dept. Life Sciences and Systems Biology, University of Turin, Turin, Italy), Annegret 
Kohler (Lab of Excellence ARBRE, Unité Mixte de Recherche 1136, INRA-Nancy and Lorraine 
University, Champenoux, France), Mariangela Girlanda (Dept. Life Sciences and Systems Bi-
ology, University of Turin, Turin, Italy), Raffaella Balestrini (Institute for Sustainable Plant Pro-
tection (IPSP), National Research Council (CNR), Turin, Italy) 

Orchids are peculiar among flowering plants because they form a heterotrophic pre-seed-
ling structure, the protocorm, highly dependent on the mycorrhizal fungal partners for sup-
ply of organic carbon and other nutrients. Some orchid species remain heterotrophic, and 
therefore fungus-dependent, also at adulthood. Although orchid tissues are highly N-en-
riched, we know very little on the N form preferentially transferred to the plant, and on the 
mechanisms of transfer 1,2. 

To study fungal and plant molecular determinants that may be involved in N uptake and 
transfer in orchid mycorrhiza, we explored genomic and transcriptomic data obtained for 
the symbiotic association formed between Tulasnella calospora (Basidiomycota, Can-
tharellales) and protocorms of the terrestrial orchid Serapias vomeracea3. We also localized 
fungal and plant transcripts in different cell-type populations collected from mycorrhizal 
protocorms by laser microdissection (LMD). 

Gene expression of a set of fungal and plant genes involved in transport and metabolism 
of N compounds in asymbiotic and symbiotic conditions suggests that organic N may be 
the main form transferred to the orchid host. Although we cannot exclude passive N re-
lease through digestion of senescent hyphal coils 4, plant transcripts coding for amino acid 
transporters were mainly found in protocorm cells containing viable fungal coils, to indicate 
active transfer by a living fungus. On the other hand, the intracellular fungus seems to take 
up ammonium from the apoplastic symbiotic interface, raising intriguing questions on N 
exchanges in orchid mycorrhiza. 

References: 
1 Cameron DD, Leake JR, Read DJ (2006) New Phytol. 171:405–416. 
2 Kuga Y, Sakamoto N, Yurimoto H (2013) New Phytol. 202: 594–605. 
3 Fochi V, Chitarra W, Kohler A, et al. (2017) New Phytol. 213: 365–379 
4 Rasmussen DHN (1995) Terrestrial orchids: From seed to Mycotrophic plant, Cambridge 
University Press. 

Note: RNA sequencing has been carried out at the US Department of Energy (DOE) Joint 
Genome Institute (contract number DE-AC02-05CH11231) within the framework of the 
Community Sequencing Project #978 “The Mycorrhizal Genomics Initiative: Exploring the 
Symbiotic Transcriptomes”, coordinated by F. Martin (INRA-Nancy).  

Keywords: orchid mycorrhiza, nitrogen, transcriptomics, Tulasnella, laser microdissection
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IL (ID 310) 

Lipid transfer from plants to arbuscular mycorrhiza fungi 

Caroline Gutjahr (Faculty of Biology, Genetics, LMU Munich, Martinsried, Germany) 

Arbuscular mycorrhiza (AM) symbioses contribute to global carbon cycles as plant hosts 
divert up to 20% of photosynthate to the obligate biotrophic fungi. Previous experiments 
suggested that carbon is transferred to AM fungi exclusively in the form of carbohy-
drates. However, recently sequenced AM fungal genomes lack genes encoding subunits 
of cytosolic fatty acid (FA) synthase, suggesting that AM fungi may not only depend on 
sugar but also on FA supply from the host. We identified two Lotus japonicus mutants 
defective in AM-specifically expressed lipid biosynthesis genes. These mutants perturb 
arbuscule branching and the formation of vesicles. They also lack emblematic fungal 
16:1w5 FAs, indicating that the fungus may lack sufficient amounts of FAs for desatura-
tion. We used 13C-glucose labelling followed by 16:0 and 16:1w5 FA isotopologue profil-
ing in roots and in extraradical fungal mycelia to address whether lipids are transferred 
from host plants to AM fungi. 13C patterns of fungal FAs recapitulated those of two dif-
ferent wild-type plant hosts, indicating cross-kingdom transfer of a 16:0 FA containing 
lipid from plants to fungi. This transfer of labelled FAs was strongly reduced for the AM-
specific lipid-biosynthesis mutants. We conclude that growth and development of bene-
ficial AM fungi is not only fueled by sugars but in addition by energy-rich lipids from plant 
hosts. 
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IL (ID 511) 

Plant immunity impacting beneficial interactions 

Alga Zuccaro (CEPLAS, Botanisches Institut, Universität zu Köln, Köln, Germany) 

The extent to which immunity functions and defense homeostasis shape and are them-
selves shaped by microbes remains an open question. New sequencing technologies 
combined with pathology, cell biology and physiology have enabled a radical re-evalua-
tion of the phylogenetic relationships between saprotrophs, mutualists and pathogens. 
They also now begin to reveal genomic and transcriptomic signatures of endophytic life-
styles and colonization strategies. As found for well-characterized pathogenic strains, 
mutualistic fungi have panels of effector-like genes and secreted proteins with the po-
tential to modulate the responsiveness of the host and other microbes. There is also ev-
idence that root-associated microbes enhance plant disease resistance. It is therefore 
likely that the immune system is a host-specificity determinant of beneficial endophytes. 
We present here recent advance on molecular communication in root-fungal endophyte 
interaction. 
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IL (ID 105) 

The arbuscular mycorrhizal transportome, next stop please! 

Pierre-Emmanuel Courty (UMR 1347 Agroécologie AgroSup/INRA/uBourgogne Pôle IPM – 
ERL CNRS 6300, INRA Dijon, Dijon, France), Laurent Bonneau (UMR 1347 Agroécologie Agro-
Sup/INRA/uBourgogne Pôle IPM – ERL CNRS 6300, INRA Dijon, Dijon, France), Leonardo Casi-
eri (UMR 1347 Agroécologie AgroSup/INRA/uBourgogne Pôle IPM – ERL CNRS 6300, INRA Di-
jon, Dijon, France), Marine Forges (UMR 1347 Agroécologie AgroSup/INRA/uBourgogne Pôle 
IPM – ERL CNRS 6300, INRA Dijon, Dijon, France), Carole Pfister (UMR 1347 Agroécologie Ag-
roSup/INRA/uBourgogne Pôle IPM – ERL CNRS 6300, INRA Dijon, Dijon, France), Diederik van-
Tuinen (UMR 1347 Agroécologie AgroSup/INRA/uBourgogne Pôle IPM – ERL CNRS 6300, INRA 
Dijon, Dijon, France), Daniel Wipf (UMR 1347 Agroécologie AgroSup/INRA/uBourgogne Pôle 
IPM – ERL CNRS 6300, INRA Dijon, Dijon, France) 

Understanding how arbuscular mycorrhizal (AM) symbioses establish and function is one 
of the most important current challenges in microbial ecology. In AM symbiosis, the fun-
gal symbiont and the plant partner benefit from each other in a number of ways. Indeed, 
availability, uptake and exchange of nutrients in biotrophic interactions will drive plant 
growth and modulate biomass allocation that are central to plant yield. Understanding 
mechanisms underlying nitrogen and phosphorus use efficiency by AM plants and carbon 
allocation in a context of mutualistic biotrophic interactions is critical for plant manage-
ment. However, the establishment and the functioning of the plant-fungal interface as 
well as the local adaptation of the fungal mycelium rely on complex and highly coordi-
nated regulations of plant and fungal gene expression that are not well understood. 
Here, we focus in particular on key players involved in the nutritional exchanges between 
the mycorrhizal plant and the associated AM fungi, and useful for developing future en-
gineering of new agro-ecological systems. 

Keywords: arbuscular mycorrhizal fungi, transportome, nutrition, agroecology 
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IL (ID 184) 

Plant-derived sugar efflux in ectomycorrhizas 

Uwe Nehls (Botany, University of Bremen, Bremen, Germany), Sebastian Nintemann 
(Botany, University of Bremen, Bremen, Germany), Dimitri Neb (Botany, University of 
Bremen, Bremen, Germany), Annette Hintelmann (Botany, University of Bremen, Bre-
men, Germany) 

Due to their mycorrhiza-specific induction in whole genome expression analysis of poplar 
fine roots, members of the SWEET gene family were indicated as candidates for plant 
sugar efflux carriers in ectomycorrhizal symbiosis. This view was further supported by a 
plasma membrane localization of selected SWEET proteins after heterologous expression 
in tobacco leaves. Furthermore, heterologous expression in yeast indicated selected pro-
teins as low affinity glucose facilitators with KM values above 1 mM. Gene expression 
analysis together with protein function makes it rather likely that glucose is a major fun-
gal carbon source delivered by the plant host upon ectomycorrhizal symbiosis. Surpris-
ingly, mycorrhiza-induced expression of these identified glucose efflux carriers was not 
restricted to the Hartig net area of ectomycorrhizas but gene expression was also ob-
served in root sections of the developing interface as well as the root tip. An exclusive 
function of the Hartig net in carbon delivery must thus be questioned. 

As ectomycorrhiza-specific SWEET gene expression was obtained with different ectomy-
corrhizal fungi, a general mechanism of gene induction can be supposed. We have there-
fore started the identification of regulatory elements within the promoter region of se-
lected SWEET genes. For fast progress of such promoter analysis we have developed a 
poplar root transformation protocol that enable the generation of transgenic plants 
within just one month. Our current data indicate that three different regulatory elements 
are working together to allow the observed strong and ectomycorrhiza-specific induction 
of SWEET gene expression. 

Keywords: fungal nutrition, sugar, poplar 
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IL (ID 64) 

Sweet talk with endo- and ecto-mycorrhizal symbionts: do they speak the same lan-
guage? 

Kevin R. Cope (Bacteriology, University of Wisconsin–Madison, Madison, WI, USA), Mu-
thusubramanian Venkateshwaran (University of Wisconsin–Platteville, Platteville, WI, 
USA), Junko Maeda (Bacteriology, University of Wisconsin–Madison, Madison, WI, USA), 
Cathleen Ma (Oregon State University, Corvallis, OR, USA), Steven H. Strauss (Oregon 
State University, Corvallis, OR, USA), Jean-Michel Ané (Bacteriology, University of Wis-
consin–Madison, Madison, WI, USA) 

Arbuscular mycorrhizal (AM) fungi produce various signaling molecules, including lipo-
chitooligosaccharides (LCOs) and short chitooligosaccharides. These fungal signals are 
perceived and transduced in host plants via a highly conserved “common symbiosis path-
way” (CSP). Genomic data suggested that ectomycorrhizal (ECM) fungi, e.g. Laccaria bi-
color, may be capable of producing LCOs and that some ECM host plants like Populus spp. 
contain all the components of the CSP. Based on this observation, we hypothesized that 
some ECM fungi may produce LCOs and that the CSP could play a role not only in AM but 
also in ECM associations. We found that hyphal exudates from several ECM fungi but not 
short chitooligosaccharides can trigger typical root hair branching in Vicia sativa suggest-
ing the presence of non-sulfated LCOs in these ECM exudates. In contrast to sulfated 
LCOs and negative controls, non-sulfated LCOs triggered an increase in both lateral root 
formation in hybrid poplar (Populus x canescens) and the total number of root tips colo-
nized by L. bicolor. We utilized RNA interference to silence the expression of core com-
ponents of the CSP, including CCaMK. Increased lateral root formation induced by non-
sulfated LCOs did not occur in the CCaMK-RNAi line. Furthermore, during colonization of 
poplar by L. bicolor, mantle width, Hartig net depth, and the expression of the phosphate 
transporter PtPH12 were significantly reduced in the CCaMK-RNAi line compared to a 
wild-type control. Altogether, our data suggest that LCOs are produced by some ECM 
fungi and that the CSP has been recruited for the establishment of ECM associations. 

Keywords: arbuscular mycorrhizal fungi, ectomycorrhizal fungi, lipo-chitooligosaccha-
rides, common symbiosis pathway 
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CONCURRENT SESSION: Mycorrhizas in agro- and agrofor-
estry ecosystems 

Mycorrhizas are commonly advocated to improve sustainability and productivity of eco-
systems from which humans extract resources. These qualities are vital for attenuating 
the ecological footprint of a growing human population worldwide. In this session we 
welcome talks on any type of mycorrhiza that give a new insight into ecological function-
ing of these symbioses in ecosystems under different land-use, with a particular focus on 
talks that give clear recommendations for the “way forward” in an integrated manner. 
These can be in the form of a suggested management practice (weighed against alterna-
tives), or through a new understanding of mycorrhizal (community) behavior that in-
forms on their functions in used lands. Whenever possible, talks should extend beyond 
observations of responses of mycorrhizas to land use (or plants to mycorrhizas), through 
integrating these into a general conclusion that can be used as a starting point for a dis-
cussion to critically evaluate how mycorrhiza can contribute to sustainable land use. Fur-
thermore, we specifically encourage submissions and representation from all continents 
explicitly including Latin America, Asia and Africa. 

Chairs: Amadou Ba, Erik Verbruggen 
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CL (ID 89) 

Arbuscular mycorrhiza induces complementarity in mixtures of maize varieties result-
ing in overyielding 

Xin-Xin Wang (College of Resources and Environmental Sciences and Centre for Resources, 
Environment and Food Security, China Agricultural University, Beijing, China), Ellis Hoffland 
(Soil Quality, Wageningen University, Wageningen, the Netherlands), Fei Wang (College of 
Resources and Environmental Sciences and Centre for Resources, Environment and Food 
Security, China Agricultural University, Beijing, China), Gu Feng (College of Resources and 
Environmental Sciences and Centre for Resources, Environment and Food Security, China 
Agricultural University, Beijing, China), Thomas Kuyper (Soil Quality, Wageningen Univer-
sity, Wageningen, the Netherlands) 

Arbuscular mycorrhizal fungi (AMF) have been reported to cause overyielding in plant 
mixtures, suggesting mycorrhiza-induced complementarity. However, the occurrence of 
common mycorrhizal networks has also been claimed to increase niche overlap and to 
reduce complementarity. We grew monocultures and mixtures of maize varieties in a 
greenhouse and in a field experiment to test these competing hypotheses. In the green-
house (with one species of AMF) and in the field (with mixed inoculum), variety mixtures 
showed increased mycorrhizal activity, enhanced P-uptake and overyielding when my-
corrhizal but not when non-mycorrhizal. The increase in relative yield total was mainly 
due to complementarity effects. Mixing also increased size inequalities between varie-
ties. In the field, mixing maize varieties increased species richness of AMF. Our data show 
that the magnitude of mycorrhiza-induced overyielding in variety mixtures was similar to 
that reported for two-species mixtures in the absence of temporal niche differentiation. 

Keywords: complementarity, overyielding, hyphal length density, mycorrhizal fungal 
species richness, mycorrhizal networks 
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CL (ID 164) 

Field reality: short-scale soil heterogeneity impacts mycorrhizal contribution to maize 
P nutrition under contrasted fertilization 

Lidia Campos Soriano (CRAG, Cerdanyola, Barcelona, Spain), Elisa Taschen (UMR Eco&Sols, 
INRA, Montpellier, France), Marcel Bach (CRAG, Cerdanyola, Barcelona, Spain), Ran Erel 
(Eco&Sols, INRA, Montpellier, France), Damien Dezette (Eco&Sols, INRA, Montpellier, 
France), Silvio Salvi (DipSA, Universita’ di Bologna, Bologna, Italy), Blanca San Segundo 
(CRAG, Cerdanyola, Barcelona, Spain), Philippe Hinsinger (Eco&Sols, INRA, Montpellier, 
France) 

The relationship between root colonization by arbuscular mycorrhiza (AM) fungi and 
phosphorus (P) fertilization remains controversial and soil characteristics are still rarely 
considered. To assess the contribution of AM to maize P nutrition in contrasted field con-
ditions, a range of hybrids were grown at two contrasting P levels of a long-term P-ferti-
lizer trial in two adjacent soil types: alkaline and neutral. Root colonization was assessed 
by microscopic observation and qPCR targeting two common AM species, Funneliformis 
mosseae and Rhizophagus irregularis. Functionality of AM colonization was assessed by 
measuring the expression of two P-transporters by qPCR. 

Regardless of the soil type, AM root colonization was highest in the non-fertilized treat-
ment compared to high-P fertilization. Looking closer, this drop was driven by the neutral 
soil and no variation was observed in the alkaline soil with P fertilization. The non-ferti-
lized treatment was particularly harsh for maize development in the neutral soil, trigger-
ing the highest expression of the plant P starvation inducible gene (ZmPT1:3), coupled to 
the lowest plant growth and P content. Under these conditions, the mycorrhizal P uptake 
pathway was particularly activated with the highest expression of the AM inducible P 
transporter (ZmPT1;6). On contrary, its expression remained constant among fertilization 
levels in the alkaline soil. 

The observed resilience to P fertilization in the alkaline soil could partially be due to high 
abundance of F. mosseae, which increased under P fertilization. Our results emphasize 
the importance of considering soil characteristics which differentially impacted AM sym-
bioses and their implication in plant nutrition. 

Keywords: phosphorus fertilization, long term-trial, molecular trait indicators, P trans-
porter, qPCR 
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CL (ID 242) 

Multi-year AMF field application on cereals and pseudocereals: a focus on micronutri-
ents and secondary metabolites 

Elisa Pellegrino (Institute of Life Sciences, Scuola Superiore Sant'Anna, Pisa, Italy), Valen-
tina Ciccolini (Institute of Life Sciences, Scuola Superiore Sant'Anna, Pisa, Italy), Antonio 
Coccina (Institute of Life Sciences, Scuola Superiore Sant'Anna, Pisa, Italy), Laura Ercoli 
(Institute of Life Sciences, Scuola Superiore Sant'Anna, Pisa, Italy) 

Production of cereals and pseudocereals often leads to Fe, Zn, and antioxidant defi-
ciency. A better understanding of the potential of field inoculation with AMF to increase 
micronutrient uptake and production of secondary metabolites is needed. 

We investigated by multi-year field experiments (2013–2017) located in central Italy the 
role of AMF inoculation in Fe-Zn uptake and biosynthesis of antioxidants in cereals (bread 
wheat, durum wheat and millet) and in pseudocereals (buckwheat). 

The effects of AMF inoculation by Rhizophagus irregularis, plant genotypes and several 
agronomic techniques were investigated. AMF inoculum effectiveness was assessed on 
concentration of Fe-Zn and antioxidant compounds in grain and transformed products. 
Occurrence of AMF in roots was assessed using morphological and molecular techniques. 

In 2014 trial, Fe-Zn grain concentrations were increased by AMF inoculation in durum 
wheat (53% and 89%) and bread wheat (61% and 90%). Increases in AMF root coloniza-
tion (durum wheat: 22%; bread wheat: 30%) and modifications in root abundance of AMF 
sequences, belonging to genera Rhizophagus and Funelliformis, were reported. In 2015, 
2016 and 2017 trials, wheat genotypes differently responded to AMF inoculation for Fe-
Zn concentrations (Fe: -26% à 113%; Zn: -22% à 98%), for flavonoids (-29% à 196%), for 
α-lipoic acid (-28% à 199%), for rutin (3% à 27%) and for quercetin (0.9% à 5.2) in whole-
meal flour and transformed products. In 2016 trial, millet and buckwheat genotypes 
showed a wide range of variation in AMF root colonization. 

AMF inoculation represents an agronomic tool to increase food Fe-Zn concentrations and 
antioxidant compounds. 

Keywords: AMF field inoculation, nutraceutical compounds, Fe concentration, Zn con-
centration, agronomic biofortification  
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CL (ID 273) 

Does inoculation with introduced Rhizoglomus irregularis DAOM-197198 change AMF 
community structure in the field? 

Jacynthe Masse (Sciences Biologiques, Université de Montréal, Montreal, Canada), Gen-
eviève Lachance (Premier Tech Biotechnologies, Rivière-Du-Loup, Canada), Agathe Vialle 
(Biopterre, La Pocatière, Canada), Mohamed Hijri (Sciences Biologiques, Université de 
Montréal, Montreal, Canada) 

AMF inoculation of agricultural soils has gained popularity in the last decade with the 
ultimate goal to enhance crop yield and sustainability of agrosystems [1,2]. The effec-
tiveness and establishment of introduced inoculants in the field have shown incon-
sistency that may be due to many factors influencing crop colonization and efficacy [3-
4]. Among these factors, competition with the indigenous AMF and their community 
structure changes could affect the establishment of these inoculants. In this investiga-
tion, we aim to determine the impact of introduced inoculation in the field using Rhi-
zoglomus irregularis on the community structure of indigenous AMF in roots of three 
major crops: corn, soybean and wheat. Three field trials were conducted with inoculated 
and non-inoculated plots. Four to ten samples on two growing phases for each crop were 
collected. Root-colonization and Illumina MiSeq amplicon sequencing using 18S rDNA 
were performed on 122 samples. After quality trimming and bioinformatic analysis, 
4,115,563 reads (35,737 ± 18,296 reads per sample) were kept and analyzed. Taxonomic 
assignment at 97% of sequence similarity resulted in 103 OTUs that were clustered into 
46 virtual VTX. These 46 VTX represented 99.16% of the reads sequenced in each sample. 
Our results showed R. irregularis was the most abundant VTX in inoculated and non-in-
oculated plots for all crops. However, we didn’t observe any significant difference in AMF 
relative abundance nor their community structure in the roots in inoculated and non-
inoculated plots, suggesting that inoculation intervention with R. irregularis didn’t 
changed the native AMF community in the plant roots. 

References: 

[1] Hijri 2016. Mycorrhiza 26:209–214. 

[2] Rillig et al. 2016 Frontiers in Plant Science 7: 1625. 

[3] Gosling et al. 2006. Agriculture, Ecosystems & Environment 113:17–35. 

[4] Verbruggen et al. 2013. New Phytologist 197: 1104–1109. 

[5] Schlaeppi et al. 2016. New Phytologist 212: 780–791. 

Keywords: AMF inoculant, community structure, agriculture, Illumina MiSeq, amplicon 
sequencing 
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Locally diverse arbuscular mycorrhizal fungal communities differentially affect plant 
growth and nutrition 

Alessandra Turrini (Department of Agriculture, Food and Environment, University of Pisa, 
Pisa, Italy), Cristiana Sbrana (Institute of Agricultural Biology and Biotechnology, Na-
tional Research Council, Pisa, Italy), Luciano Avio (Institute of Agricultural Biology and 
Biotechnology, National Research Council, Pisa, Italy), Mario J. Bonilla Loor (Department 
of Agriculture, Food and Environment, University of Pisa, Pisa, Italy), Alberico Bedini 
(INOQ GmbH, Schnega, Germany), Gaia Santini (Department of Agriculture, Food and 
Environment, University of Pisa, Pisa, Italy), Manuela Giovannetti (Department of Agri-
culture, Food and Environment, University of Pisa, Pisa, Italy) 

Functional diversity of arbuscular mycorrhizal fungi (AMF), which plays key roles in plant 
growth and nutrition, has been rarely investigated by means of whole native AMF com-
munities. A distinctive field site within the UNESCO Biosphere Reserve “Selva Pisana” 
hosting the AMF highest species richness detected in a single area, with 58 AMF species 
and 14 genera, was identified as a “hot-spot” of AMF diversity1. 

Here, the soil from such a site, harbouring its native AMF communities, was collected 
from 6 plots showing uniform chemical-physical characteristics and used to grow three 
plant species (Allium cepa, Lactuca sativa and Capsicum annuum), which were evaluated 
for biomass, P and N contents. AMF communities in the roots of plants producing the 
most contrasting growth and nutritional responses were analyzed by constructing librar-
ies from AML1/AML2 amplicons and sequencing the relevant clones. 

AMF species common to agricultural soil, such as Funneliformis mosseae, Claroideoglo-
mus etunicatum and Rhizoglomus spp. and other sensitive to agricultural practices, such 
as Racocetra fulgida were identified. The highest AMF species richness and the most 
evenly distributed AMF community composition were detected in the roots of plants 
showing the best growth performances. Moreover, a distinctive host preference was 
found in some AMF species. 

Our work demonstrates that the local diversity of native AMF communities may strongly 
affect plant responses, a finding to be further explored in the years to come, in order to 
exploit the potential benefit of mycorrhizal symbionts in sustainable agroecosystems. 

References: 
1Njeru E.M. Avio L., Bocci G., Sbrana C., Turrini A., Bàrberi P., Giovannetti M., Oehl F. 
(2015) Contrasting effects of cover crops on ‘hot spot’ arbuscular mycorrhizal fungal 
communities in organic tomato. Biol Fertil Soils 51:151–166. 

Keywords: native AMF community composition, biosphere reserve, local AMF diversity, 
AMF functional diversity
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Bamboo forest expansion increases soil organic carbon through its effect on soil arbus-
cular mycorrhizal fungal community and abundance 

Hua Qin (College of Environmental and Resource Sciences, Zhejiang A & F University, Lin'an, 
China) 

Aims: Moso bamboo (Phyllostachys pubescens) is a fast-growing species that can invade 
neighboring forests through its vigorous rhizome system, leading to large shifts of plant 
diversity and soil properties. A primary concern is the response of arbuscular mycorrhizal 
(AM) fungal communities and related soil C sequestration to bamboo forest expansion. 

Materials and Methods: We used a long-term soil chronosequence from primary broad-
leaved forest to moso bamboo forest to examine the changes in AM fungal abundance 
and communities, as well as their role in soil C storage. Soil AM fungal abundance was 
estimated by 16:1ω5 NLFA and community composition was analyzed using high-
throughput sequencing technique based on Illumina MiSeq platform. 

Results and discussion: AM fungal communities showed strong niche differentiation, and 
were highly structured by forest type (r2=0.647, P=0.001), and marginally correlated to 
soil pH and organic C. Bamboo forest expansion increased soil AM fungal biomass, easily 
extracted glomalin-related soil protein (EE-GRSP), and water-stable macroaggregates. 
We observed that soil AMF biomass contributed substantially to both soil macroaggre-
gates and EE-GRSP, which were tightly correlated with soil organic C. The influence of 
bamboo forest expansion on soil C sequestration was mainly due to its indirect effect on 
AM fungal biomass. 

Conclusions: Bamboo forest expansion significantly changed soil AM fungal communities 
and increased AM fungal biomass, which in turn contributed to enhanced soil aggrega-
tion and C sequestration. 

Keywords: arbuscular mycorrhizal fungal community, moso bamboo forest expansion, 
soil C sequestration, glomalin-related soil protein, water-stable macroaggregates 
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Exploring functional applications of arbuscular mycorrhizal fungi in sweet cherry and 
links to fruit quality 

Karen Barry (University of Tasmania, Hobart, Australia), Abdelsalam Abobaker (Univer-
sity of Tasmania, Hobart, Australia), Reham Mohammed (University of Tasmania, Ho-
bart, Australia), Hend Mohamed (University of Tasmania, Hobart, Australia), Sally Bound 
(University of Tasmania, Hobart, Australia), Morag Glen (University of Tasmania, Hobart, 
Australia), Nigel Swarts (University of Tasmania, Hobart, Australia), Penny Measham 
(Horticulture Innovation Australia, Brisbane, Australia) 

Perennial fruit crops are known to form effective relationships with arbuscular mycorrhi-
zal fungi (AMF) but few studies have been conducted in Australia or with sweet cherry, 
which is an important fruit crop in Tasmania. The aim of recent research has been to 
characterize these associations and explore functions related to fruit quality. 

Glasshouse trials were established with sweet cherry cuttings inoculated with Rhizopha-
gus irregularis, and found that survival and growth of cuttings increased significantly. 
Treatments with reduced and excessive water application sought to determine if pres-
ence of the same AMF species could moderate changes in water potential and other 
physiological indicators of stress, but results were typically not significant. 

A field trial was conducted which examined the impact of conventional and alternative 
fertilizer and weed management on fruit quality in a commercial sweet cherry orchard. 
A positive and significant relationship was found between root colonization by native 
AMF and several fruit quality characteristics, including titratable acidity and total soluble 
solids.  

Studies to estimate abundance and diversity of resident AMF species have been con-
ducted in two commercial sweet cherry orchards. Extraction of soil DNA and glomeran-
specific quantitative PCR has revealed that strong seasonal differences in abundance of 
glomeran species can be found, and species diversity via PacBio next generation sequenc-
ing will also be presented. 

In conclusion, knowledge of the role of AMF in commercial orchards is vital to inform 
practical management and through a range of ongoing studies this is being advanced. 
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Contribution of arbuscular mycorrhizas to crop nutrition and health in maize agroecosystems 

John Larsen (Instituto de Investigaciones en Ecosistemas y Sustentabilidad, Universidad 
Nacional Autonoma de Mexico, Morelia, Mexico), Dante Lopez Carmona (Instituto de Investi-
gaciones en Ecosistemas y Sustentabilidad, Universidad Nacional Autonoma de Mexico, More-
lia, Mexico), Marcela Sarabia (Instituto de Investigaciones en Ecosistemas y Sustentabilidad, 
Universidad Nacional Autonoma de Mexico, Morelia, Mexico), Ricardo Aguilar (Instituto de In-
vestigaciones en Ecosistemas y Sustentabilidad, Universidad Nacional Autonoma de Mexico, 
Morelia, Mexico), David Ortiz Salgado (Instituto de Investigaciones en Ecosistemas y Sustenta-
bilidad, Universidad Nacional Autonoma de Mexico, Morelia, Mexico), Omar Real Santillan (In-
stituto de Investigaciones en Ecosistemas y Sustentabilidad, Universidad Nacional Autonoma de 
Mexico, Morelia, Mexico), Monica Alvarado Herrejon (Instituto de Investigaciones en Ecosiste-
mas y Sustentabilidad, Universidad Nacional Autonoma de Mexico, Morelia, Mexico), Estefania 
Saucedo Correa (Instituto de Investigaciones en Ecosistemas y Sustentabilidad, Universidad 
Nacional Autonoma de Mexico, Morelia, Mexico), Guadalupe Zitlalpopoca Hernandez (Instituto 
de Investigaciones en Ecosistemas y Sustentabilidad, Universidad Nacional Autonoma de Mex-
ico, Morelia, Mexico), Semiramis Gutierrez Nuñez (Instituto de Investigaciones en Ecosistemas 
y Sustentabilidad, Universidad Nacional Autonoma de Mexico, Morelia, Mexico) 

Abuscular mycorrhizal fungi (AMF) are abundant and diverse in most agroecosystems, but their 
full potential in crop nutrition and health is yet unexplored. Management of AMF in agroeco-
systems requires profound knowledge on their ecology especially in terms of interactions with 
other plant and soil biota and how they respond to agricultural practice. 

In a series of greenhouse pot- and field experiments the contribution of native AMF to crop 
nutrition and health were explored. Also their interactions with other beneficial rhizosphere mi-
croorganisms as well as their response to application of mineral and organic fertilizers and 
chemical pesticides were examined. 

In general AMF were compatible with other rhizosphere fungi such as Candida spp., Tricho-
derma spp. and Beauveria bassiana resulting in improved P nutrition and root health. Strong 
plant growth promotion and depression was observed without and with mineral P fertilization, 
respectively. Organic fertilization in terms of green manure, animal manure and compost had 
no effect on AMF root colonization except green manure with rape, which reduced AMF root 
colonization. Application of the pesticides Carbofuran, Benomyl and Glyphosate all strongly re-
duced both AMF root and soil colonization. Field experiments employing Benomyl as non-my-
corrhizal control treatments revealed plant growth promotion and depression depending on 
maize genotype, soil characteristics and fertilization scenario. 

In conclusion, native communities of AMF seem to be important in maize agroecosystems in 
relation to crop nutrition and health, why conservation and management of AMF should be an 
integrated component when developing crop nutrition and health programs for maize produc-
tion. 
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Both in vivo- and in vitro-produced arbuscular mycorrhizal inoculum improve perfor-
mance of stressed Malus domestica 

Jozsef Racsko (Technology, Mycorrhizal Applications, LLC, Grants Pass, USA), Stephanie 
Garcia (Technology, Mycorrhizal Applications, LLC, Grants Pass, USA) 

Application of in vivo- and in vitro-produced mycorrhizal inocula in agricultural systems 
has become increasingly popular to improve crop performance. The effectiveness of in-
oculum in agrosystems must be assessed for the continued development of these inoc-
ulum production technologies. The goal of this study was to investigate the efficacy of in 
vivo- versus in vitro-produced MycoApply® inocula in container-grown apple trees. In 
spring of 2016, commercially available MycoApply® mycorrhizal inoculum containing 
four arbuscular mycorrhizal species (Rhizophagus intraradices, Funeliformis mosseae, 
Claroideoglomus etunicatum, Glomus aggregatum) and produced either in vivo (trade 
name MycoApply Endo) or in vitro (trade name MycoApply EndoMaxx) were applied to 
bare-root ‘Honeycrisp’ apple trees at a rate of 6,000 propagules per tree. Single trees 
were planted into 450 kg tote bags with a calcined granular clay medium and grown un-
der nutrient and water stress. Each treatment contained 6 individual tree replicates. 
ANOVA analysis was used to determine statistical significance at a P level < 0.05. Both in 
vivo- and in vitro-produced inocula were effective in increasing mycorrhizal colonization, 
vegetative growth, relative chlorophyll content, photosynthesis, and chlorophyll fluores-
cence. Although there were no clear effects on root volume (measured by water dis-
placement), noticeable differences in the nutrient content were observed between the 
leaves of inoculated trees and the untreated trees. Mineral nutrient content in the leaves 
increased (N, P, Mn) and decreased (Na, Al, Cu). This study confirmed equal efficacy of in 
vitro- and in vivo-produced mycorrhizal inocula to improve performance of apple tree as 
host plant. 

Keywords: inoculum production, Malus domestica, in vivo vs. in vitro, biofertilizer, root 
colonization  
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The potential of ‘biofertilization’ and ‘bioirrigation’ for enhancing legume-cereal inter-
cropping yield 

Krishna Saharan (Botany, University of Basel, Basel, Switzerland) 

Legume-cereal intercropping is often used in traditional dry land agriculture, but little is 
known about the processes by which nutrient and water resources are shared between 
the crops. Here, we tested whether finger millet, a shallow-rooted cereal, can profit from 
a deep-rooted neighboring pigeon pea (capable of “bioirrigation”, a mechanism by which 
a deep-rooted plant redistributes water to a neighboring plant) in the presence of “bio-
fertilization” with arbuscular mycorrhizal fungi (AMF) and plant growth-promoting rhizo-
bacteria (PGPR), when exposed to drought conditions. We conducted a greenhouse ex-
periment using compartmented microcosms. Pigeon pea was grown in a deep compart-
ment with access to a moist substrate layer at the bottom, whereas finger millet was 
grown in a neighboring shallow compartment, separated by 25-µm nylon mesh, without 
direct root-access to the moist substrate layer. In the presence of a common mycorrhizal 
network (CMN), with or without PGPR, drought conditions had little negative effect on 
the biomass production of the finger millet plant whereas in absence of biofertilization, 
finger millet biomass production was less than half compared to well-watered condi-
tions. Isotope tracing (15N and 33P was employed to investigate nitrogen and phosphorus 
transfer in the context of biofertilization and the different water conditions. Our results 
show that “biofertilization” with AMF alleviates the negative effects of drought on the 
finger millet plant and indicate that the pigeon pea plant provides a “bioirrigation” effect 
in this simulated intercropping system. 
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Under pressure: overgrazing decreases mycorrhizal colonization of preferred and un-
preferred grasses in the Patagonian steppe 

Agustín A. Grimoldi (Cátedra de Forrajicultura, Facultad de Agronomía, Universidad de 
Buenos Aires, Buenos Aires, Argentina), Romina A. Cavagnaro (Cátedra de Botánica Sis-
temática, Facultad de Agronomía, Universidad de Buenos Aires, Buenos Aires, Argentina), 
Esteban Pero (Cátedra de Forrajicultura, Facultad de Agronomía, Universidad de Buenos 
Aires, Buenos Aires, Argentina), Natalie Dudinszky (Laboratorio Ecotono, INIBIOMA, Cen-
tro Regional Universitario Bariloche, Universidad Nacional del Comahue, Bariloche, Ar-
gentina), Rodolfo A. Golluscio (Cátedra de Forrajicultura, Facultad de Agronomía, Uni-
versidad de Buenos Aires, Buenos Aires, Argentina) 

Introduction/Aim: Arbuscular mycorrhizal fungi (AMF) are related to plant community 
dynamics and ecosystem functioning. Overgrazing can negatively affect plant perfor-
mance unbalancing the association with AMF. We studied the effect of sheep grazing 
pressure on AMF colonization for preferred (Bromus pictus and Poa ligularis) and unpre-
ferred grasses (Pappostipa humilis and Pappostipa speciosa) in the Patagonian steppe. 

Materials and Methods: The degree of AMF colonization (hyphae, arbuscules and vesi-
cles) in ungrazed, moderate and intense grazing sites was quantified. Root samples were 
taken during two contrasting seasons: summer (active plant growth) and autumn (de-
scending plant growth). 

Results: In ungrazed sites, during the summer, B. pictus showed the highest degree of 
AMF colonization (59% B. pictus > 29% P. speciosa > 24% P. ligularis > 16% P. humilis). 
Moreover, in B. pictus, the most preferred species, AMF colonization markedly decreased 
from ungrazed sites to those with moderate and intense grazing. In all species, mycorrhi-
zal colonization was reduced by intense grazing conditions. 

Discussion: Decrease of AMF colonization by intense grazing was higher in the most pre-
ferred species, but also significant for the unpreferred species. Notably, the reduction of 
AMF colonization in unpreferred species did not match with their greater abundance un-
der intense grazing conditions, revealing AMF colonization as an indicator of system de-
terioration. 

Conclusion: Our results suggest that benefits of mycorrhizal symbiosis for mineral nutri-
tion and plant survival are being disrupted by overgrazing as an indicator property for 
the whole system, eventually revealing an increasing degree of ecosystem degradation. 

Keywords: arbuscular mycorrhizal fungi, desertification, grazing intensity, herbivore 
preference, tussock grasses 
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Improving production of globally important crops by using AMF genetic variability and 
in vitro production 

Alia Rodriguez (Biology Dept., National University of Colombia, Bogota, Colombia), Isabel 
C. Ceballos (Biology Dept., National University of Colombia, Bogota, Colombia), Marcela 
Ordoñez (Biology Dept., National University of Colombia, Bogota, Colombia), Lucas Villard 
(Dept. Ecology and Evolution, University of Lausanne, 1015 Lausanne, Switzerland), Ian R. 
Sanders (Dept. Ecology and Evolution, University of Lausanne, 1015 Lausanne, Switzerland) 

Arbuscular mycorrhizal fungi (AMF) have an enormous potential to increase crop yields 
on a global scale because all globally important plants form this symbiosis. Cassava is the 
second most important component in the daily diet of about 1 billion people and it is 
cultivated in acidic soils with low nutrient availability. Enormous challenges lie ahead, in 
terms of providing food to the growing human population and designing sustainable crop 
systems. I will show how, by using naturally occurring genetic variation of in vitro-pro-
duced AMF, it is possible to use these fungi to greatly increase the production of this 
globally important crop. Using such variation in the fungi can result in very large repro-
ducible differences in cassava root productivity, in real farming situations, although this 
is highly dependent on combination of both the AMF genotype and the plant variety. 
Realistic application of AMF in agriculture should also not have negative impacts on ex-
isting AMF communities. I will, therefore, also discuss the impact of genetic variation in 
AMF on local AMF communities. Our work demonstrates that AMF genetics can be used 
to greatly increase production of globally important crops in an environmentally sound 
way. However, our work also shows that crop genetics needs to be considered as well in 
such applications. 

Keywords: cassava, AMF, genetics, crop production, application 
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Using genetic variability of arbuscular mycorrhizal fungi to improve cassava water-
stress tolerance in Africa 

Ricardo Peña (Department of Ecology and Evolution, University of Lausanne, Lausanne, 
Switzerland), Ian R. Sanders (Department of Ecology and Evolution, University of Lau-
sanne, Lausanne, Switzerland), Alia Rodriguez (Biology Department, Faculty of Sciences, 
National University of Colombia, Bogotá, Colombia), Moses Thuita (International Insti-
tute of Tropical Agriculture. IITA-Nairobi, Nairobi, Kenya), Cargele Masso (International 
Institute of Tropical Agriculture. IITA-Nairobi, Nairobi, Kenya) 

Water scarcity is a problem around the world that negatively impacts global crop yields. 
Climate change is expected to greatly increase the severity of droughts, thus exacerbat-
ing the problem. The use of arbuscular mycorrhizal fungi (AMF) can potentially mitigate 
the effects of water-deficit stress in plants. Cassava is a crop that feeds almost one billion 
people daily. In the attempt to produce more food, cassava is increasingly being grown 
on marginal lands in Africa where the plant suffers water deficit almost annually. Inocu-
lation of cassava with AMF has repeatedly been shown to successfully increase yields of 
cassava in Colombia. AMF could potentially be applied in many areas of the tropics where 
cassava is cultivated, including Africa. In a joint Swiss, African and Colombian investiga-
tion in Tanzania and Kenya we have been using genetic variation in AMF to improve cas-
sava production and address problems of drought tolerance. Our hypothesis is that prog-
eny from isolates of Rhizophagus irregularis that contain more within-fungus genetic var-
iability will induce a wider range of tolerance responses to drought than progeny with a 
low within-fungus genetic variability. Here, I will present how genetically variable AMF 
lines significantly contributed to root production in an improved and a local variety of 
cassava and how the genetic variability in the fungi affected the drought tolerance of the 
plants. 

Keywords: water-stress, cassava, genetic variability 
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How reliable are microbial inoculants in agriculture for improving yield and nutrient 
use efficiency? – a meta-analysis 

Lukas Schütz (University of Basel, Basel, Switzerland), Andreas Gattinger (Research Insti-
tute for Organic Agriculture (FiBL), Frick, Switzerland), Matthias Samuel Meier (Research 
Institute for Organic Agriculture (FiBL), Frick, Switzerland), Adrian Müller (Research Insti-
tute for Organic Agriculture (FiBL), Frick, Switzerland), Paul Mäder (Research Institute for 
Organic Agriculture (FiBL), Frick, Switzerland), Thomas Boller (University of Basel, Basel, 
Switzerland), Mathimaran Natarajan (University of Basel, Basel, Switzerland) 

The application of microbial inoculants, also called biofertilizers, is a promising technol-
ogy for future sustainable farming systems in view of rapidly decreasing phosphate (P) 
stocks and fossil fuel reserves for chemical nitrogen (N) fertilizer production. Rhizosphere 
microorganisms have evolved together with the plants, and many of them contain genes 
that are valuable for enhancing plant growth and health. Soils and climates are highly 
variable, and the success of inoculation is difficult to predict. We have conducted a meta-
analysis to quantify benefits of biofertilizers in terms of yield increase, nitrogen and phos-
phorus use efficiency. A total of 633 peer reviewed publication studies were screened 
and 169 studies proved to be eligible for meta-analysis enabling us to make 1672 pairwise 
comparisons, in which we included only studies in which inoculated plots and non-inoc-
ulated control plots were compared under identical P and N inputs. Most studies origi-
nate from tropical and subtropical countries. Major findings were: 1) the superiority of 
biofertilizer performance in dry climates over other climatic regions (yield response: dry 
climate +21.0%, tropical climate +15.9%, oceanic climate +11.3%, continental climate 
+10.1%); 2) meta-regression analyses revealed that yield response due to biofertilizer 
application was generally small at low soil P levels; efficacy increased along higher soil P 
levels in the order AMF, P solubilizers and N fixers. Moreover, success of AMF inoculation 
was greater at low organic matter content and a neutral pH. We conclude that bioferti-
lisers are already a viable technology to increase yield and thereby P use efficiency. 

Keywords: biofertilizer, nitrogen use efficiency, phosphorus use efficiency, agricultural 
productivity, microbial inoculants 
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Linking fertility amendments, field management, and sorghum genotypes with AM 
fungi and grain nutritional quality 

Adam B. Cobb (Natural Resource Ecology and Management, Oklahoma State University, 
Stillwater, USA), Gail W. T. Wilson (Natural Resource Ecology and Management, Okla-
homa State University, Stillwater, USA) 

Introduction/Aim: Improved partnerships between AM fungi and food crops, such as 
grain sorghum (Sorghum bicolor), could alleviate current agricultural issues such as the 
staggering rate of farm soil erosion and the unsustainable use of global phosphorus re-
serves. Our research assesses sorghum genotype and farm management influences on 
AM fungi, linking these with grain production and nutrition. 

Materials and Methods: We determined AM responsiveness in sorghum genotypes un-
der greenhouse conditions. In corresponding field experiments, we assessed the impact 
of alternative fertility amendments (biochar, worm compost) and farm management 
practices (intercropping) on AM fungal abundance. We examined how intra-radical 
(measured microscopically) and extra-radical (measured using phospholipid and neutral 
lipid fatty acid analyses) AM fungal abundance influenced grain quality (e.g. protein). 

Results: In low-fertility soil, landrace (open-pollinated) cultivars were more highly colo-
nized and significantly more responsive to AM fungi, while producing significantly more 
grain, with greater nutritional quality, compared to commercial (fertilizer responsive) hy-
brids. Alternative amendments and farm practices maintained or improved yield and 
grain nutrition, with greater intra- and extra-radical AM fungal abundance, compared to 
conventional practices. 

Discussion/Conclusion: Farm management and genotype selection are key considera-
tions, as some agricultural practices and genotypes can reduce the abundance and ben-
efits of AM fungi. Our results indicate that breeders and farmers may be able to utilize 
sorghum genetic traits and improved agricultural practices to increase AM biomass and 
enhance the benefits of AM fungi in agroecosystems, potentially improving grain produc-
tion and nutrition, decreasing the need for phosphorus amendments, and stabilizing 
farm soils. 

Keywords: intercropping, biochar, worm compost 
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Conservation Agriculture – Are mycorrhizal fungi also conserved? 

Joanna Dames (Biochemistry and Microbiology, Rhodes University, Grahasmstown, 
South Africa), Wendy Sekgota (ARC Plant Protection Research Institute, Pretoria, South 
Africa), Susan Koch (ARC Plant Protection Research Institute, Pretoria, South Africa) 

Conservation agriculture (CA) promotes reduction of fertilizers and agrochemicals, re-
duced tillage (RT) of soil with cover cropping, crop rotation and intercropping manage-
ment practices. It has been well documented that many conventional agricultural prac-
tices negatively affect arbuscular mycorrhizal (AM) establishment and functioning. Could 
conservation agricultural approaches also conserve or enhance mycorrhizal activity in 
the soil? 

An experimental trial of three replicates plots under CON and RT subdivided into twelve 
treatments of six crops and two fertilizer inputs was assessed over several growing sea-
sons for various AM fungal parameters such as spore density, percentage root colonisa-
tion and easily extractable glomalin related soil protein (GPRS). Cropping combinations 
were maize monoculture; maize soybean rotation; maize cowpea rotation; maize cow-
pea intercropping; maize oats intercropping; maize vetch intercropping. 

AM fungal spore densities and GPRS concentrations were very low and colonisation was 
absent and did not improve over the subsequent growing season. As a result AM fungal 
inoculation was applied to all plots and in the third growing season resulted in increased 
mycorrhizal parameters assessed. Overall, fertilizer application and crop type had subse-
quent implications for mycorrhizal activity. 

The absence of mycorrhizal activity in the initial trial stages despite the CA approach may 
be a result of historical land use practices and current practices and has been noted in 
similar trials. What has become apparent is that a change in management practices does 
not translate into an active soil mycorrhizal population and inoculation interventions may 
be required.  
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Efficiency of six AMF consortia on papaya plants from six different natural ecosystems 
of Mexico 

Dora Trejo (Agricultural Science Faculty, Universidad Veracruzana, Xalapa, Mexico), Ignacio 
E. Maldonado-Mendoza (Agricultural Biotechnology, Instituto Politécnico Nacional, Guasave, 
Mexico), Jacob Banuelos (Agricultural Science Faculty, Universidad Veracruzana, Xalapa, 
Mexico) 

Inoculant efficiency has been observed when a mixture of AMF species is used. There-
fore, selecting efficient species from native populations for specific target sites is desira-
ble. The goal was to evaluate the efficiency of six consortia from natural ecosystems. 
Sand dunes, deciduous low forest, tropical forest, xeric shrubland, cloud forest and pine-
oak woodlands soil was collected. It was then propagated for 10 months. AMF root col-
onization was determined for each of them. A full randomized experiment was estab-
lished with 5 replicates and 7 treatments (6 ecosystem inoculant and a control). Carica 
papaya plants were used because it is highly mycotrophic and their effects were shown 
45 days after inoculation. We evaluated, root length AMF colonization, leaf area, total 
leaf P, and dry weight of the plant. The AMF species that were present in each inoculant 
were morphologically identified at the beginning and currently a metagenomic analysis 
is under way by using massive sequencing. A one-way ANOVA was used for each variable. 
We found significant differences (P ≤ 0.05) among treatments, being the pine-oak wood-
lands consortium the one that yielded the highest values on dry weight and root AMF 
colonization. Nevertheless, the total P content in the sampled tissue of the sand dunes 
consortium showed an 11-folds increase compared with the control, while the low jungle 
consortium only had 3.5-folds increase respect to control but it showed the highest 
growth on other variables. These results show that the AMF function varies in a plant 
species. 
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The coffee agroecosystem highlights possible non-host drivers of diversity in AMF com-
munities 

Laura Aldrich-Wolfe (Biological Sciences, North Dakota State University, Fargo, USA), 
Katie Black (Biology, Concordia College, Moorhead, MN, USA), W. Gaya Shivega (Biology, 
Concordia College, Moorhead, MN, USA), Eliza L.D. Hartmann (Biology, Concordia Col-
lege, Moorhead, MN, USA), Peter G. Johnson (Biology, Concordia College, Moorhead, 
MN, USA), Riley D. McGlynn (Biology, Concordia College, Moorhead, MN, USA), Logan C. 
Schmaltz (Biology, Concordia College, Moorhead, MN, USA), Rebecca J. Asheim (Biology, 
Concordia College, Moorhead, MN, USA) 

Which aspects of the environment are key determinants of fungal diversity? For crops 
such as coffee, grown in tropical ecosystems and largely supplanting them, understand-
ing drivers of diversity is important for maintaining diverse and sustainable agroecosys-
tems. Because coffee fields vary in shade, chemical use, and nutrients, they serve as a 
natural laboratory for examining effects of non-host differences on fungal communities. 

We used Illumina sequencing of the fungal ITS2 and the UNITE database to characterize 
root communities of 25 coffee fields in Costa Rica, for which we also collected data on 
environmental characteristics. We used regression, PCA and decision trees to determine 
which environmental parameters were most strongly associated with diversity of fungi 
and of AMF in particular. 

Both fungal and AMF richness were higher in coffee fields with less available phosphorus, 
while AMF richness was positively correlated with shade and fungal richness with cal-
cium. AMF richness and abundance were positively correlated, but there was no rela-
tionship between fungal richness and abundance. Of 58 AMF species detected, only 
abundance of Gigaspora margarita was negatively correlated with shade. 

Greater AMF richness in soils poor in phosphorus may reflect the relative importance of 
the symbiosis. However, the same pattern for fungi, and for AMF in the shade, suggests 
that low resource availability may maintain diversity through reducing competitive ex-
clusion. Alternatively, higher AMF richness and abundance in shadier environments may 
reflect coffee’s origin as a forest understory tree. Agroecosystems provide insights into 
potential drivers of diversity, suggesting factors to test in manipulative experiments. 

Keywords: arbuscular mycorrhiza, tropical, coffee agroecosystem, diversity, community 
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Effects of nitrogen and phosphorus addition on ectomycorrhizal community composi-
tion and function 

Juan P. Almeida (Biology, Lund University, Lund, Sweden), Håkan Wallander (Biology, 
Lund University, Lund, Sweden), Nicholas Rosenstock (Biology, Lund University, Lund, 
Sweden) 

Nitrogen is the main limiting nutrient in boreal ecosystems, but studies in south-western 
Sweden suggest that certain forests approach phosphorus (P) limitation driven by nitro-
gen (N) deposition. 

To estimate how this will influence the composition of ectomycorrhizal (ECM) communi-
ties and N retention, we added N, P or N+P to Norway spruce forest plots to push the 
system either to N or P limitation. We measured tree growth and needle chemistry, ECM 
biomass and ECM uptake and leaching of 15N added to ingrowth mesh-bags. Additionally, 
we analysed the effect on ECM communities, both in soil and in apatite amended mesh-
bags. 

Tree growth responded positively to P fertilization and needle P concentrations in the 
control plots were below deficiency levels suggesting that the system was P limited. ECM 
biomass was reduced and 15N ammonium leaching enhanced by N+P fertilization but not 
by P or N fertilization. The ECM communities in the soil significantly responded to N+P 
and P fertilization further supporting a more important role of P than of N in regulating 
growth and activity of trees and ECM fungi in this forest. Tylospora asterophora was sig-
nificantly more abundant in the N+P and P fertilization in soils while Boletus badius was 
significantly more abundant in the apatite-amended mesh-bags, especially in the N treat-
ment where P demand is higher. 

The ecological significance of these two species is discussed, and further studies under 
more controlled conditions will be performed to estimate the roles of these species in 
tree nutrition under different nutrient regimes. 
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Does rapid urbanisation pressure in Delhi also threatens biodiversity of Arbuscular My-
corrhizal fungi?  

Manju M. Gupta (Sri Aurobindo College, University of Delhi, Malviya Nagar, India) 

Urban ecosystems of Delhi forests have been known to harbor rich biodiversity of Arbus-
cular Mycorrhizal (AM) fungi. In the present study, an effort was made to study the im-
pact of soil and air polluting anthropogenic activities on biodiversity of AM fungi. It was 
hypothesized that AM fungi would not be able to sustain the urbanization pressure due 
to upsurge of environmental (air and soil) pollution in Delhi, and the effect would be 
reflected in different measures of biodiversity and abundance.  

AM fungal biodiversity was measured at nine sites located in ancient Aravalli ranges at 
Delhi, India which were classified as low, moderate and high human intervention sites 
based on values of measured as air quality index and soil factors. The spores were quan-
tified and characterized from 81 samples collected from these sites. 

High alpha, beta and gamma diversity of AM fungi was observed in this area. Significant 
decrease in AM fungal diversity (measured as Shannon Wiener index and evenness) and 
abundance (richness and biovolume) was observed in high human intervention sites. Sig-
nificant differences in AM fungal community structure were depicted with nonmetric 
multidimensional scaling (nMDS) and PERMANOVA. Members of family Gigasporaceae 
in subphylum Glomeromycotina were found to be specifically affected by urbanization. 
Therefore, looking into the overall status of AM fungal biodiversity in these sites of Ara-
valli forest ranges, long term ecosystem based strategies need to be designed to ensure 
their protection and conservation. 

Keywords: biodiversity, pollution, human intervention, Glomeromycota, arbuscular 
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Elemental Stoichiometry of indicates predominant influence of potassium and phos-
phorus limitation on arbuscular mycorrhizal symbiosis in acidic soil at high altitude 

Mohammad H. Khan (University of Gauhati, Guwahati, India), Mukesh K. Meghvansi 
(Defence Research Laboratory, Tezpur, India), Rajeev Gupta (Defence Research Labora-
tory, Tezpur, India) 

The functioning of high-altitude agro-ecosystems is constrained by the harsh environ-
mental conditions, such as low temperatures, acidic soil, and low nutrient supply. It is 
therefore imperative to investigate the site-specific ecological stoichiometry with re-
spect to AM symbiosis in order to maximize the arbuscular mycorrhizal (AM) benefits for 
the plants in such ecosystems. Here, we assess the elemental stoichiometry of four Cap-
sicum genotypes grown on acidic soil at high altitude in Arunachal Pradesh, India. Fur-
ther, we try to identify the predominant resource limitations influencing the symbioses 
of different Capsicum genotypes with the AM fungi. Foliar and soil elemental stoichio-
metric relations of Capsicum genotypes were evaluated with arbuscular mycorrhizal 
(AM) colonization and occurrence under field conditions. AM fungal diversity in rhizo-
sphere, was estimated through PCR-DGGE profiling. Results demonstrated that the sym-
biotic interaction of various Capsicum genotypes with the AM fungi in acidic soil was not 
prominent in the study site as evident from the low range of root colonization (21–
43.67%). In addition, despite the rich availability of carbon in plant leaves as well as in 
soil, the carbon-for-phosphorus trade between AMF and plants appeared to be limited. 
Our results provide strong evidences of predominant influence of the potassium-limita-
tion, in addition to phosphorus-limitation, on AM symbiosis with Capsicum in acidic soil 
at high altitude. We also conclude that the potassium should be considered in addition 
to carbon, nitrogen, and phosphorus in further studies investigating the stoichiometric 
relationships with the AMF symbioses in high altitude agro-ecosystems. 

Keywords: stoichiometry, resource limitation, arbuscular mycorrhizal fungi, acidic soil, 
high altitude 
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The source of Arbuscular Mycorrhizal fungi inoculum improved the growth and nutri-
ent uptake of Faidherbia albida (Del.) A. Chev. tree seedlings 

Emiru Birhane Hizikias (Land Resources Management and Environmental protection, 
Mekelle University, Mekelle, Ethiopia), Mengsteab Hailemariam (Land Resources Man-
agement and Environmental protection, Mekelle University, Mekelle, Ethiopia), Tesfay 
Araya (Mekelle University, Mekelle, Ethiopia), Kiros M. Hadgu (World agroforestry cen-
ter, Addis Ababa, Ethiopia) 

Poor land use management inhibit the growth and establishment of agroforestry seed-
lings in the dryland areas. Inoculation of plants with AM improves the establishing of 
agroforestry plants on degraded soils. This paper quantified the AM status of Faidherbia 
albida trees grown on different land uses and the growth and nutrient uptake of F. albida 
seedlings inoculated with different AM inoculum sources. Soil and fine root samples were 
collected from the rhizosphere soils of F. albida trees maintained in different land uses. 
Completely randomized designs (CRD) with four treatments replicated five times were 
used to grow F. albida seedlings in a greenhouse. All F. albida trees were colonized by 
AM fungi. AM root colonization and spore abundance of F. albida trees grown on area 
exclosure was significantly higher (P<0.0086) followed by grazing land and cultivated 
land. Glomus was the dominant genus in all land uses AM inoculated F. albida seedlings 
shown significant (P<0.05) growth enhancements compared to controls. Growth im-
provement and nutrient uptake was significantly (P<0.05) higher in seedlings inoculated 
with AM from area exclosure followed by grazing land and cultivated land. This emphasis 
the importance of native soil AM potentials in area exclosure and grazing land for better 
combinations of F. albida seedlings with AM fungi to achieve optimum plant growth im-
provement, environment protection, and rehabilitation of degraded lands. 

Keywords: spore abundance, AM colonization, inoculum types, land use types, agrofor-
estry 
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Improving growth performance of Allanblackia floribunda cuttings using mycorrhizal 
association 

Alain Calice Tsobeng (Agroforestry, World Agroforestry Centre, Cameroon; Ghent Uni-
versity, Belgium, Centre, Cameroon), I. Felenou Tchinmegni (Agroforestry, Higher Institu-
tion of Environmental Sciences (HIES), Cameroon, Centre, Cameroon), Eddy Leonard 
Mangaptché Ngonkeu (Plant Biology and Physiology, University of Yaoundé 1, Came-
roon; Institute of Agriculture Research for Development, Cameroon; Higher Institute of 
Environmental Sciences, Cameroon, Centre, Cameroon), Patrick Van Damme (Forestry 
Research Department, Ghent University, Belgium; Prague University, Czech Republic, 
Ghent, Belgium), Daniel Ofori (Agroforestry, World Agroforestry Centre, Accra, Ghana), 
Zacharie Tchoundjeu (Agroforestry, World Agroforestry Centre, Cameroon; Higher Insti-
tute of Environmental Sciences (HIES), Cameroon, Centre, Cameroon), Ramni Jamnadass 
(World Agroforestry Centre, Nairobi, Kenya) 

The studies aim to assess (1) the mycorrhizal status and community richness in six popu-
lations of Allanblackia floribunda (Batibo, Mouanko, Yalpenda, Nkenlikok, Ngoumou and 
Lomie), two states of the system (disturbed and undisturbed) and two circumference 
classes (less than 40cm and up to 50cm) of Allanblackia spp. (2) the effect of three inoc-
ulums (indigenous soils from root zone of A. floribunda composed of the five fungi taxa 
mentioned below, one inoculum composed of mixture of Acaulospora tuberculata and 
Gigaspora margarita and the control) on growth (length of stem) and development (total 
sugar and proline) of A. floribunda stecklings were carried out. Results showed that A. 
floribunda is naturally colonized by arbuscular mycorrhizae. Root colonization was signif-
icantly (p < 0.01) different in the targeted populations with the highest observed in Yal-
penda (57.21 ± 3.175%). State of the system significantly (p = 0.003) affected root colo-
nization. Undisturbed soils displayed the highest root colonization (37.20 ± 1.82%). Cir-
cumference classes had significant (p = 0.03) influence on root colonization with the 
highest observed on circumferences up to 50cm (37.51 ± 1.90%). Five fungi taxa were 
described at the root zone of A. floribunda: Sclerocystis verrucosa, Gigaspora margarita, 
Acaulospora tuberculata, Entrophospora infrequens and Glomus manihotis. Twelve 
months after the inoculations, it was respectively observed that length, total sugar and 
proline contents were significantly affected by the mycorrhizal inoculation (p < 0.001, p 
= 0.04 and p < 0.001). From this study, the mycorrhizal inoculation is important for the 
growth and development of A. floribunda stecklings. 

Keywords: arbuscular mycorrhizae, indigenous inoculum, inoculated stecklings, proline, 
total sugar 
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AM fungi development in not irrigated rice paddy field 

Suleyman Abdurashytov (agricultural microbiology, FSBSI Research Institute for agriculture 
of Crimea, Simferopol, Russian Federation), Elvina Abdurashytova (agricultural microbiol-
ogy, FSBSI Research Institute for agriculture of Crimea, Simferopol, Russian Federation), Ale-
ksandra Sitnikova (agricultural microbiology, FSBSI Research Institute for agriculture of Cri-
mea, Simferopol, Russian Federation), Anna Egovceva (agricultural microbiology, FSBSI Re-
search Institute for agriculture of Crimea, Simferopol, Russian Federation) 

It is known that the population of AM (arbuscular mycorrhizal) fungi weakly developed 
in rice paddy field. Rice was grown in Ukraine on saline areas of southern chernozem, 
which also reduce the development of mycorrhizal colonization of plants. Irrigation of 
rice was organized from the Dnieper River by Northern Crimean Channel. In 2014, the 
supply of water into the channel was stopped and ceased to rice grow. Other drought-
resistant crops are growing now. Therefore, the aim of this work is a survey of AM fungi 
population in rice paddies in the absence of irrigation. 

In 2015, mycorrhiza was determined in 25.8 % root segments of control plants in virgin 
solonetsous southern chernozem, where the irrigation and the rice grown are never con-
ducted. Intensity of colonization was amounted 2.9 %. Frequency and intensity of colo-
nization of winter wheat and sunflower what grown in rice paddy fields are reached to 
55.8-58.3 % and 4.0-11.0 % respectively. Colonization are enhanced because perennial 
irrigation is contribute to reduction salinity of this soil (Khitrov, 2016). In normal condi-
tions of virgin southern chernozem, frequency and intensity of colonization are achieved 
to 88.3-94.6 % and 31.0-60.2 % respectively. 

Thus, the irrigation had a double effect on mycorrhiza formation: increase of AM fungi 
development by reason of salt elution, but colonization is not maximum by reason of 
flooded method of rice cultivation. 

This work was supported by RFBR grant 16-34-00548 mol_a  
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Diversity of arbuscular mycorrhizal fungi in Rhizosphere soil of undomesticated sugar-
cane, Saccharum spontaneum L. in Hainan, China 

Jinlian Zhang (Microbiology Research Institute, Guangxi Academy of Agricultural Sci-
ences, Nanning, Guangxi, China), Qian Wang (Microbiology Research Institute, Guangxi 
Academy of Agricultural Sciences, Nanning, Guangxi, China), Xiaojuan Qin (Microbiology 
Research Institute, Guangxi Academy of Agricultural Sciences, Nanning, Guangxi, China), 
Han Bao (Agricultural College, Guangxi University, Nanning, Guangxi, China), Weihong 
Yan (Microbiology Research Institute, Guangxi Academy of Agricultural Sciences, Nan-
ning, Guangxi, China), Jinghua Huang (Agricultural College, Guangxi University, Nanning, 
Guangxi, China), Tingsu Chen (Microbiology Research Institute, Guangxi Academy of Ag-
ricultural Sciences, Nanning, Guangxi, China) 

All most cultivated sugarcanes around the world were derived from Saccharum sponta-
neum L, a perennial herbage species belonging to the Gramineae family. Because of its 
strong tillering and adaptation, wide distribution, and tolerance to stresses, this undo-
mesticated species was commonly used in early breeding programs. In this study, we 
sampled rhizosphere soils from unrelated S. spontaneum plants that were collected from 
three different regions and grown in the same open field at the Hainan Sugarcane Breed-
ing Station. Arbuscular mycorrhizal (AM) fungi were identified by their soil-borne spores 
morphology and quantified. It was found that rhizosphere soils were rich with AM fungi, 
with thirteen species including genera of Scutellospora, Archaeospora, Glomus and Rhi-
zophagus. Under the same climate and cultivation conditions, rhizosphere soils differed 
significantly in AM fungi species and spores density among the three unrelated S. spon-
taneum genotypes, however, no significant difference was found within the same geno-
type. Our data indicate that host genotype can affect colonization of AM fungi. This find-
ing will help guild future breeding activities in selecting proper parent genotypes. 

Acknowledgement: This research was funded by NSFC (No.31360356) 

Keywords: diversity, arbuscular mycorrhizal fungi, rhizosphere soil, Saccharum sponta-
neum L, undomesticated sugarcane 
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Relationship between arbuscular mycorrhizal fungi and forage grasses under defolia-
tion at different phosphorus supplies 

Romina A. Cavagnaro (Cátedra de Botánica Sistemática, Facultad de Agronomía (UBA), 
Ciudad Autónoma de Buenos Aires, Argentina), Mariano Oyarzabal (Departamento de 
Métodos Cuantitativos y Sistemas de Información, Facultad de Agronomía (UBA), Ciudad 
Autónoma de Buenos Aires, Argentina), Martín Oesterheld (Cátedra de Ecología, Fac-
ultad de Agronomía (UBA), Ciudad Autónoma de Buenos Aires, Argentina), Agustín A. 
Grimoldi (Cátedra de Forrajicultura, Facultad de Agronomía (UBA), Ciudad Autónoma de 
Buenos Aires, Argentina) 

Introduction/Aim: Defoliation reduces photosynthetic activity resulting in losses of car-
bon and nutrients. Mycorrhizae can facilitate regrowth by improving plant nutrition. 
However, post-defoliation recovery of the plants could be influenced by their mycorrhizal 
responsiveness and soil phosphorus availability. We evaluated mycorrhizae effects on 
post-defoliation recovery in Agropyron elongatum and Brachiaria brizantha at different 
phosphorus supplies.  

Materials and Methods: A manipulative experiment with two forage grass species was 
designed: A. elongatum (low responsiveness, temperate) and B. brizantha (high respon-
siveness, tropical). For each species, treatments were: inoculation with arbuscular my-
corrhizal fungi (non-inoculated and inoculated), soluble P-supply (low: 0,02mM and high: 
1mM) and defoliation (non-defoliated and 60% defoliation). After 22 and 34 days post-
defoliation, biomass production, number of tillers per plant and relative growth rate 
(RGR) were assessed. 

Results: In A. elongatum, at low P/+Inoc. and high P/-Inoc., no differences were found in 
total biomass between non-defoliated and defoliated plants. In those treatments, rela-
tive growth rate (RGR) of defoliated plants was higher than in non-defoliated ones. Con-
sequently, removed biomass was compensated. At high P, mycorrhizae depressed post-
defoliation recovery of plants (32% less tillers per plant). In B. brizantha, mycorrhizae had 
a positive effect in all treatments. 

Discussion: In A. elongatum at low P, mycorrhizae favors plants regrowth, while the op-
posite occurs at high P supply. In B. brizantha, mycorrhizae always promoted plant re-
growth. 

Conclusion: Our results indicate that the relationship between AMF and defoliated 
grasses vary with the mycorrhizal affinity of the host species and is modulated by phos-
phorus supply. 

Keywords: Agropyron elongatum, Brachiaria brizantha, arbuscular mycorrhizal fungi 
(AMF), phosphorus supply, defoliation 
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Effect of commercial mycorrhizal inoculum (Ectovit and Symbivit) on Quercus suber 
grouwth at nursery stage 

Arifa Beddiar (Biology, LBVE. Badji Mokhtar Annaba University, Annaba, Algeria), Hana 
Ksentini (Biology, LBVE. Badji Mokhtar Annaba University, Annaba, Algeria), Amel Med-
dad-Hamza (Biology, Badji Mokhtar Annaba University, Annaba, Algeria) 

The health status of cork oak forest in Algeria is worrying due to the combined action of 
several natural, historical and anthropogenic factors. These threats make it necessary to 
produce high-quality seedlings in nurseries for successful reforestation. The present 
study aims to improve the growth of cork oak (Quercus suber L.) by the exploitation of 
mycorrhizae in the nursery stage. 

For this purpose, a controlled mycorrhization test was carried out on cork oak seedlings 
from aseptically pre-germinated seeds inoculated or not inoculated with two commercial 
inocula (Ectovit and Symbivit, INOCULUM plus, France), brought in separately or as a 
mixture. The growing substrate is composed of a mixture of 60% olive pomace and 40% 
forest humus. It was sterilized in half of the treatments in order to deduce possible syn-
ergistic effects of the natural telluric microflora. 

After 9 months of growth, the results show that mycorrhizal inoculation (inoculum mixed 
or not) had significant effects on height growth, fresh aerial and root biomass of the cork 
oak, on the rate of colonization by ectomycorrhizal and arbuscular symbionts, and the 
chlorophyll content compared to controls. Sterilization of the substrate revealed a syn-
ergistic effect of the natural microflora especially on the root biomass, the aerial biomass 
/ root biomass ratio and on the chlorophyll content. These results show that the use of 
controlled mycorrhization based on commercial products can be an effective alternative 
in the case where the local inoculum is not available and saves time. 

Keywords: Quercus suber, controlled mycorrhization, Ectovit and Symbivit inoculum, 
growth 
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The role of arbuscular mycorrhizal fungi on soil aggregation and crop nutrition in agro-
ecosystems 

Mary N. Muchane (Botany, National Museums of Kenya, Nairobi, Kenya), Bernard Van-
lauwe (International Institute of Tropical Agriculture (IITA), Nairobi, Kenya), Joyce Jefwa 
(Botany, National Museums of Kenya, Nairobi, Kenya), Thom Kuyper (Wageningen Uni-
versity, Wageningen, the Netherlands) 

Arbuscular mycorrhizal fungi (AMF) are essential for increasing the sustainability of agro-
ecosystems. However, the importance of AMF in soil aggregation, crop nutrition and 
productivity under agricultural systems proposed to restore degraded soils is often not 
quantified. We investigated the relative importance of AMF and roots in influencing soil 
aggregation, and crop nutrition and production in two field trials differing in manage-
ment and soil type (Kabete – humic nitisol soil and organic management, Nyabeda – fer-
rasols soil and conservation agriculture management) in Kenyan agro-ecosystems. We 
measured aggregate size distribution, crop yield, nitrogen and phosphorus uptake, spore 
abundance, species richness, hyphal length, glomalin levels, root colonization and inoc-
ulum potential (IP). Structural equation modeling (path analysis) indicated that AMF 
played a role in soil aggregation, N and P uptake, and crop production in the two sites, 
but their role was dependent on soil conditions, management and agricultural practices. 
Glomalin was important in explaining soil macro-aggregates in Nyabeda, and both 
macro-aggregates and micro-aggregates in Kabete. Root length and hyphal length were 
important in explaining soil aggregates in both sites. AMF activity (colonization, hyphal 
length & IP) positively correlated with N and P uptake and subsequent crop yield in Ka-
bete, while differences in AMF did not explain crop nutrition and production in Nyabeda. 
AMF spore abundance and species richness had no effect on soil aggregation, crop nutri-
tion and production. The study highlights the importance of AMF in soil aggregation, crop 
nutrition and production in agro-ecosystems 

Keywords: glomalin, soil structure, arbuscular mycorrhiza fungi, agro-ecosystems, ferti-
lizer 
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Recurrent glyphosate application reduces arbuscular mycorrhizal inoculum potential in 
a pampean grassland of Argentina 

Marina Omacini (Department of Natural Resources, IFEVA-CONICET, University of Bue-
nos Aires, Argentina, Buenos Aires, Argentina), Magdalena Druille (Department of Ani-
mal Production, IFEVA-CONICET, University of Buenos Aires, Argentina, Buenos Aires, Ar-
gentina), Juan Pablo Guercio (IFEVA-CONICET, University of Buenos Aires, Argentina, 
Buenos Aires, Argentina), Damian Di Maio (IFEVA-CONICET, University of Buenos Aires, 
Argentina, Buenos aires, Argentina), Pablo García-Parisi (Department of Animal Produc-
tion, University of Buenos Aires, Argentina, Buenos Aires, Argentina) 

Glyphosate is a broad-spectrum herbicide used worldwide in crop fields and other agroe-
cosystems. In grasslands of the Pampa region (Argentina), it is usually applied in late sum-
mer to increase winter productivity of by reducing competition of forbs and C4 grasses 
improving the germination of Lolium multiflorum. 

We conducted a set of experiments to assess soil inoculum potential and arbuscular my-
corrhizal colonization of various species after recurrent annual applications of glyphosate 
at the recommended dose (3 l Glacoxan.ha-1.year-1) in a pampean native grassland. 

Under field conditions, we detected a decrease of viable spores of arbuscular mycorrhizal 
fungi after one application, and 56% reduction of their density after four. Glyphosate 
application improved establishment and growth of L. multiflorum without affecting my-
corrhizal root colonization of this cool-season grass. However, soil legacies left by this 
practice lowered other plant species’ ability to form mycorrhizal associations in a micro-
cosm study with soils that received glyphosate. Furthermore, a significant reduction of 
root colonization was observed in two of five species established in soils that received 
one application (23% and 6% for the native grass Melica brassiliana and the legume Lotus 
tenuis, respectively). But these differences in species response were erased in soils that 
received glyphosate in four consecutive years (18% average reduction of root coloniza-
tion). 

To conclude, grassland managers should consider that glyphosate application negatively 
impacts on mycorrhiza. Herbicide effects on non-target organisms and interactions may 
have long-term consequences for the dynamics and productivity of agroecosystems 
where nutrient availability is low. 

Keywords: Latin-American ecosystems, mycorrhiza spores, herbicide 
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Quantitative assay of ectomycorrhiza of Pinus caribaea in a nursery in Uganda 

Lakuma Kenneth Opiro (Mycorrhiza Centre, Kampala, Uganda) 

Quantitative assay is numerical examination or analysis of a given substance in a partic-
ular sample. Keeping in view the undeniable role ectomycorrhiza play in the establish-
ment and growth of Pine seedlings in the field, it is possible to grade the seedlings and 
establish the most suitable planting-out age of the seedlings through quantitative assay 
of ectomycorrhiza. This was carried out in order to find out at what age of the seedlings 
ectomycorrhizal intensity is highest. Seedlings planted out at this age will have the great-
est chance of good establishment, growth and survival. The study was carried out in 
Katugo nursery. The sampled seedlings were of the ages 10, 11, 12, 13, 14, 15, 16, 18, 21, 
23 and 25 months. Thirty seedlings of each age were picked randomly from each nursery 
bed. They were transported to laboratory for ectomycorrhizal root counts. Each seedling 
was soaked in water so as to remove soil from it. The roots of Pines consist of short and 
long roots, the former being ectomycorrhizal and the later non-ectomycorrhizal. Ecto-
mycorrhizal root tips are yellowish in colour with swollen end. Non-ectomycorrhizal roots 
tips are dark brown and not swollen. Both root tips were counted from each seedling and 
the averages recorded. Average percentage of ectomycorrhizal root tips was calculated. 
On the basis of percentage of ectomycorrhizal root tips, seedlings should be planted out 
when they are 13 months old. However, it is recommended that similar study be carried 
out for seedlings which are 3, 4, 5, 6, 7, 8 and 9 months old. 

Keywords: quantitative, assay, ectomycorrhiza, pines, nursery 

  



ICOM 9 

43 

P (ID 31) 

Arbuscular mycorrhizal fungi in stockpile soils of South African coal mines 

Rasheed A. Adeleke (Agricultural Research Council-Institute for Soil Climate and Water, 
Arcadia 0001, Pretoria, South Africa, Pretoria, South Africa), Obinna Ezeokoli (North-west 
University, Potchefstroom, South Africa), Cyril Nwangburuka (Babcock University, Ilishan 
Remo, Nigeria) 

Mycorrhizal associations play key roles in the modulation of nutrients in most vascular 
plants. However, establishment of mycorrhizal associations in plant roots are influenced 
by prevailing soil condition and management practice. Stockpiling and storage conditions 
during coal mining operations may impair arbuscular mycorrhizal (AM) fungal spore sur-
vival and viability in topsoil, thus undermining post-mining mycorrhizae associations in 
cultivated rehabilitated soils. In this study, AM fungal spore density and mycorrhization 
were assessed in stockpile soils obtained from three South African opencast coal mines. 
Stockpiles were randomly sampled at depths of ≤ 200 mm (topsoil) and >200 mm (sub-
soil), and used for mycorrhizal trap culturing in maize (Zea mays) plants. AM fungal spore 
density in pot soils and mycorrhization in roots were assessed using classical staining and 
targeted amplification and sequencing of the nuclear rRNA gene of the Glomeromycota 
phylum. AMF spore density was significantly different (P<.05) between soil samples and 
highest in topsoil from unmined (control) soils. AMF spores were morphologically iden-
tified as belonging to genera Acaulospora, Gigaspora and Scutellospora. Nuclear rRNA 
gene detection in roots revealed that AMF colonisation was more associated with topsoil 
than with subsoil. Furthermore, species of the genus Paraglomus were the only colonis-
ers of the maize roots in all soils, suggesting a very low diversity of viable AMF spores, 
poor support for the establishment of root-AMF symbioses or the presence of a single 
maize (host)-specific AMF symbiont in these soils. Overall, results suggest that stockpile 
depths may have an effect on spore density and mycorrhization.  

Keywords: coal mining, arbuscular mycorrhizal fungi, mycorrhization, stockpiling, soil 
management 
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Mycorrhizal colonization affects rice gene expression of resistance traits in response to 
herbivore feeding 

Lina Bernaola (Entomology, Louisiana State University, Baton Rouge, USA), Renesh Bedre 
(Texas A&M AgriLife Research and Extension Center, Weslaco, USA), Michael Stout (Lou-
isiana State University, Baton Rouge, USA) 

Arbuscular mycorrhizal fungi (AMF) are one example of beneficial soil microbes that play 
a vital role in mediating plant resistance against insect herbivores. Rice (Oryza sativa) 
also establishes root associations with AMF1. However, little is known about the under-
lying molecular mechanisms of these interactions2. We studied how AMF colonization 
leads to changes in rice gene expression, up-regulating/down-regulating resistance-re-
lated genes, thereby increasing performance of fall armyworm (Spodoptera frugiperda, 
FAW). 

In a greenhouse experiment, we characterized the molecular responses to FAW-dam-
aged and undamaged rice plants colonized or not colonized with mycorrhizae to identify 
candidate marker genes and gene networks involved in plant defense. Leaves were col-
lected at 24 hours after larvae fed from rice plants subjected to four treatments: mycor-
rhizae FAW-damaged (MD) and undamaged plants (MUD), and non-mycorrhizae dam-
aged (NMD) and undamaged plants (NMUD). Following the feeding, leaves of the plant 
were removed and the tissue was prepared for RNA isolation, and synthesis of cDNA. 

Transcriptome analysis documented differential gene expression among the four treat-
ments. Validation of altered expression levels of eighteen unigenes that encode plant 
defense biosynthetic enzymes and transcription factors using quantitative Real-Time PCR 
(qRT-PCR) will be discussed to reveal novel underlying mechanisms during rice-AMF-FAW 
interactions. The primary genes of interest were plant defense genes associated with the 
salicylic acid and jasmonic acid pathways2. Our results indicate that AMF colonization 
causes changes in gene expression related to defense responses, with important conse-
quences for rice-FAW interactions. Ongoing research will provide insights into the under-
lying mechanisms of plant resistance in rice. 

References: 

1 Gutjahr C, Siegler H, Haga K, Lino M, Paszkowski U. Plos One. 2015; DOI:10.1371/jour-
nal.pone.0123422 

2 Lu J, Maud Robert CA, et al. Plant Physiology, 2015, 167, 1100-1116. 
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Persistence and effectiveness of Rhizophagus irregularis isolate IR27 on the fruit pro-
duction of jujube trees in a semi-arid field condition 

Babacar Thioye (Université Cheikh Anta Diop (UCAD), Dakar, Senegal) 

Arbuscular mycorrhizal fungi (AMF) play a major as biofertilizer for sustainable agricul-
ture. Nevertheless, it is still poorly documented whether inoculated AMF can successfully 
establish in field soils with exotic AMF and improve plant growth and productivity. Here, 
we inoculated two provenances (Tasset and Gola) of the fruit tree Ziziphus mauritiana 
(jujube) with the exotic AM fungus Rhizophagus irregularis isolate IR27. There were four 
treatments to compare (Tasset non-inoculated, Tasset inoculated, Gola non-inoculated 
and Gola inoculated). All inoculated seedlings vs non-inoculated seedlings showed a sig-
nificant increase in growth at the end of the nursery stage and these differences re-
mained after 18 months on growth and fruit production in the field. Molecular analysis 
of AMF community based on MiSeq Illumina sequencing of 18S rRNA gene, revealed no 
significant effect of provenance and inoculation factors and their interactions on rich-
ness, diversity and abundance of native AM fungal communities whatever the inoculated 
treatments. The inoculant R. irregularis IR27 was specifically traced and discriminated 
from native R. irregularis isolates in roots by using qPCR assay targeting a fragment of 
the RNA polymerase II gene (RPB1) and still accounted for 12% to 15 % of the root colo-
nization. Fruit production was significantly increased in inoculated jujubes compared 
with non-inoculated controls. Success and sustained positive effects of inoculation with 
R. irregularis IR27 hold promise for the role that AM fungal inoculum could play within 
fruit production of jujubes cultivated in semi-arid field conditions. 

Keywords: Ziziphus mauritiana, fruit farming, Glomeromycota, ecological engineering, 
Senegal 
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Historical land use determines arbuscular mycorrhizal communities regardless of dec-
ades since intensive agricultural conversion 

Valeria S. Faggioli (INTA, Marcos Juárez, Argentina), Marta N. Cabello (FCNyM – UNLP, 
CICPBA, La Plata, Argentina), Adrian Langarica-Fuentes (The James Hutton Institute, 
Dandee, UK), Fernanda Covacevich (INBIOTEC (CONICET)-FIBA; INTA, Balcarce, Argen-
tina), Timothy J. Daniell (The University of Sheffield, Sheffield, UK) 

Arbuscular mycorrhizal fungi (AMF) are key components of soil microbiota. Since inten-
sive soybean (Glycine max Merr.) cultivation was established in Latin America, millions 
of hectares are deforested and cattle farms converted to monocultures every year. The 
objective of this study was to investigate the effect of historical land use (HLU) on AMF 
communities of current soybean fields. Representative soil and root samples were taken 
from three areas according to the period since agricultural conversion: Forest (<10 
years), Livestock (10–50 years), Agricultural (>50 years); from 125 sites of Argentina. AMF 
spores were morphologically identified and T-RFLP method was used to study AMF pat-
terns in soybean roots. A total of 36 species was found belonging to 7 families: Ambispo-
raceae, Acaulosporaceae, Claroideoglomeraceae, Diversisporaceae, Entrophosporaceae, 
Gigasporaceae and Glomeraceae. The most frequently occurring species were Acau-
lospora scrobiculata, Claroideoglomus etunicatum, Funneliformis mosseae and Glomus 
fuegianum. Forest sites exhibited significantly higher richness followed by Livestock and 
Agricultural. The same pattern was found with the number of AMF TRFs in roots. Pairwise 
comparison of communities based on spore abundances showed that each HLU was dif-
ferent to another. TRFs revealed that soybean grown in Forest sites had a community 
structure different from Livestock and Agricultural, but the formers did not differed be-
tween them. In conclusion, HLU strongly determined AMF community composition and 
richness in spite of being currently subjected to soybean cultivation practices. Future 
work should aim to examine how colonizing AMF communities change in order to avoid 
the loss of specific groups which could affect agriculture sustainability. 

Keywords: Glomeromycota, community structure, T-RFLP, 18S RNA, soybean 
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Diversity and richness of AMF in avocado crops 

Ma. Blanca Nieves Lara Chavez (Parasitologia Agricola, Universidad Michoacana de San 
Nicolas de Hidalgo, Uruapan Michoacan, Mexico), Rafael Ceron Antonio (Parasitologia 
Agricola, Universidad Michoacana de San Nicolas de Hidalgo, Uruapan Michoacan, Mex-
ico), Margarita Vargas Sandoval (Parasitologia Agricola, Universidad Michoacana de 
San Nicolas de Hidalgo, Uruapan Michoacan, Mexico), Salvador Aguirre Paleo (Parasito-
logia Agricola, Universidad Michoacana de San Nicolas de Hidalgo, Uruapan Michoacan, 
Mexico), Martha Elena Pedraza Santos (Fitotecnia, Universidad Michoacana de San Ni-
colas de Hidalgo, Uruapan Michoacan, Mexico), Jose Manuel Espinosa Prado (Instituto 
Tecnologico Superior de Los Reyes Michoacan, Los Reyes, Michoacan, Mexico) 

Composition of AMF (Arbuscular Mycorrhizal Fungi) communities are affected by the ag-
ricultural practices such as tillage, fertilization and no crop rotation. The establishment 
of a monoculture can be related with the decrease of beneficial fungi in high fertility 
conditions. 

The aim of this investigation was to recognize the diversity and richness of AMF in an 
avocado monoculture. 

Diversity and richness of AMF were investigated in avocado crops with high inorganic 
fertilization. The studio area is located in the municipality of Uruapan, Michoacan, Mex-
ico. At the time of soil collection, the weather conditions were: temperature 26°C, with 
rain. During the wet season (August 2016), the soil samples were taken from the upper-
most until 30 cm under the avocado crop. Spores were isolated from 30g samples and 
were morphologically identified. Diversity was calculated using the Shannon Wiener in-
dex. 

Total species richness was fifteen; Entrophospora infrequens, Claroideoglomus clarum, 
Diversispora spurca, Septoglomus constrictum, Entrophospora nevadensis, Claroideoglo-
mus claroideum, Diversispora aurantia, Glomus macrocarpum, Glomus sp., Funneliformis 
mosseae, Acaulospora scrobiculata, Glomus citrícola, Funneliformis geosporum, Sclero-
cystis sinuosa y Sclerocystis rubiformis. 

Our results show a low diversity in the study field with a loss of spores in Septoglomus 
and Acaulospora an increase in Glomus population. We suggest that agricultural prac-
tices in this place strongly selects the dominance of few AMF species. 

Keywords: monoculture, agricultural, practices, fertilization, rotation 
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Bio-fertilization of pea (Pisum sativum L.) with arbuscular mycorrhizal fungi enhanced 
the seed yield and quality in organic farming 

Sonia Labidi (Agronomy and Crop Biotechnology Department, National Agronomic Insti-
tute of Tunisia, Tunis, Tunisia), Ibtissem Jbeli (Agronomy and Crop Biotechnology Depart-
ment, National Agronomic Institute of Tunisia, Tunis, Tunisia), Yolande Dalpé (Centre de 
recherche de l’est sur les céréales et oléagineux (CRECO), Ottawa, Canada), Fayçal Ben 
Jeddi (Agronomy and Crop Biotechnology Department, National Agronomic Institute of 
Tunisia, Tunis, Tunisia) 

Arbuscular mycorrhizal (AM) symbiosis could play a key role in the establishment of a 
sustainable organic farming in the semi-arid region of Mediterranean countries. The aim 
of the current work is to study the effect of AM fungi bio-fertilization on the productivity 
of pea (Pisum sativum L.) cultivated in organic farming in a semi-arid region of Tunisia.  

The experiment was conducted in the field, in rainfall conditions. Six treatments were 
applied: the control (T): no fertilization; (F): organic amendment (bovine manure); (A): 
inoculation with a mixture of two indigenous AM fungi species (Glomus deserticola and 
Glomus sp.); (S): inoculation with a commercial mycorrhizal inoculum “Symbivit” (mix-
ture of 6 Glomus species); (AF): 50% of organic amendment + 50% of the indigenous my-
corrhizal inoculum and (SF): 50% of organic amendment+50% of the commercial mycor-
rhizal inoculum. 

Our results demonstrated that AM inoculation increased mycorrhizal root colonization 
of pea plants. Growth parameters were higher in mycorrhized treatments compared to 
(T) and (F) treatments. The treatment (AF) produced the highest increase in seed yield: 2 
folds higher compared to the control. These results could be explained by the enhance-
ment in nitrogen and phosphorus uptake by103 and 267 %, respectively, in plants inocu-
lated with AM fungi compared to non-inoculated. Also, the crude protein percentage and 
the amount of total phenolic compounds in pea seeds were ameliorated in mycorrhized 
plants. 

Our study revealed the positive effect of AM bio-fertilization on the seed yield and quality 
of pea in organic farming, at the field, in rainfall conditions. 

Keywords: pea (Pisum sativum L.), AM fungi, organic amendment, bio-inoculation 
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Mycorrhizal inoculation differentially affects Touriga Nacional grapevine performance 
in Cu-contaminated and non-contaminated soils 

Amaia Nogales (Linking Landscape, Environment, Agriculture and Food (LEAF) – Instituto 
Superior de Agronomia – Universidade de Lisboa, Lisboa, Portugal), Erika S Santos (Linking 
Landscape, Environment, Agriculture and Food (LEAF) – Instituto Superior de Agronomia – 
Universidade de Lisboa, Lisboa, Portugal), Maria Manuela Abreu (Linking Landscape, Envi-
ronment, Agriculture and Food (LEAF) – Instituto Superior de Agronomia – Universidade de 
Lisboa, Lisboa, Portugal), Diego Arán (Department of Soil Science and Agricultural Chemis-
try, University of Santiago de Compostela, Santiago de Compostela, Spain), Helena Sofia 
Pereira (Linking Landscape, Environment, Agriculture and Food (LEAF) – Instituto Superior 
de Agronomia – Universidade de Lisboa, Lisboa, Portugal), Carlos M. Lopes (Linking Land-
scape, Environment, Agriculture and Food (LEAF) – Instituto Superior de Agronomia – Uni-
versidade de Lisboa, Lisboa, Portugal), Wanda Viegas (Linking Landscape, Environment, 
Agriculture and Food (LEAF) – Instituto Superior de Agronomia – Universidade de Lisboa, 
Lisboa, Portugal) 

Plant inoculation with arbuscular mycorrhizal fungi (AMF) is increasingly being used to 
enhance productivity and sustainability in agricultural ecosystems. In the present study, 
we aimed to evaluate the potential benefits of AMF inoculation in young grapevines re-
planted in vineyard soils with high Cu concentrations. For this purpose, one year old Tour-
iga Nacional grapevines grafted onto 1103P rootstocks colonized with a consortium of 
native AMF from a vine nursery were further inoculated with Rhizoglomus irregulare (Ri) 
or Funneliformis mosseae (Fm), or were left non-inoculated, and maintained under 
greenhouse conditions during three months. Plants were then transplanted to containers 
filled either with an untreated vineyard sandy soil collected in the “Experimental Pole for 
the Conservation of Autochthonous Grapevine Genetic Variability” (Pegões, Portugal), or 
with the same sandy soil contaminated artificially with 300 mg Cu/kg. 

At the end of the growing season, grapevine’s performance was analyzed by measuring 
root biomass, shoot length, leaf area and leaf nutrients concentration and compared be-
tween mycorrhizal treatments (non-inoculated, inoculated with Ri or with Fm) and soil 
treatments (Cu contamination or non-contamination). Although all plants showed similar 
levels of root colonization, Ri and Fm inoculated plants showed significantly greater root 
biomass in the non-contaminated soil. Interestingly, this was not the case in Cu contam-
inated soil, where non-inoculated plants were most benefited regarding shoot and root 
development. 

Our results indicate that soil Cu levels can modify the outcome of AMF inoculations in 
young grapevines, disclosing new AMF-plant associations potentially relevant in vine-
yards with a tradition of Cu-based fungicide application. 

Keywords: symbiosis, arbuscular mycorrhizal fungi, Cu soil contamination 
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Response of rhizosphere microbial diversity in a rotation of cucumber with Volvariella 
volvacea 

Wei Yang (Huaiyin Normal University, Huai'an, China), Xin Wang (Hongze Lake Fisheries 
Management Committee Office of Jiangsu, Huai'an, China), Yuming Luo (Huaiyin Normal 
University, Huai'an, China) 

Crop rotation can significantly increase yield by improving soil conditions through reduc-
ing soil pathogens and increasing the microbial diversity near the root system of the 
plant. Cucumber is widely consumed across the world, and monoculture of cucumber 
under greenhouse conditions is often threatened by Fusarium wilt, which is caused by 
fungi belonging to the genus Fusarium. In Jiangsu province of China, rotating cucumber 
crops with Volvariella volvacea is used as a way to control Fusarium wilt. Here, we tested 
how rotating cucumber with V. volvacea influences soil physico-chemical and biological 
properties. We found that rotating with V. volvacea improved bacterial diversity near the 
cucumber root system. We also found an increase in nitrogen-fixing bacteria that have 
been used for biological control of plant pathogens, and a decrease in Fusarium species. 
In the treated soil, we found increased activity of the soil enzymes catalase, dehydrogen-
ase, polyphenol oxidase and alkaline phosphatase by 2–22%, 14–29%, 16–58% and 9–
64%, respectively. Lastly, the total and available nitrogen, phosphorus and potassium 
content significantly increased one to three weeks after V. volvacea residual substrate 
was mixed into the soil, up to 39%, 24%, 17%, 28%, 18% and 70, but declined slowly 
afterwards. These results suggested that rotating cucumber with V. volvacea could aid in 
resetting the structure of the microbial community of the cucumber root system. In-
crease in beneficial microbes and improved soil conditions are likely to contribute to im-
proved yield of this commercially important crop. 

Keywords: cucumber-Volvariella volvacea rotation, rhizosphere microbiota, soil enzyme 
activity, nutrients  
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Isolates of arbuscular mycorrhizal fungi differentially impact carrot cultivars during wa-
ter restriction 

Michelle Keller-Pearson (Plant Pathology, University of Wisconsin-Madison, Madison, 
USA), Kelly Verhaalen (University of Wisconsin-Madison, Madison, USA), Alyssa Joachim 
(University of Wisconsin-Madison, Madison, USA), Brendan Smith (University of Wisconsin-
Madison, Madison, USA), Brianna Holubets (University of Wisconsin-Madison, Madison, 
USA), Annika Peterson (University of Wisconsin-Madison, Madison, USA), Yang Liu (Univer-
sity of Wisconsin-Madison, Madison, USA), Kaley Pederson (University of Wisconsin-Madi-
son, Madison, USA), Erin M. Silva (Plant Pathology, University of Wisconsin-Madison, Mad-
ison, USA), Jean-Michel Ané (Bacteriology and Agronomy, University of Wisconsin-Madi-
son, Madison, USA) 

Introduction/Aim: Arbuscular mycorrhizal fungi (AMF) impart growth benefits to water-
stressed plants. Carrots (Daucus carota) readily host AMF and provide an excellent labor-
atory symbiosis model as root organ cultures; little is known of carrot-AMF symbiosis 
regarding whole plant response. Water scarcity threatens carrot production due to global 
climate change, and low-input systems are particularly vulnerable. AMF contribution to 
plant water uptake likely differs among species, but little is known about whether iso-
lates differ in this respect. The present study screened four carrot cultivars in low-nutri-
ent soil inoculated with AMF isolates from geographically distinct locations. 

Materials and Methods: Carrots were greenhouse grown in pasteurized organic field 
soils amended with perlite and whole inoculants of eight AMF isolates. Mock inoculant 
served as a negative control. Carrots were well watered during establishment and water-
stressed during tuber maturation. Biometric data were recorded for roots and shoots. 
Fungal structures and hyphal length were quantified in fine roots. 

Results: Cultivars differed in water-stress tolerance (heirlooms were more tolerant than 
hybrids) and in response to inoculation. Some isolates increased tuber growth, and shoot 
growth decreased for inoculated carrots. Colonization patterns differed between isolates 
of a single species. 

Discussion: Inherent carrot tolerance to water stress likely influences tuber growth re-
sponse to AMF symbiosis. The proportion of fungal structures in roots may provide in-
sight as to which isolates will likely improve host tuber growth. 

Conclusion: Carrot biomass allocation in response to AMF differs from other plant mod-
els. Genetic background and inherent tolerance to water stress influenced carrot benefits 
from AMF. 
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AMF species dependency governs better tree physiology, growth and leaf nutritional 
quality of mulberry seedlings 

Song-mei Shi (Centre of Excellence for Soil Biology, College of Resources and Environ-
ment, Southwest University, Chongqing, China), Ke Chen (College of Horticulture and 
Landscape Architecture, Southwest University, Chongqing, China), Yuan Gao (College of 
Horticulture and Landscape Architecture, Southwest University, Chongqing, China), Bei 
Liu (College of Horticulture and Landscape Architecture, Southwest University, Chong-
qing, China), Xiao-hong Yang (College of Horticulture and Landscape Architecture, South-
west University, Chongqing, China), Xian-zhi Huang (State Key Laboratory of Silkworm 
Genome Biology, Southwest University, Chongqing, China), Gui-xi Liu (College of Horti-
culture and Landscape Architecture, Southwest University, Chongqing, China), Li-quan 
Zhu (College of Horticulture and Landscape Architecture, Southwest University, Chong-
qing, China), Xin-hua He (Centre of Excellence for Soil Biology, College of Resources and 
Environment, Southwest University, Chongqing, China) 

Introduction/Aim: How AMF species within the same or different genera could affect the 
physiological and growth characteristics as well as leaf nutritional quality of plants in-
cluding the perennial cash mulberry (Morus alba L.) tree remains unclear1,2. 

Materials/Methods: Three functionally different AMF species (Acaulospora scrobiculata, 
Funneliformis mosseae and Rhizophagus intraradices) on a number of physiological and 
growth characteristics and leaf nutritional quality of 6-month-old mulberry seedlings 
were addressed in randomly arranged pot studies3. 

Results: AMF colonization significantly increased shoot height and taproot length/diam-
eter, leaf and fibrous root numbers, and shoot/root biomass production. Meanwhile, leaf 
chlorophyll a/b and carotenoid concentrations, net photosynthetic and transpiration 
rate, and stomatal conductance were significantly greater, while intercellular CO2 con-
centration was significantly lower in AMF-colonized than in non-AMF-colonized seed-
lings. Leaf moisture, total nitrogen, all essential amino acids, histidine, proline, soluble 
protein, sugar and fat acid were also significantly increased under mycorrhization. 
Among these three tested AMFs, significantly greater effects on mulberry physiological 
and growth characteristics ranked as F. mosseae > A. scrobiculata > R. intraradices, whilst 
on leaf nutrition quality for better silkworm growth as F. mosseae ≈ A. scrobiculata > R. 
intraradices. 

Discussion: Significantly greater mulberry biomass production and nutritional quality 
varied with AMF species and were mainly attributed to AMF-induced positive changes in 
leaf photosynthetic pigments, net photosynthetic and transpiration rate, and N-contain-
ing compounds (methionine, threonine, histidine and proline). 
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Conclusion: Mulberry is AMF-species dependent and application of Funneliformis 
mosseae or Acaulospora scrobiculata in mulberry plantation is promising in promoting 
silkworm cultivation and textile industry globally. 

References: 

1. Tawaraya K. 2003. Arbuscular mycorrhizal dependency of different plant species 
and cultivars. Soil Science and Plant Nutrition 49: 655-668. 
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Mycorrhizal networks between vegetation islands naturally established in metal mine 
residues 

Ariadna S. Sánchez-López (Colegio de Postgraduados, Montecillo, Texcoco, Mexico), Ma. 
del Carmen Angeles González-Chávez (Colegio de Postgraduados, Montecillo, Texcoco, 
Mexico), Rogelio Carrillo-Gonzalez (Colegio de Postgraduados, Montecillo, Texcoco, 
Mexico) 

Previously, our research group reported the persistence of several plants species natu-
rally growing on mine residues; which formed vegetal patches. Gradually, plant coloniza-
tion has advanced by spreading of these patches and formed several vegetation islands. 
It is widely recognized that underground fungal networks connecting plants may occur. 
However, these have not been analyzed in metal polluted soils. This research analyzed 
the possible underground fungal networks connecting vegetation islands of a non-oxi-
dized mine deposited at Zimapan municipality, a semiarid area with historical mining ac-
tivity. 

Three pair of interconnected islands: two including Brickellia. veronicifolia-Vigueria den-
tata (Bv-Vd1; Bv-Vd2) and one of B. veronicifolia-B. veronicifolia (Bv-Bv) were analyzed. 
Transect between islands core soil samples (25x25 cm) were taken every 25 cm at 0-5 
and 5-10 cm deep. No roots were found at 0-5 cm, probably because high soil tempera-
ture (55 °C) and mine residue (MR) dryness. Then analyses were performed only with 
samples from 5-10 cm (T=40 °C, soil moisture from 2%-4.6%). Distance between islands 
was 125 cm for Bv-Vd1, 100 cm for Bv-Vd2 and 50 cm for Bv-Bv. 

Islands are interconnected by fungal mycelium. The highest dry mycelium amount was 
9.7 mg/100 g fresh MR in Bv-Vd2. High acidulated water-concentrations of Zn (6.98 
mg/kg), Cu (4.71 mg/kg), Cd (1.89 mg/kg), As (128 mg/kg), Pb (12.56 mg/kg) and Sb 
(16.28 mg/kg) were found on island transects. Mycorrhizal colonization was observed in 
roots from transects. Significance of results will be discussed according to functional roles 
of fungal networks and accelerate revegetation on these sites. 

Keywords: metal polluted soils, external mycelium, metal sequestration 
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Phytoremediation assisted by mycorrhizal fungi of a Mexican defunct lead acid battery 
recycling site 

Rogelio Carrillo-Gonzalez (Edafology, Colegio de Postgraduados, Texcoco, Mexico), Ma. del 
Carmen A. González-Chávez (Edafología, Colegio de Postgraduados, Texcoco, Mexico), 
Alma Cuellar-Sanchez (Edafology, Colegio de Postgraduados, Texcoco, Mexico), Adriana 
Delgado Alvarado (Estrategias para el Desarrollo Agrícola Regional, Colegio de Postgradu-
ados, Puebla, Mexico), Javier Suarez Espinosa (Statistics, Colegio de Postgraduados, Tex-
coco, Mexico), Fernando Solis Dominguez (Ingenieria, Universidad Autonoma de Baja Cali-
fornia, Mexicali, Mexico), Ignacio Maldonado-Mendoza (CIIDIR, Instituto Politecnico 
Nacional, Guasave, Sinaloa, Mexico) 

Lead acid battery recycling is a common industry practice to recover Pb from aged bat-
teries of motor cars. Serious pollution of soil may occur when processing and residue 
disposal are incorrectly carried out. It has been suggested that arbuscular mycorrhizal 
fungi (AMF) may assist phytoremediation of metal polluted soils; however, scarce infor-
mation is available for soils polluted by lead acid batteries (LAB). The objective of this 
research was to evaluate four AMF separately inoculated on Ricinus communis on a site 
polluted by LAB. After assessing pollution levels (Pb, Cu and salts) and, physical and 
chemical soil characteristics a field experiment was established. R. communis seeds were 
inoculated with Acaulospora sp., Gigaspora gigantea, Funneliformis mosseae or Glomus 
sp. 

A non-inoculated treatment (NIT) was also tested. One-month old seedlings were trans-
planted to the polluted soil mixed with sawsdust and vermicompost (20:20:60). Three 
shoots and rhizosphere samplings were followed at 5, 10 and 15 months after transplant-
ing. A longitudinal statistical analysis, principal components analysis and Pearson corre-
lations were performed. 

Total and DTPAPb soil concentrations were very high (41, 893 and 6, 246 mg kg-1, respec-
tively). Inoculation with three AMF slightly reduced soil pH (from 8.4 to 7.8). F. mosseae 
stabilized Pb in the rhizosphere (DTPAPb 2,904 mg kg-1 vs 4,531 mg kg-1 in the NIT). Acau-
lospora sp. decreased shoots Pb concentrations (70 mg kg-1 vs 234 mg kg-1 in the NIT) and 
improved oil seed quality (palmitic, oleic and linoleic acids). AMF may aid phytoremedi-
ation of R. communis in soils polluted by LAB. 

Keywords: phytostabilization, revegetation, restoration, salinity 
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Comparative study of the efficacy of biofertilizers on performance of TC banana cv. 
Gros michel 

Agnes M. Kavoo (Horticulture, Jomo Kenyatta Univeristy of Agriculture and Technology 
(JKUAT), Nairobi, Kenya), Esther Kahangi (JKUAT, Nairobi, Kenya), Elijah Ateka (JKUAT, 
Nairobi, Kenya), Joyce Jefwa (National Museum of Kenya, Nairobi, Kenya), Justus Onguso 
(JKUAT, Nairobi, Kenya) 

Inoculation with beneficial microorganisms is one way of protecting tissue cultured (TC) 
plantlets against environmental stresses hence improving their growth, health and nutri-
tion. Greenhouse and field experiments were conducted to assess the efficacy of com-
mercial microbiological products on growth, nutrition and health of TC banana cv. Gros 
michel. Plantlets were grown in vertisol, Rhodic ferralsol and Humic nitisols from three 
banana growing regions in Kenya and inoculated with Rhizatech, EcoT T/T22, PHC Biopak, 
Subtilex and Mycor products at the acclimatization and nursery phase and subsequently 
established under field conditions. Growth, nutrient uptake, mycorrhizal colonization 
and Fusarium suppression were assessed. 

PHC Biopak significantly (p≤0.05) increased plant growth in the Vertisol and Rhodic Fer-
ralsol in the nursery phase by 50%. Rhizatech and ECO-T under field conditions signifi-
cantly (p≤0.05) increased plant growth in the Vertisol by over 100%. Rhizatech had the 
highest mycorrhizal colonization (76.1%) in the Rhodic Ferralsol while PHC Biopak had 
the highest in the Vertisol (87.4%). PHC Biopak, ECO-T and Rhizatech reduced Fusarium 
populations by 47, 68 and 55% respectively in the Humic Nitisol. The findings from this 
study could benefit post flask management of TC banana plants. However, efficacy of the 
products is dependent on prevailing soil conditions. 

Keywords: tissue cultured banana, commercial microbiological products, mycorrhizal 
colonization, growth, nutrient uptake, Fusarium suppression  
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Freezing effects in Quercus faginea and Quercus ilex seedlings mycorrhizated with dif-
ferent fungi 

Luis Benito-Matías (Dpto. de Ingeniería y Gestión Forestal y Ambiental. E.T.S. de Inge-
nieros de Montes, Forestal y del Medio Natural. UPM., CNRGF EL SERRANILLO. D. G. De-
sarrollo rural y politica forestal. Mapama, Guadalajara, Spain), Amaya Álvarez (CNRGF 
El Serranillo. D. G. Desarrollo rural y politica forestal. Mapama, Guadalajara, Spain) 

Introduction/Aim: In Mediterranean continental climates, frost stress can play an im-
portant role in the living status of seedlings. Normally, these areas are favourable lands 
to plant and to cultivate orchards for truffle production. Truffle production is rela-
tionated with the production of carbohidrates in plants.  

Materials and Methods: We compared the freezing tolerance in two widespreas coex-
isting Mediterranean forest trees: Quercus faginea and Q. ilex subsp ballota. Roots of 
seedlings were associated to three different ectomycorrhizal fungi: Hebeloma mesoph-
aeum, Tuber aestivum and T. melanosporum. Freezing tolerance was determined in leafs 
and fine roots (mycorrhizal roots) by relative electrolyte leakage (REL), calculated like 
percentage damage, from 0°C (control) to -20°C. 

Results: The REL test indicated that the lethal temperature for 50% of root samples 
(LT50) was found at temperatures below -4°C. In leaves, freezing tolerance has high in all 
temperatures tested. The mycorrhizal treatment with T. melanosporum affected posi-
tively the freezing tolerance of seedlings.  

Conclusion: Despite their ecological differences, both tree species had similar freeze tol-
erance. Frozen temperatures in soil could produce injury in roots, and subsequently, limit 
the growth of mycelium and fungi production 
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Mycorrhizal effectiveness from soils with different land-uses from tropical highlands of 
Colombia 

Diana C. Londoño (Soil Microbiology Research Group, Universidad Nacional de Colombia, 
Medellin, Colombia), Nelson W. Osorio (Soil Microbiology Research Group, Universidad 
Nacional de Colombia, Medellin, Colombia) 

The impact of land-use over the abundance and mycorrhizal effectiveness (ME) has been 
studied over the last years[1,2,3]. In the present study we evaluated the ME from soils with 
different land uses in Andean montane forest. 

To this purpose, soils from five different farmlands located in the department of An-
tioquia, Colombia, with three land-uses were collected: grassland (with predominance of 
Pennisetum clandestinum), tree tomato (Solanum betaceum) and a secondary forest. 
From each soil sample 25 g (dry basis) were transferred into a plastic pot containing 500 
g of a soil substrate (Bw horizon), with a soluble soil P concentration of 0.02 mg/L, opti-
mal for the mycorrhizal association[4]. For reference, we also included two treatments: 
an inninoculated control and an inoculated positive control with Rhizoglomus fascicula-
tum[5]. As indicator plant we used Leucaena leococephala, for his very high mycorrhizal 
dependency[6]. We monitored leaf phosphorus content every 15 days. After 80 days of 
growth, dry mass and mycorrhizal colonization was measured. 

The results showed that the forest-soil exhibited a significant lower ME (p<0.05) than the 
other two soils, measured in terms of shoot dry weight, foliar P, and mycorrhizal coloni-
zation. Grassland-soil and tree tomato-soil had a high ME comparable with the positive 
control. The results were also related with the abundance of indigenous mycorrhizal 
fungi for each soil-use. 

We conclude that cultivated soils has a good abundance and effectiveness of arbuscular 
mycorrhizal, however, these soils have been over-fertilized. It could have negative effects 
over mycorrhizal functions, soil quality, water resources and production cost[7]. 

References: 
[1] Belay, Z.; Vestberg, M. & Assefa, F. (2015). Diversity and abundance of arbuscular 
mycorrhizal fungi across different land use types in a humid low land area of Ethiopia. 
Tropical and Subtropical Agroecosystems, 18, 47– 69. 
[2] Dai, M.; Bainard, L.; Hamel, C.; Gan, Y. & Lynchb, D. (November, 2013). Impact of Land 
Use on Arbuscular Mycorrhizal Fungal Communities in Rural Canada. Applied and Envi-
ronmental Microbiology, 79 (21), 6719–6729. 
[3] Tchabi, A.; Coyne, D.; Hountondji, F.; Lawouin, L.; Wiemken,A. & Oehl, F. (April, 2008). 
Arbuscular mycorrhizal fungal communities in sub-Saharan Savannas of Benin, West Af-
rica, as affected by agricultural land use intensity and ecological zone. Mycorrhiza, 18, 
181–195. 
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[7] Camenzindi, T; et al. (2014). Nitrogen and phosphorus additions impact arbuscular 
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Arbuscular mycorrhizae structures in organic coffee leaf litter 

Lucia A. Diaz-Ariza (Biology, Pontificia Universidad Javeriana, Bogota, Colombia) 

Arbuscular mycorrhizal fungi (AMF) form mutualistic symbiosis with most plants with the 
major function of nutrient exchange and are important for mineral cycling in tropical 
ecosystems with high rate of organic matter decomposition and phosphorus-sorbing 
soils. In Colombia, most crops, including plantain, are stablished in these soils and it is 
common to pile up the litter below the plant to promote its in situ decomposition and 
root proliferation. The aim of this study was to describe the presence of AMF in the leaf 
litter of M. paradisiaca found in coffee plots set on organic and organic+chemical inputs 
management. 

Samples were collected from plots set on two different agronomical management sys-
tems (organic an organic+chemical inputs) in Cundinamarca-Colombia at 04°58’38” N, 
74° 14’32” W, and 1,880 m.a.s.l. Leaf litter was collected at three decomposition levels. 
Conventional techniques adapted to the survey’s conditions were used in the sample 
analysis of AMF. 

AMF structures were identified and quantified into and between leaf litter and roots. 
Vesicles and characteristic hyphaes of AMF were found inside the decomposing leaf tis-
sue. 

Statistically significant positive relationship (r=0,90, p=0,03) was found between AMF col-
onization of decomposing leaf and AMF colonization of root pieces. The high amount of 
external mycelium, spores and vesicles of AMF in the litter suggest besides an unconven-
tional nutrient uptake and translocation mechanism, a high capacity of dispersion 
through the soil surface. 

Keywords: organic agriculture, litter, Musa paradisiaca, coffee agroecosystems 
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Future regulation of mycorrhiza products in Europe: Biostimulant, microbial, fertilizer, 
improving nutrition efficiency product? 

Carolin Schneider (Inoq GmbH, Schnega, Germany), Imke Hutter (Inoq GmbH, Schnega, 
Germany) 

Global and European biostimulant market has grown significantly over the past few years 
and will continue to experience remarkable growth. If microorganisms are formulated in 
products targeted for use on cultivated plants in the EU, a registration process organises 
the risk and efficacy assessment of these products. The assessment procedure of Plant 
Protection Products (PPP) is regulated by the Regulation (EC) No 1107/2009. This regula-
tion covers the modes of action of antagonism, induced resistance and growth regula-
tion, while tolerance induction is not included due to its multi-factorial causes. At pre-
sent, the legal regulation of biostimulation is not harmonised within the EU but organised 
on national level, with severe consequences for the producing industry. It is envisaged to 
consider the aspects of biostimulation in future in the revision process of EU Regulation 
(EC) 2003/2003 (regulation of fertilizers). Another open question is how to proceed with 
microorganisms which convey different modes of action to the host plant. 

One of the key objectives of this draft fertilizer regulation is to provide access to the 
Single Market for innovative fertilizing products. The current proposal for a positive list 
of beneficial microorganisms is unlikely to meet this purpose as it inadvertently provides 
disincentives to some microbials as innovative products. On that background a clear clas-
sification of microbial groups followed by the appropriate registration process is inevita-
ble to place products sustainably on the market. 

An updated overview will be given as profound knowledge of future regulation is neces-
sary for both, industry and academia. 

Keywords: biostimulants, biologicals, microbials, mycorrhiza fungi, harmonized market 
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Influence of the Arbuscular Mycorrhizal Fungus Rhizophagus irregularis on Phosphorus 
Uptake and Growth of Sorghum and Okra Plants under Water-Deficient Conditions 

Amna Eltigani (Department of Crop and Animal Sciences , Humboldt-Universität zu Berlin 
/ Horticultural systems of the future, Leibniz-Institute of Vegetable and Ornamental Crops 
(IGZ), Berlin, Großbeeren, Germany), Benard Ngwene (Plant quality and food security, 
Leibniz-Institute of Vegetable and Ornamental Crops (IGZ), Großbeeren, Germany), Anja 
Müller (Horticultural systems of the future, Leibniz-Institute of Vegetable and Ornamen-
tal Crops (IGZ), Großbeeren, Germany), Eckhard George (Department of Crop and Animal 
Sciences, Humboldt-Universität zu Berlin / Horticultural systems of the future, Leibniz-
Institute of Vegetable and Ornamental Crops (IGZ), Großbeeren, Germany) 

Sorghum and okra are important crops in Sudan, especially in the rain fed areas, where 
drought incidences are frequent. This study aimed to assess the potential of arbuscular 
mycorrhizal fungi (AMF) to enhance phosphorus (P) uptake in these crops under drought 
conditions. 

Sorghum (Sorghum bicolor L.) and okra (Abelmoschus esculentus L.) were grown under 
greenhouse conditions in sterilized and fertilized loamy sand, supplied with either 50 mg 
P (P1) or 100 mg P (P2) per kg dry soil. Plants were either inoculated with Rhizophagus 
irregularis (+M) or non-inoculated (-M). After four weeks of growth the plants were ei-
ther kept well-watered at 15% w/w (+W) or the substrate water content was reduced to 
7% (-W). 

In sorghum plants, a significantly lower percentage of root length colonization (rlc) was 
observed under (-W) than in (+W) under both P levels. Under high P (P2), plants had 
lower rlc than under low P (P1). The total content of P and biomass were not significantly 
affected by AMF inoculation. Okra in contrast showed rlc between 80% and 93%, irre-
spective of water and P supply levels. Mycorrhizal okra plants had more than double the 
total content of P than non-mycorrhizal plants in all treatments and significantly higher 
biomass in treatment (P2/-W) than non-mycorrhizal plants. 

While sorghum plants did not show any P uptake or growth improvement by mycorrhiza, 
okra plants showed a distinct P uptake and growth improvement under the given condi-
tions, indicating that okra was more responsive to AMF inoculation, especially under de-
ficient water supply. 

Keywords: mycorrhiza, water-deficient conditions, phosphorus, sorghum, okra  
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Ectomycorrhizal symbionts of silver fir (Abies alba Mill.) 

Tina Unuk (Department of forest physiology and genetics, Slovenian Forestry Institute, 
Ljubljana, Slovenia), Tine Grebenc (Department of forest physiology and genetics, Slove-
nian Forestry Institute, Ljubljana, Slovenia) 

Introduction: As most European forest tree species, silver fir forms an ectomycorrhizal 
symbiosis. Currently ectomycorrhizal communities on silver fir remain poorly identified. 
Most silver fir ectomycorrhiza descriptions were based on morphological and anatomical 
characteristics and characterized without the exact identification of fungal symbiont. Un-
til now only few studies have been published in which authors had identified ectomycor-
rhiza on silver fir applying molecular (DNA-based) markers. 

Materials and Methods: Samples were (and are still) collected from three different plots 
in Slovenia on adult’s trees of Abies alba, once per month. From collected samples ecto-
mycorrhizal fungal symbionts were described based on morphological and anatomical 
descriptions and characterized as mycorrhizal morphotypes. Further each ectomycorrhi-
zal morphotype were included in molecular markers analysis. 

Results: Until now 27,000 ECM root tips of Abies alba have been analyzed. With morpho-
logical - anatomical method, over 25 different ECM morphotypes of silver fir have been 
determined. Based on molecular analysis, most abundant silver fir symbionts are (iden-
tified on genus level): Sebacina sp., Cenococcum sp., Tomentella sp., Russula sp., 
Amphinema sp., Amanita sp., Inocybe sp., Boletus sp., Lactarius sp., Clavulina sp. etc. As 
inside the same ECM fungal genus, apparently different species occur, further phyloge-
netic analysis (in progress) will be used to determine morphotypes by ECM fungal species 
exact. 

Discussion: We have recorded high ectomycorrhizal diversity on Abies alba, and a high 
spatial diversity. An unexpected high temporal diversity in some part of the year, indi-
cates a need for more frequent sampling and diversity analysis. 

Keywords: ectomycorrhiza, Abies alba, species diversity, molecular analysis 
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Cadmium accumulation and uptake dynamics in AMF inoculated cocoa 

Diana Milena Jácome (Universidad Nacional de Colombia, Bogotá, Colombia), John Cris-
thian Fernández (Universidad de La Salle, Yopal, Colombia), Alia Rodríguez (Universidad 
Nacional de Colombia, Bogotá, Colombia) 

Cocoa is a valuable export product for tropical countries like Colombia. However, in many 
Latin-American soils where cocoa is cultivated, cadmium (Cd) concentrations are high 
and this limits its export potential as chocolate is recognised as a source where Cd enters 
the food chain. It has been demonstrated in other plants that AMF can modify absorption 
and transport of Cd and, thus, could be used to either prevent Cd accumulation in cocoa 
or help remove Cd from the soil. 

We designed an experiment to determine the temporal dynamics of Cd in the soil and in 
AMF inoculated versus non-inoculated plants in the nursery. All plants were grown in live 
non-sterilized soil. 

Cocoa seedlings were submitted to different Cd concentrations (according to typical con-
centrations found in field) and then inoculated with Rhizophagus irregularis. Cd-concen-
tration was measured in different soil fractions and in all organs of plants. Morphological 
and physiological variables in plants were measured as well as AMF-colonization. This 
was carried out at four successive time points throughout the experiment. 

The addition of Cd and AMF inoculum significantly affected plant growth and physiology. 
Inoculated plants had larger roots and accumulated more Cd than non-inoculated plants. 
More Cd was removed from the soil or was converted into a fixed form no longer availa-
ble for uptake by plants in the inoculated treatments. 

The information obtained shows an integrated view of the soil and AMF inoculated plants 
in the presence of Cd and sheds light on future strategies using AMF in cocoa production. 

Keywords: arbuscular mycorrhizal fungi (AMF), cocoa, cadmium 
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Ectomycorrhizal hypogeous fungi at the upper timber line – recent findings and new 
species 

Tine Grebenc (Slovenian Forestry Institute, Ljubljana, Slovenia), Tina Unuk (Slovenian For-
estry Institute, Ljubljana, Slovenia), Marcelo Sulzbacher (Departamento de Solos, Univer-
sidade Federal de Santa Maria, Centro de Ciências Rurais, Santa Maria, RS, Brazil), Sana 
Jabeen (University of Education, Faisalabad Campus, Faisalabad, Pakistan), Abdul N. 
Khalid (Department of Botany, University of the Punjab, Lahore, Pakistan), Mitko Ka-
radelev (Institute of Biology, Faculty of Natural Sciences and Mathematics, Ss Cyril and 
Methodius University, Skopje, Macedonia) 

Hypogeous fungi are traditionally known from the Mediterranean. In recent decade, the 
cultivation efforts and large-scale samplings disclosed that hypogeous fungi are present 
widely in the northern hemisphere. Commercial truffle hunters never explored the upper 
timber lane. Out review study is focusing on potential high-altitude areas where hypoge-
ous fungi, in particular true truffles (the genus Tuber) are expected to grow. 

Applying a purposive sampling approach, we have investigated areas with potential ec-
tomycorrhiza vegetation and preferably on calcium rich rock-bases in SE central Alps, 
Dinaric Alps and in western Himalayan area. Hypogeous genera were recorded either as 
ectomycorrhiza or as sporocarps found by specially trained truffle hunting dogs. 

The analysed areas were covered with various forest or shrub species. Among commer-
cial truffle species only Tuber aestivum was collected in organic soils developed at high 
altitude (> 1500 m a.s.l.) areas in Macedonia, covered with beech forest or mixed beech 
and silver fir forests (Grebenc et al., 2011). As similar altitudes, a novel true truffle species 
Tuber petrophylum, a species closely related to T. melanosporum, was described (Milen-
ković et al., 2015). Shamekh et al (2013) were first to prove successful cultivated of com-
mercial truffles in boreal zones. Novel ectomycorrhiza species from the genus Tuber were 
retrieved also from Salix and Cedrus locations in W Himalayas (Ilyas 2013; Jabeen and 
Khalid, 2014) and with Salix in Julian Alps (Slovenia) above 1200 m.asl. The high-altitude 
areas up to upper timber line are a promising source of yet unrevealed diversity of ecto-
mycorrhizal hypogeous fungi 
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The project fertiledatepalm – bio-inoculation and organic matter management for sus-
tainable date palm propagation and cultivation  

Sarah Symanczik (Soil Science Department, Research Institute of Organic Agriculture, 
Frick, Switzerland), Rachid Bouamri (2Department of Plant and Environment Protection, 
National School of Agriculture of Meknes, Meknes, Morocco), Mohamed Hafidi (Faculty 
of Sciences Semlalia, University Cadi Ayyad, Marrakech, Morocco), Lotfi Fki (Department 
of Biology, Faculty of Sciences of Sfax, Sfax, Tunisia), Paul Mäder (Soil Science Depart-
ment, Research Institute of Organic Agriculture, Frick, Switzerland) 

Date palm is an important crop in Morocco, Tunisia and many other drylands with a high 
agricultural, economic and cultural value. Harsh environmental conditions of those areas, 
further accelerated by climate change and the spread of root diseases, threaten date 
palm cultivation. To overcome growth limitations, high inputs of mineral fertilizers, pes-
ticides and irrigation are applied. However, these high external inputs strongly impact 
the environment and livelihoods. 

The project aims at establishing a novel organic bio-fertilizer technology, combining the 
inoculation of native beneficial soil microorganisms, namely arbuscular mycorrhizal fungi 
(AMF) and plant growth-promoting rhizobacteria (PGPR) during tissue culture and field 
propagation of date palms, together with adapted agricultural management practices 
using organic amendments and intercropping with leguminous nitrogen fixing crops. A 
culture collection of native AMF and PGPR, isolated from date palm roots and rhizo-
sphere, are currently established, and strains selected for date palm growth promotion, 
nutrient acquisition and pathogen suppression will subsequently be tested. Customized 
propagation and application techniques of AMF will be elaborated for tissue culture la-
boratories and smallholder farmers. The technology, integrating the use of organic 
amendments and leguminous intercrops, will be developed in a participatory approach 
with key stakeholders, working at laboratory, on-station and on-farm scale. 

In the talk we will present first results of bio-fertilizer isolation, customized propagation 
approaches and screening assays and experiments using compost combined with bio-
fertilizers to ameliorate plant nutrient uptake. Further we will give an overview about 
the project and its main goals. 

Keywords: date palm, drylands, native culture collection, biotechnology 
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Study of an efficient DBP-degrading bacteria and its potential for reducing DBP accu-
mulation in vegetable 

Hai-Ming Zhao (Guangdong Provincial Research Center for Environment Pollution Control and 
Remediation Materials, School of Environment, Jinan University, Guangzhou, China), Lei Xiang 
(Guangdong Provincial Research Center for Environment Pollution Control and Remediation 
Materials, School of Environment, Jinan University, Guangzhou, China), Ce-Hui Mo (Guang-
dong Provincial Research Center for Environment Pollution Control and Remediation Materi-
als, School of Environment, Jinan University, Guangzhou, China), Yan-Wen Li (Guangdong Pro-
vincial Research Center for Environment Pollution Control and Remediation Materials, School 
of Environment, Jinan University, Guangzhou, China), Hui Li (Guangdong Provincial Research 
Center for Environment Pollution Control and Remediation Materials, School of Environment, 
Jinan University, Guangzhou, China), Quan-Ying Cai (Guangdong Provincial Research Center 
for Environment Pollution Control and Remediation Materials, School of Environment, Jinan 
University, Guangzhou, China) 

Introduction: Recently, phthalic acid esters (PAEs) pollution in environments has aroused 
a great of concerns. Dibutyl phthalate (DBP), a typical PAE compound, is one of the most 
abundant endocrine disruptor chemicals. The widely used plastic film containing DBP in 
agriculture has caused serious soil pollution and poses risks to human health through 
food chain. 

Materials and Methods: To assess the interactions of DBP-degrading bacteria and plant 
and their effects on DBP dissipation from soils and DBP accumulation in vegetable, the 
DBP dissipation, plant accumulation, bacterial survival, and soil enzymes activities were 
studied. 

Results and discussion: A bacterial strain Microbacterium sp. J-5, newly isolated from 
activated sludge, could effectively degrade DBP. Response surface methodology was suc-
cessfully employed for optimization resulting in 98% degradation of DBP (500 mg L-1) 
within 10 days. This strain harbored a degradation pathway for complete mineralization 
of DBP with a maximum specific degradation rate (qmax), half-saturation constant (Ks), 
and inhibition constant (Ki) of 2.87 d−1, 350.8 mg L−1, and 712.4 mg L−1, respectively. Bio-
augmentation of DBP-contaminated soils with strain J-5 greatly enhanced DBP dissipa-
tion rate. Moreover, this strain could efficiently colonize in the rhizosphere soil of inocu-
lated vegetables and further enhanced DBP degradation (~97%), leading to a significant 
decrease (>70%) in DBP accumulation in shoots and roots of the inoculated vegetable 
compared to un-inoculated vegetables. 

Conclusion: The results highlighted the roles of DBP-degrading bacteria in simultane-
ously bioremediating contaminated soils and reducing bioaccumulation of DBP in edible 
part of the vegetable for food safety.  
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Effects of Arbuscular Mycorrhizal Fungi (AMF) on the Growth, Cd accumulation and Soil 
Enzyme Activity of Upland rice in Cadmium Contaminated Soil 

Lei Xiang (School of Environment, Jinan University, Guangdong Provincial Research Cen-
ter for Environment Pollution Control and Remediation Materials, Guangzhou, China), 
Fangzhou Luo (School of Environment, Jinan University, Guangdong Provincial Research 
Center for Environment Pollution Control and Remediation Materials, Guangzhou, China), 
Hui Li (School of Environment, Jinan University, Guangdong Provincial Research Center 
for Environment Pollution Control and Remediation Materials, Guangzhou, China), Cehui 
Mo (School of Environment, Jinan University, Guangdong Provincial Research Center for 
Environment Pollution Control and Remediation Materials, Guangzhou, China) 

The effects of arbuscular mycorrhizal fungi (Glomus mosseae, GM) on the growth, Cd 
accumulation and rhizosphere soil enzyme (urease and invertase) activities of upland rice 
were investigated using pot experiments under different Cd addition levels (0, 2, 10 
mg·kg-1). Results showed that upland rice roots could be infected by GM ranged from 
37% to 72% and decreased with increasing Cd concentrations. The mycorrhizal (GM) col-
onization significantly improved the soil enzyme (urease and sucrase) activities (ranged 
from 9.6 %~44.5 %) and carbon and nitrogen metabolisms in rhizosphere of upland rice, 
and thus enhanced upland rice biomasses (ranged from 10.4 %~57.1 %) compared with 
the nonmycorrhizal upland rice. Furthermore, mycorrhizal (GM) colonization decreased 
the uptake and transfer of Cd in upland rice, with lowering Cd concentrations in grains of 
upland rice (ranged from 26.8 %~57.1 %). 
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[3] Abbaspour H, Saeidi-Sar S, Afshari H, et al. Tolerance of mycorrhizal infected pistachio 
(Pistacia vera) seedling to drought stress under glasshouse conditions[J] . Journal of Plant 
Physiology, 2012, 169(7): 704-709. 
[4] Cicatelli A, Lingua G, Todeschini V, et al. Arbuscular mycorrhizal fungi restore normal 
growth in a white poplar clone grown on heavy metal-contaminated soil, and this is as-
sociated with upregulation of foliar metallothionein and polyamine biosynthetic gene 
expression[J]. Annals of Botany, 2010, 106(5): 791-802. 
[5] Shahabivand S, Maivan HZ, Goltapeh EM, et al. The effects of root endophyte and 
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Diversity index of Arbuscular Mycorrhizal Fungi in Colombian Andean transect 

Margarita Ramirez (Tibaitata Investigation Center, Colombian Corporation of Agricul-
tural Research, Bogota, Colombia), Diana P. Serralde (Tibaitata Investigation Center, Co-
lombian Corporation of Agricultural Research, Bogota, Colombia), Andrea M. Peñaranda 
(Tibaitata Investigation Center, Colombian Corporation of Agricultural Research, Bogota, 
Colombia), Urley A. Perez (Tibaitata Investigation Center, Colombian Corporation of Ag-
ricultural Research, Bogota, Colombia), Alia Rodriguez (Science Faculty, Colombian Na-
tional University, Bogota, Colombia) 

There are some biotic and abiotic factors that can affect positive or negatively the struc-
ture and diversity of Arbuscular Mycorrhizal Fungi communities, such as the interaction 
with other soil microorganisms, and agricultural practices including cutting down, burn-
ing, fertilization and tillage. Also the Arbuscular Mycorrhizal Fungi population could be 
modulated indirectly by microclimate aspects, topography and plant species. This work 
was focused in the evaluation of Arbuscular Mycorrhizal Fungi biodiversity in an altitudi-
nal transect (1500 to 3000 masl) cultivated with cape gooseberry (Physalis peruviana) in 
the Colombian Andean. Samples were collected in two seasonal periods: wet (150 – 300 
mm.month-1) and dry (0 - 20 mm.month-1). We evaluated the Arbuscular Mycorrhizal 
Fungi communities based on species diversity. The estimated diversity indexes corrobo-
rate the hypothesis that mycorrhizal communities in these systems are highly heteroge-
neous with a low/average uniformity levels within and between samples. We found that 
in the altitudinal gradient, Arbuscular Mycorrhizal Fungi communities showed high diver-
sity, expressed by the number, richness and relative abundance of spores genus and spe-
cies. This high diversity level founded in cultivate soils at different altitudes with P. peru-
viana, show that Andean ecosystem has higher diversity compared with other reports 
for tropical and temperate soils. 

Keywords: diversity, functional diversity, arbuscular mycorrhizal fungi  
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Glomaceae number of spores responds to SOC content in karst seasonal tropical forest 
soils of Yucatán, México 

Hector Estrada-Medina (Departamento de Manejo y Conservación de Recursos Naturales 
Tropicales, Campus de Ciencias Biológicas y Agropecuarias, Universidad Autónoma de Yu-
catán., Merida, Mexico), Sergio Manrique-Caamal (Campus de Ciencias Biológicas y Ag-
ropecuarias, Universidad Autónoma de Yucatán., Merida, Mexico), Juan Jimenez-Osornio 
(Departamento de Manejo y Conservación de Recursos Naturales Tropicales, Campus de 
Ciencias Biológicas y Agropecuarias, Universidad Autónoma de Yucatán., Merida, Mexico), 
Michael F. Allen (Biology Department., University of California - Riverside, California, USA) 

Agricultural practices, starting with vegetation clearing, cause the depletion of soil or-
ganic carbon (SOC) affecting Arbuscular Mycorrhizal fungi (AMF) populations. In seasonal 
tropical forests Gigasporaceae has been observed to be more abundant in mature vege-
tation soils while Glomaceae in early successional vegetation soils. 

In this study, soil samples were collected in 9 sites of 15- and 30-year-old seasonal trop-
ical forest and agroforestry systems (AS) of Tzucacab, Yucatán, México during the dry and 
wet seasons. SOC, mycorrhizal infection and number of spores were determined. Data 
were compared and analyzed using linear regression. 

SOC content and number of spores of both Gigasporaceae and Glomaceae were greater 
in 30-year-old forest. The number of spores of Glomaceae was always higher in all sites 
but similar between seasons. % infection between SOC and mycorrhizal infection was not 
statistically different but the regressions were significantly related to Glomus spores 
(p<0.0001, r2=0.82). % infection (hyphae, vesicles) did not change but the total root 
length increased, thereby increasing total AMF biomass. 

We hypothesize that in rotational systems, as the fallow period increases, Glomaceae 
AMF become more important for nutrient uptake, aggregate formation and stable SOC 
formation than Gigasporaceae. 

We concluded that the number of Glomaceae spores is positively related to the SOC con-
tent; thus, the effect of agricultural practices on SOC could be assessed by monitoring 
the number of Glomus spores in soil at any time of the year. 

Keywords: arbuscular mycorrhizal fungi, fungi spores, mycorrhizal infection, soil organic 
matter, soil quality 
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Effect of agronomic practices on arbuscular mycorrhizal root colonisation and inoculum 
density in different cultivars of spelt wheat (Triticum spelta) 

Nada Salloom Mohammed (School of Agriculture, Food, And Rural Development, New-
castle University, Newcastle Upon Tyne, UK), Julia Cooper (School of Agriculture, Food, 
And Rural Development, Newcastle University, Newcastle Upon Tyne, UK), Carlo Leifert 
(School of Agriculture, Food, And Rural Development, Newcastle University, Newcastle 
Upon Tyne, UK) 

Phosphorus (P) is a major constraint for plant growth and associated with many physio-
logical processes. Since availability of P may be limited in soil; the formation of symbiotic 
associations with arbuscular mycorrhizal fungi (AMF) can enhance P uptake capability. In 
agroecosystems, the existence and function of AMF is affected by agricultural practices 
and varies between genotypes. 

Two years (2015- 2016) of field plot experiments were conducted to find out the effect 
of Spelt variety (Oberkulmer Rotkorn, ZOR, Rubiota and Filderstolz) and fertility input 
type (composted FYM and mineral N) and rate (50 &100 kg N ha-1) on AMF colonisation 
in spelt roots, inoculum density in the soil, P-uptake and grain yield, under field condi-
tions at Nafferton farm in northeast England. Roots and soil were sampled in June 2015 
and July 2016, root staining was conducted, and spores were counted. 

The results showed that year (2015 & 2016) had a significant effect on inoculum density 
and AMF colonisation excluding vesicle colonisation. Vesicle colonisation was higher in 
the low compost, low mineral, and control treatments compared to fertilisation with high 
rates of mineral fertiliser. In 2016, the highest inoculum density was recorded at the high 
rate of compost addition. The fertility x variety interaction had a significant effect on 
inoculum density in 2015 and 2016 with rankings of varieties at each level of fertility 
management differing for each year. 

Preliminary results indicate that lower levels of fertility input promote vesicle formation, 
although highest numbers of spores in 2016 were measured at high levels of compost 
input. Varietal effects on colonisation and spore numbers were variable. Further research 
is required to determine combinations of varieties and fertility inputs to optimise root 
colonisation. 

Keywords: arbuscular mycorrhizal fungi (AMF) 
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Growth response of four leguminous trees to native arbuscular mycorrhizal fungi from 
Indonesian forest soils 

Ahdiar Fikri Maulana (Yamagata University, Tsuruoka, Japan), Weiguo Cheng (Yama-
gata University, Tsuruoka, Japan), Keitaro Tawaraya (Yamagata University, Tsuruoka, 
Japan) 

Leguminous tree species is expected to be used for reforestation in Indonesia. Inocula-
tion of effective arbuscular mycorrhizal (AM) fungi to leguminous tree species is a strat-
egy to guarantee the success of reforestation in Indonesia. The objective of this study 
was to isolate and identify effective AM fungi from forest soils in Indonesia and clarify its 
effect on growth of four leguminous tree species. Soils were collected from five different 
forests in Indonesia. Paraserianthes falcataria, Calliandra callothyrsus and Cassia siamea 
were grown on each soils for 90 days. Sixty-one spore morphotypes were collected from 
the soil and propagated using respective tree species. Propagated spores were identified 
and inoculated to P. falcataria, C. callothyrsus, Cassia siamea and Sesbania grandiflora. 
Shoot and root fresh weight, shoot dry weight (DW), shoot P concentration and AM col-
onization were measured 60 days after inoculation. Mycorrhizal dependency (MD) was 
calculated based on shoot DW. Five isolates were identified as Diversispora gibbosa 
(M10-2), Acaulospora sp. (M11-1), Glomus sp. (S6-4), Glomeromycota sp. (M44-3) and 
Ambispora appendicula (M60-3). Mycorrhizal colonization was ranged from 0% to 99%. 
Growth of four tree species were the same as control or increased by colonization of AM 
fungi. Calliandra callothyrsus, P. falcataria and S. grandiflora always showed positive MD 
upon colonization by AM fungi. Four tree species inoculated with S6-4 showed the high-
est MD among AM isolates. These findings suggest that growth response of P. falcataria, 
C. callothyrsus, Cassia siamea and S. grandiflora to native AM isolates from Indonesia 
were different depending on the AM isolates. 
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The effect of AMF inoculum on soil physiochemical properties involved in nutrient 
leaching from agriculture 

Philip Brailey (Department of Biology, University of York, York, UK), Pippa Chapman 
(School of Geography, University of Leeds, Leeds, UK), Thorunn Helgason (Department of 
Biology, University of York, York, UK) 

Agriculture faces conflicting priorities of maintaining crop yields while meeting regula-
tions on the use of fertilisers and crop protection products. Predicted changes in rainfall 
patterns may have a profound effect on crop-water relations and nutrient retention in 
the soil. Arbuscular mycorrhizal fungi (AMF) are root symbionts that improve water rela-
tions and nutrient intake in their plant hosts. They have been shown to alter soil chemical 
and physical properties, though much of this work has been carried out in controlled pot 
experiments. The efficacy of AMF amendment at a field scale is less well studied, with 
many studies focussing on the plant-based benefits. In a field trial set up by the Myco-
RhizaSoil consortium at the University of Leeds Farm, Tadcaster, we determined how soil 
amendment with mycorrhizal inoculum affected the community of fungi colonising the 
roots of a number of wheat varieties, and whether this had any subsequent effect on 
both the crop yield and the soil. We tested the hypothesis that AMF inoculum addition 
would increase yields due to the conferred benefits of mycorrhizal association and confer 
changes in soil chemical and physical properties related to potential nutrient leaching. 
These properties include mineral ion content of soluble ammonium, nitrate and phos-
phate, carbon storage, porosity and water holding capacity of the soil. I will present this 
data along with DNA sequence data of the mycorrhizal community colonising roots and 
that of the greater fungal community. 

Keywords: AMF, community, leaching, agriculture, field trial 
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Improved Arbuscular Mycorrhizal Root Colonization and Root Health of Wheat by Seed 
Treatment with Bio-Stimulant  

Asta Ramaskeviciene (Faculty of Agronomy, Institute of Agriculture and Food Science, Ale-
ksandras Stulginskis university, Akademija, Kaunas dist., Lithuania), Ewald Sieverding (Fac-
ulty of Agriculture, Institute of Agricultural Sciences in the Tropics, Agronomy and Agroecol-
ogy in the Tropics, University of Hohenheim, Stuttgart, Germany), Nijole Marsalkiene (In-
stitute of Ecology, Aleksandras Stulginskis University, Akademija, Kaunas dist., Lithuania) 

Arbuscular mycorrhizas are naturally found in cereals, like wheat, barley, rye, triticale 
and oats. The symbiosis has many benefits for the plant being the most important an 
improved phosphate (P) uptake. Improved root health was also reported. P-uptake at the 
start of the growing season can be decisive for cereal yields. To make more efficient and 
optimum use of such P fertilization one approach can be to stimulate early root growth 
and arbuscular mycorrhizal development.  

We carried out seed treatment field experiments with a bio-stimulant (mixture of sea-
weed extracts plus Bacillus spp., azo-bacteria, Trichoderma) with winter and spring 
wheat in loamy soils in Lithuania. Combined treatments together with fungicides were 
also tested. Early root and shoot development, chlorophyll content, colonization of roots 
with pathogens and mycorrhizal fungi were investigated.  

The bio-stimulant seed treatment improved early root development and colonization 
with arbuscular mycorrhiza, chlorophyll and carotinoid content in leaves, and grain 
yields. Seed treatments with combinations of bio-stimulant with fungicides were less 
positive for mycorrhizal colonization, while fungicides alone were negative. Bio-stimulant 
seed treatments increased grain yields.  

We concluded that wheat seed treatment with bio-stimulants could be an economic 
method to increase the root colonization with natively occurring mycorrhizal fungi. This 
can result in increased root health, better and more efficient nutrient uptake and thus 
can improve cereals growth in a sustainable way. Use of bio-stimulant for enhancing my-
corrhizas in cereals is also more economical than inoculation technologies of cereals with 
mycorrhizal fungi. 

Keywords: azo-bacteria, cereals, Bacillus, natural products, Trichoderma 
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The growth of mycorrhiza research: a quantitative analysis and statistics of global pub-
lications 

Uttara Shankar (Knowledge Management / Mycorrhiza Network, The Energy and Re-
sources Institute (TERI), New Delhi, India), Reeta Sharma (Knowledge Management, The 
Energy and Resources Institute (TERI), New Delhi, India), T. P. Sankar (Knowledge Man-
agement, The Energy and Resources Institute (TERI), New Delhi, India) 

The mycorrhizal research is making remarkable progress as more and more scientists the 
world over are turning to it, and are engaged in exploring new and potential species of 
mycorrhiza that can be used as biofertilizers. In this context, a Mycorrhiza Network was 
set up at TERI, New Delhi in 1988 with the objective to strengthen research, encourage 
cooperation, promote exchange of information and germplasm, and facilitate transfer of 
technology to the field. 

The ‘Literature Abstracts Database’, developed under the Network, has a glorious collec-
tion of over 6,000 references serves as a reference tool for scientists engaged in mycor-
rhizal research. Each literature reference in the database has been classified and assigned 
with one of the six categories of mycorrhiza, viz., Ectomycorrhiza, Arbuscular mycorrhiza, 
Orchid mycorrhiza, Ericoid mycorrhiza, Ectendo mycorrhiza, and Mycorrhiza (General). 
Under each category, the references have been assigned with one or more of the 15 
broad subjects, such as • Anatomy • Biochemistry • Biocides • Biological interaction 
• Ecology • Genetics • Mass production • Methodology • Physiology • Pollution • Soil 
plant relations • Systematics • Anatomy, histology and ultrastructure, Reviews and Gen-
eral. Majority of these subjects is further divided into relevant sub-subjects to make the 
data retrieval as specific as possible. 

Over 1000 sample literature references published from 2012 to 2016 on different mycor-
rhizal categories, viz. ectomycorrhizas, arbuscular mycorrhizas, and other mycorrhizas 
were taken from the database for study; search combinations were performed based on 
two methods – (i) classification and (ii) database search format. The study, through its 
quantitative analysis, presents the growth of global mycorrhiza research. 

Keywords: mycorrhiza, literature, analysis and statistics, publications 
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Cultivation of Some Ectomycorrhizal Fungi for Mycorrhizations with Seedlings of Some 
Fagaceae Plant 

Somchit Youpensuk (Department of Biology, Faculty of Science, Chiang Mai University, 
Chiang Mai, Thailand), Suwimon Wanwaen (Department of Biology, Faculty of Science, 
Chiang Mai University, Chiang Mai, Thailand) 

The forests of northern Thailand are diverse of ectomycorrhizal (ECM) fungi. Fruiting 
bodies of ECM fungi are produced from association with the host plants. Some fruiting 
bodies of ECM fungi are edible mushrooms which are food and income of local villagers 
during rainy season. Fagaceae is one of the ECM tree families that are potential for forest 
restoration in northern Thailand. Cultivation of ECM mycelia is difficult compare with 
saprophytic mycelia. Objective of this research is to cultivate mycelia of some edible ECM 
fungi for inoculum production for mycorrhizations with seedlings of some Fagaceae 
plant. The results showed that mycelia of Amanita princeps A10 grew well on culture 
media of Modified Melin Norkans agar mixed with 1.0 g/l yeast extract, and Gyrodon sp. 
B31 grew well on potato dextrose agar. For inoculum production, A. princeps A10 and 
Gyrodon sp. B31 could produce in the optimum culture media in two types of liquid me-
dia and peat-vermiculite media. The inoculums of the ECM fungi were inoculated to six-
month-old seedlings of Castanopsis acuminatissima. Six months after inoculation, seed-
lings of each treatment will be evaluated for growth and mycorrhizal formation. 

References: 
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The Use of Mycorrhizal Inoculants in Rice Fields 

Martin Trepanier (Premier Tech Biotechnologies, Riviere-du-Loup, Canada), Serge Gagné 
(Premier Tech Biotechnologies, Riviere-du-Loup, Canada), Fabrice Barraud (Premier Tech 
Horticulture France, Vivy, France), Delphine Dekeister (Premier Tech Horticulture France, 
Abidjan, Cote d'Ivoire) 

Rice is the second most cultivated plants in the world, providing 20 percent of the world’s 
dietary energy supply. The use of mycorrhizal inoculants appears to be a solution to in-
crease yields and improve fertilizers effectiveness. 

To demonstrate the benefits of using commercial inoculants for rice production, field 
trials were done in Ivory Coast during growing seasons 2016 and 2017 in eight irrigated 
rice fields. Inoculation was made by coating the seeds with AGTIVTM FIELD CROPS ˖ Pow-
der (Premier Tech Agriculture), giving and average of 2.5 spores per seed. After 3 weeks 
in nursery, the seedlings were transplanted in fields. Some plots were fertilized according 
to standard practices and compared to non-fertilized controls. 

In nursery, results showed a significant 30 % increase of tillers number per plant. Follow-
ing transplantation in fields, results showed a significant increase of tillers number and 
shoot biomass by 11 % and 18 % respectively resulting from mycorrhizal inoculation. 
Yield increase in paddy rice was 20 % for the inoculated treatment. We observed that 
mycorrhizal inoculants cannot replace fertilization but increase significantly its effective-
ness. 

Our results in real rice field conditions show that mycorrhizal inoculants are efficient 
tools that may help growers to improve the yield and profitability of their crops and can 
contribute to supply food for the growing population. 

Keywords: mycorrhiza, rice, inoculation, Africa 
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Arbuscular Mycorrhizal Fungi Applied Via Seed Coating to Agricultural Crops under Abi-
otic Stress 

Inês Rocha (Universidade de Coimbra, Coimbra, Portugal), Ying Ma (Universidade de 
Coimbra, Coimbra, Portugal), Aleš Látr (Symbiom Ltd, Lanškroun, Czech Republic), Miro-
slav Vosátka (Institute of Botany, Academy of Sciences of the Czech Republic, Průhonice, 
Czech Republic), Helena Freitas (Universidade de Coimbra, Coimbra, Portugal), Rui 
Oliveira (Universidade de Coimbra, Coimbra, Portugal) 

Arbuscular mycorrhizal fungi (AMF) are well known for improving nutrient uptake, plant 
growth and tolerance to various abiotic stresses. Still, its large scale application has been 
hampered by the relatively high cost of inoculation per plant. Seed coating allows the 
use of minor amounts of inocula being a promising tool for a more cost-effective and 
sustainable AMF inoculation. Different greenhouse experiments were performed with 
different agricultural crops in order to test seed coating as a feasible AMF inocula delivery 
system and the inoculation effect in promoting plant growth and yield under different 
abiotic stresses. The experiments have demonstrated that seed coating system can serve 
as an efficient vector to apply AMF into the soil with results showing improvements in 
crop growth, nutrition and resistance to various stresses. The use of this technology is 
particularly pertinent in low input or organic based agriculture and can be applied under 
adverse environmental conditions.  

R.S. Oliveira, Y. Ma and I. Rocha acknowledge the support of Fundação para a Ciência e 
a Tecnologia (FCT) through the research grants SFRH/BPD/85008/2012, SFRH/BPD/ 
76028/2011 and SFRH/BD/100484/2014, Fundo Social Europeu (FSE) and Programa 
Operacional do Capital Humano (POCH). This work was financed by Portuguese national 
funds through Programa Operacional Competitividade e Internacionalização (POCI), Pro-
ject 3599 – Promover a Produção Científica e Desenvolvimento Tecnológico e a Constitu-
ição de Redes Temáticas (3599-PPCDT) and Fundo Europeu de Desenvolvimento Regional 
(FEDER) under Project POCI-01-0145-FEDER-016801 and by FCT under Project PTDC/AGR-
TEC/1140/2014. 
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Effect of Plant Growth Promoting Endophytic Bacteria and Arbuscular Mycorrhizal 
Fungi on Rice Growth 

Dorkrak Chaisarn (Department of Biology, Faculty of Science, Chiang Mai University, 
Chiang Mai, Thailand), Somchit Youpensuk (Department of Biology, Faculty of Science, 
Chiang Mai University, Chiang Mai, Thailand), Saisamorn Lumyong (Department of Biol-
ogy, Faculty of Science, Chiang Mai University, Chiang Mai, Thailand) 

Black rice (Oryza sativa) variety Hom Nil is increasing popularity as healthy food in Thai-
land. It contains high vitamins and anthocyanin. The consumers concern about health 
care and demand for high quality of rice products. Many farmers have changed their 
farming system into organic system. This research is aimed to study the effect of inocu-
lation of endophytic bacteria and arbuscular mycorrhizal (AM) fungi on growth of the 
black rice variety Hom Nil. The experiment was done in pots with full factorial of inocu-
lation with plant growth promoting endophytic bacteria (PGEB) strain RBR04, AM fungi, 
and co-inoculation of PGEB strain RBR04 and AM fungi with 20 replications. For the bac-
terial inoculation, two-week old rice seedlings were submerged in 0.85% NaCl containing 
with 108 CFU/ml of the PGEB strain RBR04 for 1 hour before transplanting. For AM fungal 
inoculation, 103 spore of AM fungi were inoculated in planting hole of the rice seedlings. 
The results showed that co-inoculation of bacterial strain RBR04 and AM fungi signifi-
cantly increased shoot dry weight compared to uninoculated control. Moreover, the co-
inoculation of RBR04 and AM fungi resulted in speed up booting stage compared to the 
single inoculation and uninoculated control. Inoculation of PGEB strain RBR04 or AM 
fungi alone were not effects on the growth of black rice variety Hom Nil. 

References: 
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Abundance and diversity of arbuscular mycorrhizal fungi in cultivated versus wild 
grapevines 

Tomislav Radic (Institute for Adriatic Crops, Split, Croatia) 

The aim of this study was to compare AMF abundance and diversity between cultivated 
grapevine and its wild relative Vitis vinifera subsp. sylvestris. 

AMF abundance 1, 2,3 and diversity4 were explored in 21 wild grapevine plants in the wide 
area of Neretva River in southwestern Bosnia and Herzegovina and in eight production 
vineyards in the neighbouring southern Croatia, whole area with (sub) Mediterranean 
climate. 

AMF colonisation was 90-100% in the wild grapevine versus 40%-50% in conventionally 
cultivated grapevine or up to 70% in organic vineyards, on V. berlandieri×V. rupestris 
rootstock. Vesicular and arbuscular colonisation of wild grapevine reached 54% and 69% 
respectively, compared to 21% and 25% in vineyards. AMF spore abundance was similar 
for both relatives, ~100-1300 per 100 g of soil. In the wild grapevine the majority of the 
AMF sequences were similar to unidentified Glomus species, with only G. iranicum iden-
tified. In vineyards G. intraradices/G. fasciculatum, G. sinuosum/G. coremioides, G. vis-
cosum, G.indicum/G. iranicum, and a group of unidentified sequences were found5. 

The wild grapevine was determined as highly AMF receptive with colonisation levels well 
above the levels found for cultivated grapevine in the same region. Data on AMF diversity 
in wild grapevine remain preliminary at this stage, with only G. iranicum identified. Inter-
estingly, some unidentified Glomus species both from wild grapevine and from organic 
vineyards grouped together and further wider sets of sequences will show whether these 
AMF sequences could be characteristic for grapevine, as to date they have not been rec-
orded for other plant species. 

References: 
1 Gerdeman JW, Nicholson TH (1963) Spore of mycorrhizal endogone species extracted 
from soil by wet sieving and decanting. Trans Brit Mycol Soc 46, 235–244. 
2 Phillips JM, Hayman DS (1970) Improved procedure of clearing roots and staining para-
sitic and vesicular–arbuscular mycorrhizal fungi for rapid assessment of infection. Trans 
Brit Mycol Soc 55, 159–161. 
3 McGonigle TP, Miller MH, Evans DG, Fairchild GL, Swan JA (1990) A new method which 
gives and objective measure of colonization of roots by vesicular–arbuscular mycorrhizal 
fungi. New Phytol 115, 495–501. 
4 Radic T, Likar M, Hancevic K, Bogdanovi I, Paskovic I (2014) Occurrence of root endo-
phytic fungi in organic versus conventional vineyards on the Croatian coast. Agr Ecosyst 
Environ 192, 115–121. 
5 Likar M, Hancevic K, Radic T, Regvar M (2013) Distribution and diversity of arbuscular 
mycorrhizal fungi in grapevines from production vineyards along the eastern Adriatic 
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Arbuscular mycorrhizal fungal abundance and composition shift over life cycle of Sor-
ghum, differ among root, rhizosphere and soil, and were affected by drought 

Cheng Gao (Plant and Microbial Biology, University of California Berkeley, Berkeley, USA), 
Liliam Montoya (Plant & Microbial Biology, University of California Berkeley, Berkeley, 
USA), Ling Xu (Plant & Microbial Biology, University of California Berkeley, Berkeley, USA), 
Mary Madera (Plant & Microbial Biology, University of California Berkeley, Berkeley, 
USA), Peggy Lemaux (University of California Berkeley, Berkeley, USA), Devin Colemann-
Derr (University of California Berkeley, Berkeley, USA), John Taylor (Plant & Microbial Bi-
ology, University of California Berkeley, Berkeley, USA) 

Introduction: Water availability is the primary limiting factor for biodiversity and ecosys-
tem functioning in semi-arid and arid ecosystems [1, 2], and the drought-adapted S. bi-
color has a potential to cope with the food and energy crisis under global precipitation 
change scenarios. Knowing the responses of AM fungi to drought are critical for agricul-
ture of S. bicolor. The ITS2 region is an ideal fragment for discrimination of AM fungal 
species [3, 4], but was rarely used previously [5, 6]. Our analysis showed that the newly 
published Lee Taylor’s ITS2 primers [7] matched well with the sequences used for the 
Phylogeny and taxonomy of Glomeromycota (http://www.amf-phylogeny.com), sug-
gested that this primers has a potential of unbiased estimation of AM fungal abundance 
and diversity. 

Methods: Using the Illumina Miseq of ITS2, root, rhizosphere and soil AM fungal com-
munities were examined weekly along the life cycles of S. bicolor treated with pre-, post-
flowering drought, and control. 

Results: Arbuscular mycorrhizal fungal reads accounted for ca. 1% of total 30 Million fun-
gal reads, and were clustered into 52 OTUs at 97% similarity cutoff. However, only seven 
OTUs at 97% similarity cutoff was generated from the flanking 18S region of high similar-
ity reference (>97%) of AM fungal OTUs. Along the life cycle of S. bicolor, succession of 
AM fungal community were demonstrated both at genus-level and at OTU-level within 
the genus Rhizophagus. Both pre- and post- flowering drought decreased the abundance 
of AM fungi drastically. AM fungal community differed among root, rhizosphere and soil. 

References: 
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Impact of tropical land transformation on root associated fungal communities 

Johannes Ballauff (Forest Botany and Tree Physiology, University of Göttingen, Göttin-
gen, Germany), Josephine Sahner (Forest Botany and Tree Physiology, University of Göt-
tingen, Göttingen, Germany), Nur Edy (Agrotechnology, Tadulako University, Palu, Indo-
nesia), Bambang Irawan (Forestry, University of Jambi, Jambi, Indonesia), Andrea Polle 
(Forest Botany and Tree Physiology, University of Göttingen, Göttingen, Germany) 

Low-land tropical rain forests are among the most diverse and productive ecosystems of 
the world. Their ongoing conversion to farmland, especially Oil Palm (Elais guineensis) 
plantations, is one of the major causes of deforestation, leading to severe losses of bio-
diversity and ecosystem functioning. This is especially the case in Indonesia, one of the 
biggest palm oil producers today. 

While negative impact on above ground biodiversity is well studied, little is known about 
the effects of such land transformation on the below ground fungal community. We hy-
pothesize that intensive land use leads to severe shifts in both taxonomical and func-
tional diversity of fungal communities and further, that these changes will affect the as-
sociated tree community and impair essential ecosystem functions. In an ongoing study 
located in Jambi (Sumatra, Indonesia) we analyze the impact of land transformation on 
tree root and soil associated fungal diversity using next generation sequencing methods. 

First results reveal functional shifts in the fungal community composition with increasing 
land use, which was correlated with a decline of tree root health. Currently we are ana-
lyzing the temporal variation in the fungal community composition and identifying key 
environmental variables causing the compositional shifts. 

We thank the Collaborative Research Centre 990 (CRC) of the DFG for funding. 
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Use of soil microorganisms combined with reduced fertilization to improve bean fruit 
yield and quality 

Nadia Massa (Dipartimento di Scienze e Innovazione Tecnologica, Università del Pie-
monte Orientale, Alessandria, Italy), Elisa Bona (Dipartimento di Scienze e Innovazione 
Tecnologica, Università del Piemonte Orientale, Alessandria, Italy), Simone Cantamessa 
(Dipartimento di Scienze e Innovazione Tecnologica, Università del Piemonte Orientale, 
Alessandria, Italy), Patrizia Cesaro (Dipartimento di Scienze e Innovazione Tecnologica, 
Università del Piemonte Orientale, Alessandria, Italy), Valeria Todeschini (Dipartimento 
di Scienze e Innovazione Tecnologica, Università del Piemonte Orientale, Alessandria, It-
aly), Elisa Gamalero (Dipartimento di Scienze e Innovazione Tecnologica, Università del 
Piemonte Orientale, Alessandria, Italy), Guido Lingua (Dipartimento di Scienze e Innova-
zione Tecnologica, Università del Piemonte Orientale, Alessandria, Italy), Graziella Berta 
(Dipartimento di Scienze e Innovazione Tecnologica, Università del Piemonte Orientale, 
Alessandria, Italy) 

Phaseolus vulgaris cv. Billò is an important and valuable crop widely cultivated in western 
Piedmont. Arbuscular Mycorrhizal Fungi (AMF) are known to improve plant nutrition and 
hence fruit quality. Rhizobium leguminosarum is a gram-negative bacterium, symbiont 
of various species of Fabaceae and able to fix atmospheric nitrogen. Aim of this study 
was to test, in field conditions, the possibility to improve bean fruit yield and quality by 
means inoculation with AMF and/or rhizobia under conditions of low fertilization. 

At harvesting, yield parameters (pod and seed number and weight) and fruit quality 
(starch, protein, fiber and metal contents) were evaluated. Nodulation and mycorrhizal 
colonization of roots were assessed. 

Yield parameters and fiber content were not influenced by the presence of microorgan-
isms nor by the reduced fertilization, whilst protein concentration was significantly 
higher in the fruits of rhizobium-inoculated plants in combination or not with AMF. 
Starch concentration significantly increased in the seeds of plants inoculated with rhizo-
bia alone. Mg, K and Zn concentrations were positively affected by AMF, while Mn con-
centration was higher in the presence of rhizobia. Ca and Fe levels did not show differ-
ences between the treatments. 

In conclusion, a low chemical fertilization, an environment-friendly practice, can be as-
sociated to inoculation with soil microorganisms to improve fruit quality. Finally, differ-
ent combinations of microorganisms induced different effects on the fruit characteris-
tics. 
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Effect of indigenous and introduced AM fungi on growth of Allium fistulosum under 
sterilized field 

Takumi Sato (Faculty of Agriculture, Yamagata university, Tsuruoka, Japan), Weiguo 
Cheng (Faculty of Agriculture, Yamagata university, Tsuruoka, Japan), Keitaro Tawaraya 
(Faculty of Agriculture, Yamagata university, Tsuruoka, Japan) 

Promotion of phosphorus uptake and growth of host plant by AM fungi are well known 
in pot culture with sterilized soil. However, the effects are not widely observed under 
field condition, because sterilization of field is difficult. The aim of this study was to in-
vestigate effect of indigenous and introduced AM fungi on the phosphorus uptake and 
growth of Allium fistulosum under sterilized field condition. The field was sterilized with 
application of fumigant dazomet at the rate of 200 kg ha1. Superphosphate was applied 
at the rate of 0, 500, and 100 kg ha−1. A. fistulosum inoculated with Glomus R-10 or un-
inoculated were transplanted to sterilized field. This field experiment was repeated in 
2015 and 2016. AM colonization, shoot P concentration, and shoot growth were meas-
ured. AM colonization in unsterilized field ranged from 37% to 76% in uninoculated plant 
and from 45% to 86% in inoculated plant at 35 days after transplanting, and was not 
different between inoculated and uninoculated plants until final harvest. AM coloniza-
tion in sterilized field ranged from 1% to 19% in uninoculated plant and from 45% to 84% 
in inoculated plant and was mostly higher in inoculated plant than uninoculated plants 
until final harvest. Shoot growth of inoculated plant was not different from uninoculated 
plants in unsterilized field, but shoot growth of inoculated plant was higher than uninoc-
ulated plants in sterilized field. This result suggested that dazomet treatment suppressed 
indigenous AM fungi and introduced AM fungi promoted growth of A. fistulosum under 
sterilized field condition. 
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“Bioirrigation” and biofertilizer based legume-millet intercropping as a tool to mitigate 
drought-induced crop yield loss in arid and semi-arid tropics  

Devesh Singh (Department of Environmental Sciences-Botany, Basel, Switzerland), Nata-
rajan Mathimaran (Department of Environmental Sciences-Botany, Basel, Switzerland), 
Thomas Boller (Department of Environmental Sciences-Botany, Basel, Switzerland), Ansgar 
Kahmen (Department of Environmental Sciences-Botany, Basel, Switzerland) 

Hydraulic lift is an important ecological process where roots passively lift up water from 
deeper soil layers and release it into upper layers. Hydraulically lifted water can be redis-
tributed to a neighbouring plant. In agroecological terms this process is referred to as 
“biorrigation”. The role of beneficial microbial inoculants such as arbuscular mycorrhizal 
(AM) fungi and plant growth-promoting rhizobacteria (PGPR) as facilitating agents for 
bioirrigation has often been suggested but is not yet well understood. We conducted 
both field and pot experiments to reveal the significance of AM fungi and PGPRs for bi-
orrigation using an intercropping system. Specifically, we used the deep-rooting crop 
species pigeon pea (Cajanus cajan) and the shallow-rooting crop species finger millet (El-
eusine coracana) as model plants to understand the role of AM fungi and PGPR as facili-
tating agents for bioirrigation. Using deuterium labelled water in a pot experiment, and 
through measuring natural abundance of hydrogen and oxygen isotopes in field experi-
ment, we found evidences for the redistributions of hydraulically lifted water by pigeon 
pea, in which AM fungi seem to play a key role. In fact, the shallow rooted E. coracana 
was only able to utilize hydraulically lifted water in the presence of AM fungi and PGPRs. 
We propose that by designing suitable intercropping system based on bioirrigation and 
biofertilizers, there is great potential for reducing drought induced crop yield loss in arid 
and semi-arid tropics. 

Keywords: arbuscular mycorrhizal fungi, biofertiliser, bioirrigation, intercropping, sus-
tainable agriculture 
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Cover plants, a tool to manage arbuscular mycorrhizal fungi diversity? 

Diederik van Tuinen (UMR Agroecology, INRA, Dijon, France), Clarisse Brígido (ICAAM Insti-
tuto de Ciências Agrárias e Ambientais Mediterrânicas,, Universidade de Évora, Evora, Portu-
gal), Isabel Brito (ICAAM Instituto de Ciências Agrárias e Ambientais Mediterrânicas,, Univer-
sidade de Évora, Evora, Portugal), Luis Alho (ICAAM Instituto de Ciências Agrárias e Ambien-
tais Mediterrânicas,, Universidade de Évora, Evora, Portugal), Michael J Goss (School of 
Environmental Sciences,, University of Guelph., Ontario, Canada), Mário Carvalho (ICAAM In-
stituto de Ciências Agrárias e Ambientais Mediterrânicas,, Universidade de Évora, Evora, Por-
tugal) 

Due to functional diversity on the benefit conferred to host plants by arbuscular mycor-
rhizal fungi (AMF) and the difficulties linked to linoculation, strategies are required for 
managing communities of indigenous AMF associated with different host plants within 
agricultural cropping systems. The impact of a mycotrophic cover (developer) plant on 
the mycorrhizal diversity of a successor crop, when the extra-radical mycelium (ERM) was 
kept intact or not was investigated. 

AMF diversity in roots of two species of the Fabaceae (Ornithopus compressus and Trifo-
lium subterraneum) was compared with those of two species of the Poaceae (Lolium 
rigidum and Triticum aestivum). In disturbed soil, the communities of AMF present in the 
two legumes were clearly different from those of the two members of the Poaceae but 
were similar within each plant family, consistent with preferential symbioses within an 
AMF population for a plant group. However, if for example, the extra-radical mycelium 
(ERM) associated with L. rigidum (Poaceae) as the first plants in a succession, was kept 
intact (undisturbed soil) and functioned as the AMF propagule for colonizing T. subterra-
neum (Fabaceae) as successor crop, the AMF community present in the latter corre-
sponded to that of the first crop, whatever the family group involved. Therefore in a suc-
cession of plants (cover crop-main crop or crops in rotation) the choice of the first plant 
together with use of an appropriate tillage technique, which keeps intact the ERM asso-
ciated with the first plant, can be used strategically to manage AMF biological diversity 
within the cropping system. 

Keywords: AMF community structure, preferential colonization, abiotic stress 
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Factors affecting effectiveness of arbuscular mycorrhizal fungal inoculation under field 
conditions 

Ayako Fukunaga (Division of Regional Crop Research, Western Region Agricultural Re-
search Center, NARO, Ayabe, Japan), Maki Nishikawa (Division of Regional Crop Research, 
Western Region Agricultural Research Center, NARO, ayabe, Japan), Mari Sasanuma (Divi-
sion of Regional Crop Research, Western Region Agricultural Research Center, NARO, 
ayabe, Japan) 

We conducted field inoculation experiments with a commercial inoculum of arbuscular 
mycorrhizal fungus R10 (Idemitsu Kosan Co., Japan) for soybean and Welsh onion. The 
test plants were grown by combining the treatment of inoculation/non-inoculation and 
3 levels of phosphorus fertilization. Soybean were directly sown to field with the inocu-
lum and cultivated for 4 months. Welsh onion were sown with the inoculum in nursery 
bed which did not contain indigenous AM fungi. Six weeks seedlings were transplanted 
to field and cultivated for 4 months. All experiments were conducted in fields, Kyoto, 
Japan. Soil was Eutric Fulvisol. For soybean, neither inoculation nor phosphorus fertiliza-
tion showed significant difference in growth, P uptake and yield. This may indicate rather 
higher soil P fertility, while AM colonization tended to be increased with inoculation. Pot 
experiment with sterilized and non-sterilized soil and PCR-DGGE analysis showed that 
the fungus R10 failed to colonize soybean roots, suggesting that R10 was not able to 
compete with indigenous fungi. For Welsh onion, on the other hand, the inoculation in-
creased its growth and yield. Inoculation in nursery bed may enable the inoculum, AM 
fungus R10, to fully colonize the roots and result in competitiveness of the inoculum 
against indigenous AM fungi in field. These results imply significance of inoculum fungal 
prevalence in plant roots. 

Keywords: field experiment, indigenous fungi, soybean, Welsh onion 
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Commercial mineral-based and chemical fertilisers influence mycorrhizas in pasture 
plants 

Ahmed Alsharmani (UWA School of Agriculture and Environment, The University of West-
ern Australia, Perth, Australia), Lynette K. Abbott (UWA School of Agriculture and Environ-
ment, The University of Western Australia, Perth, Australia), Zakaria M. Solaiman (UWA 
School of Agriculture and Environment, The University of Western Australia, Perth, Aus-
tralia) 

Introduction/Aim: We evaluated the effect of fertilisers of different elemental solubility 
on mycorrhizal colonisation in relation to root growth for two annual pasture species in 
a pasture soil. 

Materials and Methods: The four treatments were: a commercial mineral-based ferti-
liser and a commercial chemical fertiliser both applied at 15kgha-1 P, a microbial inoculant 
and a control. Subterranean clover and Wimmera ryegrass were grown separately and 
roots were examined after 5 and 10 weeks. 

Results: By 5 weeks, the proportion of clover roots colonised by AM fungi decreased by 
35 and 41% for mineral-based and chemical fertiliser respectively. In contrast, the de-
crease in proportion of roots of ryegrass roots colonised by AM fungi was only about 20% 
in each case. The length of colonised clover roots decreased to the same extent with 
application of both fertilisers, especially after 10 weeks, but the reduction in length of 
colonised root for ryegrass was much less than for clover. There was little effect of the 
microbial inoculant on either the proportion or length of roots colonised. 

Conclusion: P fertilisers had less effect on root length colonised than on the proportion 
of roots colonised for two annual pasture plants in this soil. The reduction in the propor-
tion of roots colonised by AM fungi with P fertiliser was not related to differences in their 
elemental solubility. Differential effects of P fertilisers on naturally occurring AM fungi 
have potential to influence plant competition and pasture species dominance. 

Keywords: mycorrhizal fungi, fertilisers, pasture plants 
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Mycorrhizal colonization and phosphorus absorption in maize fields prepared from 
grasslands using different tillage systems 

Tetsuo Yagi (Agricultural Research Department Konsen Agricultural Experiment Station, 
Hokkaido Research Organization, Nakashibetsu-cho, Shibetsu-gun, Hokkaido, Japan), 
Takehiko Matsumoto (Agricultural Research Department Konsen Agricultural Experi-
ment Station, Hokkaido Research Organization, Nakashibetsu-cho, Shibetsu-gun, Hok-
kaido, Japan), Osamu Sakai (Agricultural Research Department Konsen Agricultural Ex-
periment Station, Hokkaido Research Organization, Nakashibetsu-cho, Shibetsu-gun, 
Hokkaido, Japan) 

In grasslands dominated by symbiotic plants with arbuscular mycorrhizal (AM) fungi, the 
inocula of indigenous AM fungi accumulate in the topsoil. We examined the effects of 
two tillage systems, mold plowing (MP) and rotary tillage (RT), used for converting grass-
lands to maize fields on P mobilization by AM fungi. 

The pot and field experiments comprising two tillage systems and three to four P fertili-
zation levels were conducted to determine the AM colonization, shoot dry weight, and P 
content of maize in early growth stages. 

In the pot experiment using two soils with different P availability, the mean AM coloni-
zation for each soil was significantly higher in RT (62, 72%) than in MP (26, 51%) (p<0.01). 
Additionally, the dry weight and P content of maize were significantly higher in RT than 
in MP (p<0.05). Although the shoot dry weight of maize decreased with a reduction in P 
fertilization levels, the rate of decrease was lesser in RT than in MP. In the field experi-
ment in a single field, the dry weight and P content of maize were significantly higher in 
RT than in MP (p<0.05), but the difference in AM colonization between MP and RT was 
insignificant (p=0.07). 

RT, which retains the indigenous AM inocula in the topsoil, has an advantage over MP, 
which moves the source of inocula to the lower soil layers. 

Thus, RT is more effective than MP because it facilitates AM colonization and P uptake in 
the early growth stages of maize in fields prepared from grasslands. 

Keywords: indiginous arbuscular mycorrhizal fungi, maize (Zea mays L.), grassland, phos-
phorus fertilizer, tillage 
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Effect of preceding crop and weed management history on AM fungal community 
structure throughout the development of durum wheat 

Adrian Langarica-Fuentes (Ecological Sciences, The James Hutton Institute, Dundee, UK), Susan 
Mitchell (Ecological Sciences, The James Hutton Institute, Dundee, UK), Tim J. Daniell (Depart-
ment of Animal and Plant Sciences, University of Sheffield, Sheffield, UK), Robert H. Gulden (Fac-
ulty of Agricultural and Food Sciences, University of Manitoba, Winnipeg, Canada) 

Although arbuscular mycorrhizal (AM) fungi are recognised as an important component 
of the plant-soil interphase, the factors that affect their community dynamics in agricul-
tural systems are not well understood. 

In this study, we investigated the effects of preceding crop and weed seedbank density 
on AM fungal community dynamics and root growth in a durum wheat trap crop grown 
in soils from a long-term rotation study. Soils were removed from treatments where pre-
vious crops were flax (Linum usitatissimum L.) or canola (Brassica napus L.) which have 
been grown in the same rotation with three different weed seedbank densities. 

High weed seedbank densities promoted root length and almost doubled AM fungal root 
colonisation when integrated over all developmental stages of durum wheat. Conversely, 
preceding crop had comparatively little impact on these parameters. Over the develop-
ment of durum wheat, the trajectories of AM fungal communities were influenced by 
preceding crop and weed seedbank densities and these effects were most prominent at 
the early vegetative and reproductive stages. Differences in AM fungal communities in 
response to preceding crop were caused by differences in community richness while dif-
ferences in response to weed seedbank densities were related to variation in the relative 
abundance of AM fungal types. 

This study shows that some of the outstanding variation in AM fungal community struc-
ture in agricultural systems may be explained by weed management history and its in-
teraction with other factors. It is advisable to better document weed populations and 
seedbank densities when evaluating AM fungal communities in agricultural systems. 

Keywords: AM fungi, weed management, durum wheat, agricultural systems 
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Characterisation of a truffle plantation in Burgundy  

Corentin Guérin (Inoplant, Bretenière, France), Armelle Gollotte (Inoplant, Bretenière, 
France) 

Introduction: Truffle production in Burgundy mainly occurs in the wild. Many plantations 
have been created in the last 10 years. However, production is still limited in these 
grounds. The aim of this study was to characterise a 10-year-old truffle plantation com-
prising trees inoculated with Tuber melanosporum Vittad. or T. aestivum var. uncinatum 
Chatin, in terms of mycorrhization, brûlé formation and truffle production. In addition, 
interaction between truffle species and AM fungi was investigated around trees. 

Materials and Methods: The presence of brûlés around trees was assessed. Roots of ha-
zel, oak, black pine, hornbeam, birch, cedar and tilia were collected in the plantation for 
analysis of the level of mycorrhization by ectomycorrhizal fungi. Root colonisation by AM 
fungi was estimated in Avena sp., Medicago lupulina L. and Myosotis sp. around trees 
presenting or not brûlés. 

Results and discussion: Less than 40% of the trees inoculated with T. melanosporum or 
T. aestivum var. uncinatum formed a brûlé and about 5% of the trees produced truffles. 
The mean level of root colonisation by truffle species was 52% but 46% of the trees were 
contaminated by other ectomycorrhizal fungi. It is therefore important to adapt cultiva-
tion practices in truffle plantations according to the quality of root mycorrhization. No 
significant difference was identified in root colonisation by AM fungi in Avena sp., M. 
lupulina and Myosotis sp. around trees whether they presented or not a brûlé. Interac-
tion between truffle mycelium and other soil fungi in soil will be investigated in the fu-
ture. 

Keywords: truffle, AM fungi, agro-ecology 
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Selection of tomato lines tolerant to the infection of Meloidogyne incognita using ar-
buscular mycorrhizae 

Ana Vila (SYMBORG S.L., Murcia, Spain), Antonio José Bernabé (SYMBORG S.L., Murcia, 
Spain), Rocio Torres-Vera (SYMBORG S.L., Murcia, Spain), Félix Fernández (SYMBORG 
S.L., Murcia, Spain) 

Tomato is considered the most important vegetable around the world. One of the critical 
problem is the production losses resulting from nematodes´ s attack, which reduce pro-
duction between 12% and 20% (Hassan et al., 2013)2. Arbuscular mycorrhizal fungi (AMF) 
can reduce damage by enhancing plant growth and/or stimulate the nematode genetic´ 
s resistance in infested plants (Azcón-Aguilar y Barea, 1997)3. 

The aim of this study was to know the effect of two AMF in the selection of tomatoes’ 
lines with high mycorrhiza dependency and nematodes tolerance. 

A bifactorial design was proposed with 50 tomatoes´ s line and two AMF strains, Glomus 
iranicum var. tenuihypharum and Glomus intraradices. The mycorrhizal inoculants´ s ap-
plication at 3 kg. ha-1 rate was done by irrigation system and several measures of mycor-
rhizal and plants development were carried out. 

All lines of tomatoes showed mycorrhizal colonization with both species, however, from 
the first sampling the expression of the strain Glomus iranicum var. tenuihypharum was 
higher than the strain Glomus intraradices, regardless of the line studied. Not every line 
had the same response to the mycorrhizal process. Glomus iranicum var. tenuihypharum 
promoted best behavior than Glomus intraradices. Towards the end of the trial, there 
was a strong correlation between the lines with the highest production of Glomalin and 
the highest percentages of mycorrhization with Glomus iranicum var. tenuihypharum. At 
the end, ten lines were selected with high nematode tolerance and a marked depend-
ency to form mycorrhizae with the specie before mentioned. 

References: 

2 Hassan, M.A.; Pham, T.H.; Shi, H.; Zheng, J. (2013). Nematodes threats to global food 
security. Acta Agriculturae Scandinavica, Section B - Soil & Plant Science 63(5), 420-425. 

3 Barea, J. M., Azcón-Aguilar, C. y Azcón, R. 1997. Interactions between mycorrhizal fungi 
and rhizosphere microorganisms within the context of sustainable soil-plant systems. In: 
Gange AC, Brown VK (eds) Multitrophic interactions in terrestrial systems. Blackwell Sci-
ence, Oxford, pp. 65-77. 

  



ICOM 9 

95 

P (ID 409) 

Infection unit density as an index for infection potential of arbuscular mycorrhizal fungi 

Ryo Ohtomo (Agro-Environmental Research Area, Hokkaido Agricultural Research Cen-
ter, NARO, Sapporo, Japan), Yoshihiro Kobae (Agro-Environmental Research Area, Hok-
kaido Agricultural Research Center, NARO, Sapporo, Japan), Sho Morimoto (Agro-Envi-
ronmental Research Area, Hokkaido Agricultural Research Center, NARO, Sapporo, Ja-
pan), Norikuni Oka (Agro-Environmental Research Area, Hokkaido Agricultural Research 
Center, NARO, Sapporo, Japan) 

For effective use of arbuscular mycorrhizal (AM) functions in agricultural practice, not 
only AM fungal biological characteristics but also quantitative evaluation of AM fungal 
infection potential in field soil or in inoculation material would be inevitable. Mean in-
fection percentage (MIP) and most probable number (MPN) methods, both widely used 
for the quantification of AM fungal infection potential, are indirect assay. It has been 
previously suggested that number of infection unit (IU) formed on the host plant root 
after short cultivation period reflect the number of propagules in the soil directly when 
the pot soil was completely permeated by the host plant root. In the current study, effi-
ciency of IU density, number of IUs per unit root length as an index of AM infection po-
tential was evaluated. 

Lotus japonicus, chive or onion were used as test plants. They were grown in sterilized 
soil-sand mixture inoculated with different amount of AM fungal material. After 12-14 
days cultivation, whole root system was stained with DAB and IU numbers were counted 
under stereomicroscope. 

IU density showed linear correlation with the inoculum density. Different from MIP, the 
value was less affected by host plant species. Processing the stained root for microscopic 
observation and IU counting took 7 and 5 minutes per sample in average, respectively, 
which was less time consuming than colonization measurement. Short cultivation period 
is also advantageous to achieve constant culture condition. Thus, the IU density would 
be a robust and practically useful index to evaluate the AM fungal infection potential. 

Keywords: infection unit, mean infection percentage, most probable number 
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Inoculations of legumes with beneficial soil microorganisms  

Aleš Látr (Symbiom, s.r.o., Lanškroun, Czech Republic), Martin Rozmoš (Symbiom, s.r.o., 
Lanškroun, Czech Republic), Sylvie Masquelier (InoculumPlus, Technopôle Agro-envi-
ronnement Agronov RD31, Bretenière, France), Janie Bouvet (InoculumPlus, Technopôle 
Agro-environnement Agronov RD31, Bretenière, France), Florence Ethevenot (Groupe Di-
jon Céréales, Boulevard de Beauregard 4, Longvic, France), Petr Kotyza (Symbiom, s.r.o., 
Lanškroun, Czech Republic) 

The legume production implementing the beneficial soil microbes represents an eco-
friendly solution for decreasing the excessive inputs of agrochemicals in a cultivation sys-
tem as crops can benefit via a better growth, yield and resistance to various environmen-
tal stresses thanks to the inoculation of microbes such as arbuscular mycorrhizal fungi, 
plant growth promoting rhizobacteria, Trichoderma sp. etc. These microbes are slowly 
becoming a key part of a good practice in open field crop productions, although their 
applications under large scale might be cost and labor sensitive. Series of experiments 
on legumes in pots (followed a standard inoculation procedure) and in the field (employ-
ing a targeted seed coating method) showed positive growth responses. Furthermore, 
seed coating technique was proved as a functional way of introducing the microbes in 
the soil, which can be feasible (as needs of inoculum per plant are significantly reduced) 
both for organic and conventional farming practices.  

The authors acknowledge the support of EU-FP7 Project Eurolegume (GA 613781) and 
Eurostars project E!8275 MicroCoat. 

Keywords: arbuscular mycorrhizal fungi, plant growth promoting rhizobacteria, Tricho-
derma, legumes 
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Interaction effects of Arbuscular Mycorrhizal Fungi, compost and root-knot nematode 
on tomato landrace’s growth from Canary Islands 

Alexis Hernández Dorta (Protección Vegetal, Instituto Canario de investigaciones Agrar-
ias, La Laguna, Spain), M. Carmen Jaizme-Vega (Protección Vegetal, Instituto Canario de 
Investigaciones Agrarias, La Laguna, Spain) 

Root-knot nematodes are worldwide important pathogens of a wide range of agricul-
turad crops. In Canary Islands, the effects of root-knot nematodes produce intense dam-
age to tomato crops. Arbuscular mycorrhizal fungi have the potential as biocontrol agent 
for nematode management when both occur simultaneously in roots and rhizosphere 
(Jain and Hasan, 1994). Organic fertilizers are known to suppress root-knot nematodes 
populations and improve crop tolerance (Oka and Yermiyahu 2002). 

The aim of this work is to evaluate interactions effect of the arbuscular mycorrhizal fungi 
and compost application on tomato landrace from Canary Islands "Manzana Negra" af-
fected by root-knot nematodes. 

Greenhouse experiment was conducted to assess the influence of local arbuscular my-
corrhizal fungus Glomus mosseae and compost addition alone and in combination with 
root-knot nematode Meloidogyne javanica and on growth of local tomate landrace. 

Negative effects of root-knot nematode on tomato landrace’s grows was clearly visible. 
Tomato plants inoculated with local Glomus mosseae showed recovering their normal 
size, despite being subjected to the negative effects of nematodes. The addition of or-
ganic matter produced an increase in plant’s vigor, reflected in a significant increase of 
plant’s biomass, number of tomatoes produced and also reduced nematode reproduc-
tion rates. Synergistic effects were founded when arbuscular mycorrhizal fungi and com-
post was applied. 

The combined use of arbuscular mycorrhizal fungi and compost produced significative 
effects on tomato plants such as higher growth, biomass and production and reduced 
nematode reproduction rates. 

References: 

Jain, R.K. and Hasan, N, 1994, Vesicular-arbuscular mycorrhizal fungi, a potential biocon-
trol agent for nematode. Vistas in Seed Biology, 11: 49-60. 

Oka, Y. and Yermiyagu, U. 2002. Suprressive effects of composts against the root-knot 
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persicum L.  



9th International Conference on Mycorrhiza| 30th July – 4th August 2017 | Prague, Czech Republic 

98 

P (ID 421) 

Re-evaluating fine root endophyte 

Suzanne Orchard (School of Agriculture and Environment, The University of Western Aus-
tralia, Perth, Australia), Megan H. Ryan (School of Agriculture and Environment, The Uni-
versity of Western Australia, Perth, Australia), Lynette K. Abbott (School of Agriculture 
and Environment, The University of Western Australia, Perth, Australia) 

Introduction/Aim: Fine root endophytes (FRE) are morphologically distinct arbuscule-
producing endophytic fungi. The presence of arbuscules led to FRE being classified as 
Glomus tenue, an arbuscular mycorrhizal fungus (AMF), phylum Glomeromycota. 

Materials and Methods: In this poster we review the state of knowledge on FRE and 
present key recent findings by our research group. 

Results and Discussion: In Australian crops and pastures, colonisation by FRE may often 
be greater than 20% of root length and may reach up to 80%. In some instances, coloni-
sation by FRE may be higher than that of AMF. This high abundance of FRE is especially 
interesting as recent sequencing results suggest that FRE belong in the sub-phylum Mu-
coromycotina, not Glomeromycota. Thus, FRE are the only arbuscule-producing fungus 
not placed within the Glomeromycota. This difference in phylogeny and the differences 
in colonisation morphology between FRE and AMF could indicate a different ecological 
niche. There are some studies that support this contention including some from the Artic 
region and one with a waterlogging treatment. In these studies, FRE were favoured rela-
tive to AMF by the stressful conditions, but only in some host plants. 

Conclusion: Further research is required on the functioning of FRE in relation to the en-
vironment, host plant and co-occurring AMF and, in particular, to examine whether FRE 
are important for plant growth in stressful environments. Molecular studies using pri-
mers which target AMF (glomeromycotan fungi) may overlook a significant component 
of the soil mycorrhizal community, therefore targeted primers are urgently needed for 
further research on FRE. 

References: 

Orchard S, Hilton S, Bending GD, Dickie IA, Standish RJ, Gleeson DB, Jeffery RP, Powell JR, 
Walker C, Bass D, Monk J, Simonin A and Ryan MH (2017) Fine endophytes (Glomus 
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AMF influence on total, ammonia oxidiser and denitrifiers bacterial communities under 
different wheat variety 

Mingsen Qin (Department of Biology, University of York, York, UK) 

N2O is a potent greenhouse gas contributing to both global warming and ozone depletion 
in the stratosphere. Agricultural land acts as a large source of this gas. Arbuscular Mycor-
rhizal Fungi (AMF) have been shown to reduce N2O emissions from agriculture through 
changes in the abundance of key bacterial genes associated with nitrification and deni-
trification, though the mechanism of this and the effect of AMF on bacterial community 
structure is still poorly understood. As part of a field trial set up by the MycoRhizaSoil 
consortium at the University of Leeds Farm, we tested the influence of AMF on soil bac-
terial communities, looking at the total community and that of ammonia oxidisers and 
denitrifiers. Soils of six varieties of wheat were amended with a commercial AMF inocu-
lum, and fungal and bacterial community structure was determined through next gener-
ation amplicon sequencing. The amendment significantly altered the community struc-
ture of all studied groups. The wheat variety was found to be a strong determining factor 
of the inoculum alterations to fungal community, with a range of AMF species richness 
changes between varieties. This did not however show the same relation to total bacte-
rial, ammonia oxidizer or denitrifier richness, indicating that this has a different driving 
mechanism, being the direct influence of AMF presence regardless of variety. The AMF 
effects on the bacterial functional expression should be investigated in the further stud-
ies based on the results. 

Keywords: AMF, wheat variety, bacteria, ammonia oxidiser, denitrifiers 
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Dissecting biotic and abiotic soil factors that determine responsiveness of soybean to 
arbuscular mycorrhizal fungal inoculation in the field with respect to dynamics of inoc-
ulum fungus 

Takuya Koyama (National Agriculture and Food Research Organization (NARO), Tsukuba, 
Japan), Rieko Niwa (National Agriculture and Food Research Organization (NARO), Tsu-
kuba, Japan), Katsuki Adachi (National Agriculture and Food Research Organization 
(NARO), Nishinoomote, Japan), Shusei Sato (Tohoku University and Kazusa DNA Research 
Institute, Sendai and Kisarazu, Japan), Hideki Hirakawa (Kazusa DNA Research Institute, 
Kisarazu, Japan), Shigenobu Yoshida (National Agriculture and Food Research Organiza-
tion (NARO), Tsukuba, Japan), Tatsuhiro Ezawa (Hokkaido University, Sapporo, Japan) 

The significance of soil biotic and abiotic factors in the effectiveness of arbuscular my-
corrhizal (AM) fungal inoculation on yield was evaluated with respect to dynamics of an 
inoculum fungus in field trials. Soybean was inoculated with a commercial inoculum of 
Rhizophagus irregularis and grown in three field sites that were differently managed in 
the previous year: two bare fallowed sites (BF1 and 2) and a palisade grass-grown site 
(PG). Field soils were collected before fertilizer application, and most probable numbers 
(MPNs) of AM fungal propagule were estimated. At the time of flowering, the roots were 
collected, and AM fungal LSU rDNA was amplified from the root DNA extracts and se-
quenced on the MiSeq platform. Operational taxonomic units (OTUs) were defined in 
reference to a database composed of 412 AM fungal sequences. Root zone soils were 
subjected to chemical analysis. Increases in yield and shoot dry weight in response to the 
inoculation were observed in BF1 and BF2, respectively, but not in PG. Sequence read 
abundances of the inoculum fungus were correlated negatively with the MPNs and pos-
itively with yield responses to inoculation; the less the indigenous fungal population, the 
more effective the inoculation. Logistic regression analysis indicated that MPN is the 
most significant determinant of inoculum colonization among the soil factors. Niche 
breadth analysis of indigenous fungi revealed that those with a broader niche breadth 
(i.e. general fungi across the three fields) mainly competed against the inoculum fungus 
and that cultivation of AM fungal host strengthened the competitiveness of them. 
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Investigation of interactions between plant biostimulant and symbiotic microbes and 
their effects on agricultural crops 

Eva Baldassarre Švecová (Department of Mycorrhizal Symbioses, Institute of Botany of 
the Czech Academy of Sciences, Průhonice, Czech Republic), Libor Mrnka (Department of 
Mycorrhizal Symbioses, Institute of Botany of the Czech Academy of Sciences, Průhonice, 
Czech Republic), Miroslav Vosátka (Department of Mycorrhizal Symbioses, Institute of 
Botany of the Czech Academy of Sciences, Průhonice, Czech Republic) 

One of the greatest challenges worldwide is the reduction of negative environmental 
impact of modern agriculture. One often overlooked aspect is the negative impact of 
intensive chemical inputs on the key ecophysiological features of terrestrial plants, sym-
bioses with mycorrhizal fungi and endophytic microorganisms. The use of environmen-
tally friendly products such as plant biostimulants generated from waste products may 
be a solution for new sustainable crop production systems. 

The poster presents an EU funded project, its background and advances, for develop-
ment of a new biostimulant based on biorefined waste products. These products, which 
would otherwise be disposed with the negative impact on the environment, can enhance 
plant growth and/or stress resistance, and act in synergy with symbiotic microbes and/or 
promote their growth/functioning due to the content of N-containing compounds influ-
encing plant metabolism. Synergistic effects of tested biostimulant and the symbiotic mi-
crobes on the growth promotion of agricultural crops are being studied at the level of 
plant biometric parameters, biomass yield, nutrients and photosynthetic apparatus. The 
indirect plant mediated effects of biostimulant foliar treatments on root colonization by 
symbiotic microbes, their functional enzymatic activities and community structure is be-
ing determined. 

The project contributes to the increasing awareness of the society on the necessity of 
development of eco-friendly agricultural products for sustainable crop management, and 
on the need of biostimulants’ regulation by EU laws. 

Keywords: plant biostimulant, symbiotic microorganisms, plant growth promotion, sus-
tainable crop management 
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Ericoid mycorrhizal inoculation in organic highbush blueberries: influence on yield and 
anthocyanins 

Siri Caspersen (Department of Biosystems and Technology, Swedish University of Agricul-
tural Sciences, Alnarp, Sweden), Birgitta Svensson (Department of Biosystems and Technol-
ogy, Swedish University of Agricultural Sciences, Alnarp, Sweden), Karl-Erik Gustavsson (De-
partment of Plant Breeding, Swedish University of Agricultural Sciences, Alnarp, Sweden), 
Marie Olsson (Department of Plant Breeding, Swedish University of Agricultural Sciences, 
Alnarp, Sweden), Sammar Khalil (Department of Biosystems and Technology, Swedish Uni-
versity of Agricultural Sciences, Alnarp, Sweden), Håkan Asp (Department of Biosystems 
and Technology, Swedish University of Agricultural Sciences, Alnarp, Sweden) 

Consumer demand and commercial production of cultivated blueberries have strongly 
increased globally during the last ten years. At the same time, there is a growing demand 
for organic fruits and vegetables. Between 2011 and 2016, we have conducted a project 
aiming at optimizing organic production of cultivated blueberries in a Nordic climate. 

As a part of the project, we have examined the influence of two ericoid mycorrhizal in-
ocula on growth and anthocyanin content of the highbush blueberry (Vaccinium corym-
bosum) cultivars ‘Duke’ and ‘Reka’. Two-year old plants were inoculated in pots in May 
2012 and were cultivated in a greenhouse until transplantation to peat-filled ditches in 
the field at Rånna Experimental Station, Skövde, in August 2012. 

In 2016, ’Reka’ was the highest yielding variety. One of the mycorrhizal inocula negatively 
affected yield for ’Reka’, but inoculation did not significantly influence the yield of ’Duke’. 
While ’Duke’ showed the highest berry anthocyanin content, no significant difference 
was observed between the mycorrhizal treatments. Further analyses are presently con-
ducted on the content of individual anthocyanins and phenolic acids. 

In conclusion, the effects of mycorrhizal incoulation on yield of organically grown high-
bush blueberries were small and depended on inoculum type and blueberry cultivar, 
while the total amount of anthocyanins was not affected by inoculation. 

Keywords: Vaccinium corymbosum, organic cultivation 
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Effect of mycorrhizal seed coating and bacterial inoculation on maize and chickpea 
early growth 

Ying Ma (Department of Life Sciences, Centre for Functional Ecology, University of Coim-
bra, Faculty of Sciences and Technology, Coimbra, Portugal), Eva Baldassarre Švecová 
(Department of Mycorrhizal Symbioses, Institute of Botany of the Czech Academy of Sci-
ences, Průhonice, Czech Republic), Markéta Petružálková (Department of Mycorrhizal 
Symbioses, Institute of Botany of the Czech Academy of Sciences, Průhonice, Czech Re-
public), Aleš Látr (Symbiom s.r.o., Lanškroun, Czech Republic), Miroslav Vosátka (Depart-
ment of Mycorrhizal Symbioses, Institute of Botany of the Czech Academy of Sciences, 
Průhonice, Czech Republic) 

Seed coating is a technique that facilitates application of microbial inocula to the seeds 
enabling its feasible use in agricultural practice. It requires a specific coating method for 
each crop and microorganism used to assure a proper seed germination and inoculum 
functionality. 

Seeds of maize and chickpea have been inoculated with arbuscular mycorrhizal fungi 
(AMF) and sown into 2L-plastic pots containing sterile growth substrate. The combina-
tions of AMF with two different bacteria have been tested. Coated seeds without AMF 
and non-coated seeds served as controls. The AMF colonization and the effects of mi-
crobes on plant growth promotion have been evaluated after two months of cultivation. 

In maize, the germination of seeds was not influenced by coating; in chickpea the germi-
nation rate was negatively affected by coating as well as the development of the root 
colonization by AMF. In AMF treated maize seeds the mean root colonization was the 
highest (47.5%) in comparison with seeds subjected to the simultaneous AMF and bac-
terial inoculation, and significantly increased root fresh and dry biomass in comparison 
with control plants. 

These preliminary results indicate that the interaction of various microbial inocula may 
influence their establishment on plants and affect their efficacy on the crop growth in 
maize. Applied seed coating resulted as an effective mean to introduce AMF to the maize 
plants but further studies are necessary to confirm these results under field conditions. 

Keywords: seed coating, mycorrhiza, beneficial bacteria 
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Plants talk! – Communication via arbuscular mycorrhizal fungal networks 

Carmina Falcato Cabral (Department of Agroecology, Aarhus University, Slagelse, Denmark) 

Arbuscular Mycorrhizal fungi (AMF) transport both nutrients and water between plants 
through the mycelial networks connecting plants underground. Previous studies have 
shown that plants can use this underground communication system for signaling pro-
cesses, to warn about imminent pathogen or pest attacks. Nevertheless, both the causes 
and mechanisms of these transfer processes are scarcely investigated and need further 
research efforts. Fungal-hyphae mediated allelopathy in response to biotic stress (aphid 
attacks) via transport of signaling compounds through the AM mycelial networks has 
been demonstrated. In contrast, the induction of a rapid response against abiotic stress 
via signaling compounds traveling through these networks has not been investigated. 
Moreover, the identity and the mechanisms of transport of the putative signaling com-
pounds through or on these AM networks have not yet been described. Applying a tightly 
connected interdisciplinary approach, ranging from microbiology to plant metabolomics, 
the present study aims to: i) evaluate the signaling processes between ‘donor’ and ‘re-
ceiver’ plants, induced by challenging ‘donor’ plants with different stress types (abi-
otic/biotic); ii) identify the signaling compounds in the external mycelium connecting the 
plants and iii) assess if there are changes based on the different stress events/types 
and/or stress interactions. The identification of these compounds can bring us one step 
closer to understanding inter-plant communication via arbuscular mycorrhizal networks. 
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The Mycorrhiza Network since 1988: a journey of progress and achievements 

T. P. Sankar (Knowledge Management, The Energy and Resources Institute (TERI), New 
Delhi, India), Reena Singh (Centre for Mycorrhizal Research, The Energy and Resources 
Institute (TERI), New Delhi, India), Reeta Sharma (Knowledge Management, The Energy 
and Resources Institute (TERI), New Delhi, India) 

The Mycorrhiza Network at TERI has been actively involved in development and applica-
tion of mycorrhizal biofertiliser, technology development and its transfer; and infor-
mation dissemination activities. The Network functions with the objective of helping sci-
entists carry out research in the field of Mycorrhiza and promoting communication 
among mycorrhiza scientists. The Network also functions as a specialized centre for col-
lection, compilation and dissemination of databases and publications on mycorrhiza, viz., 
The Network’s Literature Abstracts Database has over 7000 classified references; serves 
scientists who are looking for different aspects of mycorrhizal research. The Centre for 
Mycorrhizal Culture Collection of the Network provides opportunity to researchers to 
obtain specific cultures of interest; preserves germplasm available in India and else-
where; and provides starter cultures. The Centre has a glorious collection of over 600 
different isolates of which 257 are ecto mycorrhizal and 350 Arbuscular Mycorrhizal iso-
lates. The Network has developed a Directory of Mycorrhizologists to create a network 
of scientists associated directly with research on mycorrhiza and to identify institutions 
and centres where mycorrhiza research is being carried out. The Network’s Mycorrhiza 
Newsletter provides a forum for dissemination, interaction and communication of scien-
tific information on mycorrhizal research. It contains state-of-the-art papers covering the 
biology, ecology, and other related aspects of mycorrhiza including biodiversity and con-
servation of mycorrhizae. The Network conducts brainstorming sessions and training 
programmes for researchers and budding scientists on different aspects of mycorrhizal 
research. 

Keywords: mycorrhiza network, mycorrhiza as biofertilizer, mycorrhiza literature, my-
corrhiza culture 
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Indigenous isolate Glomus mosseae inoculation enhances fatty acid levels, elemental 
status of Groundnut (Arachis hypogaea L.) oil 

Mohan Vinayak Kulkarni (Department of Chemistry. Division of Biochemistry, Savitribai 
Phule Pune University, Pune, India), Prerna Balkrishna Pawar (Department of Chemistry. 
Division of Biochemistry, Savitribai Phule Pune University, Pune, India), Jayshri Pramod 
Khadilkar (Department of Chemistry. Division of Biochemistry, Savitribai Phule Pune Uni-
versity, Pune, India), Jose Savio Melo (Nuclear, Agriculture and Biotechnology Division, 
Bhahba Atomic Research Centre, Trombay, Mumbai, India) 

Groundnut is the sixth most important oil seed crop in the world and India is the second 
largest producing country. Groundnut oil composes a very good lipid profile and being a 
vegetable oil; it is a good source of plant sterols and possesses high nutritive value. 

Ten different indigenously isolated mycorrhizal species viz. Glomus spp, Gigaspora spp, 
Acaulospora spp were inoculated and its effect on fatty acid profile and elemental status 
of groundnut seed oil was studied. 

Fatty acid composition was evaluated by using GC and GCMS analysis. Elemental analysis 
was carried out by using ICP-AES. Acid value of oil was calculated according to the AOCS 
method. 

Amongst the ten isolates, Glomus mosseae was more efficient in enhancing levels of fatty 
acids, elemental status and acid value of groundnut seed oil. Oleic (72%) Linoleic acid 
(39.93 %), Palmitic acid (79.36%) Stearic acid (86.34%), Linolenic acid (95.86%) were 
more prevalent fatty acids in Glomus mosseae inoculated plant seed oil than control. 
Also, Glomus mosseae inoculated plant seed oil had higher levels of Zinc (146.32 ppm), 
Calcium (4039.58 ppm), Magnesium (489.72 ppm), Manganese (174.38 ppm) as com-
pared to other mycorrhizal isolates. Acid value was also found to be highest in Glomus 
mosseae (79.87 mg KOH/g oil) inoculated plant seed oil than in control. 

These results support that, AMF has significant role in enhancement of nutrient profile 
of groundnut oil. 

Keywords: Glomus mosseae, Arachis hypogaea, fatty acid  
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Optimum level of soil available phosphorus for AMF inoculation to Welsh onion in non-
allophanic Andosol 

Takae Suzuki (Graduate School of Agricultural Science, Tohoku University, Sendai, Japan), 
Toru Uno (Graduate School of Agricultural Science, Tohoku University, Sendai, Japan), 
Ryosuke Tajima (Graduate School of Agricultural Science, Tohoku University, Sendai, Ja-
pan), Toyoaki Ito (Graduate School of Agricultural Science, Tohoku University, Sendai, 
Japan), Masanori Saito (Tohoku University, Sendai & Japan Science and Technology 
Agency, Tokyo, Japan) 

It was demonstrated that inoculation of arbuscular mycorrhizal fungi (AMF) to Welsh on-
ion (Allium fistulosum) was effective to improve its growth and to reduce phosphorus (P) 
fertilizer (Tawaraya et al., 2012). Andosol is a volcanic soil with high P fixing capacity, so 
application of AMF is expected for efficient use of P fertilizer. However, it is not yet clar-
ified what level of soil available P is suitable for effective AMF inoculation in Andosol. To 
clarify the optimum level of soil available P in a non-allophanic Andosol, we conducted 
field experiments of Welsh onion for 4 years in Field Science Center of Tohoku University, 
Japan. Welsh Onion was inoculated with a commercial inoculum containing Rhizophagus 
sp. R10 and grown for about 8 weeks in nursery bed in greenhouse. The seedlings were 
transplanted to the plots with different levels of soil available P due to previous fertiliza-
tion. Soil available P of the plots were Very high (VH), High (H), Medium (M), and Low (L). 
The AMF inoculation significantly increased the yields in the M and H plots, while no ef-
fect was found in the VH plot. In the L plot, plant growth was so poor that the inoculation 
did not clearly improve yields. Additional P fertilizer was applied upon transplanting, but 
this P fertilization did not much affect the yield of Welsh onion. These results indicate 
that a medium to high level of soil available P is needed to increase effectiveness of AMF 
inoculation to Welsh onion in the non-allophanic Andosol. 

Keywords: arbuscular mycorrhizal fungi, non-allophanic Andosol, Welsh onion, Rhizoph-
agus sp. R10 
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Impact of trees on mycorrhizal abundance and soil fertility in low-input maize cropping 
systems 

Janina Dierks (Environmental Systems Science, ETH Zurich, Zurich, Switzerland), Wilma 
Judith Blaser (Environmental Systems Science, ETH Zurich, Zurich, Switzerland), Hannes 
Andres Gamper (Environmental Systems Science, ETH Zurich, Zurich, Switzerland), Johan 
Six (Environmental Systems Science, ETH Zurich, Zurich, Switzerland) 

Trees in African low-input maize cropping systems could play a vital role in maintaining 
arbuscular mycorrhizal fungi (AMF) and as such, improve maize nutrient uptake over the 
short term and soil fertility in the longer term. The benefits of trees in farmers’ fields on 
soil fertility are established but the role of tree-facilitated AMF in enhancing soil aggre-
gation and soil nutrient content is understudied. 

We investigate whether trees maintain AMF during the non-cropping season and subse-
quently help improve soil fertility. Specifically, we assess the impact of single-standing 
mango (Mangifera indica) and faidherbia (Faidherbia albida) trees on AMF hyphal abun-
dance, soil aggregation, soil carbon (C), nitrogen (N), and phosphorus content, maize root 
colonization by AMF, and maize biomass in Malawian smallholder farmers’ maize fields. 
For this we collected soil samples along a distance-from-tree gradient at the end of the 
non-cropping season, and maize root and biomass samples. 

Aggregation, C content in bulk soil, and C and N content in macroaggregates decrease 
away from mango but not faidherbia trees. Mycorrhizal abundance in soil and maize 
roots and maize biomass are hypothesized to decrease with distance from tree. Results 
are expected by July 2017. 

Our preliminary results suggest that mango trees could improve soil fertility in their vi-
cinity while faidherbia trees appear to impact soil properties beyond 15 meter. Correla-
tion between soil fertility and AMF abundance remains to be assessed. In general, this 
study will provide insight into the potential of tree-facilitated AMF to enhance sustaina-
bility of maize cultivation in low-input cropping systems. 
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Enhancing arbuscular mycorrhizal fungi communities to improve drought tolerance in 
rooftop gardens 

Bridget E. Hilbig (Department of Botany, Weber State University, Ogden, USA) 

Efforts to enhance global food security promote the inclusion of local urban food sys-
tems, which are often more limited by the cost and availability of water than conven-
tional agricultural systems1. Areas of the Wasatch Front (United States) are currently ex-
periencing moderate to severe drought, which can have profound effects on the viability 
of sustainable urban food systems. Soil microorganism, in particular arbuscular mycor-
rhizal fungi, have been shown to greatly influence drought tolerance of plants2. We in-
vestigated how to effectively introduce soil biological complexity found in natural sys-
tems into the highly artificial soils of community gardens and green roof gardens, so that 
crops might be better able to contend with drought-stress. Green peppers (Capsicum 
annuum L.) were grown in rooftop garden units in a factorial design of three soil - com-
mercial arbuscular mycorrhizal fungi (Glomus intraradices), locally sources arbuscular 
mycorrhizal fungi from the rhizosphere of Artemisia tridentata, and sterile soils – and 
two water treatments - continual or pulsed watering. Photosynthetic rates of plants in 
all treatment combinations were measured throughout the experiment. Photosynthetic 
rates of peppers grown in continual watering with commercial inoculum were highest 
at 4.23 + 0.46 µmol CO2 m2s1 and lowest 2.47 + 0.30 µmol CO2 m2s1 in sterile soil under 
pulsed watering. There was no significant difference in photosynthetic rates between 
commercial and local AMF communities in continual or pulsed watering. Plants will be 
grown until fruit production in early July, at which point they will be harvested and meas-
ured for aboveground biomass, below-ground biomass, and percent AMF root infection. 

References: 
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The use of AMF to improve commercial horticulture substrate growing systems 

Louisa P. Robinson Boyer (Pest and Pathogen Ecology, NIAB EMR, West Malling, UK), 
Xiangming Xu (Pest and Pathogen Ecology, NIAB EMR, West Malling, UK) 

Commercial horticulture is rapidly moving towards protected cropping systems in soil-
free substrates to improve production scheduling and reduce the threat of soil-borne 
pathogens. However, under protection growers are facing increasing restrictions from 
legislation surrounding water and nutrient input. Key UK horticulture crops such as 
strawberry and pot-grown herbs are almost entirely grown in substrate under protec-
tion. Soil-free substrates, devoid of many microbes, are likely to be an area where the 
addition of beneficial microbes would lead significant benefits in reducing water and nu-
trient input. Improving the benefits obtained from soil microbes such as AMF and PGPR 
may hold an important key to achieving production potentials whilst minimizing input. 

Research at NIAB-EMR has shown that inoculation of strawberry and pot grown herbs in 
substrate with Mycorrhizal fungi increases productivity and confers a greater tolerance 
of drought. We report the benefit of inoculating strawberry, basil and coriander in sub-
strates under different fertigation regimes. A consistent trend in the increasing fresh 
weight of strawberry plants and class I fruit yield was demonstrated as well as increased 
tolerance to drought. Both the number of fruit produced and the average weight of fruit 
increased with AMF inoculation. Basil and coriander plants showed increased speed of 
growth, canopy density and fresh weight when inoculated with AMF. 

Keywords: horticulture, substrate, strawberry, herbs, water 
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Phosphorus acquisition efficiency by wheat colonized by AMF contrasting in Al toler-
ance growing in Andisol  

Alex Seguel (BIOREN, Universidad de La Frontera, Temuco, Chile), Pedro Campos (BI-
OREN, Universidad de La Frontera, Temuco, Chile), Pablo Cornejo (BIOREN, Universidad 
de La Frontera, Temuco, Chile), Fernando Borie (BIOREN, Universidad de La Frontera, Te-
muco, Chile), Jonathan Cumming (Department of Biology, West Virginia University, Mor-
gantown, USA) 

The mechanisms of Al tolerance and P efficiency may be closely related through strate-
gies that decrease the toxicity of the Al3+ and increase P availability in soils. The effects 
of soils with high Al saturation on P acquisition by wheat have been little studied under 
field conditions. The aim was to study Al–P interactions on wheat genotypes of con-
trasting Al tolerance when grown under field conditions in a volcanic soil with high Al 
saturation (32%) and low pH (5.0). A field-plot experiment was performed with winter 
wheat genotypes, two Al-tolerant (TCRB14 and TINB14) and one Al-sensitive (STKI14), 
with application of 0, 44 and 88 kg P ha–1. At the end of tillering and after physiological 
maturity (90 and 210 days after sowing), plants were harvested and yield and P and Al 
concentrations in shoots and roots were measured. Soil acid phosphatase, root arbuscu-
lar mycorrhizal (AM) colonisation, AM spore number and soil glomalin were determined. 
Shoot and root production and P uptake were higher in Al-tolerant genotypes than 
the sensitive genotype. Root AM colonisation and soil acid phosphatase activity were 
also higher in tolerant genotypes. By contrast, Al concentration in shoots and roots was 
higher in the sensitive genotype with a concomitant decrease in P concentration. Grain 
yield of Al-tolerant genotypes was higher than of the Al-sensitive genotype with 
and without P fertiliser. Overall, the Al-tolerant genotypes were more effective at P ac-
quisition from soil as well as from P fertiliser added, suggesting that plant traits such as 
Al tolerance, P efficiency, and AM colonisation potential co-operate in overcoming ad-
verse acid soil conditions. 

Acknowledgment: FONDECYT 11160385 

Keywords: arbuscular mycorrhizal fungi, phosphorus efficiency, aluminium tolerance  
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Biocontrol potential of different Serendipita species against Fusarium wilt in tomato 

Negar Ghezel Sefloo (Division of Plant Protection, University of Natural Resources and 
Life Sciences, Vienna, Tulln, Austria), Krzysztof Wieczorek (Division of Plant Protection, 
University of Natural Resources and Life Sciences, Vienna, Tulln, Austria), Siegrid Stein-
kellner (Division of Plant Protection, University of Natural Resources and Life Sciences, 
Vienna, Tulln, Austria), Karin Hage-Ahmed (Division of Plant Protection, University of 
Natural Resources and Life Sciences, Vienna, Tulln, Austria) 

The soil-borne pathogenic fungus Fusarium oxysporum f. sp. lycopersici (Fol) causes 
Fusarium wilt in tomato plants (Solanum lycopersicum L.) and can lead to severe losses 
in tomato production worldwide. Endophytic fungi such as Serendipita indica can allevi-
ate abiotic and biotic stresses and thus represent interesting candidates for biological 
control strategies against soil-borne diseases. 

In this study, apart from S. indica and S. vermifera, S. williamsii and S. herbamans were 
studied for their potential to reduce Fol disease development in Solanum lycopersicum 
(L.) in greenhouse experiments. Furthermore, the selected fungal endophytes were 
screened for direct inhibitory activity against Fol and their impact on root morphological 
traits in in-vitro experiments. 

The obtained results showed a reduction of Fol disease incidence by 62.78, 54.51, 44.03 
and 35.76 % in tomato plants inoculated with S. vermifera, S. indica, S. herbamans and S. 
williamsii, respectively. However, direct antagonistic effects of the applied Serendipita 
spp. on Fol were not evident in in-vitro experiments. The analysis of the scanned root 
systems with the software WinRhizoTM revealed an increase in root length in the S. indica, 
S. herbamans and S. vermifera treatments compared to the control plants. Furthermore, 
root surface area was increased by all tested endophytic fungi. 

This data set suggests great potential of other Serendipita species than S. indica in Fol 
disease control and tomato plant growth promotion and should be investigated in 
greater detail. 

Keywords: Serendipita spp., biological control, Solanum lycopersicum (L.), fungal endo-
phytes 
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Mapping the mycorrhiza community distribution along natural habitat patches in an 
agricultural landscape 

Marion Tauschke (Institute of Landscape Biogeochemistry, Leibniz Centre for Agricultural 
Landscape Research (ZALF), Müncheberg, Germany), Karin Pirhofer Walzl (Institute for 
Biology, Freie Universitaet Berlin, Berlin, Germany) 

More investigations on a landscape scale are required to better understand the role of 
environmental and management factors shaping the mycorrhiza community and their 
role in ecosystem services in intensive used agricultural landscapes. 

The aim of the European research project BASIL (Balancing Agroecosystem Services In 
Landscapes) is to balance agroecosystem services for maximal environmental and socio-
economic sustainability in agricultural landscapes. Intensive agricultural management 
decreases the arbuscular mycorrhizal diversity (AMF) and related services, e.g. regulation 
of water and nutrients. We tested the influence of natural elements such as in-field 
ponds and hedgerows within intensive agricultural used fields on the diversity of the 
AMF. Our hypothesis is that landscape heterogeneity increases AMF diversity and that 
AMF diversity and abundance decreases from natural elements into the agricultural 
fields. 

AMF in roots of winter wheat plants, AMF diversity in soil and spore abundance and di-
versity were investigated along transects from hedgerows and in-field ponds into agri-
cultural fields. 

First results show a significantly linear decrease in the percentage of roots colonized with 
AMF along transects from the edge of the fields bordering natural elements to 50 m into 
the wheat fields. The Spore abundance pattern along the transect were different de-
pendent on the type of the natural element. 

Further analyses include high-throughput sequencing, community coalescence and so-
cio-economic aspects. 

The deeper understanding of the relative influence of land use and habitat heterogeneity 
on mycorrhiza diversity at the Landscape, as the scale for human activities and deci-
sions, will be helpful to formulate management strategies for a sustainable land use. 

Keywords: AMF diversity, landscape scale, ecosystem service, in-field ponds, hedgerows 
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Arbuscular mycorrhizal fungi induced acquired systemic resistance against Botrytis ci-
nerea in Cucumis sativa via modulation of reactive oxygen species 

Abdulaziz A. Alqarawi (Plant Production Department, College of Food and Agricultural Sci-
ences, King Saud University, Riyadh, Saudi Arabia), Abeer Hashem (Botany and Microbiol-
ogy Department, College of Science, King Saud University,, riyadh, Saudi Arabia), Elsayed F. 
Abd_Allah (Plant Production Department, College of Food and Agricultural Sciences, King 
Saud University, Riyadh, Saudi Arabia), Adnan Akhter (Institute of Agriculture Sciences, Uni-
versity of the Punjab,, Lahore, Pakistan), Dilfuza Egamberdieva (Müncheberg,, Institute of 
Landscape Biogeochemistry, Leibniz Centre for Agricultural Landscape Research (ZALF), 
Müncheberg, Germany) 

Gray mold disease (GMD) caused by Botrytis cinerea, is one of the most destructive dis-
ease of cucumber (Cucumis sativa), worldwide. The GMD is controlled with the applica-
tion of fungicides with deteriorating effects on health and environment. Arbuscular my-
corrhizal fungi (AMF) are considered as an alternative biologically strategy for GMD sup-
pression and plant growth promotion in cucumber. In this study, defense related 
mechanisms induced by AMF against GMD were studied. The gray mold caused destabi-
lization of biomolecules via an increase of proline, glycine, betaine, total protein, total 
soluble sugar (TSS), hydrogen peroxide (H2O2), lipid peroxidation (MDA) and NADPH oxi-
dase over the control. However, application of AMF was found to modulate such attrib-
utes in cucumber seedlings. The activities of antioxidant enzymes such as superoxide dis-
mutase (SOD), peroxidase (POD), catalase (CAT), ascorbate peroxidase (APX) and gluta-
thione reductase (GR) was increased over the control in plants under disease stress. The 
antioxidant enzyme activity was further increased by the AMF inoculation. A significant 
negative correlation between AMF colonization and incidence of GMD was observed. On 
the other hand, a significantly positive correlation was documented between AMF and 
antioxidant enzymes activities. The synergistic interaction between biomolecules and an-
tioxidant enzyme activities reported in this study, probably adds to the biocontrol poten-
tial of AMF via induction of acquired systemic resistance in cucumber against GMD. 

Keywords: gray mold, plant disease, Botrytis cinerea, Cucumis sativa, arbuscular mycor-
rhizal  
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Combined application of biofertilizers and inorganic nutrients improves sweet potato 
yields  

Ruth W. Mukhongo (Agricultural Production, Makerere University, Kampala, Uganda), 
John B. Tumuhairwe (Agricultural Production, Makerere University, Kampala, Uganda), Pe-
ter Ebanyat (Agricultural Production, Makerere University, Kampala, Uganda), AbdelAziz 
H. AbdelGadir (Soil Microbiology Laboratory, International Institute of Tropical Agriculture, 
Ibadan, Nigeria), Moses Thuita (International Institute of Tropical Agriculture, Nairobi, 
Kenya), Cargele N. Masso (International Institute of Tropical Agriculture, Nairobi, Kenya) 

Sweet potato (Ipomoea batatas (L) Lam) yields currently stand at 4.5 t ha-1 on smallholder 
farms in Uganda, despite the attainable yield (45-48 t ha-1) of NASPOT 11 cultivar com-
parable to the potential yield (45 t ha-1) in sub-Saharan Africa (SSA). On-farm field exper-
iments were conducted for two seasons in the Mt Elgon High Farmlands and Lake Victoria 
Crescent agro-ecological zones in Uganda to determine the potential of biofertilizers, 
specifically arbuscular mycorrhizal fungi (AMF), to increase sweet potato yields (NASPOT 
11 cultivar). Two kinds of biofertilizers were compared to different rates of phosphorus 
(P) fertilizer when applied with or without nitrogen (N) and potassium (K). The sweet 
potato response to treatments was variable across sites (soil types) and seasons, and 
significant tuber yield increase (p<0.05) was promoted by biofertilizer and NPK treat-
ments during the short-rain season in the Ferralsol. Tuber yields ranged from 12.8 to 20.1 
t ha-1 in the Rhodic Nitisol (sandy-clay) compared to 7.6 to 14.9 t ha-1 in the Ferralsol 
(sandy-loam) during the same season. Root colonization was greater in the short-rain 
season compared to the long-rain season. Biofertilizers combined with N and K realized 
higher biomass and tuber yield than biofertilizers alone during the short-rain season in-
dicating the need for starter nutrients for hyphal growth and root colonization of AMF. 
In this study, N0.25PK (34.6 t ha-1) and N0.5PK (32.9 t ha-1) resulted in the highest yield 
during the long and the short-rain season, respectively, but there was still a yield gap of 
11.9 and 13.6 t ha-1 for the cultivar. Therefore, a combination of 90 kg N ha-1 and 100 kg 
K ha-1 with either 15 or 30 kg P ha-1 can increase sweet potato yield from 4.5 t ha-1 to >30 
t ha-1. The results also show that to realize significance of AMF in nutrient depleted soils, 
starter nutrients should be included. 

Keywords: arbuscular mycorrhizal fungi, drought stress, root colonization, sweet potato, 
yield gap  
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Investigations of arbuscular mycorrhiza in context with apple replant disease 

Carolin Popp (IPGS- Phytomedicine, Leibniz Universität Hannover, Hanover, Germany), 
Gisela Grunewaldt-Stöcker (IPGS- Phytomedicine, Leibniz Universität Hannover, Hanover, 
Germany), Henning von Alten (IPGS- Phytomedicine, Leibniz Universität Hannover, Hano-
ver, Germany), Edgar Maiss (IPGS- Phytomedicine, Leibniz Universität Hannover, Hanover, 
Germany) 

The phenomenon called replant disease is typical for members of the family Rosaceae. It 
is defined that after a repeated replanting of a certain crop the soil loses the ability to 
serve as a growing medium for this species1. A frequent replanting occurs in large scales 
in apple nurseries. Typical symptoms are a reduced vegetative growth, dark and decayed 
root systems and reduced yields which leads to economic losses2. After soil disinfection 
the plant growth can be restored. But former used chemical soil disinfectants are now 
banned due to their environment toxicity. The development of alternative approaches is 
absolutely essential to maintain a sustainable soil productivity. Although apple replant 
disease is known for the centuries the actual cause is still unknown3. Therefor apple re-
plant disease is studied in the BONARES joint Project ORDIAmur. 

Arbuscular mycorrhiza have the potential to counteract apple replant disease by promot-
ing the plant growth. Therefor the relationship between apple replant disease and my-
corrhiza colonization is studied in this project. 

References: 

 1: Klaus H (1939): Das Problem der Bodenmüdigkeit unter Berücksichtigung des 
Obstbaus. Landw. Jahrb. 89: 413 – 459. 

 2: Mazzola M (1998): Elucidation of the microbial complex having a causal role 
in the development of apple replant disease in Washington. Phytopathology 88: 
930-938. 

 3: Mazolla M; Manici M (2012): Apple Replant Disease: Role of microbial ecology 
in cause and control. Annu. Rev. Phytopathol. 50, 45-65. 
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Investigating the effect of Arbuscular Mycorrhizal Fungi (Glomus etunicatum) and air 
pollutants on growth parameters of Maize (Zea mays L.) 

Mobina Jamali (Zeinab special talented high school, District2, Rey city, Tehran Educa-
tional Organization, Ministry of education, Tehran, Iran), Naser Alimohamadloo (Islamic 
Azad University, Science and research branch, Tehran, Iran) 

In order to investigate the effect of Glomus etunicatum and air pollutants and acidic rain 
on growth parameters of maize plants (Zea mays L.), a completely randomized experi-
ment with ten replications was conducted from February 2016 to April 2017. Experi-
mental treatments included four categories containing the plants treated by Mycorrhiza 
Fungus irrigation by acidic rains, plants treated by Mycorrhiza Fungus irrigation by con-
trol water with (PH=7), witnessing plants irrigation by acidic rain and witnessing plants 
irrigation by control water. 

Results from analysis of variance revealed that the effect of mycorrhizal inoculation on 
chlorophyll, protein and carotenoid content of leaves, plant height, leaf dry wt, leaf fresh 
wt, root fresh wt, fruit number and leaf number and surface, were significant (p<0.05). 
Mycorrhizal Inoculation enhanced all parameters significantly in comparison to the wit-
nessing plants and the highest value for these traits obtained by the plants inoculated 
with Mycorrhiza irrigation by control water and the least obtained in witnessing plants 
irrigation by acidic rain water. Furthermore, the research revealed that the amount of 
these parameters in plants inoculated with Mycorrhiza irrigation by acidic rain, is signifi-
cantly more than witnessing plants irrigation by control water. In general inoculation by 
Mycorrhizal Fungi in addition to enhancing growth parameters can enhance the photo-
synthesis and production of oxygen in maize even under acidic rain circumstances and 
air polluted environments, compared to non-mycorrhizal plants in regular circumstances. 

Keywords: mycorrhiza, maize, air pollutants, acidic rain, chlorophyll, protein, carotenoid, 
plants growth 
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CONCURRENT SESSION: Soil and climate feedbacks in my-
corrhizal biogeography and ecology 

Mycorrhizal fungi (MF) are ubiquitous soil fungi that can form symbiotic associations with 
the majority of terrestrial plants. MF can facilitate plant uptake of mineral nutrients and 
water, organic matter mineralization and stabilization, buildup and stabilization of soil 
aggregates, and improve plant resistance to various environmental stresses such as 
drought, pathogens and soil contamination. As the physiological and ecological functions 
of MF could be predetermined by their ecological adaptability, it is important to reveal 
the MF biodiversity and their response to environmental changes and anthropogenic 
pressures. With the development and application of molecular-based methodologies, re-
markable progress has been achieved in the fields of mycorrhizal ecology and biogeog-
raphy in recent years. This session will thus focus on: 

1. mycorrhizal biogeography at different spatial scales, and influences of biotic and 
abiotic factors on the distribution of MF 

2. responses of MF community structure and function to climate change and an-
thropogenic activities 

3. interplay between plant and fungal communities along environmental gradients 
(e.g., soil and climate) 

4. ecological significance of MF in mineral weathering, soil aggregation, biogeo-
chemistry of carbon, nitrogen and phosphorus, and water conservation and uti-
lization, in different environmental settings. 

Chairs: Baodong Chen, José Ignacio Querejeta 
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Harnessing the power of mycorrhiza-enhanced mineral weathering for mitigating soil 
degradation and climate change 

Jonathan R. Leake (Department of Animal & Plant Sciences, The University of Sheffield, 
Sheffield, UK), Joe Quirk (The University of Sheffield, Sheffield, UK), Rachel M. S. Thorley 
(The University of Sheffield, Sheffield, UK), Lyla L. Taylor (The University of Sheffield, Shef-
field, UK), Dimitar Epihov (The University of Sheffield, Sheffield, UK), David J. Beerling 
(The University of Sheffield, Sheffield, UK) 

The evolutionary rise of land plants in symbiosis with mycorrhizal fungal partners, over 
400 million years ago, transformed global biogeochemical cycles through increasing the 
weathering of silicate minerals. This released phosphorus, increasing plant productivity, 
and accelerated the export of Ca and Mg into the oceans, causing draw-down of atmos-
pheric CO2 into carbonate sediments and global cooling. It has recently been proposed 
that artificially enhancing mineral weathering through the applications of calcium-rich 
silicate rock grains such as basalt over large areas of agricultural land and forestry could 
be used as tool to remove CO2 from the atmosphere and reduce ocean acidification1,2. 
This could also address threats to agricultural sustainability arising from the nexus of soil 
erosion and degradation, nutrient depletion, rising fertilizer costs, increasing severity of 
pests and diseases, and climate change, while global food demand is predicted to double 
this century. In this presentation we address the critical importance of mycorrhizal fungi 
in partnership with plants in enhancing mineral weathering processes3, and consider 
their potential contribution to more sustainable agriculture and forestry through facili-
tating “remineralizing” soils with basaltic rock grains, to improve crop nutrition, increase 
uptake of silica to give resistance to pests and diseases, and provide more sustainable 
sources of phosphorus fertilizer. Increased understanding of the role of mycorrhizas in 
earth system science is providing vital insights into how we may be able to harness their 
power to transform minerals and facilitate biogeochemical processes that deliver bene-
fits to people and the planet, restore degraded soils and sequester atmospheric CO2. 

References: 
1Taylor LL et al., (2015). Enhanced weathering strategies for stabilizing climate and 
averting ocean acidification. Nature Climate Change 6: 402-406, DOI:10.1038/NCLI-
MATE2882 
2Beerling DJ. (2017). Enhanced rock weathering: biological climate change mitigation 
with co-benefits for food security? Biology Letters13: 
http://dx.doi.org/10.1098/rsbl.2017.0149 
3Leake JR and Read DJ (2017). Mycorrhizal symbioses and pedogenesis throughout 
Earth's history. In: Mycorrhizal Mediation of Soil: Fertility, Structure, and carbon stor-
age. Nancy Collins Johnson, Catherine Gehring and Jan Jansa (eds.). Elsevier. 

Keywords: global biogeochemical cycles, geochemical carbon cycle, pedogenesis, mycor-
rhiza-driven weathering, sustainable agroecosystems
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Seasonal dynamics of arbuscular mycorrhizal communities in tropical dry forests  

Benjamin S. T. Morgan (Program in Plant Biology and Conservation, Northwestern Uni-
versity, Evanston, USA), Louise M. Egerton-Warburton (Plant Sciences, Chicago Botanic 
Garden, Glencoe, USA) 

Introduction: Elucidating AMF responses to changing precipitation is critical to improving 
our understanding of ecosystems under future climate change scenarios. Climate models 
predict substantial changes in rainfall (decreased) and drought intensity (increased) in 
seasonally dry tropical forests (SDTF). SDTFs are vulnerable to drought but how AMF 
communities respond to these conditions is poorly understood. We asked: are AMF sen-
sitive to changes in rainfall, or potentially resilient and adapted to soil moisture deficits? 

Materials and Methods: We examined seasonal variations (wet versus dry) in AMF com-
munities over two years using adapted AMF barcoding primers NS31/AML2 for custom 
dual-indexed Illumina sequencing. Reads were processed using a QIIME bioinformatics 
pipeline, and analyzed in R. 

Results: We recovered >200 distinct AMF OTUs covering eight AMF families. Glomus spe-
cies dominated AMF communities, and most taxa were detected in both wet and dry 
seasons. Apart from Archaeospora, AMF taxa were more abundant, and root and soil 
AMF communities more diverse in dry relative to wet seasons in both years. Shifts in 
community composition were correlated with soil moisture, NO3 levels, and spatial posi-
tion. 

Discussion and Conclusions: Higher AMF abundance and diversity in the dry vs. wet sea-
son supports the possibility that AMF communities are adapted to soil moisture deficits, 
and comprise taxa with life history traits or physiological strategies to cope with drought. 
Nevertheless, increased tree mortality with extended drought or changes in timing or 
length of seasons could alter AMF resilience in ways that are distinct from AMF responses 
to predictable (seasonal) water deficits. 

Keywords: next generation sequencing, diversity, precipitation 
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Environmental drivers of ectomycorrhizas at large scales 

Martin I. Bidartondo (Life Sciences, Imperial College London & Royal Botanic Gardens, 
Kew, Richmond, UK), David Orme (Life Sciences, Imperial College London, Ascot, UK), 
Laura Martinez Suz (Comparative Plant & Fungal Biology, Royal Botanic Gardens, Rich-
mond, UK), Filipa Cox (Earth & Environmental Sciences, University of Manchester, Man-
chester, UK), Andrew Tweedie (Comparative Plant & Fungal Biology, Royal Botanic Gar-
dens, Kew, Richmond, UK), Sietse van der Linde (Forest Research, Farnham, UK) 

There is considerable uncertainty about what are the most significant drivers of mycor-
rhizas at the large scales where global changes are happening. Over the last decade, the 
ICP Forests intensive long-term monitoring network has provided us a unique oppor-
tunity to study ectomycorrhizal diversity and distribution at a continental scale and to 
determine the major drivers of ectomycorrhizal diversity, which dominant fungi respond 
to key environmental variables, what are the environmental thresholds for large-scale 
ectomycorrhizal changes, and whether ectomycorrhizal traits show plasticity in response 
to environmental changes. 

From 137 plots dominated by Scots pine, Norway spruce, European beech or temperate 
oaks, and covering all European climatic regions, we individually examined and analyzed 
over 30,000 ectomycorrhizas. About half of these are formed by fungi that form no, in-
conspicuous, or belowground reproductive structures. From 170 foliar, soil, atmospheric, 
meteorological and spatial variables measured in situ, we tested the relative importance 
of key determinants of mycorrhizal diversity and identified their major indicator species. 

Detailed ectomycorrhizal data and intensive forest monitoring data can be combined 
across large scales with different predictions of environmental change to understand the 
processes that control below-ground symbioses and their likely fate in our changing for-
ests. 
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Experimental drought and soil depth interactively influence fungal community compo-
sition in piñon-juniper woodland 

Lee Taylor (Biology, University of New Mexico, Albuquerque, USA), Eric Olivas (Biology, 
University of New Mexico, Albuquerque, USA), William T. Pockman (Biology, University 
of New Mexico, Albuquerque, USA), Robert E. Pangle (Biology, University of New Mexico, 
Albuquerque, USA) 

Changes in the structure of mycorrhizal communities due to disturbances such as fire or 
drought likely influence post-disturbance vegetation dynamics. However, such microbial 
legacies are understudied empirically and have yet to be incorporated into climate-veg-
etation models. Climate change models predict increasing intensity and duration of 
drought events in aridlands globally, which could enhance mycorrhizal legacy effects. At 
the same time, disturbance intensity is mediated by soil depth. 

We address the potential for mycorrhizal legacies following drought by sampling soils 
from a long-term moisture manipulation experiment in piñon-juniper woodlands within 
the Sevilleta LTER site of central New Mexico. Fungal community composition at two soil 
depths was compared in irrigated, control and drought plots using Illumina ITS amplicon 
sequencing. 

We found that surface soils had higher fungal diversity but lower relative abundances of 
ectomycorrhizal taxa than did deeper soils. The drought treatment caused declines in 
fungal species richness in both surface and deep soils, while the irrigation treatment had 
little impact. Moreover, the drought treatment caused a statistically significant shift in 
community composition and a decline in relative abundance of ectomycorrhizal taxa rel-
ative to paired control plots. SIMPER analyses revealed that the most responsive species 
were ectomycorrhizal taxa, with an array of basidiomycete taxa essentially disappearing 
under drought. 

We speculate that death of host piñon pines had a larger impact on the fungal commu-
nity than did soil moisture deficit. Our results suggest that piñon regeneration following 
drought may be delayed due to loss of ectomycorrhizal fungi in a depth and habitat-de-
pendent fashion. 

Keywords: drought, ectomycorrhiza, pine, juniper, experiment 
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Geothermic soil warming has little effect on ectomycorrhizal growth and community 
composition in a Sitka spruce plantation in Iceland 

Håkan Wallander (Department of Biology, Lund University, Lund, Sweden), Magnus Ellström 
(Department of Biology, Lund University, Lund, Sweden), Edda Oddsdottir (Icelandic Forest 
Service, Reykjavik, Iceland), Nicholas Rosenstock (Centre for Environmental and Climatic Re-
search, Lund University, Lund, Sweden) 

A planted Picea sithchensis forest in a geothermally warmed area in Iceland was used to 
study effects of elevated temperatures (0-6 °C above ambient) on ectomycorrhizal (EMF) 
growth and community composition, as well as EMF induced carbon sequestration using 
ingrowth mesh bags with 13C enriched organic material (maize compost). 

In contrast to what we expected, warming up to 6°C above ambient temperature did not 
influence the production of EMF in the mesh bags. An average accumulation of 650±60 
Kg C of EMF origin was estimated at the first harvest (5 months), and 1030±170 Kg C at 
the second harvest in the top 10 cm of the soil (12 months). The EMF community com-
position was not significantly influenced by soil warming in our study, though we did ob-
serve increased abundance of ascomycetous EMF and total Ascomycete abundance, as 
well as a shift in the saprotrophic fungal community composition in the mesh bags. The 
community was extremely species poor in comparison with studies done in the boreal 
region. The total number of OTUs was 20, dominated by Amphinema byssoides which on 
average contributed with 50% of the sequences in the mesh bags. 

In conclusion, elevated temperature may influence growth and composition of the EMF 
community through indirect effects on soil moisture, nitrogen availability and plant 
growth. However, when these indirect effects are kept at a minimum, as in the present 
experiment, elevated temperatures up to 6°C above ambient do not seem to influence 
EMF growth or community composition. 

Keywords: soil warming, ectomycorrhizal, Amphinema, Sitka spruce 
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Ectomycorrhizal fungal community assembly along a latitude gradient in Chinese forest 
ecosystems 

Liang-Dong Guo (State Key Laboratory of Mycology, Institute of Microbiology, Chinese 
Academy of Sciences, Beijing, China), Niu-Niu Ji (State Key Laboratory of Mycology, Insti-
tute of Microbiology, Chinese Academy of Sciences, Beijing, China) 

Mycorrhizal fungi form symbiotic associations with most terrestrial plant species and play 
important role in species coexistence and community assembly. However, ectomycorrhi-
zal (EM) fungal community assembly in different forest ecosystems has been less docu-
mented. In this study, EM fungal community was examined in 12 permanent plots along 
a latitude gradient in Chinese forest ecosystems using Illumina Miseq pyrosequencing of 
ITS1 sequences. A total of 2709 EM fungal operational taxonomic units (OTUs) were ob-
tained at 97% sequence similarity, dominated by Russulales, Thelephorales, Agaricales 
and Sebacinales. With the increase of latitude, EM fungal OTU richness significantly in-
creased and peaked at 40°N. The linear mixed effect model analysis showed that EM 
fungal OTU richness was significantly related to EM plant species richness in temperate 
and subtropical-tropical forests and to EM plant species richness and the interaction be-
tween EM plant species richness and mean annual temperature (MAT) in whole forest. 
PERMANOVA revealed significant difference in EM fungal composition between the tem-
perate and tropic-subtropical forests. The final multiple regression of distance matrices 
models showed that EM fungal composition was explained by EM plant community 
(13.32%), MAT (7.21%) and altitude (3.76%) in the temperate forest; by soil (8.82%), MAT 
(4.52%), geographic distance (3.61%) and EM plant community (1.61%) in the tropic-sub-
tropical forest; and by EM plant community (4.10%), geographic distance (4.65%), MAT 
(4.65%), mean annual precipitation (5.42%) and soil (1.20%) in the whole forest. This 
study suggests that the EM fungal community assembly varies in different forest ecosys-
tems. 

Keywords: ectomycorrhizal fungi, diversity, community, pyrosequencing of ITS1, forest 
ecosystem 
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A trait-based understanding of mycorrhizal fungal dynamics in Australian environ-
ments 

Jeff R. Powell (Hawkesbury Institute for the Environment, Western Sydney University, 
Richmond, NSW, Australia), Carlos Aguilar-Trigueros (Freie Universitaet Berlin, Berlin, 
Germany), Coline Deveautour (Hawkesbury Institute for the Environment, Western Syd-
ney University, Richmond, NSW, Australia), Andrew Bissett (Commonwealth Scientific 
and Industrial Research Organisation, Hobart, TAS, Australia) 

Introduction: We lack an understanding of what drives the distributions of mycorrhizal 
fungi beyond broad generalisations regarding their roles in particular biomes. High-
throughput sequencing has attempted to shed light on this, but in a way that is arguably 
independent of existing autecological understanding. 

Methods: Using information obtained from the Biomes of Australian Soil Environments 
(BASE) database (https://downloads.bioplatforms.com/base/), we mapped the distribu-
tions of arbuscular mycorrhizal (AM) and ectomycorrhizal (EM) fungi in Australia. Then, 
to determine whether environmental filtering might be acting on specific traits associ-
ated with these fungi, we integrated information regarding spore traits (namely colour 
and size, from http://invam.wvu.edu/ and from species descriptions in the literature) 
with species of AM fungi identified and observed in BASE and calculated community 
weighted means for each sample. 

Results: We found that the relative abundances of ITS sequence reads and the richness 
of operational taxonomic units (OTUs) belonging to AM and EM fungi were responsive to 
environmental conditions (e.g., vegetation type and soil fertility) in ways that were ex-
pected based on current knowledge. However, for both AM and EM fungi, turnover in 
OTU composition among samples was extremely high suggesting a largely stochastic 
community assembly process. Despite this, we found evidence for climate, land use, and 
edaphic properties influencing AM fungal community composition via selection on spore 
traits. 

Discussion and conclusions: This study emphasises how integrating data generated from 
DNA-based environmental surveys with trait data obtained at the species level is a prom-
ising approach to generate mechanistic knowledge of fungal adaptations to different en-
vironments 
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Multi-scale patterns and drivers of AM fungal communities 

Pil U. Rasmussen (Stockholm University, Stockholm, Sweden), Luisa Hugerth (KTH Royal 
Institute of Technology, Stockholm, Sweden), Anders Andersson (KTH Royal Institute of 
Technology, Stockholm, Sweden), Björn Lindahl (Swedish University of Agricultural Sci-
ences, Uppsala, Sweden), Ayco J. M. Tack (Stockholm University, Stockholm, Sweden) 

Arbuscular mycorrhizal fungi (AMF) form diverse communities and are known to influ-
ence aboveground community dynamics and biodiversity. However, the multi-scale pat-
terns of AMF composition and diversity, and the abiotic and biotic drivers, are still poorly 
understood. In this study we aimed to assess the spatial scales at which communities 
vary and how this is influenced by several abiotic and biotic factors. 

Root and soil samples of Plantago lanceolata plants were sampled at several spatial 
scales in the naturally fragmented populations of P. lanceolata in the Åland Islands. We 
compared samples among neighbouring plants, within populations, among nearby pop-
ulations and regions. Within each population we also measured soil nutrients, tempera-
ture and moisture and the neighbouring plant communities. 

While the diversity and composition of AMF communities varied significantly at all spatial 
scales, most of the variation in AMF community composition was found among neigh-
bouring plants, with decreasing variation explained with increasing spatial scale. We also 
found that abiotic drivers, such as nutrients and temperature influenced AMF community 
composition. Furthermore, we found a strong link between above plant and below-
ground AMF community composition. 

We show that even neighbouring plants are exposed to a heterogeneous landscape of 
AMF, which indicates that at small spatial scales AMF could be dispersal limited. In addi-
tion we find that certain communities of AMF correlate with certain communities of 
plants, showing ecological specificity between these two organism groups. 

We show that both the spatial scale, the environment and aboveground plant communi-
ties are driving AMF community composition. 

Keywords: aboveground-belowground, arbuscular mycorrhizal fungi, community com-
position, distribution, spatial structure  
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Nitrogen fertilization decouples roots and rhizosphere microbes more in ectomycorrhi-
zal than arbuscular mycorrhizal forests 

Edward R. Brzostek (Department of Biology, West Virginia University, Morgantown, WV, 
USA), Joseph Carrara (Department of Biology, West Virginia University, Morgantown, 
WV, USA), Christopher Walter (Department of Ecology, Evolution, and Behavior, Univer-
sity of Minnesota, St. Paul, MN, USA), Raj Govindarajulu (Department of Biology, West 
Virginia University, Morgantown, WV, USA), Jennifer Hawkins (Department of Biology, 
West Virginia University, Morgantown, WV, USA) 

Introduction/Aim: While nitrogen (N) deposition has enhanced the growth of most tem-
perate forest trees, its impacts on belowground C cycling vary considerably across for-
ests. Differences between ectomycorrhizal (ECM) and arbuscular mycorrhizal (AM) trees 
in the strength of root-microbial interactions may explain this variation. Given that ECM 
trees send more C to rhizosphere microbes to stimulate N mobilization than AM trees, 
we hypothesized that N fertilization would weaken root-microbial interactions and de-
composition more in ECM than AM stands. 

Materials and Methods: We measured root-microbial interactions in ECM and AM dom-
inated plots across two long-term N fertilization studies, the Fernow Experimental For-
est, WV and Bear Brook Watershed, ME. We measured the activity of hydrolytic and ox-
idative enzymes, and examined the bacterial and fungal metagenome and metatranscrip-
tome in rhizosphere, bulk, and organic horizons. We then linked these to assays of plant-
C investment belowground including fine roots, mycorrhizal colonization, and root exu-
dation. 

Results/Conclusions: N fertilization decreased fine root biomass, root exudation, and 
mycorrhizal colonization to a greater degree in ECM than AM stands. In ECM stands, 
these declines in belowground C allocation were mirrored by shifts in fungal community 
composition and gene expression that were tightly coupled to reductions in lignolytic and 
hydrolytic enzyme activity. By contrast, the soil meta-genome and -transcriptome were 
more resilient to decreases in belowground C allocation in AM stands. Collectively, our 
results indicate that N fertilization may reduce soil decomposition and enhance soil C 
storage to a greater extent in forests dominated by ECM than AM trees. 

Keywords: temperate forests, rhizosphere, ectomycorrhizae, arbuscular mycorrhizae, 
metagenomics 
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Root traits and altered precipitation regimes effects on grassland arbuscular mycorrhi-
zal fungal communities 

Coline A. Deveautour (Hawkestbury Institute for the Environment, Richmond, Australia), 
Suzanne Donn (Hawkestbury Institute for the Environment, Richmond, Australia), Sally 
Power (Hawkestbury Institute for the Environment, Richmond, Australia), Alison E. Bennett 
(The James Hutton Institute, Dundee, UK), Jeff R. Powell (Hawkestbury Institute for the En-
vironment, Richmond, Australia) 

Introduction: Future climatic scenarios predict changes in rainfall variability and amount. 
These changes are expected to affect plants via effects on the expression of root traits 
associated with water and nutrient uptake. Associated mycorrhizal fungi may also re-
spond to these new precipitation regimes, either directly in response to changes in the 
soil environment or indirectly in response to altered root traits. 

Methods: We characterised arbuscular mycorrhizal (AM) fungal communities in an Aus-
tralian grassland exposed to experimentally altered rainfall regimes predicted for the re-
gion (increased dry periods and decreased rainfall). We used DNA-based tools to assess 
the responses of AM fungal communities associated with four plant species both within 
individual root systems (using Terminal Restriction Fragment Length Polymorphism) and 
among plants (using Illumina sequencing) sampled from the different treatments. 

Results: AM fungal communities were highly variable even within individual root sys-
tems. The extent of this variation depended on the host plant species, but not the rainfall 
manipulation. Community variation was greatest for Senecio madagascariensis and least 
for Paspalum dilatatum. Specific root length (SRL) was observed to influence AM fungal 
richness, while the root chemistry was observed to influence AM fungal community com-
position. The rainfall manipulation had significant but small effects on AM fungal com-
munities.  

Discussion and conclusions: These results suggest that climate change and its effects on 
rainfall may influence the structure of AM fungal communities, with potential functional 
consequences, but that inherent spatial variation in AM fungal communities may limit 
the magnitude of these changes. 
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Three years of experimental summer drought: quantitative losses vs. qualitative stability 
of ectomycorrhizal community responses  

Uwe Geppert (Helmholtz Zentrum München, Neuherberg, Germany), Fabian Weikl (Helm-
holtz Zentrum München, Neuherberg, Germany), Christian Kallenbach (Technische Univer-
sitaet Muenchen, Freising, Germany), Karin Pritsch (Helmholtz Zentrum München, Neuher-
berg, Germany) 

Introduction/Aim: A rainfall exclusion experiment was established in a mature mixed stand 
of Fagus sylvatica and Picea abies to study effects of repeated severe summer drought1 on 
ectomycorrhizal (ECM) community composition and functions of these two physiologically 
contrasting tree species and if growing in mixture influences drought effects2. 

Materials and Methods: Six out of twelve trenched plots were equipped with roofs closing 
automatically upon rainfall. ECM samples were collected at the end of the vegetation peri-
ods 2013-2016 from pure beech, pure spruce, and the mixture zone between both in each 
plot. We determined community diversity, abundance (morphotyping and illumina se-
quencing) and as a functional trait extracellular enzyme activities (EA) involved in the re-
lease of nutrients through breakdown of organic macromolecules 3. 

Results: Drought reduced diversity and altered ECM community composition. Diversity 
changed earlier in beech but then declined more strongly in spruce. The decline was slightly 
attenuated in mixture. We observed a strong negative effect of drought on laccase activity 
due to a loss of ECM taxa with this activity. The observed severe and progressing decline of 
all enzyme activities per soil volume over the three drought years was caused by a sharp 
decrease of vital fine root tips. 

Discussion: Most effects became only significant after the second or third consecutive 
drought period demonstrating the need for long-term measurements. EA results confirmed 
high functional redundancy in ECM communities (except laccase activity) but also limited 
plasticity for compensation of quantitative losses. 

Conclusion: Positive mixture effects need further mechanistic explanations. 

References: 
1. Pretzsch, H. et al. Mixed Norway spruce (Picea abies [L.] Karst) and European 

beech (Fagus sylvatica [L.]) stands under drought: from reaction pattern to mech-
anism. Trees, 1-17 (2014). 

2. Goisser, M. et al. Does belowground interaction with Fagus sylvatica increase 
drought susceptibility of photosynthesis and stem growth in Picea abies? Forest 
Ecology and Management 375, 268-278 (2016). 

3. Pritsch, K. & Garbaye, J. Enzyme secretion by ECM fungi and exploitation of min-
eral nutrients from soil organic matter. Annals of Forest Science 68, 25-33 (2011). 
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Functional and phylogenetic structure responses of fungal communities to the fire re-
gime in Mediterranean forests 

Ana Rincón (Soil, Plant and Environmental Quality, Institute of Agronomic Sciences (ICA), 
Spanish Research Council (CSIC), Madrid, Spain), Santiago C González-Martínez (INRA, 
UMR 1202, BIOGECO, Cestas, France), Miguel Verdú (CIDE, CSIC-UV-GV, Valencia, Spain), 
Marc Buée (UMR-INRA-UL, Nancy, France), Leticia Pérez-Izquierdo (Institute of Agro-
nomic Sciences (ICA), Spanish Research Council (CSIC), Madrid, Spain) 

The evolutionary history of Mediterranean ecosystems is tightly linked to fire. Recurrent 
fire affects above and belowground diversity, as well as mechanisms crucial for the fit-
ness and survival of trees (e.g. mutualistic interactions) with costs that remain largely 
unknown. Wildfire frequency increase predicted with global change may alter soil fungal 
communities and trees with important consequences at the ecosystem level. 

We evaluated whether the fire regime (low/high fire recurrence) affected the structure 
and functioning of soil fungal communities in forests of a representative Mediterranean 
pine species, Pinus halepensis Mill., and if tree population genetics influenced the assem-
blage of fungi. High-throughput sequencing, phylogenetic methods and soil enzymatic 
tests were used. 

Recurrent fire induced a clustering of the soil fungal community (i.e. significantly less 
phylodiverse), and in parallel, soil activities related with carbon, and nutrient cycling in-
creased. In fact, the phylogenetic structure of the soil fungal community explained activ-
ities implicated in the mobilization of nitrogen and phosphorous. Besides, the genetic 
structure of trees correlated with the assemblage of specific fungal guilds (i.e. Basidio-
mycetes and ectomycorrhizal). 

Our results indicate that fire can filter certain fungal groups and affect relevant ecosys-
tem functions, pointing out to fire-induced changes in tree population genetics as a ma-
jor driver structuring fungal communities in Mediterranean pine forests, which can be of 
main importance for the ecology and resilience of these vulnerable ecosystems. 

Keywords: fire regime, fungal phylodiversity, soil enzymes, Pinus halepensis 
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Biogeography of plant root associated fungal communities in the North-Atlantic region 
mirrors climatic variability 

Synnøve S. Botnen (Department of Biosciences, University of Oslo, Oslo, Norway & The Uni-
versity Centre in Svalbard, Longyearbyen, Norway), Marie L. Davey (Department of Biosci-
ences, University of Oslo, Oslo, Norway), Anders B. Aas (Department of Biosciences, University 
of Oslo, Oslo, Norway), Unni Vik (Department of Biosciences, University of Oslo, Oslo, Nor-
way), Tor Carlsen (Natural History Museum, University of Oslo, Oslo, Norway), Einar Hee-
gaard (Forestry and Forest Resources, Norwegian Institute of Bioeconomy Research, Fana, 
Norway), Ella Thoen (Department of Biosciences, University of Oslo, Oslo, Norway), Sunil 
Mundra (Department of Biosciences, University of Oslo, Oslo, Norway), Andy F. S. Taylor (The 
James Hutton Institute, Aberdeen, United Kingdom & School of Biological Sciences, University 
of Aberdeen, Aberdeen, UK), Håvard Kauserud (Department of Biosciences, University of Oslo, 
Oslo, Norway) 

Polar and alpine areas are particularly subject to increasing temperatures and altered 
precipitation patterns linked to climate change. Current distributions of fungal commu-
nities over large biogeographic scales along climatic gradients can provide valuable in-
sight into the potential effects of climate change on these communities. In this study, we 
investigate root associated fungi (RAF) in the North Atlantic region and focus on how 
climatic variation influences composition and how species-environment relationships 
correlate with selected fungal traits. Amplicon pyrosequencing of the ITS1 region was 
used to characterize the RAF of 297 Bistora vivipara individuals from Iceland, Jan-Mayen, 
Scotland, Svalbard, and high alpine localities in Norway and Austria. The RAF communi-
ties exhibited strong biogeographic structuring, and both compositional variation and 
fungal species richness correlated with annual temperature and precipitation, as well as 
temperature during the wettest quarter of the year. In accordance with general island 
biogeography theory, the least speciose RAF communities were found on Jan Mayen, a 
remote and small island. Spore length, width, volume and shape, as well as mycelial ex-
ploration type were summarized at a community level across the region. However, only 
average spore shape and mycelial exploration type of those ectomycorrhizal taxa present 
correlated with climatic variability. The average spore shape (length:breadth ratio) be-
came more elongated with increasing latitude. Hydrophilic exploration types were asso-
ciated with warmer temperature during the wettest quarter of the year. 
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Impacts of Long-Term Elevated Atmospheric CO2 on AM Fungal Communities in a Tem-
perate Grassland 

Irena Maček (University of Ljubljana, Biotechnical Faculty, Ljubljana, Slovenia), Nataša 
Šibanc (University of Ljubljana, Biotechnical Faculty, Ljubljana, Slovenia), Dave R. Clark 
(School of Biological Sciences, University of Essex, Colchester, UK), Gerald Moser (Depart-
ment of Plant Ecology, Justus-Liebig University Giessen, Giessen, Germany), Dominik Vod-
nik (University of Ljubljana, Biotechnical Faculty, Ljubljana, Slovenia), Christoph Müller 
(Department of Plant Ecology, Justus-Liebig University Giessen, Giessen, Germany), Alex 
J. Dumbrell (School of Biological Sciences, University of Essex, Colchester, UK) 

The ecological implications of long-term elevated atmospheric CO2 (eCO2) levels on com-
munities of arbuscular mycorrhizal fungi (AMF) remain poorly understood. Obligatory bi-
otrophic AMF form symbiosis with the majority of terrestrial plants. Thus any changes in 
photosynthate availability due to eCO2 could alter both AMF communities and their in-
fluence on plant community dynamics. We used high-resolution amplicon sequencing 
(Illumina, HiSeq) to quantify the AMF communities from plant roots from the longest 
running Free Air Carbon dioxide Enrichment (FACE) experiment in the northern hemi-
sphere in Giessen (GiFACE), providing samples from an old-growth (>100 years) grassland 
subjected to >15 years of eCO2. eCO2 significantly increased AMF diversity, yet had a min-
imal impact on overall AMF community composition. However, while broad changes in 
the composition of AMF communities were not observed, subtle responses of specific 
AMF taxa, with their populations both increasing and decreasing in abundance in re-
sponse to eCO2 were found. Furthermore, taxa from three families (Archaeosporaceae, 
Claroideoglomeraceae, and Glomeraceae) were significantly more abundant under eCO2. 
This demonstrates the need to consider individual populations, alongside broad shifts in 
community composition when assessing how soil microbes respond to environmental 
change. AMF communities are likely to increase in diversity in the eCO2 world, but other 
factors involved in global change (e.g. water availability and changes in plant host fitness) 
may impact their communities significantly more than eCO2 per se. 

Keywords: arbuscular mycorrhizal fungi, community composition, elevated CO2, diver-
sity, next generation sequencin (NGS) 
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Root vs. mycorrhizal allocation relates with nitrogen and phosphorus nutrition in grass-
land species 

Stephan Unger (Experimental and Systems Ecology, University Bielefeld, Bielefeld, Ger-
many), Martina Friede (Experimental and Systems Ecology, University Bielefeld, Bielefeld, 
Germany), Wolfram Beyschlag (Experimental and Systems Ecology, University Bielefeld, 
Bielefeld, Germany) 

In oligotroph ecosystems, such as dry sandy grasslands, selective pressure for life under 
nutrient deficiency has promoted the dominance of plant species with efficient nutrient 
uptake mechanisms, like extensive and widely branched root systems. However, some 
prominent species only develop coarse and narrow root systems, with their successful 
establishment likely being related to resource allocation into arbuscular mycorrhizal 
fungi (AMF). A trade-off between belowground investment into either roots or AMF is 
likely in oligotroph habitats and perhaps a driver of species-specific responsiveness to 
AMF. Investments into AMF do not only comprise carbon allocation to the fungus, but 
also to root-structures, such as an extensive cortex, to allow for residence of fungal struc-
tures. Further, the allocation trade-off between absorptive root-surface vs. AMF-surface 
might bring about differential advantages related to efficient nitrogen (N) vs. phosphorus 
(P) nutrition. We investigated mycorrhizal responsiveness together with root morpho-
logical characteristics and plant P- and N-relations in 13 grassland species. We found sig-
nificant relationships of fine-root proportions and root cortex thickness with mycorrhizal 
responsiveness. Additionally, we observed a negative correlation of plant N content and 
a positive correlation of plant P content with mycorrhizal responsiveness over the 13 
species. The results confirmed our hypotheses on the relevance of the allocation trade-
off between root and mycorrhizal surface for efficient N- and P-nutrition in grassland 
species, with this trade-off potentially having direct consequences for competitive inter-
actions and the occurrence of root vs. mycorrhizal strategists over the course of succes-
sion in grassland habitats. 

References: 

Unger S, Friede M, Hundacker J, Volkmar K, Beyschlag W (2016) Allocation trade-off be-
tween root and mycorrhizal surface defines nitrogen and phosphorus relations in 13 
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Plant identity exerts stronger effect than fertilization on soil-dwelling arbuscular my-
corrhizal fungi 

Yong Zheng (Institute of Microbiology, Chinese Academy of Sciences, Beijing, China), 
Liang-Dong Guo (Institute of Microbiology, Chinese Academy of Sciences, Beijing, China) 

Arbuscular mycorrhizal (AM) fungi form symbiotic associations with the majority of land 
plants and play crucial roles in grassland ecosystem. Understanding the responses of be-
lowground AM fungi in alpine meadow facing anthropogenic manipulation may aid sus-
tainable grassland management. Here we studied AM fungal responses to fertilization 
(urea and manure) and plant identity (grasses Avena sativa and Elymus nutans and leg-
ume Vicia sativa) in a sown pasture on the Qinghai–Tibet Plateau. AM fungal extraradical 
hyphal density, compared with unfertilized control, was significantly increased by urea 
and manure under A. sativa and by manure only under E. nutans plantation. AM fungal 
spore density was not significantly affected by plant identity or fertilization. Forty-eight 
AM fungal operational taxonomic units (OTUs) were obtained through high-throughput 
sequencing of 18S rRNA gene. The AM fungal diversity including OTU richness and Shan-
non index were significantly higher under E. nutans than V. sativa cultivation condition, 
but not significantly affected by fertilizer urea or manure regardless of plant species. 
Non-metric multidimensional scaling along with structural equation model results re-
vealed that AM fungal community composition was significantly separated by three plant 
species and structured directly by plant identity only and indirectly by both urea addition 
and plant identity through soil total nitrogen content. Taken together, our findings high-
light that plant identity exerts stronger effect than fertilization on soil-dwelling AM fungi 
in the converted pastureland from the similar alpine meadow. 

Keywords: AM fungi, community, fertilization, plant identity, sown pasture 
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Arbuscular mycorrhizal fungal diversity along a precipitation gradient in coast redwood 
forests using next-generation sequencing  

Claire E. Willing (Environmental Science, Policy, and Management, University of Califor-
nia, Berkeley, Berkeley, USA), Cheng Gao (Plant and Microbial Biology, University of Cal-
ifornia, Berkeley, Berkeley, USA), Devin Colemann-Derr (Plant Gene Expression Center, 
USDA-ARS, Albany, USA), John Taylor (Plant and Microbial Biology, University of Califor-
nia, Berkeley, Berkeley, USA), Thomas Bruns (Plant and Microbial Biology/Environmental 
Science, Policy, and Management, University of California, Berkeley, Berkeley, USA), Todd 
E. Dawson (Integrative Biology/Environmental Science, Policy, and Management, Univer-
sity of California, Berkeley, Berkeley, USA) 

Introduction: Early work showed that coast redwood (Sequoia sempervirens) associate 
with AMF1, yet we know little about the identity of these symbionts. It is clear, however, 
that this iconic keystone tree species largely determines a unique understory habitat, 
home to a number of threatened and endemic fungal species2,3. Interestingly, it has been 
asserted that grasslands harbor greater AMF diversity than forests4; however, only one 
study has investigated AMF diversity in forests dominated by an AMF-associated gymno-
sperm5. Our study sought to understand 1) patterns of diversity in such forests and 2) 
how these patterns might be influenced by environmental drivers. 

Methods: Utilizing a strong precipitation gradient, we investigated the role of environ-
mental factors and host identity on AMF community composition. Eight sites were sam-
pled across the gradient and the ITS-2 region6 was amplified with Illumina-adapted pri-
mers. Select samples were also sequenced with SSU for comparison. 

Results: Global models of AMF diversity would predict a sample richness of 12–14 for an 
entire plot (based on SSU)4. However, even with the more conservative SSU as a marker, 
we find 14 OTUs associated with a single root and 18 OTUs in the corresponding soil 
sample. Consistent with other findings, preliminary data show precipitation an important 
factor in community composition of soils7. Interestingly, root samples between sites dis-
play a high degree of convergence and markedly less richness than soils, highlighting for 
potential selection of AMF by roots in this ancient system. These data highlight the need 
for further exploration of AMF in forest systems. 
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AMF biogeography at regional scale in northern China 

Tianle Xu (Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, 
Beijing, China), Stavros D. Veresoglou (Freie Universität Berlin-Institut für Biologie, Berlin, 
Germany), Yongliang Chen (Research Center for Eco-Environmental Sciences, Chinese Acad-
emy of Sciences, Beijing, China), Baodong Chen (Research Center for Eco-Environmental 
Sciences, Chinese Academy of Sciences, Beijing, China) 

Arbuscular mycorrhizal fungi (AMF) are ubiquitous symbionts of terrestrial plants and 
play key roles in regulating various ecosystem processes, but limited information is avail-
able as for AMF biogeography at regional scale. This study aims at exploring the key pre-
dictors of AMF communities across a 5000-km transect in northern China. We deter-
mined the soil AMF species richness and community composition at 47 sites representa-
tive of four vegetation types (meadow steppe, typical steppe, desert steppe and desert) 
and related them to plant community characteristics, abiotic factors and geographic dis-
tance. The results showed that soil pH was the strongest predictor of AMF richness and 
phylogenetic diversity. However, abiotic factors only have a low predictive effect on AMF 
community composition or phylogenetic patterns. By contrast, we found a significant re-
lationship between community composition of AMF and plants, which was a surprising 
result given the extent of heterogeneity in the plant community across this transect. 
Moreover, the geographic distance predominantly explained the AMF phylogenetic 
structure, implying that history evolutionary may play a role in shaping AMF biogeo-
graphic patterns. This study highlighted the different roles of main factors in predicting 
AMF biogeography, and bridged landscape-scale studies to more recent global-scale ef-
forts. Compared to AMF distribution patterns, much less is known about the functionality 
of AMF communities. Further studies are now needed to elucidate linkages between 
AMF function and biogeography. 

Keywords: arbuscular mycorrhizal fungi, biogeography, Glomeromycota, community 
ecology 
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Vertical and seasonal patterns of AM fungal wind dispersal 

Bala Chaudhary (Environmental Science and Studies, DePaul University, Chicago, USA), Mark 
E. Miller (North Slope Science Initiative, Bureau of Land Management, Anchorage, USA) 

Introduction/Aim. Biogeographical patterns of arbuscular mycorrhizal fungal (AMF) spe-
cies are shaped by biotic and abiotic environmental conditions, as well as the intrinsic 
capability of species to disperse. Recent work documents large-scale spatial distributions 
of AMF taxa, yet dispersal mechanisms remain poorly studied. As a result, inferences 
regarding endemism, invasions, or the need for conservation and restoration efforts re-
main speculative. This study investigates wind dispersal of AMF taxa in varied locations, 
seasons, and vertical heights. 

Materials and Methods. We assessed air-borne AMF spores in urban and wildland set-
tings using BSNE passive dust samplers. In the urban experiment, we sampled air monthly 
from rooftops in Chicago, USA, 20m above ground level. In the wildland experiment, we 
sampled air seasonally from semi-arid shrublands in Utah, USA, at ground level. Spores 
were measured, enumerated, and identified according to morphological traits. The via-
bility of wind-borne urban spores was examined using in vitro germination trials. 

Results. Diverse communities of AMF spore morphospecies were observed in air samples 
regardless of height, season, or measurement duration. Patterns in spore abundance, 
size, diversity, and seasonality, as well as spore viability, are explored. 

Discussion. The presence of AMF spores at greater heights suggests potential long-range 
wind dispersal and a lack of endemism for certain AMF taxa. Seasonal patterns and spore 
traits may elucidate climate or taxon-specific wind dispersal. 

Conclusion. Wind may be an important dispersal mechanism for certain AMF taxa, con-
tributing to their large-scale biogeographical patterns. Future research will integrate 
traits, viability, and DNA-based identification to explore AMF wind dispersal. 

Keywords: biogeography, dispersal, endemism, diversity, scale 
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Mycorrhizal diversity in the tropical rainforests: feedbacks between root-fungal sym-
bioses and soil phosphorus partitioning 

Joe D. Taylor (Department of Biology, University of York, York, UK), Andy Taylor (James 
Hutton Institute, Dundee, UK), Xubing Liu (School of Biological Sciences, University of Aber-
deen, Aberdeen, UK), David Johnson (School of Earth & Environmental Sciences, University 
of Manchester, Manchester, UK), David F. R. P. Burslem (School of Biological Sciences, Uni-
versity of Aberdeen, Aberdeen, UK), Thorunn Helgason (Department of Biology, University 
of York, York, UK) 

High diversity is a striking feature of South-East Asian Tropical Rainforests. A wide variety 
of mechanisms have been proposed to explain the origin and maintenance of tropical 
forest diversity. One hypothesis is that resource partitioning for soil phosphorus (P) con-
tributes to tropical plant diversity and coexistence. Southeast Asian tropical forests are 
distinct as their biomass is dominated by a single family of ectomycorrhizal trees (Dipter-
ocarpaceae), while most of the diversity of the tree community is represented by species 
of arbuscular mycorrhizal trees in >100 other families. There is potential for specializa-
tion between and within mycorrhizal associations, this may be one mechanism that fa-
cilitates partitioning for soil P. Our work has linked soil edaphic factors to environmental 
sampling of AM and ECM communities across multiple scales from the cm to the km 
within tropical forests using high-throughput molecular techniques, linking fungal taxa 
to plant taxa using barcoding of the roots and utilising well characterised data on above 
ground tree diversity. This work combined with nursery microcosms has increased our 
understanding of rainforest mycorrhizal diversity and function within rainforest ecosys-
tems. Showing that soil type and chemistry drives both tree and mycorrhizal diversity in 
the rainforest and that AM and ECM trees respond in significantly different ways to dif-
ferent phosphorus forms. Despite the dipterocarps dominating we see a high diversity of 
ecotomycorrhizal taxa but a comparatively low diversity of AM fungal taxa when com-
pared to the sheer diversity of AM fungal trees, this work will have important implica-
tions for forest restoration and conservation. 

Keywords: rainforest, arbuscular mycorrhiza, ectomycorrhiza, phosphorus, nutrient par-
titioning  
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The structure of arbuscular mycorrhizal fungal community in the environment contam-
inated with toxic organic pollutants 

Monika Rajtor (Department of Microbiology, Faculty of Biology and Environmental Pro-
tection, University of Silesia, Katowice, Poland), Franco Magurno (Department of Micro-
biology, Faculty of Biology and Environmental Protection, University of Silesia, Katowice, 
Poland), Zofia Piotrowska-Seget (Department of Microbiology, Faculty of Biology and 
Environmental Protection, University of Silesia, Katowice, Poland) 

Aim: The aim of research was the analysis of structure and biodiversity of AMF commu-
nity in the environment contaminated with phenol and PAHs, in comparison to the non-
polluted site. 

Materials and Methods: Root and rhizosphere soil samples were obtained from two 
plant species: Poa trivilais and Phragmites austalis, collected from the contaminated area 
around Kalina Pond (Świętochłowice) and from the control site (Kokotek Lake, Lubliniec). 
Samples where subjected to the assessment of root mycorrhizal colonization, extramet-
rical hyphal length, number of spores, 16:1ω5c PLFAs/NLFAs and glomalin concentration. 
AMF biodiversity was analyzed with nested-PCR-DGGE method, using a fragment of 18S 
rDNA gene and by sequencing of the 28S rDNA fragment on MiSeq platform (Illumina). 

Results: Mycorrhizal colonization and the quantity of AMF in soil was much lower in the 
contaminated site, when compared to non-polluted one. The number of AMF sequences 
obtained from sequencing of the contaminated soil was 67498, whereas considering un-
contaminated soil, 547966. Totally, 241 OTUs where obtained, with 141 OTUs in the con-
taminated soil and 262 in the non-polluted on. The rhizosphere of plants grown around 
Kalina Pound was highly dominated by: Paraglomus sp., Funneliformis sp., Claroideoglo-
mus sp. and Rhizophagus sp. In the control soil, the most abundant species where: Ar-
chaeospora sp., Glomus sp. and Paraglomus sp. 

Conclusions: The presence of PAHs and phenol had undoubtedly negative influence on 
biodiversity and symbiotic activity of AMF. It also favored a selection of some PAH/phe-
nol-tolerant strains which will be further isolated and tested in an experiment on rhizore-
mediation. 

Keywords: arbuscular mycorrhizal fungi, PAHs, phenol, next generation sequencing 
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Anthropogenic disturbance leads to the homogenization of arbuscular mycorrhizal fun-
gal communities 

David Garcia de Leon (Botany, Institute of Ecology and Earth Sciences, University of Tartu, 
Tartu, Estonia), John Davison (Botany, Institute of Ecology and Earth Sciences, University of 
Tartu, Tartu, Estonia), Mari Moora (Botany, Institute of Ecology and Earth Sciences, Univer-
sity of Tartu, Tartu, Estonia), Maarja Öpik (Botany, Institute of Ecology and Earth Sciences, 
University of Tartu, Tartu, Estonia), Teele Jairus (Botany, Institute of Ecology and Earth Sci-
ences, University of Tartu, Tartu, Estonia), Martti Vasar (Botany, Institute of Ecology and 
Earth Sciences, University of Tartu, Tartu, Estonia), Kadri Koorem (Botany, Institute of Ecol-
ogy and Earth Sciences, University of Tartu, Tartu, Estonia), Inga Hiiesalu (Botany, Institute 
of Ecology and Earth Sciences, University of Tartu, Tartu, Estonia), Martin Zobel (Botany, 
Institute of Ecology and Earth Sciences, University of Tartu, Tartu, Estonia) 

Arbuscular mycorrhizal (AM) symbiosis is among key plant- soil microbe interactions, and 
should, therefore, be a target of soil biota conservation strategies. AM fungal richness is 
highly influenced by disturbance, but the response patterns have shown to be con-
trasting, depending upon the character of the particular taxa, disturbance, and ecosys-
tem under investigation. 

In this global study, we aimed to (1) compare AM fungal richness in unwooded and 
wooded ecosystems, (2) assess the effect of disturbance on AM fungal richness and com-
position, and (3) determine whether disturbance enhances ruderal AM fungi. 

We addressed AM fungal communities on paired intact and disturbed ecosystems on six 
unwooded and ten wooded sites distributed across five continents. AM fungi were iden-
tified in soil samples by 454-sequencing the NS31-AML2 amplicon of the SSU rRNA gene. 

AM fungal richness was higher in unwooded than wooded sites. In the presence of dis-
turbance, AM fungal richness reduced in naturally rich sites and increased in naturally 
poor sites. In addition, disturbance changed AM fungal community composition, increas-
ing the share of ruderal fungi. 

We confirmed the previous finding of high AM fungal richness in unwooded sites. Dis-
turbance excluded some taxa from naturally rich AM fungal community and created new 
niches for pioneer taxa in naturally poor habitats. In addition, mechanical disturbance 
may have broken AM hyphal networks, which fostered ruderals. 

We conclude that the protection of AM fungal richness is not enough for their conserva-
tion. Instead, the focus should be put on preserving the functional structure of intact AM 
fungal communities. 

Keywords: mycorrhizal biogeography, functional traits, unwooded and wooded ecosystems



9th International Conference on Mycorrhiza| 30th July – 4th August 2017 | Prague, Czech Republic 

142 

ST+P (ID 250) 

Influence of soil type on oak mycorrhiza in a temperate forest: a pot experiment 

Tijana Martinović (Laboratory of Environmental Microbiology, Institute of Microbiology 
of the CAS, Prague, Czech Republic), Tereza Mašínová (Laboratory of Environmental Mi-
crobiology, Institute of Microbiology of the CAS, Prague, Czech Republic), Barbara Doreen 
Bahnmann (Laboratory of Environmental Microbiology, Institute of Microbiology of the 
CAS, Prague, Czech Republic), Michal Tomšovský (Faculty of Forestry and Wood Technol-
ogy, Mendel University in Brno, Brno, Czech Republic), Petr Baldrian (Laboratory of Envi-
ronmental Microbiology, Institute of Microbiology of the CAS, Prague, Czech Republic) 

Ectomycorrhizal fungi are major ecological players in European temperate forests. It is 
known that more than 80% of terrestrial plant species interact with mycorrhizal symbi-
onts that are crucial for the survival of the plant and oaks are no exception. The main 
objective of this study was to compare mycorrhizal fungal communities in oak roots 
grown in different soils and the effect of oaks on fungi in the rhizosphere and bulk soil.  

Soil was collected from stands of oak, beech and spruce in a temperate forest in the 
Czech Republic. Oak seeds were introduced to each soil-type in a pot experiment and 
oaks were allowed to grow for 4 and 16 months. Roots, rhizosphere soil and bulk soil 
were collected, DNA was extracted and the ITS2 region of fungal rRNA gene was ampli-
fied and sequenced on Illumina MiSeq platform. In addition to pots with oaks, pots with-
out trees were used as controls. 

Results indicate that the presence of young oak trees affects significantly the composi-
tion of fungal community in soil, the effect being considerably stronger in the second 
year of sampling. The differences between soil treatments also increased with time and 
the effects of trees were most pronounced in roots, followed by the rhizosphere and bulk 
soil. Our work shows a complex feedback between soil and plant where the soil repre-
sents a latent pool of microorganisms and the plant contributes to the selection of those 
that establish as dominants. Symbiotic ectomycorrhizal fungi are apparently an im-
portant component of this feedback. 

References: 

Suiz L. et al., Environmental drivers of ectomycorrhizal communities in Europe's temper-
ate oak forests., Mol Ecol. 2014 Nov;23(22):5628-44. doi: 10.1111/mec.12947. Epub 
2014 Nov 7. 

Keywords: oak, mycorrhiza, temperate forest, rhizosphere 
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A comparative analysis of ectomycorrhizal fungal communities in Scotland and Scandi-
navia 

Peggy Ehrlich (The James Hutton Institute, Craigiebuckler, Aberdeen, UK & University of 
Aberdeen, School of Biological Science, Aberdeen, UK), Emily Hesling (Evanton, Dingwall, 
Scotland, UK), Nevil Kilkenny (Haddington, East Lothian, UK), Liz Holden (Caslum, Isle of 
Canna, UK), Andy F. S. Taylor (The James Hutton Institute, Craigiebuckler, Aberdeen, UK 
& University of Aberdeen, School of Biological Science, Aberdeen, UK) 

Most forest trees in northern Europe form essential symbiotic associations with ectomy-
corrhizal (ECM) fungi. A number of factors are known to influence the local or regional 
distribution of these ECM fungi but broad scale distribution patterns across Europe are 
still poorly understood. The main objective of this study was a comparison between ECM 
fungal communities in Scotland with those in Scandinavian countries. The comparison 
utilised data from 1123 species from 31 genera. Scotland had the lowest number of spe-
cies (614) compared to Denmark (682), Finland (741), Norway (866) and Sweden (981). 
The Scottish community was most similar to that found in Norway, sharing 61 % of spe-
cies. Host diversity did not appear to be a major factor in determining ECM species rich-
ness. However, a combination of host and soil conditions was a significant factor: in par-
ticular conifers growing on calcareous soils in Scandinavia support 131 species that were 
missing from the Scottish community. Other influencing factors include post-glacial his-
tory, forest area and climate. 

Keywords: ectomycorrhizal fungi, fungal community composition, Scotland, oak, birch 
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Why are mycorrhizal communities of wide floodplain forest ecosystems in middle Bal-
kans (Serbia) so specific? 

Zaklina S. Marjanovic (Life Sciences, Institute for Multidisciplinary Research, University 
of Belgrade, Belgrade, Serbia), Dragan Manojlovic (Faculty of Chemistry, University of 
Belgrade, Belgrade, Serbia), Branko Karadzic (Ecology, Institute for Biological Research 
“Sinisa Stankovic”, University of Belgrade, Belgrade, Serbia), Elmira Salnjikov (Institute 
for Soil Sciences, Belgrade, Serbia), Gilberto Bragato (Istituto Sperimentale per la Nu-
trizione delle Piante, Gorizia, Italy), Fritz Oehl (Institute Agroscope, Gruppe Ökotoxikolo-
gie, Wädenswil, Switzerland) 

The specific climate, geographical position and geological origin of the flood plains in 
middle Balkan Peninsula have created peculiar ecosystems with very specific soil pro-
cesses. The evolutionary phases of soils formed by the river deposits and succession of 
ground water seasonal variations caused the formation of forests that, on the first 
glance, look very similar to other gallery forests in the volleys of European rivers. Beside 
the highest plant diversity rates among the forests in the region and high biomass pro-
duction, they are characterized by the presence of some plant species that are indicators 
of Mediterranean climate, which implies specific soil processes and unusual mycorrhizal 
communities. 

In this contribution, we present investigation held in the selected forests aiming to ex-
plain vegetation and soil parameters that have influenced appearance of specific mycor-
rhizal fungi. We have followed seasonal changes of soil microenvironments by measuring 
soil water content and temperature, as well as concentrations of some macronutrients 
assumed to be important factors for formation of mycorrhiza (available nitrogen forms, 
phosphorus, and potassium). In addition, we have done very detailed analyses of forms 
of phosphorous and some biologically important ions in the soil complexes, as well as soil 
structure and some enzymes that indicate soil processes. We will discuss the factors that 
may have caused the differences between sampling forest locations, as well as between 
forest and adjoined agricultural soils in order to detect the changes that have happened 
during the exploitation. The detailed analyses of mycorrhizal communities in investigated 
forests are ongoing. 

Keywords: Floodplain ecosystems, soil seasonality, soil complexes, soil microclimate, 
mycorrhizal diversity 

  



ICOM 9 

145 

P (ID 32) 

Diversity and global biogeography of mycorrhizal fungi in Mexico revealed by Next-Gener-
ation Sequencing 

Luis Villarreal-Ruiz (LARGEMBIO-PREGEP-Genetica, Colegio de Postgraduados, Texcoco, 
Mexico), Cecilia Neri-Luna (Laboratorio de Ecofisiologia Vegetal, Deprtamento de Ecologia, 
CUCBA, Universidad de Guadalajara, Guadalajara, Mexico), Leho Tedersoo (Botanical and 
Mycological Museum, University of Tartu, Tartu, Estonia), Urmas Kõljalg (Natural History Mu-
seum, University of Tartu, Tartu, Estonia) 

Mexico is a ~2 million Km2 megadiversity country and a large repository of mycorrhizal fungal 
diversity with potential genetics resources on Earth. Mexican Neotropical forests contain im-
portant “hotspots” and unique unexplored habitats for fungi and plants, establishing complex 
networks with over and understory plants. Because the scant reliable information available 
on Mexican mycorrhizal fungal communities, we present for the first time a comprehensive 
survey based on a consistent global sampling protocol1 by using Next-Generation Sequencing 
[NGS]. 

We collected 160 soil samples from 4 Neotropical forest soils: 2 tropical coniferous montane 
forests/East-Central and /Southwestern; 1 dry tropical forest/Southeastern; 1 chapar-
ral/North-Central Mexico. We randomly select 20 trees located 8m apart in each 2,500 m2 cir-
cular sampling plots and 40 soil cores were collected. Soil samples were processed and ana-
lysed with 454 Life Sciences pyrosequencing, bioinformatics, quantitative and biogeographic 
methods. 

Metabarcoding analysis of Mexican Neotropical forest soils revealed more than 3,000 spe-
cies-level MOTUs mycorrhizal fungi of which the predominant were ectomycorrhizal. 
Changes in the relative proportion among mycorrhizal communities was observed in the for-
est sites. The richest forests were Quercus potosina – Arctostaphylos pungens – chapar-
ral/North-Central followed by the dry tropical forest, and the poorest the tropical coniferous 
(Pseudotzuga-Abies-Pinus) montane forests in the Southwestern and the East-Central region. 

Mexican Neotropical mycorrhizal biota was related with North America, Europe and East Asia 
biogeographic regions but idiosyncratic towards the tropics. 

This is the first report of native mycorrhizal fungal communities in contrasting Neotropical 
Mexican forest soils using NGS and revealing that the chaparral was the richest studied bi-
ome. 

References: 
1Tedersoo L, Bahram M, Põlme S, Kõljalg U, Yorou NS, Wijesundera R, Villarreal Ruiz L, Vasco-
Palacios AM, Quang Thu P, Suija A, et al. (2014). Global diversity and geography of soil fungi. 
Science, 346: 1256688. 

Keywords: Mexican neotropical forests, Mexican mycorrhizal diversity, next-generation se-
quencing, mycorrhizal ecology, mycorrhizal biogeography
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Different responses of arbuscluar mycorrhizal fungi to short-term and long-term soil 
warming in Iceland grassland 

Jing Zhang (Biology, Lund University, Lund, Sweden), Alf Ekblad (Örebro University, Öre-
bro, Sweden), Bjarni Diðrik Sigurðsson (The Agricultural University of Iceland, Hvanneyri, 
Iceland), Håkan Wallander (Lund University, Lund, Sweden) 

Aim: Plants allocate plenty of photosynthate to arbuscular mycorrhizal fungi (AMF) in 
exchange for nutrients, and this is expected to increase under warming. Thus, the aim of 
this study was to evaluate the effect of short-term (7 years) and long-term (>50 years) 
geothermal warming on growth and C sequestration by arbuscular mycorrhizal fungi in 
grasslands in Iceland. 

Materials and Methods: Mesh bags (mesh size: 50µm, only the hyphae enter) which 
were filled with sand and 13C enriched maize compost (C4-C, 1%) and incubated in the 
soil for 2 years. The biomarker 16:1ω5 of phospholipid fatty acids and neutral lipid fatty 
acid was used to measure AMF biomass. The C isotopic composition of the mesh bag 
content (C4-C from maize and C3-C from AMF) was used to estimate C import from AMF 
to the mesh bags. 

Results: The results showed that the mean concentration of AMF was 0.6±0.3 nmol g-1 
(PLFA) and 3.9±1.4 nmol g-1 (NLFA), however, there was no significant difference of 
warming (P>0.05) in neither the short-term nor the long-term warming sites. The C im-
ported from AMF was 0.80±0.33 mg g-1 (equal to 1280±94 kg ha-1), which accounted for 
~1.1% of the total C in soil. 

Conclusion: Our results illustrated that AMF appears to be more tolerant to elevated 
temperatures than roots since root biomass declined significantly in the experiment. (Le-
blans 2016, PhD thesis, University of Antwerp). The amount of extraradical mycelium 
produced per root biomass has thus increased with elevated temperatures. 

Keywords: arbuscular mycorrhizal fungi, warming, soil carbon sequestration 
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Nitrogen deposition changes ectomycorrhizal communities in Swiss beech forests 

Lucienne C. de Witte (Institute for Applied Plant Biology, Schoenenbuch, Switzerland), 
Nicholas P Rosenstock (Lund University, Lund, Sweden), Sietse van der Linde (Jodrell La-
boratory, Royal Botanic Gardens Kew, Richmond, UK), Sabine Braun (Institute for Applied 
Plant Biology, Schoenenbuch, Switzerland) 

Atmospheric pollution has implications for the health and diversity of temperate forests 
that cover large parts of central Europe. Long-term elevated anthropogenic deposition 
of nitrogen (N) is driving forest ecosystems from N limitation to phosphorus (P) limitation 
and is found to affect tree health and ectomycorrhizal fungi (EMF), which most trees 
depend on for nutrient uptake. However, the consequence of changes in EMF communi-
ties for tree growth and nutrient uptake remains unclear. Therefore, we investigated 
changes in EMF communities on root tips and in soil of beech forests along a N deposition 
gradient ranging between 16 and 33 kg N ha-1 a-1, where high levels of N deposition were 
found to negatively affect tree growth and nutrient levels. The most important factors 
significantly explaining variation in EMF community composition were increased N dep-
osition and base saturation. With increasing N deposition, root colonization, EMF diver-
sity, and production of extramatrical mycelium in soil decreased significantly. Mean-
while, foliar K and P were positively associated with increasing EMF diversity and we 
found EMF community composition to be associated with foliar N and P and other nutri-
ents. Moreover, the abundance of the important species Cenococcum geophilum and of 
species with high biomass decreased significantly with increasing N availability, indicating 
repercussions for carbon sequestration. Our study supports the hypothesis that the de-
crease in nutrient uptake in beech forests across Europe is related to changes in EMF 
communities and suggests that continued high N deposition may change soil carbon and 
nutrient cycles, thereby affecting forest ecosystem health. 

Keywords: Fagus sylvatica, soil acidification, carbon sequestration, phosphorus, mesh 
bags 
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Nutrients affect fungal growth and specialization in orchid mycorrhizal associations 

María Isabel Mujica (Ecología, Pontificia Universidad Católica de Chile, Santiago, Chile), 
Araceli Claro (Ecología, Pontificia Universidad Católica de Chile, Santiago, Chile), María 
Fernanda Pérez (Ecología, Pontificia Universidad Católica de Chile, Santiago, Chile) 

One of the questions in the study of mycorrhizas is about the evolution of specialization. 
It has been observed that environmental conditions can affect the diversity and compo-
sition of mycorrhizal fungi associated with plants. One of these conditions are soil nutri-
ents, especially nitrogen and phosphorus. In a past study we observed that soil N and P 
were negatively correlated with diversity of mycorrhizal fungi associated with the orchid 
Bipinnula fimbriata, and also that soil P affected fungal composition. Nevertheless, it was 
not clear if this was due to different fungal choices from plants, or different fungal per-
formances under different soil nutrients content. To evaluate this, we studied the effect 
of nutrients on fungal growth and on the establishment of the mycorrhizal association. 
We selected four OTUs of Ceratobasidiaceae and four OTUs of Tulasnellaceae isolated 
from B. fimbriata, and measured their growth under four nutrient treatments. Then we 
placed B. fimbriata seeds with the eight fungal OTUs under the same treatments and 
recorded the seed development. We observed that nutrients affected growth of most 
fungal OTUs, independently of the family, and that this effect was related with seed ger-
mination. In higher nutrients media only two OTUs could germinate seeds, the other 6 
promoted seed germination only under low nutrient media. Our results suggest that nu-
trients affect fungi which in turn affect the establishment of the mycorrhizal association; 
a less number of the fungal OTUs germinate seeds under high nutrients, which could 
explain the mycorrhizal specialization under high nutrient availability. 

Keywords: mycorrhizal specialization, soil nutrients, orchid mycorrhiza, symbiotic germi-
nation, Chilean orchid 
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Spatial patterns of ectomycorrhizal fungal diversity in a Mexican subtropical pine-oak 
forest  

Mayra E. Gavito (Instituto de Investigaciones en Ecosistemas y Sustentabilidad, Univer-
sidad Nacional Autónoma de México, Morelia, Mexico), Ricardo Leyva-Morales (Instituto 
de Investigaciones en Ecosistemas y Sustentabilidad, Universidad Nacional Autónoma de 
México, Morelia, Mexico), Maarja Öpik (University of Tartu, Tartu, Estonia), Guillermo 
Ibarra-Manrique (Instituto de Investigaciones en Ecosistemas y Sustentabilidad, Univer-
sidad Nacional Autónoma de México, Morelia, Mexico), Héctor Arita (Instituto de Inves-
tigaciones en Ecosistemas y Sustentabilidad, Universidad Nacional Autónoma de México, 
Morelia, Mexico) 

Introduction. This study aimed to describe local-scale spatial diversity patterns and con-
trolling factors of ectomycorrhizal fungal (ECMF) community composition in a subtropical 
pine-oak forest in Mexico. We hypothesized that, due to the high plant-fungus specificity, 
host is more important than edaphic factors in shaping ECM fungal communities. 

Methods. We established a nested square sampling design with three plots of 8x8 sub-
plots (10x10 m), and we sampled 32 subplots in each. This allowed us to scale up with 
the same sampling representativeness. Vegetation, fungi and soil parameters were 
measured in the 96 squares. Fungi were identified in soil samples by Illumina MiSeq se-
quencing of ITS2 region. ECM fungal OTUs were determined using FUNGuild software. 

Results and discussion. We found 674 ECMF OTUs in total and 65 per sample on average. 
ECMF species richness increased exponentially to 80 m in linear distance and to 400 m2 
in area and continued, less pronounced, to the largest linear distance (350 m) and area 
(12800 m2) without reaching an asymptote. Seventy percent of OTUs were detected in 
only 1-4 samples. We found less than 25% similarity between plots, separated linearly by 

Conclusion. We found highly diverse and structured ECMF communities showing a 
weaker association to host species and to soil properties than expected. 

Keywords: ectomycorrhizal, diversity, biogeography, soil, fungi 
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Ecological meaning of spore size variation on the arbuscular mycorrhizal symbiosis 

Carlos A. Aguilar-Trigueros (Freie Universität Berlin, Berlin, Germany), Jeff R. Powell (West-
ern Sydney University, Sydney, Australia), William K. Cornwell (University of New South 
Wales, Sydney, Australia), Matthias C. Rillig (Freie Universität Berlin, Berlin, Germany) 

Recognizing patterns of resource allocation to offspring represents a way to understand 
the ecology of establishment and survival of an organism at earlier juvenile stages. In 
arbuscular mycorrhizal fungi (AMF), adult mycelia can confer resources to their offspring 
during spore formation, analogous to resource allocation from adult plants to offspring 
via seed endosperm. Despite its importance, little to no research in this area has been 
done for AMF. To address this gap, we gathered several lines of evidence to determine 
the ecological significance of spore size in AMF. We did this by: (1) quantifying spore size 
variation across all described AMF species, synthesizing data from taxonomic literature 
and culture databases; (2) determining whether disturbance—a known driver of propa-
gule size variation in plants—explains AMF spore size variation, by combining the AMF 
spore data to published AMF community surveys along disturbance gradients; and (3) 
reviewing ecological literature to identify similarities between ecological consequences 
of propagule size variation between plants and AMF. We found that, similar to plants, 
AMF propagule size varies five orders of magnitude across species, but failed to detect 
any effect of disturbance to explain AMF spore variation. These patterns and our litera-
ture review, help us to identify major knowledge gaps that need to be addressed to ad-
vance the study of the ecology of reproductive investment in AMF. Based on this work, 
we argue that this unexplored research area would not be only beneficial for understand-
ing AMF ecology, but also will benefit the theory of reproductive ecology in general. 

Keywords: reproductive ecology, spore size, propagule size 
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Response of Ectomycorrhizae to Soil Nitrogen Amendments and SNC Disease Three 
Years After Treatment 

Daniel Luoma (Forest Ecosystems and Society, Oregon State University, Corvallis, USA), 
Joyce Eberhart (Crop and Soil Science, Oregon State University, Corvallis, USA) 

We measured Douglas-fir (Pseudotsuga menziesii) ectomycorrhizal root density and spe-
cies richness across a gradient of climate and Swiss Needle Cast disease. Some normally 
common ectomycorrhiza types were reduced in frequency on sites highly impacted by 
Swiss Needle Cast disease. The variable responses of ectomycorrhizal fungi to carbon 
availability and soil nutrient status provides a context for understanding the strong rela-
tionship between ectomycorrhizal species richness and needle retention. We confirmed 
our previous hypothesis that knowledge of ectomycorrhizal fungal community structure 
would reveal responses associated with particular fertilizer treatments. 

Three years after treatment, the nitrogen (urea) treatment decreased feeder-root den-
sity by 62% (p = 0.008), and decreased ectomycorrhiza type richness by 33% (p = 0.047). 
However, the richness effects varied by block. For control plots, ectomycorrhizal fungus 
species richness was significantly correlated with root density; R2 = 0.82, p = 0.0003. For 
urea plots, ectomycorrhizal species richness was not correlated with root density; R2 = 
0.09, p = 0.39. For control plots, ectomycorrhizal species richness was significantly corre-
lated with Douglas-fir needle retention; R2 = 0.76, p = 0.001. For urea plots, ectomycor-
rhizal species richness was not correlated with Douglas-fir needle retention; R2 = 0.09, p 
= 0.43. For control plots, ectomycorrhizal root density was significantly correlated with 
Douglas-fir needle retention; R2 = 0.59, p = 0.01. For urea plots, ectomycorrhizal root 
density was not correlated with Douglas-fir needle retention; R2 = 0.006, p = 0.84. We 
speculate there is a threshold of root density where species richness stabilizes at about 
two ectomycorrhizal types per 350 cc soil core volume. 

References: 

Luoma, D.L., Eberhart, J.L. 2014. Relationships between Swiss needle cast and ectomy-
corrhizal fungus diversity. Mycologia. 106: 666-675. doi: 10.3852/12-180. 
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Environmental characteristics shape the ectomycorrhizal fungal community of two va-
rieties of Pinus clausa 

Megan A. Rúa (Biological Sciences, Wright State University, Dayton, USA) 

The soil biota is diverse, yet the ecological and evolutionary processes that regulate spe-
cies diversity and abundance of soil microorganisms across space and time remains elu-
sive. In forest ecosystems, periodic disturbances which operate at different time scales 
represent one possible avenue by which diversity in the soil biota may be maintained 
due to their effect on genetic and phenotypic characteristics of the host and associated 
environment. To investigate the degree to which host variety and environmental charac-
teristics shape the belowground ectomycorrhizal (ECM) fungal community, we sampled 
ten populations of a single pine species that has diverged into two genetically distinct 
varieties as a result of disturbance history (Pinus clausa var. immuginata and var. clausa) 
and used multivariate analysis to relate the community matrices of ECM fungi to host 
and environmental characteristics. Host variety was an important determinant of ECM 
fungal community structure and diversity at both the species level and when fungi were 
grouped into categories based on their substrate exploration and nutrient acquisition 
strategies independent of environmental characteristics. Overall, our results suggest that 
periodic disturbances which shape the host populations are also important for structur-
ing the ECM fungal community independent of environmental effects. 

Keywords: fungal diversity, exploration type, foraging trait, conifer 
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CulturTruf: optimizing truffle orchards cultivation by recording soil mycelium dynamic, 
hydric regime and soil temperature 

Simone Belmondo (INRA, UMR 1136 INRA-Université de Lorraine, Interactions Arbres/Micro-
organismes, Laboratoire d'Excellence ARBRE, INRA-Nancy, 54280, Champenoux, France), 
Flora Todesco (INRA, UMR 1136 INRA-Université de Lorraine, Interactions Arbres/Microor-
ganismes, Laboratoire d'Excellence ARBRE, INRA-Nancy, 54280, Champenoux, France), 
Michel Tournayre (Fédération Française des Trufficulteurs, 2 rue Joseph Lacroix - 30700, Uzes, 
France), Fabrice Lheureux (CTIFL Centre de Lanxade, 28 route des Nebouts, 24130, 
Prigonrieux, France), Dominique Barry (ALCINA Sarl, 10 rue des Amaryllis 34070, Montpellier, 
France), Claude Murat (INRA, UMR 1136 INRA-Université de Lorraine, Interactions Arbres/Mi-
croorganismes, Laboratoire d'Excellence ARBRE, INRA-Nancy, 54280, Champenoux, France) 

Truffles belonging to Tuber genus are Ascomycetes fungi forming ectomycorrhizal sym-
bioses with trees and shrubs. Since 1970s, it is possible to inoculate seedlings with truf-
fles in well-controlled conditions. High added value agroforestry ecosystems with inocu-
lated seedling have been implanted worldwide. Truffle orchards represent an agroeco-
logical culture promoting biodiversity. However, for its development, truffle industry is 
requesting innovation for defining clear guidelines for truffle orchards management. 

Truffle growers adopt various management practices (e.g. watering, soil tilling, tree prun-
ing) often empirical to overcome climatic constraints such as summer climatic deficit. In 
this context, French agriculture ministry (FranceAgriMer) financed a national experi-
mental project, CulturTruf, to determine the optimal soil hydric potential and truffle my-
celium dynamic for truffles production. In the frame of this project we are analysing the 
seasonal dynamic of Tuber melanosporum and T. aestivum mycelium in the soils under 
45 truffle productive trees of 13 experimental sites in France. Soil hydric potential and 
temperature are recorded under each tree and four soil cores are harvested each month. 
Truffles are heterothallic species and we quantified the mycelium of both mating type 
strains in the soils. The quantity of mycelium varied during the year and both mating type 
mycelium were frequent in spring or summer suggesting sexual reproduction initiation 
occurs in this period. This analysis highlights also the effect of soil tilling on soil mycelium. 
The correlation of management practices, soil temperature, hydric regime and soil my-
celium dynamic will allow us to optimize the truffle production. 

Keywords: climate, truffle, soil mycelium dynamic, soil temperature, soil hydric potential 
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Diversity and Abundance of Arbuscular Mycorrhizal Fungi (AMF) in Native and Man-
aged Landscapes in Tasmania, Australia 

Reham Mohammed (School of Land and Food, University of Tasmania, Hobart, Aus-
tralia), Morag Glen (University of Tasmania, Hobart, Australia), Nigel Swarts (University 
of Tasmania, Hobart, Australia), Richard Doyle (University of Tasmania, Hobart, Aus-
tralia), Karen Barry (University of Tasmania, Hobart, Australia) 

Despite the significant role of arbuscular mycorrhizal fungi (AMF, Glomeromycota) in 
supporting plant functioning and soil health, the identity of individual species and their 
relative abundance is largely unknown in most regions of Australia. To contribute to 
knowledge in this area, we are studying the identification and relative abundance of AMF 
taxa by two main methods; glomeran-specific quantitative PCR (qPCR) and Pac-Bio se-
quencing of 18S rRNA gene (rDNA) amplicons. We are examining the AMF communities 
in different native and managed landscapes in Tasmania to illustrate how key factors (i.e., 
land use, season, soil type and agricultural management practices) may influence AMF 
abundance and diversity. We have sampled 20 sites including cherry orchards, vineyards, 
pastures and native vegetation for comparison, in the South and North of Tasmania. In 
the first study, DNA amplification by qPCR revealed that the abundance of AMF in the 
soil varied with land use and season. In relation to the influence of land use on AMF 
abundance, Glomeromycota abundance was highest in improved pasture, followed by 
the cherry orchard and then native bush. The seasonal impact on AMF abundance 
showed a similar trend, regardless of land use. A rapid increase in spring compared to 
winter, was followed by a gradual reduction in summer. In autumn, abundance in pasture 
declined more rapidly than in the cherry orchard. We conclude from the results that AMF 
communities are affected most significantly by different land use management and sea-
sonal changes, while evident, were not as great. 
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Soil inhabiting fungal communities in French Guiana and their relationship with phos-
phate 

Erik Verbruggen (Biology, University of Antwerp, Wilrijk, Belgium), Jennifer Soong (Uni-
versity of Antwerp, Wilrijk, Belgium), Ivan Janssens (University of Antwerp, Wilrijk, Bel-
gium) 

Tropical rainforests on the Guiana shield in the neotropics function despite extremely 
low phosphate (P) availability. The scarcity of phosphate could potentially be a strong 
driver of soil fungal community composition, through plant reliance on mycorrhizal fungi 
and phosphate acquiring strategies of decomposers. 

In order to better understand how low P conditions affect fungi we sampled soils at two 
different depths at 12 plots along a gradient in P availability varying from approx. 0.1 to 
4 ppm available P. From these soils we isolated DNA and subjected it to PCR with fungal 
specific primers and high-throughput sequencing. 

We find that the community composition of fungi is significantly affected by local fertility, 
with the strongest effects of nitrogen (N) and P. Relative abundance of arbuscular my-
corrhizal (AM) fungi was found to decrease with increasing P and to increase in deeper 
soils. Relative abundance of ectomycorrhizal fungi was not related to soil fertility and is 
potentially more strongly determined by host occurrence. 

We conclude that even at extremely low P levels, tropical trees appear to rely on AM 
fungi more with decreasing P. Furthermore, P and N are important drivers of the soil 
fungal community composition at large. 

Keywords: tropical rainforests, mycorrhiza, phosphate, mutualism 
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Decomposed leaf litter suppresses arbuscular mycorrhizal symbiosis in Salix caprea un-
derstory 

Jana Rydlová (Department of Mycorrhizal Symbioses, Institute of Botany, Czech Academy 
of Sciences, Průhonice, Czech Republic), David Püschel (Department of Mycorrhizal Sym-
bioses, Institute of Botany, Czech Academy of Sciences, Průhonice, Czech Republic), Mar-
tina Janoušková (Department of Mycorrhizal Symbioses, Institute of Botany, Czech Acad-
emy of Sciences, Průhonice, Czech Republic), Pavla Doubková (Department of Mycorrhi-
zal Symbioses, Institute of Botany, Czech Academy of Sciences, Průhonice, Czech 
Republic), Tereza Knoblochová (Department of Mycorrhizal Symbioses, Institute of 
Botany, Czech Academy of Sciences, Průhonice, Czech Republic), Petr Kohout (Depart-
ment of Mycorrhizal Symbioses, Institute of Botany, Czech Academy of Sciences, Průho-
nice, Czech Republic), Jan Frouz (Institute for Environmental Studies, Charles University, 
Prague, Czech Republic) 

Little is known on the mechanisms driving dynamics of mycorrhizal fungi at sites under-
going primary succession, despite a significant effect of these fungi on the course of plant 
succession. We extensively sampled the Podkrušnohorská spoil bank (Czech Republic) 
encompassing differently aged patches of vegetation up to 50 years old and found a dra-
matic drop in arbuscular mycorrhizal (AM) fungal abundance at sites ca 30 years old, 
dominated by ectomycorrhizal (EcM) Salix caprea trees that produce much of leaf litter. 
We hypothesized that AM suppression is caused either by competition with ectomycor-
rhizal (EcM) fungi, or by allelopathic effects of decomposing litter. 

In a rhizobox system, EcM-host Betula pendula grew in the middle, AM-hosts (Tripleu-
rospermum inodorum and Calamagrostis epigejos) in the lateral compartments. Plants 
either interacted via extraradical mycelia or not. The soil was amended with ground raw 
leaves (RL), fermentation horizon (FH) of decomposing litter or left unamended. 

Presence of EcM mycelia radiating from B. pendula affected neither colonization nor rich-
ness of AM fungi in the AM-hosts' roots. FH decreased AM colonization, but did not elim-
inate any AM fungal species from the host plants' roots. Plants produced more biomass 
in this treatment. As FH represents generous source of nutrients, increased nutrient 
availability probably devalued AM fungi as a resource provider and supported direct 
plant nutrient uptake. Contrary, RL stimulated AM colonization including arbuscule abun-
dance, but had no effect on plant growth. 

Our results indicate that leaf litter suppresses AM colonization rather through changes 
in nutrient relations than by releasing allelopathic compounds. 

Keywords: succession, spoil bank, leaf litter, arbuscular mycorrhiza, ectomycorrhiza  
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Which ectomycorrhizal fungal traits follow elevation gradient at the treeline? 

Martina Vasutova (Global Change Research Institute CAS, Ceske Budejovice, Czech Repub-
lic), Petra Veselá (Global Change Research Institute CAS, Cesko Budejovice, Czech Republic), 
Magda Edwards (Global Change Research Institute CAS, Ceske Budejovice, Czech Republic), 
Pavel Cudlin (Global Change Research Institute CAS, Ceske Budejovice, Czech Republic) 

The treeline is an important ecotone of the elevation gradient. Ectomycorrhizal (ECM) 
fungi are supposed to be key players there, because they influence tree fitness under 
suboptimal conditions by providing nutrients in exchange for carbon. 

Three elevation transects of 5 plots (500 m2) across an ecotone formed by Picea abies 
and Pinus mugo were established in Krkonoše Mts (Czech Republic) to study ECM com-
munity. We used three approaches: monitoring of fruit bodies, analysis of ectomycorrhi-
zae (Sanger sequencing) and mycelia in soil (Illumina sequencing). Altogether we got data 
on 152 ECM taxonomical units (105 of them were identified into species level), 22 species 
were present in all three datasets. To find a trait based pattern following the elevation 
gradient, data on fruit body type, exploration type of ectomycorrhizae, spore size, spore 
colour and spore surface were assigned to each ECM species, according to literature and 
our observation. 

The most abundant species at the tree line were of contact or short distance exploration 
types and formed crustothecia with round spores and pronounce ornamentation. We 
found, that type of fruit body (ECM fungi with holothecia and hypogeous fruit bodies 
occur more in low elevated plots) and to some extent also exploration type are associ-
ated with elevation, but spore character seems to be independent. 

Keywords: ectomycorrhiza, fungal trait, elevation gradient, treeline 
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Temperature-mediated local adaptation alters the symbiotic function in arbuscular 
mycorrhiza 

Jingping Gai (China Agricultural University, Beijing, China), Rong Yang (China Agricultural 
University, Beijing, China), Junling Zhang (China Agricultural University, Beijing, China), 
Xiaolin Li (China Agricultural University, Beijing, China) 

Introduction: Variation in the symbiotic function of arbuscular mycorrhizal fungi (AM 
fungi) has been demonstrated among distinct biotic and abiotic interactions. However, 
there is little knowledge on how local temperature conditions influence the functional 
divergence of AM symbionts in alpine ecosystems. 

Materials and Methods: We conduct a reciprocal inoculation experiment to explore the 
three-way interactions among plants, AM fungal inoculum and temperature at sites of 
contrasting elevation. 

Results: Evidence of local adaptation of plant growth was found only under low temper-
ature conditions. The origin of either the plant or the inoculum relative to the tempera-
ture was important in explaining symbiotic function. Specifically, when inoculum and 
temperature were sympatric but allopatric to the plant, poor adaptation by the plant to 
the novel environment was clearly found under both temperature conditions. 

Discussion: Sympatric combinations of plant, inoculum and temperature conditions 
yielded the highest host biomass under the lower temperature conditions. This indicates 
that temperature may be an important driver mediating plant response to inoculation 
under local conditions. Positive feedback will help the AM associations to alleviate the 
stress when the relative fitness of the plant and that of the fungus are positively corre-
lated under the lower temperature conditions (Bever, 1999; Johnson et al, 2013). 

Conclusion: These results suggest that local adaptation represents a powerful factor in 
the establishment of novel combinations of plant, inoculum and temperature, and con-
firms the importance of taking into account both biotic and abiotic interactions in the 
prediction of the response of symbionts to global environmental change. 

References: 

Bever, J.D. (1999) Dynamics within mutualism and the maintenance of diversity: Infer-
ence from a model of interguild frequency dependence. Ecological Letters 2: 52-61. 
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AM fungi increase soil carbon and reduce N2O and CH4 emissions under warming con-
dition 

Tao Zhang (Institute of Grassland Science, Northeast Normal University, Key Laboratory 
of Vegetation Science, Ministry of Education, Changchun, China), Fu Xing (Institute of 
Grassland Science, Northeast Normal University, Key Laboratory of Vegetation Science, 
Ministry of Education, Changchun, China), Jixun Guo (Institute of Grassland Science, 
Northeast Normal University, Key Laboratory of Vegetation Science, Ministry of Educa-
tion, Changchun, China) 

Introduction: Arbuscular mycorrhizal (AM) fungi play key roles in the cyclings of nitrogen 
(N) and carbon (C). However, the influence of AM fungi on the emissions of nitrous oxide 
(N2O) and methane (CH4) are still not well understood. To test the influence of AM fungi 
on N2O and CH4 emissions under warming condition, an in situ experiment was conducted 
in a temperate meadow. 

Materials and methods: The warmed plots were heated continuously using infrared ra-
diators. In the The indigenous AM fungi were suppressed using benomyl. The N2O and 
CH4 were collected using static chambers measured using LGR (913-1054). 

Results: AM fungi significantly decreased N2O emissions under warming. AM fungi did 
not affect CH4 emissions under warming. Under warming condition AM fungi significantly 
reduced soil total N. AM fungi increased soil total C under warming. 

Discussion: The reduction of N2O could partly be explained by accelerated the minerali-
zation of N and increased N uptake under warming. The decline of CH4 might be related 
to the decrease of C:N. The increase of soil C might be related to the acceleration of litter 
decomposition caused by AM fungi. 

Conclusion: AM fungi can reduce the emissions of N2O and CH4 and increase soil C, and 
then accelerate the C and N transform from aboveground to belowground under warm-
ing condition. 

Keywords: arbuscular mycorrhizal fungi, carbon storage, global change, greenhouse gas, 
N mineralization 
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Molecular diversity of arbuscular mycorrhizal fungi associated with two plant species 
in the Tibetan Plateau 

Haiyan Feng (School of Earth Sciences and Resources, China University of Geosciences, 
Beijing, China), Chengyu Wang (School of Earth Sciences and Resources, China University 
of Geosciences, Beijing, China), Zhongfang Yang (School of Earth Sciences and Resources, 
China University of Geosciences, Beijing, China), Jingping Gai (College of Resources and 
Environmental Sciences, China Agricultural University, Beijing, China) 

Aim: AMF form mutualistic associations with most land plants. AMF can increase plant 
tolerance to environmental stresses and maintain the diversity of plants, especially in 
harsh fragile alpine ecosystem. In order to explore the molecular diversity of AMF in al-
pine grasslands, an investigation was conducted in Qinghai Province. 

Materials and Methods: The root and rhizosphere soil of two dominant plant species, 
Kobresia sp. and Leontopodium pusillum were collected at ten sampling sites. The domi-
nant plant species are the target to be researched in each site. AMF diversity in root and 
soil communities was determined by phylogenetic analysis of 18S rRNA sequences. 

Results: A total of 30 operational taxonomic units (OTUs) were identified. Glomeraceae 
was found dominant in roots, while both Glomeraceae and Diversisporaceae were fre-
quently present in soil. Distinct AMF community was found in roots and soil. Specifically, 
five OTUs were only found in L. pusillum roots and ten OTUs were only found in Kobresia 
sp. 

Discussion: The total of 30 OTUs in seven families detected supports the assertion that 
AMF have a broad ecological range and are an important component in grasslands[1]. The 
three dominant families (Glomeraceae, Diversisporaceae and Acaulosporaceae) and 
some dominant OTUs had a noticeably biased occurrence in roots or in soil, which is sim-
ilar to the finding at the HBAMERS[2]. 

Conclusions: Theses results showed a relatively high diversity of AMF existed in the east-
ern region of the Tibetan Plateau, and distinct AMF community existed in roots and soil. 

References: 
[1] Li, X., Gai, J., Cai, X., Li, X., Christie, P., Zhang, F., Zhang, J., 2014. Molecular diversity 
of arbuscular mycorrhizal fungi associated with two co-occurring perennial plant species 
on a Tibetanan altitudinal gradient. Mycorrhiza 24, 95–107. 
[2] Yang, W., Zheng, Y., Gao, C., He, X., Ding, Q., Kim, Y., Rui, Y., Wang, S., Guo, L., 2013. 
The arbuscular mycorrhizal fungal community response to warming and grazing differs 
between soil and roots on the Qinghai-Tibetanan Plateau. PLOS ONE 8, e76447, 
http://dx.doi.org/10.1371/journal.pone.0076447 
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Ectomycorrhizal fungal communities associated with alpine relict populations of Pinus 
pumila over Japan 

Takahiko Koizumi (The University of Tokyo, Kashiwa, Japan), Kazuhide Nara (The Univer-
sity of Tokyo, Kashiwa, Japan) 

Alpine ecosystems are recognized to be vulnerable to global warming, but we know little 
about ECM fungal communities in alpine forests. Pinus pumila is distributed in frag-
mented alpine regions of Japan, and often forms mono-dominant forest stands. Here, 
we examined ECM fungal communities of P. pumila forests throughout Japan to reveal 
factors affecting the community structures in alpine regions. 

Soil cores containing ECM roots were collected from P. pumila mature forests located in 
central to north-eastern Japan. The soils were separately excavated from litter and min-
eral soil layers. ECM root tips were morphologically classified and subjected to molecular 
analyses. Fungal species were identified based on the similarity of rDNA ITS sequences. 

In total, 147 ECM fungal species were detected from 4134 sequenced ECM root tips. Es-
timated species richness was positively correlated with soil pH and total soil nitrogen in 
litter and mineral soil layers, respectively. Redundancy analysis revealed a larger contri-
bution of climatic conditions to ECM fungal communities than those of soil environments 
and spatial distance. 

Our results indicate that ECM fungal diversity is negatively affected by high-acidic and 
poor-nutrient soils, which are typical under alpine climates. Moreover, the significant ef-
fect of climates on the composition of ECM fungi associated with the same alpine tree 
species implies that ECM fungi could respond to the climate change prior to the above-
ground community changes. The preceding changes in belowground ECM fungi may 
eventually affect vulnerable above-ground alpine plant communities under the ongoing 
global warming. 

Keywords: alpine forest, ectomycorrhizal fungi, Pinus pumila 
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Ectomycorrhizal fungal communities of Scots pine along a 1,300 km latitudinal gradient 

Artur Trzebny (Molecular Biology Techniques Laboratory, Faculty of Biology, Adam Mic-
kiewicz University in Poznan, Poznan, Poland), Miroslawa Dabert (Molecular Biology 
Techniques Laboratory, Faculty of Biology, Adam Mickiewicz University in Poznan, Poz-
nan, Poland), Lidia Trocha (Institute of Dendrology, Polish Academy of Sciences, Kornik, 
Poland) 

Both host tree and environmental conditions shape the ectomycorrhizal fungal (EMF) 
communities. Still, it is poorly understood how one tree species affects own EMF com-
munity along a latitudinal MAT (mean annual temperature) gradient. Low temperature 
may hinder litter decomposition and associated nutrient soil availability. Hence, we hy-
pothesize that a tree species is able to cope with soil infertility in a boreal forest through 
specific EMF assemblages. 

To answer the question, we analyzed ectomycorrhizae of Pinus sylvestris along the 1,300 
km latitudinal gradient in Sweden. 

EMF communities were identified using ITS1 rDNA sequencing. The indexed libraries rep-
resenting each population were sequenced with Ion Torrent PGM System. Sequence data 
were analyzed using Geneious R10.0.9 and operational taxonomic units were compared 
to UNITE, GenBank and MycoBank databases. In total 6,308,178 reads were analyzed, 
ranging from ca. 3,200 to 601,000 for each population. 

In total we analyzed 60,779 of ectomycorrhizal root tips which resulted in 53 of EMF 
species. Number of EMF species in each population varied among sites from 2 to 17, 
although EMF species richness was unrelated to the mean annual temperature of the 
site. 

Our data suggest that the EMF communities of P. silvestris are unaffected by the temper-
ature along the latitudinal gradient in Sweden. Even though dominating EMF species 
were found across the pine forests, no clear pattern emerged that could explain pine 
adaptations to MAT and thereby soil infertility in colder areas of Sweden. 
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Spatial distribution of arbuscular mycorrhizal fungal spores in a hot spot field site 

Cristiana Sbrana (Institute of Agricultural Biology and Biotechnology, UOS Pisa, CNR, 
Pisa, Italy), Ezekiel M. Njeru (Department of Microbiology, Kenyatta University, Nairobi, 
Kenya), Fritz Oehl (Competence Division of Plants and Plant Products, Ecotoxicology, 
Agroscope, Wädenswil, Switzerland), Alessandra Turrini (Department of Agriculture, 
Food and Environment, University of Pisa, Pisa, Italy), Manuela Giovannetti (Department 
of Agriculture, Food and Environment, University of Pisa, Pisa, Italy), Luciano Avio (Insti-
tute of Agricultural Biology and Biotechnology, UOS Pisa, CNR, Pisa, Italy) 

Arbuscular mycorrhizal fungi (AMF) are ubiquitous soil microorganisms establishing mu-
tualistic symbioses with most land plants and playing key roles in plant nutrition and 
health. Their spatial distribution patterns have been investigated at global and regional 
scales, while little is known of their community composition at smaller scales. 

In this work, a small field previously identified as a large repository of AMF diversity, was 
investigated in order to determine spatial variation in AMF spore communities. Spore 
number and identity were assessed in soil collected from 12 sampling points across the 
experimental field (9x134 m). Spores were identified to species level and their distribu-
tion was correlated with soil structure and characteristics. 

A total of 47 species belonging to 14 genera were detected. Mantel test showed that 
AMF community composition was significantly correlated with soil characteristics. AMF 
and soil variables were autocorrelated within a distance of 10 m, suggesting the occur-
rence of a small scale spatial heterogeneity. Most taxa displayed aggregated distribution, 
as revealed by the variance to mean ratio. Soil characteristics differentially affected dis-
tribution patterns of individual taxa within the field, both at the family and species level. 

Differential responses of individual AMF taxa to edaphic factors play a role in shaping the 
distribution and heterogeneity of AMF communities, consistently with the small scale 
spatial patterns of soil physical and chemical properties. 

Studies on the spatial patterns of whole AMF communities and individual taxa are fun-
damental for improving our knowledge on the ecological drivers of native AMF distribu-
tion at the local scale. 

Keywords: arbuscular mycorrhiza, spore distribution patterns, spatial heterogeneity, soil 
physico-chemical properties 
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Do plants actively shape arbuscular mycorrhizal fungal communities according to the 
environmental conditions to optimize their symbiotic benefits? 

Alena Voříšková (Institute of Botany, The Czech Academy of Sciences, Průhonice, Czech 
Republic), David Püschel (Institute of Botany, The Czech Academy of Sciences, Průhonice, 
Czech Republic), Jan Jansa (Institute of Microbiology, The Czech Academy of Sciences, 
Praha, Czech Republic), Miroslav Vosátka (Institute of Botany, The Czech Academy of Sci-
ences, Průhonice, Czech Republic), Martina Janoušková (Institute of Botany, The Czech 
Academy of Sciences, Průhonice, Czech Republic) 

Generally, it is well established that abiotic conditions influence both the composition of 
arbuscular mycorrhizal fungal (AMF) communities and the host plant's benefits from my-
corrhiza. However, the relationship between AMF community composition and mycor-
rhizal benefits in different abiotic conditions remains little explored. Particularly, it is un-
known to which extent abiotic conditions influence the quantitative ratios of AMF spe-
cies within communities and whether such changes could be regarded as a means of 
optimization of plant fitness under varying environmental conditions. 

To address the concept of adaptive mycorrhizal association, we established a two-stage 
greenhouse experiment with Medicago truncatula as host plant, which was inoculated 
with a synthetic community of five AMF species. In the first stage, the system was ex-
posed to contrasting abiotic conditions including water shortage, light shortage and high 
phosphorus availability assuming that the treatments would generate AMF communities 
of different composition. In the second stage, these different AMF communities were 
inoculated to M. truncatula plants and subjected to the same stresses in a cross-factorial 
design to test whether they differed in their symbiotic efficiency. 

We found that all AMF communities were dominated by the same species, while abiotic 
conditions influenced the abundance of the subdominant species. Mycorrhizal responses 
of M. truncatula were affected by the environmental conditions, but not by AMF com-
munity history in the second stage. Thus, species ratios within the AMF community were 
relatively robust against changes induced by abiotic conditions, and AMF community 
composition did not contribute to conditions-specific mycorrhizal responses.  
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Functioning of arbuscular mycorrhizal symbiosis under soil water deficiency 

David Püschel (Department of Mycorrhizal Symbioses, Institute of Botany, The Czech 
Academy of Sciences, Průhonice, Czech Republic), Jana Rydlová (Department of Mycor-
rhizal Symbioses, Institute of Botany, The Czech Academy of Sciences, Průhonice, Czech 
Republic), Martina Janoušková (Department of Mycorrhizal Symbioses, Institute of 
Botany, The Czech Academy of Sciences, Průhonice, Czech Republic), Jan Jansa (Labora-
tory of Fungal Biology, Institute of Microbiology, The Czech Academy of Sciences, Prague, 
Czech Republic) 

Drought spells are becoming more frequent and more severe in some parts of the world 
due to rearrangements of precipitation patterns in consequence to the global climatic 
changes. Therefore, it is very timely to disclose the natural mechanisms of nutrient and 
water cycling between soil and plants, including root physiology and rhizosphere-associ-
ated microbes, to provide solutions for the pressing environmental and agricultural chal-
lenges in the years to come. Particularly, we should improve our understanding of the 
functioning of arbuscular mycorrhizal (AM) symbiosis related to water. Its role in plant 
water uptake remains still rather controversial and functional aspects of AM symbiosis 
under soil water deficiency are only little understood. 

When soil water becomes depleted, the water remains only in pores of smaller sizes, not 
directly accessible to roots or root hairs. Since mycorrhizal hyphae often have only about 
2 µm in diameter, they can penetrate even into some of the micropores, exploiting the 
water (and soluble nutrients) available there. The hyphae could contribute not only to 
direct uptake of water from soil to plant, but also play a part in hydraulic lift, i.e. the 
redistribution of water in soil profile through the activity of plant roots. These issues are 
just starting to be addressed in a new project, benefiting from availability of mycorrhizal 
mutant plants, molecular quantification of mycorrhizal fungal development and a range 
of stable isotopes and radioisotopes. 

Keywords: arbuscular mycorrhiza, drought, water uptake, stable and radioisotopes, hy-
draulic lift 
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Effects of 15 Years of Nitrogen Fertilization on Ericoid Mycorrhizal Colonization at 
Whim Bog  

Heikki Kiheri (Natural Resources Institute Finland (Luke) & University of Helsinki, Helsinki, 
Finland), Raija Laiho (Natural Resources Institute Finland (Luke), Helsinki, Finland), Hannu 
Fritze (Natural Resources Institute Finland (Luke), Helsinki, Finland), Taina Pennanen (Nat-
ural Resources Institute Finland (Luke), Helsinki, Finland), Nancy Dise (Centre for Ecology 
and Hydrology, Edinburgh, UK), Netty van Dijk (Centre for Ecology and Hydrology, Edin-
burgh, UK), Sari Timonen (Food and Environmental Sciences, University of Helsinki, Helsinki, 
Finland), Tuula Larmola (Natural Resources Institute Finland (Luke), Helsinki, Finland) 

Introduction/Aim: At the long-term fertilization experiment at Whim bog, Scotland, the 
effects of nitrogen deposition on peatlands are studied. The predominant groundcover 
plants are ericoid species, which rely on ericoid mycorrhizal fungi (ERM) for access to 
organic sources of nutrients such as Nitrogen (N) and Phosphorous (P). As ERM symbiosis 
is directly related to nutrient availability these species and their fungal symbionts are 
indicators of these effects. By measuring vegetation diversity, abundance and mycorrhi-
zal colonization rates, we aim to examine how atmospheric N deposition changes peat-
land plant-mycorrhizal relationships. 

Materials and Methods: The sampled plots comprised triplicate controls and treatments 
of either NH4Cl or NaNO3 at 6.4 g N m-2 y-1 with and without additional K2HPO4. Above-
ground vegetation diversity and abundance was estimated by point-intercept method. 
Roots from ericoid plants, Calluna vulgaris and Erica tetralix, were sampled and micro-
scopically quantified for mycorrhizal colonization, as described by Kiheri et al.1. 

Results/Conclusion: All nutrient addition treatments displayed a shift in abundance from 
ericoids to the sedge Eriophorum vaginatum. Unexpectedly, ericoid mycorrhizal coloni-
zation rates increased under treatment compared to controls, while the presence of Dark 
Septate Endophytes (DSE) decreased. Increased ERM colonization indicates that the role 
of mycorrhizal fungi is changing under high N availability. Further analyses are necessary 
to identify key causes and effects in this ecosystem. 

References: 

1Kiheri H, Heinonsalo J, Timonen S. Staining and Microscopy of Mycorrhizal Fungal Colo-
nization in Preserved Ericoid Plant Roots. Journal of Berry Research. In press August 2017. 
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Investigating changes to mycorrhiza-crop relationships in wheat cultivars under ele-
vated levels of atmospheric CO2 

Ashleigh J. Elliott (Faculty of Biological Sciences, University of Leeds, Leeds, UK), Duncan 
D. Cameron (Department of Animal and Plant Sciences, University of Sheffield, Sheffield, 
UK), Katie J. Field (Faculty of Biological Sciences, University of Leeds, Leeds, UK) 

Arbuscular mycorrhizal fungal (AMF) associations are formed in many globally important 
crops and as such, may have potential in reducing usage of chemical fertilisers in sustain-
able agriculture. Moreover, climate change is now negatively impacting agricultural 
productivity and while there is evidence to suggest that AMF can help mitigate these 
effects (e.g. drought alleviation), little is known about how increasing atmospheric CO2 
will change the functionality of mycorrhiza-crop relationships. This is an important 
knowledge gap as there is now substantial evidence to suggest that atmospheric CO2 is a 
powerful regulator of mycorrhizal function. 

I assessed the physiological responses of three wheat cultivars, Skyfall, Cadenza and Av-
alon, following inoculation with a commercial Rhizophagus irregularis inoculum. The 
wheat cultivars were grown in controlled environment chambers at atmospheric CO2 

concentrations of 440 ppm or 800 ppm, in line with IPCC projections for projected future 
CO2 levels. The crops were grown in the presence of the inoculum or a non-mycorrhizal 
control inoculum and harvested after 8 weeks to assess growth and level of colonisation. 

Results confirm that growth benefits from mycorrhizal inocula varies between wheat cul-
tivars. In addition, atmospheric CO2 concentration can affect the plant growth benefits 
gained through commercial AMF inocula, but this is also cultivar dependant. 

In conclusion, my research shows the variability of responses to AMF inoculation be-
tween wheat cultivars and across CO2 concentrations, which is an important first step in 
understanding how the relationship between AMF and wheat will change in a future cli-
mate with rising CO2 levels. 
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Community structure of arbuscular and ectomycorrhizal fungi in plants grown in frost-
treated soils 

Jouni Kilpeläinen (School of Forest Sciences, University of Eastern Finland, Joensuu, Fin-
land), Thorunn Helgason (Department of Biology, University of York, York, UK), Mauritz 
Vestberg (Natural Resources Institute Finland (Luke), Vihtavuori, Finland), Tapani Repo 
(Management and Production of Renewable Resources, Natural Resources Institute Fin-
land (Luke), Joensuu, Finland), Tarja Lehto (School of Forest Sciences, University of East-
ern Finland, Joensuu, Finland) 

Previously we reported after-effects of a soil frost exposure on subsequent formation of 
arbuscular and ectomycorrhizas. Even extremely low temperatures did not affect boreal 
ectomycorrhiza (EM) formation, but arbuscular mycorrhiza (AM) formation was reduced. 
Here the aim is to show whether there was a change in the community structure within 
either fungal type. 

We collected and homogenized surface soil from sites with diverse EM and AM vegeta-
tion in Eastern Finland in late autumn and exposed soil batches to a range of tempera-
tures in controlled freezing tests: +5 °C (control), -12 °C, -25 °C, -48 °C and -130 °C. Seeds 
of silver birch (Betula pendula), grey alder (Alnus incana) or white clover (Trifolium re-
pens) were sown in the treated soils. Plants were grown in similar, favourable conditions 
in a growth room and harvested after 15 weeks. DNA was extracted from harvested 
roots, and the ITS2 fungal barcode was amplified and sequenced using Illumina MiSeq 
amplicon sequencing. Data were analysed using the QIIME pipeline and the UNITE data-
base for fungal OTU delimitation, and the R package vegan for community analysis. 

Data will be presented showing whether i) there is a change in species composition due 
to low temperature exposure, and ii) whether there is a decline in diversity with temper-
ature. Understanding the changing interaction between AM and EM at different temper-
atures will inform predictions of ecosystem functions in cool climatic regions. 

References: 

Kilpeläinen J., Vestberg M., Repo, T. & Lehto, T. 2016. Arbuscular and ectomycorrhizal 
root colonisation and plant nutrition in soils exposed to freezing temperatures. Soil Biol-
ogy & Biochemistry 99, 85–93. 

Keywords: arbuscular mycorrhizal fungi, cool climate, ectomycorrhizal fungi, frost, fun-
gal species 
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The role of different mycorrhizas in the drought resistance of grey alder (Alnus incana) 
seedlings 

Tarja Lehto (School of Forest Sciences, University of Eastern Finland (UEF), Joensuu, Fin-
land), Aitor Barbero-López (School of Forest Sciences, UEF, Joensuu, Finland), Pedro J. 
Aphalo (Department of Biosciences, University of Helsinki, Helsinki, Finland), Sammi 
Alam Nipu (School of Forest Sciences, UEF, Joensuu, Finland), Jouni Kilpeläinen (School 
of Forest Sciences, UEF, Joensuu, Finland) 

Arbuscular mycorrhizas (AM) are more common in soils with higher available-N:P ratio 
and higher pH than ectomycorrhizas (EM). However, the climatic conditions, which drive 
soil formation, may affect the mycorrhiza types also directly. We suggest that AM fungi 
(AMF) in general are more adapted to warm and dry climates and EM fungi (EMF) to cold 
and humid climates, and accordingly, benefit their host plants especially in those condi-
tions. Here, we tested the drought resistance of AM, EM and nonmycorrhizal (NM) grey 
alder (Alnus incana) seedlings. 

Alder seedlings were grown from seeds in pots in a controlled-environment chamber. 
They were inoculated with two species of either AMF or EMF. The AMF were Rhizopha-
gus intraradices and Glomus hoi, and the EMF were Paxillus involutus and an ascomycete 
isolated from mycorrhizas of grey alder. After three months, half of the seedlings were 
left without water and the other half were watered. Net photosynthesis (A), stomatal 
conductance (gs) and shoot water potential (Ψ) were determined. 

In the watered treatment, the AM plants had higher gs and A, but when the soil dried, 
the AM plants closed their stomata as soon as the EM and NM plants. Conservative water 
use was probably the reason for the higher (less negative) Ψ in the droughted AM plants 
than EM and NM. When compared at the same soil moisture level, there was no differ-
ence between the mycorrhiza treatments. In conclusion, the AM plants had more control 
over their water use than the EM and NM. 
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Effect of low-intensity fires on ectomycorrhizal fungal communities in a dry dipterocarp for-
est in Thailand 

Pawara Pachit (Biological Sciences Program, Chulalongkorn University, Bangkok, Thailand), 
Nipada Ruankaew Disyatat (Department of Biology, Chulalongkorn University, Bangkok, 
Thailand), Jittra Piapukiew (Department of Botany, Chulalongkorn University, Bangkok, Thai-
land) 

Fires are a major form of disturbance of dry dipterocarp forests (DDF) in Thailand and else-
where in Southeast Asia. Most annual fires are of a low intensity and may have shaped the 
structure and dynamics of this forest ecosystem type[1][2]. However, the impact on the ecto-
mycorrhizal (ECM) fungal community, an integral symbiosis with dipterocarp host trees, has 
not yet been explored[3]. Thus this study investigated the effect of fires on the ECM fungal 
community in three DDF sites in Saraburi Province, Thailand. 

Soil samples were collected every three months from December 2013-September 2014. Illu-
mina MiSeq data covering the ITS1 region[4] were used to examine the ECM fungal communi-
ties in the study sites, two of which were burned in January 2014. 

A total of 66 operational taxonomic units (OTUs) were detected, belonging to 11 ECM fungal 
lineages. Most common ECM lineages were /tomentella-thelephora (19 OTUs) and /russula-
lactarius (15 OTUs). The patterns of temporal change in ECM fungal communities in the 
burned and unburned areas were different, especially the emergence of new ECM fungal 
OTUs. In the burned sites, most of the new OTUs were found within 2-5 months after the 
fires. In the unburned site, however, most of the new OTUs were detected after 8 months 
and some of them were the same newly-emerged OTUs in the burned sites. 

Therefore, forest fires could provide newly available microhabitats for ECM fungi while the 
absence of fire apparently extended the emergence time of some ECM fungi. 

References: 
[1]Stott, P. 1988. The Forest as Phoenix: Towards a Biogeography of Fire in Mainland South 
East Asia. the Geographical Journal 154: 337-350. 
[2]Ghazoul, J. 2016. Dipterocarp: Biology, Ecology, and Conservation. Oxford: Oxford Univer-
sity Press. 
[3]Taudièrea, A., Richard, F. and Carcaillet, C. 2017. Review on fire effects on ectomycorrhizal 
symbiosis, an unachieved work for a scalding topic. Forest Ecology and Management 391: 
446-457. 
[4]Lindahl, B.D., Nilsson, R.H., Tedersoo, L., Abarenkov, K., Carlsen, T., Kjøller, R., Kõljalg, U., 
Pennanen, T., Rosendahl, S., Stenlid, J., and Kauserud, H. 2013. Fungal community analysis by 
high-throughput sequencing of amplified markers – a user's guide. New Phytologist 199: 288–
299. 
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Community Structures of Ectomycorrhizal Fungi in Abies koreana Along Environmental 
Gradients 

Jae Sung Sim (Korea national university of education, Cheongju-si, Korea), Ahn-Heum 
Eom (Korea national university of education, Cheongju-si, Korea) 

Climate changes have important consequences for plant communities and their fungal 
root symbionts. Climate change is known to alter the distribution of ectomycorrhizal 
fungi (ECM) in temperate, boreal, and tropical biomes Abies koreana is climate-sensitive 
indicator species found in the Korean peninsula; it is native to sub-alpine mountains and 
is designated as an endangered species by the IUCN. Symbiosis with ECM is vitally im-
portant for the survival of A. koreana, as the host plant provides the fungal partners with 
carbon assimilated via photosynthesis in exchange for a range of benefit, including en-
hanced water and nutrient uptake, protection from soil pathogens, and heavy metal tol-
erance. The purpose of this study was to determine the distribution of ECM fungi colo-
nizing roots of A. koreana along environmental gradients. Root sampling of A. koreana 
was done at altitudes in 100 m increments in Mt. Halla in Jeju-Island and various envi-
ronmental factors were simultaneously investigated. We found that soil environmental 
factors affecting the distribution of ECM fungi were nitrogen, organic matter, and phos-
phorous concentration gradient. The nitrogen concentration gradient was found to re-
markably affect ECM colonization rates. We suggested that increased nitrogen deposi-
tion in forests might cause great changes in the ECM community structure and function-
ing, which, in turn, might lead to reduced nitrogen uptake by roots and fungi. These 
results could help in understanding the distribution and conserving A. koreana, which is 
declining because of climate change 

Keywords: Abies koreana, environmental gradient, ectomycorrhiza, nitrogen deposition 
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Where do we find the mushrooms? Spatio-temporal drivers of West African woodland 
ectomycorrhizal fruitbody production 

Brendan R. Furneaux (Department of Organismal Biology, Uppsala University, Uppsala, 
Sweden), Roel D Houdanon (Laboratory for Ecology, Botany, and Plant Biology, University 
of Parakou, Parakou, Benin), Mohammad Bahram (Department of Organismal Biology, 
Uppsala University, Uppsala, Sweden), Nourou S. Yorou (Laboratory for Ecology, Botany, 
and Plant Biology, University of Parakou, Parakou, Benin), Martin Ryberg (Department 
of Organismal Biology, Uppsala University, Uppsala, Sweden) 

Fruiting bodies of ectomycorrhizal fungi are a seasonally important food source for rural 
inhabitants of woodlands in West Africa. In this study, we investigate the drivers of spa-
tial and temporal variation in ECM community composition and fruitbody production in 
woodlands in central Benin, including soils, vegetation, and microclimate. 

Our study area consists of nine 50x50 m plots sorted into three different vegetation 
types, each dominated by one ECM tree species. Within each plot, we harvest and weigh 
all ECM mushrooms twice weekly during the mushroom season from June – October, 
2015 – 2018. Voucher specimens are preserved and later DNA barcoded to verify mor-
phological identification of species. We have also collected spatial and temporal environ-
mental data from the sites including soil physical and chemical properties, forest struc-
ture, and soil and air meteorology. 

Sampling is complete for the years 2015 and 2016, and 2017 sampling is underway. 179 
morphologically identified species were collected in 2015 and 2016, although this num-
ber is likely to change after the barcoding of specimens is completed. Total yield ranged 
from 1 kg/ha/yr to 30 kg/ha/yr (dry weight) in different plots and years. 

This poster presents our preliminary results regarding the phenology of these communi-
ties and discusses the prospect for identifying seasonal and interannual climate effects 
as additional years of data become available. We also summarize preliminary results re-
garding the drivers of spatial variation in fruitbody community composition, species rich-
ness, diversity, and total annual fruitbody yield. 

Keywords: West Africa, ectomycorrhiza, phenology, wild edible fungi, climate 

  



ICOM 9 

173 

P (ID 439) 

Mycorrhizal and saprotrophic sporocarp communities have contrasting responses to 
moth outbreak in a subarctic mountain birch forest 

Maarit Kaukonen (Department of Ecology and Genetics, University of Oulu, Oulu, Finland), Anna 
L. Ruotsalainen (Department of Ecology and Genetics, University of Oulu, Oulu, Finland), Karoliina 
Huusko (Department of Ecology and Genetics, University of Oulu, Oulu, Finland), Piippa R. Wäli 
(Department of Ecology and Genetics, University of Oulu, Oulu, Finland), Sami Aikio (Department 
of Ecology and Genetics, University of Oulu, Oulu, Finland), Karita Saravesi (Department of Ecology 
and Genetics, University of Oulu, Oulu, Finland), Heini Koivuniemi (Department of Ecology and Ge-
netics, University of Oulu, Oulu, Finland), Otso Suominen (Kevo Subarctic Research Institute, Uni-
versity of Turku, Turku, Finland), Kari Saikkonen (Natural Resources Institute Finland, Turku, Fin-
land), Anna M. Markkola (Department of Ecology and Genetics, University of Oulu, Oulu, Finland) 

Outbreaks of folivorous insects cause large-scale defoliation in forest ecosystems. In the sub-
arctic mountain birch forests, outbreaks of geometrid moths cause occasionally landscape-
scale forest damage and even death of individual trees and forest stands. Here, we studied 
how aboveground macrofungal sporocarp communities respond to moth herbivory and re-
late to previously described understory vegetation, soil nutrients and mountain birch ecto-
mycorrhizal communities. 

We compared intact mountain birch forests with once and repeatedly defoliated forests just 
after a massive outbreak of geometrid moths. Aboveground macrofungal sporocarps were 
surveyed in about 2 week intervals during autumnal fruiting seasons for 3 years. 

The sporocarp communities were heavily affected by moth outbreak. Repeated moth her-
bivory decreased ectomycorrhizal sporocarp production by 90% and increased saprotrophic 
sporocarp production by 200% compared to the intact sites. Also, the number of ectomycor-
rhizal species decreased dramatically, whereas the number of saprotrophic species increased. 

Defoliation of mountain birches decreases the amount of photosynthesized carbon available 
for ectomycorrhizal fungi, which has a negative effect on ectomycorrhizal sporocarp produc-
tion. Increased quantity as well as altered quality of litter benefit the sporocarp production of 
saprotrophic fungi. These results add to the evidence that insect outbreaks shift the main 
carbon route from trees to soil: from a mycorrhizal channel, to a saprotrophic channel. 

References: 
Karlsen SR, Jepsen JU, Odland A, Ims RA, Elvebakk A. (2013). Outbreaks by canopy-feeding 
geometrid moth cause state-dependent shifts in understorey plant communities. Oecologia 
173:859–870. 
Kaukonen M, Ruotsalainen AL, Wäli PR, Männistö MK, Setälä H, Saravesi K, Huusko K, Mark-
kola AM. (2013). Moth herbivory enhances resource turnover in subarctic mountain birch 
forests? Ecology 94(2):267–272. 
Saravesi K, Aikio S, Wäli PR, Ruotsalainen AL, Kaukonen M, Huusko K, Suokas M, Brown SP, 
Jumpponen A, Tuomi J, Markkola AM. (2015). Moth outbreaks alter root-associated fungal 
communities in subarctic mountain birch forests. Microbial Ecology 69:788–797. 
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How climate and edaphic controllers shape the distribution of arbuscular mycorrhizal 
fungi in California 

Anne Kakouridis (Environmental Science, Policy, and Management, University of Califor-
nia, Berkeley, Berkeley, USA), Erin Nuccio (Lawrence Livermore National Lab, Livermore, 
USA), Nhu Nguyen (Tropical Plant and Soil Sciences, University of Hawaii at Manoa, Hon-
olulu, USA), Mary Firestone (Environmental Science, Policy, and Management, University 
of California, Berkeley, Berkeley, USA) 

Arbuscular mycorrhizal fungi (AMF) are ubiquitous soil organisms with critical roles in 
ecosystems, notably as plant root symbionts. The development of molecular methods 
has made it possible to identify AMF taxa directly from plant roots and soil, instead of 
relying on morphological characteristics of spores, and offers new opportunities to in-
vestigate the molecular diversity and spacial distribution of AMF. The goal of this study 
is to determine which controller is more important in shaping the distribution of 
AMF: soil characteristics, climate, or host plant. 

We selected the plant genus Avena, a naturalized annual grass in California highly colo-
nized by AMF, that is present at multiple sites. We collected rhizosphere and bulk soils 
from three mediterranean grasslands that varied substantially in terms of soil taxono-
mies and texture, climate, and dominant Avena species, either barbara or sativa. We ex-
tracted DNA from rhizosphere and bulk soil, and sequenced it with Illumina sequenc-
ing. We used of a combination of primer pairs, ITS7o/ITS4, which spans a more variable 
region, and WANDA/AML2, which spans a more conserved region of AMF rDNA. This use 
of primer pairs with complementary strengths leads to better resolution and inclusion 
during molecular analyses, and more robust information for understanding AMF bioge-
ography. 

If AMF in bulk soils are more similar to each other than their corresponding rhizosphere 
samples, it will indicate that roots are stronger drivers of AMF community composition 
than the conditions of the background soil. Conversely, if AMF in rhizosphere soils are 
more similar to each other than their corresponding bulk samples, it will suggest that 
background soil conditions are more important controllers. 
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Arbuscular mycorrhizal fungi in the arid Himalayas 

Inga Hiiesalu (Department of Botany, University of Tartu, Tartu, Estonia), Marin Macek (In-
stitute of Botany, Czech Academy of Sciences, Pruhonice, Czech Republic), Martin Kopecký 
(Institute of Botany, Czech Academy of Sciences, Pruhonice, Czech Republic), Jan Altman 
(Institute of Botany, Czech Academy of Sciences, Pruhonice, Czech Republic), Pierre Lian-
court (University of Tübingen, Tübingen, Germany), Ondřej Mudrák (Institute of Botany, 
Czech Academy of Sciences, Pruhonice, Czech Republic), Jiří Doležal (Institute of Botany, 
Czech Academy of Sciences, Pruhonice, Czech Republic) 

Little is known about arbuscular mycorrhizal fungal (AMF) diversity and distributional 
patterns in high altitudes and in very cold or dry habitats characterizing high elevations. 
Our aim was to describe diversity patterns of AMF along an elevational gradient and to 
determine the abiotic and biotic factors shaping the richness and community composi-
tion of AMF.  

Our study area is situated in Ladakh, on the dry flanks of NW Himalayas. In total, we 
sampled fine roots of 344 plant individuals (ca 200 species) in 85 sites across a range of 
1940-6100 m asl. The sites were located in six major habitat types (from lowest to high-
est): forests, cold deserts and steppes, alpine grasslands, screes, lower and upper subni-
val zones. DNA-based virtual taxa (VT) of AMF were identified using 454-sequencing of 
the SSU rRNA gene. We included a number of biotic and abiotic factors into the analyses.  

In total we detected 101 AMF VT (mean 5.6; range 0-27 VT per sample) spanning across 
nine Glomeromycota genera, most common of them being Glomus (66 VT), Acaulospora 
(10 VT) and Diversispora (7 VT). There was a significant negative relationship between 
AMF VT richness and altitude (P<0.001; Spearman rho=-0.27), with highest richness 
around 2200 m and 4300 m asl corresponding to forest and alpine grassland habitat 
types, respectively. 

The results of this study will significantly advance our understanding of microbial, and 
specifically AMF diversity patterns and their underlying mechanisms at multiple spatial 
scales across a range of habitat types. 

Keywords: arbuscular mycorrhizal fungi, high-elevation, dry habitats, diversity, 454 se-
quencing 
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Characterization of mycorrhizal potential of the soils envahed by Nicotiana glauca Gra-
ham in Marrakesh Safi region (Morocco) 

Hanane Dounas (Biologie, Laboratoire Ecologie et Environnement (Unité associée au 
CNRST, URAC 32, Unité associée au CNERS). Herbier Régional MARK, Marrakesh, Morocco), 
Lahcen Ouahmane (Biologie, Laboratoire Ecologie et Environnement (Unité associée au 
CNRST, URAC 32, Unité associée au CNERS). Herbier Régional MARK, Marrakesh, Morocco), 
Mohamed Hafidi (Biologie, Laboratoire Ecologie et Environnement (Unité associée au 
CNRST, URAC 32, Unité associée au CNERS). Herbier Régional MARK, Marrakesh, Morocco), 
Meriam Zaarawa (Biologie, Laboratoire Ecologie et Environnement (Unité associée au 
CNRST, URAC 32, Unité associée au CNERS). Herbier Régional MARK, Marrakesh, Morocco) 

Particular attention has been paid to the negative effects of invasive species on the en-
vironment, but studies that quantify their beneficial effects are scarce. 

The objective of this study is to evaluate the consequences of invasions by Nicotiana 
glauca Graham on soil fertility in the Marrakesh Safi region by examining (i) its contribu-
tion to soil mycorrhizal potential and (ii) its impact on the richness and diversity of the 
arbuscular mycorrhizal community. This study was carried out on 5 stations dispersed in 
this region, which are known as sites heavily invaded by Nicotiana glauca Graham, In-
cluding two stations upstream and downstream of the banks of Oued Tensift and a sta-
tion on the banks of Oued Lahjar. 

The results reveal a particularly important mycorrhizal potential in the rhizospheric soils 
of Nicotiana glauca Graham, representing mycorrhizal propagules fungi density present 
in the soil such as spores, mycelium or vesicles able to form mycorrhizae. 

The most probable number (MPN) of mycorrhizal propagules per 100 g of dry soil ranged 
from 12.21 (bare soil) to 1213.73 (Nicotiana glauca Graham). 

From the point of view of sporadic diversity, three genera of Arbuscular mycorrhiza could 
be isolated: Glomus, Gigaspora and Sclerocystis with a high abundance of spores of the 
genus Glomus than those of other genera. 

The ecosystems invaded by Nicotiana glauca Graham could be of great interest to restore 
degraded soils of ruderal areas. 

Keywords: Nicotiana glauca Graham, invasive species, mycorrhizal potential, arbuscular 
mycorrhiza, Marrakech Safi, Morocco 
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Root-associated fungal communities at a nutrient enriched arctic bird-nesting cliff 

Carrie J. Andrew (Swiss Federal Institute for Forest, Snow and Landscape Research, Bir-
mensdorf, Switzerland), Courtney D. Nadeau (Department of Arctic Biology, University 
Centre in Svalbard, Longyearbyen, Norway), Marie L. Davey (Department of BioSciences, 
University of Oslo, Oslo, Norway) 

Arctic terrestrial ecosystems are frequently nutrient poor with low primary productivity. 
The vegetation rich areas beneath bird-nesting cliffs are an exception to this. Nesting 
birds transport nitrogen from sea to land through guano deposition, creating both a nu-
trient and pH gradient surrounding their nesting sites. 

The fungal communities associated with the roots of Salix polaris growing in ornithogenic 
soils along a pH and nutrient gradient beneath a bird-nesting cliff on Svalbard (77.6N, 
14.7E) were investigated using illumina amplicon sequencing of the internal transcribed 
spacer 2 (ITS2) region of ribosomal DNA. 

Although species richness remained constant across the gradient, fungal community 
composition varied with the main abiotic and biotic gradients. The total root fungal com-
munity was structured by soil pH, carbon, and nitrogen content, as well as the surround-
ing plant community. Guild-specific responses were observed, with the ectomycorrhizal 
community primarily responding to host nitrogen and carbon content, soil pH, and the 
surrounding plant community. By contrast, the Salix root-associated saprophytic com-
munity was more strongly influenced by edaphic properties. 

Despite the absence here of the strong nutrient limitations typically found in arctic ter-
restrial ecosystems, the root associated fungal community was still primarily structured 
by variation in abiotic edaphic properties. The relative importance of biotic factors, in-
cluding host C:N content, in structuring ectomycorrhizal root associated communities is 
unsurprising given their near obligate association with the host plant. The stronger role 
of edaphic factors in structuring the root-associated saprophyte community suggests the 
possibility of priority effects during their assembly. 
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A recycling method of afforesting infertile soil using a soil amendment and incorpora-
tion of Pisolithus tinctorius 

Hye Young Yun (Department of Agricultural Biotechnology, Seoul National University, 
Seoul, Korea), Kyung Joon Lee (Braintree Biotechnology Institute, Seoul, Korea) 

The present research is focused on developing a recycling method for afforesting mar-
ginal, infertile soil using the mycorrhizal fungus Pisolithus tinctorius as a fertilizer and 
adding a soil- improving compound. This afforestation method helped seedling growth, 
thereby potentially making forest or landscape trees grow faster and healthier. In these 
experiments, various soil amendments were incorporated to supply nutrients for cultiva-
tion of seedlings and growth of Pinus densiflora. It was determined that, when Pisolithus 
tinctorius was cultured and introduced into the seedbed soil used for cultivating seed-
lings, significantly improved seedlings were produced compared to controls. In addition, 
when seedlings were cultivated by introducing the soil-improving agent alone, without 
Pisolithus tinctorius, the growth rate of seedlings was not greatly enhanced. Further, it 
was found that growth rates of Pinus densiflora varied depending on the amount of soil-
improving agent used. When the ratio of soil-improving agent to culture medium was 1:5 
(v/v), excellent height and growth was exhibited. Both rate of mycorrhiza formation and 
growth rate of seedlings were enhanced by using Pisolithus tinctorius mycorrhizae to-
gether with a soil-improving agent. 
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CONCURRENT SESSION: Acquisition, assimilation and 
transport of nutrients and carbon in mycorrhizal symbioses 

Well-functioning mycorrhizae are established and maintained on condition of mutual nu-
trient exchange. Understanding the nutrients for photosynthesis-derived sugar trade has 
been a challenge and source of debate for ages. This session will focus on the physiolog-
ical and molecular-genetic mechanisms by which mycorrhizal fungi regulate homeostasis 
of macro-, micronutrients and sugars, determine the nutrient offer at the plant-fungal 
interface and impact on nutrient balances of the host plant. Nutrient foraging, assimila-
tion, storage, translocation, transfer, metabolism and their regulation in distinct external 
conditions as well as interspecific differences, specialization and adaptation towards par-
ticular environments are included. 

Chairs: Joske Ruytinx, Katsuharu Saito 
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Zn homeostasis and adaptive Zn tolerance in the ectomycorrhizal fungus Suillus luteus 

Joske Ruytinx (Hasselt University, Diepenbeek, Belgium), Laura Coninx (Hasselt Univer-
sity, Diepenbeek, Belgium), Hoai Nguyen (Hasselt University, Diepenbeek, Belgium), Jan 
Colpaert (Hasselt University, Diepenbeek, Belgium) 

Suillus luteus is a cosmopolitan fungal species, symbiotically associated with pine trees. 
In primary successions of pines this species is abundant and involved in seedling estab-
lishment. On severely metal-contaminated soils, Zn-tolerant S. luteus populations 
evolved by natural selection. Tolerant individuals effectively protect their host tree from 
Zn toxicity on these soils. However, the molecular-genetic mechanism underlying adap-
tive Zn tolerance in S. luteus is unknown. We hypothesize that the tolerance phenotype 
is due to an adaptation in the common Zn homeostasis network. By comparative and 
functional genetics we identified several S. luteus genes encoding transporters involved 
in Zn homeostasis. One of these transporters, SlZnT2, a CDF family transporter exhibits a 
differential gene expression among Zn-tolerant and Zn-sensitive phenotypes. Zn-tolerant 
S. luteus isolates show a high expression whereas Zn-sensitive isolates show a near to 
background expression of the gene. The difference in expression level seems to be partly 
caused by an extensive gene multiplication, partly by differences is cis-regulation. SlZnT2 
copy number in Zn-tolerant isolates ranges between two and seven. Zinc-sensitive iso-
lates have one copy. Three different promoter genotypes were identified; one of these 
was exclusively found in Zn-tolerant isolates. SlZnT2 is predicted to be localized on the 
tonoplast and to move Zn from the cytoplasm into the vacuole. However, we could not 
confirm this function. In conclusion, Zn-tolerant S. luteus isolates are selected for high 
expression of SlZnT2, a CDF family transporter of unknown function. Further functional 
analyses are required to define the role of high SlZnT2 expression in Zn tolerance. 
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Influence of ectomycorrhiza on decomposition across biomes 

Björn D. Lindahl (Department of Soil and Environment, Swedish University of Agricultural 
Sciences, Uppsala, Sweden), Karina E. Clemmensen (Department of Forest Mycology and 
Plant Pathology, Swedish University of Agricultural Sciences, Uppsala, Sweden), Julia Ky-
aschenko (Department of Soil and Environment, Swedish University of Agricultural Sci-
ences, Uppsala, Sweden), Erica Sterkenburg (Department of Forest Mycology and Plant 
Pathology, Swedish University of Agricultural Sciences, Uppsala, Sweden) 

Some ectomycorrhizal fungi have been proposed to be directly involved in decomposi-
tion, as a way to mobilise organically bound nutrients. On the other hand, most ectomy-
corrhizal fungi lack efficient enzymes to decompose complex organic matter and have 
rather been proposed to affect decomposition negatively, by competing with free-living 
saprotrophs (the “Gadgil effect”). Field studies from different boreal settings indicate 
that the influence of ectomycorrhiza on decomposition is context dependent. Towards 
the heathland – boreal transition, ectomycorrhizal fungi tend to stimulate decomposition 
relative to the otherwise dominant stress-tolerant ascomycetes. Towards the nemoral – 
boreal transition, ectomycorrhizal fungi tend to restrict decomposition by constraining 
the distribution and activities of more efficient saprotrophic decomposers. Increased un-
derstanding of the mechanisms by which ectomycorrhizal fungi mediate feedbacks be-
tween plants and soil organic matter is urgently needed, to enable predictions of how 
different ecosystems respond to climate changes and intense exploitation. Competitive 
interactions between fungal guilds mediate positive feedbacks between decomposition 
and ecosystem fertility, which may contribute to variation in the forest landscape and 
amplify responses to disturbance, but also drive long-term retrogression of undisturbed 
forest ecosystems. 

References: 

Kyaschenko, J., Clemmensen, K.E., Hagenbo, A., Karltun, E., Lindahl, B.D. 2017. Shift in 
fungal communities and associated enzyme activities along an age gradient of managed 
Pinus sylvestris stands. ISME Journal 11: 863–874. 

Clemmensen, K.E., Finlay, R.D., Dahlberg, A., Stenlid, J., Wardle, D.A., Lindahl, B.D. 2015 
Carbon sequestration is related to mycorrhizal fungal community shifts during long term 
succession in boreal forests. New Phytologist 205: 1525-1536. 

Lindahl, B.D., Tunlid A. 2015. Ectomycorrhizal fungi - potential organic matter decompos-
ers, yet not saprotrophs. New Phytologist 205: 1443-1447. 

Keywords: forest ecology, decomposition, Gadgil effect, nitrogen cycle 
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Trading carbon for nitrogen: reciprocal resource exchange in beech ectomycorrhiza at 
subcellular scales 

Christina Kaiser (Department of Microbiology and Ecosystem Research, University of Vi-
enna, Vienna, Austria), Werner Mayerhofer (Department of Microbiology and Ecosystem 
Research, University of Vienna, Vienna, Austria), Marlies Dietrich (Department of Micro-
biology and Ecosystem Research, University of Vienna, Vienna, Austria), Stefan Gorka 
(Department of Microbiology and Ecosystem Research, University of Vienna, Vienna, Aus-
tria), Arno Schintlmeister (Department of Microbiology and Ecosystem Research, Univer-
sity of Vienna, Vienna, Austria), Siegfried Reipert (Core Facility of Cell Imaging and Ultra-
structure Research, University of Vienna, Vienna, Austria), Peter Schweiger (Department 
of Microbiology and Ecosystem Research, University of Vienna, Vienna, Austria), Marie-
luise Weidinger (Core Facility of Cell Imaging and Ultrastructure Research, University of 
Vienna, Vienna, Austria), Andreas Richter (Department of Microbiology and Ecosystem 
Research, University of Vienna, Vienna, Austria), Dagmar Woebken (Department of Mi-
crobiology and Ecosystem Research, University of Vienna, Vienna, Austria) 

The controls of resource exchange between plant roots and their mycorrhizal partners 
are still under debate. While a reciprocal exchange of C and nutrients has been suggested 
for the arbuscular mycorrhizal symbiosis, much less is known about ‘terms of trade’ in 
the ectomycorrhizal symbiosis. 

We exposed young beech trees (Fagus sylvatica) associated with natural mycorrhizal fun-
gal communities to a 13CO2 atmosphere and added 15N-labelled amino acids to a com-
partment exclusively accessible to mycorrhizal hyphae. Within two days after 15N and 
13CO2 application, fine roots and mycorrhizal root-tips were harvested and analyzed by 
isotope-ratio mass spectrometry. Associated fungal communities were identified by ITS 
sequencing. Selected mycorrhizal root tips were analysed by nano-scale secondary ion 
mass spectrometry (NanoSIMS) to visualize the spatial distribution of 13C and 15N in root 
cross-sections at the subcellular scale. 

13C and 15N were weakly correlated across collected mycorrhizal root-tips. The relatively 
high variance within this correlation was seemingly driven by fungal colonization pattern. 
At the subcellular scale, however, NanoSIMS imaging revealed a highly significant spatial 
correlation between 13C and 15N across both plant and fungal cells. Individual fungal hy-
phae “hotspots” that were highly enriched in 15N were at the same time extraordinarily 
enriched in 13C. 

Our results provide first evidence for a reciprocal exchange of C and N between roots 
and ectomycorrhizal fungi at the subcellular scale. They indicate that a mechanism may 
exist at this scale that directs plant C flow specifically into N-delivering mycorrhizal hy-
phae. 
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Phosphate unloading in ectomycorrhizae: why is the HcPT2 transporter of Hebeloma 
cylindrosporum a good candidate? 

Claude Plassard (Eco&Sols, INRA (Institut National de la Recherche Agronomique), Mont-
pellier, France), Adeline Becquer (Eco&Sols, INRA (Institut National de la Recherche 
Agronomique), Montpellier, France), Kevin Garcia (BPMP (Biochimie et Physiologie Molécu-
laire des Plantes), CNRS (Centre National de la Recherche Scientifique), Montpellier, France), 
Laurie Amenc (Eco&Sols, INRA (Institut National de la Recherche Agronomique), Montpel-
lier, France), Jeanne Doré (Ecologie Microbienne, CNRS (Centre National de la Recherche 
Scientifique), Villeurbanne, France), Gilles Gay (Ecologie Microbienne, CNRS (Centre Na-
tional de la Recherche Scientifique), Villeurbanne, France), Sabine Zimmermann (BPMP (Bi-
ochimie et Physiologie Moléculaire des Plantes), CNRS (Centre National de la Recherche Sci-
entifique), Montpellier, France) 

It is well known that ectomycorrhizal (ECM) fungi improve the growth of their hosts by 
providing growth-limiting nutrients and particularly inorganic phosphate (Pi). However, 
the molecular players driving the Pi allocation from the fungus to the host are largely 
unknown thus far. In the ECM association between Pinus pinaster and Hebeloma cylin-
drosporum, we hypothesized that one of the three Pi transporters identified in the fungal 
genome (named HcPT1.1, HcPT1.2 and HcPT2) could be more specifically involved in Pi 
unloading in the Hartig net. To address this hypothesis, we combined microscopy, phys-
iology and fungal genetic approaches to unravel the role of each Pi transporter. Immuno-
localization of Pi transporter proteins showed that only HcPT1.1 and HcPT2 are localized 
in the Hartig net, indicating that these two proteins could play a role in Pi efflux in the 
ECM. We produced transgenic lines, either down- (RNAi) or over- (OE) expressing one of 
the two proteins. We used them to measure in vitro Pi fluxes as well as P accumulation 
in young P. pinaster seedlings. Our experiments showed that only OE-PT2 lines were able 
to increase in vitro Pi effluxes and shoot P accumulation of pine seedlings whereas the 
OE-PT1.1 lines increased only root P accumulation. Taken as a whole, these results sup-
port that the HcPT2 Pi transporter is a key component of the fungal Pi unloading machin-
ery in the Hartig net of ECM. 

Keywords: ectomycorrhizal symbiosis, phosphate transporter, immuno-localization, 
phosphate efflux, agrobacterium-transformed fungal strains 
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On genes and mechanisms underlying metal (hyper)accumulation phenotypes in ecto-
mycorrhizal Amanita, Russula and Hebeloma species 

Pavel Kotrba (Department of Biochemistry and Microbiology, University of Chemistry and 
Technology, Prague, Prague, Czech Republic), Milan Gryndler (Institute of Microbiology, 
v.v.i., Czech Academy of Sciences, Prague, Czech Republic), Jan Borovička (Institute of Ge-
ology, v.v.i. & Nuclear Physics Institute, v.v.i., Academy of Sciences of the Czech Republic, 
Prague, Czech Republic) 

The high concentrations of heavy metals accumulated in their sporocarps indicate that 
fungi substantially contribute to the cycling and environmental sequestration of these 
elements. Mycorrhizal fungi further play an important dual role in plant metal homeo-
stasis: scavenging of metal micronutrients and their supply to the host; detoxification of 
both the excess essential and physiologically irrelevant metals. The delineation of molec-
ular basis of metal uptake and tolerance in metal-accumulating species may allow rating 
their metal cycling and host-protection/stimulation capacity, with certain significance for 
bioremediation purposes. In the sporocarps of ectomycorrhizal fungi grown in pristine 
environments is the Ag hyperaccumulation threshold of 100 mg kg−1 only rarely exceeded 
and Zn levels typically range from 50 to 150 mg kg−1. This report focuses on the handling 
of metals in species that surpass these limits: Ag-hyperaccumulating Amanita strobili-
formis, in which copper transporters (CTRs) recognize also Ag for transport, and all the 
accumulated Ag occurs complexed by metallothioneins (MTs); Zn accumulators of Rus-
sula spp., particularly R. atropurpurea, which has a high affinity ZIP transporter for the 
acquisition of Zn, and CDF transporters for compartmentalization and unusual MT-like 
peptides for complexation [of a substantial portion] of overaccumulated Zn; and Hebe-
loma mesophaeum that preferentially funnels excess Zn (and Cd) into subcellular com-
partments, although it has the capacity to produce MTs. A brief overview of the inventory 
of metal-related functions identified in course of transcriptome sequencing projects will 
be also presented.  

Work currently supported by the Czech Science Foundation (16-15065S). 

Keywords: ectomycorrhizal fungi, heavy metal, metal uptake, metal binding, metal trans-
porters 
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Arbuscular mycorrhizal fungi affect legume tree uptake of trace metal from substrate 
with coal-mine tailings  

Marcos L. Santos (Universidade Federal de Santa Catarina, Florianopolis, Brazil), Paulo 
E. Lovato (Universidade Federal de Santa Catarina, Florianopolis, Brazil), Cláudio R. F. S. 
Soares (Universidade Federal de Santa Catarina, Florianopolis, Brazil), Sidney L. Sturmer 
(Universidade Regional de Blumenau – FURB, Blumenau, Brazil), Edenilson Meyer (Uni-
versidade Federal de Santa Catarina, Florianópolis, Brazil), Eduarda C. Rampinelli (Uni-
versidade Federal de Santa Catarina, Florianópolis, Brazil) 

Arbuscular mycorrhizal fungi (AMF) help plant growth in the restoration of areas de-
graded by mining. In Brazil, where coal mine tailings lower soil pH and increase trace 
metal availability, AMF are being tested for land restoration with native trees. Enterolo-
bium contorstisiliquum and Parapiptadenia rigida were grown in a substrate containing 
coal mine tailings, which increased Cu, Zn, and Mn availability (11±0.4, 42±2.5, and 
64±2.2 mg kg-1, respectively). Plants were inoculated with Rhizophagus clarus (isolate 
SCT720A = Rc) or Acaulospora colombiana (isolate SCT115A = Ac). Seedling Dickson qual-
ity index, remediation efficiency (ratio between total amounts of each element in plant 
and soil) and bioaccumulation factor (ratio between concentrations of each element in 
plant and soil) were evaluated. 

Rc promoted higher colonization, but Rc-inoculated plants did not differ from control 
while Ac increased seedling quality of both plant species. Rc promoted higher content, 
remediation efficiency and bioaccumulation of Cu in both plants species, while Ac-inoc-
ulated plants decreased those indexes, mainly in E. contorstisiliquum. Zn extraction de-
pended on plant-fungus combinations; Rc increased remediation efficiency and bioaccu-
mulation of Zn in E. contorstisiliquum, while Ac decreased these values. Ac increased both 
indexes for Mn in P. rigida, which has a 10-fold higher Mn concentration than E. con-
torstisiliquum. 

Selection of AMF is necessary, due to differences in isolates ability to increase trace metal 
uptake by woody plants. 

Improvement of plant growth and extraction of trace elements from the soil are inde-
pendent abilities of mycorrhizal fungal isolates and also depend on symbiont combina-
tions 

Keywords: pacara earpod tree, cola waste, zinc, copper, manganese 
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Exo-chitinolytic activities: phylogenetic conservatism of a functional trait in the ecto-
mycorrhizal fungi 

François Maillard (UMR Interactions Arbres/Micro-Organismes, INRA, Champenoux, France), 
Margaux Didion-Gency (UMR Interactions Arbres/Micro-Organismes, INRA, Champenoux, 
France), Cyrille Bach (UMR Interactions Arbres/Micro-Organismes, INRA, Champenoux, France), 
Marc Buée (UMR Interactions Arbres/Micro-Organismes, INRA, Champenoux, France) 

Chitin is one of most abundant organic and renewable biopolymers in soils and ecologists 
have suggested that it is also a recalcitrant compound in fungal necromass that compose 
soil organic matter (SOM). In fungi, chitinases play important biological and physiological 
roles, including autophagy, nutrition, morphogenesis or biotic interaction functions. 

While ectomycorrhizal (ECM) fungi have been described as a source of dead fungal bio-
mass in forest soils, they are also able to product high exo-chitinolytic activities and they 
could decompose the necromass of other fungal ecological guilds. In this study, we aimed 
to measure the exo-chitinolytic activities of a large panel of ECM fungal strains and to 
evaluate the potential phylogenetic conservatism of this functional trait within more 
than twenty different genera. 

A functional screening was applied on 40 ECM fungal species mainly belonging to Basid-
iomycota. The analysis of the regulation of exo-chitinolytic activities clearly separated 
two major Orders of ECM fungi: Boletales and Agaricales. Particularly, Agaricales strains 
(n=16) studied in this functional screening revealed an overexpression of the N-acetyl-
glucosaminidase activity in presence of chitin. Conversely, Boletales strains (n=14) shown 
a negative feedback of this activity in the presence of the substrate. The potential in-
volvement of this chitinolytic activity for fungal and host-plant nutrition has been studied 
with experiments monitoring the regulation of these activities during C / N starvation. 

Finally, the phylogenetic conservatism of this functional trait will be discuss in relation-
ship with different biological and physiological roles of ECM fungi. 

Keywords: functional trait, chitinase, regulation, phylogenetic conservatism 
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Switching from ammonium to proteins as main nitrogen source induces the Fenton re-
action in ectomycorrhizal fungi 

Michiel Op De Beeck (Department of Biology, Lund University, Lund, Sweden), Per 
Persson (Department of Biology, Lund University, Lund, Sweden), Anders Tunlid (Depart-
ment of Biology, Lund University, Lund, Sweden) 

Hydroxyl radicals produced by the Fenton reaction are known to participate in the extra-
cellular decomposition of lignocellulose by brown rot wood decomposing fungi. In these 
fungi, nitrogen starvation triggers ligninolytic activity. Recently, the Fenton reaction has 
been shown to be involved in the decomposition of plant litter by ectomycorrhizal fungi 
as well. However, it is still unclear under which environmental conditions the Fenton re-
action is induced in ectomycorrhizal fungi. 

We investigated whether the production of hydroxyl radicals by Paxillus involutus can be 
induced under different nitrogen nutritional conditions. P. involutus cultures were grown 
on nitrogen-free or nitrogen containing organic model compounds that resemble major 
components of plant litter in the presence or absence of ammonium. 

Results show that the induction of the Fenton reaction in P. involutus coincides with a 
switch from ammonium to proteins as the main nitrogen source. This specific induction 
of the Fenton reaction by nitrogen nutritional conditions suggests that the Fenton reac-
tion has evolved in ectomycorrhizal fungi to improve nitrogen acquisition under ammo-
nium-limiting conditions. Potential mechanisms by which the Fenton reaction may im-
prove nitrogen acquisition by ectomycorrhizal fungi are discussed. 

Keywords: ectomycorrhiza, ammonium, proteins, fenton reaction 
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Mechanisms of generalist host range in the ectomycorrhizal symbiosis 

Laura Bogar (Biology, Stanford University, Stanford, USA), Kabir Peay (Biology, Stanford 
University, Stanford, USA) 

Introduction/Aim: Most ectomycorrhizal fungi can associate with many species of host 
plant, often simultaneously, but it remains unclear how these fungi maintain relation-
ships with such diverse partners. We have presented a generalist ectomycorrhizal fun-
gus, Thelephora terrestris, with six distantly related host plants. We are interested in two 
main questions: How does the fungal chemical strategy, particularly its use of effectors, 
change with each new host plant? And does its quality as a mutualist vary across hosts? 

Materials and methods: We are using RNA sequencing and stable isotope labeling to 
answer these questions. We are currently enriching plants and fungi with carbon-13 and 
nitrogen-15 to track resource exchange, and harvesting plant, fungal, and symbiotic tis-
sue for RNA sequencing. Transcriptomic analysis of infected roots will reveal fungal genes 
that are differentially expressed relative to soil hyphae and across different hosts. 

Results: We hypothesize that fungal gene expression and symbiotic performance will be 
most similar on closely related hosts, and will become less similar with increasing phylo-
genetic distance among the plants. We anticipate that a core symbiotic gene set will be 
expressed across host environments, while putative effectors and signaling-associated 
genes will differ by host. 

Discussion: Measuring gene expression in symbiotic tissues while tracking resource allo-
cation will reveal genes associated with generalist host preference and improved symbi-
otic performance, providing a powerful link between gene expression, physiological func-
tion, and the ecology of these important mutualists. 

Conclusion: This project will provide insight into how generalist host range works in ec-
tomycorrhizal symbiosis. 

Keywords: ectomycorrhiza, mutualism maintenance, stable isotope enrichment, tran-
scriptomics, host generalism 
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Preference for mycorrhizal or direct P uptake pathways of maize plant can be adjusted 
by soil P levels 

Qun Chu (China Agricultural University, Beijing, China), Lin Zhang (China Agricultural Uni-
versity, Beijing, China), Jianwei Zhou (Institute of Irrigation and Soil Science, Xinjiang 
Academy of Agricultural and Reclamation Science, Shihezi, China), Lixing Yuan (China Ag-
ricultural University, Beijing, China), Fanjun Chen (China Agricultural University, Beijing, 
China), Fusuo Zhang (China Agricultural University, Beijing, China), Gu Feng (China Agri-
cultural University, Beijing, China) 

Arbuscular mycorrhizal(AM) plants have two pathways to acquire phosphorus(P) from 
soil, i.e., the direct pathway (DP). The two pathways interact each other when they sup-
ply P to and gain photosynthate from shoots, which forms an integrated P acquisition 
efficiency (PAE) of a mycorrhizal plant. Understanding the interplay mechanisms be-
tween DP and MP is crucial issues. We tested the following hypothesis that PAE of MP 
and PAE of DP might be different in response to soil available P levels, which may adjust 
plant preference for the two pathways in acquiring P from soil. We selected two maize 
cultivars, an old landrace (HMY, released before 1950s) and a hybrid (XY335, released in 
2000s) and used 32P labeling combined with qPCR method to quantify PAE basing on per 
unit length of root (PAE-DP) or hyphae (PAE-MP) and the expression of the plant PHT 
genes involved in the DP (ZmPHT1;1, ZmPHT1;3 and ZmPHT1;4) and MP (ZmPHT1;6) at 
4.5 (low), 8 (medium and optimized P level for maize) and 50 (high) mg kg-1 Olsen-P 
levels. Our results showed that PAE-DP was the highest at high Olsen-P level, while the 
PAE-MP was the highest at medium olsen-P level. The preference index which was de-
fined as the ratio of P uptak of MP against P uptake of DP was higher than 1 at the me-
dium Olsen-P level. We concluded that Olsen-P level influence plant trade-off between 
two pathways in term of P acquisition, plant prefers MP at a medium P level. 

Keywords: mycorrhizal P uptake pathway, direct P uptake pathway, preference, P acqui-
sition efficiency, soil Olsen-P 
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Novel functions of fungal TOK channels: putative roles in symbiotic potassium transfer 

Carmen Guerrero-Galán (UMR B&PMP (Biochemistry and Plant Molecular Physiology), 
Montpellier, France), Amandine Delteil (UMR B&PMP (Biochemistry and Plant Molecular 
Physiology), Montpellier, France), Kevin Garcia (UMR B&PMP (Biochemistry and Plant 
Molecular Physiology), Montpellier, France), Gabriella Houdinet (UMR B&PMP (Bio-
chemistry and Plant Molecular Physiology), Montpellier, France), Geneviève Conéjéro 
(UMR B&PMP (Biochemistry and Plant Molecular Physiology), Montpellier, France), 
Hervé Sentenac (UMR B&PMP (Biochemistry and Plant Molecular Physiology), Montpel-
lier, France), Sabine D. Zimmermann (UMR B&PMP (Biochemistry and Plant Molecular 
Physiology), Montpellier, France) 

Nutrient exchanges are an essential characteristic of mycorrhizal symbioses (Garcia et 
al., 2016). One of the elements involved in this dialog between the plant and the fungus 
is potassium (K+), a major nutrient which is not only responsible for many cell processes 
but also plays a role in the tolerance to environmental stress. Previous research has 
stated that the ectomycorrhizal (ECM) fungus Hebeloma cylindrosporum greatly en-
hances K+ absorption of its host Pinus pinaster when it is scarce in the culture medium 
(Garcia et al., 2013). Our aim is to characterize the fungal proteins that transport K+ in 
the ECM symbiosis, focusing on the fungus-plant interface. TOK genes coding for two-
pore K+ channels with outwardly rectifying activity in yeast (Ketchum et al., 1995) have 
been identified as good candidates for the transfer of K+ towards the plant. We have 
studied the three H. cylindrosporum TOK channels (HcTOK1, HcTOK2.1 and HcTOK2.2) 
with multiple approaches. Their function has been analysed by two-electrode voltage-
clamp and yeast complementation, while their subcellular and tissue localization have 
been unraveled by expression in yeast, in situ hybridization and confocal microscopy. We 
have also analysed their physiological role in the ECM using pine seedlings inoculated 
with HcTOK overexpressing lines. Furthermore, we count on transcriptomic data of their 
expression in pure culture and ECM (Doré et al., 2015, 2017). Our results suggest that 
mainly HcTOK2.2 is likely to be involved in symbiotic K+ transfer to the plant, while the 
others could play different roles in the fungus. 
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Fungal necromass in soil forest: are ectomycorrhizal fungi scavengers? 

Emila Akroume (UMR Interactions Arbres/Micro-Organismes, INRA, Champenoux, France), 
François Maillard (UMR Interactions Arbres/Micro-Organismes, INRA, Champenoux, 
France), Cyrille Bach (UMR Interactions Arbres/Micro-Organismes, INRA, Champenoux, 
France), Christian Hossan (UMR Ecologie et Ecophysiologie Forestière, INRA, Champenoux, 
France), Claude Brechet (UMR Ecologie et Ecophysiologie Forestière, INRA, Champenoux, 
France), Nicolas Angeli (UMR Ecologie et Ecophysiologie Forestière, INRA, Champenoux, 
France), Bernd Zeller (UR Biogéochimie des Ecosystèmes Forestiers, INRA, Champenoux, 
France), Laurent Saint-André (UR Biogéochimie des Ecosystèmes Forestiers, INRA, 
Champenoux, France), Marc Buée (UMR Interactions Arbres/Micro-Organismes, INRA, 
Champenoux, France) 

In temperate forests, dead wood is a relevant source of nutrients for lignolytic fungi, but 
it hosts also an important abundance of ectomycorrhizal (ECM) species during the late 
decay stages. 

Consecutively, it has been suggested that ECM fungi could be involved in the decompo-
sition of the lignolytic fungal necromass (Buée et al. 2007). Because fungal necromass is 
significantly composed of chitin, we tested the N-acetyl-glucosaminidase activity of ECM 
fungi in presence of pure chitin and fungal necromass (Postia placenta). Then, in sterile 
pure culture, we monitored the capacities of the ECM fungus Paxillus involutus to mobi-
lize C and N from the labelled necromass of P placenta. Finally, in an axenic microcosm 
experiment, the transfers of 15N and 13C from labelled fungal necromass (P. placenta) 
were measured within the different compartments of ectomycorrhized tree (P. involutus 
X Pinus sylvestris.). 

The significant 15N and 13C labelling of P. involutus mycelium showed that this ECM fungus 
was able to mobilize C and N from the necromass of P. placenta. Nevertheless, the high 
15N enrichment in the different parts of the host-plant revealed that carbon remains 
mainly in the ECM fungal compartments (extrametrical mycelium and ECM root tips) and 
proved that the ECM fungus transferred only N from the necromass to the tree. 

These results demonstrate that dead mycelium can be a nutrient source for the ECM 
fungus and the associated host tree. 

Keywords: fungal necromass, chitinolytic activity, 15N / 13C labelling, C / N transfert, de-
composition 
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The Ties That Bind: The Arbuscular Mycorrhizal Contribution to Plant Potassium Nutri-
tion 

Kevin Garcia (Bacteriology, University of Wisconsin - Madison, Madison, USA), Deborah 
Chasman (Wisconsin Institute for Discovery, University of Wisconsin - Madison, Madison, 
USA), Sushmita Roy (Department of Computer Sciences, University of Wisconsin - Madi-
son, Madison, USA), Jean-Michel Ané (Departments of Bacteriology and Agronomy, Uni-
versity of Wisconsin - Madison, Madison, USA) 

Potassium (K+) supply for crops is becoming an emerging issue in agriculture due to the 
constant increase of K+-deprived soils across the globe.1 K+ participates in various crucial 
processes such as plasma membrane polarization, growth, stomatal aperture or adapta-
tion to environmental changes.2,3 Plant K+ use efficiency can be improved by understand-
ing the strategies developed by plants to cope with K+ deprivation, including their inter-
actions with soil microbes.4,5 We used the model association between Medicago trun-
catula and Rhizophagus irregularis to unravel the contribution of the arbuscular 
mycorrhizal (AM) symbiosis to the physiological and transcriptional responses of roots to 
K+ deprivation.6 We showed that AM plants display a higher K+ content than non-mycor-
rhizal ones under K+-limiting conditions. Non-mycorrhizal plants displayed a reduction of 
root biomass, and an increase in sodium concentration compared to AM plants. Using 
RNA-Seq, we identified candidate genes specifically regulated in AM roots, including one 
putative K+/H+ transporter. The AM status of M. truncatula prevented part of the re-
sponses normally triggered during K+ deprivation. These results indicated that the AM 
symbiosis helps the plant to cope with this abiotic stress. Finally, we found that two M. 
truncatula accessions with very different genetic backgrounds are not similarly affected 
by K+ deprivation, revealing different adaptation strategies.7 Investigating the impact of 
AM symbiosis on physiological and transcriptional responses to K+ deprivation in M. trun-
catula accessions will allow understanding how the genetics of the host can affect the 
mycorrhiza-dependent K+ acquisition. 
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Molecular mechanism of long-distance phosphorus transport in arbuscular mycorrhi-
zas as revealed by virus-induced gene silencing 

Tatsu Ezawa (Hokkaido University, Sapporo, Japan), Yusuke Kikuchi (Hokkaido Univer-
sity, Sapporo, Japan), Nowaki Hijikata (Hokkaido University, Sapporo, Japan), Ryo 
Ohtomo (NARO, Hokkaido Agricultural Research Center, Sapporo, Japan), Yoshihiro 
Handa (National Institute for Basic Biology, Okazaki, Japan), Masayoshi Kawaguchi (Na-
tional Institute for Basic Biology, Okazaki, Japan), Katsuharu Saito (Shinshu University, 
Minamiminowa, Japan), Chikara Masuta (Hokkaido University, Sapporo, Japan) 

Arbuscular mycorrhizal (AM) fungi translocate polyphosphate over a long distance to de-
liver to the host, which is a major rate-limiting step of phosphate delivery through the 
mycorrhizal pathway. So far, only a simple diffusion model has been applied to solute 
transport in filamentous fungi. More than three decades ago, however, deceleration of 
phosphate delivery to the host due to suppression of host transpiration was observed, 
leading to the hypothesis that transpiration provides a primary driving force for the de-
livery processes via creating water flow through hyphae in which fungal aquaporin(s) is 
involved. 

Lotus japonicus was inoculated with Rhizophagus clarus and grown in the mesh-bag two 
compartment culture system, and the virus-induced gene silencing technique was ap-
plied for knockdown of a fungal aquaporin gene. R. clarus aquaporin 3 (RcAQP3) was 
most highly expressed in intraradical mycelia, and heterologous expression in yeast 
showed that RcAQP3 is responsible for water transport activity across the plasma mem-
brane. Knockdown of RcAQP3 with the cucumber mosaic virus vector, as well as the sup-
pression of host transpiration, decelerated polyphosphate translocation in proportion to 
the levels of knockdown and suppression, respectively, supporting the hypothesis. 

In this study, the feasibility of virus-induced gene silencing in AM fungi by a plant viral 
vector, in which transformation of plant/fungus is unnecessary, has been demonstrated. 
Further, given that AM fungi colonize multiple plants under natural conditions, our find-
ings provide a new interpretation for the regulatory mechanism of nutrient allocation 
from the fungi to the plants, highlighting the importance of plant transpiration. 

Keywords: arbuscular mycorrhizal fungi, aquaporin, polyphosphate, translocation, virus-
induced gene silencing 
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Beyond nutrients: A meta-analysis of the effects of arbuscular mycorrhizal fungi on 
plants and soils  

Camille S. Delavaux (Ecology and Evolutionary Biology, University of Kansas, Lawrence, 
USA), Lauren Smith-Ramesh (National Institute for Mathematical and Biological Synthe-
sis, Knoxville, USA), Sara E. Kuebbing (School of Forestry and Environmental Studies, Yale 
University, New Haven, USA) 

Arbuscular mycorrhizal fungi (AMF) can increase plant fitness under certain environmen-
tal conditions. Among the mechanisms that may drive this mutualism, the most studied 
is provisioning of nutrients by AMF in exchange for carbon from plant hosts. However, 
AMF may also provide a suite of non-nutritional benefits to plants including improved 
water uptake, disease resistance, plant chemical defense, soil aggregation, and allelo-
chemical transport and protection. Here, we use a meta-analysis of 93 studies to assess 
the relative effect of AMF on nutritional and non-nutritional factors that may influence 
plant fitness. We find that the positive effects of AMF on soil aggregation, water flow and 
disease resistance are equal to the effect of AMF on plant nitrogen and phosphorus up-
take. However, AMF had no effect on the uptake of other nutrients, plant water content, 
allelopathic transport or production of chemical defense compounds. We suggest future 
research directions, including experimentally assessing the relative contribution on plant 
fitness of AMF interactions by untangling the independence of alternative benefits of 
AMF from an increase in nutrient uptake. This will lead to a more holistic view of the 
mycorrhizal-plant association and a more accurate picture of the net impact on the plant 
or plant community in question. 

Keywords: meta-analysis, disease resistance, soil aggregation, nutrient uptake, water 
flow 
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Root transportome in mycorrhizal Medicago truncatula – the sweet part 

Jan Konečný (Institute of Microbiology, Czech Academy of Science, Prague, Czech Repub-
lic), Hana Hršelová (Institute of Microbiology, Czech Academy of Science, Prague, Czech 
Republic), Petra Bukovská (Institute of Microbiology, Czech Academy of Science, Prague, 
Czech Republic), Hana Gryndlerová (Institute of Microbiology, Czech Academy of Science, 
Prague, Czech Republic), Martina Hujslová (Institute of Microbiology, Czech Academy of 
Science, Prague, Czech Republic), Jan Jansa (Institute of Microbiology, Czech Academy of 
Science, Prague, Czech Republic) 

Carbon (C) fluxes in mycorrhizal symbiosis remain elusive in spite of rapid progress in 
molecular biology and long research focus on this subject and the fact that large amounts 
of C are possibly transferred from plant to the fungus across the symbiotic interface. Here 
we aimed at identification of genes involved in C transfer within M. truncatula – Rhizoph-
agus irregularis symbiosis by means of gene expression profiling of mycorrhizal and non-
mycorrhizal plants, both colonized by compatible rhizobia. To this end we identified a 
couple of gene candidates using Affymetrix microarrays and Genevestigator search tools. 
Further, we designed qPCR markers for these genes and conducted a well-replicated 
time-series analysis as well as a short-term shading experiment to specifically address 
regulation of expression of the focal genes. Whereas expression of some of the recently 
described SWEET transporters were not significantly upregulated by mycorrhizal symbi-
osis, the expression of others indicated their possible role in mycorrhiza carbon ex-
changes – and appeared to follow a similar trend as expression of the mycorrhiza-specific 
phosphate transporter MtPT4. Other (plastid-bound) transporters appear to be differen-
tially upregulated in shoots and roots of the plants by mycorrhizal symbiosis. Now, it ap-
pears important to ascertain the indispensability/importance of the individual genes in 
functioning of mycorrhizal symbiosis by targeted mutagenesis/gene silencing. Further, 
response of the gene transcription shall be described to shifting environmental condi-
tions (e.g. fertilization, shading, interplant competition) in order to match their transcrip-
tion profile to previous ecophysiological observations of the dynamics of mycorrhizal C 
fluxes. 

Keywords: gene activity, transcriptome analysis, Medicago truncatula, shading, carbon 
flux 
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A novel plant-fungus symbiosis benefiting the host without forming mycorrhizal struc-
tures 

Mark Tibbett (University of Reading, Reading, UK), Khalil Kariman (UWA, Perth, Aus-
tralia), Susan Barker (UWA, Perth, Australia) 

Most terrestrial plants form mutually beneficial symbioses with specific soil-borne fungi 
known as mycorrhiza. In a typical mycorrhizal association, fungal hyphae (i) colonise 
plant roots, (ii) explore the soil beyond the rhizosphere and (iii) provide host plants with 
nutrients that might be chemically or physically inaccessible to root systems. In contrast 
to these common features, we report a plant growth promoting symbiosis between the 
basidiomycete fungus Austroboletus occidentalis and jarrah (Eucalyptus marginata) 
which has quite different characteristics. By combining nutritional, radioisotopic (33P) and 
genetic approaches, we elucidate the nature of this novel symbiosis. We show (i) the 
fungal partner does not colonise plant roots, (ii) hyphae are localised to the rhizosphere 
soil (and vicinity) and consequently (iii) do not transfer nutrients located much beyond 
the rhizosphere. This novel symbiosis challenges our current view of mycorrhizal associ-
ations and rhizosphere ecology and may lead to a reassessment of ectomycorrhizal rela-
tionships. 

  



9th International Conference on Mycorrhiza| 30th July – 4th August 2017 | Prague, Czech Republic 

198 

CL (ID 86) 

A multi-element stable isotope natural abundance approach indicates partial mycohet-
erotrophy for Central European arbuscular mycorrhizal Equisetum species 

Philipp Giesemann (BayCEER Laboratory of Isotope Biogeochemistry, University of Bay-
reuth, Bayreuth, Germany), Marcus Stöckel (BayCEER Laboratory of Isotope Biogeochem-
istry, University of Bayreuth, Bayreuth, Germany), Gerhard Gebauer (BayCEER Labora-
tory of Isotope Biogeochemistry, University of Bayreuth, Bayreuth, Germany) 

Introduction/Aim: Mycoheterotrophy occurs in orchid and ericoid but also in arbuscular 
mycorrhizal (AM) plants. In most cases, these plants acquire carbon and nutrients from 
a fungus associated with another mutualistic mycorrhizal partner. While achlorophyllous 
gametophytes of basal AM-plants were unmasked as fully mycoheterotrophic evidences 
for partial mycoheterotrophy in AM-plants are currently scarce, even though in orchids 
partial mycoheterotrophy is ubiquitous. Equisetum species are considered as at least 
habitat-dependent AM-plants. The aim of this study was to evaluate the mycohetero-
trophic status of the last recent representatives of the carboniferous Equisetaceae. 

Materials and Methods: Microphylls and spread leaves of six Equisetum species and fully 
autotrophic co-occurring plants (FAP) were collected in NE-Bavaria, Germany. Carbon 
and nitrogen stable isotope natural abundances were analysed. Additionally, for E. pal-
ustre and E. sylvaticum and their FAPs hydrogen and oxygen stable isotopes were meas-
ured. 

Results: Microphylls of Equisetum were enriched in 13C and 2H compared to FAPs. They 
also were more enriched in 15N (except for E. arvense) and mostly had higher nitrogen 
concentrations than FAPs. 

Discussion: The isotope abundance and nitrogen concentration patterns found for Equi-
setum are known from green orchids and pyroloids to indicate partially mycohetero-
trophic carbon and nutrient gain. Thus, Equisetum has to be considered as a new clade 
of partially mycoheterotrophic plants. 

Conclusion: During the era of the carboniferous coal forests 30-m-tall scale bark trees 
overtopped 10-m-tall Equisetum ancestors. The potential of mycoheterotrophy could ex-
plain their carbon gain under these light-limited conditions. 

Keywords: arbuscular mycorrhiza, mycoheterotrophy, Equisetaceae, stable isotope (C, 
N, O, H) 
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Arbuscular mycorrhizal fungi improve the growth, nodulation and phosphorus uptake 
of beans plants fertilized with compost of rock phosphate fed dung  

Fazli Wahid (Omer Halisdemir University Nigde, Nigde, Turkey) 

The combined use of compost and beneficial soil microbes like arbuscular mycorrhizal 
fungi (AMF) are the possible substitutes to commercial fertilizers for increasing plant 
growth and phosphorus (P) solubility in P deficient soils. In view of this, completely ran-
domized design experiment with six replicates per treatment was conducted in pots at 
greenhouse conditions. Inoculation effect of AMF on P solubility from composted rock 
phosphate (RP) fed dung and their successive uptake by mung bean plants was assessed 
in alkaline silty clay loam soil. The native powdered RP fed dung compost was used alone 
or/and in combination with inoculum having six different species of AMF, although the 
idea of composted fed dung with AMF has never been confirmed before. The results 
showed that the association of AMF with RP composted fed dung had a positive effect 
on mung bean plants growth parameters, chlorophyll (a, b), carotenoid contents and nu-
trients uptake (N and P) unlike to the plants in control. Similarly, the percent roots colo-
nization and nodulation of mung bean plant roots and their post-harvest soil properties 
were also improved by the inoculation of AMF alone and in combination with composted 
RP fed dung. It is concluded from this study that the combined application of AMF with 
composted RP fed dung has almost the same effect as commercial fertilizers for improv-
ing mung bean plants growth and their nutrients uptake. Moreover, AMF inoculants have 
a great prospect to be used as a suitable biofertilizers for improving P solubility from 
compost in alkaline soils. 

Keywords: mycorrhizal fungi, fed dung compost, phosphorus uptake, Mung bean, colo-
nization and nodulation 
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Mobilization of goethite-bound orthophosphate and phytate by Lycopersicum esculen-
tum mycorrhized with Rhizophagus irregularis 

Alberto Andrino (Institut für Bodenkunde, Leibniz Universität Hannover, Hannover, Ger-
many), Jens Boy (Institut für Bodenkunde, Leibniz Universität Hannover, Hannover, Ger-
many), Robert Mikutta (Institute of Agriculture, Martin-Luther-Universität, Halle-Witten-
berg, Germany), Georg Guggenberger (Institut für Bodenkunde, Leibniz Universität Han-
nover, Hannover, Germany) 

Phosphorus (P) is an essential element for food production but its availability is often 
restricted. P can be fixed in large quantities in soil by complexation with minerals, which 
imposes problems in agricultural production. We explored the mobilization of free and 
goethite-bound orthophosphate (OP) and phytate (PA) by the arbuscular mycorrhizal 
(AM) fungus Rhizophagus irregularis in order to evaluate the possible role of AM in im-
proving the P availability for the host plant by a 91 day mesocosm experiment. Our hy-
pothesis was that (i) AM can provide substantial amounts of P from these complexes to 
the host plant, and that (ii) the plants investments of photosynthates in turn are higher 
the less accessible the P source is. 

All AM plants incorporated P from the four sources, in decreasing order of their assumed 
bioavailability (OP 30.4 %, PA 10.4 %, goethite-OP 6 %, and goethite-PA 2.1 % of the total 
P offered, respectively). All plants that had access to a P source showed significantly 
higher photosynthetic rates. 16:1ω5c PLFA and NLFA AM biomarker showed a signifi-
cantly higher accumulation when P was mobilized from the goethite complexes as well 
as a positive correlation between the P delivered to the plant and the uptake rates over 
the four P sources. 

This is the first report where an organic P source bonded to a secondary mineral has been 
mobilized via the AM uptake pathway and made available for the plant, suggesting my-
corrhizal management of crops as a promising option in P efficient sustainable agriculture 

Keywords: goethite, phytate, secondary mineral, phosphorus, arbuscular mycorrhiza  
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Nurturing or abusing the children? Mycorrhizal network effects on pine seedling per-
formance and root endophytes 

Niles Hasselquist (Swedish University of Agricultural Science, Umeå, Sweden), Nicholas P. 
Rosenstock (Center for Environmental and Climate Research, Lund University, Lund, Swe-
den), Peter Axelsson (Swedish University of Agricultural Science, Umeå, Sweden), Catherine 
Campbell (Swedish University of Agricultural Science, Umeå, Sweden), Håkan Wallander 
(Department of Microbial Ecology, Lund University, Lund, Sweden) 

Research on common mycorrhizal networks indicate a potential for facilitation, resource 
sharing, and even communication between trees mediated by connections to the soil 
ectomycorrhizal fungal mycelium. We set out to examine the effect of connection to the 
mycorrhizal network on fitness and resource exchange between pine seedlings and their 
mycorrhizal fungi. We performed two experiments in Northern Sweden using 1-year-old 
scots pine seedlings outplanted into the field, 

In experiment 1 we utilized forest clearings to manipulate light availability and connec-
tion strength to the common mycorrhizal network. Trenching increased the dominance 
of ectomycorrhizal fungi, greatly increased the recovery of 15N tracer (added to the soil) 
in pine needles, and moderately increased foliar N contents. Shading was associated with 
significantly higher N transfer to the host. Trenching and light availability had relatively 
minor effects on the ectomycorrhizal community, but greater distance from mature trees 
significantly altered the root mycorrhical community. 

In experiment 2 we utilized root and mycorrrhizal exclusion manipulations across nitro-
gen fertilization plots. Root exclusion had no effect while root + mycorrhizal exclusion 
had a significant effect on ectomycorrhizal community composition. High N additions sig-
nificantly impacted root fungal communities and increased seedling mortality, while 
moderate N additions had no effect on root fungal communities. Root exclusion was as-
sociated with increased seedling nitrogen content and biomass, while root + mycorrhizal 
exclusion was not. 

Our results indicate benefits of connections to common mycorrhizal networks, costs of 
competition with mature trees, and mycorrhizal control over nitrogen for carbon ex-
change with plants. 

Keywords: common mycorrhizal network, Pinus sylvestris, boreal forest, nitrogen 
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Growth, nodulation and nutrient concentrations of lucerne in response to inoculation 
with abscular mycorrhizal fungus and rhizobium 

Jianguo Huang (College of Resources and Environment, Southwest University, Chong-
qing, China), Ling Yuan (College of Resources and Environment, Southwest University, 
Chongqing, China) 

Acid soils are P deficient and widespread in South China. Inoculation with acid-tolerant 
rhizobia and abscular mycorrhizal fungi could be considered as one of important strate-
gies to improve the growth and nutrition (especially nitrogen and phosphorus) of lu-
cerne. Therefore, a greenhouse pot experiment examined the effects of inoculation with 
Glomus intraradices Smith & Schenck (Beg number 141) and acid-tolerant Sinorhizobium 
meliloti (strain 1.163) on growth, nodule formation and nutrient concentrations in the 
shoots of lucerne (cultivar Victoria) grown in an acid soil (pH 5.5) with a factorial design 
with 6 replications. Shoot biomass of lucerne changed in the sequence: mixture inocula-
tion of S. meliloti and G. intraradices > S. meliloti inoculation > Glomus intraradices inoc-
ulation > control. Few nodules were formed on the roots of control and G. intraradices 
inoculated seedlings, while the seedlings nodulated well when inoculated with S. meliloti, 
particularly with S. meliloti and G. intraradices together. Compared with sole S. meliloti 
inoculation, G. intraradices increased the number of root nodules/plant but reduced 
both mean nodule weight and total weight of nodules/plant in the presence of S. meliloti. 
Higher P concentration were detected in shoots of lucerne with G. intraradices inocula-
tion than control. S. meliloti inoculation significantly increased both N concentrations 
and accumulation in shoots of lucerne, particularly inoculated with S. meliloti and G. in-
traradices together. These results indicated that inoculation with G. intraradices and 
acid-tolerant S. meliloti together boosted production of both biomass and protein for-
mation of lucerne when grown in acid soils. 

Keywords: rhizobia, abscular mycorrhizal fungus, lucerne, nodule 
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Huge differences in abilities of thirteen Suillus species to mobilize potassium and pro-
mote the growth of Pinus massoniana seedlings 

Ling Yuan (College of Resource and Environment, Southwest University, Chongqing, 
China), Jianguo Huang (College of Resource and Environment, Southwest University, 
Chongqing, China), Liyuan Peng (College of Resource and Environment, Southwest Uni-
versity, Chongqing, China) 

Growth, oxalate efflux, potassium (K) absorption and soil K depletion by thirteen of Suil-
lus species originally isolated from Pinus massoniana forests in Wuling Mountain, Chong-
qing, China, were compared in pure liquid culture using soil as sole K source. Then eight 
of ectomycorrhizal fungi with high and low K accumulation rates from the soil substrate 
in the in vitro experiment were then selected to inoculate Pinus massoniana seedlings 
grown in the same soil to study the growth and K utilization by mycorrhizal trees. Ecto-
mycorrhizal fungi varied in growth rate, K accumulation and oxalate efflux. The fungal 
growth reflected K uptake and thus there was a positive correlation between fungal bio-
mass and K absorption (r = 0.934, P < 0.01). The highest concentration of oxalate in fungal 
culture solution was about six times that of the lowest. Oxalate effused from the fungi 
may have led to biological weathering of the minerals in soil, especially under conditions 
of limited exchangeable K supply. Mycorrhizal plants had higher biomass and extracted 
more K from the soil than non-mycorrhizal control. Fungal K uptake in vitro showed a 
significant correlation with plant K uptake (r = 0.847, P < 0.05). Therefore, the patterns 
and mechanisms of K extraction from soil pools by the fungal isolates might be similar to 
those exhibited by the mycorrhizal plants. Mycorrhizas decreased significantly K in min-
eral structures unavailable to non-mycorrhizal plants, indicating the importance of the 
fungi in K mobilization and utilization by mycorrhizal trees. 

Keywords: ectomycorrhizal fungi, potassium, mobilization, oxalate 
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Do Horticultural Plant Species are Depending on Mycorrhizal Inoculation? 

İbrahim Ortaş (Department of Soil Science and Plant Nutrition, University of Cukurova, 
Faculty of Agriculture, Adana, Turkey) 

Since 1995 several field experiments were conducted to search effect of selected and 
indigenous mycorrhizae spores for horticultural plant species production and nutrient 
uptake in the Mediterranean region. The effect of several mycorrhizal species inoculation 
on seedling survives and plant growth also has been studied. Mycorrhizal dependency 
and growth response of several plants were calculated under several P level applications 
with several selected exotic mycorrhizae species.  

Control, G. Mosseae, G. Etunicatum, G. Clarium, G. Caledonium, Indigenous Mycorrhizae, 
and Cocktail mycorrhizae species used for, Solanaceae, Cucurbitaceae and Alliaceae fam-
ily. In another experiment with and without P application were used with and without 
mycorrhizal inoculation. After several years under field experiment, mycorrhizal inocula-
tion effectively infected plant root and increased plant yield. Since in the area soils have 
phosphorus and zinc deficiency usually plant tissue P and Zn concentration is under crit-
ical levels. And with mycorrhizae inoculation P and Zn concentration erased up to critical 
levels.  

Under filed conditions for several years with several mycorrhizae specials plant response 
to mycorrhizae depend on soil ecological conditions, mycorrhizae and plant species. Af-
ter several years’ field experiments, it has been concluded that for horticultural fruits 
plants are significantly response to mycorrhizal species. In general, horticultural fruits 
plants such as melon, watermelon, cucumber, pumpkin, green pepper, eggplant, onion, 
garlic, leek are mycorrhizal dependent plants. Dependency is pronounced more for P nu-
trition rather than Zn nutrition. 

This work was supported by TÜBİTAK-TOVAG-112O785 projects 

Keywords: mycorrhiza dependency, horticultural plants, mycorrhizae species 
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Rhizophagus irregularis improves Pi acquisition by Medicago truncatula plantlets in 
presence of benzo[a]pyrene under semi-hydroponic cultivation system 

Maryline Calonne-Salmon (Université catholique de Louvain, Earth and Life Institute, My-
cology, Louvain-la-Neuve, Belgium), Katia Plouznikoff (Université catholique de Louvain, 
Earth and Life Institute, Mycology, Louvain-la-Neuve, Belgium), Stéphane Declerck (Uni-
versité catholique de Louvain, Earth and Life Institute, Mycology, Louvain-la-Neuve, Bel-
gium) 

The release in soils of benzo[a]pyrene (B[a]P) causes detrimental effects on flora and 
fauna, and could affect human health. Nowadays, remediation of polluted soils with 
plants (i.e. phytoremediation) represent a cost-effective and environmental-friendly 
strategy. However, its success depends on the plant resistance/tolerance against pollu-
tant. One option to improve this plant resistance/tolerance against B[a]P is the associa-
tion with arbuscular mycorrhizal fungi (AMF). These fungi are well-known to improve 
plant mineral nutrition under non-stressed conditions and increase plant resistance/tol-
erance to B[a]P. However, it remains mostly unknown whether and how AMF could help 
plants to acquire Pi in presence of pollutant. 

A semi-hydroponic circulating system was developed to study (1) impact of B[a]P on the 
Pi uptake by non-mycorrhized (NM) or pre-mycorrhized (PM) Medicago truncatula plant-
lets with the AMF Rhizophagus irregularis and (2) if the presence of AMF could help plant 
to acquire Pi in presence of B[a]P. Pi depletion in a nutritive solution circulating through 
plant containers during 48h as well as P concentration in plantlets were measured using 
ICP-AES. 

In presence of B[a]P, plant growth as well as short-term Pi acquisition was decreased in 
plantlets. Interestingly, root colonization with the AMF was not affected by B[a]P and 
resulted in a better Pi uptake by PM plantlets in comparison with NM plantlets. As a con-
sequence, B[a]P-stressed PM plantlets accumulated more P than NM plantlets. 

The innovative semi-hydroponic cultivation system developed was adequate for short- 
and long-term studies of Pi acquisition by PM plants, allowing the possibility to measure 
other nutrients under diverse environmental conditions. 

Keywords: phosphorus, polyaromatic hydrocarbons, semi-hydroponic circulation sys-
tem, arbuscular mycorrhizal fungi, Medicago truncatula 
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Allocation of nitrogen and carbon is regulated by nodulation and mycorrhizal networks 
in soybean/maize intercropping system 

Xiurong Wang (College of Resources and Environment, South China Agricultural Univer-
sity, Guangzhou, China), Guihua Wang (College of Resources and Environment, South 
China Agricultural University, Guangzhou, China) 

Soybean/maize intercropping has remarkable advantages in increasing crop yield and ni-
trogen (N) efficiency. However, little is known about the contributions of rhizobia or ar-
buscular mycorrhizal fungi (AMF) to yield increases and N acquisition in the intercropping 
system. Plus, the mechanisms controlling carbon (C) and N allocation in intercropping 
systems remain unsettled. In the present study, a greenhouse experiment combined with 
15N and 13C labeling was conducted using various inoculation and nutrient treatments. 
The results showed that co-inoculation with AMF and rhizobia dramatically increased bi-
omass and N content of soybean and maize, and moderate application of N and phos-
phorus largely amplified the effect of co-inoculation. Maize had a competitive advantage 
over soybean only under co-inoculation and moderate nutrient availability conditions, 
indicating that the effects of AMF and rhizobia in intercropping systems are closely re-
lated to nutrient status. Results from 15N labeling showed that the amount of N trans-
ferred from soybean to maize in co-inoculations was 54% higher than that with AMF in-
oculation alone, with this increased N transfer partly resulting from symbiotic N fixation. 
The results from 13C labeling showed that 13C content increased in maize shoots and 
decreased in soybean roots with AMF inoculation compared to uninoculated controls. 
Yet, with co-inoculation, 13C content increased in soybean. These results indicate that 
photosynthate assimilation is stimulated by AM symbiosis in maize and rhizobial symbi-
osis in soybean, but AMF inoculation leads to soybean investing more carbon than maize 
into common mycorrhizal networks (CMNs). Overall, the results herein demonstrate that 
the growth advantage of maize when intercropped with soybean is due to acquisition of 
N by maize via CMNs while this crop contributes less C into CMNs than soybean under 
co-inoculation conditions. 
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Role of plant-fungal nutrient trading and host control in determining the competitive 
success of ectomycorrhizal fungi 

Sara Hortal (Hawkesbury Institute for the Environment, Western Sydney University, Pen-
rith, Australia), Krista L. Plett (Hawkesbury Institute for the Environment, Western Sydney 
University, Penrith, Australia), Jonathan M. Plett (Hawkesbury Institute for the Environ-
ment, Western Sydney University, Penrith, Australia), Tom Cresswell (Australian Nuclear 
Science & Technology Organisation, Kirrawee, Australia), Mathew Johansen (Australian 
Nuclear Science & Technology Organisation, Kirrawee, Australia), Elise Pendall (Hawkes-
bury Institute for the Environment, Western Sydney University, Penrith, Australia), Ian C. 
Anderson (Hawkesbury Institute for the Environment, Western Sydney University, Pen-
rith, Australia) 

Multiple ectomycorrhizal fungi (EMF) compete to colonise the roots of a host plant but 
it is not known whether their success is under plant or fungal control, or a combination 
of both. We assessed whether plants control EMF colonization by preferentially allocat-
ing more carbon (C) to more beneficial partners in terms of nitrogen (N) supply or if other 
factors drive competitive success. 

Using a microcosm-based system, we combined stable isotope labelling and RNA se-
quencing approaches to characterize nutrient exchange dynamics between the plant 
host Eucalyptus grandis and three Pisolithus isolates when growing alone and when com-
peting either indirectly (with a physical barrier) or directly. 

Overall, we found that N provision to the plant does not explain the amount of C that an 
isolate receives nor the number of roots that it colonises. Differences in nutrient ex-
change among isolates were related to differences in expression of key fungal and plant 
N and C transporter genes. When given a choice of partners, the plant was able to limit 
colonization by the least cooperative isolate and therefore influence the outcome of EMF 
competition. This reduction in colonization was not explained by a reduction in allocated 
C. Instead, our results suggest that partner choice in EMF could operate through the up-
regulation of defence-related genes against those fungi providing fewer nutrients, a 
mechanism that deserves further investigation. 

Keywords: preferential allocation, isotope labelling, RNA sequencing, Pisolithus, Eucalyp-
tus 
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Physiological and molecular analyses of extraradical mycorrhizal mycelium produced 
in an in vivo whole-plant system 

Alessandra Pepe (Department of Agriculture, Food and Environment, University of Pisa, 
Pisa, Italy), Cristiana Sbrana (Institute of Agricultural Biology and Biotechnology (IBBA), 
CNR, Pisa, Italy), Nuria Ferrol (Departamento de Microbiologia del Suelo y Sistemas Sim-
bioticos, EEZ-CSIC, Granada, Spain), Beatrice Campanella (ALS Lab, Institute of Chemistry 
of Organometallic Compounds, CNR, Pisa, Italy), Daniela Di Baccio (Institute of Agro-en-
vinronmental and Forest Biology, CNR, Roma, Italy), Stefano Legnaioli (ALS Lab, Institute 
of Chemistry of Organometallic Compounds, CNR, Pisa, Italy), Ermenegildo Magnani (In-
stitute of Agro-envinronmental and Forest Biology, CNR, Roma, Italy), Francesco 
Poggialini (ALS Lab, Institute of Chemistry of Organometallic Compounds, CNR, Pisa, It-
aly), Manuela Giovannetti (Department of Agriculture, Food and Environment, University 
of Pisa, Pisa, Italy) 

Arbuscular mycorrhizal (AM) fungal extraradical mycelium (ERM) represents the funda-
mental structure involved in mineral nutrient absorption and translocation from the soil 
to host plants. With the aim of obtaining in vivo produced ERM, a whole-plant experi-
mental system was devised, characterized by the physical separation of the roots from 
the substrate and of ERM from the roots. 

Plant roots were wrapped in a nylon net to obtain a flat mesh pocket, allowing the 
spreading of ERM from the nylon net onto membranes for its easy collection. Micronu-
trients content and expression of genes encoding for ammonium transporters (AMT) 
were analysed in ERM produced by three different AM fungi, Funneliformis mosseae, 
Rhizoglomus irregulare and Funneliformis coronatus, growing in symbiosis with Cicho-
rium intybus var. foliosum. 

ERM fresh biomass ranged from 1 to 7 mg per plant, depending on the identity of the 
symbiont. RT-qPCR analyses of AMT genes showed different expression levels in the ERM 
of the three fungal isolates. ERM analysis by atomic absorption spectrophotometry and 
laser induced breakdown spectroscopy (LIBS) showed detectable amounts of micronutri-
ents, such as copper, iron, manganese and zinc. 

The whole-plant system producing viable and intact ERM represents a useful research 
tool for morphological, physiological and molecular analyses.  

Our experimental tool, successfully mimicking mycorrhizal symbioses occurring in natu-
ral conditions, is suitable for a virtually limitless range of AM fungi and host plant species. 

Keywords: arbuscular mycorrhizal fungi, extraradical mycelium, transfer of mineral nu-
trients  
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Arbuscular mycorrhizal colonization enhances organic phosphorus hydrolysis ability of 
watermelon root  

Lixuan Ren (Department of plant nutrition, Nanjing Agricultural University, Nanjing, 
China) 

Organic manure is beneficial to crop quality. Organic phosphorus in manure need hydro-
lyse to inorganic phosphorus by phosphatases, which secretes from plant root and mi-
crobe in rhizosphere. AtPAP10, AtPAP12, AtPAP15, AtPAP26 are coded as secretory phos-
phatases in arabidopsis root. Arbuscular mycorrhizal colonization enhances phosphorus 
acquisition in watermelon. It is unclear whether phosphorus acquisition by hydrolysis of 
organic phosphorus. Pot experiment was carried out to investigate effects of AM coloni-
zation on phosphatase activity and coded gene expression in watermelon root. Gene ex-
pression of ClaPAP10, ClaPAP12, ClaPAP15 and ClaPAP26 is detected by qPCR method. 
Acid phosphatase activity on root is determined by 5-bromo-4-chloro-3-indol-
ylphosphate (BICP) staining method. The results showed that arbuscular mycorrhizal col-
onization up-regulates secretory PAP genes expression in watermelon root. The up-reg-
ulated expression of PAPs induces the improvement of the coded acid phosphatase ac-
tivity. It suggests that AM colonized plant secreted more acid phosphatase to hydrolyse 
more organic phosphorus in rhizosphere. Therefore AM colonization enhances plant abil-
ity of hydrolysis and utilization of organic phosphorus to improve P absorption. It is 
demonstrated that overexpression of PAP genes increases extracellular organic phospho-
rus utilization in rice. And the Improvement of phosphatase activity increases phospho-
rus acquisition in legume. In conclusion, Arbuscular mycorrhizal colonization up-regu-
lates ClaPAP genes expression, enhances hydrolysis ability of organic phosphorus and 
improves P acquisition in watermelon. 

References: 

Labidi, S., Ben Jeddi, F., Tisserant, B. et al. (2015) Field application of mycorrhizal bio-
inoculants affects themineral uptake of a forage legume (Hedysarum coronarium L.) on 
a highly calcareous soil. Mycorrhiza. 25: 297–309 

Mehra, P., Pandey, B.K. and Giri, J. (2017) Improvement in phosphate acquisition and 
utilization by a secretory purple acid phosphatase (OsPAP21b) in rice. Plant Biotechnol. 
J. doi: 10.1111/pbi.12699 

Tian, J., Wang, C., Zhang, Q., et al. (2012) Overexpression of OsPAP10a, A Root-Associ-
ated Acid Phosphatase, Increased Extracellular Organic Phosphorus Utilization in Rice. J. 
Integr. Plant Biol. 54 (9): 631–639 

Keywords: arbuscular mycorrhiza, acid phosphatase, phosphorus, organic manure, wa-
termelon 
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Low-phosphorus conditions increase release of acid phosphatase from extraradical hy-
phae of Rhizophagus clarus 

Shihomi Hachiya (Faculty of Agriculture, Yamagata University, Tsuruoka, Japan), Nozomi 
Inamura (Faculty of Agriculture, Yamagata University, Tsuruoka, Japan), Takumi Sato (Fac-
ulty of Agriculture, Yamagata University, Tsuruoka, Japan), Tatsuhiro Ezawa (Graduate 
School of Agriculture, Hokkaido University, Sapporo, Japan), Weiguo Cheng (Faculty of Ag-
riculture, Yamagata University, Tsuruoka, Japan), Keitaro Tawaraya (Faculty of Agriculture, 
Yamagata University, Tsuruoka, Japan) 

Arbuscular mycorrhizal (AM) fungi increase plant phosphate (P) uptake. Organic P ac-
counts for 30-80 % of total soil P. Some plants hydrolyze organic P by releasing acid phos-
phatase (ACP) from roots, especially under low-P conditions. The previous study demon-
strated that Rhizophagus clarus releases ACP from extraradical hyphae. However, the 
effect of soil P level on the ACP release has been unknown. Allium fistulosum were inoc-
ulated or uninoculated with R. clarus and grown on a two-compartment pot filled with 
sterilized andosol to which 0 (P0) or 0.5 g P2O5 kg-1 (P5) was applied. Soil solution was 
collected from the hyphal compartment 40, 45, 50, and 55 days after sowing using mul-
lite ceramic tubes. The solutions were subjected to quantitative assessment of ACP ac-
tivity by using disodium p-nitrophenylphosphate and to qualitative analysis with ACP ac-
tivity staining after sodium dodecyl sulfate-polyacrylamide gel electrophoresis. AM colo-
nization, shoot dry weight, and shoot P concentration were also measured. AM 
colonization in mycorrhizal treatment was 70-80%. ACP activity in the inoculated treat-
ments was higher than that in the uninoculated treatments and further, the activity in 
the P0-inoculated treatment was higher than that in the P5-inoculated treatments 
throughout the experiment. ACP at 187 kDa was absent in the uninoculated treatments, 
but was the main activity in the inoculated treatments, in which staining intensity was 
likely to be greater at P0 than at P5. These results demonstrate that R. clarus release the 
ACP from the extraradical hyphae in response to soil P status. 
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Lycopodiella inundata: insights into plant-fungal associations in early vascular plants 

Jill Kowal (Life Sciences, The Natural History Museum, London, UK), Jeff Duckett (The 
Natural History Museum, London, UK), Katie Field (University of Leeds, Leeds, UK), Martin 
Bidartondo (Imperial College – London, London, UK), Sebastian Schornack (University of 
Cambridge, Cambridge, UK), Grace Hoysted (The University of Leeds, Leeds, UK), William 
Rimington (Imperial College – London, London, UK), Alison Jacob (Imperial College – Lon-
don, London, UK), Silvia Pressel (The Natural History Museum, London, UK) 

Recent studies have revealed that extant basal vascular plants associate with a wide 
range of Mucoromycotina and/or Glomeromycota fungi, paralleling the same in non-vas-
cular liverworts and hornworts. This dispels the long-held paradigm that these early di-
verging lineages harbour Glomeromycota exclusively. Endophytes belonging to both fun-
gal lineages have also been reported, for the first time, in a Devonian plant (Horneophy-
ton ligneri). Together these discoveries point to much more diverse plant-fungus 
interactions in early vascular plants than previously assumed, however our understand-
ing of these remains limited. 

In order to gain further insights into these key partnerships, especially those involving 
the early diverging Mucoromycotina, we are developing the lycophyte Lycopodiella inun-
data as an experimental system. L. inundata sporophytes have been shown to harbour 
solely Mucoromycotina fungi but equally fundamental, the identity of its gametophyte 
endophyte remains unknown. 

Using molecular and cytological approaches, we confirm that young L. inundata sporo-
phytes are colonized exclusively by Mucoromycotina and show that the cytology of col-
onisation – consisting of both inter- and intracellular phases – closely resembles that in 
Haplomitriopsida liverwort-Mucoromycotina partnerships and the corm of H. ligneri. Our 
current isolation, resynthesis and molecular studies will provide further insights into both 
host and fungi specificity. 
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P nutrition and AMF inoculation modulate growth and photosynthetic rate of tomato 
plants 

Valeria Todeschini (Dipartimento di Scienze e Innovazione Tecnologica (DiSIT), Università 
del Piemonte Orientale, Alessandria, Italy), Cesaro Patrizia (DiSIT, Università del Pie-
monte Orientale, Alessandria, Italy), Nadia Massa (DiSIT, Università del Piemonte Orien-
tale, Alessandria, Italy), Elisa Bona (DiSIT, Università del Piemonte Orientale, Alessandria, 
Italy), Elena Chiara Nalin (DiSIT, Università del Piemonte Orientale, Alessandria, Italy), 
Graziella Berta (DiSIT, Università del Piemonte Orientale, Alessandria, Italy), Roberto 
Barbato (DiSIT, Università del Piemonte Orientale, Alessandria, Italy), Guido Lingua 
(DiSIT, Università del Piemonte Orientale, Alessandria, Italy) 

AMF colonize the roots of most plant species, improving their nutrition (especially the 
phosphatic one) and promoting photosynthesis. Phosphorus has a key role in plant phys-
iology, also affecting the photosynthetic process, as it is involved in sugar/carbon metab-
olism. Since AMF can act as a sink of carbohydrates, they can also influence carbon me-
tabolism. 

The aim of this work was to evaluate the growth and photosynthetic parameters of So-
lanum lycopersicon plants inoculated or not with Funnelliformis mosseae and grown in 
controlled conditions at different P levels (32, 96 and 288µM) for 40 days. 

Fresh and dry weight of different plant organs, mycorrhizal colonization and the concen-
tration of photosynthetic pigments were assessed. Chlorophyll(a) fluorescence, bio-
chemical analysis of thylakoid proteins and fractionation of thylakoid membranes were 
evaluated in order to assess the photosystem I and II activities. Results were statistically 
analyzed by one- and two-way ANOVA followed by Fisher’s post hoc test. 

Root and shoot biomass were positively correlated with P concentration in the growth 
media. Inoculation did not significantly affect growth parameters, also in the plants 
grown at 32µM of P, despite their higher mycorrhizal colonization. AM symbiosis was 
strongly inhibited at the highest P level. No significant differences were observed be-
tween the various treatments for photosynthetic pigment content, while some differ-
ences were observed in terms of quantum yield, NPQ (Non-Photochemical-Quencing) 
and LHCII (Light-Harvesting-Complex) fractionation. 

Data relative to chlorophyll fluorescence and western blot analyses suggested that P and 
AMF affected NPQ and electron transport efficiency, probably modulating the xantho-
phyll cycle. 
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Biomass allocation patterns in arbuscular mycorrhizal and non-mycorrhizal plants as 
affected by P supply 

Peter F. Schweiger (Department of Microbiology and Ecosystem Science, University of 
Vienna, Vienna, Austria), Alan D. Robson (School of Agriculture and Environment and 
UWA Institute of Agriculture, The University of Western Australia, Perth, Australia), 
Lynette K. Abbott (School of Agriculture and Environment and UWA Institute of Agricul-
ture, The University of Western Australia, Perth, Australia) 

Arbuscular mycorrhizal (AM) fungal root colonisation has frequently been observed to 
modify plant biomass allocation. Biomass allocation is mainly shifted towards the shoot, 
but so far no readily interpretable pattern has emerged. 

We used data from two separate plant growth response experiments. Subterranean clo-
ver was grown in two different soils, supplied with multiple P levels and inoculated or 
not with the AM fungus Rhizophagus invermaius. Regression curves fitted to the re-
sponses of shoot P content as well as of root/shoot biomass ratios to increasing levels of 
added P were plotted against each other to obtain plant P status dependent biomass 
allocation patterns. 

Plants grown under no P limitation had the lowest root/shoot biomass ratios which were 
similar in mycorrhizal and non-mycorrhizal plants. All plants increased relative allocation 
to root biomass at growth-limiting P levels. Under these conditions, mycorrhizal plants 
allocated less biomass towards roots than non-mycorrhizal plants, even when of similar 
P content. 

Based on these results, we hypothesize that only root/shoot biomass ratios greater than 
that of non-P-limited plants indicate a P-limited plant investment into roots for P acqui-
sition. We further suggest that when comparing this investment between non-mycorrhi-
zal and R. invermaius-colonised plants of equal P content, a constant factor is obtained 
by which severely to slightly P-limited non-mycorrhizal plants invest relatively more into 
root biomass. 
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Molecular basis for mycorrhizal functioning in plant survival and establishment in 
acidic soil 

Natsuki Nakanishi (Graduate School of Agriculture, Hokkaido University, Sapporo, Ja-
pan), Yusaku Sugimura (Graduate School of Agriculture, Hokkaido University, Sapporo, 
Japan), Hayato Maruyama (Graduate School of Agriculture, Hokkaido University, Sap-
poro, Japan), Tatsuhiro Ezawa (Graduate School of Agriculture, Hokkaido University, Sap-
poro, Japan) 

Increased aluminum availability in acidic soil inhibits root elongation and thus water and 
nutrient uptake. Mycorrhizal formation drastically improves plant survival and establish-
ment in acidic soil, but the molecular mechanism underlying is largely unknown. Here, 
we employed the dual RNA-Seq approach for comprehensive understanding of the en-
hanced acid tolerance of mycorrhizal plants. Lotus japonicus MG-20 was inoculated with 
an acid-tolerant fungus Rhizophagus clarus RF1 and grown at pH 3.5, 3.8, 4.2, and 4.9. in 
the mesh bag culture system for 7 weeks. RNA was extracted both from extraradical my-
celia and mycorrhizal roots, and 150 bp paired-end reads were generated on the illumina 
NextSeq platform. Root growth was strongly inhibited with decreasing pH, probably re-
flecting aluminum availability in the soil, while shoot growth and P content were maxi-
mum at pH 4.2. Gene expression involved in P uptake and polyphosphate biosynthe-
sis/translocation in extraradical mycelia was significantly correlated with shoot growth, 
indicating that plant growth in acidic soil highly depends on functioning of extraradical 
hyphae. Whereas expression of the plant sucrose synthase gene responsible for carbon 
supply to the fungus was down-regulated at pH < 4.2, during which gene expression of 
the fungal hexose transporter for hexose uptake in intraradical mycelia was maintained. 
These results suggest that, although mycorrhizal functioning i.e P uptake and subsequent 
polyphosphate biosynthesis/translocation in extraradical mycelia largely regulate plant 
P acquisition in acidic soil, these processes are energy-dependent and thus regulated also 
by host carbon investment determined by a cost-benefit trade-off of the association. 
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Different responses of various crop species to arbuscular mycorrhizal inoculation and 
P fertilization 

Toshihiko Karasawa (Central Region Agricultural Research Center, NARO, Tsukuba, Ja-
pan), Masaki Hayashi (Central Region Agricultural Research Center, NARO, Tsukuba, Ja-
pan), Yasufumi Urashima (Central Region Agricultural Research Center, NARO, Tsukuba, 
Japan), Tomoyoshi Hashimoto (Central Region Agricultural Research Center, NARO, Tsu-
kuba, Japan) 

The responsiveness of plants to arbuscular mycorrhizal (AM) colonization has been sug-
gested to vary with plant species, as well as with environmental conditions such as soil P 
fertility. The effect of AM inoculation on 9 different crop species was examined in differ-
ent soil P levels. 

Soybean, maize, cucumber, sunflower, welsh onion, komatsuna, carrot, tomato and oat 
crops (all crops other than komatsuna being AM hosts) were grown in the sterilized soil 
applied 0.1, 1.0 or 5.0 g P2O5/pot of superphosphate (0.1P, 1.0P, 5.0P). Pots (900 g soil) 
for AM treatments received 20 g/pot of AM inoculum (Glomus sp. R10, Idemitsu Kosan 
Co., Japan), whereas control pots received autoclaved AM inoculum (20 g/pot). Ammo-
nium sulfate, potassium sulfate and microelements were applied to all the pots consist-
ently. 

Growth of each crops except for komatsuna responded to P application significantly. AM 
inoculum significantly increased the growth of welsh onion at 1.0P, cucumber at 5.0P, 
komatsuna at 1.0P and 5.0P, tomato at 0.1P, carrot at 0.1P and 1.0P, and significantly 
decreased the growth of maize at 5.0P. Responsiveness of soybean, maize, welsh onion, 
sunflower, tomato and carrot to AM inoculum was higher at lower P levels. 

Soil inorganic N was significantly affected by AM treatment, 30-50 % of inorganic N was 
NO3-N at welsh onion harvest (8 weeks after sowing) in AM treatment, but almost all the 
inorganic N was NH4-N in nonmycorrhizal control. This might be causes of positive re-
sponses of nonmycorrhizal komatsuna and negative responses of maize to AM in this 
study. 

Keywords: arbuscular mycorrhiza, responsiveness, P fertilization, inorganic N 
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Contrasting accumulation of Ag and Cu by Amanita strobiliformis from two distinct 
sites 

Jan Borovička (Laboratory of Environmental Geology and Geochemistry, Institute of Ge-
ology, The Czech Academy of Sciences, Prague, Czech Republic), Tereza Konvalinková 
(Laboratory of Fungal Biology, Institute of Microbiology, The Czech Academy of Sciences, 
Prague, Czech Republic), Anna Žigová (Laboratory of Environmental Geology and Geo-
chemistry, Institute of Geology, The Czech Academy of Sciences, Prague, Czech Republic), 
Vojtěch Beneš (Department of Biochemistry and Microbiology, Institute of Chemical 
Technology Prague, Prague, Czech Republic), Pavel Kotrba (Department of Biochemistry 
and Microbiology, Institute of Chemical Technology Prague, Prague, Czech Republic) 

The ectomycorrhizal mushroom Amanita strobiliformis is known to hyperaccumulate Ag 
in sporocarps, with concentrations up to 1,200 mg/kg in dry weight. However, con-
trasting accumulation of Ag and Cu was observed at two sites in Prague: Klíčov and Ji-
nonice. At Klíčov, average concentrations of Ag and Cu in fruit-bodies reach 292 mg/kg 
and 79 mg/kg, respectively. In contrast, average concentrations of both metals at Ji-
nonice are much lower: 72 mg Ag/kg and 30 mg Cu/kg. At their disposal and irrespective 
of the locality, the fungi have the transporters of the copper transporter (CTR) family to 
import both Cu and Ag into the cells and metallothioneins to bind and detoxify the accu-
mulated metals in the cytoplasm. 

Distribution of mycelium under individual sporocarps at both Klíčov and Jinonice sites 
was investigated by RT-PCR with specific primers to the soil depth of 30 cm. At both sites, 
the highest density of mycelium (reaching 247 µg/g dry soil) was found within the soil 
depth of circa 0-10 cm. 

At both sites, the 206Pb/207Pb isotopic ratio measured in the sporocarps varied between 
1.169 and 1.172 which corresponds to the “labile” Pb fraction in the horizons Ahk at 
Klíčov and Oak-Ahk at Jinonice where the highest density of mycelium was observed. This 
would indicate that A. strobiliformis preferably accumulates Pb from those soil horizons. 

The investigation of metal distribution and mobility in the top-soils at both sites (cur-
rently being conducted) will possibly enable us to explain the striking accumulation of 
metals in A. strobiliformis at both sites. 

Keywords: Amanita, silver, copper, RT-PCR, accumulation 
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Mycorrhiza alters the expression of phosphate-transporters without changing growth 
and phosphorus contents in P-starved-soybean plants 

Sara Adrián López de Andrade (Plant Biology, State University of Campinas – UNICAMP, 
Campinas, Brazil), Rafaela Gageti Bulgarelli (Plant Biology, State University of Campinas 
– UNICAMP, Campinas, Brazil), Léia Menna Barreto de Azevedo Silveira (Plant Biology, 
State University of Campinas – UNICAMP, Campinas, Brazil) 

Soybean is a good model to study tripartite symbiosis between plants, arbuscular mycor-
rhizal (AM) fungi, and rhizobia. Scarce phosphorus availability may constrain nodulation 
and plant performance. Depending on P deficiency severity AM may overcome plant P 
demand and positively influence P uptake, nodulation and N2 fixation or result in not net 
benefits. To evaluate AM influence on the expression of root and nodule phosphate 
transporters, nodulated soybean plants were exposed to P deficiency (50 μM) and inoc-
ulated or not with the AM fungus Glomus macrocarpum. Non-AM plants were grown 
with sufficient P (500 μM) were also grown; with twelve replicates per treatment. Plants 
were grown till the flowering stage. Under P-starvation, mycorrhizal plants showed low 
intraradical colonization and did not differ significantly in terms of growth, nodulation 
and plant P contents with respect to that non-mycorrhizal, indicating severe P limitation. 
However, the expression profile of PHT1 transporters was altered by the AM symbiosis, 
in both roots and nodules. Phosphorus starvation highly induced the expression of sev-
eral GmPHT in roots and nodules. AM symbiosis significantly repressed GmPHT1;6, 7 and 
10 in roots and GmPHT1;3, 5, 7, 8, and 10 in nodules. Interestingly, AM changed acid 
phosphatase activities in roots and leaves. It is concluded that even under a low degree 
of colonization the AM symbiosis significantly modulated overall plant responses to P 
deficiency. In addition, PHT1 expression profile suggested different pathways of Pi acqui-
sition in mycorrhizal and non-mycorrhizal plants during P starvation, even in the absence 
of plant growth promotion. 

Keywords: PHT1 transporters, inorganic phosphate, nodulation, acid phosphatases 
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PHO1-type transporter of arbuscular mycorrhizal fungi mediates phosphate export in 
the plant-fungal interface 

Hayato Maruyama (Grad. Sch. Agri., Hokkaido Univ., Sapporo, Japan), Kaede Yokoyama 
(Grad. Sch. Agri., Hokkaido Univ., Sapporo, Japan), Yusuke Kikuchi (Grad. Sch. Agri., Hok-
kaido Univ., Sapporo, Japan), Natsuki Nakanishi (Grad. Sch. Agri., Hokkaido Univ., Sap-
poro, Japan), Ayumi Abe (Grad. Sch. Agri., Hokkaido Univ., Sapporo, Japan), Teruo Sone 
(Grad. Sch. Agri., Hokkaido Univ., Sapporo, Japan), Katsuharu Saito (Fac. Agri., Shinsyu 
Univ., Minamiminowa, Japan), Chikara Masuta (Grad. Sch. Agri., Hokkaido Univ., Sap-
poro, Japan), Tatsuhiro Ezawa (Grad. Sch. Agri., Hokkaido Univ., Sapporo, Japan) 

Arbuscular mycorrhizal (AM) fungi play a predominant role in phosphate nutrition of 
most land plants. Information about the molecular mechanism of phosphate transfer 
from the fungi to the host, however, is limited. Here, we demonstrate that a PHO1-type 
transporter of an AM fungus is responsible for the process by the virus-induced gene 
silencing technique1, as well as by a complementation experiment with a model filamen-
tous fungus. Rhizophagus clarus HR1 (MAFF520076) was grown in the mesh-bag sepa-
rated two-compartment culture system in association with Nicotiana benthamiana. R. 
clarus PHO1-1 (RcPHO1-1) that is a homologue of the endomembrane-type phosphate 
exporter gene AtPHO1 was exclusively expressed in intraradical mycelia, and the expres-
sion was significantly correlated with that of a mycorrhiza-specific phosphate transporter 
gene in N. benthamiana. Knockdown of RcPHO1-1 by the plant viral vector decreased 
plant growth and increased polyphosphate accumulation in intraradical mycelia in pro-
portion to RcPHO1-1 expression levels. Interestingly, the knockdown of RcPHO1-1 also 
decreased arbuscule development in the roots. An in vitro assay with the rice blast fungus 
Pyricularia oryzae revealed that phosphate efflux from the fungal cell to the culture me-
dium was decreased in delta-PHO1 mutants of P. oryzae, but was recovered to the level 
of the wild type in RcPHO1-1-complemented delta-PHO1 mutants. These results strongly 
suggest that a PHO1-1-type transporter in AM fungi is responsible for phosphate transfer 
to the host plant in AM symbiosis. 

References: 

1Kikuchi et al. (2016) New Phytol 211: 1202-1208 
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Estimation of phosphate acquisition through the mycorrhizal pathway via transcrip-
tome responses 

Minato Shohei (Grad. Sch. Agri., Hokkaido University, Sapporo, Japan), Maruyama Hayato 
(Grad. Sch. Agri., Hokkaido University, Sapporo, Japan), Tezuka Ayumi (Fac. Agri.chool of 
Agricultural, Ryukoku University, Ohtsu, Japan), Nagano J. Atushi (Fac. Agri.chool of Agri-
cultural, Ryukoku University, Ohtsu, Japan), Ezawa Tatsuhiro (Grad. Sch. Agri., Hokkaido 
University, Sapporo, Japan) 

Arbuscular mycorrhizal fungi deliver P to the host through the mycorrhizal pathway. The 
contribution of the fungi to P uptake of the plants could easily be assessed in laborato-
ries/greenhouses, but not in the field. Our aim is to establish a plant molecular marker 
to estimate P uptake through the mycorrhizal pathway. The model plant Nicotiana ben-
thamiana and Welsh onion (Allium fistulosum), a highly mycorrhiza-responsive Allium 
crop, were inoculated with Rhizophagus clarus HR1 at 0 - 500 spores and grown in the 
two-compartment culture system. Fifty to one thousand µM P was applied to the root 
compartment of non-mycorrhizal plants (direct pathway) or to the hyphal compartment 
of mycorrhizal plants (mycorrhizal pathway) every other day. Total RNA was extracted 
from the shoots and roots after 6 weeks, and single-end 50-bp sequencing for read map-
ping (N. benthamiana and A. fistulosum) and paired-end 100-bp sequencing for de novo 
assembling (A. fistulosum) were performed with Illumina HiSeq. In N. benthamiana a mo-
lecular marker consisted of 8 root-expressed genes that are up- or down-regulated spe-
cifically in response to P uptake through the mycorrhizal pathway, but not to that 
through the direct pathway, was constructed by LASSO modeling. A marker with shoot-
expressed genes could also be constructed, but its accuracy was lower than that of the 
root marker. In A. fistulosum a comprehensive database that covers expressed genes 
both in the shoots and roots was constructed for marker development. Our study 
demonstrates the technical feasibility for the assessment of mycorrhizal functioning in 
the field. 
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Catalytic properties of vacuolar transporter chaperon 4 (VTC4) protein in arbuscular 
mycorrhizal fungus Rhizosphagus irregularis 

Cuc Nguyen Thi (Bioscience and Food Production Science, Shinshu University, Mina-
minowa, Nagano, Japan), Mabi Koide (Agriculture, Shinshu University, Minaminowa, Na-
gano, Japan), Tatsuhiro Ezawa (Graduate School of Agriculture, Hokkaido University, 
Sapporo, Hokkaido, Japan), Katsuharu Saito (Agriculture, Shinshu University, Mina-
minowa, Nagano, Japan) 

Polyphosphate (polyP) is the major storage and translocation form of P in arbuscular my-
corrhizal fungi. In the budding yeast Saccharomyces cerevisiae, polyP is synthesized by 
the vacuolar transporter chaperone (VTC) complex localized in vacuolar membrane1. The 
complex consists of accessory subunits (VTC1, VTC2 and VTC3) and a catalytic subunit 
(VTC4). We investigated catalytic properties of VTC4 in an arbuscular mycorrhizal fungus 
Rhizophagus irregularis. R. irregularis has RiVTC1, RiVTC2 and RiVTC4 in the genome2, 
which expressed in both extraradical and intraradical hyphae. We purified the recombi-
nant RiVTC4 using the bacterial protein expression system. RiVTC4 catalyzed polyP bio-
synthesis using the gamma-phosphate of ATP and GTP as the phosphoryl donor, which 
exhibited a dual pH optimum of 7.5 and 5.0. The catalytic activity of RiVTC4 required 
divalent cations including Mn2+, Mg2+ and Zn2+. These results confirm that VTC4 is respon-
sible for polyP biosynthesis in arbuscular mycorrhizal fungi. 

References: 

1Hothorn, M., et al. (2009) Catalytic core of a membrane-associated eukaryotic polyphos-
phate polymerase. Science 324:513-516. 

2Tisserant, E., et al. (2013) Genome of an arbuscular mycorrhizal fungus provides insight 
into the oldest plant symbiosis. PNAS 110: 20117-20122. 

  



ICOM 9 

221 

P (ID 449) 

Does the composition and symbiotic efficiency of AMF communities depend on species 
ratios in the inoculum pool? 

Martina Janoušková (Institute of Botany of the Czech Academy of Sciences, Průhonice, 
Czech Republic), Alena Voříšková (Institute of Botany of the Czech Academy of Sciences, 
Průhonice, Czech Republic), David Püschel (Institute of Microbiology of the Czech Acad-
emy of Sciences, Praha, Czech Republic), Miroslav Vosátka (Institute of Botany of the 
Czech Academy of Sciences, Průhonice, Czech Republic), Jan Jansa (Institute of Microbiol-
ogy of the Czech Academy of Sciences, Praha, Czech Republic) 

Establishment of communities of symbiotic arbuscular mycorrhizal fungi (AMF) involves 
competition among the root- and soil- colonizing AMF species, but we are far from un-
derstanding the factors that affect the outcome in terms of AMF community composition 
and symbiotic efficiency. The composition of the soil inoculum pool may be one im-
portant factor as more abundant species gain initial advantage in the root colonization 
process. 

Thus, we asked whether AMF species ratios in the inoculum pool affect the composition 
and symbiotic efficiency of the developing AMF communities using a model system of 
Medicago truncatula and five AMF species. We created inoculum pools with different 
species ratios and compared the dynamics of the developing AMF communities and the 
host plant's mycorrhizal benefits with the natural state, represented by an inoculum pool 
obtained by previous co-cultivation of all five AMF species. 

The naturally established inoculum pool and the subsequent root-colonizing AMF com-
munity was characterized by pronounced overdominance of one AMF species, the rude-
ral Rhizophagus irregularis. The other inoculum pools dominated by the other species 
transiently promoted abundance of the particular species, but did not reverse the dom-
inance of R. irregularis. Mycorrhizal growth response was positively related to root colo-
nization levels, with highest values recorded for the R. irregularis-dominated communi-
ties. We conclude that AMF species traits appear more important determinants of AMF 
community composition than the propagule ratios in the soil inoculum pool. The latter 
factor, however, affects root colonization levels and the host plant's mycorrhizal bene-
fits. 

Keywords: interspecific competition, species ratios, quantitative PCR, mycorrhizal 
growth response 
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Nitrogen fertilisation effects on the form and function of arbuscular mycorrhizal fungi 
in barley 

Tom Thirkell (University of Leeds, Leeds, UK), Duncan Cameron (University of Sheffield, 
Sheffield, UK), Angela Hodge (University of York, York, UK) 

Although most staple crop species form symbioses with arbuscular mycorrhizal fungi 
(AMF), fungal contribution to plant nutrient uptake in the field is poorly understood. 
Most of our current understanding of AM-route nutrient uptake comes from greenhouse 
experiments using individual plants, colonised by single AMF species. Field studies quan-
tifying plant nutrient uptake via indigenous AMF are comparatively lacking. 

AMF contribution to nitrogen (N) uptake in barley (Hordeum vulgare) was tested as part 
of a wider field study into N fertiliser application rates. Two cultivars, Maris Otter and 
Meridian were investigated, receiving two N fertilisation rates (60 or 280 kg Ha-1 yr-1) in 
a factorial design. Isotopic 15N was added to zones of soil which excluded either roots or 
roots and AMF. Comparative 15N enrichment of barley shoots indicated AM-route up-
take. N source preference was tested by adding 15N as nitrate (15NO3

-) or ammonium 
(15NH4

+). Cultivar identity and N application rate effects on AMF community composition 
(within H. vulgare roots) were investigated using terminal restriction fragment length 
polymorphism (TRFLP). 

AMF access to the 15N-labelled exclusion zones increased 15N enrichment of Meridian 
grown in high-N plots when added as nitrate but not ammonium. No 15N enrichment 
above controls was seen in low-N Meridian. No treatment saw AMF contributions of 15N 
to Maris Otter greater than in controls. TRFLP data suggest N application rate and cultivar 
identity influence AMF community assemblages in H. vulgare roots, while isotope data 
suggest these factors also influence the extent to which AMF contribute to plant N up-
take. 
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Climate change impacts on carbon-for-nutrient exchange between winter wheat (Triticum 
aestivum) and arbuscular mycorrhizal fungi 

Michael D. Charters (Centre for Plant Sciences, School of Biology, University of Leeds, Leeds, 
UK), Steve M. Sait (Centre for Plant Sciences, School of Biology, University of Leeds, Leeds, UK), 
Katie J. Field (Centre for Plant Sciences, School of Biology, University of Leeds, Leeds, UK) 

Dramatic increases in agricultural productivity during the 20th Century were driven pri-
marily by the production and application of non-renewable synthetic fertilizers and pes-
ticides. However, yields of key crops have now plateaued, with intensification practices 
compromising soil fertility and health. Encouraging the formation of arbuscular mycor-
rhizal (AM) associations in cultivated crops has been proposed as a means of reducing 
chemical inputs within sustainable agricultural systems. AM fungi can enhance plant-nu-
trient uptake in exchange for photosynthetic carbon, and may ‘prime’ host-plant defence 
pathways against insect herbivores. 

Nonetheless, how the environment influences the functioning of crop-mycorrhizal inter-
actions in terms of carbon-for-nutrient exchange and how it may impact upon mycor-
rhiza-crop-herbivore interactions has never before been quantified. Previous studies 
have recorded reduced phosphorous uptake efficiency in mycorrhizal vascular plants fol-
lowing atmospheric CO2 ([CO2]a) enrichment; observations of consequence given severe 
IPCC projections estimate [CO2]a to exceed 800 ppm by 2100. 

By supplying an isotopically-labelled nutrient solution (33P and 15N) to fungal symbionts 
within mesh-walled cores and 14CO2 to host plants, we show the first quantification of 
carbon-for-nutrient exchange between winter wheat (Triticum aestivum) and the AM 
fungus Rhizophagus irregularis under both present-day [CO2]a (440 ppm) and projected 
future [CO2]a (800 ppm). 

Further experiments will evaluate how biotic interactions - specifically insect herbivory - 
impact mycorrhizal functioning in terms of nutrient trade under both CO2 atmospheres, 
and lead to an improved understanding of how AM fungi might be used most effectively 
within future sustainable agro-ecosystems. 
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The SlZRT1 Gene Encodes a Plasma Membrane-Located ZIP Transporter in the Ectomy-
corrhizal Fungus Suillus luteus 

Laura Coninx (Hasselt University, Hasselt, Belgium), Anneleen Thoonen (Hasselt Univer-
sity, Hasselt, Belgium), Eli Slenders (Biomedical Research Institute (BIOMED, Hasselt Uni-
versity), Hasselt, Belgium), Michiel Op De Beeck (Hasselt University, Hasselt, Belgium), 
Natascha Arnauts (Hasselt University, Hasselt, Belgium), Emmanuelle Morin (Institut Na-
tional de la Recherche Agronomique (INRA, Nancy), Nancy, France), Joske Ruytinx (Has-
selt University, Hasselt, Belgium), Jan Colpaert (Hasselt University, Hasselt, Belgium) 

Suillus luteus is an ectomycorrhizal fungus of which isolates with a variable tolerance to-
wards environmental Zn exist. Zn tolerance in these isolates is believed to be due to an 
adaptation of the Zn homeostatis network. Zn uptake in eukaryotic cells is known to be 
predominantly governed by members of the ZIP (ZRT/IRT-like protein) family of Zn trans-
porters. The aim of this study was to identify and characterize membrane transporters 
involved in Zn uptake in S. luteus. SlZRT1, a S. luteus ZIP transporter, was identified and 
investigated in silico. A phylogenetic analysis was performed to predict the function of 
the protein. Bio-informatics data illustrate that SlZRT1 has a ZIP signature sequence and 
that it most likely functions as a plasma membrane localized Zn importer. Heterologous 
expression in yeast was performed to confirm the predicted function and localization of 
the protein. The wild-type phenotype of the zinc-uptake-deficient yeast strain Δzrt1Δzrt2 
was restored by heterologous expression of SlZRT1. A GFP fusion protein revealed that 
SlZRT1 is targeted to the plasma membrane. Finally, a gene expression analysis via RT-
qPCR was performed to establish whether SlZRT1 expression in S. luteus is affected by 
external Zn concentrations. Exposure to elevated concentrations of Zn resulted in a sig-
nificant downregulation of SlZRT1 gene expression. All together, these data support a 
role as cellular Zn importer for SlZnT1 and indicate a key role in cellular Zn uptake of S. 
luteus. Further research is needed to understand the eventual contribution of SlZRT1 to 
Zn tolerance. 
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Biological markets control resource exchange in tripartite interactions of legumes 

Arjun Kafle (Biology and Microbiology, South Dakota State University, Brookings, USA), 
Xiurong Wang (College of Agricultural Resources and Environment, South China Agricul-
tural University, Guangdong, China), Heike Bücking (Biology and Microbiology, South Da-
kota State University, Brookings, USA) 

Legumes form tripartite interactions, and are simultaneously colonized with nitrogen-
fixing bacteria and arbuscular mycorrhizal (AM) fungi. These tripartite interactions can 
substantially contribute to the nutrient efficiency of legumes, and increase the fitness of 
both the host and the different root symbionts. A synergy of benefits can occur, and the 
host plant can gain more from tripartite interactions, than from single inoculations with 
either symbiont. However, antagonistic effects can also occur, and it has been suggested 
that an auto-regulatory mechanism controls the extent of root colonization by both sym-
bionts possibly to limit the high carbon costs of these interactions. We used split root 
systems and stable isotope labeling to track resource exchange dynamics in tripartite in-
teractions to examine how the host plant controls its carbon investment into each root 
symbiosis under different nutrient supply conditions for the host and for the fungus. We 
found that Medicago plants in tripartite interactions allocated assimilated carbon de-
pending on their nutrient demand, and that under nitrogen stress the plants invested 
more carbon into their root nodules, while under P stress available carbon resources 
were equally shared among both symbiotic partners. The colonization of the root system 
with nitrogen-fixing bacteria changed the nutrient allocation pattern of the fungus, and 
affected the ability of the fungus to compete for carbon with a supply of nitrogen. The 
results are discussed in the context of biological markets in which nutrient supply and 
demand affect resource exchange dynamics among partners in tripartite interactions. 

Keywords: biological markets, tripartite interactions, legumes, root symbiosis 
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Effects of Mycorrhizal Inoculation and Phosphorus fertilization on Tomato, Eggplant, 
Green and Bell Pepper plants yield and nutrient uptake under field conditions 

İbrahim Ortaş (Soil Science and Plant Nutrition, Çukurova Universitey, Adana, Turkey), 
Somayyeh Razzaghi (Department of Soil Science and Plant Nutriton, Ç.U, Adana, Turkey) 

This study was undertaken, under field conditions to evaluate the impact of mycorrhizal 
fungi inoculation and different amount of P fertilizer on the fruit yield and P, Zn, Fe, Mn 
and Cu uptake of tomato, green pepper, bell pepper and eggplant. The study was carried 
out at the Research Farm of the Cukurova University in the eastern part of the Mediter-
ranean region of Adana-Turkey. Three levels of phosphorus control, 50 kg and 100 kg 
P2O5 ha-1 were applied with and without mycorrhizae inoculation. After harvesting the 
nutrient concentration of the leaves, mycorrhizal inoculation percentage (MI), inocula-
tion effectiveness (MIE) and fruit yield were determined. The results of the experiment 
revealed that all mycorrhizal inoculated with P fertilizer application showed better re-
sults than non-inoculated plants and non P fertilizer in terms of plant yield, P, Zn, Fe, Mn 
and Cu concentration in the leaves. Mycorrhizal inoculation with P fertilizer application 
especially moderate amount of P (50 kg ha -1 P2O5) fertilizer has been able to increase 
the green pepper, bell pepper and tomato fruit yield compared with non-inoculated 
plants and non P fertilizer application treatments. The root colonization was in the high-
est range (≥ 53 %) in the all four plant species with mycorrhizal inoculated treatments. In 
addition, in the same plant species highest yield was observed, especially in the plants 
which were inoculated with mycorrhizal fungi. Increasing P level application reduced 
MIE. At 100 kg P2O5 ha-1application MIE was negative except eggplant and green pep-
per. 

Keywords: mycorrhizal inoculation, P fertilizer, nutrient uptake, pepper, tomato 
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Trehalase activity in orchid mycorrhiza tightly colocalizes with living pelotons  

Jan Ponert (Department of Experimental Plant Biology, Charles University, Prague, Czech 
Republic & Prague Botanical Garden, Prague, Czech Republic), Stanislav Vosolsobě (De-
partment of Experimental Plant Biology, Charles University, Prague, Czech Republic), 
Klára Čiháková (Department of Experimental Plant Biology, Charles University, Prague, 
Czech Republic), Helena Lipavská (Department of Experimental Plant Biology, Charles 
University, Prague, Czech Republic) 

Orchids rely on mycorrhiza, especially during the stage of heterotrophic protocorms. In 
this special endomycorrhiza type, fungi form dense intracellular hyphal coils called pelo-
tons. It is unknown which compounds ensure the energy and carbon transfers and 
whether the plant acquires carbon from living pelotons or takes it up after peloton lysis. 

To address these questions, we selected Dactylorhiza majalis and Ceratobasidium sp. as 
the main model species. We focused on disaccharide trehalose which was hypothesized 
previously to play a role in carbon and energy transfers. Utilization of this saccharide 
depends on trehalase action and we therefore sought to localize trehalase in mycorrhizal 
tissues. We developed a histochemical trehalase localization method and used it for the 
first time. 

Our results show, that trehalase activity tightly colocalizes with mycorrhizal structures. 
Intensive activity was detected in orchid tissues containing living pelotons, but not in 
non-infected tissues. Trehalase activity was missing in senescent pelotons. The same pat-
tern was observed in completely heterotrophic protocorms as well as in roots of adult 
plants. 

The results suggest that fungal trehalose can be hydrolysed by trehalase directly in my-
corrhizal tissue. Trehalose degradation seems to be involved in biotrophic carbon trans-
fer from living pelotons. 

The work was supported by Ministry of Education, Youth and Sports of the Czech Republic 
(project NPU1: LO1417). 
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Visualising Carbon and Nitrogen exchange at the cellular scale in the ectomycorrhizal 
symbiosis using NanoSIMS 

Werner Mayerhofer (Department of Microbiology and Ecosystem Science, University of 
Vienna, Vienna, Austria), Arno Schintlmeister (Department of Microbiology and Ecosys-
tem Science, University of Vienna, Vienna, Austria), Marlies Dietrich (Department of Mi-
crobiology and Ecosystem Science, University of Vienna, Vienna, Austria), Stefan Gorka 
(Department of Microbiology and Ecosystem Science, University of Vienna, Vienna, Aus-
tria), Peter Schweiger (Department of Microbiology and Ecosystem Science, University of 
Vienna, Vienna, Austria), Siegfried Reipert (Core Facility of Cell Imaging and Ultrastruc-
ture Research, University of Vienna, Vienna, Austria), Marieluise Weidinger (Core Facility 
of Cell Imaging and Ultrastructure Research, University of Vienna, Vienna, Austria), An-
dreas Richter (Department of Microbiology and Ecosystem Science, University of Vienna, 
Vienna, Austria), Dagmar Woebken (Department of Microbiology and Ecosystem Sci-
ence, University of Vienna, Vienna, Austria), Christina Kaiser (Department of Microbiol-
ogy and Ecosystem Science, University of Vienna, Vienna, Austria) 

A large proportion of plant-assimilated carbon (C) is allocated belowground and passed 
on to mycorrhizal fungi shortly after photosynthesis. Mycorrhizal fungi deliver nutrients 
in return, with the ectomycorrhizal symbiosis being especially important for nitrogen (N) 
nutrition of plants. However, little is known about how carbon and nutrients are trans-
ferred across the mycorrhizal interface (including fungal mantle, Hartig net and plant 
cells) and whether their exchange is regulated at the cellular scale. 

The aim of this study was to visualize the in-situ flows of recently assimilated plant pho-
tosynthates and nitrogen delivered by the associated fungus through the ectomycorrhi-
zal interface. After pulse-labelling ectomycorrhizal beech plants with 13CO2 and 15N (NH4

+, 
NO3

-, AA mix), each accessible only by one symbiotic partner, we applied nano-scale sec-
ondary ion mass spectrometry (NanoSIMS) on a cross section of a mycorrhizal root tip, 
allowing us to measure isotope ratios in different types of ectomycorrhizal tissue at a 
high spatial resolution (30nm). 

We found significant correlations between 13C and 15N in all tissues, which indicate a cou-
pled transfer of C and N. Correlations were mostly reaching a plateau for 15N at a certain 
threshold of 13C. However, different ectomycorrhizal tissues (fungal mantle, hartig-net, 
external hyphae, plant cells) exhibited different trends (regression functions and break-
points), that could be associated with different transport mechanisms in the correspond-
ing tissues. 

Our results highlight the potential of NanoSIMS for investigating element flow at the cel-
lular scale in the mycorrhizal symbiosis to explore spatial pattern of resource exchange. 

Keywords: ectomycorrhiza, carbon, nitrogen, stable isotope probing, NanoSIMS
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Mycorrhizal networks affect seedling emergence in mycorrhizal and non-mycorrhizal 
plants 

Tamara Lee Edmonds-Tibbett (University of Reading, Reading, UK), Renae Kaciuba (The 
University of Western Australia, Perth, Australia), Megan Ryan (The University of West-
ern Australia, Perth, Australia), Mark Tibbett (University of Reading, Reading, UK) 

Introduction and aims: An ecologically important aspect of arbuscular mycorrhizal sym-
biosis is the proliferation of mycelial networks that colonise the roots of more than one 
plant, thereby forming a belowground network linking numerous plant roots with com-
mon fungal hyphae. In this study we tested whether the presence of an established net-
work of common mycorrhizal hyphae would affect the emergence of seedlings of key 
species from the ecologically unique Jarrah forests of Western Australia. 

Methods: Leek plants were inoculated with either one of two arbuscular mycorrhizal 
fungi (Glomus sp. or Scutellospora sp.). These were used to establish mycorrhizal net-
works and control treatments were also included (non-mycorrhizal). Once networks 
were established, seeds of ten Jarrah forest species were sown into the soil. The rate of 
seedling emergence and early seedling vigour were measured. 

Results: Some plants such as Bossiaea eriocarpa responded positively (in terms of emer-
gence rate and biomass production) to mycorrhizal networks whereas other species such 
as Acacia celastrifolia responded negatively. Mycorrhizal and non-mycorrhizal plants 
were affected by the presence of the soil-borne fungal networks. 

Conclusions: Mycorrhizal networks affected the emergence and early seedling vigour of 
Jarrah forest species, whether mycorrhizal or not. The effect can be positive or negative 
depending on the plant species concerned. 

Keywords: common mycorrhizal networks, seedling emergence  
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Photosynthesis and mycorrhizal functioning in epiphytic tropical orchids 

Conrado Augusto Vieira (Laboratório de Associações Micorrízicas/BIOAGRO, Departamento de 
Microbiologia, Universidade Federal de Viçosa, Viçosa, MG, Brazil & Institut de Systématique, Evo-
lution, Biodiversité (ISYEB), UMR7205 CNRS MNHN UPMC EPHE, Muséum national d’Histoire na-
turelle, Sorbonne Universités, Paris, France), Melissa Faust Bocayuva (Laboratório de Associações 
Micorrízicas/BIOAGRO, Departamento de Microbiologia, Universidade Federal de Viçosa, Viçosa, 
MG, Brazil), Emiliane Fernanda Silva Freitas (Laboratório de Associações Micorrízicas/BIOAGRO, 
Departamento de Microbiologia, Universidade Federal de Viçosa, Viçosa, MG, Brazil), Ivo Ribeiro 
da Silva (Departamento de Solos, Universidade Federal de Viçosa, UFV, Viçosa, MG, Brazil), João 
José de Miranda Milagres (Departamento de Solos, Universidade Federal de Viçosa, UFV, Viçosa, 
MG, Brazil), Marc-Andre Selosse (Institut de Systématique, Evolution, Biodiversité (ISYEB), 
UMR7205 CNRS MNHN UPMC EPHE, Muséum national d’Histoire naturelle, Sorbonne Universités, 
Paris, France & Department of Plant Taxonomy and Nature Conservation, University of Gdańsk, 
Gdańsk, Poland), Maria Catarina Kasuya (Laboratório de Associações Micorrízicas/BIOAGRO, De-
partamento de Microbiologia, Universidade Federal de Viçosa, Viçosa, MG, Brazil) 

Introduction: Orchids are associated with mycorrhizal fungi (OMF) during the initial stages of 
germination, where fungi used provide the carbon. In the adult stage, fungus provides mineral 
nutrients from the environment. It is still debated whether they always, in exchange, receives 
photoassimilates from the host. This is especially unknown in epiphytic orchids that abound in 
tropical ecosystems. Concentrated on epiphytic orchids, we evaluated (i) the distribution of 
CAM, drought-adapted orchids, versus C3 orchids along a height gradient on a phorophyte, and 
(ii) based on 13C enrichment of the fungal pelotons recovered from roots, whether the fungus 
received plants photosynthates. 

Material and methods: 22 samples of orchid, roots and leaves, and of other plant species, grow-
ing on the same phorophyte between 2 to 18 m, were collected in an Atlantic Forest State Park 
(Serra do Brigadeiro). Pelotons were picked up from the orchid roots. All samples were dried, 
ground and analyzed in GC-IRMS for estimating 13C abundance. 

Results: No influence of height was observed in the distribution of CAM versus C3 orchids (nor 
for other plant species). As expected, due to higher drought and light availability, C3 plants (or-
chids and other species) had increasing 13C enrichments with increasing elevation, but CAM 
plants poorly responded to elevation. In all, 77% of the orchids were CAM and 23% were C3, 
but the prediction that higher position correlated with higher CAM frequency was not validated. 
All orchids were mycorrhizal. We observed that fungi had similar 13C enrichments to the plant 
harboring them, a correlation supporting C-transfer from orchids to fungus. 

Discussion and conclusion: Epiphytic orchids are associated with OMF throughout life, espe-
cially in epiphytic species growing where there is little availability of nutrients. There seems to 
be a carbon flux from orchid to OMF, and the relative height from the soil, which is related to 
the light availability, did not influence this result, nor the distribution of like-CAM versus C3 
plants. 

Acknowledgements: CAPES, CNPq, Fapemig, MNHN  
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KL (ID 189) 

Biogeography and evolution of ectomycorrhizal plant lineages 

Leho Tedersoo (Natural History Museum, University of Tartu, Tartu, Estonia) 

Based on literature, 331 ectomycorrhizal (EcM) plant genera (ca. 8500 species) were as-
signed into 30 monophyletic lineages [1,2]. Considering low representation of EcM habit 
in several Australian lineages, we estimate that 6000-7000 plant species from 250-300 
genera are able to establish EcM symbiosis. EcM plants thus constitute 1.7-2.4% of all 
accepted higher plant (Embryophyta) species. In addition to 30 gains of symbiosis, sev-
eral potential losses of EcM habit may have occurred in Fagales, two groups of Fabales, 
two groups of Asterales and Myrtoideae that could be attributed to shifts to association 
with nitrogen fixing bacteria, shrubby or herbaceous life form or wetland habitat. There 
is still much confusion about the mycorrhizal status in multiple families where conflicting 
reports exist and incorrect assignments have rooted themselves deeply in the literature. 

EcM habit evolved in Pinaceae in the Early Jurassic. Most other shifts to EcM habit oc-
curred from the Late Cretaceous to Mid-Miocene [1,3]. I demonstrate maps about natu-
ral distribution of each EcM plant lineage and show that the present and historical distri-
bution patterns may have little overlap in certain groups. The distribution data from EcM 
plant lineages identifies SW and SE Australia and mountain ranges in Mexico and Central 
Europe as phylogenetic diversity hotspots for EcM plants [3]. Fossil records and phyloge-
ographic studies of fungi indicate that EcM plants have experienced three major events 
of symbiont interchange: 1) North Africa in the Eocene, 2) the Isthmus of Panama in the 
Late Pliocene and Pleistocene, and 3) Malesia in the Pleistocene. 

References: 
[1] Tedersoo L, Brundrett MC. 2017. Evolution of ectomycorrhizal symbiosis in plants. In: 
Biogeography of Mycorrhizal Symbiosis (Ecological Studies), in press. 
[2] Tedersoo L. 2017. Species richness, first reports and native and introduced range of  
ectomycorrhizal plant genera. 26.03.2017. University of Tartu, Tartu. 
http://dx.doi.org/10.15156/BIO/587454 
[3] Tedersoo L. 2017. Global biogeography and invasions of ectomycorrhizal plants: past, 
present and future. In: Biogeography of Mycorrhizal Symbiosis (Ecological Studies), in 
press. 
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Functional diversity and evolutionary stability of mycorrhizal and mycorrhiza-like sym-
bioses 

Katie J. Field (Centre for Plant Sciences, Faculty of Biological Sciences, University of Leeds, 
Leeds, UK) 

Given the ancient origins of mycorrhizal symbioses, it has been hypothesized that for 
these mutualistic interactions between plants and fungi to persist, they require stabiliza-
tion in the form of “reciprocal rewards”. According to biological market theory, symbi-
onts engaged in mutualisms exchange goods in the same way as commodities are traded 
in human economic markets. Under this framework, mycorrhizal fungal partner selection 
and evolutionary stability are underpinned by the proportional bidirectional exchange of 
photosynthates for nutrients, where the most “cooperative” partners are “rewarded” 
with resources, while so-called “uncooperative partners” face nutritional “sanctions”. 
For such a rewards/sanctions-based mechanism to exist, each symbiont must detect var-
iation in benefit received, and be in a position to withhold nutrients until maximum re-
ward for their investment is achieved. However, this model does not account for the 
persistence of a diverse array of mycorrhizal (mycorrhiza-like in rootless plants) symbio-
ses across plant life histories, in particular in those exhibiting heterotrophy. Lab and field 
experiments demonstrate significant diversity in function, with bidirectional exchange of 
carbon-for-nutrients between plants and fungi not always being proportional, with envi-
ronment and ecology also playing critical roles. Here, I will discuss the hypothesis that 
stabilizing selection in mycorrhizas does not occur as a function of instantaneous bidirec-
tional fluxes of resources between symbionts, but is a function of the net effect of these 
processes on the fitness of each partner. It is crucial we take a holistic view of the lifetime 
fitness benefit accrued by each partner rather than rely upon immediate measurements 
of resource exchange. 

Keywords: functional diversity, mutualism, carbon-for-nutrient exchange, evolution 
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Inbreeding, low dispersal and habitat-driven orchid mycorrhizal associations in Tulasnella 

Celeste Linde (Ecology and Evolution, Australian National University, Canberra, Aus-
tralia), Monica Ruibal (Australian National University, Canberra, Australia), Yann Trip-
onez (Australian National University, Canberra, Australia), Rod Peakall (Australian Na-
tional University, Canberra, Australia) 

Fundamental life history processes of mycorrhizal fungi with inconspicuous fruiting bod-
ies can be difficult to elucidate. In this study we investigated the species identities and 
life history of the orchid mycorrhizal Tulasnella fungi, which associate with the south 
eastern Australia orchid genus Chiloglottis. Tulasnella prima was the primary partner and 
was found to be associated with all 17 Chiloglottis species across a range of >1000 km, 
and to occur in the two edaphic conditions investigated (soil and sphagnum hammocks). 
Another Tulasnella species (T. sphagneti) appears to be restricted to moist conditions of 
alpine sphagnum hammocks. The population genetic structure of the widespread species 
T. prima, was investigated at 10 simple sequence repeat (SSR) markers and at four cross-
amplified SSR loci for T. sphagneti. For both taxa, no sharing of multilocus genotypes was 
found between sites, but clones were found within sites. Evidence for inbreeding within 
T. prima was found at 3 of 5 sites. Significant genetic differentiation was found within 
and between taxa. Significant local positive spatial genetic autocorrelation was detected 
among non-clonal isolates at the scale of two metres. Overall, the population genetic 
patterns indicated that in Tulasnella mating occurs by inbreeding and dispersal is typi-
cally restricted to short-distances. 

Keywords: orchid mycorrhizae, life history, inbreeding, habitat-driven diversity 
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Symbiont switching and alternative resource acquisition strategies but not shifts to 
parasitism drive breakdown of the plant – arbuscular mycorrhizal mutualism 

Gijsbert D. A. Werner (University of Oxford, Oxford, UK), William K. Cornwell (University 
of New South Wales, Sydney, Australia), Johannes H. C. Cornelissen (Vrije Universiteit 
Amsterdam, Amsterdam, the Netherlands), Nadedja A. Soudzilovskaia (Leiden Univer-
sity, Leiden, the Netherlands), Jens Kattge (Max Planck Institute for Biogeochemistry, 
Jena, Germany), Toby Kiers (Vrije Universiteit Amsterdam, Amsterdam, the Netherlands), 
Hafiz Maherali (University of Guelph, Guelph, Canada), Brad Oberle (New College of Flor-
ida, Sarasota, USA), Kabir Peay (Stanford University, Palo Alto, USA), Daniel McGlinn 
(Utah State University, Logan, USA) 

The plant-arbuscular mycorrhizal symbiosis is the world’s most important terrestrial mu-
tualism, and is thought to have facilitated the invasion of the land by plants. Yet, while 
many plant species could not survive without interacting with arbuscular mycorrhizal 
(AM) fungi, about 15% of all land plants have lost the ability to form the symbiosis. How-
ever, we lack empirical data on the drivers of this loss of plant-fungal cooperation and 
consequentially do not understand why the mutualism breaks down. Compiling a global 
database of plant-mycorrhizal status of almost 4,000 plant species, we used ancestral 
state reconstructions to study the persistence and loss of mutualism and identified ~25 
independent mutualism losses across the seed plants. We quantified the relative im-
portance of potential routes driving these breakdowns and found the ancestral mutual-
ism is three times as likely to be lost when: (1) host plants switch to other root symbionts 
and (2) they evolve alternative resource acquisition strategies. In contrast, (3) we found 
no evidence for shifts towards parasitism driving mutualism loss. This suggests that par-
asitism is not a main factor undermining stable cooperation among plants and AM fungi 
in nature. Studying the potential for soil and climate variables as drivers of AM mutualism 
loss, we found higher soil nutrients and lower temperatures to be significantly associated 
with collapses of the symbiosis. Our analyses reveal that even ancient and very funda-
mental plant symbioses can be abandoned if there is an alternative for their function. 

Keywords: mutualism, symbiosis loss, cheating, cooperation, macro-evolution 
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Biogeography of mycorrhizal symbiosis: using plant mycorrhizal traits in space and time 

Mari Moora (Department of Botany, Institute of Ecology and Earth Sciences, University 
of Tartu, Tartu, Estonia) 

Functional type- and trait based approaches to understanding community dynamics and 
ecosystem functioning are gradually gaining popularity. However, plant mycorrhizal 
traits are rarely considered in plant trait databases and are almost neglected in trait 
based plant community studies, despite that more than 80% of the land flora is mycor-
rhizal. In addition, knowledge about plant mycorrhizal traits in combination with plant 
distribution data gives an opportunity to study the importance and dynamics of mycor-
rhizal symbiosis across environmental gradients in space and time. 

In this talk I shall discuss and define the mycorrhizal traits of plant species, notably my-
corrhizal type, mycorrhizal status and mycorrhizal flexibility. I demonstrate ways of using 
these plant traits for understanding the dynamics and distribution of mycorrhizal symbi-
osis (1) across space at continental scale in Europe; (2) across time during the last 50,000 
years in Arctic; and last but not least (3) for understanding the effect of mycorrhizal sym-
biosis on plant realized niche. 
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Nitrogen pollution shifts forest mycorrhizal biogeography at continental scale 

Colin Averill (Boston University, Boston, USA), Michael C. Dietze (Boston University, Bos-
ton, USA), Jennifer M. Talbot (Boston University, Boston, USA) 

  Most trees on Earth form a symbiosis with either ectomycorrhizal or arbuscular mycor-
rhizal fungi. The type of association has demonstrated importance for understanding 
ecosystem carbon (C) and nitrogen (N) cycling. Given this, it becomes important to un-
derstand where different mycorrhizal associations are, what controls their distribution, 
and where they will be in the future. Here we analyze ~3,000 forest inventory plots from 
the United States, and determined the relative abundance of arbuscular and ectomycor-
rhizal associated trees. We model this abundance as a function of climate, soil chemical 
properties, and atmospheric N deposition. We hypothesized that N pollution in the 
United States has affected the relative abundance of different forest mycorrhizal associ-
ations. 

Models showed that climate, soil chemistry, and N deposition were important for pre-
dicting the relative abundance of ecto- and arbuscular associated trees. Ectomycorrhizal 
trees were more abundant in cold and wet climates compared to hot and dry. Low soil 
pH and high soil C:N ratios were also associated with an increase in the relative abun-
dance of ectomycorrhizal trees. Most interesting, N deposition reduced the abundance 
of ectomycorrhizal compared to arbuscular mycorrhizal associated trees independent of 
climate and soil chemistry. Given the known associations between ectomycorrhizal dom-
inance and soil C stabilization, we argue that N pollution in the United States has shifted 
the forest microbiome in a way that may have large implications for ecosystem C balance. 
Future changes in atmospheric N deposition will likely alter forest community composi-
tion and C balance via interactions with the forest microbiome. 

Keywords: nitrogen deposition, soil carbon 
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Mycorrhizas in a changing world: globalization effects on composition, networks, and 
function 

Ian A. Dickie (School of Biological Sciences, Bio-Protection Research Centre, University of 
Canterbury, Christchurch, New Zealand) 

The worldwide transport of plants and mycorrhizal fungi outside their native ranges pro-
foundly alters plant and fungal communities. This is particularly true in the context of 
invasions of ectomycorrhizal plants and fungi. Using both molecular methods and sporo-
carp surveys we are beginning to understand how these linked plant-fungal invasions 
proceed, including similarities and differences across different plant species. Using data 
from New Zealand and the United Kingdom, we find the introduced plant-fungal net-
works show less modularity than native networks and, in NZ, lower functional diversity. 
Recent data using environmental barcoding at multiple scales suggests plant introduc-
tions also change the predicatbility and spatial structure of fungal communities at local, 
regional, and national scales. As a whole, the results suggest alien plants are largely, but 
not entirely, invading using non-native fungal associations. These alien-plant associated 
fungal communities are more variable in function across species, more inter-connected, 
and more predictable at large spatial scales than native plant associations. Overall, the 
results show that understanding the effects of globalisation on plant-fungal interactions 
requires considering a broader interaction-network context at multiple spatial scales. 
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The global diversity and importance of mycorrhizal and nonmycorrhizal plants 

Mark Brundrett (Biological sciences, University of Western Australia, Crawley, Australia) 

On a global scale the majority of plants are mycorrhizal, 72% with AM (7% inconsistent 
AM), >2% are ectomycorrhizal (EM), <2% have ericoid mycorrhizas and 10% have orchid 
mycorrhizas. Nonmycorrhizal (NM) and NM-AM plants typically occur where plant 
productivity is limited. Miss-assignment of mycorrhizal types is common in databases and 
can have serious consequences on the validity of results of meta-analyses. 

Australia is a global diversity hotspot for root evolution, with about 1/3 of EM plants, 
many NM plants and 1/4 of all carnivorous plants. There is strong phylogenetic con-
sistency for within plant families, but also exceptions including Australian members of 
the Fabaceae and the Myrtaceae, which have many switches from AM to EM, EM-AM or 
NM roots. 

Globally, the two main evolutionary trends are from AM to NM (~45,000 spp.), or from 
AM to EM (>6000 spp.). Three waves of mycorrhizal evolution are evident, starting when 
AM plants colonised land. The second wave was in the Cretaceous for the Orchidaceae, 
Ericaceae, as well as EM, NM, parasitic, carnivorous and nitrogen fixing plants. The recent 
origin of New Complex Root (NCR) clades in Australia (and elsewhere) is a third wave of 
mycorrhizal evolution starting in the Pleistocene. NCR lineages have diverse roots types 
within a genus and show explosive diversification in the past 30 Ma coinciding with con-
tinental aridification and highly unfertile soils in southwestern Australia. These condi-
tions resulted in an advantage for plants with new or variable root types and provide a 
preview of future conditions elsewhere on earth. 

References: 
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zal plants. In: Biogeography of Mycorrhizal Symbiosis. Book series: Ecological Studies. Ed 
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CONCURRENT SESSION: Mycorrhizas in plant and fungal 
invasions 

Invasions of alien species are a major driver of global change, of concern in both natural 
and managed ecosystems. Mycorrhizal fungi can determine the success or failure of plant 
invasions and shape the impacts of invasive plants on ecosystem function, as are invasive 
species in their own right. Research on linked plant-fungal invasions provides unique in-
sights into mycorrhizal ecology, including the ecology of non-mycorrhizal and facultatively 
mycorrhizal plants, specificity between plants and fungi, interactions between mycorrhizal 
fungi and other biota, and effects of mycorrhizas on ecosystem functions. Notwithstanding 
this potential, there remain major gaps in our knowledge. Correct classification of the my-
corrhizal status of plants, clear species concepts for fungi, and better knowledge of fungal 
species origins and distributions are essential to advancing the field. This session will cover 
multiple mycorrhizal types and their role in invasions, and highlight emerging mycorrhizal 
paradigms and critical research gaps in plant and fungal invasions. 

Chair: Ian Dickie 
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The pantropically introduced Polygonaceae Coccoloba uvifera was followed by specific, 
pseudovertically transmitted Scleroderma spp. 

Marc-Andre Selosse (Institut de Systématique, Evolution, Biodiversité (UMR 7205), Muséum 
national d'Histoire naturelle, Paris, France), Seynabou Sene (Laboratoire Commun de Micro-
biologie, IRD/UCAD/ISRA, Dakar, Senegal), Mathieu Forget (Institut de Systématique, Evolu-
tion, Biodiversité (UMR 7205), Muséum national d'Histoire naturelle, Paris, France), Amadou 
Ba (Laboratoire de Biologie et Physiologie Végétales, Faculté des Sciences Exactes et Na-
turelles, Université des Antilles, Pointe-à-Pitre, France) 

Coccoloba uvifera (Polygonaceae) is an ectomycorrhizal tree endemic to Caribbean 
beaches. It has been introduced pantropically for ornament, fruits production and stabi-
lization of sandy soils. Investigating three Caribbean regions of origin (ROs) of C. uvifera 
(Guadeloupe, Martinique and Porto Rico) and six regions of introduction (RIs) of the tree 
(Brazil, Senegal, Guyana, La Réunion (Pacific Ocean), Okinawa and Malaysia), ITS barcod-
ing revealed that C. uvifera associates with diverse fungi mostly in ROs but with single 
species of semi-hypogeous Scleroderma in RIs. These species, also present in ROs, are an 
unknown Scleroderma in Brazil, Japan and Malaysia, and Scleroderma bermudense in 
Guyana, Senegal and La Réunion. To further assess whether S. bermudense was intro-
duced or native in RIs, we analyzed populations using six microsatellite markers. No 
founder effect was observed in RIs, but the pattern of isolation by distance was congru-
ent with independent introductions to Senegal and La Réunion. These two populations 
were less divergent from each other than expected, and very close to some ROs’ popu-
lations. Moreover, in Senegal, C. uvifera cannot associate with local ectomycorrhizal 
fungi, but forms spontaneously ectomycorrhizas with S. bermudense, even in sterile soil. 
Scanning electron microscopy revealed that some dried fruit aggregates sand and spores, 
likely during the drying process on soil, likely transmitting the fungus with limited founder 
effect. Specific ectomycorrhizal Scleroderma species from the RIs were thus introduced 
with C. uvifera seeds, in an accidental microbial co-introduction with plants, thanks to a 
hitherto undescribed pseudovertical transmission of mycorrhizal symbionts. 

Keywords: introduction, population genetics, scleroderma, seagrappe, specificity 
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Plant provenance vs. functional group identity: The arbuscular mycorrhizal fungal per-
spective on plant invasions 

Ylva Lekberg (MPG Ranch and University of Montana, Missoula, USA) 

Arbuscular mycorrhizal fungi (AMF) may facilitate plant invasion by increasing the com-
petitive ability of exotic plants or by reducing the biotic resistance of native plants. Well-
studied systems involving spotted knapweed (Centaurea stoebe) and garlic mustard (Al-
laria petiolata) illustrate both strategies, but whether one is more prevalent among in-
vasive plants and differ fundamentally from mycorrhizal associations of native plants are 
unknown. I will present data from field surveys in intermountain grasslands in Montana 
that shows disparate responses by AMF to different invaders. Specifically, the annual 
cheatgrass (Bromus tectorum) reduced AMF abundance whereas the perennial forbs 
spotted knapweed and leafy spurge (Euphorbia esula) increased AMF abundance, rich-
ness and diversity relative to grass-dominated native communities Thus, AMF responses 
to – and potential role in – plant invasions may be highly dependent on plant functional 
group identity of the invader relative to the community being invaded. A meta-analysis 
of peer-reviewed articles provided further support that plant-AMF interactions are best 
predicted by plant functional group, not provenance. Ongoing field experiments that 
evaluate the functional consequences of invader-mediated shifts in AMF communities 
will be discussed, as will comparisons of AMF communities across native and invasive 
ranges. 
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Reduced mycorrhizal responsiveness leads to increased competitive tolerance in an in-
vasive exotic plant 

Lauren Waller (Bio-Protection Research Centre, Lincoln University, Lincoln, New Zealand), 
Ragan Callaway (University of Montana, Missoula, USA), John Klironomos (University of 
British Columbia, Okanagan, Canada), Yvette Ortega (USDA Forest Service, Rocky Moun-
tain Research Station, Missoula, USA), John Maron (University of Montana, Missoula, 
USA) 

Many exotic invasive species associate weakly with AM fungi, which may be beneficial in 
disturbed habitats where competition for resources is low. However, less is known about 
how weak responsiveness to AM fungi may benefit invaders in a competitive environ-
ment. Furthermore, since some exotic plants interact differently with AM fungi in their 
new ranges, range-based shifts in AM responsiveness could influence competitive inter-
actions between exotic and resident plants, although this remains poorly studied. We 
explored whether genotypes of the annual exotic Centaurea solstitialis (yellow starthis-
tle), collected from populations across the native and non-native ranges, differed in re-
sponsiveness to AM fungi in the introduced range and whether range-based differences 
in mycorrhizal responsiveness affected how strongly C. solstitialis tolerated competition 
with the North American native bunchgrass, Stipa pulchra. Grown alone, C. solstitialis 
from both ranges derived only weak benefits from AM fungi. However, association with 
AM fungi was costly to plants when grown in competition with S. pulchra. The magnitude 
of the suppressive effect of AM fungi was greater for genotypes from native versus in-
troduced populations. This suggests that AM fungi may contribute to invasion resistance 
in established native communities, but range-based shifts in the way exotic genotypes 
respond to AM fungal partners may counter such biotic resistance. 

  

  



ICOM 9 

243 

CL (ID 289) 

Effect of plant invasion on assembly rules in arbuscular mycorrhizal fungal communi-
ties 

Petr Kohout (Institute of Microbiology, Czech Academy of Sciences, Prague, Czech Repub-
lic), Kateřina Štajerová (Institute of Botany, Czech Academy of Sciences, Průhonice, Czech 
Republic), Martin Hejda (Institute of Botany, Czech Academy of Sciences, Průhonice, 
Czech Republic), Radka Sudová (Institute of Botany, Czech Academy of Sciences, Průho-
nice, Czech Republic), Zuzana Kolaříková (Institute of Botany, Czech Academy of Sciences, 
Průhonice, Czech Republic), Maarja Öpik (Institute of Ecology and Earth Sciences, Univer-
sity of Tartu, Tartu, Estonia), Petr Pyšek (Institute of Botany, Czech Academy of Sciences, 
Průhonice, Czech Republic) 

Many plant species have been introduced to new habitats throughout the world, and 
some also spread and grow in abundance and extend beyond original points of introduc-
tion. Plant species that spread extensively in their novel habitats are termed invasive. 
Many invasive plants affect populations of native species, resident communities and in-
fluence ecosystem properties. Despite the salient role of arbuscular mycorrhizal fungi 
(AMF) in plant life, studies exploring the changes in host plant-AMF relationship during 
the invasion processes are scarce. To better understand the effect of plant invasions on 
assembly rules in arbuscular mycorrhizal fungal communities, we conducted a cross con-
tinental study focused on AMF communities associated with three host plant species 
(Cirsium arvense, Tanacetum vulgare and Leucanthemum vulgare), which are native in 
Europe and invasive in North America. Besides the above mentioned plant, we also sam-
pled representative amount of all surrounding plant species on each study site, to deter-
mine the local AMF species pool. The study was conducted on nine sites in North America 
(USA: Wyoming, Montana, Minnesota; Canada: Ontario) and nine sites in Europe (Czech 
Republic, Poland and Switzerland). Illumina sequencing of SSU region of rDNA was used 
for characterisation of the AMF community composition in all 550 samples. We found 
significantly smaller host plant effect on AMF community composition in introduced, 
compare to native host plant range. Besides that, invasive plants differed in their AMF 
partner choice from the local species pools between introduced and native range. 
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Fungal bio-fertilizers may suppress local plant communities  

Vasileios Kokkoris (Biology, University of British Columbia Okanagan, Kelowna, Canada), 
Miranda Hart (Biology, University of British Columbia Okanagan, Kelowna, Canada) 

Bio-fertilizers are microbes used to improve crop performance, but we know little of how 
they affect wild plant communities. Arbuscular mycorrhizal (AM) fungi form important 
root symbioses with most plants and are increasingly applied as bio-fertilizers to many 
crops around the world. Due to the intimate connection between plants and their AM 
fungi, we asked if commercial inoculants interact differently with native plants versus 
crop plants. We hypothesized that commercial inoculants would stimulate crop plants 
but suppress wild plants, which should perform better with locally adapted fungi. 

We grew a commercial AM fungal isolate and a closely related wild relative with 10 dif-
ferent plants (five cultivars and five wild plants), and measured plant growth (biomass, 
seeds, leaf phosphorus content) and fungal performance (spore number, mycelial size 
and fungal structures). 

Contrary to our hypothesis – plants responded similarly, but negatively, to the commer-
cial isolate compared to the wild isolate. Plants inoculated with the commercial isolate 
allocated more biomass above ground while plants inoculated with the wild isolate allo-
cated more biomass to roots. Leaf phosphorus was significantly lower for plants inocu-
lated with the commercial isolate, suggesting the commercial isolate was less mutualis-
tic. The commercial isolate produced significantly higher number of spores compared to 
the wild one independently of the host. 

Such differences have the capacity to lead to long term changes in plant communities, 
thus the use of commercial inoculum must be considered from an ecological perspective. 
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Arbuscular and Ectomycorrhizal Fungi in a Warmer, Fertilized Forest Colonized by an 
Invasive Plant 

Mark A. Anthony (Natural Resources, University of New Hampshire, Durham, USA), Serita D. 
Frey (Natural Resources, University of New Hampshire, Durham, USA), Kristina A. Stinson (En-
vironmental Conservation, University of Massachusetts, Amherst, USA) 

The mycorrhizal component of temperate forest soils influences carbon (C) and nitrogen 
(N) cycling and may be sensitive to simultaneous global change stressors. To assess this, 
we introduced invasive Alliaria petiolata into forest plots that had been experimentally 
warmed (+5ºC), fertilized (+50 kg N ha-1 yr-1), or both for ten years. Arbuscular mycorrhi-
zal (AMF) and ectomycorrhizal (EMF) fungal communities were assessed in soil samples 
collected in 2016 alongside soil C and N stocks and fluxes. Our results show that all stress-
ors reduced AMF and EMF diversity compared to ambient plots. EMF also had lower rel-
ative abundance across all stressors compared to ambient plots, with the three most 
abundant EMF taxa being Russula, Amanita, and Cortinarius. These genera were sensitive 
to invasion in control, warmed, and fertilized plots but this effect was ameliorated in 
warmed × fertilized plots. At the same time, AMF diversity was lowest in plots with all 
three stressors compared to all other plots and had enhanced dominance by Glomus at 
the expense of less common taxa, like Paraglomus, ultimately reducing community het-
erogeneity. Plots with all three stressors also had lower N-mineralization compared to 
ambient plots, and N-mineralization was positively correlated with C-mineralization and 
AMF richness. Our results suggest that the global change factors studied reduced mycor-
rhizal diversity and C and N-mineralization rates in forests invaded by A. petiolata. A. 
petiolata invasion into a warmer, fertilized forest may lead to local extinction of mycor-
rhizae by enhancing dominance of abundant taxa and homogenizing community compo-
sition. 

Keywords: global change, climate change, nitrogen deposition, invasion, biogeochemistry 
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Suillus lakei and Aureoboletus projectellus in native and invasion range 

Marcin Pietras (Department of Plant Taxonomy and Nature Conservation, University of 
Gdańsk, Gdansk, Poland), Marta Kolanowska (Department of Plant Taxonomy and Na-
ture Conservation, University of Gdansk, Gdańsk, Poland) 

Recently the species distribution niche modeling was successfully used to estimate the 
current potential and feature range of numerous animal and plant species. So far this 
method was not applied to estimate distribution of any non-pathogenic fungi. Therefore, 
here, the maximum entropy method was used to create models of suitable niche distri-
bution and future range of two ectomycorrhizal fungi: Suillus lakei and Aureoboletus pro-
jectellus. This research indicated that the area of potential habitats of S. lakei in native 
and invasive habitat acreage will decrease by 2080. The limiting factor for further expan-
sion of S. lakei in invasion range will be disjunctive occurrence of its ectomycorrhizal part-
ner – Douglas fir. In each scenario of climate change available niches of A. projectellus 
will decrease in native range (from 214 000 km2 nowadays to 31 932 km2 in 2080), but 
surprisingly, increase in invasion range (from 95 000 km2 to 289 000 km2 in the same 
period). Most decisive factors for A. projectellus occurrence are precipitation of driest 
month and annual mean temperature. 

This study was supported by the Polish National Science Center within grant No.DEC-
2015/16/S/NZ9/00370 

Keywords: fungal invasion, Niche modeling, Aureoboletus projectellus, Suillus lakei 
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Soil fungal community in grassland with and without Fritillaria meleagris 

Shadi Eshghi Sahraei (Department of Ecology and Genetics, Evolutionary biology, Upp-
sala University, Uppsala, Sweden), Douglas Scofield (Department of Information Tech-
nology, Uppsala University, Uppsala, Sweden), Anna Rosling (Department of Ecology and 
Genetics, Evolutionary biology, Uppsala University, Uppsala, Sweden) 

The Uppsala Kungsäng Nature preserve is a species-rich grassland founded in 1943 to 
protect Scandinavias largest population of Fritillaria meleagris. The reserve stretches 
from a wet unmanaged area along the Fyris river with low Fritillaria density into a drier 
area managed by annual mowing where Fritillaria is abundant. The botanical composi-
tions change dramatically from the wet western part to the drier eastern part of the filed. 
In this study, we explored the soil fungal communities associated with this shift. 

Soil samples were taken at five locations along two parallel 30 m transects (west and 
east). At each location two soil samples were collected, one by a Fritilaria plant and an-
other at least 50 cm from a Fritillaria plant. After DNA extraction, ribosomal genes were 
amplified using ITS1-F/LR5-R primer-set. The resulting 1500 bp amplicons were se-
quenced using PacBio. This produced a dataset with 53 057 reads after quality control 
and de-multiplexing. The entire reads were clustered using Usearch and taxonomically 
identified by blasting of LSU region to Silva database, identifying 378 operational taxo-
nomic units (OTUs). On average, 73 OTUs across 699 fungal reads were recovered from 
each soil sample. 

Principle component analysis demonstrated a clear separation of fungal communities 
from the two sides of the field, with species from Pleosporales and Mortierellales domi-
nating the east side and species from Capnodiales and Hymenochaetales dominating the 
west side. Further, we observed a separation of fungal communities from Fritillaria and 
non-Fritillaria soil samples in the east part of the field. 

Keywords: soil, grassland, Fritillaria meleagris 
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What do we know about mycorrhizae role in exotic conifers’ invasion of Nothofagaceae 
forests in Patagonia, Argentina? 

María Eugenia Salgado Salomón (Protección Forestal, Centro Forestal CIEFAP, Esquel, 
Argentina), Carolina Barroetaveña (Protección Forestal, Centro Forestal CIEFAP, Esquel, 
Argentina), María Belén Pildain (Protección Forestal, Centro Forestal CIEFAP, Esquel, Ar-
gentina) 

Mycorrhizae associations are vital for Nothofagaceae forests and P. menziesii planta-
tions’ establishment and development. In Patagonia, P.menziesii is being planted close 
or within native forests, showing an aggressive invasion behaviour. We studied the my-
corrhizal status of seedlings along Nothofagaceae+P.menziesii invasion matrices to inves-
tigate their role in this process. Our results present evidence that P. menziesii invasion of 
Nothofagaceae forests occurs with the co-invasion of their mycorrhizal partners. Also, 
soil environments located beyond invading conifers seedlings have shown to hold ecto-
mycorrhizal inoculum capable to associate with incoming new plants. We have evidence 
that P. menziesii invasion could produce maladaptation of native ectomycorrhizal com-
munities. Hebeloma mesophaeum, a Wilcoxina sp. (early-stage and common P. men-
ziesii’s ectomycorrhiza) and a Pyronemataceae sp. (widely associated with Nothofaga-
ceae spp.) were found shared by P. menziesii and Nothofagaceae spp. Interestingly, 
Hebeloma hiemale and Wilcoxina sp., common partners for P. menziesii in Patagonia alt-
hough not registered from Nothofagaceae forest, were found associated with N. antarc-
tica, this is the first report for both fungal species. Pseudotsuga menziesii seedling seems 
to have the ability to form different AM colonization types (Paris-Arum-Both-Intermedi-
ate-type) depending on sites conditions. Significant high presence of Intermediate-type 
was found in seedling grown in invaded soils, where the colonization was less abundance. 
The presence of different mutual association gives P. menziesii a strong ability for seed-
lings establishment. The nursery mycorrhizal effect has been observed consistently in 
different environments, therefore, this fact should be considered in the design, site se-
lection and invasion management of fast growing exotic plantations in Patagonia. 

Keywords: Ectomycorriza, arbuscular mycorrhizas, Patagonia, Nothofagus forest 
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Is Pennisetum setaceum altering the arbuscular mycorrhizal fungi communities during 
the invasion process? 

Gema Rodríguez-Caballero (Department of Soil and Water Conservation and Organic 
Waste Management, CEBAS-CSIC, Murcia, Spain), Fuensanta Caravaca (Department of 
Soil and Water Conservation and Organic Waste Management, CEBAS-CSIC, Murcia, 
Spain), Antonio Roldán (Department of Soil and Water Conservation and Organic Waste 
Management, CEBAS-CSIC, Murcia, Spain) 

The involvement of mutualistic plant-fungal interactions in invasion processes, especially 
in some climatic regions including arid and semiarid areas, has not been sufficiently in-
vestigated. To provide an insight into the possible role of arbuscular mycorrhizal fungi 
(AMF) during invasion, we compared the AMF communities harbored by the invasive 
plant Pennisetum setaceum with those from the co-occurring native Hyparrhenia hirta at 
five different Mediterranean semiarid locations with different edaphic characteristics. 
Illumina high throughput sequencing technology was used to investigate AMF communi-
ties. The subsequent multivariate analysis showed that native and non-native host plants 
shared a similar AMF community, whereas the invaded locations differed significantly in 
such fungal communities. Simultaneously, and according to the canonical correspond-
ence analysis results, the variability in the AMF communities between sampling sites was 
related to changes in soil total carbon, electrical conductivity, respiration, and protease 
and urease activities. These findings reveal the unspecificity and adaptability of P. seta-
ceum in relation to its association with the AMF community encountered in the invaded 
locations, which could have facilitated its successful establishment and spread. 

Keywords: invasive plants, mycorrhizal symbiosis, microbial functioning, semiarid envi-
ronment, Illumina sequencing 

  



9th International Conference on Mycorrhiza| 30th July – 4th August 2017 | Prague, Czech Republic 

250 

POSTERS 

P (ID 367) 

Invasion shifts soil fungal community composition in California chaparral  

Michala Phillips (Botany and Plant Sciences, University of California Riverside, Riverside, 
USA), Edith B. Allen (Botany and Plant Sciences, University of California Riverside, River-
side, USA) 

Invasion persistence is likely driven by multiple interacting mechanisms, such as the a 
priori presence of both mutualistic and parasitic soil organisms or alteration of the be-
lowground community by the invasive species. We hypothesized that (1) invasive annuals 
will associate with an ‘early successional’ AMF community; (2) native perennials will likely 
associate with ‘late successional’ AMF species; and (3) invasive grasses will have a rela-
tively lower pathogen abundance. We collected roots and soils in March 2016 from two 
sites underneath individuals of a dominant native shrub (Adenostoma fasciculatum) and 
invasive grasses (Bromus diandrus and Avena fatua). We extracted DNA from root and 
soil sub-samples, amplified ITS2 and SSU rDNA using using primers specific to all fungi 
(ITS2) or to AMF (SSU). We sequenced amplicons on an Illumina MiSeq, and processed 
reads using QIIME. ITS sequences were aggregated to functional guilds using FUNguild. 
Host-plant invasive status drove differences in fungal community composition. NMDS 
shows clear grouping of both ITS and AMF communities by host-plant identity. Invasion 
increased abundance of Acaulosporaceae, in support of the first hypothesis. In contrast 
to the third hypothesis, invasives had a greater relative abundance of pathotrophic OTUs, 
whereas natives had a greater relative abundance of symbiotrophic OTUs. Invasion re-
sulted in an increase of ‘early successional’ AMF that primarily have intra-radicle coloni-
zation, which may decrease the presence of extra-radicle foraging hyphae in the soil. 
These natives depend on associations with foraging hyphae to increase access to re-
sources; a loss of this inoculum may reduce success of re-establishment 
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Effect of Arbuscular Mycorrhizal Fungi on vascular wilt control caused by Fusarium 
oxysporum in goldenberry plantlets 

Margarita Ramirez (Tibaitata Investigation Center, Colombian Corporation of Agricul-
tural Research, Bogota, Colombia), Urley A. Perez (Tibaitata Investigation Center, Colom-
bian Corporation of Agricultural Research, Bogota, Colombia), Andrea M. Peñaranda (Ti-
baitata Investigation Center, Colombian Corporation of Agricultural Research, Bogota, 
Colombia), Diana P. Serralde (Tibaitata Investigation Center, Colombian Corporation of 
Agricultural Research, Bogota, Colombia) 

Colombia is one of the largest cape gooseberry producers in the world. The pathogenic 
fungi Fusarium oxysporum affects seriously the production and quality of the fruits, caus-
ing losses that reach 80 to 100% of the culture. In addition, there are not effective ways 
to control the vascular wilt caused by this pathogen, because the commercial fungicides 
has low effectiveness, and high economical and environmental cost, plus the pathogen 
has high persistence in soils and physiological versatility. The Arbuscular Mycorrhizal 
Fungi, can exert a positive control in the effect of vascular wilt. This study was aimed to 
evaluate this effect in greenhouse conditions in a cape gooseberry plantlets. A complete 
random blocks design with three treatments, one inoculated with a mixture of Arbuscu-
lar Mycorrhizal Fungi (Glomus sp. + Acaulospora mellea) and two controls with a com-
plete and half conventional chemical fertilization was used in this experiment. All plant-
lets were inoculated with Fusarium oxysporum in a 104 microconidia-1 per liter concen-
tration. We analyzed plant-root development as well as incidence and severity of 
vascular wilt, finding that plants that were biofertilized with a mixture of Arbuscular my-
corrhizal Fungi had a low incidence and severity disease levels compared with controls 
and show a regular plantlets development. Results allow us to consider that the use of 
Arbuscular Mycorrhizal Fungi could be implemented as part of an integrated strategy 
model to control the effect of vascular wilt caused by Fusarium oxysporum 

Keywords: arbuscular mycorrhyzal fungi, Fusarium oxysporum, Physalis peruviana, vas-
cular wilt 
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Impact of invasive plants to fungal community structure and soil characteristics  

Claudia Krüger (Department of Mycorrhizal Symbioses, Institute of Botany of the CAS, v. 
v. i., Pruhonice, Czech Republic), Markéta Petružálková (Department of Mycorrhizal Sym-
bioses, Institute of Botany of the CAS, v. v. i., Pruhonice, Czech Republic), Petr Kohout 
(Department of Mycorrhizal Symbioses, Institute of Botany of the CAS, v. v. i., Pruhonice, 
Czech Republic) 

The NAKI II project is a cooperation of several research groups to study biotic risks which 
may occur in parks and their surroundings. Our group’s main focus lies on designing sus-
tainable management procedures for cultivated alien plant species in chateau parks and 
landscape gardens, by studying newly introduced plants and the subsequent danger of 
potential pathogens to fungal communities. Invasive plant species are known to influ-
ence diversity, e.g. by reshaping soil properties (Gibbson et al. 2017) and can alter fungal 
communities (e.g. EcMF, AMF and pathogens) between native and non-native sites (Ki-
vlin et al. 2011, Yannarell et al. 2011). This may suggest that they even influence soil 
ecology on larger scales than their own rhizosphere. By sampling of soil in different parks 
distributed all over the Czech Republic, we want to find out the difference between hu-
man shaped chateau gardens and nearby natural areas (forest). Thus will enable us to 
identify potential treatments to prevent potential risks of invasive species, such as appli-
cation of fungicides, etc. The park sampling in the Czech Republic will be done in ca. 50 
gardens, soil cores are taken of different tree individuals with according metadata (GPS, 
tree spp., tree cover, etc.). Soil characteristics will be analysed of the plant rhizosphere 
and fungal communities will be screened by Illumina sequencing. Preliminary results of 
the first 10 parks sampled are shown. 

References: 

Kivlin SN et al. (2011) Differentiating between effects of invasion and diversity: impacts 
of aboveground plant communities on belowground fungal communities. New Phytolo-
gist, 189: 526–535. 

Yannarell AC et al. (2011) Soil bacteria and fungi respond on different spatial scales to 
invasion by the legume Lespedeza cuneate. Frontiers in Microbiology, article: 127. 

Zubek S et al. (2016) Invasive plants affect arbuscular mycorrhizal fungi abundance and 
species richness as well as the performance of native plants grown in invaded soils. Biol-
ogy and Fertility of Soils, 52(6): 879–893. 

Keywords: invasive plants, fungal community 
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Stress acclimatization and melanin production of Dark Septate Endophytes 

Dalia A. Gaber Mahmoud (Leibniz-Institute of Vegetable and Ornamental Crops, Gross-
beeren, Germany), Charlotte Berthelot (Laboratoire Interdisciplinaire des Environnements 
Continentaux, University of Lorraine, Nancy, France), Damien Blaudez (Laboratoire Inter-
disciplinaire des Environnements Continentaux, University of Lorraine, Nancy, France), 
Gábor M. Kovács (Department of Plant Anatomy, Institute of Biology, Eötvös Loránd Uni-
versity, Budapest, Hungary), Philipp Franken (Institute of Biology, Humboldt University of 
Berlin, Berlin, Germany) 

Endophytes are considered as microorganisms living inside the tissues of their host plants 
without causing any disease symptoms. One large group of root endophytic fungi is the 
so called Dark Septate Endophytes (DSEs), which are frequently isolated from environ-
ments with strong abiotic stress. They are characterized by the formation of specific mi-
crosclerotia within plant cells. 

In the current study, we first monitored the responses of two model DSEs, Periconia mac-
rospinosa and Cadophora sp. to different abiotic stresses. DSE growth and morphology 
on different culture media subjected to high temperature, salt and heavy metals sug-
gested that both endophytes have a high competence to tolerate abiotic stress. 

In a second step, DSEs were cultivated at moderately increased concentrations of NaCl. 
Such acclimatized strains were more tolerant to increasing salt concentrations and inter-
estingly, showed also a differential response to other abiotic stresses. 

DSEs are usually characterized by high levels of melanin pigmentation. Our analyses in-
dicated that among three pathways, previously identified in ascomycetes, the 1,8-dihy-
droxynaphthalene (DHN) pathway was used for melanin biosynthesis in the current 
model DSEs. Melanin content increased in response to the presence of salt stress. 

We conclude that our two DSE models can tolerate severe stress conditions and that this 
tolerance can be even increased during adaptive cultivation. This might lead to their ap-
plication as biological agents in plant production systems conferring abiotic stress toler-
ance to crops. However, it should be tested whether melanin pigmentation is a good 
proxy for screening this potential. 
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Differential interaction of dark septate endophytes and fungal pathogens in vitro and 
in planta 

Wael Yakti (Leibniz-Institute of Vegetable and Ornamental Crops, Großbeeren, Germany 
& Humboldt University of Berlin, Berlin, Germany), Gábor M. Kovács (Eötvös Loránd Uni-
versity / Plant Protection Institute, Centre for Agricultural Research, Hungarian Academy 
of Sciences., Budapest, Hungary), Philipp Franken (Leibniz-Institute of Vegetable and Or-
namental Crops, Großbeeren, Germany & Humboldt University of Berlin, Berlin, Germany) 

Dark Septate Endophytes (DSEs) is a group of widespread root-colonizing fungi. The role 
of these endophytes in ecosystems and their interactions with plants and phytopatho-
gens are not well understood. In the current study, we assessed the biocontrol potential 
of the two model DSEs Periconia macrospinosa and Cadophora sp. against the tomato 
pathogens Rhizoctonia solani, Pythium aphanidermatum and Verticillium dahliae. To in-
vestigate the interaction between DSEs and fungal pathogens we performed in vitro as-
says followed by a greenhouse experiment in which tomato plants inoculated with one 
of the DSEs or control, were challenged by one of the three pathogens. The pathogens 
and the DSE fungi were quantified in the roots using qRT-PCR assays. 

Both DSE species inhibited the growth of the three fungal pathogens in vitro most prob-
ably by compounds secreted by the DSEs into the medium. On the other hand, a negative 
effect of the pathogens on the DSEs was also detected. In roots, these negative effects 
could not be observed, e.g. root colonization by V. dahliae and P. aphanidermatum was 
increased in the presence of Cadophora sp.- and Cadophora sp. can form more biomass 
in roots colonized by pathogens. 

Keywords: dark septate endophytes, Ascomycota, phytopathogens, biocontrol 
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Efficacy of arbuscular mycorrhizal fungi in different integrated disease management 
approaches on carnation wilt 

Harender Raj Gautam (Department of Plant Pathology, Dr Y.S. Parmar University of Hor-
ticulture and Foretsry, Solan, Himachal Pradesh, India), Savita Verma (Department of 
Plant Pathology, Dr Y.S. Parmar University of Horticulture and Foretsry, Solan, Himachal 
Pradesh, India) 

Wilt (Fusarium oxysporum f. sp. dianthi) of carnation is a serious disease in India. Effect 
of conjoint application of Arbuscular mycorrhizal (AM) fungi, Azotobacter chroococcum 
and Trichoderma viride was evaluated in soil solarised with transparent polyethylene 
mulch (25 µm thick) and amended with neem (Azadirachta indica) cake (10 tones/ha) on 
the incidence of Fusarium wilt, growth of the plants and important quality characteristics 
of the flowers in carnation. Conjoint application of native isolates of AM fungi (5g of in-
oculums/ plant, raised on Vigna radiata), A. chroococcum (5g slurry/ plant as root inocu-
lation of cuttings) and T. viride (0.5g talc based formulation mixed in 25g of farmyard 
manure/ 5kg of pot soil) as soil application before transplantation of the cuttings was 
found most effective with 97.2 per cent reduction in disease incidence in comparison to 
unsolarized control. This treatment combination also resulted in 242.1, 45.3, 43.0 and 
150.0 per cent increase in important plant quality parameters like number of flowers per 
plant, flower size, length of flowering stem and stem strength with ‘A’ grade flowers, 
respectively in comparison to unsolarized control. Conjoint application of AM fungi, A. 
chroococcum and T. viride was also found effective in unsolarized soil with 80.0 per cent 
reduction in the plant mortality with appreciable increase in plant growth and flower 
quality characteristics in comparison to control. This treatment resulted in 23.8 times 
higher spore count of AM fungi in solarized soil in comparison to unsolarized control and 
also resulted in 21.6 per cent root colonization.  

Keywords: arbuscular mycorrhizal fungi, Azotobacter chroococcum, Trichoderma viride, 
soil solarization, Fusarium oxysporum f. sp. dianthi 
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Remediation of degraded post-opencast mine land with tree species inoculated with 
arbuscular mycorrhizal fungi in Indonesia. Remediation of degraded post-opencast 
mine land with tree species inoculated with arbuscular mycorrhizal fungi in Indonesia 

Keitaro Tawaraya (Faculty of Agriculture, Yamagata University, Tsuruoka, Japan), Dewi 
Wulandari (Southeast Asian Regional Centre for Tropical Biology, Bogor, Indonesia), 
Weiguo Cheng (Faculty of Agriculture, Yamagata University, Tsuruoka, Japan) 

Deforestation is occurring owing to over logging, forest fire, forest conversion into agri-
cultural land and opencast mining in Indonesia. Opencast mining removes vegetation and 
soil of natural forests and results in increasing atmospheric CO2. Immediate remediation 
of degraded post-opencast mine land is required. Arbuscular mycorrhizal (AM) fungi can 
increase growth of tree species in disturbed fields. The objective of this study was to 
investigate the effect of inoculating native AM fungi on the growth of Albizia saman and 
Paraserianthes falcataria in a nursery and a post- opencast coal mine field. Seeds of A. 
saman and P. falcataria were inoculated with three native AM fungi, Rhizophagus clarus, 
Gigaspora decipiens, and Scutellospora sp., and sown in sterilized compost under nursery 
conditions for six months. Non-inoculated seeds were used as control. Inoculated seed-
lings were transplanted in a post- opencast coal mine field and grown for seven months. 
AM colonization, shoot nitrogen (N) and phosphorus (P) concentration, stem diameter, 
and shoot dry weight were measured both in the nursery and in the field. AM coloniza-
tion was 3–82% under nursery conditions and increased shoot P content and dry weight. 
Stem diameter, shoot N content, shoot P content, shoot dry weight, and survival rate 
under field conditions were higher in inoculated seedlings than in control seven months 
after transplanting. The results suggest that inoculating tree species with AM fungi pro-
motes remediation of post- opencast coal mine field. 

Keywords: remediation, opencast mining, Indonesia 
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Two exotic plant species affect negatively the dynamic of mycorrhizal fungi in Mada-
gascar natural forests 

Rondro Baohanta (Ecosystèmes Terrestre, Centre National de Recherches sur l'Envi-
ronnement Madagascar BP 1739 Fiadanana, Antananarivo, Madagascar), Doret Martial 
Andrianandrasana (Ecosystèmes Terrestre, Centre National de Recherches sur l'Envi-
ronnement Madagascar BP 1739 Fiadanana, Antananarivo, Madagascar), Tsoushima 
Adamson Razakatiana (Université d’Antananarivo, Faculté des Sciences BP 906 Am-
bohitsaina Antananarivo 101, Antananarivo, Madagascar), Herizo Randriambanona 
(Ecosystèmes Terrestre, Centre National de Recherches sur l'Environnement Madagascar 
BP 1739 Fiadanana, Antananarivo, Madagascar), Robin Duponnois (Institut de Re-
cherches pour le Développement (IRD), Laboratoire des Symbioses Tropicales & Méditer-
ranéennes UMR 113, Montpellier, France), Heriniaina Ramanankierana (Ecosystèmes 
Terrestre, Centre National de Recherches sur l'Environnement Madagascar BP 1739 Fi-
adanana, Antananarivo, Madagascar) 

Mycorrhizae are among the most sensitive microbial community to vegetation change in 
forestry ecosystems. The goal of the study was to describe the evolution of mycorhizal 
fungi community dynamics within two natural forest ecosystems respectively invaded by 
two exotic plant species, Pinus patula and Grevillea banksii, in Madagascar. 

Soil samples were collected under each exotic plant species. We considered as controls, 
the soil samples from the non-invaded zones of each natural forest. The dynamic of MF 
propagules were assessed by counting the number of endomycorrhizal spores or infected 
root fragments in soil, by describing the mycorrhizal diversity and by measuring the soil 
mycorrhizal infectivity (SMI). In the same time, the soil phosphatase activity and the de-
velopment of two native plant species, Uapaca bojeri and Dalbergia trichocarpa, in the 
invaded soils were evaluated. 

We recorded that for the two sites, the invaded soils were significantly rich in mycorrhizal 
propagules with 11043 AMF spores for Pinus patula soil against only 8716 AMF spores 
for the non-invaded soil and 590 AMF spores for Grevillea banksii soil against 477 AMF 
spore for the non-invaded soil. However, the SMI and the diversity did not follow this 
tendency because they were significantly lower in the invaded soils when compared to 
the non-invaded soils. We observed also that soil phosphatase activity, plant develop-
ment and the root infection for the two native plant species cultivated on the invaded 
soils were significantly low compared to those planted on non-invaded soils. 

This suggests that exotic species select mycorrhizal associate which are only beneficial 
for them but not adapted for the native plant species. 

Keywords: mycorrhizae, exotic plant species, Uapaca bojeri, Dalbergia trichocarpa, soil 
mycorrhizal infectivity   
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DNA polymorphism 

Molecular genetic approaches have opened new possibilities to look at phylogenetic re-
latedness of microbes, microbial community composition and ecology. Yet, it also uncov-
ered a number of dissimilarities to other (previously sequenced) organisms, and it still 
remains a challenge to identify mating systems, modes of reproduction, the level of ge-
netic variation within individuum, species and higher taxonomic units, for different loci 
and different fungal groups, particularly with respect to the Glomeromycotina. Recent 
advances in population genetics from different groups of mycorrhizal fungi will be dis-
cussed and compared in this session, addressing whether Mendelian genetics apply (and 
at which level) to studies of mycorrhizal fungi, what clonality means for (mycorrhizal) 
fungal genetics and ecology and which challenges need to be conquered if we are to 
produce stable mutants/transgenic mycorrhizal fungi in the different types of mycorrhi-
zal symbioses. 

Chairs: Nicolas Corradi, Martina Peter 
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Demonstrating the link between genomic variation in Rhizophagus irregularis and sig-
nificant differences in plant growth 

Ivan Dario Mateus Gonzalez (Dept. of Ecology and Evolution, University of Lausanne, 
1015 Lausanne, Switzerland), Romain Savary (Dept. Of Ecology and Evolution, University 
of Lausanne, 1015 Lausanne, Switzerland), Ian R. Sanders (Dept. Ecology and Evolution, 
University of Lausanne, 1015 Lausanne, Switzerland) 

Plant breeders have used naturally occurring genetic variation in plants to develop im-
proved varieties, leading to the massive increases in food production seen in the 60’s and 
70’s. Several published studies show considerable genetic variation among isolates of the 
fungus Rhizophagus irregularis, as well as their effects on plant growth and P uptake ca-
pacity. We have shown that manipulating this fungus to generate genetically novel lines 
induces very large significant differences in the growth of the globally important plant 
rice (and in cassava in the field – see presentation at ICOM by Alia Rodriguez). However, 
in such experiments, there is no established causal link between genomic variation 
among the fungi and the variation in plant growth response. We have already proposed 
that R. irregularis is an ideal species for an AMF genetic improvement program because 
of high within-species genetic variation and the ability to mass produce clean inoculum 
of this fungus in an easy-to-deliver carrier. However, the use of AMF genetic variation 
depends on a clear established link that genetic variation in the fungus causes differences 
in quantitative growth traits of both the fungus and the plant. In this presentation, using 
a combination of NGS techniques and experiments on plant growth, we demonstrate for 
the first time a clear link for a genetic basis in the fungus causing significant variation in 
plant growth. Our results have strong implications for both the development of AMF in-
ocula for improving crop growth and for the ecological role of genetic variation in natural 
plants. 

Keywords: genome variation, AMF, NGS, plant growth response, phylogenetics 
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Five years investigation of female and male genotypes in Périgord black truffle (Tuber 
melanosporum Vittad.) revealed contrasted reproduction strategies 

Herminia De la Varga (UMR1136 Interactions Arbres-Microorganismes, Laboratoire d’Excel-
lence ARBRE, INRA Nancy – Lorraine, Université de Lorraine, Champenoux, France), François 
Le Tacon (UMR1136 Interactions Arbres-Microorganismes, Laboratoire d’Excellence ARBRE, 
INRA Nancy – Lorraine, Université de Lorraine, Champenoux, France), Flora Todesco 
(UMR1136 Interactions Arbres-Microorganismes, Laboratoire d’Excellence ARBRE, INRA 
Nancy – Lorraine, Université de Lorraine, Champenoux, France), Dominique Barry-Etienne 
(ALCINA sarl, Montpellier, France), Christophe Robin (UMR 1121 Laboratoire Agronomie-En-
vironnement (LAE) Nancy-Colmar, Université de Lorraine, Vandoeuvre-les-Nancy, France), Fa-
bien Halkett (UMR1136 Interactions Arbres-Microorganismes, Laboratoire d’Excellence AR-
BRE, INRA Nancy – Lorraine, Université de Lorraine, Champenoux, France), Francis Martin 
(UMR1136 Interactions Arbres-Microorganismes, Laboratoire d’Excellence ARBRE, INRA 
Nancy – Lorraine, Université de Lorraine, Champenoux, France), Claude Murat (UMR1136 In-
teractions Arbres-Microorganismes, Laboratoire d’Excellence ARBRE, INRA Nancy – Lorraine, 
Université de Lorraine, Champenoux, France) 

Tuber melanosporum, is a heterothallic ectomycorrhizal ascomycete having two mating-
type idiomorphs. The small-scale genetic structure of female genotypes has already been 
analyzed and it has been found they are linked to the tree via the ectomycorrhizae. On the 
contrary, this was not yet analyzed for male genotypes and the origin of the male structures 
is still unknown. 

The aim was to characterize the small-scale genetic structure of male and female genotypes 
in order to unravel the sexual reproduction strategy of T. melanosporum and, the origin 
and behavior of male genotypes. For that, 241 ascocarps, 475 ectomycorrhizae and 20 soil 
cores were harvested along five seasons, in a 25-year-old truffle orchard in France. The 
samples were mapped and genotyped using microsatellites and mating-type genes. We 
obtained the genotypes of female and male ascocarp partners, of mycorrhizas and the mat-
ing-type present in soil samples. 

Isolation by distance analysis revealed pronounced small-scale genetic structure for female 
and male genotypes. The genotypic diversity was higher for male genotypes with numerous 
small-size genotypes, suggesting an important turnover due to ascospore recruitment. 
Larger and perennial female and male genotypes were also detected. Three genotypes 
were found as both female and male genotypes (hermaphrodites) while most were de-
tected only as female or male (dioecy). 

Our results suggest that germinating ascospores act as male genotypes, but also soil myce-
lium could be a reservoir of male genotypes. These findings open new perspective in the 
cultivation of truffle, to improve production by the implementation of methodologies pro-
moting truffle mating. 

Keywords: Tuber melanosporum, mycorrhiza, sexual reproduction, mating-type, genetics
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Genetic diversity and population analysis of Cenococcum geophilum 

Keisuke Obase (Department of Mushroom Science and Forest Microbiology, Forestry and 
Forest Products Research Institute, Tsukuba, Japan), Greg W. Douhan (Cooperative Exten-
sion Advisor, University of California, Tulare, USA), Yosuke Matsuda (Graduate School of 
Bioresources, Mie University, Tsu, Japan), Matthew E Smith (Department of Plant Pathol-
ogy, University of Florida, Gainesville, USA) 

Cenococcum geophilum (Dothideomycetes, Ascomycota) is one of the most common ec-
tomycorrhizal fungi in boreal, temperate and some subtropical regions. Cenococcum ge-
ophilum was originally considered as a single anamorphic species but accumulating evi-
dence suggests that C. geophilum is a diverse species complex that also likely undergoes 
cryptic recombination. Here we provide an overview of what is known on the genetic 
diversity and population structure of C. geophilum and we suggest important future di-
rections for studies of Cenococcum. Recent molecular data indicate that the genetic di-
versity within Cenococcum can be incredibly high, even at the scale of a single soil core. 
Given this high diversity, it is important to phylogenetically characterize Cenococcum 
samples prior to population studies so that cryptic taxa are not admixed together in the 
analyses. Also, low correspondence between genotypes from sclerotia and ectomycor-
rhizas was found in an isolation-based study, indicating appropriate sampling design and 
sampling effort are also critical for elucidating the population and phylogenetic diversity 
of Cenococcum. A recent population study targeted one Cenococcum lineage found no 
spatial autocorrelation at the forest stand level but found evidence for a pattern of iso-
lation by distance at larger spatial scales. These observations are consistent with the pos-
sibility of cryptic recombination. Another recent phylogenetic study found that several 
Cenococcum lineages are widely distributed across multiple regions and continents. This 
indicates that some lineages within Cenococcum may be ancient or that cryptic long-dis-
tance dispersal is ongoing. 

Keywords: cryptic species, ectomycorrhizal fungi, recombination, species complex 
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Exploration of mating strategies in arbuscular mycorrhizal fungi 

Stephanie Mathieu (Biology, University of Ottawa, Ottawa, Canada), Nicolas Corradi (Bi-
ology, University of Ottawa, Ottawa, Canada) 

Arbuscular mycorrhizal fungi (AMF) are ubiquitous soil fungi that colonize the roots of 
vascular plants, increasing the plant's uptake of essential nutrients. These fungi are clas-
sified as ancient asexuals, however, recent discoveries from our lab indicate the presence 
of cryptic mating processes in these organisms. Specifically, a conserved region identical 
to those controlling mating in other fungi (MAT-loci) was found in the genome of 27 
strains of the model AMF Rhizophagus irregularis. The region is composed of two home-
odomains and up to six putative MAT-loci have been defined. Of these 27 strains, 3 har-
bor two distinct mating types in their mycelium; a dikaryon-like structure providing com-
pelling evidence of genetic exchange.1,2 My project aims to identify the distribution and 
diversity of mating types present in both in vitro cultures and the environment, in addi-
tion to understanding spore compatibility and what drives the shift to sexual reproduc-
tion in AMF. Here, I show that AMF strains always exhibit one or two mating types, with 
no evidence of greater karyosis (e.g. tri-tetra or more). I also found that spores of dikar-
yotic strains can contain one of each compatible MAT-locus or a combination of both. 
Furthermore, by analysing the MAT-locus in various soil samples, I provide preliminary 
data showing that more than 6 main MAT-locus lineages exist in natural communities of 
Rhizophagus spp. Overall, this research provides further stepping stones for understand-
ing the origin of genetic diversity in AMF. Such knowledge is crucial to direct the creation 
of new AMF strains optimized for expanded roles as bio-fertilizers 

References: 

1. Ropars, J. et al. Evidence for the sexual origin of heterokaryosis in arbuscular 
mycorrhizal fungi. Nat. Microbiol. 16033 (2016). doi:10.1038/nmicro-
biol.2016.33 

2. Corradi, N. & Brachmann, A. Fungal Mating in the Most Widespread Plant Sym-
bionts? Trends Plant Sci. 22, 175–183 (2017). 

Keywords: arbuscular mycorrhizal fungi, mating, karyosis, compatibility 
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Intraspecific genomic variation in the ectomycorrhizal symbiont Laccaria bicolor links 
to variation in ecosystem functioning 

Christina Hazard (Environmental Microbial Genomics Group, Ecole Central de Lyon, Uni-
versité de Lyon, Ecully, France), Matthew Gemmell (Center for Genomic Research, Uni-
versity of Liverpool, Liverpool, UK), Francis Martin (UMR 1136 Tree-Microbe Interactions, 
INRA-Nancy, Champenoux, France), David Johnson (School of Earth and Environmental 
Sciences, University of Manchester, Manchester, UK) 

Ectomycorrhizal fungi (EMF) are important for forest ecosystem functioning. Recent evi-
dence from a plant-soil microcosm experiment with manipulated EMF diversity high-
lighted the importance of inter- but remarkably also intra-specific diversity in influencing 
ecosystem functions1. To gain a better understanding of the importance of EMF intraspe-
cific diversity, comparative genomic analyses of ectomycorrhizal basidiomycete Laccaria 
bicolor strains were conducted to identify genomic features that could be responsible for 
the observed functional variation between the strains. Eight L. bicolor strains were se-
quenced and assembled to reference genome L. bicolor S238N-H82 v2.0 (JGI MycoCosm 
database). Phylogenetic and single nucleotide polymorphism (SNP) analyses using ho-
mologous sequences were conducted, including transporter and KEGG genes that have 
been shown to be upregulated during mycorrhizal symbiosis. Two distinct clusters of L. 
bicolor strains were identified. Cluster 1 contained greater genomic variability and also 
greater strain diversity effects on functioning and physiology metrics in comparison to 
the less genetically diverse cluster 2. Of 60 transporter and 216 KEGG genes used in SNP 
analyses, only five and twenty genes, respectively, were highly conserved across all 
strains. Substantial variability in SNP rate was found across 33 gene families investigated 
with the proportion of genes containing non-synonymous SNPs in cluster 1 greater (av-
erage 59%) compared to cluster 2 (17%). Intraspecific genetic variability of L. bicolor is 
considerable. Functional variation between the strains could not be related to a specific 
gene or gene family indicating genetic variation reflected overall genetic distance be-
tween strains rather particular genetic elements being responsible for specific functional 
attributes. 

References: 

1Hazard C, Kruitbos L, Davidson H, Taylor AFS, Johnson D (2017) Contrasting effects of 
intra- and interspecific identity and richness of ectomycorrhizal fungi on host plants, nu-
trient retention and multifunctionality. New Phytologist 213, 852-863. 

Keywords: ectomycorrhizal fungi, Laccaria bicolor, genomic comparison, intraspecific, 
ecosystem function 
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Insights from the genome of symbiotic fungus Rhizophagus proliferum, the second spe-
cies of AMF to be sequenced to date 

Pushplata Prasad (Biotechnology and Bioresources Division, The Energy and Resources 
Institute, New Delhi, India), Deepti Varshney (Biotechnology and Bioresources Division, 
The Energy and Resources Institute, New Delhi, India), Alok Adholeya (Biotechnology and 
Bioresources Division, The Energy and Resources Institute, New Delhi, India) 

Introduction: Arbuscular mycorrhiza fungi (AMF, phylum Glomeromycota) are ecologi-
cally important component of soils and form symbiotic association with almost 70% of 
the terrestrial plant species in all major ecosystems [1-2]. Species of AMF influence plant 
growth response, plant diversity and plant community structure [3]. Genetic architecture 
of AMF has largely remained undetermined, despite recognition of its potential applica-
tion in sustainable agriculture. AMF produce aseptate hyphae and form multinucleate 
spores, in which the extent of nuclear heterogeneity within an isolate has remained con-
tentious. Whole genome sequencing studies attempted to date on the only AMF species, 
Rhizophagus irregularis, have generated contrasting results for within isolate nuclear ge-
netic composition [4-5]. To attain further insights into AMF genetic structure and func-
tion, we carried out whole genome sequencing of the second AMF species, Rhizophagus 
proliferum. 

Materials and Methods: De novo whole genome sequencing was done using Illumina 
HiSeq2500 platform. The Genome was assembled by the MSR-CA assembler and investi-
gated for completeness, evolutionary relationship, within isolate nuclear homogeneity, 
and protein families important in establishing AMF-host interaction especially small se-
creted proteins (SSP). 

Results and Discussion: Study of the genome of R. proliferum provides further under-
standing of genomic architecture and evolution of AMF species. Low nuclear heteroge-
neity observed in this study corroborates the observation made by Tisserant et al [4] for 
R. irregularis genome. Putative genes of the fungal-partner that could be involved in es-
tablishing symbiosis with plants are identified. 

Conclusion: The present study is of fundamental importance to the field of AMF func-
tional-genomics and population-genetics. 

References: 

1. Davison et al., 2015; 2. van der Heijden et al., 2015; 3. van der Heijden et al., 1998;  
4. Tisserant et al., 2013; 5. Boon et al., 2015 
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Investigating the intraspecific polymorphism of the nuclear ribosomal operon of arbus-
cular mycorrhizal strains from GINCO-CAN 

Kasia Dadej (Ottawa Research and Development Centre, Agriculture and Agri-Food Can-
ada, Ottawa, Canada), Claudia Banchini (Ottawa Research and Development Centre, Ag-
riculture and Agri-Food Canada, Ottawa, Canada), Sylvie Séguin (Ottawa Research and 
Development Centre, Agriculture and Agri-Food Canada, Ottawa, Canada), Yolande 
Dalpé (Ottawa Research and Development Centre, Agriculture and Agri-Food Canada, 
Ottawa, Canada), Franck Stefani (Ottawa Research and Development Centre, Agriculture 
and Agri-Food Canada, Ottawa, Canada) 

Most of the species of arbuscular mycorrhiza (AM) described during the last 15 years 
have been sequenced using nuclear ribosomal markers. These markers are easy to am-
plify thanks to the succession of conserved and variable regions along the ribosomal RNA 
operon and due to their organisation in tandem repeat arrays. Nevertheless, an im-
portant disadvantage of targeting the RNA operon is that the multiple copies of the rRNA 
genes may vary within each nucleus leading to high levels of intraspecific variation. The 
goal of this study is to analyse the level of intraspecific polymorphism in rRNA genes for 
16 AM cultivated under in vitro conditions, including 12 strains from the Glomeromycota 
In vitro Collection (GINCO-CAN) hosted in Ottawa Research and Development Centre. A 
3 kb fragment representing the 18S, ITS1, 5.8S, ITS2, and partial 28S regions was ampli-
fied for each strain. PCR free libraries were constructed and indexed libraries were size 
selected to 500bp and sequenced on MiSeq platform (Illumina). The record of all the 
putative variants of rRNA genes for well-characterized cultures is expected to facilitate 
AM identification both at the species and community level. 

Keywords: genetic variation, nuclear ribosomal operon, culture collections, intraspecific 
polymorphism 
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Sequence-based phylogeny of Glomeromycota: from virtual taxa to phylospecies and 
global ecological and biogeographical patterns  

Zuzana Kolaříková (Department of Mycorrhizal Symbioses, Institute of Botany, The Czech 
Academy of Sciences, Průhonice, Czech Republic), Renata Slavíková (Department of My-
corrhizal Symbioses, Institute of Botany, The Czech Academy of Sciences, Průhonice, 
Czech Republic), Claudia Krüger (Department of Mycorrhizal Symbioses, Institute of 
Botany, The Czech Academy of Sciences, Průhonice, Czech Republic), Manuela Krüger 
(Department of Mycorrhizal Symbioses, Institute of Botany, The Czech Academy of Sci-
ences, Průhonice, Czech Republic), Petr Kohout (Department of Mycorrhizal Symbioses, 
Institute of Botany, The Czech Academy of Sciences, Průhonice, Czech Republic) 

Arbuscular mycorrhizal fungi (AMF) are ecologically and agronomically important, but 
global data on their species abundance and diversity are scarce. From ~290 morphologi-
cally described AMF species only a part is sequenced or available in culture collections, 
due to their obligate symbiotic lifestyle. The amount of ‘taxa’ based on environmental 
DNA sequences largely exceeds the number of described species. Thus, research is 
needed to further define the AMF species on the molecular level and to understand their 
genetic variability. 

We aim to sequence the almost complete rDNA spanning the SSU, complete ITS region 
and a large part of the LSU (~2.5 kb) from morphologically described taxa in cultures rep-
resenting main AMF lineages and selected AMF species-rich field samples from across 
the globe. This will enable us to determine bioinformatic thresholds for species, genus, 
family and order- level resolution for the different marker regions used (SSU, ITS and LSU) 
for all main glomeromycotan lineages, to conduct a robust backbone phylogeny, to com-
pare results of AMF community studies targeting different rDNA regions and search for 
general patterns in AMF biogeographic and ecological distribution at global scale. 

An optimized nested PCR approach for amplification of the proposed fragment is used 
followed by the SMRT (Single Molecule Real Time) sequencing, which in combination 
with the circular consensus reads (5 repeats) enables sequencing of long reads with high 
accuracy. The results will improve the environmental sequence assignment to the spe-
cies-level and thus serve for a better interpretation of AMF community data from next 
generation sequencing studies. 
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Reproductive biology of the black truffle Tuber melanosporum: contrasting ecologies 
of the two parents 

Laure Schneider-Maunoury (Institut de Systématique, Evolution, Biodiversité, Muséum 
national d'Histoire naturelle, Paris, France), Elisa Taschen (Eco&Sols, Institut National de 
la Recherche Agronomique, Montpellier, France), Franck Richard (Centre d'Ecologie Fonc-
tionnelle et Evolutive, Montpellier, France), Marc-André Selosse (Institut de Systé-
matique, Evolution, Biodiversité, Muséum national d'Histoire naturelle, Paris, France) 

The black truffle Tuber melanosporum is an ectomycorrhizal ascomycete of commercial 
value. Few is known about the reproductive biology of this famous edible mushroom. It 
is potentially hermaphroditic but reproduction – i.e. formation of the fruitbody (asco-
carp) and production of meiotic spores (ascospores) within the later – requires mating 
between two individuals with opposite mating types1,2. At fruiting, a maternal parent 
forms the ascocarp, whereas the paternal one only leaves genes in the ascospores. In 
addition, beyond ascocarps, maternal genotypes also form surrounding ectomycorrhizas, 
suggesting that they are established as tree symbiont3. 

We summarize here novelties issuing from five years of sampling over France. In order 
to characterize the genetic structure of populations for both parents, we conducted gen-
otyping analyses using 12 microsatellites to characterize maternal and paternal geno-
types in ascocarps from seven truffle grounds4. This revealed high inbreeding and a 
strong isolation by distance for maternal and paternal genotypes, ruling out the possibil-
ity of gametic gene flow. Maternal individuals were bigger and more perennial than pa-
ternal ones, more numerous and transient. Paternal genotypes were never found on sur-
rounding ectomycorrhizas. This suggests that the two partners have different develop-
ments and niches. 

We also investigated herbaceous plant roots as a potential niche for the two paternal 
partners by barcoding and, when possible, by genotyping T. melanosporum from these 
roots. Although the black truffle infects the herbaceous plants of truffle grounds, only 
maternal genotypes were again found here. We thus suggest that germinating asco-
spores could act as paternal parent5. 

References: 

1 Riccioni et al. (2008), Tuber melanosporum outcrosses: analysis of the genetic diversity 
within and among its natural populations under this new scenario. New Phytologist 180, 
466–478. 

2 Martin et al. (2010), Périgord black truffle genome uncovers evolutionary origins and 
mechanisms of symbiosis. Nature 464, 1033–1038. 
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4 Taschen et al. (2016), How the truffle got its mate: insights from genetic structure in 
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lar Ecology 25, 5611–5627. 
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Comparative genomics reveals functional diversity in two dark septate endophytic (DSE) 
fungi of grasslands 

Dániel G. Knapp (Department of Plant Anatomy, Institute of Biology, Eötvös Loránd University, 
Budapest, Hungary), Julianna B. Németh (Department of Plant Anatomy, Institute of Biology, 
Eötvös Loránd University, Budapest, Hungary), Jenifer Johnson (US Department of Energy, Joint 
Genome Institute, Walnut Creek, USA), Alan Kuo (US Department of Energy, Joint Genome Insti-
tute, Walnut Creek, USA), Joann Lim (US Department of Energy, Joint Genome Institute, Walnut 
Creek, USA), Anna Lipzen (US Department of Energy, Joint Genome Institute, Walnut Creek, 
USA), Matt Nolan (US Department of Energy, Joint Genome Institute, Walnut Creek, USA), Robin 
Ohm (US Department of Energy, Joint Genome Institute, Walnut Creek, USA), Matthieu Hainaut 
(Université Aix-Marseille (CNRS), Marseille, France), Bernard Henrissat (Université Aix-Marseille 
(CNRS), Marseille, France), László Tamás (Department of Plant Physiology and Molecular Plant 
Biology, Institute of Biology, Eötvös Loránd University, Budapest, Hungary), Kerrie Barry (US De-
partment of Energy, Joint Genome Institute, Walnut Creek, USA), Igor V. Grigoriev (US Depart-
ment of Energy, Joint Genome Institute, Walnut Creek, USA), Joseph W. Spatafora (Department 
of Botany and Plant Pathology, Oregon State University, Corvallis, USA), László G. Nagy (Syn-
thetic and Systems Biology Unit, Institute of Biochemistry, Biological Research Centre of the Hun-
garian Academy of Sciences, Szeged, Hungary), Gábor M. Kovács (Department of Plant Anat-
omy, Institute of Biology, Eötvös Loránd University, Budapest, Hungary) 

Dark septate endophytes (DSE) compose a form group of mainly anamorphic ascomyceteous 
root endophytes with melanized septated intraradical hyphae. DSE fungi are found world-
wide and they seem to be relatively frequent in harsh and nutrient-poor environments such 
as arid and semiarid areas. Nevertheless, our knowledge of their role in ecosystem function-
ing is limited. Cadophora sp. and Periconia macrospinosa are common DSE fungi found in 
semiarid grasslands, representing distinct phylogenetic lineages and different host prefer-
ences. The genomes of these two species were sequenced and analyzed to gain insight into 
the enigmatic lifestyle of DSE fungi. 

The genomes of Cadophora sp. and P. macrospinosa were assembled into 1,193 (1,092 >2 kb) 
and 1,566 (1,217 >2 kb) scaffolds, with expanded genome size of 70.46 Mb and 54.99 Mb 
including 22,766 and 18,750 gene models. Families of carbohydrate active enzymes (CA-
Zymes), secreted proteases and lipases, and genes linked to secondary metabolism, meiosis 
and melanin synthesis pathways were analyzed across the two DSE genomes and other 32 
ascomycetes with different lifestyles. The results showed significant expansion of certain 
gene families, e.g. both root endophytes possess increased numbers of plant cell wall-degrad-
ing enzymes. Genome-wide reconstruction of gene duplication and loss histories revealed 
high numbers of species-specific gene duplications in Cadophora sp. and P. macrospinosa and 
low levels of convergence in gene family evolution, which suggests functional diversity in spe-
cies classified as dark septate endophytes. 

This study was supported by OTKA K109102 and the Office of Science of the U.S. Department 
of Energy under Contract No. DE-AC02-05CH11231.
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Molecular diversity of arbuscular mycorrhizal fungi in rhizosphere soils of sugarcane in 
southern China 

Tingsu Chen (Microbiology Research Institute, Guangxi Academy of Agricultural Sciences, 
Nanning, Guangxi, China), Jinlian Zhang (Microbiology Research Institute, Guangxi Acad-
emy of Agricultural Sciences, Nanning, Guangxi, China), Zenglinag Liu (Microbiology Re-
search Institute, Guangxi Academy of Agricultural Sciences, Nanning, Guangxi, China), 
Yanyan Long (Microbiology Research Institute, Guangxi Academy of Agricultural Sci-
ences, Nanning, Guangxi, China), Dongping Li (Microbiology Research Institute, Guangxi 
Academy of Agricultural Sciences, Nanning, Guangxi, China), Jinghua Huang (Agricultural 
College, Guangxi University, Nanning, Guangxi, China), Baodong Chen (Research Center 
for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing, China) 

Guangxi province has the largest sugarcane growing area in China (about 93 million hec-
tares). Due to continuous cropping over more than twenty years, the soils are seriously 
deteriorated. In our study, 104 samples of sugarcane roots and rhizosphere soils, repre-
senting seven different types of soils from 26 counties/districts in Guangxi were col-
lected. Arbuscular mycorrhizal (AM) fungi were identified/quantified by molecular ap-
proach and their diversity was investigated. It was found that 61.5% of the 52 collected 
soil samples had a pH value that was 6.0 or lower. In contrast, 25% of the samples had a 
pH value ranging from 6.1 to 7 and 13.5% had a pH value higher than 7. The organic 
matter in the soil was very low. AM fungi colonized sugarcane root epidermis extensively. 
Following nested-PCR amplification of AM fungal 18S rDNA from sugarcane roots and 
rhizosphere soils, all sequences of AM fungi were grouped into 32 operational taxonomic 
units (OTUs). Clustering analysis indicated that they belong to 7 families, 13 genera, and 
32 species of AM fungi, including Glomeraceae (5 genera, 17 species), Diversisporaceae 
(2 genera, 3 species), Acaulosporaceae (1 genera, 1 species), Gigasporaceae (1genera, 
1species), Claroideoglomeraceae (1 genera and 5 species), Archaeosporaceae (1 genera 
and 2 species) and Paraglomaceae (1 genera and 2 species). Among the 32 molecular 
species, 7 had the same morphology. Glomeraceae was the most dominant family in all 
soil types in the study, followed by Claroideoglomeraceae and Paraglomaceae. Rhizoph-
agus was the most dominant genera. 

Acknowledgement: This research was funded by NSFC (No.31360356) 

Keywords: molecular diversity, arbuscular mycorrhizal fungi, rhizosphere soils, sugar-
cane, southern China 
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Genome analysis of Endogone pisiformis and Sphaerocreas pubescens in Mucoromy-
cotina 

Katsuharu Saito (Shinshu University, Minamiminowa, Japan), Yoshihiro Handa (National 
Institute for Basic Biology, Okazaki, Japan), Tomoko F. Shibata (Tohoku University, Sendai, 
Japan), Kohei Yamamoto (Shinshu University, Minamiminowa, Japan), Masahiro Kasahara 
(The University of Tokyo, Kashiwa, Japan), Yosuke Degawa (University of Tsukuba, Sug-
adaira, Japan), Dai Hirose (Nihon University, Funabashi, Japan), Tomoaki Nishiyama (Kan-
azawa University, Kanazawa, Japan), Masayoshi Kawaguchi (National Institute for Basic 
Biology, Okazaki, Japan), Akiyoshi Yamada (Shinshu University, Minamiminowa, Japan) 

Endogonalean fungi are members of the subphylum Mucoromycotina, an early divergent 
fungal lineage. This fungal group includes several endomycorrhizal and endophytic fungi 
of land plants. Endogonales is a key fungal taxon for understanding the evolution of my-
corrhizal symbioses. In this study, we sequenced genomes of Endogone pisiformis and 
Sphaerocreas pubescens, closely related to uncultured Mucoromycotina endophytes. 
Genome size of E. pisiformis and S. pubescens was estimated 71.1 and 59.2 megabases 
based on k-mer analysis, respectively. We comprehensively predicted 19,725 protein-
coding genes of E. pisiformis and 16,798 genes of S. pubescens. Genome-wide phyloge-
netic analysis showed that these two fungi are phylogenetically closely related. In the 
genome of S. pubescens, tyrosine kinase-like domains are highly diversified, which has 
been also observed in other endomycorrhizal fungi, Rhizophagus irregularis and Tu-
lasnella calospora. Comparative genome analysis of diverse fungal species revealed that 
genes encoding resistance-like proteins and transient receptor potential Ca2+ channels 
are highly expanded in both E. pisiformis and S. pubescens genomes. The genome infor-
mation of E. pisiformis and S. pubescens can serve as a useful tool for the study of sym-
biotic Mucoromycotina fungi. 
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Single nuclei sequencing on Arbuscular Mycorrhizal Fungi 

Merce Montoliu Nerin (Department of Ecology and Genetics, Evolutionary Biology Cen-
ter, Uppsala University, Uppsala, Sweden), Claudia Bergin (Department of Cell and Mo-
lecular Biology, Biomedical Center, Uppsala University, Uppsala, Sweden), Hanna Johan-
nesson (Department of Organismal Biology, Evolutionary Biology Center, Uppsala Univer-
sity, Uppsala, Sweden), Anna Rosling (Department of Ecology and Genetics, Evolutionary 
Biology Center, Uppsala University, Uppsala, Sweden) 

The genetic structure and organization of the multinucleate arbuscular mycorrhizal fungi 
(AMF) spores has been an unresolved topic of debate over the last decades. Unlike other 
eukaryotes, AMF have no single nucleate state in their life cycle and are assumed to be 
asexual. Furthermore, hyphal phusion and nuclear mixing occurs, that may result in het-
erokaryosis (Croll et al., 2009). Multiple fingerprint methods have supported the hypoth-
esis that AMF have a dynamic heterokaryotic system for heritability and adaptation. 
However, recent studies revealed that AMF do have meiotic genes and, perhaps, a cryptic 
sexual cycle with recombination as the origin of heterokaryosis (Ropars et al., 2016). 

Now, a new technique opens the way to finally assess how the genetic variation is orga-
nized in AMF; by using a Fluorescence-activated cell-sorting (FACS) instrument we can 
isolate multiple individual nuclei from crushed spores. Subsequent whole genome ampli-
fication of the nuclei allows us to sequence genomes of different nuclei from the same 
organism, and even from the same spore. Results from a pilot study on Clareidoglomus 
candidum will be presented. 

References: 

Croll D, et al. (2009) Non-self vegetative fusion and genetic exchange in the arbuscular 
mycorrhzial fungus Glomus intraradices. New Phytol. 

Ropars J, et al. (2016) Evidence for the sexual origin of heterokaryosis in Arbuscular my-
corrhizal fungi. Nature Microbiology. 

Keywords: genomics, single nuclei sequencing, whole genome amplification, Clarei-
doglomus candidum, fluorescence-activated cell-sorting 
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Detecting the phylogenetic position of tropical edible Boletaceae from Thailand by an 
ITS-LSU combined analysis 

Cherdchai Phosri (Department of Biology, Nakhon Phanom University, Nakhon Phanom, 
Thailand), María P. Martín (Department of Mycology, Real Jardín Botánico-CSIC, Plaza 
de Murillo 2, 28014, Madrid, Spain), Nuttika Suwannasai (Department of Microbiology,, 
Faculty of Science, Srinakharinwirot University, Bangkok, Thailand), Kitiya Angda (De-
partment of Microbiology,, Faculty of Science, Srinakharinwirot University, Bangkok, 
Thailand), Niwana Wangsawat (Department of Biology,, Faculty of Science, Srinakharin-
wirot University, Bangkok, Thailand), Pisit Thamvithayakorn (Department of Biology,, 
Faculty of Science, Srinakharinwirot University, Bangkok, Thailand), Roy Watling (Cale-
donian Mycological Enterprises, Edinburgh, UK) 

Introduction/Aim: The Boletaceae is a large family with worldwide distribution. Most 
species are important ectomycorrhizal fungi in forest ecosystems, and many of them are 
edible. In Thailand, there are many diverse genera and species but only a few studies 
based on nucleotide sequences are available. In this study, two loci were investigated 
from edible boletoid mushrooms found in Thailand and used to construct the phyloge-
netic tree (ITS and LSU nrDNA). 

Materials and Methods: In this study, DNA sequences of two loci (ITS and LSU nrDNA) 
were newly obtained from representative specimens of Boletaceae collected in Thailand. 

Results & Discussion: Most of Thai boletes belong to 2 subfamilies of Boletoideae (Bole-
tus and Tylopilus) and Xerocomoideae (Aureoboletus, Boletellus, Heimioporus, Sinobole-
tus and Xerocomus). Interestingly, many nucleotide sequences especially ITS exhibited 
low % similarity varying from 82 to 96 % against sequences from GenBank and Unite 
databases. The morphological characters of these mushrooms are unique and specimens 
correspond to unidentified species. 

Conclusion: The nucleotide sequences obtained from this study are not only increasing 
the number of boletes sequences from the tropics in databases, but new records of bo-
letes awaiting for describing.  

Keywords: Boletales, ectomycorrhiza, wild edible mushrooms, Thailand 
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Phylogenetic position of ectomycorrhizal species in genus Ramaria from tropical Thai-
land 

Natcha Promphet (Biology, Srinakharinwirot University, Bangkok, Thailand), Cherdchai 
Phosri (Biology, Nakhon Panom University, Nakhon Panom, Thailand), Roy Watling (Cal-
edonian Mycological Enterprises, Edinburgh, UK), Nuttika Suwannasai (Microbiology, 
Srinakharinwirot University, bangkok, Thailand) 

Ramaria is a large clavarioid genus in the Gomphaceae with a worldwide distribution and 
includes several important ectomycorrhizal species both in temperate and tropical geo-
graphical areas. This work concentrates on a small group found in northeast Thailand 
which have been analysed morphologically and anatomically, and by molecular tech-
niques using nuclear large subunit and internal transcribed spacer sequences. The repre-
sentatives of Ramaria samples were investigated and constructed a phylogenetic tree 
with closely related species obtained from GenBank and Unite databases. Interestingly, 
the results showed clear separation into six new subclades of unidentified Ramaria spe-
cies from Thailand with high bootstrap support. Blast results also revealed low percent-
age of similarity, less than 97%, comparing to all identified species. There are at least 10 
species found in our study and some are new records from Thailand. This study was the 
first report exhibited the phylogenetic position of Ramaria species from Thailand based 
on nucleotide sequences analysis. 

Keywords: Ramaria, coral fungi, phylogenetics relationship, DNA sequences, Thailand 
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Sieving Soil, Destroying Diversity? The Impact of Processing on Fungal Communities in 
CPP Degradation Studies 

Pascal Miranda (Biology Department, University of York, York, UK) 

Efficacy of Crop Protection Products (CPP) is determined by their availability in the soil, 
which is mediated in part by microbial degradation. Fungi are hypothesised to be im-
portant in the breakdown of CPPs yet their role is poorly understood. Regulations laid 
down by the OECD (and practiced by most countries) require soil used for tests to be 
sieved and moisture adjusted before use. In addition soil samples are regularly stored for 
periods of up to 12 weeks before use in trials due to sampling regimes. Recent studies at 
Syngenta have found a significant link between these preparatory techniques and the 
rate of degradation of CPPs. 

To investigate the impact of soil processing on the fungal communities cores were taken 
during the spring, summer and autumn seasons from agricultural and pasture sites. To 
test the effect of soil processing on fungal diversity, DNA was extracted from the cores 
before they were processed in accordance with OECD guidelines and put into a CPP deg-
radation test environment for a month before the second DNA soil extraction. Fungal 
community structure and abundance were determined by ITS region fungal barcode via 
PCR using fungal ITS1F and ITS4 primers. We will present data comparing unprocessed 
and processed communities, elucidating the significant impact these regimes have upon 
the native fungal community. Understanding the effect soil processing has on fungal di-
versity is the first step in a larger study that seeks to determine the role of soil fungi in 
driving CPP biodegradation and efficacy. 

Keywords: sieving, degradation 
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Estimating Fungal Barcode Variation Using an in silico Genomics Approach 

Lotus Lofgren (Plant and Microbial Biology, University of Minnesota, St. Paul MN, USA), 
Jessie Uehling (Program for Genetics and Genomics, Duke University, Durham NC, USA), 
Francis Martin (Department of Tree-Microbe Interactions, INRA, Nancy, France), Rytas 
Vilgalys (Biology Department, Duke University, Durham NC, USA), Peter Kennedy (De-
partment of Ecology, Evolution and Behavior & The Department of Plant and Microbial 
Biology, University of Minnesota, St. Paul MN, USA) 

The Internal Transcribed Spacer (ITS) region exists as a cassette of tandem repeats and 
has long served as the primary barcoding locus for fungi. While the repetitive nature of 
the ITS region makes it highly amenable to amplification, variation in the number of ITS 
repeats among different fungal species may cause misrepresentations of abundance in 
amplicon-based ‘metabarcoding’ studies. Data derived from whole genome sequencing 
efforts have the potential to identify variation in ITS copy number, however, most ge-
nomes to date have been sequenced on short-read platforms, which either fail to align 
repetitive regions or collapse them into a single representation during assembly. To over-
come this shortcoming, we have adopted a sequence read depth-based approach to 
compare the number of ITS sequence reads to those of many single copy genes. Here, 
we present a pipeline for estimating fungal copy number from raw short-read genome 
sequence data and validate the method using an in silico mock genome. We then analyze 
the genomes of a diverse suite of 11 ectomycorrhizal fungi and show that ITS copy num-
ber varies widely among fungal taxa, ranging from 9 to 166. Finally, we discuss the results 
of a metabarcoding analysis of an ectomycorrhizal mock community for which DNA tem-
plate concentrations have been adjusted based on estimated copy number variation. 

Keywords: ITS, Copy number, genomics, barcode, metabarcoding 
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Most plants transfer carbon to mycorrhiza to increase their access to limiting nutrients. 
As such, mycorrhizas are increasingly being integrated into our understanding of how 
coupled carbon and nutrient cycles respond to global change. Recent data syntheses 
have showed that mycorrhizas drive ecosystem and global scale patterns of soil carbon 
and nutrient cycling as well as the ability of ecosystems to sustain productivity gains un-
der elevated CO2. Despite their relevance, integrating mycorrhizal dynamics into predic-
tive ecosystem models has remained a challenge. Empirically, this challenge reflects the 
difficulties in producing data that can inform and validate models. Models of mycorrhizas 
have been developed from the spatial scale of a single hypha up to global scale models 
that incorporate mycorrhizal effects. At different levels of complexity, they describe hy-
phal proliferation, colony development, and the exchange of nutrients and carbon be-
tween the partners. However, there remains a need for modelers to mine the complexity 
of fine scale models to generate the simplifications necessary to model mycorrhiza at 
larger scales. We invite contributions from both empiricists and modelers focused on 
efforts to produce datasets to inform models, generate conceptual frameworks that pri-
oritize mycorrhizal function for model integration, and model mycorrhizal dynamics 
across multiple scales. 

Chairs: Andrea Schnepf, Edward R. Brzostek 
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Including ectomycorrhizal fungi in a forest ecosystem model: importance for the P cycle 

Gaby Deckmyn (Plant and Vegetation Ecology, University of Antwerp, Antwerp, Belgium), 
Michiel Bortier (Plant and Vegetation Ecology, University of Antwerp, Antwerp, Belgium), 
Tine Grebenc (Slovenian Forest Institute, Ljubljana, Slovenia) 

Recently reported growth decline and decreased foliar nutritional status suggest that 
water and nutrient shortage, especially P, could be major constraints to forest produc-
tivity in the future. Whereas significant progress has been made in developing mechanis-
tic models simulating the water, C and N cycles in forest ecosystems, the cycling of P has 
received little attention. This greatly handicaps models’ potential to accurately predict 
forest growth under changing environments. Forest ecosystem models generally include 
a simple representation of soil functioning. To get realistic results such models need to 
simulate an unrealistically large availability of P to the plants. By including the interaction 
with ectomycorrhizal fungi a more realistic representation of tree P uptake is possible. 
This can lead to new insights concerning the thresholds for P-limitation of forests. We 
show how including explicit representation of EM fungi improves the results of simulat-
ing a Scot pine forest with the forest model ANAFORE. The sensitivity of the model to 
EM-parameters is further analysed. 
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Colonization-competition tradeoffs structure ectomycorrhizal diversity 

Gabriel R. Smith (Department of Biology, Stanford University, Stanford, CA, USA), Brian 
S. Steidinger (Department of Biology, Stanford University, Stanford, CA, USA), Thomas D. 
Bruns (Department of Plant and Microbial Biology, University of California, Berkeley, 
Berkeley, CA, USA), Kabir G. Peay (Department of Biology, Stanford University, Stanford, 
CA, USA) 

Introduction: Fungi vary in key traits, and interest is growing in trait-based approaches 
to fungal community ecology that differ from frameworks based mainly on neutral pro-
cesses1. In ectomycorrhizal fungi, research supports tradeoffs between production of 
propagules and ability to compete for root tips2, which could affect succession and help 
to create diversity, but the influence that these phenomena have on ectomycorrhizal 
community structure in situ remains unclear. Synthesizing nearly a decade of research at 
Point Reyes National Seashore in California, we combined empirical data from field ex-
periments with mathematical modeling to explore the role played by colonization-com-
petition tradeoffs in ectomycorrhizal communities. 

Methods: Using well-established soil bioassay techniques, we examined an inoculum 
gradient at a forest edge in order to determine whether ectomycorrhizal species distri-
butions showed evidence of tradeoffs between colonization and competition. Then, we 
used a model incorporating colonization-competition tradeoffs to determine whether 
they alone could give rise to the patterns of diversity seen in ectomycorrhizal communi-
ties. 

Results/Discussion/Conclusion: We found significant evidence supporting the im-
portance of tradeoffs between colonization and competition as a structuring force in ec-
tomycorrhizal communities, demonstrated both by patterns of species abundance along 
the inoculum gradient, and also by the ability of our model to reproduce empirical data. 
We thus show that these tradeoffs strongly affect not only spatial and temporal variation 
in ectomycorrhizal community composition, but also the creation and maintenance of 
ectomycorrhizal diversity in general. 

References: 

1 Crowther TW, Maynard DS, Crowther TR, Peccia J, Smith JR, Bradford MA. 2014. Un-
tangling the fungal niche: The trait-based approach. Frontiers in Microbiology 5: 1–12. 

2 Kennedy PG, Higgins LM, Rogers RH, Weber MG. 2011. Colonization-competition 
tradeoffs as a mechanism driving successional dynamics in ectomycorrhizal fungal com-
munities. PLoS ONE 6. 
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Mycorrhiza enhances substrate water holding capacity and conductivity by filling up 
voids and altering pore size distribution 

Michael Bitterlich (Benificial plant-microbe-interaction, Leibniz-Institute of Vegetable 
and Ornamental Crops, Großbeeren, Germany), Philipp Franken (Leibniz-Institute of Veg-
etable and Ornamental Crops, Großbeeren, Germany), Anna Vetter (Leibniz-Institute of 
Vegetable and Ornamental Crops, Großbeeren, Germany), Martin Sandmann (Leibniz-
Institute of Vegetable and Ornamental Crops, Großbeeren, Germany), Jan Gräfe (Leibniz-
Institute of Vegetable and Ornamental Crops, Großbeeren, Germany) 

Arbuscular mycorrhizae (AM) proliferate in pore spaces and increase plant drought tol-
erance. Their influence on physical properties of substrates remains less clear. We hy-
pothesized that (i) AM change pore size distribution via colonization of particular pore 
spaces and, (ii) increase the substrate hydraulic conductivity. 

We carried out experiments with tomato that created variation in colonization by harvest 
date or by mixed pots with WT plants and mycorrhiza resistant (RMC) mutants. Sampling 
cores were introduced and used to assess substrate moisture retention dynamics and 
state-of-the-art modeling of substrate water retention and hydraulic conductivity. 

Under exclusion of roots, AM reduced total pore space, especially those spaces from 
where water would be lost by drainage. In exchange, AM increased the amount of pores 
in the bulk substrate with smaller diameters that contribute to water holding capacity. 
This is strongly correlated to the biomass of extraradical mycelia. The mean pore diame-
ter of capillary pores increased in AM substrates and, hence, allows a higher hydraulic 
conductivity when water is sucked from those pores. When root proliferation is allowed, 
AM effects decrease gradually with rooting densities, because roots will occupy most of 
the pore space. 

The pore loss in AM substrates is discussed as the cause for increased water repellency 
and the gain of capillary pores as a result of AM ingrowth into coarse pores. 

We conclude that irrigation is differently effective in AM and NM substrates and moisture 
stress of a host is decreased in colonized substrates at the same level of substrate water 
content. 

Keywords: arbuscular mycorrhiza, drought, soil moisture retention, hydraulic conductiv-
ity, pore size distribution 
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Mycorrhiza and Obesity, are they related 

Meenakshi Sharma (Delhi University, New Delhi, India & London, Canada) 

Mycorrhiza, the benefits are unquestionable, but has something being neglected while 
studying Mycorrhiza and Rhizobium for utilizing as a fertilizer? If yes, then what is it, and 
why is it essential to discuss the problem now. 

Cancer and obesity are two very ubiquitously found problems now-a-days, the reason for 
which has not been found. These problems existed previously also but the population 
was not so heavily impacted by these two medical issues. While undertaking some theo-
retical research after my MPhil. work and analyzing the data in front of me with a differ-
ent manner of understanding, it was found that Rhizobium and Mycorrhiza could be and 
most probably are infection of the plant, not necessarily providing the required nutrients 
to humans. The reason for my analysis was based on the following questions, is bigger 
always better, while increasing nutrient uptake, is mycorrhiza increasing nutrients within 
economically important parts of the plant, is it increase in size only due to water reten-
tion or excessive water uptake? Is the fungal body increasing within the plant or is it only 
plant tissue adding to the plant size? Is it better to increase number of fruits instead of 
the size of it, same genome behaving differently? My research answered these questions, 
to my dismay, it did not provide me with an answer that was beneficial to utilize Mycor-
rhiza as a bio fertilizer. During my presentation I will discuss a theoretical model that I 
have written to explain a possible correlation between Obesity and Mycorrhiza. 

Keywords: Mycorrhiza, Obesity 
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Desert truffle cultivation: A bioclimatic model for suitable management and produc-
tion 

Alfonso Navarro-Ródenas (Dpt. Biología Vegetal, Facultad de Biología, Campus de Espi-
nardo, Universidad de Murcia, Murcia, Spain), Alberto Andrino (Dpt. Biología Vegetal, 
Facultad de Biología, Campus de Espinardo, Universidad de Murcia, Murcia, Spain), José 
Eduardo Marqués-Gálvez (Dpt. Biología Vegetal, Facultad de Biología, Campus de Espi-
nardo, Universidad de Murcia, Murcia, Spain), Asunción Morte (Dpt. Biología Vegetal, 
Facultad de Biología, Campus de Espinardo, Universidad de Murcia, Murcia, Spain) 

Desert truffles are edible hypogeous fungi from the Pezizaceae family. Ascocarps of Ter-
fezia and Tirmania have been an important food and medicinal resource for thousands 
of years in arid and semiarid regions such as Mediterranean Basin, Middle East, countries 
across the Sahara and Kalahari Deserts and the Australian Outback. Nowadays Terfezia 
cultivation with Helianthemum spp. host plants is a reality, being Terfezia claveryi one of 
the few species of mycorrhizal fungi that is being cultivated 1. However, there is still a 
lack of information regarding the orchard management in order to ensure a constant 
truffle production. Our hypothesis was that there are certain meteorological parameters 
which influence dramatically the orchard performance. 

The present work builds up a fourteen years study of the first productive desert truffle 
plantation initiated in 1999. We sought to model the relationship among the fourteen 
years meteorological data and the T. claveryi truffle production. Pearson correlation 
analysis and multiple comparisons were made on all bioclimatic parameters versus an-
nual desert truffle yields. 

Positive and negative correlations were found with almost all the climatic parameters, 
but only autumn precipitation and spring temperatures were able to explain more than 
85% of variability. A mathematical model has been made that combines several climatic 
parameters and explains more than 95% of variability of desert truffle production. This 
model allows to propose different managements to increase and buffer truffle produc-
tion along the years and adapted to the global climate change, as well as to estimate the 
potential truffle production in future plantations. 

References: 
1 MORTE A., ANDRINO A., HONRUBIA M., NAVARRO-RÓDENAS A., 2012. Terfezia cultiva-
tion in arid and semiarid soils. In: Edible Ectomycorrhizal Mushrooms. Soil Biology, (Zam-
bonelli A., Bonito G.M., eds) vol 34. Springer-Verlag Berlin. Heidelberg, pp. 241-263. 
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Fundación Séneca-Agencia de Ciencia y Tecnología de la Región de Murcia, Spain) and 
CGL2016-78946-R (AEI/FEDER, UE). ANR thanks the University of Murcia for a postdoc-
toral contract. JEMG thanks MINECO for a PhD grant (DI-14-06904). 
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Hundred years of mycorrhizal research 

Mark M. Smits (47Centre for Environmental Sciences, Hasselt University, Diepenbeek, 
Belgium), Petra Fransson (Forest Mycology and Plant Pathology, SLU, Uppsala, Sweden), 
Anna Rosling (Evolutionary biology, Uppsala University, Uppsala, Sweden) 

In 1895 Frank introduced the term mycorrhiza and research in the field has grown tre-
mendously since. Network analysis of plant fungal associations has taught us much about 
host specificity and species distribution in (arbuscular mycorrhizal fungi) AMF and (ecto-
mycorrhizal fungi) EMF communities. Similarly, we can learn much about ourselves as a 
scientific community by studying the networks that we form. We analyzed mycorrhizal 
publication from 1917–2017 (Title: *mycorrhiz* in Web of Science on May 9th 2017) and 
used network analysis to explore citing patterns. Specifically we wanted to know if geo-
graphical citation patterns could be observed indicating distinct scientific communities 
of American mycorrhizal scientists (AMS) vs. European mycorrhizal scientist (EMS). 

Many mycorrhizal publications originate from Europe (41%), followed by North America 
(25%), Asia (18%), Oceania (9%), South America (5%) and Africa (3%). 14 % of the publi-
cations are intercontinental. Interestingly Europe dominates publications on AMF with 
few intercontinental publications while EMF publications are dominated by North Amer-
ica with the majority of publications being intercontinental. Up until the first ICOM in 
1993 strong geographic citations patters were observed for AMS and EMS. These tem-
porarily dissolved following the first mycorrhizal meeting. Continental citation patterns 
were largely dissolved by the start of the 21-century. Asia is now emerging as the strong-
est publication force in the community contribution to increased intercontinental cita-
tion. 

Keywords: publication, network analysis, citation 
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Modelling the Root Age Structure of Perennial Woody Plants 

Tyler Poppenwimer (Ecology and Evolutionary Biology, The University of Tennessee, 
Knoxville, USA), Louis Gross (Ecology and Evolutionary Biology, The University of Tennes-
see, Knoxville, USA), Joseph Bailey (Ecology and Evolutionary Biology, The University of 
Tennessee, Knoxville, USA), Megan Rúa (Biological Sciences, Wright State University, 
Dayton, USA) 

Root age and nutrient uptake efficiency are typically inverse. It has been suggested over-
all growth is enhanced by maintaining a large population of younger roots while minimiz-
ing biomass allocation to older roots which have low efficiency. However, there are 
trade-offs in senescing scheduling for new roots and a root age distribution could be 
skewed towards older roots. Root turnover and root production have been proposed as 
two methods by which plants control the age distribution of roots. Unfortunately, direct 
examination of these hypotheses is not experimentally tractable as measuring root age 
can be difficult. However, an age based theoretical model with varying cost-benefit ratios 
for roots of different ages could be used to examine the impact on overall uptake of 
alternative root age distributions. The ability of this model to analyze how root age dis-
tribution affects growth may enhance our capability to project whole-plant growth. To 
our knowledge, no such model has been constructed. 

We apply an integral equation approach using varying death, survivorship, and cost-ben-
efit curves to analyze the age distribution of the roots. To simulate growth and aging, we 
include feedbacks between roots and shoots to incorporate the additional influx of nu-
trients from roots and carbon from shoots as the plant ages. An objective is to observe 
the impacts on plant growth of changing root age structure and mycorrhizal associations 
throughout the life cycle, and determine conditions for which age distribution dynamics 
tends towards a steady state, a cycle, or if the age distribution fluctuates. 
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tion through a better understanding of mycorrhizal ecology 

The loss of biodiversity and functional diversity due to land conversion, invasive species 
and local or global pollution has increased our awareness about the importance of bio-
logical conservation. Yet, despite the codependency of plants and mycorrhizal fungi, their 
interactions have largely been overlooked in the context of habitat restoration and con-
servation. In recent years, many studies have increased our knowledge on the diversity 
and biogeography of mycorrhizal fungi; they also have enhanced our knowledge on the 
interactions and dependency between plants and mycorrhizal fungi at the ecosystem 
level. In this session, the coevolution and specificity of the mycorrhizal symbiosis will be 
discussed with respect to the conservation of both plants and mycorrhizal fungi. Ques-
tions such as: can mycorrhizal symbioses explain rarity (e.g. in orchids) and threatened 
status? What role do mycorrhizal interactions play in ecosystem disturbances, such as 
plant invasions? Can mycorrhizal fungi increase the success of restoration and conserva-
tion, in or ex-situ? Will be addressed by a group of expert speakers. 

Chair: Marc-André Selosse 
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They matter! Mycorrhizal fungi in ecosystem restoration: A local and global perspective 

Lena Neuenkamp (University of Tartu, Tartu, Estonia), Mari Moora (University of Tartu, 
Tartu, Estonia), Maarja Öpik (University of Tartu, Tartu, Estonia), John Davison (Univer-
sity of Tartu, Tartu, Estonia), Rachel Standish (Murdoch University, Perth, Australia), Su-
zanne Prober (CSIRO Land and Water Flagship, Perth, Australia), Jodi Price (Charles Sturt 
University, Albury, Australia), Maret Gerz (University of Tartu, Tartu, Estonia), Minna 
Männistö (Finnish Forest Research Institute, Rovaniemi, Finland), Martin Zobel (Univer-
sity of Tartu, Tartu, Estonia) 

Mycorrhizal fungi have a key position among soil microorganisms at the plant-soil inter-
face and are thus important to consider in ecosystem restoration. While several studies 
have investigated the impact of mycorrhizal fungi on plant community composition and 
plant performance, studies exploring their role in restoration projects are less common 
but increasing. We present evidence for the importance of mycorrhizal fungi in ecosys-
tem restoration at two scales. First, we describe a meta-analysis summarizing the effect 
of mycorrhizal inoculation on the outcomes of ecosystem restoration, considering plant 
growth and plant richness, as well as the context-dependency of these effects. Findings 
from our meta-analysis show that mycorrhizal inoculation promotes plant growth and 
plant richness, but effects are strongly context-dependent on host plant characteristics, 
soil fertility and inoculum complexity. 

Second, to illustrate the conclusions from our meta-analysis, we describe the results of a 
field study investigating covariation of plant and arbuscular mycorrhizal fungal (AMF) 
communities during secondary succession of semi-natural grasslands. Findings from co-
variation analysis imply that plant and AMF communities are clearly correlated in grass-
lands but diversity as well as strength of correlation between plant and AMF communi-
ties decline with shrub and tree encroachment. This indicates that AMF might be an im-
portant factor in structuring grassland plant communities with AMF diversity promoting 
plant diversity. Thus, restoration of grassland plant communities might be retarded by a 
lack of proper symbiotic AMF, either due to a lack of local fungal propagules, or due to 
the presence of profoundly altered local AMF communities. 

Keywords: plant-fungal interaction, ecosystem conservation, mycorrhizal inoculation, 
grassland restoration, arbuscular mycorrhizal fungi 
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The importance of the soil context for understanding arbuscular mycorrhizae in con-
servation scenarios 

Catherine Zabinski (Land Resources and Environmental Sciences, Montana State Univer-
sity, Bozeman, USA), Brian Ohsowski (Institute of Environmental Sustainability, Loyola 
University, Chicago, USA), Mitchell Greer (Biological Sciences, Fort Hays State University, 
Hays, USA), Bala Chaudhary (Environmental Science and Studies, DePaul University, Chi-
cago, USA), Chris Allen (Civil Engineering, Montana State University, Bozeman, USA) 

Our understanding of mycorrhizal ecology has been incorporated into conservation ef-
forts, from rare species management, to habitat conservation, and—to move outside of 
the traditional consideration of conservation—into the realm of sustainable agriculture. 
The justification for inoculation is often focused on the beneficial effects for host plants: 
to enhance seedling success, to contribute to plant community diversity, or to bolster 
crop production. Most experimental approaches test the effects of AM inoculation on 
host plant growth. The influence of soil-environment feedbacks on the plant-mycorrhizal 
symbiosis is often assumed but not tested. In this talk, we review findings that under-
score the importance of soil characteristics, such as nutrient levels and soil organic mat-
ter, on AM function in conservation scenarios. In addition, a meta-analysis of 55 restora-
tion studies yielding 169 experimental units showed that the effects of AM inoculation 
on host plants were the most pronounced in severely disturbed soils. In this analysis, AM 
plants were more than twice the size of non-mycorrhizal plants when growing in contam-
inated soils, and about 1.4 times as large when growing in soils with lesser disturbances. 
Those effects were mediated by the addition of other soil amendments, including ferti-
lizer and soil organic matter, with an increase in response to mycorrhizae with fertilizer 
addition. Framing the question of mycorrhizal function within the broader context of the 
soil ecosystem could support both our basic understanding of this symbiosis and our ca-
pacity to manage mycorrhizae in ecosystems varying in disturbance type and soil condi-
tion. 

Keywords: conservation, restoration, soil ecology 
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Fire effect on ectomycorrhizal symbiosis: Lessons for biological conservation 

Adrien Taudière (UMR 5175, CEFE – CNRS – Université de Montpellier, Montpellier, 
France), Christopher Carcaillet (École Pratique des Hautes Études (EPHE), Paris, France), 
Jean-Michel Bellanger (UMR 5175, CEFE – CNRS – INSERM, Montpellier, France), Pierre-
Arthur Moreau (Département de Botanique, Faculté des Sciences Pharmaceutiques et Bi-
ologiques, Université Lille, Lille, France), Franck Richard (UMR 5175, CEFE – CNRS – Uni-
versité de Montpellier, Montpellier, France) 

Among the millions of hectares of ectomycorrhizal (ECM) forests, those that are fire-
prone concentrate an astonishing diversity of mutualistic soil fungi that are pivotal for 
seedling establishment and forest functioning. In these ecosystems, the anthropic foot-
print drastically alter fire regime through direct management practices (e.g., prescribed 
burning) and ecosystem modification (e.g., land use change). Therefore, fire-prone ECM 
forests are a crossroad of conversation issues for plants, fungi and ecosystems. Here, we 
explore the links between fire regime, including prescribed fires, and ECM fungal diver-
sity using a two-step approach. 

We first review the published literature that directly address fire effect on ECM symbio-
sis. A remarkably low number of field studies (73) documented this topic in a restricted 
geographic area that partially represents the geography of both ECM biodiversity stakes 
and fire risk. The analyzed literature consensually reports long-term shifts in the compo-
sition of ECM fungal communities after fire. Contrastingly, the effects of fire on fungal 
diversity and richness at the local scale lacks of consensus among researchers. 

Second, we document fire effects on ECM diversity in the island of Corsica. Using NGS of 
soil samples collected 15 years after large wildfires, we detected the signature of wild-
fires on soil ECM fungal communities. Fire negatively impacts numerous ECM OTUs but 
promotes a few of them in both mineral and organic layers. However, destructive fires 
do not affect ECM fungal diversity while surface fire increase this diversity. We discuss 
operational and practical considerations for stakeholders and managers. 

Keywords: wildfire, prescribed burning, conservation, ectomycorrhizal symbiosis 
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Restoration methods alter AM fungal abundance and fungal community composition 

Mia R. Maltz (Center for Conservation Biology, University of California Riverside, Riverside, 
USA), Sarah Kimball (Center for Environmental Biology, UC Irvine, Irvine, USA), Megan Lulow 
(UC Irvine, Irvine, USA), Milan Mitrovich (Natural Communities Coalition, Irvine, USA), Sören 
Weber (Botany and Plant Sciences, UC Riverside, Riverside, USA), Emma Aronson (Plant Pa-
thology and Microbiology, UC Riverside, Riverside, USA) 

Introduction/Aim, Materials and Methods: Arbuscular mycorrhizal fungi can improve 
restoration outcomes by facilitating establishment of native plants. Yet, we know little 
about the effects of restoration methods on AM fungal communities. We examined how 
invasive plant management methods via adding topsoil from a reference ecosystem (i.e., 
salvage topsoil) might alter AM abundance and fungal communities in a coastal sage 
scrubland. Removing and burying seeds of invasive plants via the addition of salvage top-
soil, which includes both AM propagules and native AM host-plant seeds, could poten-
tially improve AM growth and diversity. However, some restoration practices, such as 
stockpiling salvage topsoil or removing thatch might harm AM fungi. Indeed, removing 
thatch may expose soil surfaces to increased solar radiation and stockpiling salvage top-
soil may hinder hyphal growth, damage AM spores, or alter AM fungal community com-
position. In a restored coastal sage scrubland, we measured plant and fungal community 
composition at plots with stockpiled or freshly-deployed salvage topsoil. 

Results, Discussion, Conclusion: Although restoration treatments reduced invasive plant 
cover, only freshly-deployed salvage topsoil addition improved native plant richness and 
cover. Stockpiling salvage topsoil limited fungal diversity, while adding fresh topsoil not 
only promoted AM diversity and abundance but also increased AM host-plant diver-
sity. Overall, depending on methods used by practitioners, salvage topsoil additions may 
deter non-native plant invasion and help re-establish the AM community in restored eco-
systems. 

Keywords: reference ecosystem, invasive plants, restoration, fungal communities, sal-
vage topsoil 
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Grassland restoration: Does plant functional group influence AMF? 

Gail W. T. Wilson (Natural Resource Ecology and Management, Oklahoma State Univer-
sity, Stillwater, USA), Tim C. Todd (Department of Plant Pathology, Kansas State Univer-
sity, Manhattan, USA) 

Introduction: While the overall goal of restoration ecology focuses on assisting the re-
covery of ecosystems that have been degraded, damaged, or destroyed, the most suc-
cessful path to recovery is uncertain. Conversion of tallgrass prairie to row-crop agricul-
ture can result in state changes and biotic or abiotic ecological legacies that inhibit return 
to grassland state and require human intervention (restoration). 

Methods: Our study assessed ecosystem processes, such as soil aggregate stability, soil 
organic carbon, relative abundance of soil microbial functional groups such as arbuscular 
mycorrhizal fungi (AMF), and nematode community structure following seeding of an 
agricultural field with diverse mixtures of either native cool-season (CSG) or warm-sea-
son grasses (WSG). These replicate restoration plots were compared with adjacent un-
disturbed grassland. 

Results: Eight years following seeding, AMF biomass associated with WSG was greater 
than CSG, yet remained significantly lower than undisturbed grassland soils. Soil aggre-
gate stability and SOC were also greater in WSG soils compared to CSG, but likewise con-
tinued to reflect degradation relative to undisturbed grassland soil. Both AMF and nem-
atode communities under CSG or WSG restorations remained fundamentally different 
from that associated with undisturbed grassland. For example, AMF communities of the 
restored prairie exhibited greater relative abundances of Gigasporaceae and relatively 
lower abundances of Glomeraceae, compared to undisturbed grassland. 

Conclusion: Our research indicates ecosystem processes are highly complex and may re-
quire extensive time for recovery. Nonetheless, restoration practices that include native 
warm-season grasses differentially promote AMF biomass, which has well-documented 
downstream influences on soil structure, SOC, and soil food webs. 
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Isolation and characterization of arbuscular mycorrhizal and dark-septate endophytic 
fungi: towards their use in the phytomanagement of metal-contamined sites? 

Charlotte Berthelot (University of Lorraine, Vandoeuvre-lès-Nancy, France), Laurence 
Lacercat-Didier (University of Lorraine, Vandoeuvre-lès-Nancy, France), Clémence 
Marchal (University of Lorraine, Vandoeuvre-lès-Nancy, France), Sebastien Roy (Biotech-
nology, Agronutrition SAS, Carbone, France), Julie Foulon (University of Bourgogne-
Franche-Comté, Montbéliard, France), Thierry Béguiristain (University of Lorraine, Van-
doeuvre-lès-nancy, France), Corinne Leyval (University of Lorraine, Vandoeuvre-lès-
Nancy, France), Michel Chalot (University of Lorraine, Montbéliard, France), Damien 
Blaudez (University of Lorraine, Vandoeuvre-lès-Nancy, France) 

Introduction/Aims: High tolerance of AM and endophytic fungi to metal pollution and 
their relatively high abundance in contaminated habitats suggest that they might have 
an important function for host survival in these extreme conditions1. Both fungi could 
affect trace element (TE) uptake of their host plants and increase plant metal tolerance. 
Therefore, in the context of phytomananagement assisted by beneficial microorganisms, 
we studied these fungi into more details. 

Materials and Methods: Four AMF belonging to Funneliformis mosseae and eleven en-
dophytes belonging to Helotiales and Sebacinales were isolated from poplar roots and 
propagated in vitro2,3. The ability of strains to promote plant growth in TE-contaminated 
soil was evaluated (i) either with herbaceous or woody plants, (ii) on different soils, (iii) 
in single or dual-inoculation (AMF/endophyte)4. Plant biomass and elemental contents 
were evaluated. Moreover, root colonization by fungi was recorded by using both micro-
scopic and molecular methods. Finally, the activity of alkaline phosphatase (AP) was used 
to study the impact of inoculation on P cycle. 

Results: AMF and endophyte inoculations resulted in the increase of plant biomass and 
in the decrease of TE contents in shoots. AMF promoted AP activity, resulting in the in-
crease of P mobility in soils. Moreover, when the AMF was co-inoculated with an endo-
phytic strain, both fungi could normally colonize plant roots and plant growth was not 
affected. 

Discussion and Conclusion: The usefulness of symbiotic inocula for biomass production 
on TE-polluted sites, as well as their potential for improving the efficiency of phytoreme-
diation will be discussed. 

References: 

1Foulon J, Zappelini C, Durand A, Valot B, Girardclos O, Blaudez D, Chalot M (2016) Envi-
ronmental metabarcoding reveals contrasting microbial communities at two poplar phy-
tomanagement sites. Science of the Total Environment. 571:1230–1240. 
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New mutualistic endophytic fungi isolated from poplar roots display high metal toler-
ance. Mycorrhiza 26: 657–671. 

3Berthelot C, Leyval C, Foulon J, Chalot M, Blaudez D (2016) Plant growth promotion, 
metabolite production and metal tolerance of dark septate endophytes isolated from 
metal polluted poplar phytomanagement sites. FEMS Microbiology Ecology 92(10): 
fiw144. 

4Berthelot C, Blaudez D, Leyval C (2017) Differential growth promotion of poplar and 
birch inoculated by three dark septate endophytes in two trace element-contaminated 
soils. International Journal of Phytoremediation (in press). 

Keywords: arbuscular mycorrhizal fungi, endophytes fungi, phytomanagement, trace el-
ement 
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Pre-inoculation with AMF as a management tool for reintroduction of rare species 

Hana Pánková (Department of Botany, Faculty of Science, Charles University in Prague, 
Prague, Czech Republic), Kristýna Vazačová (Institute of Botany of the Czech Academy of 
the Sciences, Průhonice, Czech Republic), Martina Svobodová (Institute for Environmen-
tal Studies, Charles University in Prague, Prague, Czech Republic), Tomáš Dostálek (Insti-
tute of Botany of the Czech Academy of the Sciences, Průhonice, Czech Republic), Alena 
Voříšková (Department of Experimental Plant Biology, Faculty of Science, Charles Univer-
sity in Prague, Prague, Czech Republic), Zuzana Münzbergová (Department of Botany, 
Faculty of Science, Charles University in Prague, Prague, Czech Republic) 

The number of abandoned agricultural fields strongly increased in the last 25 years, but 
plant communities established on them have lower plant diversity than surrounding 
grasslands. Many projects thus modify the course of secondary succession by transplant-
ing target species to the abandoned fields, but some species are not able to survive there. 
One possible explanation could be the shift in the AMF community after long term pre-
vious agriculture. 

We tested if preinoculation of species by grassland AMF community could enhance their 
performance on abandoned field. 

We selected 10 species pairs according to their grassland specificity: one species occur-
ring only on grassland (specialist) and one occurring on both sites (generalist). Plants 
were preinoculated by grassland or field AMF community. Two months old seedlings 
were transplanted to the abandoned field and their survival and growth were monitored 
for 2 years. At harvest, root and shoot biomass and percentage of root colonization were 
measured. 

Specialist had higher aboveground biomass than generalists independent of AMF, while 
generalist were larger when inoculated by AMF from abandoned field. Higher survival 
rate was observed for specialists and plants inoculated by AMF from abandoned field. 
Percentage of root colonization was species specific. 

Better plant performance of species inoculated by field AMF could be explained by higher 
mycorrhizal inoculation potential of field AMF leading to quick establishment of root col-
onization. It suggests that inoculation by AMF with high infectivity could enhance the 
success of plant reintroduction.  

Keywords: arbuscular fungi, rare species, dry grasslands, abandoned field, plant conser-
vation 
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Diversity of arbuscular mycorrhizal fungi (AMF) in an impacted mining tailings areas in 
Mariana-MG, Brazil 

Isabelle G. O. Prado (Departamento de Microbiologia/Bioagro, Universidade Federal de 
Viçosa, Viçosa – MG, Brazil), Marliane C. S. Silva (Departamento de Microbiologia/Bioagro, 
Universidade Federal de Viçosa, Viçosa – MG, Brazil), Danielle G. O. Prado (Departamento de 
Matemática, Universidade Tecnológica do Paraná, Apucarana, Brazil), Betânia G. Pedrosa 
(Departamento de Microbiologia/Bioagro, Universidade Federal de Viçosa, Viçosa – MG, Bra-
zil), Mateus V. Bitarães (Departamento de Microbiologia/Bioagro, Universidade Federal de 
Viçosa, Viçosa – MG, Brazil), Maria–Catarina M. Kasuya (Departamento de Microbiologia/Bi-
oagro, Universidade Federal de Viçosa, Viçosa – MG, Brazil) 

Arbuscular mycorrhizal fungi (AMF) are very important in recovery processes following 
environmental disasters, such as the rupture of the tailings dam occurred in Mariana, 
Brazil, on November 2015. The objective of this work was to evaluate the community 
profile of AMFs in soil from the Rio Doce river hydrographic basin. 

Four areas were selected: one undisturbed forest (UND) and three areas under different 
stages of recovery (REC 1, 2 and 3). Soil samples were collected in triplicate, at different 
period of times (Feb/2016; Sep/2016 and Feb/2017). DNA was extracted and PCR-DGGE 
performed using AML1- AML2 and Glo1- NS31 (Nested) primers. The bands of DGGE gel 
were analyzed and normalized in Bionumerics and after statistical analyses the Shannon 
diversity index by PAST. Each band was considered as an OTU (operational taxonomic 
unit), dendrograms were generated using DICE-WARD index. 

In the three period of samples, UND were agrouped with similarity above 65%. The FMA 
community was influenced by the re-vegetation process and a greater diversity was ob-
served in UND and in the advanced re-vegetation areas (REC2 and REC3). The REC1 in the 
first sampling it was totally covered by tailings and without any plant, and DNA did not 
amplify. In the subsequent samplings, there were some plants, and an increase in OTUs 
were observed. 

AMFs are dispersed in all disturbed areas, and although no difference (p<0.05) was ob-
served, there was an increase in the AMF diversity in these areas throughout the re-veg-
etation progress, showing the importance of this association for recovery process. 

Keywords: undisturbed (UND), recovery (REC), mining tailings, PCR-DGGE, iron mine res-
idue 
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Mycorrhizal Colonization in Forested Wetlands 

Amanda M. Griffin (Biology, Saint Mary's University, Halifax, Canada), Gavin Kernaghan 
(Biology, Mount Saint Vincent University, Halifax, Canada) 

Forested wetlands are wooded habitats with soils that are at least seasonally water sat-
urated. The mycorrhizal ecology of these environments is not well understood, and it 
was presumed that the low oxygen content of the soil would impede fungal growth. How-
ever, recent evidence suggests that mycorrhizae are more common in wetlands than pre-
viously thought. Nevertheless, colonization by arbuscular mycorrhizal (AM) and ectomy-
corrhizal (ECM) fungi appears to decrease as soil moisture increases. Even less is known 
about the ericoid mycorrhizae (ERM) of wetlands, but we suspect that they may be less 
affected by high soil moisture than other mycorrhizal groups. We are examining patterns 
of mycorrhizal colonization in plants that form AM, ECM and ERM as well as the relation-
ships between mycorrhizal colonization levels, soil moisture, pH, and soil and foliar nu-
trient contents. Root samples from two species of AM, ECM and ERM plants were col-
lected from upland, intermediate, and wetland forest plots in Nova Scotia. Mycorrhizae 
are quantified using clearing and staining and soil and foliar nutrient contents are being 
related to colonization levels to give an indication of the efficiency of wetland mycorrhi-
zae in nutrient uptake. Our goals are to understand how mycorrhizal relationships are 
adapted to forested wetland habitats, and how this might be reflected in plant nutrient 
uptake. Mycorrhizae are an important component of forested wetlands, and the adapta-
tions of ERM may be particularly important in water saturated habitats where ericaceous 
plants thrive. 

Keywords: Ericoid, mycorrhizal quantification, soil moisture, low oxygen conditions 
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Plant-arbuscular mycorrhizal fungi mutualism is reinforced in soil from abandoned 
fields 

Hana Pánková (Institute of Botany, Academy of Sciences of the Czech Republic, Průho-
nice, Czech Republic), Clémentine Lepinay (Institute of Botany, Academy of Sciences of 
the Czech Republic, Průhonice, Czech Republic), Jana Rydlová (Institute of Botany, Acad-
emy of Sciences of the Czech Republic, Průhonice, Czech Republic), Alena Voříšková (De-
partment of Experimental Plant Biology, Faculty of Science, Charles University, Prague, 
Czech Republic), Martina Janoušková (Institute of Botany, Academy of Sciences of the 
Czech Republic, Průhonice, Czech Republic), Tomáš Dostálek (Department of Botany, Fac-
ulty of Science, Charles University, Prague, Czech Republic), Zuzana Münzbergová (De-
partment of Botany, Faculty of Science, Charles University, Prague, Czech Republic) 

Introduction/Aim: After abandonment of agricultural fields, some grassland plant spe-
cies colonize these sites (generalists) while other are missing (specialists). We aimed to 
understand this absence by focusing on changes in AMF communities and soil abiotic 
properties caused by previous cultivation. 

Materials and Methods: We performed a greenhouse experiment with six species pairs, 
each composed of one specialist and one generalist species. The plants were grown in 
dry grassland or abandoned field soil inoculated with AMF from one or the other site. 
Plant growth, abundance of mycorrhizal structures and plant response to AMF were eval-
uated. 

Results: In the abandoned field soil, the increase in plant biomass was lower and the 
extraradical fungal mycelium (ERM) length shorter while the degree of mutualism was 
higher than in grassland soil. The AMF from dry grassland produced more arbuscules and 
vesicles. However, the AMF from abandoned field ensured higher phosphorus nutrition. 
Specialists had more arbuscules than generalists and, in abandoned field soil inoculated 
with AMF from dry grassland, they had more ERM. 

Discussion: Even if the N:P ratio was lower in abandoned field soil, AMF from this soil 
were more efficient. This is likely due to faster infectivity of AMF from abandoned field. 
The lower response of specialists to AMF inoculation could be due to their costly tightly 
link with AMF. 

Conclusion: Because mutualism is being reinforced in the soil and by AMF from aban-
doned field, inoculation of this soil with AMF from grassland is not a solution to allow 
settlement of specialists. 

Keywords: native AMF, internal and external fungal structures, mycorrhizal growth re-
sponse, nitrogen limitation, phosphorus content 
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What does limit seedling establishment of four mycoheterotrophic species? 

Milan Kotilínek (Department of Botany, University of South Bohemia, Faculty of Science, 
České Budějovice, Czech Republic), Tamara Těšitelová (Department of Botany, University 
of South Bohemia, Faculty of Science, České Budějovice, Czech Republic), Petr Kohout 
(Department of Experimental Plant Biology, Charles University, Faculty of Science, Praha, 
Czech Republic), Leho Tedersoo (Ecology of Biological Interactions group, University of 
Tartu, Tartu, Estonia), Jana Jersáková (Department of Ecosystem biology, University of 
South Bohemia, Faculty of Science, České Budějovice, Czech Republic) 

The mycoheterotrophic plants produce huge number of tiny seeds and are considered as 
dispersal unlimited. In contrast to this general assumption, many theoretically suitable 
sites stay unoccupied. In addition, several studies showed they are able to germinate on 
this unoccupied sites. 

We focused on three mycoheterotrophic species: Neottia nidus-avis (fully mycohetero-
trophic), Cephalanthera rubra and Epipactis atrorubens (both partly mycoheterotrophic). 
In study area (SW Bohemia), all study species occur only in beech and pine forests on 
limestone. As a control, we included E. helleborine (partly mycoheterotrophic) occurring 
in a wide range of forest and shrub habitats. To study their germination success, we used 
seed batting technique. The seeds packets were buried in 36 sites combining occupied 
(beech and pine forest on limestone), unoccupied but putatively suitable (beech and pine 
forest on limestone) and unoccupied but putatively unsuitable (spruce forest on lime-
stone and beech, pine, spruce and scree forest on acidic substrate) habitats. The packets 
were collected after two years and seedling success was determined to evaluate the 
availability of suitable mycorrhizal fungi, DNA was isolated from orchid seedlings and 
adult’s roots, soil and ECM root tips followed by NGS. 

We found out differences among species in the impact of habitat type, presence of adult 
plants and distribution of mycorrhizal fungi on germination success. Nevertheless, all 
species showed very low germination rate on most unoccupied sites (both putatively 
suitable and unsuitable). 

Our results suggest, that the germination success is influenced mainly by habitat type, 
what corresponds more with habitat than dispersal limitation. 
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Symbiotic orchid seed germination is regulated by nitrates at extremely low concen-
trations 

Tomáš Figura (Department of Experimental Plant Biology, Charles University, Prague, 
Czech Republic), Jan Ponert (Department of Experimental Plant Biology, Charles Univer-
sity, Prague, Czech Republic & Prague Botanical Garden, Prague, Czech Republic) 

Currently, many orchid species are seriously endangered. The reasons for disappearing 
of many of them from natural habitats remain often unclear. Very little is known about 
orchid physiological specifics including the regulation of seed germination. Moreover, 
mature seeds of several terrestrial species do not germinate in vitro, making their culti-
vation for scientific and rescue purposes impossible. As we have shown previously, ni-
trates are able to strongly inhibit asymbiotic orchid seed germination. In this work, we 
tested whether orchid seed germination is sensitive to nitrates also in the presence of 
mycorhizzal fungi. We performed symbiotic in vitro germination of two species, Dacty-
lorhiza majalis and Gymnadenia conopsea, on cultivation medium containing different 
concentrations of nitrates. Two strains of Ceratobasidium, one of Tulasnella and Sebac-
ina fungi were tested. The response differed markedly between orchid taxa. Germination 
of G. conopsea on higher nitrate concentrations was induced by symbiotic fungi while D. 
majalis germination was negatively influenced by nitrate presence similarly as on asym-
biotic culture media. These results suggest that mycorrhizal fungi exhibit various effects 
on different orchid species. We also show that nitrates can strongly inhibit even the sym-
biotic germination and therefore might be responsible for recent decrease in number of 
European orchid sites. 

The study was supported by the Charles University, project GA UK No. 365115. 

Keywords: orchidaceae, nitrate, seed, germination, in vitro 
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Is the mycorrhizal fungi distribution limiting the orchid establishment in restored 
meadows? 

Tamara Těšitelová (Faculty of Science, University of South Bohemia, České Budějovice, 
Czech Republic), Hélène Vogt-Schilb (Faculty of Science, University of South Bohemia, 
České Budějovice, Czech Republic), Lada Klimešová (Faculty of Science, University of 
South Bohemia, České Budějovice, Czech Republic), Pavel Sucháček (Faculty of Science, 
University of South Bohemia, České Budějovice, Czech Republic), Milan Kotilínek (Faculty 
of Science, University of South Bohemia, České Budějovice, Czech Republic), Jana 
Jersáková (Faculty of Science, University of South Bohemia, České Budějovice, Czech Re-
public) 

In the Czech Republic, vast areas of former species-rich grasslands converted into arable 
land are undergoing restoration using seeding of regional plant species and regular mow-
ing. Recovery of species with complicated life cycles, such as orchids, is particularly slow 
though the seed source populations grow in close vicinity. Orchids are obligately mycor-
rhizal plants which need mycorrhizal fungi (mainly saprotrophic fungi from Tulasnel-
laceae, Ceratobasidiaceae or Serendipitaceae) for germination. We focused on seven 
both rare and common orchid species and investigated (i) in situ germination and (ii) in 
vitro germination and specificity. Only two rather common orchid species (Neottia ovata 
and Gymnadenia conopsea) germinated in the restored grasslands while others germi-
nated only in undisturbed natural grasslands with established orchid populations. Gym-
nadenia conopsea showed also lowest specificity to mycorrhizal fungi during in vitro ger-
mination. Thus, diversity of orchid mycorrhizal fungi in restored habitats may be limiting 
to establishment of some orchid species. The slow restoration of orchid species due to 
absence of appropriate fungi could be potentially overwhelmed by targeted introduction 
of fungi and substrate amelioration of restored sites. 

Keywords: orchid, germination, restored grassland 
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Does forest age matter? Ectomycorrhizal communities in Mediterranean oak forests of 
contrasted history 

Hélène Vogt-Schilb (Faculty of Science, University of South Bohemia, Ceske Budejovice, 
Czech Republic), Adrien Taudière (UMR 5175 CEFE – CNRS – Université de Montpellier – 
Université Paul Valéry Montpellier – EPHE – INSERM, Montpellier, France), Jean-Michel 
Bellanger (UMR 5175 CEFE – CNRS – Université de Montpellier – Université Paul Valéry 
Montpellier – EPHE – INSERM, Montpellier, France), Bertrand Schatz (UMR 5175 CEFE – 
CNRS – Université de Montpellier – Université Paul Valéry Montpellier – EPHE – INSERM, 
Montpellier, France), Franck Richard (UMR 5175 CEFE – CNRS – Université de Montpellier 
– Université Paul Valéry Montpellier – EPHE – INSERM, Montpellier, France) 

Introduction/Aim: During past millennia, Mediterranean forests dramatically reduced 
due to high anthropogenic pressures. Only few ones, called ancient forests, continuously 
conserved their tree cover during the 19th century forest minimum. These ecosystems 
are scarce and their biodiversity is undocumented. We assessed the species richness, 
spatial structuration and community composition of ectomycorrhizal (ECM) fungi in for-
ests that differ in regard to their ancientness (ancient vs. post-agricultural secondary for-
ests) and soil conditions. 

Materials and Methods: ECM communities were sampled in six downy oak forests, in-
cluding two ancient humid, two ancient dry and two recent humid forests. 

Results: By sequencing fungal ITS, we identified 50 species in 1083 sampled ECM root 
tips, with higher species richness in ancient forests as compared to recent ones. In an-
cient forests, only slight differences in species richness were found between humid and 
dry soil conditions, but the composition markedly differed at various taxonomic levels. 
In all forests, the community was dominated by Thelephoraceae which colonized 42% of 
the root tips and represented the most species rich family. The relative abundance of 
Inocybaceae was higher in recent compared to ancient forests, while Sebacinaceae and 
Tuberaceae were more abundant in dry compared to humid soil conditions. 

Discussion/Conclusion: Our results show that both forest history and environmental 
conditions shape the composition of ECM fungal communities in Mediterranean oak for-
ests. In this region, integrative conservation strategies of the fungal diversity need to take 
into account the ecological range of focal tree species and the history of forests. 

Keywords: ectomycorrhizal communities, ancient forests, Quercus pubescens, Mediter-
ranean, abiotic soil conditions  
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The effect of simulated eutrofication on the growth and mycorrhizal symbiosis of Med-
iterranean tuberous orchids 

Milan Baláž (Department of Experimental Biology, Masaryk University, Faculty of Sci-
ence, Brno, Czech Republic), Romana Sedmíková (Department of Experimental Biology, 
Masaryk University, Faculty of Science, Brno, Czech Republic), Barbora Veselá (Depart-
ment of Experimental Biology, Masaryk University, Faculty of Science, Brno, Czech Repub-
lic), Jiří Boháček (Department of Experimental Biology, Masaryk University, Faculty of Sci-
ence, Brno, Czech Republic) 

It is widely acknowledged that eutrofication causes decline of orchid populations, namely 
in temperate or Mediterranean climatic zone. Surprisingly, very little information is avail-
able about its mechanisms. We aimed to test the effect of simulated eutrofication on the 
survival, growth, and mycorrhiza formation of several orchid taxa. 

In a series of long term (3 yrs) greenhouse experiments we cultivated Serapias lingua, 
Ophrys speculum, Ophrys lutea, Ophrys bombyliflora, and ×Serapicamptis capitata, with-
out competition with any co-cultivated plant species. The strongest eutrofication was 
simulated by applying the solution containing 17.1 mM N-NO3, 5.4 mM N-NH4, 4.5 mM 
P, 18 mM K, 5.8 mM Ca and 4.6 mM Mg, which for the other treatments was gradually 
diluted; the least concentrated solution applied contained only 1.2% of the above nutri-
ents. To compare the effect of eutrofication on orchids with the effect on the growth and 
arbuscular mycorrhiza development, Plantago lanceolata associated with Rhizophagus 
intraradices were cultivated under the same conditions and subjected to the same treat-
ments. 

In contrast with our initial expectations, the higher supply of mineral nutrients favored 
the biomass formation, flowering, and vegetative propagation of all taxa studied, except 
the higher mortality observed in plants treated with the most concentrated solution. The 
orchid mycorrhiza formation, both root colonization and extraradical mycelium for-
mation, was unaffected by nutrient supply, in contrast to AMF associated with plantains. 

These results strongly contradict the opinion that eutrofication affects orchids or their 
mycorrhizal symbiosis directly. The possible competition mediated effect of eutrofication 
on orchids should be thus tested. 

Keywords: orchid mycorrhiza, eutrofication, Ophrys, Serapias 
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Manipulating below ground diversity for above ground diversity: the application of ar-
buscular mycorrhizal fungi in vegetation restoration 

Tanel Vahter (Department of Botany, University of Tartu, Institute of Ecology and Earth 
Sciences, Tartu, Estonia), Maarja Öpik (Department of Botany, Institute of Ecology and 
Earth Sciences, Tartu, Estonia) 

The loss and fragmentation of habitats is one of the main drivers of deteriorating ecosys-
tem functioning and services. This has induced a growing need for conservation and in-
creasingly more – restoration. A central part of land-ecosystems is soil biota with arbus-
cular mycorrhizal (AM) fungi being a key constituent. In soils where disturbance has lead 
to the loss of soil cover or a drastic change in plant community composition, the absence 
of suitable AM fungal symbionts can lead to slow post-restoration plant community re-
covery, with negative implications on ecosystem functioning for decades. Because of this, 
the manipulation of soil AM fungal composition for restoring plant communities is a 
highly promising perspective. 

To test the applicability of this idea, we have set up field inoculation experiments in three 
ecosystem restoration scenarios in Estonia: restoration of alvar grassland vegetation fol-
lowing clearing; restoration of wooded meadow vegetation following clearing; restora-
tion of vegetation cover in depleted oil shale quarries. Native soils and plant seeds were 
collected from target ecosystems in a good state and trap cultures were set up to obtain 
bulk inoculums. These inoculums were used with native plant seeds in 18 restoration 
sites across Estonia. The experiment will be monitored for the desired effect and tem-
poral changes in above and belowground diversity, giving valuable insights into the prac-
tical implication of AM fungi for ecosystem restoration. An overview of the hypotheses, 
methodology and practical boundries of this experiment will be given, highlighting 
knowledge gaps and their possible solutions. 
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Interaction between dark-septate-endophytes and ectomycorrhizal fungi in the con-
text of trace-element contaminated sites 

Charlotte Berthelot (Université de Lorraine, Nancy, France), Corinne Leyval (Université 
de Lorraine, Nancy, France), Michel Chalot (Université de Bourgogne-Franche Comté, 
Montbéliard, France), Philipp Franken (Humboldt University of Berlin, Berlin, Germany), 
Damien Blaudez (Université de Lorraine, Nancy, France) 

Dark septate endophytes (DSE) are ascomycetous fungi that colonize living plant without 
causing apparent negative effects. They are characterized by melanized hyphae and mi-
crosclerotia within plant roots. DSE are widely distributed throughout the world and are 
often reported to co-habit with other microorganisms such as ectomycorrhizal fungi 
(ECM). High tolerance of DSE to trace element- (TE-) pollution and their relatively high 
abundance in contaminated habitats suggest that DSE might have an important function 
for host survival in these conditions. Therefore, in the context of phytoremediation as-
sisted by symbiotic fungi, we studied these groups of fungi into more details. We first 
isolated seven DSE strains from poplar roots from TE-polluted sites1. Fungal isolates were 
identified as members of the Phialophora, Phialocephala, Cadophora and Leptodon-
tidium genera. A screening of the strains was performed to select the best promising 
symbionts. They were characterized for their plant-growth-promoting abilities through 
different tests such as production of indol-3-acetic acid, release of volatile organic com-
pounds and TE-tolerance. Further, we also investigated the interaction between DSE and 
ECM (Hebeloma cylindrosporum and Paxillus involutus) and the interaction between 
these fungi and pathogens (Heterobasidion annosum, Phytophotora citricola, and 
Pythium ultimum) through an in vitro pairwise assay. For the most interesting strains, an 
inoculation experiment was performed to monitor the effect of the fungi on the growth 
of poplar and birch on metal-contaminated soils2. Finally, the use of DSE and ECM in the 
phytomanangement of metal-contaminated soils will be presented. 

References: 

1Berthelot C, Leyval C, Foulon J, Chalot M, Blaudez D (2016) Plant growth promotion, 
metabolite production and metal tolerance of dark septate endophytes isolated from 
metal polluted poplar phytomanagement sites. FEMS Microbiology Ecology 92(10): 
fiw144. 

2Berthelot C, Blaudez D, Leyval C (2017) Differential growth promotion of poplar and 
birch inoculated by three dark septate endophytes in two trace element-contaminated 
soils. International Journal of Phytoremediation (in press). 

Keywords: dark septate endophyte, ectomycorrhizal fungi, pathogen, plant growth pro-
moting, phytomanagement  
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Soil fungal mycelium species composition and biomass: ectomycorrhizal and sapro-
trophic guilds under the influence of forest type and environmental factors 

Rodica Pena (Forest Botany and Tree Physiology, University of Göttingen, Göttingen, Ger-
many), Abdallah Awad (Forest Botany and Tree Physiology, University of Göttingen, Göt-
tingen, Germany) 

Ectomycorrhizal and saprotrophic fungi dominate temperate forest soils driving essential 
ecosystem processes (nutrient cycling, C storage). The two guilds coexist into a compet-
itive relationship (Bödeker et al. 2016), likely sensitive to changes in the environmental 
factors, or forest tree composition.  

We investigated species composition and biomass of ectomycorrhizal and saprotrophic 
guilds in three regions of Germany across a gradient of 48 independent environmental 
factors, including vegetation, soil, root, forest and climatic properties. The study consid-
ered forest stands of pure beech, beech mixed with other deciduous species, beech 
mixed with coniferous, and pure coniferous. 

The results indicated that in the ectomycorrhizal traditional dominated soil depth, at the 
interface between mineral horizon and humus (Lindahl et al. 2007), the mycelial biomass 
was dominated by saprotrophs. Environmental predictors either for community compo-
sition or biomass were different between the two fungal guilds. Forest type had a signif-
icant influence, particularly on saprotroph’s biomass, which were higher in coniferous 
that in deciduous forests. The region effect was also significant for fungal community and 
biomass composition.  

By alteration of the relationship between ectomycorrhizal and saprotrophic fungi, dra-
matic shifts in ecosystem processes may ensue. Therefore, identification of the effects 
of forest type (species selection) and other environmental factors on this relationship is 
a major factor in the development of sustainable forest management strategies. 

References: 

Bödeker, I., Lindahl, B.D., Olson, Å. & Clemmensen, K.E. (2016). Mycorrhizal and sapro-
trophic fungal guilds compete for the same organic substrates but affect decomposition 
differently. Funct. Ecol. 30: 1967–1978 

Lindahl, B. D., Ihrmark, K., Boberg, J., Trumbore, S. E., Högberg, P., Stenlid, J. & Finlay, R. 
D. (2007), Spatial separation of litter decomposition and mycorrhizal nitrogen uptake in 
a boreal forest. New Phytologist, 173: 611–620. 

Keywords: saprotrophs, mineral horizon, biomass, competitive interactions, temperate 
forest 
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Role of arbuscular mycorrhizal fungi in the sustainability of a green fertilization practice 

Baraa Malik Albadran (Experimental and Systems Ecology, Bielefeld University, Bielefeld, 
Germany), Stephan Unger (Experimental and Systems Ecology, Bielefeld University, Bie-
lefeld, Germany), Wolfram Beyschlag (Experimental and Systems Ecology, Bielefeld Uni-
versity, Bielefeld, Germany) 

The practice of sown biodiverse permanent pastures rich in legumes (SBPPRL) is a strat-
egy to increase grassland productivity and carbon sequestration. However, the sustaina-
bility of SBPPRL is unclear, as legumes are susceptible to drought, overgrazing and nutri-
ent limitation (particularly phosphorus (P)). The implementation of arbuscular mycorrhi-
zal fungi (AMF) may mitigate these factors and increase success and sustainability of 
SBPPRL. 

We tested the effects of AMF (Rhizophagus irregularis) on the performance of five leg-
ume species (Trifolium subterraneum, T. resupinatum, T. incarnatum, T. vesiculosum and 
Ornithopus sativus) commonly used in SBPPRL in three pot experiments with manipula-
tion of (i) phosphorus availability, (ii) grazing pressure, and (iii) water availability. 

All species showed strong positive mycorrhizal growth dependencies (MGDs). (i) Under 
low P-conditions AMF allowed for biomass increases of ~100%. (ii) Frequent clipping of 
50% of leaf area led to similar regrowth in AM- and NM-individuals, indicating that com-
pensatory regrowth capacity was unrelated to mycorrhization. However, MGD was in-
creased in all species when clipped. (iii) Drought effects on productivity were not gener-
ally mitigated through mycorrhiza. 

Our results indicate that (i) P-fertilization in SBPPRL may be reduced markedly by imple-
menting AMF, and that (ii) herbivory through grazing and (iii) drought may be the major 
problems for SBPPRL legumes, explaining lacking sustainability of the practice, with AMF 
not adding much help in tackling these problems. Nevertheless, AMF was shown to in-
crease biomass even under severe drought and herbivory conditions, pointing to a larger 
positive effect through P-delivery than through carbon drain. 

Keywords: arbuscular mycorrhizal fungi, herbivory, biomass production, drought effects, 
phosphorus acquisition  
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Molecular diversity of arbuscular mycorrhizal fungi in the South American mediterra-
nean ecoregion 

Patricia Silva-Flores (Universidad de Concepción y Centro de Estudios Avanzados en Fruti-
cultura, Concepción, Chile), José Neira (Centro de Estudios Avanzados en Fruticultura, 
Rengo, Chile), Teele Jairus (University of Tartu, Tartu, Estonia), Martti Vasar (University 
of Tartu, Tartu, Estonia), Guillermo Bueno (University of Tartu, Tartu, Estonia), Götz 
Palfner (Universidad de Concepción, Concepción, Estonia), Maarja Öpik (University of 
Tartu, Tartu, Estonia) 

The mediterranean ecoregion correspond to a small area in the world that supports 20% 
of the plant species on Earth. At least half of them are endemic and are threatened by 
agriculture and urbanization. Most of conservation guidelines consider only the above-
ground compartment for their recommendations and the belowground compartment is 
thought as a black box. One of the key organisms in this compartment are mycorrhizal 
fungi, that forms a symbiosis with more than 90% of terrestrial plants and in recent years 
they began to be recognized by playing a key role in shaping diversity, distribution and 
abundance of plant species. There are five ecosystems in the world composing the med-
iterranean ecoregion; for four of them mycorrhizal fungi research has arisen, however 
almost nothing is known for the South American mediterranean ecosystem. In this re-
search, is aimed to describe, for the very first time, patterns of molecular diversity and 
community structure of AMF present in soil and plant roots of one of the most threat-
ened habitat of South American mediterranean ecosystem: sclerophyllous forest. Also, 
is aimed to understand how those ecological patterns are affected by host plant species, 
soil physicochemical factors and seasons of the year. So far, the system has shown to 
have a molecular species richness of 118 virtual taxa. In terms of richness and abundance, 
this is significantly affected by soil physicochemical factors and seasons of the year, but 
not by plant species. The results obtained from this research will be useful for conserva-
tion purposes of the mediterranean ecoregion. 

Keywords: arbuscular mycorrhizal fungi, mediterranean ecoregion, South America, mo-
lecular ecology, mycorrhizal ecology 
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AMF species diversity in the Three Gorges Reservoir’s drawdown zone under different 
fertilization histories 

Xie Luo (Southwest University, Chongqing, China), Xiaolei Su (Southwest University, Chong-
qing, China), Jingmiao Cui (Southwest University, Chongqing, China), Ya Lou (Southwest 
University, Chongqing, China), Ru Li (Yunnan Agricultural University, Kunming, China), 
Xiumei Luo (Southwest University, Chongqing, China), Yuanqin Zeng (Southwest University, 
Chongqing, China), Yaobo Xu (Southwest University, Chongqing, China), Jinyan Dong 
(Southwest University, Chongqing, China), Xinhua He (Southwest University, Chongqing, 
China) 

Introduction/Aim: Annual winter and summer water-flow regulation of the world largest 
Three Gorges Reservoir (TGR, 1084km2) since 2003 has shaped a 350km2 huge hydro-
fluctuation or drawdown zone, where riparian vegetation and associated microbes have 
been stressed by drying-wetting alternations1,2. However, how arbuscular mycorrhizal 
fungus (AMF) species diversity could respond to such hydrological stresses remain un-
clear. 

Materials/Methods: Responses of AMF community structure and diversity were moni-
tored by morphological/taxonomical characteristics at three different fertilization history 
areas (Area-A, Area-B and Area-C for 5-, 3- and zero-year fertilization) in the TGR’s draw-
down zone3. 

Results: From 10 dominant plant species in all three areas, 50 AMF species were totally 
identified within 13 genera (Glomus, 20; Acaulospora, 8; Funneliformis, 4; 3 for Am-
bispora, Claroideoglomus and Septoglomus; 2 for Scutellospora and Diversispora; each 
for Gigaspora, Entrophospora, Paraglomus, Rhizophagus, Sclerocystis)3. More abundant 
AMF species were within Acaulospora, Ambispora, Entrophospora and Paraglomus in 
Area-A and Area-B, while within Claroideoglomus, Diversispora, Sclerocystis and Sep-
toglomus in Area-C. Shannon-Wiener and evenness indexes ranked significantly greater 
at Area-A>Area-C>Area-B, positively correlated with each other (P=0.05) and were high-
est volumes under Phytolacca americana rhizosphere soils. 

Discussion: Plant host, fertilization history or edaphic properties could affect the distri-
bution of AMFs. As main drivers affecting AMFs, soil C/N ratio, available phosphorus and 
potassium significantly correlated (P<0.001) with AMF community composition in these 
three fertilization history areas3. 

Conclusion: Positive relationships between AM fungal community and edaphic proper-
ties demonstrate important functions of AMFs for ecological restoration of riparian veg-
etation, particularly Phytolacca americana, in the TGR’s harsh drying-wetting drawdown 
zones. 
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The effect of nutritional limitation by fungicide treatment on growth of mixotrophic 
Pyrola japonica 

Shosei Kawai (Graduate School of Bioresources, Mie University, Tsu, Japan), Toko Tani-
kawa (Kansai Research Center, Forestry and Forest Products Research Institute, Kyoto, 
Japan), Takashi Uesugi (Graduate School of Bioresources, Mie University, Tsu, Japan), 
Naoko Matsuo (Graduate School of Bioresources, Mie University, Tsu, Japan), Marc-An-
dré Selosse (Muséum National d'Histoire Naturelle, Sorbonne Universités, Paris, France), 
Yosuke Matsuda (Graduate School of Bioresources, Mie University, Tsu, Japan) 

Pyrola japonica is understory plants living at temperate forests in East Asia. Since carbon 
stable isotopic ratio (δ13C) of the plant was intermediate between autotrophic and my-
coheterotrophic plants, nutritional mode is mixotrophic, i.e. can acquire carbon from 
both photosynthesis and plants’ mycorrhizal fungi. However, little direct evidence is 
available about the extent of mycorrhizal dependency of P. japonica. The aim of the study 
was to clarify the functional significance of mycorrhizal fungi on growth of P. japonica by 
experimentally reducing the mycorrhizal colonization.  

In an evergreen broad-leaved forest, P. japonica plants were subjected to in situ fungicide 
treatments. After 4 months, the plants were collected and their biomass as well as δ13C 
of leaves and fruits were measured. In addition, root samples were assessed for mycor-
rhizal colonization and for taxonomic affiliation of associated fungi by cloning sequences 
of the ITS region. 

All plants from fungicide and control treatments plants formed arbutoid mycorrhizas 
without fungal mantles. The rate of fungal colonization in the fungicide treatment 
(75.3%) was lower than that in the control (85.0%). Associating fungi detected were ec-
tomycorrhizal fungi (e.g. Russulaceae and Thelephoraceae). Leaf dry weights of plants in 
the treatment were lower and their fruits appeared to be more withering than those in 
the control. δ13C values of leaves and fruits in the treatment were lower than those in 
control. 

These results suggested that P. japonica depends on its fungi for shoot and fruit for-
mation but partially improves photosynthesis when the access to mycorrhizal fungi is 
limited. 

Keywords: arbutoid mycorrhiza, Ericaceae, stable carbon isotopes, ITS barcoding 
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Distribution of Arbuscular Mycorrhizal Fungi According to Salinity in Reclaimed land in 
Korea 

Hyo Kyeong Lee (Korea national university of education, Cheongju-si, Korea), Ahn-Heum 
Eom (Korea national university of education, Cheongju-si, Korea) 

Dry climate is known to increase salinity of soil worldwide. In particular, reclaimed land 
has higher salt concentration than grasslands or forests, and is unfavorable for plants. 
Arbuscular mycorrhizal fungi (AMF) are known to enhance plant adaptability in harsh 
environments. The purpose of this study was to investigate the symbiotic relationship 
between AMF and plants in saline soils. We collected host plants and rhizosphere soils at 
different distances from the sea in a reclaimed land of Korea. To investigate the diversity 
of AMF species, DNA was extracted from the plant roots and cloned, and restriction frag-
ment length polymorphism (RFLP) was performed. Molecular and morphological anal-
yses on AMF spores extracted from the field soils were performed. We found that Para-
glomus occultum was the dominant AMF species in the plant roots. In field soils, we iden-
tified Ambispora leptoticha, Acaulospora longula, Glomus eburneum and Diversispora 
sp.[Eom1]. These results indicated a difference in species diversity between AMF in the 
field soils and in plant roots. Further studies using AMF to improve the adaptability of 
plants in highly saline soils will be necessary. 

Keywords: Paraglomus occultum, reclaimed land, arbuscular mycorrhizal fungi, salinity 

  



ICOM 9 

311 

P (ID 436) 

Changes in Ectomycorrhizal Community Structure after Forest Tending 

Dong yeo Kim (Korea National University of Education, Cheongju-si, Korea) 

Ectomycorrhizal fungi (EMF) are important microorganisms that contribute to nutrient 
cycling in forest ecosystems. EMF extends mycelia into the intercellular space of plant 
roots and forms a symbiotic relationship with the host plant. Forest tending is one of the 
ways to increase the forest production and to maintain and manage forest ecosystems. 
Forest tending could cause changes in the plant community structure, which in turn re-
sults in changes in the community structure of EMF in symbiotic relationships with the 
host plants. This study was conducted to investigate the species diversity and community 
structure of EMF by studying soil samples from natural forests and tending area of the 
study site in Korea. We identified EMF based on morphological characteristics and inter-
nal transcribed spacer (ITS) DNA sequences analysis. We found that Russula was the 
dominant genus in both natural and tending areas. However, Suillus became the domi-
nant genus over time followed by Tomentella. We also confirmed that forest tending 
reduced species diversity. Therefore, we suggested that forest tending could affect the 
community structure of EMF. 

Keywords: ectomycorrhizal fungi, forest tending, Russula, species diversity 
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Characterization of Mycorrhiza Fungi associated with the Genera of Borneo Phalaenop-
sis Orchid 

Margaret K. Y. Chan (Faculty of Plantation and Agrotechnology, Universiti Teknologi 
MARA, Samarahan, Malaysia), Norhasnan Bin Sahari (Faculty of Applied Science, Univer-
siti Teknologi MARA, Samarahan, Malaysia), Siti Sahmsiah Binti Sahmat (Faculty of Plan-
tation and Agrotechnology, Universiti Teknologi MARA, Samarahan, Malaysia) 

Phalaenopsis is a popular orchid in the trade, through the development of many artificial 
hybrids. It is native to southern China, the Indian Subcontinent, Southeast Asia, New 
Guinea, the Bismarck Archipelago, and Queensland based on Kew Garden databases. This 
genus is no longer common in nature because it is highly prized by poachers or has van-
ished as the habitat is destroyed, thus more easily found outside their habitats. 
Phalaenopsis has become an important cut-flower crop, with large, heavy-substanced 
flowers possessing unusual long-lasting qualities. The species that can be found in Bor-
neo is known as Phalaenopsis Borneo. Being an epiphyte, information on the genera 
Phalaenopsis and symbioses with mycorrhiza fungi is lacking. The objectives were firstly 
to isolate culturable endofungi from protocorm and characterize using morphological 
description and DNA sequencing. The second objective was to verify of existence of sym-
bioses between Phalaenopsis orchid and fungi. Thirty samples of wild Phalaenopsis spe-
cies coded based on the location from various parts of Sarawak conserved in the ethno-
botanical garden were screened. Thirty-four culturable fungi were isolated. There was 
no trend of specificity among the samples and no significant differences among apex, 
middle and mature zones of the protocorm in colonization. Two fungi colonized more 
than six samples of orchids while seven fungi colonized in only two samples while the 
rest were only in one type of orchid. Two orchids did not have colonization. The charac-
terization of the mycorrhizal fungi indicated the diversity and functional preferences of 
symbioses due to specificity of host-fungi relationship. 

Keywords: Phalaenopsis orchid, mycorrhiza, symbioses, culturable fungi, protocorm 
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Evidence from soil fungal community ecology suggest that Abies religiosa could be 
nursed by Pinus montezumae in central Mexico 

Andres Arguelles Moyao (Botany, Insituto de Biologia, Universidad Nacional Autonoma 
de Mexico, Mexico City, Mexico), Roberto Garibay-Orijel (Botany, Insituto de Biologia; 
Universidad Nacional Autonoma de Mexico, Mexico City, Mexico) 

Abies religiosa forests in central Mexico are the overwinter refuge of Monarch butterfly 
and they also provide important ecosystem services. These forests have lost 54.6% of 
extension in the last 40 years. Assisted migration has been proposed a strategy to avoid 
its extinction due to climate change. For these reason, it is necessary to consider its fun-
gal symbiosis to facilitate its establishment in new areas. Our objective was to analyze 
the fungal diversity in soils of forests with close relative hosts in order to identify which 
are the best potential habitats according to their mycobiome. 

We sampled soil from five temperate conifer forests (A. religiosa, Pinus montezumae, P. 
hartwegii, and conifer mixed forest) and sequenced the ITS2 region with IlluminaMiSeq. 
Sequences were grouped at 97% and assigned to MOTUs and functional guilds.  

We obtained 6286 MOTUs, in which Ascomycota was the most common Phylum and 
Agaricales the most common Order. The species turnover between forest types fluctu-
ated 0.543 – 0.681. The MOTUs with highest ecological importance value were Russula 
aff. olivobrunnea, Mortierella sp. and Piloderma sp. The core-diversity had 314 MOTUs 
dominated by Russulaceae and Clavulinaceae. The fungal communities composition were 
significantly influenced by site altitude. 

As Pinus montezumae forests hosted the highest number of shared ectomycorrhizal fungi 
and have a distribution adjacent to A. religiosa, we propose further research to validate 
the assisted migration of Abies religiosa into P. montezumae forests using this pine as 
nurse plant. 

Keywords: fungal community ecology, plant community ecology, forest management, 
environmental decision making 
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Vulnerability of soil microbial community to land use changes in a Mexican tropical rain 
forest  

Dulce Flores-Rentería (Sustainability of Natural Resources and Energy, Centro de Investi-
gación en Estudios Avanzados (CONACYT-CINVESTAV), Ramos Arizpe, Mexico), Javier Ál-
varez-Sánchez (Facultad de Ciencias, Universidad Nacional Autónoma de México, Mexico 
City, Mexico), John Larsen (Instituto de Investigaciones en Ecosistemas y Sustentabilidad, 
Universidad Nacional Autónoma de México, Morelia, Mexico), Diego Morales (Facultad 
de Ciencias, Universidad Nacional Autónoma de México, Mexico City, Mexico), Irene 
Sánchez-Gallen (Facultad de Ciencias, Universidad Nacional Autónoma de México, Mex-
ico City, Mexico) 

Land use change has important effects on the soil microbial community (MC), mainly 
affecting their diversity and vulnerability to environmental changes. Los Tuxtlas tropical 
rain forest in Mexico offers a suitable framework to test the effect of land use change on 
the soil microbial communities including factors as the seasonal variation. 

We analyzed the whole cell fatty acid of the MC in soils from four land uses: cattle ranch-
ing, crops, primary and secondary tropical rain forest, and during the dry and rainy sea-
sons. Soil physicochemical properties were additionally analyzed at each land use. 

We identified twenty eight individual fatty acids, representing the whole functional 
groups of soil MC: Gram+ bacteria, Gram- bacteria, actinobacteria, fungi, arbuscular my-
corrhizal fungi (AMF), oomycets. 

The abundance of the functional groups of microorganisms were affected by land use 
but not by seasonality; specially AMF had highest values in soils from cattle ranching in 
comparison with those of crops and rain forest. Also, the land use influenced the assem-
blage of the soil MC, especially during the rainy season. Nitrate, soil organic matter and 
phosphorus explained a great percentage of the axis after a NMDS analysis. 

The results show that actual agriculture practices are noxious to the soil MC, because of 
the excessive use of fertilizers and herbicides. The soil MC belonging to the secondary 
forest had the same pattern in terms of assemblage and vulnerability as the mature for-
est, indicating a high potential of recovery of the soil functions associated with the mi-
crobial community.  

Keywords: soil microbial community, arbuscular mycorrhizal fungi, whole cell fatty acids, 
tropical rain forest, community 
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Colonization and species richness of arbuscular mycorrhizal fungi in roots of Cedrela 
odorata and Swietenia macrophylla 

Iván Oros-Ortega (División de Estudios de Posgrado e Investigación, Instituto Tecnológico 
de la Zona Maya, Othón P. Blanco, Quintana Roo, Mexico), Luis A. Lara-Pérez (División de 
Estudios de Posgrado e Investigación, Instituto Tecnológico de la Zona Maya, Othón P. 
Blanco, Quintana Roo, Mexico), Guadalupe Sánchez-Reyes (División de Estudios de Pos-
grado e Investigación, Instituto Tecnológico de la Zona Maya, Othón P. Blanco, Quintana 
Roo, Mexico), Dianela A. Yam-Cárdenas (División de Estudios de Posgrado e Investigación, 
Instituto Tecnológico de la Zona Maya, Othón P. Blanco, Quintana Roo, Mexico), Fernando 
Casanova-Lugo (División de Estudios de Posgrado e Investigación, Instituto Tecnológico de 
la Zona Maya, Othón P. Blanco, Quintana Roo, Mexico), Víctor F. Díaz-Echeverría (División 
de Estudios de Posgrado e Investigación, Instituto Tecnológico de la Zona Maya, Othón P. 
Blanco, Quintana Roo, Mexico), Luis A. Sáenz-Carbonell (Biotecnología, CICY, Mérida, Mex-
ico), Iván I. Córdova-Lara (Biotecnología, CICY, Mérida, Mexico) 

Introduction: Cedrela odorata L. and Swietenia macrophylla King (Meliaceae) are glob-
ally important timber species. Unfortunately, illegal logging, shoot borer (Hypsipyla gran-
della Zeller), anthropogenic and natural disturbances have affected both forestry spe-
cies. Arbuscular mycorrhizal fungi (AMF) have been proposed as a biotechnological alter-
native in ecological restoration and in agroforestry systems. However, ecology and 
inoculation of plants with native species of AMF in Meliaceae species are still poorly un-
derstood. 

Aim: The aim of this study was to evaluate the effect of inoculation of native AMF, the 
level of colonization, richness AMF in mahogany and cedar Spanish trees in Yucatan Pen-
insula, Mexico.  

Materials and Methods: Soil and roots samples were collected from ten individuals of 
cedar and mohogany per site, with at least 100m away from each other; a total of 200 
cm of roots were morphological analyzed. Partial SSU rDNA fragment were amplified us-
ing AM1 and NS31 primers. 

Results: The morphological AM colonization pattern was considered a Paris-type. Dark 
septate fungi, with septate hyphae and microsclerotia, were present within the roots of 
mahogany. The percentages of AMF colonization in roots varied between species, and 
range from 25 to 35 % in cedar and 68 to 90 % in mahogany. In both species, two Glom-
eraceae phylotypes were identified by sequencing, and two Diversisporaceae phylotypes 
were only present in the roots of mahogany. 

Conclusion: The knowledge of the diversity of arbuscular mycorrhiza fungi in natural pop-
ulations of these two economically important species would help to the selection of the 
potential species in sustainable agriculture and conservation. 

Keywords: arbuscular mycorrhizas, rain forest, phylotypes
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Ectomycorrhizal fungal communities in protected and managed mixed coniferous for-
ests in Poland 

Marta Kujawska (Laboratory of Symbiotic Associations, Institute of Dendrology Polish 
Academy of Sciences, Kornik, Poland), Maria Rudawska (Laboratory of Symbiotic Associ-
ations, Institute of Dendrology Polish Academy of Sciences, Kornik, Poland), Małgorzata 
Stasińska (Faculty of Botany, Szczecin University, Szczecin, Poland), Tomasz Leski (Labor-
atory of Symbiotic Associations, Institute of Dendrology Polish Academy of Sciences, Kor-
nik, Poland), Leszek Karliński (Laboratory of Symbiotic Associations, Institute of Dendrol-
ogy Polish Academy of Sciences, Kornik, Poland) 

The main objective of the studies was to compare above- and below-ground community 
structure of ectomycorrhizal (ECM) fungi in protected and managed continental mixed 
coniferous forests (Querco roboris–Pinetum) in Poland. The studies were performed at 
three pairs of 80 years old forest stands, located within the forest reserves and mature 
managed forest. To determine ECM community structure, traditional fruiting bodies in-
ventories were used along with molecular identification (Sanger sequencing) of ECM 
morphotypes. Aboveground fruiting bodies surveys and molecular identification of my-
corrhizas revealed in total up to 140 ECM fungal taxa. Molecular analysis of ECM mor-
photypes revealed higher fungal species richness than fruiting bodies inventories. After 
four seasons of research (spring and autumn 2015 and 2016) we found that ECM fungal 
species richness did not differ significantly between managed and not managed forests. 
However a tendency to higher fungal diversity in managed stands was observed. Individ-
ual pairs of stands were differentiated in terms of species composition and abundance. 
This appears to be due to the greater volume of dead wood in protected forest in com-
parison to the managed forests. Dead wood provides specific ecological niches allowing 
for the development of the fruiting bodies of some specialized ECM fungi (e.g. Tomen-
tella, Pseudotomentella). Investigations planned for the approaching seasons (spring and 
autumn 2017) using NGS should complement our present studies to assess the full diver-
sity of fungal community, not only ECM fungi. 

This research is financially supported by a grant from the National Science Center, Poland 
(grant 2014/13/B/NZ9/01992). 

Keywords: community structure, forest management, forest reserves 
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Ectomycorrhizal functional traits mediate plant-soil feedback processes in trace ele-
ments contaminated soils 

Marta Gil-Martínez (IRNAS, Spanish National Research Council – CSIC, Seville, Spain), Álvaro 
López-García (Biology, IRNAS, Spanish National Research Council – CSIC, Seville, Spain & Uni-
versity of Copenhagen, Copenhagen, Denmark), Carmen Maria Navarro-Fernández (IRNAS, 
Spanish National Research Council – CSIC, Seville, Spain), Concepción Azcón-Aguilar (EEZ, 
Spanish National Research Council – CSIC, Granada, Spain), María Teresa Domínguez (IRNAS, 
Spanish National Research Council – CSIC, Seville, Spain), Teodoro Marañón (IRNAS, Spanish 
National Research Council - CSIC, Seville, Spain) 

The role of ectomycorrhizal (ECM) fungi in the interface between plant and soil environ-
ment is key in explaining ecosystem processes and functions, in particular in the recovery 
of ecosystem services in degraded environments. Using a trait-based approach, we 
aimed to study how the effects of soil contamination by trace elements on individual 
trees were mediated by changes in the community composition and functional traits of 
ECM symbionts. 

Soil abiotic properties and ECM patterns of colonization were characterised on holm oak 
trees (Quercus ilex subsp. ballota) in areas with different levels of contamination in the 
Guadiamar Green Corridor, in SW Spain. A variety of morphological traits were charac-
terised for both the trees and their associated ECM fungal species, as well as the molec-
ular characterisation of ECM fungal communities. 

ECM communities’ composition was found to be dependent on soil pH, nutrients and 
contamination levels. The two most abundant ECM fungal taxa, Hebeloma cavipes and 
Thelephora terrestris, had contrasting distributions: H. cavipes was found in non-contam-
inated soils while T. terrestris was associated with acidic soils. Among the studied fungal 
traits, frequency of emanating hyphae was found to be clustered among species in the 
communities in contaminated soils. The reduction of emanating hyphae in contaminated 
soils had an effect on the associated trees by reducing their phosphorous uptake. 

In conclusion, soil contamination acted as an environmental filter to ECM fungal commu-
nities which decreased their functional diversity posing a negative effect on holm oaks 
performance. 

Keywords: ecosystem processes, morphological traits, emanating hyphae, functional di-
versity, heavy metals 
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Global Fungal Red-listing and the contribution we need from you! 

Anders Dahlberg (Swedish University of Agricultural Sciences, Uppsala, Sweden), Greg 
Mueller (Chicago Botanical Garden, Chicago, USA) 

A critical way to help politicians and citizens be more aware of the importance of fungi 
and the need to conserve them is to have fungal species included in the IUCN (Interna-
tional Union for Conservation of Nature) Global Red List. This list is a compilation of rig-
orous assessments of the extinction risk for individual species made using strict universal 
criteria and categories (www.iucnredlist.org). Fungi face the same threats as animals and 
plants – habitat loss, pollution, and climate change. 

Until recently, some thought that it was not possible to rigorously assess the conserva-
tion status of fungal species using IUCN criteria because of the unique biology of fungi 
and insufficient information on their taxonomy, distribution and ecology. However, much 
progress has been made to address these challenges.  

The Global Fungal Red List Initiative aims to facilitate and coordinate efforts by the global 
mycological community to get species of threatened fungi assessed and included in the 
global IUCN Red List. The goal of the initiative is to raise awareness of fungal conservation 
among mycologists, the conservation community, policy makers and the general public. 
So far 33 fungi, plus 20 to be in 2017 (21 are ectomycorrhizal) have been added and 
presented in the poster. 

The global red-list assessment critically depends on many to contribute with knowledge 
of distributions, ecologies and population trends of individual species as well as checking 
facts and suggested assessments.  

Check the web-page of the Global Fungal Red List initiative. Your contribution is needed. 

References: 

Dahlberg A & Mueller G. 2011. Applying IUCN red-listing criteria for assessing and report-
ing on the conservation status of fungal species. Fungal Ecology 4: 1–16 
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Simplified ex vitro symbiotic seed germination method as a tool for orchid conservation 

Buasroi Mala (School of Science, Mae Fah Luang University, Chiang Rai, Thailand), 
Sureeporn Nontachaiyapoom (School of Science, Mae Fah Luang University, Chiang Rai, 
Thailand) 

Two biggest threats to wild orchids are the loss of habitat and illegal collection. For some 
threaten and endangered species where in situ conservation is no longer possible, ex situ 
conservation is the only option. Ex situ orchid conservation, however, has many con-
straints including the lack of easy, efficient and economical propagation methods that 
can engage members of the local communities that are otherwise potential smugglers in 
the conservation program. Ex vitro symbiotic seed germination is an attractive orchid 
propagation method that does not require axenic condition during seed germination 
step. Aewsakul et al. (2013) reported a simple ex vitro orchid germination method that 
used common orchid cultivation substrates as the germination medium. We have modi-
fied the method to reduce the problem of fungal and mite contamination and to make it 
more feasible to amateur orchid growers by optimizing the method for preparing the 
germination substrate and using plastic food containers with lids vented with air-perme-
able materials. The method has been used successfully to germinate Spathoglottis affinis 
de Viese, Dendrobium friedericksianum Rchb. f., and Eria javanica (Sw.) Blume. 

Keywords: ex vitro, symbiotic seed germination 
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Burn, baby, burn: Soil microbial community responses to fire in alternate states of tall-
grass prairie 

Laura A. Mino (Division of Biology, Kansas State University, Manhattan, USA), Ari Jump-
ponen (Division of Biology, Kansas State University, Manhattan, USA) 

Current estimates state that as little as 1% of the historic range of the North American 
tallgrass prairie remains intact. One of the greatest threats to this prairie, and grasslands 
worldwide, is the encroachment of woody species. Suppression of fire disturbance facil-
itates a transition from grassland to shrub- and/or woodland, resulting in two alternate 
ecosystem states. The woody encroached state reduces ecosystem productivity and bio-
diversity, renders pastureland unsuitable for grazing, and alters key ecosystem functions. 
Prescribed fire acts as an attractor for the non-encroached grassland state, but restora-
tion of woody encroached states using fire have been unsuccessful. Soil microbes are 
known to play critical roles in determining plant community structure; however, little 
research exists on potential differences between soil microbial communities associated 
with these two alternate ecosystem states. 

We examine soil fungal and bacterial community composition pre- and post-fire in both 
encroached and non-encroached states of tallgrass prairie. While data are preliminary, 
we utilize a novel sampling approach to assess soil microbial responses on a high tem-
poral resolution scale. We characterize fungal and bacterial biomass and community 
composition using qPCR and Illumina MiSeq (16S and ITS), with emphasis on mycorrhizal 
taxa and other microbial symbionts. Ancillary data such as soil respiration and nutrient 
dynamics are also measured. 

Mycorrhizae and other symbiotic microbes have the potential to hinder or facilitate the 
rapid transition of grasslands to shrubby ecosystem states; understanding these commu-
nities’ functional responses to fire may offer insights into conservation of remaining 
grasslands and restoration of encroached woodlands. 

Keywords: prescribed fire, prescribed burn, fire, woody encroachment, grasslands 

  



ICOM 9 

321 

P (ID 123) 

Mycorrhizal specificity in rare and common Caladenia orchid species 

Fitria Tisa Oktalira (Ecology and Evolution, Australian National University, Canberra, Aus-
tralia), Michael Whitehead (University of Melbourne, Melbourne, Australia), Celeste 
Linde (Australian National University, Canberra, Australia) 

Although Orchidaceae is noted as one of the most species-rich plant families, many spe-
cies in this family are listed as endangered. One of the factors that are suggested to in-
fluence orchid rarity is mycorrhizal specificity. We examined mycorrhizal specificity in 
two closely related Caladenia species, the rare Caladenia procera and the common Ca-
ladenia pectinata by integrating phylogenetic analysis and symbiotic seed germination. 
All fungal isolates and sequenced fungal clones belong to Serendipita vermifera, with only 
two Operational Taxonomic Units (OTUs) identified from each of the rare C. procera or 
the common C. pectinata. The two species has one out in common. To compare germi-
nation ability of the two orchids, we used 20 fungal isolates representing seven OTUs 
obtained from various Caladenia species. From the symbiotic germination trials seeds of 
the rare C. procera were germinated by 14 (6 OTUs) of the 20 fungal isolates, while the 
common C. pectinata seed were germinated by 10 (4 OTUs) of the 20 fungal isolates. 
Seeds from both species utilized more OTUs than were found in adult plants, suggesting 
fungal specificity play a lessor role during germination. Given the fact that the rare C. 
procera could utilize an identical OTU to C. pectinata, it suggests that its distribution may 
be limited by factors other than mycorrhizal specificity and that mycorrhizal availability 
should not limit the distribution of C. procera. For conservation efforts of C. procera, the 
data presented here give a useful insight into the importance fungal specificity for future 
ex situ orchid propagation. 

Keywords: Serendipita, specificity, conservation, rarity 
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CONCURRENT SESSION: Emerging technologies to make 
new discoveries in mycorrhizal physiology and ecology 

Scientific advances are often dependent on available technologies. Whereas microscopy 
and molecular genetic approaches have revolutionized entire biology at earlier and more 
recent times, respectively, and mycorrhizal physiology and ecology make hardly any ex-
ception in this respect, there is still a number of issues to be solved. What is often missing 
in mycorrhiza research is high spatial resolution and temporal dynamics of the processes 
related to recognition of symbiotic partners, transport of metabolites and nutrients 
across symbiotic interface, redistribution of elements and enzymes in the mycorrhizo-
sphere, and direct insights into cascading interactions within complex microbial commu-
nities and ecosystem processes at different time scales (from diurnal variation to geolog-
ical time scales). Whole array of approaches promising new insights into mycorrhizal 
physiology and ecology shall be discussed in this session such as microdissection – tran-
scriptomics, NanoSIMs or designing chronosequence studies to uncover long-term eco-
system consequences of mycorrhizal symbiosis. 

Chairs: Barbara Drigo, Ian Anderson, Petr Kohout 
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13C-tracers added to hyphae resulted in different destinations of host organelles in or-
chid symbiotic protocorms 

Yukari Kuga (Hiroshima University, Higashihiroshima, Japan), Naoya Sakamoto (Hok-
kaido University, Sapporo, Japan), Kousuke Nagata (Hokkaido University, Sapporo, Ja-
pan), Hisayoshi Yurimoto (Hokkaido University, Sapporo, Japan), Chie Katsuyama (Inte-
grated Arts and Sciences, Hiroshima University, Higashihiroshima, Japan) 

Cellular localization of stable isotopes (SI) in tracer experiments has led to new insights 
into the translocation of elements, a central function of mycorrhizal symbioses. In the 
previous study of orchid symbiotic protocorms (Spiranthes sinensis – Ceratobasidium sp.), 
simultaneous labeling of 13C-glucose and 15N-NH4NO3 demonstrated transfers of C and N 
in intact and senescing stages of fungal pelotons1). In this study, 13C-acetate and 13C15N-
arginine, and a mixture of 13C-glucose and 15N-NH4NO3 were used as tracers in the same 
symbiotic orchid protocorm system. After four days labeling, protocorms were chemi-
cally fixed, ethanol dehydrated and embedded in a resin. Localization of SIs in resin sec-
tions was subjected to secondary ion mass spectrometry (IMS1270 with SCAPS), and iso-
tope ratios were analyzed on recognizable structures using a set of the SI images. In all 
three treatments, 13C/12C and 15N/14N were elevated in uncolonized cells of the host tis-
sue; however, 13C/12C elevation patterns of organelles showed contrasts between them. 
In the acetate treatment, 13C was transferred to amyloplasts but not to nuclei. In the 
arginine treatment, however, 13C/12C was increased in both organelles but was low in the 
amyloplasts. The glucose treatment showed high 13C/12C in both organelles. This study 
showed that tracer compounds added only to the symbiotic hyphae resulted in the dif-
ferent destinations of the host organelles, which suggested that several compounds were 
involved in the membrane transfer at the interface.  

References: 

1) Kuga, Y., Sakamoto, N., Yurimoto, H. New Phytologist 202: 594-605 (2014). 

Keywords: secondary ion mass spectrometry, stable isotope imaging, 13C15N-arginine, 
13C-acetate 
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Imaging symbiotic networks across scales 

Victor Caldas (Vrije University Amsterdam, Amsterdam, the Netherlands), Anouk van 't Padje 
(Vrije University Amsterdam, Amsterdam, the Netherlands), Matthew D. Whiteside (Vrije 
University Amsterdam, Amsterdam, the Netherlands), Tom S. Shimizu (Institute AMOLF, Am-
sterdam, the Netherlands), Toby Kiers (Vrije Universiteit Amsterdam, Amsterdam, the Neth-
erlands) 

Arbuscular Mycorrhizal Fungal (AMF) hyphae form extensive underground webs, forag-
ing for nutrients and connecting roots of different plant species. These adaptive networks 
are critical for the movement of nutrients around ecosystems. However, to image and 
characterize quantitatively fungal networks is a challenge. The topological and transport 
dynamics occur many orders of magnitude apart in space and time. While transport takes 
place on the millisecond timescale inside the 10-micrometre wide hyphae, network to-
pology changes in hours or days and spans distances of meters. By combining biophysics 
and ecology, our group is developing modern imaging tools to visualize how symbiotic 
fungi build their networks with high spatial resolution. By coupling with multi-colored 
phosphate-coated quantum dots, we are able to visualize how fungi transport and trade 
nutrients with plants with unprecedented time resolution. Our images link quantitatively 
transport and topology by directly visualizing how biotic and abiotic factors impact my-
corrhizal physiology. Ultimately, our aim is to understand how the network structure re-
flects conflict and cooperation in AMF-plant symbiosis. 

Keywords: arbuscular mycorrhizal fungi, fluorescence microscopy, network science, 
transport, symbiosis 
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Challenging soil fungi foraging in micro-engineered Soil Chips  

Edith C. Hammer (Microbial Ecology, Biology, Lund, Sweden), Kristin Aleklett (Microbial 
Ecology, Biology, Lund, Sweden), Carlos Arellano (Microbial Ecology, Biology, Lund, Swe-
den), P. Micaela Mafla Endara (Microbial Ecology, Biology, Lund, Sweden), Pelle Ohlsson 
(Biomedical engineering, Lund, Sweden) 

From the point of view of microorganisms, the soil environment is an enormously com-
plex labyrinth with paths and dead-end streets, where resources and shelters are une-
venly distributed. 

Inspired from findings of arbuscular mycorrhizal fungi growing through the pores of the 
inert material biochar, we manipulated growth habitat microstructure with lab-on-a-chip 
techniques. We designed complex environments with channels and obstacle at dimen-
sions of the size of hyphae, and constructed them in the transparent, gas-permeable pol-
ymer PDMS. We filled those with air, different nutrient solutions or combined them with 
mineral nutrient gradients, and inoculated them with soil organisms. We studied foraging 
strategies of soil fungi, and the possibility of physio-spatial stabilization of organic matter 
by “hiding” in occluded soil spaces. 

We compared different soil litter decomposers and Rhizophagus irregularis for their abil-
ity to forage through complex air-gap structures and attempt to classify them into func-
tional traits concerning their mycelium directionality, space-exploring approach and abil-
ity to grow through acute angles and narrow constrictions. We identified structures 
which are very difficult to penetrate for most species, and compounds located behind 
such features may thus be spatially unavailable for decomposers. 

We discuss our approach in comparison to soil pore space tomographic analyses and our 
findings in the pore space of colonized wood biochar. 

Keywords: foraging strategies, soil structure, organic matter stabilization, microfluidics, 
mycelium 
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Nitrogen uptake capacity by ectomycorrhizal fungi as an exogeneous trait: insights 
from MIFE microelectrode ion flux measurements 

Barbara J. Hawkins (Centre for Forest Biology, University of Victoria, Victoria, Canada), 
John M. Kranabetter (British Columbia Ministry of Forests, Lands and Natural Resource 
Operations, Victoria, Canada), Samantha Robbins (Centre for Forest Biology, University 
of Victoria, Victoria, Canada), Ramnique Ubhi (Centre for Forest Biology, University of 
Victoria, Victoria, Canada) 

Nitrogen (N) uptake capacity of conifer roots is a critical component of plant fitness. Ec-
tomycorrhizal fungi (ECM) are known to enhance N uptake, but differences in this func-
tional trait among ECM species has rarely been quantified. 

Using MIFE technology (microelectrode ion flux measurement), we compared uptake of 
ammonium and nitrate among the suites of ECM found on Douglas-fir roots in temperate 
rainforests, from a variety of sites of contrasting fertility and N form availability. 

Rates of ammonium uptake by ECM were consistently higher than by non-mycorrhizal 
white root tips, and rates of uptake varied widely among ECM species. ECM taxa associ-
ated with N rich sites, for example, had up to 3 times higher ammonium uptake than taxa 
from low N sites. All native fungi associated with Douglas-fir roots had limited capacity 
for nitrate uptake, however, even on soils with high rates of nitrification. Our results em-
phasize that inorganic N uptake capacity, particularly ammonium uptake, is not a prop-
erty of host root physiology but an exogenous trait dictated by ECM species. 

The MIFE system is a powerful tool for assessing simultaneous net fluxes of different ions 
over the mantle of fungal root tips, and allows elucidation of key traits that govern ECM 
species’ function and distribution. Ongoing work will examine the competitiveness of 
ECM trees vs. arbuscular mycorrhizal trees in relation to soil N availability, and the degree 
to which host tree species may control N uptake capacity by the symbiont. 

Keywords: nitrogen uptake, Ectomycorrhizae, microelectrode ion flux measurement 
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GFP and mCherry expression in Laccaria bicolor – a plasmid toolkit for flexible use of 
fluorescent protein markers in ECM basidiomycetes 

Minna Kemppainen (Science and Technology, Nacional University of Quilmes, Bernal, Ar-
gentina), Alejandro Pardo (Science and Technology, Nacional University of Quilmes, Ber-
nal, Argentina) 

An efficient expression of fluorescent proteins have resulted challenging in basidiomy-
cetes. This is partly due to frequent requirement of introns by these fungi, and also for 
the lack of “easy-to use” cloning plasmids for constructing translational fusions adapted 
specifically for basidiomycetes 

Laccaria bicolor histone (H2B) genomic coding region together with 1000 bp upstream 
sequence was fused to N-terminal of GFP and mCherry. These translational fusion con-
structs were cloned into pHg1 and used for ATMT of the dikaryotic strain S238N of Lac-
caria under hygromycin B selection. 

The vast majority of the transformed fungal strains tested showed clear GFP and mCherry 
signals in their nuclei. Especially intense signal was detected in cells going through cell 
division and clamp connection formation. This is the first time that fluorescent protein 
expression has been established in the model ECM basidiomycete L. bicolor. 

This successful GFP and mCherry expression in Laccaria has led to construction of a set 
of marker protein fusion cloning vectors (pN-GFP, pN-mCherry, pCEBN-GFP and pCEBN-
mCherry) with maximum technical flexibility and compatibility with ATMT. We hope that 
our plasmid toolkit will expand the use of GFP and mCherry as in vivo fluorescent markers 
in ECM research, and in basidiomycete studies in general. 

1 Kemppainen & Pardo 2010. Microbial Biotechnology 3(2):178–200. 
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Dissecting differential mycorrhizal growth responses with high throughput phenomics 

Rohan C. Riley (Hawkesbury Institute for the Environment, Western Sydney University, 
Sydney, Australia), Tim Cavagnaro (School of Agriculture, Food and WineHawkesbury In-
stitute for the Environment, University of Adelaide, Adelaide, Australia), Bettina Berger 
(The Plant Accelerator, University of Adelaide, Adelaide, Australia), Sally Smith (School of 
Agriculture, Food and Wine, University of Adelaide, Adelaide, Australia), Andrew Smith 
(School of Agriculture, Food and Wine, University of Adelaide, Adelaide, Australia), Jeff 
Powell (Hawkesbury Institute for the Environment, University of Western Sydney, Sydney, 
Australia) 

Introduction/Aim: Land plants have evolved diverse resource acquisition strategies that 
may alter the degree of resource limitation they experience, and plant resource limita-
tion has been hypothesised to be a primary driver of mycorrhizal growth responses. We 
ask the question whether different resource acquisition phenotypes of Brachypodium 
dystachion, a model cereal, are associated with alterations in the mycorrhizal growth 
response under particular nitrogen (N) and phosphorus (P) resource supply conditions.  

Materials and Methods: We applied high throughput plant phenotyping to monitor daily 
plant phenotypic changes in two plant genotypes subjected to three N:P supply ratios in 
the presence and absence of AM fungi. 

Results: We identified that the two genotypes had different N and P acquisition pheno-
types such that one genotype was more N responsive and the other was more P respon-
sive. In the presence of AM fungi, the two genotypes experienced differential time-de-
pendent mycorrhizal effects on leaf yellowing and growth. Moreover, these differential 
growth responses were related to a coordinated response of plant traits including spe-
cific leaf area, mass fraction, and tissue N:P ratio, which suggests a link between mycor-
rhizal growth response and plant resource utilisation strategy. 

Discussion: Based on these data, plants that require more N for growth and are more 
susceptible to N limitation may experience greater mycorrhizal growth depressions un-
der low N, but may also be more likely to experience positive mycorrhizal growth re-
sponses under low P. 

Conclusion: High-throughput plant phenotyping is a useful tool to uncover plant geno-
type-dependant traits relevant to mycorrhizal growth responses. 

Keywords: phenomics, plant traits, mycorrhizal growth response 
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Ericoid plant species shape fungal communities in boreal forest soil and plant roots 

Outi-Maaria Sietiö (Department of Food and Environmental Sciences, University of Hel-
sinki, Helsinki, Finland), Tero Tuomivirta (Natural Resources Institute Finland, Helsinki, 
Finland), Minna Santalahti (Department of Food and Environmental Sciences, University 
of Helsinki, Helsinki, Finland), Heikki Kiheri (Natural Resources Institute Finland, Helsinki, 
Finland), Sari Timonen (Department of Food and Environmental Sciences, University of 
Helsinki, Helsinki, Finland), Hui Sun (Collaborative Innovation Center of Sustainable For-
estry in Southern China, College of Forestry, Nanjing Forestry University, Nanjing, China), 
Hannu Fritze (Natural Resources Institute Finland, Helsinki, Finland), Jussi Heinonsalo 
(Department of Food and Environmental Sciences, University of Helsinki, Helsinki, Fin-
land) 

Boreal forest soils are limited by the available nutrients, and to improve the nutrient up-
take, most plants form symbioses with mycorrhizal fungi 1. In boreal forest, trees form 
mycorrhizal associations typically with ectomycorrhizal (ECM) fungi, and ericoid shrubs 
form symbioses with ericoid mycorrhizal fungi (ERM) 1,2. However, the results of host 
specificity of ERM fungi are differing. Some studies indicate that regionality shapes the 
fungal community of ericoid roots with no host specificity 3,4 while others suggest that 
ERM fungi show host preference 5,6. 

We aimed to study the differences and similarities of the fungal communities of typical 
boreal forest plants Vaccinium myrtillus, Vaccinium vitis-idaea, Calluna vulgaris and Pinus 
sylvestris growing on originally similar boreal forest soils in individual microcosms for 18-
months. Further, with 13CO2-labeling and DNA stable isotope probing (13C-DNA-SIP), we 
identified those root associated fungi, which interacted with the studied plants and ob-
tained photosynthetic carbon. 

Our results indicate that some root associated were host specific while others were in-
habiting the roots of all the studied plants. Based on 13C-DNA-SIP, the majority of the 
detected fungi in the washed plant roots obtained photosynthates from their hosts. Ad-
ditionally, some common root endophytes without confirmed mycorrhizal status ob-
tained photosynthetic 13C. 

Several fungal species co-occurred in the roots of all the studied plants. Thus, our results 
highlight that more knowledge of the co-occurrence and co-functioning of ERM, ECM and 
endophytic fungi, and the functions of potential mycorrhizal network between plants are 
still needed. 

References: 

1 Smith & Read. 2008. Mycorrhizal symbiosis. Cambridge, UK: Academic Press 

2 Read. 1996. The structure and function of the ericoid mycorrhizal root. Annals of Botany 
77: 365–374. 
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3 Kjoller et al. 2010. Co-existing ericaceous plant species in a subarctic mire community 
share fungal root endophytes. Fungal Ecology 3: 205–214. 

4 Walker et al. 2011. Diverse Helotiales associated with the roots of three species of Arctic 
Ericaceae provide no evidence for host specificity. New Phytologist 191: 515–527. 

5 Bougoure et al. 2007. Diversity of fungi in hair roots of Ericaceae varies along a vegeta-
tion gradient. Molecular ecology 16: 4624–36. 

6 Ishida & Nordin. 2010. No evidence that nitrogen enrichment affect fungal communities 
of Vaccinium roots in two contrasting boreal forest types. Soil Biology and Biochemistry 
42: 234–243. 
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mycorrhiza, fungal community 

  



ICOM 9 

331 

ST+P (ID 140) 

Transcriptional profiles of sunflower roots during mycorrhizal colonization as revealed by 
RNA-SEQ 

Alberto Vangelisti (University of Pisa, Pisa, Italy), Lucia Natali (University of Pisa, Pisa, Italy), 
Cristiana Sbrana (University of Pisa, Pisa, Italy), Alessandra Turrini (University of Pisa, Pisa, Italy), 
Keywan Hassani-Pak (Rothamsted Research, Harpenden, UK), David Hughes (Rothamsted Re-
search, Harpenden, UK), Manuela Giovannetti (Department of Agriculture, Food and Environ-
ment, University of Pisa, Pisa, Italy), Andrea Cavallini (University of Pisa, Pisa, Italy), Tommaso 
Giordani (Department of Agriculture, Food and Environment, University of Pisa, Pisa, Italy) 

Sunflower (Helianthus annuus L.) is an important crop cultivated worldwide and represents a 
non-model plant species, whose mycorrhizal status was recently assessed in wild accessions, 
cultivars and inbred lines1. Previous sunflower transcriptome analyses revealed gene differ-
ential expression in response to biotic/abiotic stresses2, while no data are available on 
changes induced by arbuscular mycorrhizal (AM) fungi. Here, for the first time, an RNAseq 
approach was used to investigate transcriptional changes in mycorrhizal versus nonmycorrhi-
zal sunflower roots and gene differential expression at early and late stages of mycorrhizal 
establishment. 

Sunflower plantlets were inoculated with the AM symbiont Rhizoglomus irregulare and total 
RNA was isolated from roots 4 and 16 days after inoculation. Twelve cDNA libraries were built 
and sequenced by Illumina technology. A de novo transcriptome was established by assem-
bling Illumina reads and annotating contigs. After quantitative analyses by mapping reads 
against the de novo assembled transcriptome 1,037 differentially expressed putative tran-
scripts (DEs) between mycorrhizal and control plants were identified. The number of over-
expressed DEs was much higher than under-expressed ones, increasing over time. Gene On-
tology analyses showed that several DEs were specifically involved in known mycorrhizal pro-
cesses, such as membrane transport (ABC transporters, ammonium transporters), cell wall 
shaping (subtilisins, ascorbate oxidases), gene networking (DELLA, ERF) and defense response 
(germin-like protein, pathogen-related proteins). We also identified new mycorrhizal-induced 
putative transcripts, such as BAHD-acyltransferase and Nph3. This work provides novel data 
on gene expression during the establishment of AM symbiosis in a non-model plant species, 
useful for future comparative functional genomics analyses. 

References: 
1 Turrini A., Giordani T., Avio L., Natali L., Giovannetti M., Cavallini A. (2016). Large variation in 
mycorrhizal colonization among wild accessions, cultivars, and inbreds of sunflower (Helian-
thus annuus L.). EUPHYTICA 207: 331-342  
2 Ramu V., Anjugam P., Venkategowda R., Basavaiah M., Makarla U., Muthappa S. (2016). 
Transcriptome analysis of sunflower genotypes with contrasting oxidative stress tolerance 
reveals Individual- and combined-biotic and abiotic stress tolerance mechanisms. PLOSone 
11(6): e0157522. doi:10.1371/journal.pone.0157522 

Keywords: RNA-seq, arbuscular mycorrhiza, Helianthus annuus, mycorrhizal-induced gene 
expression, non-model plant
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New method for arbuscular mycorrhizal fungi identification based on spore-proteomic 
biotyping by MALDI-TOF-MS 

Thomas Crossay (University New Caledonia, Noumea, New Caledonia), Cyril Antheaume 
(University New Caledonia, Noumea, New Caledonia), Hamid Amir (University New Cale-
donia, Nouméa, New Caledonia), Dirk Redecker (Agroécologie, AgroSup Dijon, CNRS, 
INRA, Univ. Bourgogne Franche-Comté, Dijon, France) 

Arbuscular mycorrhizal fungi (AMF, Glomeromycota) are mutualistic symbionts associ-
ated with the great majority of land plants. These fungi are essential in plant production, 
but their taxonomic identification remains a crucial challenge for culture academic re-
search, collections and inoculum producers. A reliable and simple technique for identifi-
cation for these organisms could help removing a road block on the way to large scale 
AMF usage. 

An alternative approach to DNA-based isolate characterization, which to our knowledge 
has never been applied to AMF, is proteomic-based chemotaxonomic biotyping using 
Matrix-Assisted Laser Desorption Ionisation Time of Flight Mass Spectrometry (MALDI-
TOF-MS). This technique is already used in the fields of medical diagnosis principally for 
bacteria identification. In this study MALDI-TOF-MS proteomic biotyping approach was 
used for AMF identification. Spores of nineteen AMF isolates belonging fourteen species 
were studied. A comparison between molecular identification method and proteomic 
biotyping by MALDI-TOF-MS was carried out. 

The studied isolates were globally differentiated by MALDI biotyping at the interspecific 
and intraspecific level. We could show that the proteome profiles we obtained are highly 
reproducible. MALDI spectra did not vary significantly with culture age, growth stage or 
growth substrate. AMF identification by MALDI biotyping could then be useful, for re-
search, agricultural and environmental applications. 

MALDI biotyping approach for AMF characterization is a fast, accurate and inexpensive 
technic and could be an alternative to conventional morphological and molecular meth-
ods for AMF identification. 

Keywords: AMF identification, MALDI-TOF-MS, biotyping, interspecific level, intraspe-
cific level 
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High-resolution community profiling of arbuscular mycorrhizal fungi 

Klaus Schlaeppi (Plant-Soil-Interactions, Institute for Sustainability Sciences, Agroscope, 
Zurich, Switzerland), S. Franz Bender (Plant-Soil-Interactions, Institute for Sustainability 
Sciences, Agroscope, Zurich, Switzerland), Fabio Mascher (Plant Breeding and Genetic 
Resources, Institute for Plant Production Sciences, Agroscope, Nyon, Switzerland), 
Giancarlo Russo (Functional Genomics Center Zurich, ETH Zurich and University of Zurich, 
Zurich, Switzerland), Andrea Patrignani (Functional Genomics Center Zurich, ETH Zurich 
and University of Zurich, Zurich, Switzerland), Tessa Camenzind (Plant Ecology, Institute 
of Biology, Freie Universität Berlin, Berlin, Germany & Berlin-Brandenburg Institute of Ad-
vanced Biodiversity Research (BBIB), Freie Universität Berlin, Berlin, Germany), Stefan 
Hempel (Plant Ecology, Institute of Biology, Freie Universität Berlin, Berlin, Germany & 
Berlin-Brandenburg Institute of Advanced Biodiversity Research (BBIB), Freie Universität 
Berlin, Berlin, Germany), Matthias C. Rillig (Plant Ecology, Institute of Biology, Freie Uni-
versität Berlin, Berlin, Germany & Berlin-Brandenburg Institute of Advanced Biodiversity 
Research (BBIB), Freie Universität Berlin, Berlin, Germany), Marcel G. A. van der Heijden 
(Plant-Soil-Interactions, Institute for Sustainability Sciences, Agroscope, Zurich, Switzer-
land & Plant-Microbe-Interactions, Department of Biology, Utrecht University, Utrecht, 
the Netherlands & Department of Evolutionary Biology and Environmental Studies, Uni-
versity of Zurich, Zurich, Switzerland) 

Community analyses of arbuscular mycorrhizal fungi (AMF) using ribosomal small subunit 
(SSU) or internal transcribed spacer (ITS) DNA sequences often suffer from low resolution 
or coverage. We developed a novel sequencing based approach for a highly resolving and 
specific profiling of AMF communities. We took advantage of previously established 
AMF-specific PCR primers that amplify a c. 1.5-kb long fragment covering parts of SSU, 
ITS and parts of the large ribosomal subunit (LSU), and we sequenced the resulting am-
plicons with single molecule real-time (SMRT) sequencing. The method was applicable to 
soil and root samples, detected all major AMF families and successfully discriminated 
closely related AMF species, which would not be discernible using SSU sequences. In in-
oculation tests we could trace the introduced AMF inoculum at the molecular level. One 
of the introduced strains almost replaced the local strain(s), revealing that AMF inocula-
tion can have a profound impact on the native community. The methodology presented 
offers researchers a powerful new tool for AMF community analysis because it unifies 
improved specificity and enhanced resolution, whereas the drawback of medium se-
quencing throughput appears of lesser importance for low-diversity groups such as AMF. 

Keywords: AMF community analyses, AMF inoculation, arbuscular mycorrhizal fungi 
(AMF), Glomeromycota diversity, microbiome, single molecule real-time 
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PacBio metabarcoding of fungi: biases, perspectives and analysis tool PipeCraft 

Leho Tedersoo (Natural History Museum, University of Tartu, Tartu, Estonia), Sten Anslan 
(University of Tartu, Tartu, Estonia) 

High-throughput sequencing methods have enormously advanced our understanding 
about biodiversity and ecology of microorganisms. Second-generation sequencing plat-
forms 454, Ion-Torrent and Illumina enabled to increase the number of samples analyzed 
and taxa recovered by 1-2 orders of magnitude. Yet, these methods enable analysis of 
mini-barcodes (ITS1 and ITS2 in case of fungi) that are suboptimal for accurate taxonomic 
identification. 

We developed a protocol of Pacific Biosciences (PacBio) third-generation sequencing for 
fungi and other eukaryotes using 15 primer pairs (250-2500 bp amplicons) from soil and 
mock communities. The sequence quality was strongly related to the number of circular 
passes and stabilized at 8-12 passes. Random substitution errors by the polymerase out-
numbered the sequencing errors of insertions and deletions accumulating in homopoly-
mers. The data of the novel Sequel model were more error-infested compared with the 
RSII model. We also recovered multiple biases during PCR (amplicon length), priming 
(mismatching taxa), library loading (amplicon length), sequencing (error profile), ITS ex-
traction (divergent taxa, 5.8S 3’ HMMs) and reference-based identification (UNITE, 
SILVA). Sequencing of full ITS and SSU+ITS (not LSU!) proved highly useful for more accu-
rate high-level taxonomic assignment. Longer barcodes have greater capacity for accu-
mulating random errors without generating spurious richness and enable use of evolu-
tionary tools [1]. 

We also generated a software compilation PipeCraft for analysis of custom high-through-
put sequencing data (including PacBio). In a user-friendly graphical interface, users can 
select multiple options regarding sequencing platform, data input format, demultiplex-
ing, filtering, chimera-removal, clustering and taxonomic annotations and run these in 
an automated pipeline [2]. 

References: 

[1] Tedersoo L, Tooming-Klunderud A, Anslan S. 2017. PacBio metabarcoding of fungi and 
other eukaryotes: biases and perspectives. Submitted. 

[2] PipeCraft: Flexible open-source toolkit for bioinformatics analysis of custom high-
throughput amplicon sequencing data. Molecular Ecology Resources, in press. 

Keywords: Pacific Biosciences SMRT sequencing, Soil eukaryotes, primer bias, bioinfor-
matics analysis 
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Laser microdissection protocol for DNA sequence-based confirmation of trophic status 
of ectomycorrhizal fungi 

Tanja Mrak (Department of Forest Physiology and Genetics, Slovenian Forestry Institute, 
Ljubljana, Slovenia), Marko Bajc (Department of Forest Physiology and Genetics, Slove-
nian Forestry Institute, Ljubljana, Slovenia), Hojka Kraigher (Department of Forest Phys-
iology and Genetics, Slovenian Forestry Institute, Ljubljana, Slovenia) 

Ectomycorrhizal trophic status is ascribed to fungi with corresponding combination of 
morpho-anatomical characters and molecular phylogenetic evidence. Molecular phylo-
genetic evidence is sometimes unreliable as certain fungal taxa can function both as ec-
tomycorrhizal partners and saprotrophs. In such cases ectomycorrhizal status can be con-
firmed only by time-consuming reestablishment of ectomycorrhiza in axenic conditions. 
To avoid this step, laser microdissection approach was used to confirm that the identity 
of the fungal part that is growing as a mantle or mantle like-structure on the root surface 
is the same as a fungal part, growing inside the root as Hartig net. 

Ectomycorrhizal roots were fixed in ethanol – acetic acid mixture. Longitudinal sections 
of paraffin embedded samples were transferred onto membrane slides and deparaf-
finized by immersing slides in xylene and ethanol series. PALM Zeiss laser microdissection 
system was used to dissect mantle and Hartig net portion of ectomycorrhizal root sepa-
rately. For extraction of DNA, Arcturus PicoPure DNA Extraction Kit was applied. 
ITS1f/ITS2, ITS3/ITS4 and ITS1f/ITS4 primer pairs were tested in combination with KAPA 
Biosystems HiFi hotstart DNA polymerase for PCR amplification of the ITS1, ITS2 and ITS1-
5.8SrDNA-ITS2 region of fungal ribosomal operon to determine the optimal combination 
of amplification efficiency and sequence length. 

Freshly fixed samples yielded enough PCR products for direct sequencing with all three 
primer pairs, while samples of lower quality (lower quality of starting material, longer 
storage in fixative) amplified best with primers ITS3/ITS4. 

The presented protocol is highly advantageous as it practically eliminates uncertainty re-
garding the source of isolated DNA. 
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Development of a random mutagenesis method for Rhizophagus irregularis for re-
search and sustainable agriculture 

Kenza Samlali (Bioscience Engineering, KU Leuven, Leuven, Belgium), Soon-Jae Lee (Biol-
ogy, Université de Montréal, Montreal, Canada) 

The lack of a molecular biotechnological toolset that can efficiently transform arbuscular 
mycorrhiza (AM), limits basic research on the genetics and physiology of AM. Here, a first 
method for random mutagenesis on AMF R. irregularis was developed to resolve this. 
The effect of the mutagen ethyl methanesulfonate (EMS) on R. irregularis spores is being 
evaluated. 

The goal to determine an optimal treatment condition for treatment of R. irregularis 
DAOM-197198 spores with EMS, can be obtained by treating the spores under different 
concentrations and incubation periods. The treatment will result in viable strains, proven 
by an adequate germination and mycorrhization capacity. The resulting protocol for the 
treatment of AM spores should be reproducible and prove the genetic mutational 
strength of EMS. 

Spores are treated under time and concentration series with EMS. Two viability assays, a 
germination assay and a tetrazolium salt assay (MTT), allowed for verification of the cy-
totoxicity of EMS, followed by germination and mycorrhization testing with D. carotus Ti-
DNA transformed monoxenic cultures. 

Optimal spore treatment was obtained. The treated spores showed germination, and 
mycorrhization of in vitro Daucis carota L. Ri T-DNA transformed root organ culture (ROC) 
(4.12% in original, 100% in F1). 

Novel studies on AM basic biology require molecular biotechnological methods. This 
study marks a first successful step in the development of random mutagenesis method 
for AMF strains. Treatment has an adequate success rate for larger scale and can be used 
for several applications, like the development of novel strains or for revealing genes oth-
erwise not found with comparative studies. 

Keywords: EMS, random mutagenesis, Rhizophagus irregularis, arbuscular mycorrhiza 
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Plant colonization by indigenous Arbuscular Mycorrhizal Fungi in multi-contaminated 
sites in the Czech Republic 

Manuel Teodoro (Environmental Geosciences, Czech University of Life Sciences Prague, 
Prague, Czech Republic), Song-Lin Wu (Environmental Geosciences, Czech University of 
Life Sciences Prague, Prague, Czech Republic), Michael Komárek (Environmental Geosci-
ences, Czech University of Life Sciences Prague, Prague, Czech Republic) 

Colonization by Arbuscular Mycorrhizal Fungi (AMF) was quantified in the roots of 16 
plants (8 species from 4 families) growing in multi-contaminated soils, in order to observe 
AMF colonization on plant species tolerant to contamination. The soils are highly pol-
luted with metals by former mining and smelting activities. The roots were digested in 
10% KOH and 5% HCl, and stained by 0.05% trypan blue to observe colonization. The 
concentrations of the target risk elements (As, Zn and Pb) in the rhizosphere and in plant 
tissues were measured after acid digestion and determined by ICP-OES. The results 
showed that all the species evaluated are colonized by highly frequent mycorrhizae in 
the root system (86 to 100 %) but with a minor abundance of arbuscules (7 to 34 %). The 
rhizosphere samples yielded high amounts of Pb, up to 2,102 ppm, As up to 152 ppm, 
and Zn up to 2,392 ppm. Moreover, all the plant species showed high levels of Pb and Zn 
in root tissues, up to 742 and up to 2,633 ppm, respectively. However, the concentrations 
of Pb and Zn in shoot tissues, and the presence of As in both roots and shoots are more 
heterogeneous. The results concur with other evaluations that have proven colonization 
of AMF in tolerant plants, especially grasses. From these results, we are currently evalu-
ating the behaviour and colonization of indigenous AMF over the 3 dominant grass spe-
cies, and in the future we expect to analyse its response to engineered amendments for 
assisted phytostabilization. 

Keywords: contamination, phytostabilization, tolerant 
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Diversity of dark septate endophytes in Yunnan metal mine areas, southwest China and 
their functional roles in the enhanced metal tolerance of host plants 

Zhiwei Zhao (State Key Laboratory of Conservation and Utilization for Bioresources in 
Yunnan, Yunnan University, Kunming, China), Tao Li (State Key Laboratory of Conserva-
tion and Utilization for Bioresources in Yunnan, Yunnan University, Kunming, China) 

Dark septate endophytes (DSEs) ubiquitously colonize the roots of plants spontaneously 
growing in the metal mine areas. While the diversity of DSEs and their functional roles in 
the metal tolerance of host plants remain obscure. In the present study, about 600 fungal 
strains from 32 genera, including the known DSE fungi, such as Cladosporium, Clado-
phialophora, Exophiala, Leptodontidium, Phialocephala and Phialophora were isolated 
from the plant roots in Yunnan metal mine areas. These fungal isolates exhibited a rela-
tively high resistance to Pb, Zn and Cd in vitro, especially it’s true for the members of 
Exophiala, e.g. E. pisciphila H93 with 15% Pb, 16% Zn and 4.9% Cd accumulation in fungal 
mycelia (dry weight), under the EC50 concentrations (800 Pb, 1010 Zn, 111 mg/L Cd, re-
spectively). Comparative transcriptomics revealed that diverse strategies, involved in the 
10 well-known metal-tolerant pathways of 575 differentially expressed genes, conferred 
the extreme Cd tolerance of H93. In vivo, we found that H93 inoculation significantly 
enhanced the tolerance of maize to Pb, Zn and Cd by the restricting metal translocation 
from roots to shoots. Besides, H93 inoculation also triggered the activities of antioxidant 
enzymes, enhanced the contents of antioxidants, increased Cd accumulation in cell wall 
and altered Cd into inactive forms in maize shoots and roots via the specific regulation 
of genes related to metal uptake, translocation and chelation. 

Keywords: dark septate endophyte (DSE), metal mine areas, diversity, metal tolerance 
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Arbuscular mycorrhizal fungal DNA that are in physiologically active colonization in 
roots 

Yoshihiro Kobae (National Agriculture and Food Research Organization, Sapporo, Japan), 
Ryo Ohtomo (National Agriculture and Food Research Organization, Sapporo, Japan), 
Norikuni Oka (National Agriculture and Food Research Organization, Sapporo, Japan), 
Sho Morimoto (National Agriculture and Food Research Organization, Sapporo, Japan) 

Even a few centimeters of roots in field soils can be colonized by genetically diverse ar-
buscular mycorrhizal (AM) fungi. The DNA sequences of AM fungi in roots suggest the 
fungal identities; however, it is almost impossible to know which DNA sequences de-
tected are related to the physiological activity. In this study, we took advantage of the 
characteristics of rice (Oryza sativa L.) mycorrhizal roots, in which active colonization in 
roots is easily detected via histochemical staining of fungal succinate dehydrogenase ac-
tivity (vital staining) and individual active colonization regions (infection units) in roots 
rarely coalesce. Root segments (< 3 mm) containing an active infection unit were dis-
sected and squashed, large subunit (LSU) ribosomal RNA genes (rDNAs) were amplified 
using fungal universal primers and the sequences were directly determined by Sanger 
sequencing. All obtained sequences of colonization regions were of glomeromycotan 
origin. Phylogenetic analysis revealed that the levels of LSU-rDNA heterogeneity within 
an active colonization region were different among different clades. The methodology 
presented in this study offers researchers a novel tool for investigating the DNA infor-
mation of physiologically active AM fungi in roots, whereas the factors that affect genetic 
diversity among active colonization remain to be clarified. 

References: 

Kobae Y, Ohtomo R, Oka N, Morimoto S. (2017) A simple model system for identifying 
arbuscular mycorrhizal fungal taxa that actively colonize rice roots grown in field soil. Soil 
Science and Plant Nutrition, 63: 29-36 

http://www.tandfonline.com/doi/full/10.1080/00380768.2016.1277156 
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CONCURRENT SESSION: Mycorrhizal carbon fluxes, carbon 
sequestration 

Carbon is the universal currency supporting mycorrhizal symbiosis and mycorrhizal net-
works. This session will cover carbon fluxes between atmosphere, plants, mycorrhizal 
fungi, soil microbiota and soil organic matter and shall increase our understanding of the 
kinetic parameters and regulation of carbon fluxes between the symbiotic partners, the 
mycorrhiza-aided buildup and turn-over of soil organic matter, and the roles of different 
types of mycorrhizal symbiosis in global carbon cycling. The session should also include 
contributions on ecological consequences of reverse carbon flow in mycorrhizas formed 
by achlorophyllous plants and the importance of common mycorrhizal networks in cross-
feeding different plants within a plant community. 

Chairs: Iver Jakobsen, Martin Lukac 
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Mucoromycotina fungi are mutualistic with vascular plants 

Grace A. Hoysted (Centre for Plant Sciences, University of Leeds, Leeds, UK), Alison Jacob 
(Department of Life Sciences, Imperial College London, London, UK), Jill Kowal (Department 
of Life Sciences, National History Museum, London, UK), William Rimington (Department 
of Life Sciences, Imperial College London, London, UK), Martin Bidartondo (Department of 
Life Sciences, Imperial College London, London, UK), Jeff Duckett (Department of Life Sci-
ences, National History Museum, London, UK), Silvia Pressel (Department of Life Sciences, 
National History Museum, London, UK), Sebastian Schnornack (Sainsbury Laboratory, Uni-
versity of Cambridge, Cambridge, UK), Katie Field (Centre for Plant Sciences, University of 
Leeds, Leeds, UK) 

It has long been postulated that fungi played a critical role in facilitating the transition of 
plants from an aquatic to terrestrial lifestyle >475 million years ago, and we know that 
associations with fungi from two early-branching lineages – the Glomeromycotina and 
the Mucoromycotina - are widespread amongst extant early-diverging land plants. How-
ever, the physiological and molecular basis of the functioning of fungal symbiosis in early 
vascular plants are unknown. 

We measured bi-directional transfer of carbon-for-nutrients between the lycophyte, Ly-
copodiella inundata (representative of an early evolutionary transition from non-vascular 
to vascular plants) and Mucoromycotina fungi using radio- and stable-isotope tracers un-
der both modern and Paleozoic-like atmospheres of 440 ppm and 800 ppm [CO2], respec-
tively. Quantification of 33P was achieved through acid digestion and scintillation count-
ing, 15N transfer determined using compound specific-isotope ratio mass spectrometry 
(CS-IRMS), and movement of plant-fixed carbon to fungi by sample oxidation and liquid 
scintillation. We show for the first time, transfer of nutrients from Mucoromycotina fungi 
to a lycophyte in exchange for plant-derived carbon. There were no significant differ-
ences in 33P transferred from fungus to plant under the two different CO2 concentrations. 

By demonstrating carbon-for-nutrient exchange between an ancient lineage of vascular 
plants and Mucoromycotina fungi, this investigation changes our understanding of the 
role of diverse fungal symbionts in the initial colonisation of the terrestrial environment, 
and subsequent plant diversification through the Paleozoic. Furthermore, our research 
can play a crucial role in predicting the responses of these partnerships to ongoing 
changes in atmospheric CO2. 
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Mycorrhizal Net Primary Production and Respiration in a Tropical Rainforest: Impact of 
Leaf Cutter Ants 

Michael F. Allen (Center for Conservation Biology, University of California-Riverside, River-
side, CA, USA), Amanda C. Swanson (Center for Conservation Biology, University of Califor-
nia-Riverside, Riverside, CA, USA), Thomas C. Harmon (University of California-Merced, 
Merced, CA, USA), Diego Dierick (La Selva Biological Station, La Selva Biological Station, 
Costa Rica), Angel S. Fernandez Bou (University of California-Merced, Merced, CA, USA), 
Zahn Chen (Chinese Academy of Forestry, Beijing, China), Emma Aronson (Plant Pathology 
and Microbiology, University of California-Riverside, Riverside, CA, USA), Jon K. Botthoff 
(Center for Conservation Biology, University of California-Riverside, Riverside, CA, USA), 
Robert F. Johnson (Center for Conservation Biology, University of California-Riverside, Riv-
erside, CA, USA), Tamara J. Zelikova (University of Wyoming, Laramie, WY, USA) 

Introduction: Tropical Rainforests are the lungs of the earth. We studied soil net primary 
production (NPP) and soil respiration (Rs). 

Methods: A Soil Ecosystem Observatory utilized sensors for CO2, O2, H2O, and temper-
ature. Fluxes and production were modeled using Fick's Law and daily images using au-
tomated minirhizotrons of direct observation. 

Results: Mean root standing crop =120g/m2 with lifespan =60 days, equaling a fine root 
NPP 720g/m2/y. Mean fungal hyphal standing crop =3.5g/m2, lifespan =24.9 days equal-
ing a fungal NPP of 52.9g/m2/y. AMF NPP =24.3g/m2/y, or 1.6% of the total NPP. Rs 
=1720g/m2/y; AMF hyphal respiration =140kg/m2/y, or 8%. During La Niña (wet) phase 
of ENSO standing water reduced Rs to ~0; soils emitted up to 0.3mg/m2/day of methane-
C. During El Niño (dry) phase, soils consumed 1.3mg/m2/day of methane-C and respired 
31g/m2/s of CO2-C. Both roots and hyphae form air channels connecting to nests of Leaf 
Cutter Ants (LCA) where O2 and CO2 are exchanged. Hyphal standing crop was un-
changed but hyphal lifespans declined to 7.1 days, for an AMF hyphal NPP of 188g/m2/y. 

Conclusions: Dynamic belowground NPP nearly equals that aboveground. AMF directly 
process nearly 10% of soil C and affect soil chemistry. CO2 diffuses through root/hyphal 
channels from soil-to-nest. LCA nests thus form a chimney for CO2 from soil through the 
forest canopy and are an important contributor to mycorrhizal and rainforest C dynam-
ics. Under climate change scenarios, precipitation may increase or decrease altering ant 
activity, mycorrhizae and greenhouse gas cycling. 

Keywords: mycorrhiza net primary production, tropical rainforest, soil respiration, leaf 
cutter ants 
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Fungal regulation of organic matter accumulation along a coniferous soil fertility gra-
dient 

Julia Kyaschenko (Soil and Environment, Swedish University of Agricultural Sciences, Upp-
sala, Sweden), Karina Clemmensen (Forest Mycology and Plant Pathology, Swedish Uni-
versity of Agricultural Sciences, Uppsala, Sweden), Erik Karltun (Soil and Environment, 
Swedish University of Agricultural Sciences, Uppsala, Sweden), Björn Lindahl (Soil and En-
vironment, Swedish University of Agricultural Sciences, Uppsala, Sweden) 

Plant-soil interactions provide nutritional feed-backs on ecosystem fertility, and soil mi-
croorganisms play a central role as mediators of these interactions, but mechanistic un-
derstanding is still largely lacking. Here we show that interplay between fungal functional 
guilds regulated organic matter accumulation across a fertility gradient in a Swedish co-
niferous forest. 

With higher soil fertility and relaxed environmental stress, the relative abundance of fun-
gal species shifted within all functional groups. The representation of saprotrophic litter 
fungi among the Agaricomycetes increased in a depth-dependent manner. In particular, 
the genus Mycena increased in relative abundance and moved deeper into the profile 
with increasing fertility. Towards the less fertile end of the gradient, spatial separation 
between litter and root associated fungi was more pronounced and ectomycorrizal fungi 
dominated strongly deeper in the profile. 

Organic matter accumulation correlated negatively with Mn-peroxidase activity, which 
in turn correlated positively with litter basidiomycetes (primarily Mycena spp.), highlight-
ing this functional group as pivotal in driving organic matter turnover across the gradient. 
A negative connection to ectomycorrhizal fungi supported that these indirectly sup-
pressed enzymatic oxidation by competing with litter saprotrophs. 

In conclusion, our results supported that fungal-driven enzymatic oxidation constrains 
belowground C accumulation and drives ecosystem fertility, by preventing N retention in 
organic pools. Further, we found that these processes were regulated by a fertility-re-
lated interplay between fungal guilds with contrasting decomposing capacity. The mu-
tual interdependency of organic matter accumulation and fungal decomposition closes a 
positive feed-back loop, which may drive ecosystem development in different directions 
under changing environmental conditions. 
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The impact of plant-derived C flow and mycorrhizosphere microbiology on boreal for-
est soil organic matter chemistry  

Jussi Heinonsalo (Food and Environmental Sciences, Division of Microbiology and Bio-
technology, University of Helsinki, Helsinki, Finland), Outi-Maaria Sietiö (University of 
Helsinki, Helsinki, Finland), Minna Santalahti (University of Helsinki, Helsinki, Finland), 
Hui Sun (Nanjing Forestry University, Nanjing, China), Bartosz Adamczyk (University of 
Helsinki, Helsinki, Finland) 

Boreal forest soils are globally a large carbon reservoir and therefore the response of 
boreal soil organic matter (SOM) to climate change is of great interest1. There is increas-
ing evidence that residues of soil microbes and mycorrhizal fungi form large part of SOM2 
but also the importance of mycorrhizal fungi in SOM decomposition is highlighted3. 

To study plant and mycorrhizal influence on SOM decomposition and formation, we es-
tablished a three-year long dual experiment in a boreal Scots pine forest where the C 
flow to natural SOM was controlled and SOM chemistry (e.g. mass loss, N pools, con-
densed tannins) and microbiology (PLFA, MiSeq for fungi and bacteria, GeoChip®) were 
investigated. Following treatments were established: the mesh size of 1 μm excluded 
both tree roots and fungal hyphae, the mesh of 50 μm allowed fungal hyphae to pene-
trate and the 1 mm mesh (or no mesh) allowed unlimited C flow to enter. Larger scale 
study consisted of 1 m2 trenching plots, smaller scale of 10x10 cm SOM-filled mesh bags. 

Our results suggest that plant-mycorrhizal interactions increased the recalcitrant pool of 
organic N in SOM due to root-derived tannins. Although mycorrhizal plant-soil interac-
tion seems to strongly affect the formation of recalcitrant SOM, the net decomposition 
is not hindered by these chemical changes. The detailed microbial community data will 
be discussed in relation to SOM formation and decomposition. Our study underlines that 
plant-soil feedbacks and especially soil chemistry behind the interactions are decisive 
factors for estimating changes in SOM decomposition rates. 

References: 

1Pan et al. 2011. A large and persistent carbon sink in the world’s forests. Science 333: 
988–93. 

2Ehleringer et al. 2000 Carbon isotope ratios in belowground carbon cycle processes. Eco-
logical Applications 10(2): 412-422. 

3Lindahl BD, Tunlid A 2015. Ectomycorrhizal fungi–potential organic matter decompos-
ers, yet not saprotrophs. New Phytologist 205: 1443–1447. 

Keywords: boreal forest soil, SOM formation, SOM decomposition, recalcitrant, mycor-
rhizal fungi 
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Ectomycorrhizal community composition is a driver of mycelial biomass turnover 
across a Pinus sylvestris chronosequence 

Andreas Hagenbo (Department of Forest Mycology and Plant Pathology, Uppsala Bio-
Center, Swedish University of Agricultural Sciences, Uppsala, Sweden), Karina E. Clem-
mensen (Department of Forest Mycology and Plant Pathology, Uppsala BioCenter, Swe-
dish University of Agricultural Sciences, Uppsala, Sweden), Julia Kyaschenko (Department 
of Soil and Environment, Swedish University of Agricultural Sciences, Uppsala, Sweden), 
Björn D. Lindahl (Department of Soil and Environment, Swedish University of Agricultural 
Sciences, Uppsala, Sweden), Petra Fransson (Department of Forest Mycology and Plant 
Pathology, Uppsala BioCenter, Swedish University of Agricultural Sciences, Uppsala, Swe-
den) 

In boreal forest soils biomass turnover of ectomycorrhizal fungal mycelium is a funda-
mental process regulating standing mycelial biomass and necromass flux into soil organic 
matter. Input via roots and associated fungi are a major contributor to the build-up of 
organic matter stocks, but the role of mycelial turnover in regulating boreal carbon sinks 
is currently not well understood, neither how turnover may be driven by successions in 
ectomycorrhizal fungal communities. 

We quantified mycelial turnover and assessed fungal community composition in a chron-
osequence of eight, 12- to 158-years-old, managed Pinus sylvestris forests. Turnover was 
estimated by determining mycelial biomass, using ergosterol as a proxy, in sequentially 
harvested in-growth mesh bags and applying mathematical models. Fungal communities 
were identified using Pacific Biosciences sequencing of fungal ITS2 amplicons. 

Turnover decreased with forest age, from 7.0 yr-1 in the youngest stand to 0.3 yr-1 in the 
oldest stand. Fast turnover rates in the younger stands were associated with Tomentella 
radiosa and Wilcoxina species. Intermediate turnover rates were primarily associated 
with Piloderma, Suillus and Cortinarius species, whereas slow rates of turnover in the 
older stands were weakly associated with Lactarius and Russula species. 

There was a strong forest age effect on both ectomycorrhizal community composition 
and turnover across the chronosequence. Mycorrhizal community composition is there-
fore proposed to drive the observed changes in mycelial turnover, with potential im-
portance for carbon sequestration. 

Keywords: mycelial turnover, ITS2 amplicons, community composition, carbon seques-
tration, boreal forest 
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Transitions in fungal communities during the decomposition of ectomycorrhizal fine 
roots  

Logan Gray (Biology, Saint Mary's University, Halifax, Canada), Gavin Kernaghan (Biol-
ogy, Mount Saint Vincent University, Halifax, Canada) 

Fine roots are relatively short lived and their turnover represents a large input of re-
sources to the soil community. Although they harbour various groups of fungi including 
ECM, endophytic and saprobic species, relatively little is known about changes in fungal 
assemblages as fine roots decompose. 

Plots were established within mature Abies balsamea and Picea rubens forests in Nova 
Scotia. In the spring of the first year, understory seedlings were either severed at the root 
collar, or left as controls. Seedlings were then collected over 16 months and assessed for 
loss of fine roots and the integrity of ECM mantles on remaining roots. Degrading mantles 
were grouped into broad categories based on texture, pigment and exploration type. We 
also monitored the total fungal community over time by ITS cloning-sequencing. 

Prosenchymous, diffusely pigmented mantles of short to medium distance exploration 
type ECM (e.g. Cortinarius) were lost during the first year. However, synenchymous, mel-
anised mantles of short distance types (e.g. Cenococcum) maintained integrity through-
out the experiment. Synenchymous mantles with diffuse pigmentation of contact type 
ECM (e.g. Russulaceae) and prosenchymous mantles with intense pigmentation of me-
dium distance types (e.g. Piloderma fallax) degraded at intermediate rates. Cloning-se-
quencing did not detect any clear changes in ECM communities over time, even though 
mantles were degraded. Very few obviously lignocellulolytic taxa were detected, imply-
ing that the plant component was not yet under attack. However, fungal root endophytes 
belonging to the Helotiaceae increased in abundance during the first year and decreased 
thereafter, suggesting a possible role in mantle decomposition.  

Keywords: Fine root turnover, fungal root endophytes, ECM mantle structure 
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Ectomycorrhizal fungi may contribute to the formation and sorptive stabilization of soil 
organic matter 

Anders Tunlid (Biology, Lund University, Lund, Sweden), Tao Wang (Biology, Lund Uni-
versity, Lund, Sweden), Per Bengtson (Biology, Lund University, Lund, Sweden), Per 
Persson (Biology, Lund University, Lund, Sweden) 

Recent studies have shown that ectomycorrhizal (ECM) fungi have some capacity to de-
compose soil organic matter (SOM) using oxidative mechanisms. Most likely the major 
benefit of this activity is to release nutrients including nitrogen that are embedded in the 
SOM. Here we investigated whether the processing of boreal forest SOM by an ECM fun-
gus and a closely related saprotrophic fungus increase the reactivity of the organic mat-
ter towards mineral surfaces and thereby may contribute to the stabilization of SOM. The 
experiment was performed by growing the ECM fungus Paxillus involutus and its closely 
related saprotrophic fungus (Hydnomerulius pinastri) on a boreal forest SOM extract sup-
plemented with 13C-glucose. Both the undecomposed and decomposed SOM were char-
acterized in detail using spectroscopic and isotopic measurements and their sorption 
onto goethite was then examined. In the presence of glucose and when acquiring nitro-
gen, both fungi slightly oxidized and decreased the molecular size of the SOM extract. 
During the decomposition, both fungi secreted a substantial amount (>10% new biomass 
C) of aromatic metabolites. The retention of the SOM extract onto goethite enhanced 
after decomposition due to oxidation and production of surface-reactive metabolites. 
The results suggest that the production of metabolites along with the oxidation of or-
ganic carbon during SOM decomposition by ECM fungi may contribute to the stabilization 
of organic matter in boreal forest soils. 
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Stable isotopes elucidate more and more facets of mycoheterotrophic carbon gain 
among plants 

Gerhard Gebauer (Laboratory of Isotope Biogeochemistry, University of Bayreuth, Bay-
reuth, Germany), Julienne M. I. Schiebold (Laboratory of Isotope Biogeochemistry, Uni-
versity of Bayreuth, Bayreuth, Germany) 

Introduction/Aim: In the mycorrhizal symbiosis plants usually exchange photosynthates 
for mineral nutrients acquired by fungi. This mutualistic arrangement has been subverted 
by plants producing dust seeds and relying on fungal hosts for carbon supply in the seed-
ling development stage (initial mycoheterotrophs, IMH). A few hundreds of IMH plants 
remain achlorophyllous as adults and continue relying on fungal carbon (full mycohete-
rotrophs, FMH). During the last decade additionally an increasing number of green plants 
has been identified as gaining carbon simultaneously from two sources, own photosyn-
thesis and mycorrhizal fungi (partial mycoheterotrophs, PMH). Here we aim separating 
mycoheterotrophic plants not only according to their respective functional groups (IMH, 
FMH, PMH), but also according to their taxonomic relationships and to the functional 
groups of their respective fungal hosts. 

Materials and Methods: We used a stable isotope abundance database of mycohetero-
trophic and accompanying autotrophic plants and molecular data on the identity of the 
mycorrhizal fungi to test the different functional groups for significance of differences in 
their isotope abundance patterns. 

Results: We succeeded in separating IMH, FMH and PMH from autotrophic plants1,2. We 
furthermore separated (i) FMH from PMH1,3, (ii) FMH mycorrhizal on ECM, SAP litter- and 
wood-decomposing and AM fungi3,4, (iii) PMH on ECM basidiomycetes, ECM ascomycetes 
and rhizoctonias5,6 and (iv) FMH and PMH orchids and ericoids7. 

Discussion: Isotope natural abundance is an ideally suited tool to elucidate fungus-to-
plant carbon fluxes and to identify functional diversity among mycoheterotrophic plants. 

Conclusion: Mycoheterotrophy in mycorrhizal symbioses is much more widespread and 
diverse than previously assumed. 

References: 

1 Gebauer G., Meyer M. (2003): 15N and 13C natural abundance of autotrophic and myco-
heterotrophic orchids provides insight into nitrogen and carbon gain from fungal associ-
ation. New Phytologist 160: 209-223. 

2 Stöckel M., Těšitelová T., Jersáková J., Bidartondo M.I., Gebauer G. (2014): Carbon and 
nitrogen gain during the growth of orchid seedlings in nature. New Phytologist 202: 606-
615. 
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3 Hynson N.A., Madsen T.P., Selosse M.-A., Adam I.K.U., Ogura-Tsujita Y., Roy M., 
Gebauer G. (2013): The Physiological Ecology of Mycoheterotrophy. In: V.S.F.T. Merckx 
(ed.) Mycoheterotrophy: The Biology of Plants Living on Fungi. Springer-Verlag, Heidel-
berg, Germany, pp 297-342. 

4 Lee Y.-I., Yang C.-K., Gebauer G. (2015): The importance of associations with sapro-
trophic non-Rhizoctonia fungi among fully mycoheterotrophic orchids is currently under-
estimated: novel evidence from sub-tropical Asia. Annals of Botany 116: 423-435. 

5 Gebauer G., Preiss K., Gebauer A.C. (2016): Partial mycoheterotrophy is more wide-
spread among orchids than previously assumed. New Phytologist 211: 11-15. 

6 Schiebold J.M.I., Bidartondo M.I., Karasch P., Gravendeel B., Gebauer G. (2017): You are 
what you get from your fungi: nitrogen stable isotope patterns in Epipactis species. An-
nals of Botany doi:10.1093/aob/mcw265. 

7 Hynson N.A., Schiebold J.M.I., Gebauer G. (2016): Plant family identity distinguishes 
patterns of carbon and nitrogen stable isotope abundance and nitrogen concentration in 
mycoheterotrophic plants associated with ectomycorrhizal fungi. Annals of Botany 118: 
467-479. 

Keywords: carbon, mycoheterotrophy, mycorrhiza, stable isotopes 
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Many ways to exploit mycorrhizas: the mycoheterotrophy continuum in orchids 

Julienne Marie-Isabelle Schiebold (BayCEER – Laboratory of Isotope Biogeochemistry, Univer-
sity of Bayreuth, Bayreuth, Germany), Martin I. Bidartondo (Imperial College London & Royal 
Botanic Gardens Kew, London, UK), Gerhard Gebauer (BayCEER – Laboratory of Isotope Bio-
geochemistry, University of Bayreuth, Bayreuth, Germany) 

Introduction: Mycorrhizal carbon flow is not only reversed in achlorophyllous, fully mycohet-
erotrophic (FMH) plants but also in putatively autotrophic plants participating in mycorrhizal 
symbioses. Partially mycoheterotrophic (PMH) plants utilise carbon both from photosynthe-
sis and a fungal source. All 28,000 species in the largest angiosperm family, the Orchidaceae, 
produce dust seeds and are initially mycoheterotrophic; they need a mycobiont for nutrient 
provision in early life stages. Thus, orchids may be predisposed to a PMH nutrition due to 
their initial FMH protocorm stage. 

Materials and Methods: We investigated the ecophysiology of the heterotrophic nutrition of 
30 orchid species native to Central Europe using stable C, N and H isotope analysis and mo-
lecular identification of orchid mycorrhizal fungi, and a further 40 PMH and FMH Ericaceae 
and Orchidaceae species from a database. 

Results: We found (i) a varying degree of PMH in rhizoctonia-associated meadow orchids1; 
(ii) a correlation between local light climate and 13C enrichment in rhizoctonia-associated or-
chid species; (iii) the identity of the fungal partner (rhizoctonia, ECM basidiomycete, ECM as-
comycete) associated with Epipactis taxa to drive plant 15N enrichment2; (iv) that FMH seed-
lings of mature green-leaved orchids associated with rhizoctonia fungi are useful to assess the 
organic matter gain derived from fungi; and (v) taxonomic patterns of mycoheterotrophy3. 

Discussion: Our findings demonstrate that PMH in orchids is a trophic continuum between 
the extreme endpoints of autotrophy and FMH, ranging from marginal to pronounced PMH. 

Conclusion: In rhizoctonia-associated orchids, PMH plays a far greater role than previously 
assumed, even in full light conditions. 

References: 
1Schiebold, J.M.-I., Bidartondo, M.I., Lenhard, F., Makiola, A. & Gebauer, G. Exploiting mycor-
rhizas in broad daylight: Partial mycohetrotrophy is a common nutritional strategy in meadow 
orchids. Journal of Ecology, in review. 
2Schiebold, J.M.-I., Bidartondo, M.I., Karasch, P., Gravendeel, B. & Gebauer, G. (2017) You are 
what you get from your fungi: nitrogen stable isotope patterns in Epipactis species. Annals of 
Botany, 1–11. 
3Hynson, N.A., Schiebold, J.M.-I. & Gebauer, G. (2016) Plant family identity distinguishes pat-
terns of carbon and nitrogen stable isotope abundance and nitrogen concentration in myco-
heterotrophic plants associated with ectomycorrhizal fungi. Annals of Botany, 118, 467–479. 

Keywords: orchid mycorrhiza, partial mycoheterotrophy, rhizoctonia, stable isotopes, ITS se-
quencing 
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The evolution of mixotrophy in Ericaceae 

Félix Lallemand (Muséum National d'Histoire Naturelle, Paris, France), Myriam Gaudeul 
(Muséum National d'Histoire Naturelle, Paris, France), Josie Lambourdière (Muséum National 
d'Histoire Naturelle, Paris, France), Ülle Püttsepp (Estonian University of Life Sciences, Tartu, 
Estonia), Pierre-Emmanuel Courty (Université de Bourgogne Franche-Comté, Dijon, France), 
Marc-André Selosse (Muséum National d'Histoire Naturelle, Paris, France) 

Whereas most mycorrhizal plants trade photosynthates for mineral nutrients with their fun-
gal symbionts, mycoheterotrophic species have evolved the ability to divert carbon com-
pounds from their mycorrhizas1. Mycoheterotrophy is permanent in some species that have 
lost photosynthetic capacities, but adds up to photosynthesis in a few green plants, resulting 
in a partially mycoheterotrophic nutrition called mixotrophy2. Mixotrophy, which is consid-
ered to be an adaptation to shaded forest habitats, is described for Orchidaceae and Erica-
ceae species. Mixotrophic orchids have been well-studied and shown to plastically increase 
their use of fungal carbon in young shoots before leaf expansion and in shaded conditions3,4. 
Moreover, in orchids, mixotrophy is considered as a likely transition step towards full myco-
heterotrophy. 

Although orchids include most known mixotrophic species, Ericaceae stand as a good coun-
terpoint. Early-diverging lineages within this family encompass species showing the whole 
nutrition continuum, from autotrophic in arbutoids, to mycoheterotrophic in monotropoids, 
and mixotrophic in pyroloids1. Based on combined plastidial and nuclear markers, we present 
an up-to-date phylogenetical frame, which brings the three above-mentioned clades in a 
monophyletic group and argues for two independent emergences of mycoheterotrophy5. 
What has predisposed to mycoheterotrophic nutrition during Ericaceae’s evolution remain 
an intriguing issue to investigate. We complete this work with field assessment of variations 
in heterotrophy level in five pyroloids from Estonian boreal forests in response to shoot age 
and light availability. The absence of noticeable changes in mycoheterotrophic levels, based 
on stable isotopes abundances, contrasts with co-occurring orchids and suggests unexpected 
diversity of mixotrophic nutritional strategies. 

References: 
1 Merckx VSFT. 2013. Mycoheterotrophy: the biology of plants living on fungi. New York: Springer. 
2 Selosse MA. et al. 2016. Mixotrophy in mycorrhizal plants: extracting carbon from mycorrhizal 
networks. In: Martin F, ed. Molecular Mycorrhizal Symbiosis. Wiley-Blackwell, 451–471. 
3 Gonneau C. et al. 2014. Photosynthesis in perennial mixotrophic Epipactis spp. (Orchidaceae) 
contributes more to shoot and fruit biomass than to hypogeous survival. Journal of Ecology 102: 
1183–1194. 
4 Preiss K. et al. 2010. Irradiance governs exploitation of fungi: fine-tuning of carbon gain by two 
partially myco-heterotrophic orchids. Proceedings of the Royal Society London B 277: 1333–1336. 
5 Lallemand F. et al. 2016. The elusive predisposition to mycoheterotrophy in Ericaceae. New Phy-
tologist 212: 314–319. 
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Ectomycorrhizae as a food source for collembola 

Alexis M. LeFait (Biology, Saint Mary's University, Halifax, Canada), Gavin Kernaghan 
(Biology, Mount Saint Vincent University, Halifax, Canada) 

Although there is an abundance of information on the initiation and development of ec-
tomycorrhizae (ECM), there is a lack of knowledge on their breakdown, which releases 
carbon and nitrogen back into the soil environment. Decomposition rates of ECM vary 
across fungal species, with some, such as the highly melanized Cenococcum geophilum, 
remaining intact for up to four years after root tip mortality, and others, such as Cortinar-
ius spp., degrading much more rapidly. One potential mechanism in the breakdown of 
ECM is the grazing of the ECM mantle by microarthropods, specifically collembola. To 
determine the importance of ECM fungal species on collembola grazing, a series of feed-
ing trials were performed in which fresh pine ECM were collected, identified by ITS se-
quencing, and used as food sources. Folsomia candida (a model collembola species) were 
presented with pairs of different ECM root tips including Cenococcum geophilum, Pilo-
derma fallax, Lactarius sp., and Suillus sp., to determine the hierarchy of ECM preference. 
After a one week incubation period, the feces of the collembola in close proximity to 
each ECM type were counted, and the amount of ECM mantle grazed was measured dig-
itally. Although Folsomia appear to feed on most ECM types to varying degrees, they will 
not feed on the darkly melanized ECM formed by C. geophilum, even when it is the only 
food source available. This is congruent with the observed longevity of C. geophilum ECM 
in the soil, but seems to contradict the commonly held idea that microarthropods prefer 
melanized fungi. 

Keywords: ectomycorrhizal decomposition, microarthropods, selective grazing, spring-
tails 
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The contribution of genetic variability among Rhizophagus irregularis isolates on soil 
respiration in tropical soils under cassava cultivation 

Diego Camilo Peña-Quemba (Faculty of Agricultural Sciences, National University of Co-
lombia, Bogotá, Colombia), Alia Rodriguez (Faculty of Science, National University of Co-
lombia, Bogotá, Colombia), Ian Robert Sanders (Department of Ecology and Evolution, 
University of Lausanne, Lausanne, Switzerland) 

Soil degradation is increasing worldwide and will become a major constraint to sustaina-
ble agriculture for future generations. Soil is the largest terrestrial source of organic car-
bon (2,344 Gt) and tropical soils account for approximately 30% of the global carbon 
pool. Soil respiration results in the release of CO2 into the atmosphere and is the most 
meaningful indicator of soil microbial activity. Arbuscular mycorrhizal fungi (AMF) act as 
stabilizers of soil structure through physical and chemical soil aggregation (e.g. hyphae 
or exudates) by encapsulating organic carbon within aggregates and protecting it from 
microbial activity. In previous studies we have observed very large differences in cassava 
root productivity when inoculated with genetically diverse isolates of Rhizophagus irreg-
ularis, suggesting that carbon dynamics belowground could be greatly influenced by the 
genetics of the fungus. We studied the effects of genetically different isolates of Rhizoph-
agus irregularis on carbon dynamics, accumulation and emissions to the atmosphere in 
soils under cassava cultivation; separately measuring heterotrophic, autotrophic and my-
corrhizal fungal contributions to total soil respiration. This research forms part of an ex-
tensive collaborative project aiming to study the effects of natural genetic variation of 
AMF on cassava cropping and its environmental effects. 

Keywords: soil respiration, AMF, cassava, soil aggregation, carbon storage 
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Reduction of C-flow to AMF by P-fertilization or shading – is it caused by plant? 

Tereza Konvalinková (Department of Experimental Plant Biology, Faculty of Science, 
Charles University, Prague, Czech Republic), David Püschel (Laboratory of Fungal Biology, 
Institute of Microbiology of the ASCR, v.v.i., Prague, Czech Republic), Veronika Řezáčová 
(Laboratory of Fungal Biology, Institute of Microbiology of the ASCR, v.v.i., Prague, Czech 
Republic), Hana Gryndlerová (Laboratory of Fungal Biology, Institute of Microbiology of 
the ASCR, v.v.i., Prague, Czech Republic), Renata Slavíková (Laboratory of Fungal Biology, 
Institute of Microbiology of the ASCR, v.v.i., Prague, Czech Republic), Martina Hujslová 
(Laboratory of Fungal Biology, Institute of Microbiology of the ASCR, v.v.i., Prague, Czech 
Republic), Jan Konečný (Laboratory of Fungal Biology, Institute of Microbiology of the 
ASCR, v.v.i., Prague, Czech Republic), Petra Bukovská (Laboratory of Fungal Biology, In-
stitute of Microbiology of the ASCR, v.v.i., Prague, Czech Republic), Milan Gryndler (La-
boratory of Fungal Biology, Institute of Microbiology of the ASCR, v.v.i., Prague, Czech 
Republic), Jan Jansa (Laboratory of Fungal Biology, Institute of Microbiology of the ASCR, 
v.v.i., Prague, Czech Republic) 

Both root colonization by arbuscular mycorrhizal fungi (AMF) and carbon flow to AMF 
can be reduced under environmental conditions where AMF might become less benefi-
cial for hosts, e.g. P-fertilization or shading. We investigated conceivable causes of this 
phenomenon including reduced C flow to roots or reduced C flow specifically to AMF. 

Leek (Allium porrum), medic (Medicago truncatula) and ryegrass (Lolium perenne) popu-
lations, inoculated with field soil, were subjected to two soil P- levels or to a partial short-
time shading in two glasshouse experiments. The C flows were traced by 13C isotope la-
belling from shoots down to the AMF-signature fatty acid 16:1ω5 in roots. 

Relative plant C allocation to AMF was decreased by P-fertilization in leek and ryegrass, 
but not in medic. The decrease was caused by lower C allocation to AMF compared to 
roots (explained by both decreased abundance and 13C-enrichment of 16:1ω5) and not 
by lower C allocation to roots in general. In contrast, sudden shading decreased C alloca-
tion to AMF in medic, but not in leek (not studied in ryegrass). The decrease was caused 
by reduced C allocation to roots in general, while C allocation to AMF compared to roots 
did not change. 

Our results suggest that some plants might be able to suppress C flow specifically to AMF 
due to P-fertilization. This notion is supported by the reduced C flow to AMF compared 
to roots, linked with both reduced AMF mass and reduced C income per unit of AMF 
mass. 

Keywords: arbuscular mycorrhiza, carbon allocation, phosphorus fertilization, 13C iso-
tope labelling, 16:1ω5 fatty acid  
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Mycorrhizal symbiosis induces plant carbon re-allocation differently in C3 and C4 Pani-
cum grasses 

Veronika Řezáčová (Laboratory of Fungal Biology, Institute of Microbiology, Academy of 
Sciences of the Czech Republic, Prague, Czech Republic), Renata Slavíková (Laboratory of 
Fungal Biology, Institute of Microbiology, Academy of Sciences of the Czech Republic, Pra-
gue, Czech Republic), Tereza Konvalinková (Laboratory of Fungal Biology, Institute of Mi-
crobiology, Academy of Sciences of the Czech Republic, Prague, Czech Republic), Věra 
Procházková (Laboratory of Fungal Biology, Institute of Microbiology, Academy of Sci-
ences of the Czech Republic, Prague, Czech Republic), Martina Hujslová (Laboratory of 
Fungal Biology, Institute of Microbiology, Academy of Sciences of the Czech Republic, Pra-
gue, Czech Republic), Hana Gryndlerová (Laboratory of Fungal Biology, Institute of Mi-
crobiology, Academy of Sciences of the Czech Republic, Prague, Czech Republic), Milan 
Gryndler (Laboratory of Fungal Biology, Institute of Microbiology, Academy of Sciences 
of the Czech Republic, Prague, Czech Republic), David Püschel (Laboratory of Fungal Bi-
ology, Institute of Microbiology, Academy of Sciences of the Czech Republic, Prague, 
Czech Republic), Jan Jansa (Laboratory of Fungal Biology, Institute of Microbiology, Acad-
emy of Sciences of the Czech Republic, Prague, Czech Republic) 

Arbuscular mycorrhiza (AM) symbiosis involves a broad range of plant taxa with both C3 
and C4 photosynthesis types. The C4 plants have been established to be generally more 
responsive to establishment of AM symbiosis than the C3 plants in terms of their nutrition 
and growth promotion. However, it is not known whether the type of photosynthesis 
affects the symbiotic carbon (C) fluxes. To achieve phylogenetically unbiased compari-
son, closely related C3-Panicum and C4-Panicum have been grown with a synthetic com-
munity of AM fungi at two levels of available phosphorus (P), and the whole plant C 
budget was assembled based on 13CO2 pulse chase labeling and sequential harvesting. 
On average, mycorrhizal plants allocated 3.9% more recently fixed C belowground than 
their non-mycorrhizal (NM) counterparts. Whereas mycorrhizal C3-Panicum allocated rel-
atively less recently fixed C to aboveground respiration as compared to their NM con-
trols, mycorrhizal C4-Panicum allocated more of the recent C into the substrate and 
aboveground respiration as compared to their NM controls, and relatively less to the 
belowground respiration as compared to the mycorrhizal C3-Panicum. Mycorrhizal C al-
locations measured here are at the low end of previously published records and were 
not significantly different between the two plant species. Yet, the Panicum grasses with 
C3 and C4 types of photosynthesis showed different strategies to reallocate recently fixed 
C due to their mycorrhizal status, and this is probably only partly explainable by improved 
mineral nutrition or increased belowground C sink strength. 

Keywords: carbon (C) budget, C3 and C4 photosynthesis, 13C labeling, Panicum sp., phos-
phorus 
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Tillage intensification affects AMF diversity, SOC and enzymatic activities within soil 
aggregates at various scales 

Gaia Piazza (Institute of Life Sciences, Scuola Superiore Sant'Anna, Pisa, Italy), Elisa Pellegrino 
(Institute of Life Sciences, Scuola Superiore Sant'Anna, Pisa, Italy), Valentina Ciccolini (Institute 
of Life Sciences, Scuola Superiore Sant'Anna, Pisa, Italy), Laura Ercoli (Institute of Life Sciences, 
Scuola Superiore Sant'Anna, Pisa, Italy) 

Long-term agricultural management may change soil C sequestration and alter soil or-
ganic matter content, structure and biological activity. The objective of this study was to 
investigate the impact of tillage and N fertilization within a field experiment with a soy-
bean/wheat rotation, originally established in 1982 in Central Italy. 

Treatments were ploughing at 30-cm depth (P30) and minimum tillage (MT) in combina-
tion with two N fertilizer rates to wheat, 0 (N0) and 200 kg N ha-1 (N200). In spring 2016, 
soil samples were collected from the 0–15 and 15–30 cm soil layers. Bulk density (BD), 
NH4-N and NO3-N concentration were assessed. After wet-sieving fractionation, SOC, 
total N and available P, enzymatic activities and AMF diversity were assessed in both bulk 
soil and microaggregates within macroaggregates (mM). AMF diversity was character-
ized by SSU-ITS-LSU fragment. 

At both soil layers, BD did not vary between tillage intensities, but was 7% higher in N200 
than N0. At 15-30 cm depth, the proportion of mM was 21% higher in MT than P30, while 
no differences were detected in the surface layer. Tillage did not change soil total N and 
available P, whereas N fertilization affected NH4-N (15%) and NO3-N (28%) concentra-
tion at both soil layers. SOC, enzymatic activities and AMF diversity in bulk soil and in mM 
changed in P30 respect to MT. 

Our results showed co-occurrence patterns in SOC, enzymatic activities and AMF diver-
sity of bulk soil and mM fraction, suggesting that the contribution of soil biota to C se-
questration within aggregates varied with tillage. 

Keywords: tillage intensification, soil fertility, soil aggregates, AMF community diversity, 
soil enzymatic activity 
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A Serengeti Without Arbuscular Mycorrhizas: Quantifying Interactions Between Migra-
tory Mammals and Fungal Symbionts 

Bo M. Stevens (School of Earth Sciences and Environmental Sustainability, Northern Ari-
zona University, Flagstaff, USA), Jeffrey Propster (Northern Arizona University, Flagstaff, 
USA), Gail W. T. Wilson (Oklahoma State University, Stillwater, USA), Andrew Abraham 
(School of Informatics, Computing, and Cyber Systems, Northern Arizona University, Flag-
staff, USA), Chase Ridenour (School of Informatics, Computing, and Cyber Systems, 
Northern Arizona University, Flagstaff, USA), Christopher Doughty (School of Informatics, 
Computing, and Cyber Systems, Northern Arizona University, Flagstaff, USA), Nancy C. 
Johnson (School of Earth Sciences and Environmental Sustainability, Northern Arizona 
University, Flagstaff, USA) 

Both mycorrhizas and grazing mammals influence phosphorus (P) availability and pri-
mary productivity of grassland ecosystems. Grasses are estimated to obtain as much as 
90% of their P from arbuscular mycorrhizas, and these symbioses are particularly im-
portant in acquiring P from the highly weathered soils which typically occur in tropical 
grasslands, such as the Serengeti. Large, migratory ungulates have been shown to trans-
locate nutrients and increase the availability of P for grassland vegetation. The P content 
of vegetation and the abundance of arbuscular mycorrhizal (AM) fungi are highest in re-
gions with the highest soil P. The concentration of P in plant tissues may influence the 
migratory patterns of ungulates in the Serengeti; during the gestation period, when nu-
tritional requirements are increased, grazing mammals seek areas containing plants with 
higher P concentrations. The purpose of this study was to analyze the interactive roles of 
AM fungi and mammalian grazers on the P cycle and primary production in the Serengeti. 
Bayesian linear regressions were used to infer the primary factors that influence AM fun-
gal abundance in the experimental plots. The best model indicated that total soil P was 
the strongest predictor of AM fungal biomass, it was significantly and positively corre-
lated with the AM fungal biomass in grazed plots, but not in ungrazed plots. Biomass 
measurements of AM fungi were combined with published data on the abundance and 
physiology of large ungulates in a customized Madingley model to simulate P dynamics 
and net primary production of the Serengeti ecosystem. 

Keywords: mycorrhizas, Serengeti, macroorganisms, biomass, model 
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WORKSHOP: In-situ mycorrhizal function – how do we get 
relevant data from a messy world? 

This workshop will bring together conference participants with an interest in working in 
field settings. Field systems are “messy” and can yield equally messy data. The aim is to 
share approaches to designing and implementing field studies that identify and quantify 
mycorrhizal function, beyond proxies such as plant biomass accumulation or community 
change. There will be “flash talks” of 5 minutes to give examples of various approaches, 
or that highlight particular issues. Structured group discussion will follow, allowing par-
ticipants to draw on the expertise in the room. The discussion will focus on the following 
areas: 

1. Definitions: what key variables define mycorrhizal function? 

2. Measurement: What measurements do we need? Are there general measures 
that can be applied across all mycorrhizal associations? How do we move be-
yond proxies to direct measurement of function? 

3. Horizon Scanning: What are the barriers to determining function? Can we learn 
from other disciplines? What technologies are there that we could seek to 
adopt? 

The close of the workshop will be a synthesis of the event. We aim to prepare an open 
access perspectives paper to encourage debate on this topic within the mycorrhizal re-
search community beyond the conference close. 

Chairs: Thorunn Helgason, Ylva Lekberg 
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WORKSHOP: Species concept of Glomeromycota 

Species are ultimately a human construct, and for many uses our working definitions are 
sufficient and provide a common metric for comparison.  However, unlike other taxo-
nomic categories species ideally define the level at which genetic exchange is common. 
When species concepts approach this ideal they become appropriate categories for bet-
ter understanding basic biology and population genetics, and they improve the validity 
of comparisons across groups. 

Species in the Glomeromycotina have traditionally been assumed to be clonal and have 
been defined by spore morphology and rDNA sequences.  Recent genomic data, how-
ever, has shown that Glomeromycotina have intact mating loci, tracts of recombination, 
and high variability.  These results challenge the idea they are asexual, and open up new 
avenues for species recognition. 

The goals of this workshop are: 

1. to bring together a broad audience interested in understanding species within 
arbuscular mycorrhizal fungi (AMF) 

2. to clarify what the current species concept in AMF represents and to identify its 
appropriate uses and limitations 

3. to discuss ways that we can develop a species concept that recognized units of 
genetic exchange 

Chairs: Tom Bruns, Maarja Öpik, John Taylor 
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Rhizophagus irregularis: what’s in a name? 

Nicolas Corradi (University of Ottawa, Ottawa, Canada) 

Rhizophagus irregularis (also known as Rhizoglomus irregulare, and previously referred 
to as Glomus intraradices) represents the most widely used arbuscular mycorrhizal fun-
gus (AMF) for scientific research. Genome analyses of many strains of R. irregularis have 
shown that the mycelium of this species is either homokaryotic (contains highly similar 
nuclei with one MAT-locus), or dikaryotic (harbors two populations of nuclei, each with 
a different MAT-locus). Past analyses have also shown that different R. irregularis strains 
(also known as isolates) are both phenotypically and genetically different, and can affect 
the host plant in different ways. However, the reasons for this variation is unknown, and 
so is but the amount and nature of divergence that exists between the genomes of these 
isolates. Here, we compare the structure and gene content of six R. irregularis genomes 
and identify large inter-isolate genome diversity at all levels; both coding and non-coding. 
The extent of inter-isolate functional and structural genomic divergence raises intriguing 
questions regarding the conspecificity of the isolates we analysed, and warrants caution 
in the interpretation of past population-based analyses of these symbionts based on one 
genome reference. 
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Discontinuities in morphospace vs. reproductive isolation: species descriptions in the 
Glomeromycota 

Dirk Redecker (UMR Agroécologie (INRA, Université de Bourgogne Franche Comté, Agro-
Sup Dijon, CNRS), Dijon, France) 

About 250 species have been described in Arbuscular Mycorrhizal Fungi (AMF, Glomero-
mycota), many of them exclusively based on morphological characters of the spores. 
Considering the limited set of morphological features of AMF spores this continues to 
represent a challenge, in particular as many descriptions are based on field-collected ma-
terial. 

Recently, it has become common practice to use nuclear ribosomal DNA sequences as 
additional evidence for species descriptions. However, there are no commonly-accepted 
strict criteria to define species based on sequences, which may not even be possible us-
ing a single gene. Intra-isolate variation of the nuclear ribosomal genes seems to addi-
tionally complicate interpretation of the sequence data. 

An overview will be given on the current state of the art of the practice of species de-
scription in the Glomeromycota, highlighting problems and possible ways forward.  
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Molecular taxon concepts of AM fungi used in community ecology 

Maarja Öpik (University of Tartu, Tartu, Estonia) 

Molecular (DNA-sequencing based) identification has revolutionized understanding 
about arbuscular mycorrhizal (AM) fungal biodiversity, and its patterns in ecosystems. 
Sequencing targeted amplicons of AM fungi from different kinds of samples—soil or 
roots, spores or mycelia—provides DNA sequences that can be classified into molecular 
taxa or species proxies. In this introductory presentation to the workshop, to provide 
seed for discussion among all attendants, I will summarise the most common molecular 
taxon concepts currently used in community ecology of AM fungi, indicating the assump-
tions behind them as well as knowledge gaps. 

Keywords: arbuscular mycorrhizal fungi, taxon recognition, taxon identification, commu-
nity ecology, taxon concepts 
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WORKSHOP: Mycorrhiza for human welfare – Past, present 
and future 

There is a growing awareness of the beneficial roles played by mycorrhizal symbioses in 
human nutrition and welfare and of the economic importance of ecosystem services they 
provide in agriculture, forestry and society. Mycorrhizal symbioses are strategically im-
portant as they enhance primary productivity and provide fundamental services by reg-
ulating ecosystem processes, such as soil formation, quality and health, bioremediation, 
nutrient cycling, soil carbon sequestration, pest control, plant nutrient acquisition and 
health. In addition, several mycorrhizal food, medicinal and aromatic plant species show 
increased content in phytochemicals, such as polyphenols, anthocyanins and carote-
noids, that play a fundamental role in promoting human health. Yet mycorrhizal symbio-
ses are often overlooked when it comes to decision-making on agriculture and forestry 
management practices, which should aim at maintaining and enhancing the mycorrhizal 
potential of soils. In the Workshop, fundamental studies on the genetic, ecological and 
functional traits of host plants and fungal symbionts will be discussed in order to answer 
the question as to whether mycorrhizal symbioses may represent suitable tools for im-
proving crop productivity and environmental quality, reducing the use of pesticides and 
synthetic fertilizers, and producing safe and healthy food to feed the megacities in the 
years to come. 

Chairs: Manuela Giovannetti, Joyce Jefwa 
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Is African Agriculture Ready? 

Joanna F. Dames (Department of Microbiology and Biochemistry, Mycorrhizal Research 
Laboratory, Rhodes University, Grahamstown, South Africa) 

In developed countries a revolution embracing the use of microbial products in agricul-
ture is growing with large corporations investing in these technologies. Microbial solu-
tions to problems of nutrient-poor, low-yielding degraded agricultural lands are a best-
kept secret that has not become rooted in African agriculture. African agriculture con-
tributes 32 % to the GDP involving 65-85 % of the workforce which is largely based on 
small holder and subsistence farmers. Nutrient deficient, acidic and degraded soils re-
duce crop production and food security contributing to malnutrition. It is well established 
that arbuscular mycorrhizal (AM) fungi play a crucial role in sustainable agriculture, re-
ducing agrochemical reliance, improving soil health and crop production and quality. 
Why has mycorrhizal technology not been embraced and adopted as a standard agricul-
tural practice in Africa? 

The reasons are varied and may be due to challenges in production of AM inoculants. 
Market knowledge, farmer perception, technology costs and inability of resource poor 
farmers, in particular, to successfully exploit these technologies contribute to this prob-
lem in Africa. An African strategy should promote the translation of research conducted 
in greenhouse trials to more extensive subsistence field trials in order to economically 
assess the true mycorrhizal benefits to local communities, while also promoting an un-
derstanding of soil microbiology for improved soil health. 

This workshop presentation will examine these challenges and suggest alternative ap-
proaches such as “on farm” production of quality inoculants and highlight areas of re-
search requiring attention in the African context. 

  



ICOM 9 

365 

IL (ID 208) 

Prospects of mycorrhizas and their role in agroforestry systems: An analytical frame-
work 

Degi Harja Asmara (1Centre for forest Research and Institute for Integrative Systems Bi-
ology, Université Laval, Quebec, Canada), Suzanne Allaire (Soils and Agro-Environmental 
Engineering, and Centre for Horticultural Research, Université Laval, Quebec, Canada), 
Damase P. Khasa (Centre for forest Research, Institute for Integrative Systems Biology, 
and Canadian Research Chair in Forest and Environmental Genomics, Université Laval, 
Quebec, Canada) 

Mycorrhizas play an important role in soil nutrient cycling, and plant-soil interactions, 
but their full contribution is complex and requires the identification of the best condi-
tions to get the most benefit of these associations. Few researches explore mycorrhizal 
interactions with multi-plant species. The outcomes are often ambiguous, with con-
founding factors because the interactions may occur at multiple scales. Mycorrhizal fun-
gal networks rather than single interactions linking numerous plant roots in an ecosystem 
could be more functional. The networks add complexity to the system and open a new 
paradigm on plant interactions, which mostly focuses on direct below and aboveground 
resources sharing. The mycorrhizal networks are known to be either accelerating the 
competition or balancing the resources sharing within the connected plants. The poten-
tial impact may range along a broad continuum from mutualism to parasitism. A better 
understanding of the mechanisms and interactions between crop genotypes and species, 
the abiotic stressors, the integrated pest management, and the links between above- and 
below-ground systems, is crucial. A modeling framework may be required to fully under-
stand interactions within the plant-plant, and plant-microbe-soil interactions. The frame-
work can be useful for exploring best scenarios and management on tree-soil-crop inter-
actions and mycorrhizal fungal networks and how to optimize these interactions. The 
application on intercropping agroforestry system can be used for sustainable low- or high 
input agricultural systems, or restoration of drastically degraded ecosystems. A decision 
support software WaNuLCAS is presented as a model of water, nutrient and light capture 
in various agroforestry systems. 

Keywords: agroforestry systems, ecological modelling, mycorrhizal networks, symbiosis, 
WaNuLCAS software 
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Can designer mycorrhizal communities enhance soil carbon sequestration in forestry 
applications? 

Colin Averill (Boston University, Boston, MA, USA) 

Microbial community composition can transform ecosystem function. This has been 
demonstrated time and time again in fields as diverse as soil ecology, human medicine 
and pollinator conservation. There is mounting evidence that ectomycorrhizal fungi can 
slow soil C cycling and enhance C sequestration in soil. While our community is still in the 
early stages of describing how mycorrhizal composition can transform function, we are 
only beginning to understand how to apply this information. 

In this presentation I describe how ectomycorrhizal fungi can slow soil C cycling and en-
hance ecosystem C sequestration. I demonstrate how experimentally adding single my-
corrhizal community members to soil can turn on and off this critical ecosystem function. 
Given there is likely variation in the effect of particular mycorrhizal species, and among 
mycorrhizal consortia, I suggest there is enormous potential to bio-prospect for and de-
sign mycorrhizal communities to enhance ecosystem C sequestration in forestry applica-
tions. Globally, forestry represents ~500 billion USD in annual revenue, and most forestry 
species associate with ectomycorrhizal symbionts. Given that managed forestry covers 
~1.2 million km2, the C-sequestration potential is large. Furthermore, depending on fu-
ture C-offset valuation, this type of microbial management may be economically viable. 
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Arbuscular mycorrhizal fungi and medicinal plants: prospects for the enhanced produc-
tion of phytochemicals promoting human health and for sustainable agriculture 

Szymon Zubek (Institute of Botany, Jagiellonian University, Krakow, Poland) 

The impact of AMF on selected species of medicinal plants and the influence of medicinal 
plants under cultivation on these microorganisms were studied 1-8. 

The laboratory experiments showed that some of AMF species applied increased the 
concentrations of thymol and anthraquinone derivatives in Inula ensifolia and Hypericum 
perforatum, respectively, as well as phenolic acids and flavonoids in Viola tricolor 5,6,8. 
The enhanced production of secondary metabolites in the plants might be due to im-
proved mineral nutrition by AMF and/or a result of general plant defense reaction to 
fungal colonization. Regardless of the mechanisms, these AMF species may be used to 
improve the quality of herbal materials. 

The field experiments revealed that the long-term monocultures of mycorrhizal plants 
(H. perforatum, Levisticum officinale, Mentha ×citrata subsp. citrata, Thymus vulgaris) 
had no effect on the level of AMF propagules, however, affected AMF species composi-
tion. The cultivation of nonmycorrhizal Chelidonium majus reduced the number of AMF 
propagules, which can be detrimental to medicinal plants dependent on symbiosis and 
grown subsequently in this area 4. The aim of the second stage of field experiments was 
to investigate the combined effect of mineral or organic fertilization and three mycorrhi-
zal plants under cultivation (Lavandula angustifolia, Melissa officinalis, Salvia officinalis) 
on the diversity and abundance of AMF. The effect of the type of fertilization depended 
on the plant species. Moreover, mineral fertilizers used in moderate amounts did not 
have a negative impact on the number of AMF propagules, while having a positive effect 
on species diversity 7. 

References: 

1 Zubek S., Błaszkowski J. 2009. Medicinal plants as hosts of arbuscular mycorrhizal fungi 
and dark septate endophytes. Phytochemistry Reviews 8: 571-580. 

2 Zubek S., Błaszkowski J., Buchwald W. 2012. Fungal root endophyte associations of me-
dicinal plants. Nova Hedwigia 94: 525-540. 

3 Zubek S., Błaszkowski J., Mleczko P. 2011. Arbuscular mycorrhizal and dark septate en-
dophyte associations of medicinal plants. Acta Societatis Botanicorum Poloniae 80: 285-
292. 

4 Zubek S., Błaszkowski J., Seidler-Łożykowska K., Bąba W., Mleczko P. 2013. Arbuscular 
mycorrhizal fungi abundance, species richness and composition under the monocultures 
of five medicinal plants. Acta Scientiarum Polonorum Hortorum Cultus 12: 127-141. 
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5 Zubek S., Mielcarek S., Turnau K. 2011. Hypericin and pseudohypericin concentrations 
of a valuable medicinal plant Hypericum perforatum L. are enhanced by arbuscular my-
corrhizal fungi. Mycorrhiza 22: 149-156. 

6 Zubek S., Rola K., Szewczyk A., Majewska M., Turnau K. 2015. Enhanced concentrations 
of elements and secondary metabolites in Viola tricolor L. induced by arbuscular mycor-
rhizal fungi. Plant and Soil 390: 129-142. 

7 Zubek S., Stefanowicz A.M., Błaszkowski J., Niklińska M., Seidler-Łożykowska K. 2012. 
Arbuscular mycorrhizal fungi and soil microbial communities under contrasting fertiliza-
tion of three medicinal plants. Applied Soil Ecology 59: 106-115. 

8 Zubek S., Stojakowska A., Anielska T., Turnau K. 2010. Arbuscular mycorrhizal fungi alter 
thymol derivative contents of Inula ensifolia L. Mycorrhiza 20: 497-504. 

Keywords: AMF species richness and composition, arable soils, cultivation, medicinal 
plants, plant secondary metabolites 
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Arbuscular mycorrhizal fungi and the production of health-promoting foods: perspec-
tives for the future 

Guido Lingua (Dipartimento di Scienze e Innovazione Tecnologica, Università del Pie-
monte Orientale, Alessandria, Italy), Valeria Todeschini (Dipartimento di Scienze e Inno-
vazione Tecnologica, Università del Piemonte Orientale, Alessandria, Italy), Elisa Bona 
(Dipartimento di Scienze e Innovazione Tecnologica, Università del Piemonte Orientale, 
Alessandria, Italy), Patrizia Cesaro (Dipartimento di Scienze e Innovazione Tecnologica, 
Università del Piemonte Orientale, Alessandria, Italy), Nadia Massa (Dipartimento di Sci-
enze e Innovazione Tecnologica, Università del Piemonte Orientale, Alessandria, Italy), 
Elisa Gamalero (Dipartimento di Scienze e Innovazione Tecnologica, Università del Pie-
monte Orientale, Alessandria, Italy), Graziella Berta (Dipartimento di Scienze e Innova-
zione Tecnologica, Università del Piemonte Orientale, Alessandria, Italy) 

Arbuscular mycorrhizal fungi can positively affect plant health and growth. This is possi-
ble because AMF help their host plants to take up minerals and water from the soil and 
promote defense responses against pathogens. As a consequence, mycorrhizal plants re-
quire lower chemical inputs in the form of fertilizers and pesticides, and the use of inoc-
ulated plants (or the management of the existing AMF populations in the soil) can signif-
icantly contribute to the development of more sustainable agricultural practices. Also, 
the yield of crop plants colonized by AMF can be higher than that of plants without AMF. 

In recent years, increasing attention has been devoted not only to the amount of food 
production, but also to the quality of food. Indeed, the awareness of the importance of 
food quality has increased more and more and it has been associated to the development 
of the idea of functional foods. These are foods containing health-promoting com-
pounds, decreasing the risk of chronic or acute diseases. 

AMF have been shown to affect the quality and quantity of secondary metabolites in 
plants; such molecules can act as health-promoting compounds in humans. Increasing 
evidence indicates that AMF, alone or in combination with plant growth-promoting bac-
teria, can improve the quality of crop products. In this presentation, relevant examples 
from the literature and some original results will be shown, together with the discussion 
of future perspective and possible applications. 

Keywords: arbuscular mycorrhiza, crop quality, functional foods, plant growth-promot-
ing bacteria 
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Perspectives of plant-fungal symbioses for bioremediation of metal polluted sites 

Katarzyna Turnau (Environmental Sciences, Jagiellonian University, Krakow, Poland), Pi-
otr Rozpadek (MCB, Jagiellonian University, Krakow, Poland), Rafal Wazny (MCB, Jagiel-
lonian University, Krakow, Poland), Roman Jedrzejczyk (MCB, Jagiellonian University, 
Krakow, Poland), Agnieszka Domka (Environmental Sciences, Jagiellonian University, 
Krakow, Poland), Martyna Janicka (MCB, Jagiellonian University, Krakow, Poland), Prze-
mysław Ryszka (Environmental Sciences, Jagiellonian University, Krakow, Poland) 

Metal pollution has drastically increased during the last centuries and it is expected to 
rise in the future. Fungi, from many distantly related groups, have evolved the ability to 
associate with plants even in habitats extremely unfavorable due to extreme tempera-
ture, low nutrient availability and high abundance of toxic metals. The best described 
symbiosis between plants and fungi is the association of plant roots with mycorrhizal 
fungi. This relationship gives the mycorrhizal plants a competitive advantage over others, 
that are devoid of properly selected microbiota. Recently, the complexity of plant micro-
bial associations has been recognized. These symbiotic associations may be useful during 
introduction of plants to unfavorable environments. The establishment of an effective 
plant microbiota in such conditions is usually a very long process, thus introducing plants, 
associated with carefully selected consortia of microorganisms can significantly acceler-
ate this process. Several field and laboratory experiments have shown that for successful 
phytoremediation consortia of mycorrhizal, endophytic fungi and endophytic as well rhi-
zospheric bacteria have to be applied. These complex inocula have better chance to stim-
ulate plant growth, photosynthesis, pathogen resistance and abiotic stress attenuation. 

Our results clearly indicate that inoculation with selected microbial consortia has a ben-
eficial effect on various species of plants, mycorrhizal and nonmycorrhizal and thus, has 
the potential to improve growth of whole plant communities. The inocula can be used in 
phytostabilisation and phytoextraction of such elements as Ni, where the proper selec-
tion of microbes can result in improving the efficiency of phytomining. 
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Impact of land-use intensification on arbuscular mycorrhizal fungal species abundance 
decay, beta-diversity and multi-trophic interaction in grasslands 

Tesfaye Wubet (UFZ-Helmholtz-Centre for Environmental Research, Department of Soil 
Ecology, Halle/Saale, Germany) 

Arbuscular mycorrhizal (AM) fungi are ubiquitous and important soil organisms with multi-
ple ecosystem functions. Their diversity and community structure is mainly influenced by 
both soil and plant related parameters and involve in direct or indirect interactions with a 
range of grassland communities. Here results from multi-species studies including AM fungi 
to assess the influence of land-use intensity (LUI) on the species abundance decay (Simon 
et al., 2017) and on the beta-diversity and multi-trophic interactions (Gossner et at., 2016) 
in grassland ecosystems will be presented. 

The studies were carried out in three geographically separated regions within the frame of 
the German Biodiversity Exploratories project (www.biodiversity-exploratories.de). 

Of the three species abundance decay (SAD) descriptors tested, abundance decay rate be-
came steeper with increasing land-use intensity across groups. Overall, belowground 
groups had more even abundance distributions than aboveground groups. The observed 
strong differences between the two groups indicated that no single taxonomic group could 
serve as an indicator for effects in other groups (Simons et al. 2017). High land-use intensity 
reduced α-diversity for most aboveground groups, but had neutral or positive effects on 
belowground organisms. Analysis of the effects of land-use on β-diversity revealed a strong 
evidence for biotic homogenization. Belowground groups, including AM fungi were homog-
enized at high LUI even though their α-diversity increased (Gossner et al., 2016). 

The implication of these results will be discussed in line with the impact of land-use inten-
sity on multi-trophic homogenization and the role of AM fungi for human welfare in a 
changing world. 

References: 

Gossner MM, Lewinsohn TM, Kahl T, Grassein F, Boch S, Prati D, Birkhofer K, Renner SC, Sikorski 
J, Wubet T, Arndt H, Baumgartner V, Blaser S, Bluthgen N, Borschig C, Buscot F, Diekotter T, 
Jorge LR, Jung K, Keyel AC, Klein AM, Klemmer S, Krauss J, Lange M, Muller J, Overmann J, Pasalic 
E, Penone C, Perovic DJ, Purschke O, Schall P, Socher SA, Sonnemann I, Tschapka M, Tscharntke 
T, Turke M, Venter PC, Weiner CN, Werner M, Wolters V, Wurst S, Westphal C, Fischer M, 
Weisser WW, Allan E (2016) Land-use intensification causes multitrophic homogenization of 
grassland communities. Nature 540 (7632): 266–269. 

Simons NK, Lewinsohn T, Blüthgen N, Buscot F, Boch S, Daniel R, Gossner MM, Jung K, Kaiser K, 
Müller J, Prati D, Renner SC, Socher SA, Sonnemann I, Weiner CN, Werner M, Wubet T, Wurst 
S, Weisser WW (2017) Contrasting effects of grassland management modes on species-abun-
dance distributions of multiple groups. Agriculture, Ecosystems & Environment 237:143–153. 

Keywords: arbuscular mycorrhizal fungi, species abundance decay, land-use intensity, 
grassland ecosystem
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Sustainability of habitats and AMF biogeography: a case study in Kenya 

Joyce Mnyazi Jefwa (The National Museums of Kenya, Department of Botany (Herbar-
ium), Nairobi, Kenya) 

The biogeography of AMF in Africa is yet to be unravelled, data is still scarce and the tools 
for conducting the studies are still limited. The increase in population and changing land 
use types is a major threat to the diverse natural biogeochemical landscapes whose sus-
tainability is not clearly understood. Africa is characterised by highly diverse climatic and 
geological landscapes, defining unique biodiversity habitats. Kenya has distinct biogeo-
graphical regions ranging from sea-level coastal region, high altitude snow-capped 
mountainous ecosystems, drylands savannas and desserts to highly wet tropical equato-
rial ecosystems. The mycorrhizal symbiosis is key to sustenance of plant communities. 
with ectomycorrhizal symbiosis highly confined to specific biogeographical region sus-
taining a major biome rich in biodiversity. The Arbuscular mycorrhizal symbiosis is the 
most widespread in all regions in Kenya and is limited information on the nature of dis-
tribution of AMF across the biogeographical regions. A synthesis of voucher specimen 
from the National Museums of Kenya of AMF isolated from several biogeographical lo-
cations in Kenya is presented. The data has been compiled from a range of studies con-
ducted by the National museums of Kenya. The regions represented are the tropical 
equatorial of western and rift valley, coastal lowlands and highlands, high altitude mount 
Kenya and the semi-arid drylands of Kenya. The presentation distinguishes the different 
morphotypes of AMF from the different biogeographical regions, which indicates distinct 
AMF communities. The presentation will also highlight opportunities and challenges of 
data collection, maintenance AMF collections and tools for biogeographical studies. 
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WORKSHOP: Common mycorrhizal networks – how common 
and how important they are? 

In the top 10 cm of soil globally, external mycorrhizal mycelium extends over distances 
that total about half the width of our galaxy in a complex web that interlinks plant roots 
and soil particles. In this web, common mycelial networks in which hyphae connect plant 
individuals/species are likely to be important in evolution, fitness of individuals, assembly 
of communities, and biogeochemical cycles - and there remains much to be discussed 
and to be discovered. Common mycelial networks can transport carbon-energy, nutri-
ents, and water, and provide a putative pathway for inter-plant communication. Recent 
studies of common mycorrhizal networks in inter-plant defence signaling, in mycorrhizal 
communities formed in crops grown with companion or cover crops, and progress in net-
work analyses methods and theoretical networks as applied to mycorrhiza, are making 
important advances in our understanding of this field.  This session invites contributions 
that address these themes, in talks that showcase important experimental and theoreti-
cal developments and insights, followed by a 30-minute roundtable structured discussion 
of the wider implications and applications of this knowledge to evolutionary biology, eco-
systems and agriculture, and the priority research questions that still need to be ad-
dressed. 

Chair: Jonathan Leake 
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Inter-plant signalling through common mycorrhizal networks 

David Johnson (School of Earth and Environmental Sciences, The University of Manches-
ter, Michael Smith Building, Manchester, UK) 

Common mycorrhizal networks (CMNs) inter-connect plants, and thus have potential to 
act as conduits for movement of resources and signal molecules. One key process that 
has been little studied is the role of CMNs in transferring signals generated by plants in 
response to herbivore attack. Here, I discuss evidence that mycorrhizal mycelia act as 
conduits for signalling between plants, acting as an early warning system for herbivore 
attack. Insect herbivory causes systemic changes in the production of plant volatiles, par-
ticularly methyl salicylate, making bean plants, Vicia faba, repellent to aphids but attrac-
tive to aphid enemies such as parasitoids. These effects can also occur in aphid-free 
plants but only when they are connected to aphid-infested plants via a CMN. This under-
ground messaging system allows neighbouring plants to invoke herbivore defences be-
fore attack. A likely mechanism of transfer is direct movement of signalling molecules 
within hyphae. However, electrical signals, which can be induced by wounding, may also 
enable signalling over relatively long distances because the biophysical constraints im-
posed by liquid transport in hyphae and interaction with soil are relieved. We do not yet 
understand the ecological, evolutionary and agronomic implications of inter-plant signal-
ling via CMNs. Identifying the mechanism of inter-plant signalling will help address these 
gaps. 
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Kin recognition through mycorrhizal networks in Douglas-fir 

Monika A. Gorzelak (Forest and Conservation Science, University of British Columbia, Van-
couver, Canada), Brian John Pickles (School of Biological Sciences, University of Reading, 
Reading, UK), Suzanne W. Simard (Forest and Conservation Science, University of British 
Columbia, Vancouver, Canada) 

Mycorrhizal networks create pathways for movement of resources and information mol-
ecules belowground. Mycorrhizal networks can link members of the same or different 
species, and are formed by both arbuscular and ectomycorrhizas. Work in the Simard lab 
at University of British Columbia in Canada has mapped the extent of the mycorrhizal 
network in a Douglas-fir (Pseudotsuga menziesii) forest. Experiments have demonstrated 
movement of resources in response to source-sink dynamics, seasonality, and differ-
ences in age of linked plants. Furthermore, the network appears to act a conduit for 
chemical information, for example the transfer of defense chemicals in response to her-
bivory or pathogen attack. Because of recent evidence demonstrating that carbon trans-
fer between seedlings, and colonization of Douglas-fir by ectomycorrhizas, varies based 
on tree relatedness, we aimed to determine whether Douglas-fir would preferentially 
transfer nutrients to kin over ‘strangers’ when under herbivore attack. Using seedlings 
with or without access to a mycorrhizal network, we used stable isotope pulse labeling 
to track carbon in the system. One seedling of a pair was designated as the 'donor' and a 
defoliation treatment was applied immediately prior to photosynthesizing with 99%-13C-
CO2. Transfer was determined by measuring δ13C in tissues (needle, stem, root) of kin 
and stranger seedlings. Data was analyzed using linear mixed models. Significantly 
greater 13C enrichment was detected in kin with access to mycorrhizal networks than in 
non-defoliated controls. We conclude that preferential carbon transfer through mycor-
rhizal networks occurs between kin in Douglas-fir and is amplified by herbivory stress. 

Keywords: mycorrhizal networks, Douglas-fir, kin recognition, carbon transfer, ectomy-
corrhizas 
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Network structure and its drivers of arbuscular mycorrhizal fungi in Chinese forest eco-
systems 

Liang-Dong Guo (Institute of Microbiology, Chinese Academy of Sciences, Beijing, China) 

Arbuscular mycorrhizal (AM) fungi form symbiotic associations with most terrestrial 
plant species, and play important roles in species coexistence and community assembly. 
However, the network structure and its drivers of AM fungi remain unclear. In this study, 
AM fungal community was examined from plant root and soil samples in Chinese forest 
ecosystems using pyrosequencing of 18S rRNA gene. The bipartite network analysis 
showed the woody plant–AM fungal networks to be highly interconnected and nested, 
but in anti-modular and anti-specialized manners in a Chinese subtropical forest. Fur-
thermore, the non-random pattern in the woody plant–AM fungal network was ex-
plained by plant and AM fungal phylogenies, with a tendency for a stronger phylogenetic 
signal by plant than AM fungal phylogeny. Besides, the co-occurrence network inferred 
from soil AM fungi in 12 forest ecosystems along latitudinal gradient showed small-world 
and scale-free characters. The Pearson’s correlation results showed that the node num-
bers, edge numbers, connectance, average degree, average betweenness, average path 
length, clustering coefficient, betweenness centralization, and degree centralization 
were significantly negatively correlated with latitude, but modularity was significantly 
positively correlated with latitude. This result indicated that AM fungi had closer rela-
tionship and higher interaction at low latitude than at high latitude. Moreover, the top-
ological features of network, except for modularity, significantly correlated with climate 
factors, soil PSD, and AM plant diversity positively, but with geographical factors, soil 
nutrients, and non-AM plant diversity negatively. This study suggests that AM symbionts 
could contribute to community assembly in forest ecosystems. 

Keywords: arbuscular mycorrhizal fungi, network structure, co-occurrence pattern, net-
work driver, forest ecosystem 
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The role of intact extraradical mycelium in managing indigenous arbuscular mycorrhiza 

Isabel Brito (ICAAM – Instituto de Ciências Agrárias e Ambientais Mediterrânicas, Univer-
sidade de Évora, Núcleo da Mitra, Évora, Portugal), Clarisse Brígido (ICAAM – Instituto 
de Ciências Agrárias e Ambientais Mediterrânicas, Universidade de Évora, Núcleo da Mi-
tra, Évora, Portugal & IIFA – Instituto de Investigação e Formação Avançada, Univer-
sidade de Évora, Évora, Portugal), Diederik van Tuinen (Agroécologie, AgroSup Dijon, 
CNRS, INRA, Université Bourgogne Franche-Comté, Dijon Cedex, France), Luís Alho 
(ICAAM – Instituto de Ciências Agrárias e Ambientais Mediterrânicas, Universidade de 
Évora, Núcleo da Mitra, Évora, Portugal), Michael J. Goss (School of Environmental Sci-
ences, University of Guelph, Guelph, Ontario, Canada), Mário Carvalho (ICAAM – Insti-
tuto de Ciências Agrárias e Ambientais Mediterrânicas, Universidade de Évora, Núcleo da 
Mitra, Évora, Portugal) 

Arbuscular colonisation (AC) of the second plant in a succession starts earlier and devel-
ops faster if the extraradical mycelium of the arbuscular mychorriza fungi (AMF) associ-
ated with the first plant is kept intact and is the preferential propagule type. When abi-
otic or biotic stressors are present in the soil, the benefits conferred by the AMF are 
greatly enhanced. Thus, under manganese (Mn) toxicity, compared with any other type 
of AMF propagule, the presence of an intact ERM enhanced AC by 1.82 and 3.3 times, in 
wheat and subterranean clover, respectively, 21 days after planting (DAP). In conse-
quence, the growth of both crops was more than doubled and was significantly corre-
lated with a reduction in the Mn concentration of shoots of wheat and in the roots of 
subterranean clover. However, when the first plant in the succession was a member of 
the Fabeacea (Ornithopus compressus L.) shoot growth of both crops increased by 1.6 
times relative to that determined if the first plant was from the Poacea (Lolium rigidum 
L.), even though no differences were observed in AC or Mn concentration. These results 
seem to be associated with the AMF assemblage in the roots of the first plant that was 
passed to the second plant when the ERM was kept intact; whatever was the combina-
tion of plant families. The presence in the soil of an intact ERM also induced better 
growth of tomato plants (3.2 times at 21 DAP) after infection with Fusarium oxysporum 
(109 conidia/plant). 
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AMF-network effects on seedling growth as influenced by plant type, plant community 
richness and succession stage 

Sigrid Dassen (Terrestrial Ecology, Netherlands Institute of Ecology (NIOO-KNAW), Wa-
geningen, the Netherlands), Wim H. van der Putten (Terrestrial Ecology, Netherlands In-
stitute of Ecology (NIOO-KNAW), Wageningen, the Netherlands), Gerlinde B. De Deyn 
(Soil Quality, Wageningen University & Research, Wageningen, the Netherlands) 

Overyielding in diverse plant communities can be due to reduced growth suppression by 
soil-borne pathogens or increased benefit of beneficial soil biota such as AMF. Grassland 
plant communities establish AMF hyphal-networks that could promote the growth of 
new seedlings in plant species mixtures. This effect may depend on the plant species 
richness and/or successional stage of the plant community. We tested the hypotheses 
that (1) access to an established AMF-network promotes the productivity of new seed-
lings, (2) AMF-networks of high-diversity plant communities and of later successional 
stages promote seedling biomass more than in low plant species richness and in early 
successional stages. 

In order to test the contribution of AMF networks to production of seedling biomass we 
grew 8 plant species (4 grasses, 4 forbs) in 30um mesh tubes that were inserted into the 
soil at two different locations: the long term biodiversity experiment in Jena (Germany) 
across a plant species richness gradient and a time series of abandoned arable lands at 
the Veluwe (The Netherlands) in 3 early and 3 late-successional stage plots. Half the cores 
were rotated every 3rd day in order to disrupt AMF hyphae growing through the mesh. 

Preliminary results show that absence of core rotation did not promote seedling biomass 
of grasses and forbs, irrespective of plant community richness or successional stage. In-
stead, growth was suppressed when cores were not rotated. These results suggest that, 
in the field, seedling growth is suppressed through connectivity with the mycorrhizal net-
work of the surrounding plant community. 

Keywords: common mycorrhizal networks, plant functional groups, plant-soil feedback 
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The interchange of arbuscular mycorrhizal fungal hyphae helped chilli pepper and 
cheated sweet corn in an intercropping system  

Junli Hu (State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, 
Chinese Academy of Sciences, Nanjing, China), Minghui Li (State Key Laboratory of Soil 
and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nan-
jing, China), Hongmin Liu (State Key Laboratory of Soil and Sustainable Agriculture, Insti-
tute of Soil Science, Chinese Academy of Sciences, Nanjing, China), Qi Zhao (State Key 
Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy 
of Sciences, Nanjing, China), Yu Zhang (State Key Laboratory of Soil and Sustainable Ag-
riculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing, China), Junhua 
Wang (State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, 
Chinese Academy of Sciences, Nanjing, China), Xiangui Lin (State Key Laboratory of Soil 
and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nan-
jing, China) 

The roles of arbuscular mycorrhizal (AM) fungal hyphae in coordinating the nutrient com-
petition between intercrops are unclear. A 4-month greenhouse pot experiment was es-
tablished to compare the nutrient acquisition by chilli pepper and sweet corn in an inter-
cropping system. The two intercrops cultivated in an unsterilized soil were absolutely 
separated by PVC layer, or semi-separated by nylon cloth with the pore size of 30 μm. 
The mycorrhizal colonization rates of corn roots were much higher than those of pepper 
roots, regardless of the separation of the intercrops. However, the semi-separated treat-
ment had significantly higher root colonization rates with both pepper and corn than the 
separated one. However, the interchange of mycorrhizal hyphae increased the N, P, and 
K acquisition amounts by 42, 46, and 47% with pepper, and 7, -34, and -21% with corn, 
respectively. As a result, the interchange greatly increased the N, P, and K acquisition 
ratios of pepper from 5.9, 21, and 44% to 7.5, 38, and 59%, respectively. Furthermore, 
the interchange also significantly increased the average biomass of pepper fruit by 176%, 
and thereby decreased the average biomass of corn ears by 30%. In conclusion, in terms 
of nutrients alone, the interchange of AM fungal hyphae helped pepper and cheated corn 
in the intercropping system. 

Keywords: nutrient competition, semi-separation, mycorrhizal colonization, acquisition 
amount, acquisition ratio 
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WORKSHOP: Specificity in mycorrhizal symbioses: an 
evolvable trait? 

Specificity is a fundamental variable in the web of life, so it has been the focus of exten-
sive observational, experimental and theoretical research.  This workshop will present 
and discuss the latest advances in the study of specialization in both endo- and ectomy-
corrhizal symbioses, across diverse plant and fungal groups, from ecological, molecular 
and evolutionary viewpoints.  In particular, the field has been recently revolutionized by 
network analysis, next-generation sequencing and links to the rhizobial symbiosis. 

Chairs: Martin I. Bidartondo, Marcel Bucher 
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Partitioning host specificity of arbuscular mycorrhizal fungi reveals the independent 
contributions of biogeography and evolutionary history 

Stavros Veresoglou (Freie Universität Berlin, Berlin, Germany), Annette Manntschke 
(Freie Universität Berlin, Berlin, Germany), Jeff R. Powell (University of Western Sydney, 
Sydney, Australia), Stefan Hempel (Freie Universität Berlin, Berlin, Germany), Matthias 
C. Rillig (Freie Universität Berlin, Berlin, Germany) 

There are numerous reasons why a better understanding of the association patterns of 
Glomeromycotan fungi can be enlightening for plant community ecologists. In here we 
aimed at accessing the extent to which Glomeromycotan fungi exhibit different forms of 
host specificity and how these correlate to each other. Contrary to most existing litera-
ture on mycorrhizal interactions we adopted a mycocentric approach and used metadata 
that had been standardized to carry out the analysis. We detected significant basic host 
specificity (BHS) and geographic host specificity where we were able to demonstrate that 
Glomeromycotan families differed with regards to BHS. We could detect no tradeoffs 
between the different forms of host specificity. This represents the very first attempt to 
adapt a well-established framework from parasitology to a mutualistic interaction. 
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Inter- and Intraspecific Diversity in the Arbuscular Mycorrhizal Symbiosis and the Con-
sequences for the Composition of Arbuscular Mycorrhizal Communities 

Carl R. Fellbaum (Biology and Microbiology, South Dakota State University, Brookings, 
USA), Jerry A. Mensah (Biology and Microbiology, South Dakota State University, Brook-
ings, USA), Heike Bücking (Biology and Microbiology, South Dakota State University, 
Brookings, USA) 

Arbuscular mycorrhizal (AM) fungi are obligate symbionts, and the fact that a relatively 
low diversity of AM fungi (< 200 fungal species) is able to colonize the majority of land 
plants has led to the overall assumption that plant-AM fungal associations must have a 
low specificity. However, host plant benefits (in terms of for example phosphate or ni-
trogen nutrition) can be highly fungal specific. Plants are colonized by communities of 
AM fungi, but the mechanisms that control the composition of these communities, and 
the colonization of roots by competing fungal symbionts are currently unknown. We 
studied the inter- and intraspecific diversity in AM fungi and whether host plant demand 
and the access of AM fungal symbionts to specific nutrients plays a role for the AM com-
munity composition. We found that the intraspecific diversity can be as high as the inter-
specific diversity in fungal benefits, and that the colonization with high-quality fungi led 
to higher mycorrhizal growth responses and an improved phosphate and nitrogen nutri-
tion. The nutrient demand of the host plant and the fungal access to specific nutrients 
have an impact on the AM community composition and a low-quality fungus can domi-
nate the AM community composition, when the fungus has access to a nutrient that the 
host plant is in demand of. We discuss the mechanisms that contribute to this high fungal 
diversity, and will correlate the competitiveness of low-quality fungi in AM communities 
to biological market dynamics in the AM symbiosis. 

Keywords: common mycorrhizal networks, phosphate, nitrogen, fungal competition, ar-
buscular mycorrhizal community composition 
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Host- and stage-dependent transcriptome of Rhizophagus irregularis 

Tian Zeng (Molecular Biology, Wageningen University & Research, Wageningen, the Neth-
erlands), Rens Holmer (Molecular Biology, Wageningen University & Research, Wa-
geningen, the Netherlands), Elio Schijlen (Bioscience, Wageningen University & Research, 
Wageningen, the Netherlands), Ton Bisseling (Molecular Biology, Wageningen University 
& Research, Wageningen, the Netherlands), Erik Limpens (Molecular Biology, Wageningen 
University & Research, Wageningen, the Netherlands) 

In general terms there is very little host-specificity in arbuscular mycorrhizal symbiosis, 
indicating an extremely broad compatibility. However, host preferences as well as vary-
ing symbiotic efficiencies have been observed, the molecular basis of which is still largely 
unknown. 

To study how AM fungi interact with different hosts, we analysed the transcriptome of 
Rhizophagus irregularis DAOM197198 in three evolutionary distantly related plant spe-
cies; Medicago truncatula, Nicotiana benthamiana and the monocot Allium schoe-
noprasum. In addition we used laser microdissection in combination with RNAseq to 
study gene expression at different stages of the interaction. We especially focussed on 
secreted proteins (SPs) that may act as fungal effectors to control symbiotic efficiency in 
a host-dependent manner. 

Our data indicate that the vast majority of SPs show equal expression levels in all three 
host plants. In addition, a subset of the genes are differentially regulated depending on 
the host plant. This host-dependent expression appears to be controlled locally in the 
hyphal network in response to host metabolic cues. 

Overall, we will present a comprehensive analysis of the R. irregularis transcriptome to 
get insight in how AM fungi manage to interact with such a wide variety of plant species. 

Keywords: transcriptome, laser microdissection, effector, Rhizophagus irregularis, spec-
ificity 
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The phylogenetics of mycorrhizal specificity: understanding the impacts of scale, sam-
pling, and the ecological niche 

Richard P. Shefferson (Organization for Programs on Environmental Sciences, University 
of Tokyo, Meguro-ku, Tokyo, Japan) 

Introduction: Much of the literature on mycorrhizal specificity has explored patterns in 
specialization, identifying specialist taxa, and whether these interactions correlate to any 
ecological drivers of evolution or conservation potential. However, I argue that such 
studies typically make assumptions that lead to strongly contingent results, most notably 
that phylogenetic scale is not relevant, that phylogenetic sampling is sufficient, and that 
the ecological niches of hosts are equivalent. 

Materials and Methods: I phylogenetically analyze a 65 species database of mycorrhizal 
interactions in the orchid subfamily Cypripedioideae to show the impacts of these as-
sumptions on the inferences made. 

Results: I show: 1) that evidence of specialization depends on the phylogenetic scale of 
analysis, 2) that imperfect phylogenetic sampling often leads to artefactual evidence for 
phylogenetic signal, and 3) that breaking the assumption of niche equivalence can show 
evidence of specialization even in generalism. 

Discussion: Investigations into interaction specificity need a high level of phylogenetic 
sampling, and great care in considering phylogenetic scale and the niche of hosts. In the 
Cypripedioideae case, certain key fungi and their closest relatives from the core mycor-
rhizal hosts, suggesting that they form what may be considered a functional group. Fur-
ther, we found evidence of phylogenetic signal adjusted for niche. We artefactually 
found phylogenetic signal when we undersampled the Cypripedioideae phylogeny. 

Conclusion: A greater accounting for the assumptions underlying studies of interaction 
specificity can lead to greatly increased power to unravel the ecological and evolutionary 
dimensions of ecological interactions such as the orchid mycorrhiza. 

Keywords: phylogeny, macroevolution, scale, niche 
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Is specificity the rule or the exception in northern European ectomycorrhizal associa-
tions?  

Andy F. S. Taylor (The James Hutton Institute, Craigiebuckler, AB15 8QH, Aberdeen, UK), 
Jennifer Walker (School of Biological Science, University of Aberdeen, Cruickshank Build-
ing, St Machar Drive, Aberdeen, AB24 3UU, UK, Aberdeen, UK), Ully Kritzler (University 
of Aberdeen, Cruickshank Building, St Machar Drive, Aberdeen, AB24 3UU, UK, Aberdeen, 
UK), David Johnson (University of Aberdeen, Cruickshank Building, St Machar Drive, Ab-
erdeen, AB24 3UU, UK, Aberdeen, UK) 

The degree of specialisation of ectomycorhizal (ECM) fungi on particular hosts reported 
in the literature is often contradictory with suggestions ranging from slight to well-devel-
oped. There have in fact been surprisingly few empirical studies examining this phenom-
enon across a broad taxonomic range of ECM fungi. Here, we used data from northern 
Europe for agaricoid, boletoid, clavarioid, and gastroid ECM genera within the Basidio-
mycota to examine the question of host specialisation. The data are based upon obser-
vations of fruit body occurrence and cover a total of 1168 taxa from 30 fungal genera. 
There were 31 host categories with most representing individual species or genera, with 
the broadest categories being conifers and broadleaf hosts or generalist with no evidence 
of specialisation. Over 60% of fungal taxa associated with only one or two host genera. 
No evidence was found of fungal species to host species specialisation, although some 
fungal taxa occur only with single species within host polytypic genera where that species 
grows in a specialised habitat e.g. alpine/arctic ecosystems. The greatest degree of spe-
cialisation was observed within some boletoid genera where individual fungal taxa asso-
ciated with subgeneric sections within a host genus. Specialisation within fungal genera 
was highly variable, even with closely related genera e.g. Russula and Lactarius. The data 
support the view that specialisation is highly developed within ECM and that it is a major 
evolutionary driver which has been a significant factor in the diversification of ECM fun-
gal taxa.b 
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Modification of host specificity ‘rules’ in light of forest history: the curious case of host 
generalism for Suillus subaureus 

Lotus A. Lofgren (Plant and Microbial Biology, University of Minnesota, St. Paul, USA), 
Nhu H. Nguyen (Tropical Plant and Soil Sciences, University of Hawaii at Mānoa, Hono-
lulu, USA), Peter G. Kennedy (The department of Plant and microbial biology, and the 
department of Ecology, Evolution and Behavior, University of Minnesota, St. Paul, USA) 

Fungi in the genus Suillus are thought to associate exclusively with plants in the family 
Pinaceae and are routinely employed in ECM host specificity studies. Using a combina-
tion of molecular based field sampling and pair-wise inoculation assays, we characterized 
host specificity patterns among three Suillus-host species pairs. Specifically, we sought 
to characterize the influence of 1) spore vs. mycelial colonization, 2) neighborhood ef-
fects, and 3) host removal on ECM formation. We found a novel pattern of host specificity 
for the species S. subaureus, which successfully formed ectomycorrhizas with angio-
sperm hosts at both our field sites and under greenhouse conditions. The colonization of 
an angiosperm host by S. subaureus in the inoculation assays, however, required co-
planting with a Pinaceae host. In addition, S. subaureus formed ectomycorrhizas with 
two phylogenetically distant Pinaceae hosts, suggesting it is likely a host generalist. Since 
our field sites occur in areas where Pinaceae hosts were once present but are currently 
absent, our results suggest the patterns of host specificity in ECM fungal communities 
should be viewed not only in light of current host community composition, but as a func-
tion of community change over time. 

Keywords: Suillus, specificity, bioassay, host 
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Host shift dependent diversification in ectomycorrhizal fungal genera Strobilomyces 
and Afroboletus 

Hirotoshi Sato (Dept. Environmental Solution Technology, Fac. Science & Technology, 
Ryukoku University, Otsu, Japan) 

The evolution of mutualistic interactions can drive biogeographic dynamics, in which a 
species expands its distribution range and population size, promoting allopatric specia-
tion and/or reducing extinction probability. Previous biogeographic studies indicated ge-
ographical distributions of ectomycorrhizal fungi are strongly controlled by those of host 
plants, presumably due to strong host preference of these fungi. Therefore, my hypoth-
esis is that host shifts may have allowed ectomycorrhizal fungi to undergo substantial 
expansion of their distribution ranges, potentially promoting allopatric speciation. The 
present study aimed to test for whether acquisition of new host lineages could increase 
diversification rates of the monophyletic ectomycorrhizal fungal genera, Strobilomyces 
and Afroboletus. Using a Bayesian tree inferred from 23,027-base nucleotide sequences 
of 80 single-copy genes, the ancestral host sates were inferred and then the host-shift 
dependent diversification of these fungi was tested. The results indicated that these 
fungi were initially associated with Caesalpinioideae/Monotoideae in Africa, acquired as-
sociations with Dipterocarpoideae in tropical Asia, and then switched to Fagaceae/Pina-
ceae and Nothofagaceae/Eucalyptus. Fungal lineages associated with Fagaceae/Pina-
ceae were inferred to have much greater diversification rates than those associated with 
other host lineages. This study suggests that host-shift events, particularly those occur-
ring with respect to Fagaceae/Pinaceae, can provide ecological opportunities for the 
rapid diversification of Strobilomyces–Afroboletus. 
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Arbuscular mycorrhizal fungal diversity along a precipitation gradient in coast redwood 
forests using next-generation sequencing  

Claire E. Willing (Environmental Science, Policy, and Management, University of Califor-
nia, Berkeley, Berkeley, USA), Cheng Gao (Plant and Microbial Biology, University of Cal-
ifornia, Berkeley, Berkeley, USA), Devin Colemann-Derr (Plant Gene Expression Center, 
USDA-ARS, Albany, USA), John Taylor (Plant and Microbial Biology, University of Califor-
nia, Berkeley, Berkeley, USA), Thomas Bruns (Plant and Microbial Biology/Environmental 
Science, Policy, and Management, University of California, Berkeley, Berkeley, USA), Todd 
E. Dawson (Integrative Biology/Environmental Science, Policy, and Management, Univer-
sity of California, Berkeley, Berkeley, USA) 

Introduction: Early work showed that coast redwood (Sequoia sempervirens) associate 
with AMF1, yet we know little about the identity of these symbionts. It is clear, however, 
that this iconic keystone tree species largely determines a unique understory habitat, 
home to a number of threatened and endemic fungal species2,3. Interestingly, it has been 
asserted that grasslands harbor greater AMF diversity than forests4; however, only one 
study has investigated AMF diversity in forests dominated by an AMF-associated gymno-
sperm5. Our study sought to understand 1) patterns of diversity in such forests and 2) 
how these patterns might be influenced by environmental drivers. 

Methods: Utilizing a strong precipitation gradient, we investigated the role of environ-
mental factors and host identity on AMF community composition. Eight sites were sam-
pled across the gradient and the ITS-2 region6 was amplified with Illumina-adapted pri-
mers. Select samples were also sequenced with SSU for comparison. 

Results: Global models of AMF diversity would predict a sample richness of 12-14 for an 
entire plot (based on SSU)4. However, even with the more conservative SSU as a marker, 
we find 14 OTUs associated with a single root and 18 OTUs in the corresponding soil 
sample. Consistent with other findings, preliminary data show precipitation an important 
factor in community composition of soils7. Interestingly, root samples between sites dis-
play a high degree of convergence and markedly less richness than soils, highlighting for 
potential selection of AMF by roots in this ancient system. These data highlight the need 
for further exploration of AMF in forest systems. 

References: 
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Plant identity exerts stronger effect than fertilization on soil-dwelling arbuscular my-
corrhizal fungi 

Yong Zheng (Institute of Microbiology, Chinese Academy of Sciences, Beijing, China), 
Liang-Dong Guo (Institute of Microbiology, Chinese Academy of Sciences, Beijing, China) 

Arbuscular mycorrhizal (AM) fungi form symbiotic associations with the majority of land 
plants and play crucial roles in grassland ecosystem. Understanding the responses of be-
lowground AM fungi in alpine meadow facing anthropogenic manipulation may aid sus-
tainable grassland management. Here we studied AM fungal responses to fertilization 
(urea and manure) and plant identity (grasses Avena sativa and Elymus nutans and leg-
ume Vicia sativa) in a sown pasture on the Qinghai–Tibet Plateau. AM fungal extraradical 
hyphal density, compared with unfertilized control, was significantly increased by urea 
and manure under A. sativa and by manure only under E. nutans plantation. AM fungal 
spore density was not significantly affected by plant identity or fertilization. Forty-eight 
AM fungal operational taxonomic units (OTUs) were obtained through high-throughput 
sequencing of 18S rRNA gene. The AM fungal diversity including OTU richness and Shan-
non index were significantly higher under E. nutans than V. sativa cultivation condition, 
but not significantly affected by fertilizer urea or manure regardless of plant species. 
Non-metric multidimensional scaling along with structural equation model results re-
vealed that AM fungal community composition was significantly separated by three plant 
species and structured directly by plant identity only and indirectly by both urea addition 
and plant identity through soil total nitrogen content. Taken together, our findings high-
light that plant identity exerts stronger effect than fertilization on soil-dwelling AM fungi 
in the converted pastureland from the similar alpine meadow. 

Keywords: AM fungi, community, fertilization, plant identity, sown pasture 
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Arabidopsis-mycorrhiza, an ambiguous relationship 

Ivan I. Fernandez Lopez (Plant-Microbe Interactions, Utrecht University, Utrecht, the 
Netherlands), Saskia van Wees (Utrecht University, Utrecht, the Netherlands), Marcel 
van der Heijden (Plant-Soil-Interactions, Agroscope, Institute for Sustainability Sciences, 
Zürich, Switzerland), Corné Pieterse (Plant-Microbe Interactions, Utrecht University, 
Utrecht, the Netherlands) 

Around 18% of all terrestrial plant species are unable to establish arbuscular mycorrhizal 
(AM) symbioses. The mechanisms that underlie this incompatibility remain large un-
known. Here we study the interaction between the non-host plant Arabidopsis thaliana 
and the AM fungus Rhizophagus irregularis. 

In vitro-grown cultures of Rhizophagus, the fungal pathogen Fusarium oxysporum, and 
the fungal endophyte Trichoderma harzianum were used to study the specificity of early 
plant-microbe-interactions in Arabidopsis roots. A bi-compartmental microcosm system 
with a Rhizophagus fungal network provided by the host Medicago truncatula was used 
to study late stages of the Arabidopsis-Rhizophagus interaction. The transcriptomic pro-
file of Medicago and Arabidopsis roots colonized by Rhizophagus was analyzed by high-
throughput RNA-sequencing (RNA-seq) and compared with non-colonized control plants. 

In early stage of the Rhizophagus-Arabidopsis interaction, Rhizophagus activated the Ar-
abidopsis strigolactone biosynthesis genes CCD7 and CCD8, whereas Fusarium and 
Trichoderma did not. Conversely, Fusarium and Trichoderma activated the early plant 
defense marker genes MYB51 and CYP71A12, while Rhizophagus did not. At late stages 
of the interaction Arabidopsis roots colonization by Rhizophagus was detected with a 
shoot biomass reduction associated. AM fungal genes characteristic for nutrient ex-
change were not expressed in Arabidopsis roots and arbuscules were absent, indicating 
that no functional symbiosis was established. Furthermore, Arabidopsis roots colonized 
by Rhizophagus showed a plant defense response activation, which was not observed in 
colonized Medicago roots. 

These results indicate that early signaling events between Rhizophagus and Arabidopsis 
are not totally impaired and that the incompatibility is conferred at later stages, coupled 
to plant defense responses. 

Keywords: arbuscular mycorrhiza, non-host plants, Arabidopsis thaliana, Rhizophagus ir-
regularis, RNA-sequencing 
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Mycorrhizal specificity in rare and common Caladenia orchid species 

Fitria Tisa Oktalira (Ecology and Evolution, Australian National University, Canberra, Aus-
tralia), Michael Whitehead (University of Melbourne, Melbourne, Australia), Celeste 
Linde (Australian National University, Canberra, Australia) 

Although Orchidaceae is noted as one of the most species-rich plant families, many spe-
cies in this family are listed as endangered. One of the factors that are suggested to in-
fluence orchid rarity is mycorrhizal specificity. We examined mycorrhizal specificity in 
two closely related Caladenia species, the rare Caladenia procera and the common Ca-
ladenia pectinata by integrating phylogenetic analysis and symbiotic seed germination. 
All fungal isolates and sequenced fungal clones belong to Serendipita vermifera, with only 
two Operational Taxonomic Units (OTUs) identified from each of the rare C. procera or 
the common C. pectinata. The two species has one out in common. To compare germi-
nation ability of the two orchids, we used 20 fungal isolates representing seven OTUs 
obtained from various Caladenia species. From the symbiotic germination trials seeds of 
the rare C. procera were germinated by 14 (6 OTUs) of the 20 fungal isolates, while the 
common C. pectinata seed were germinated by 10 (4 OTUs) of the 20 fungal isolates. 
Seeds from both species utilized more OTUs than were found in adult plants, suggesting 
fungal specificity play a lessor role during germination. Given the fact that the rare C. 
procera could utilize an identical OTU to C. pectinata, it suggests that its distribution may 
be limited by factors other than mycorrhizal specificity and that mycorrhizal availability 
should not limit the distribution of C. procera. For conservation efforts of C. procera, the 
data presented here give a useful insight into the importance fungal specificity for future 
ex situ orchid propagation. 

Keywords: Serendipita, specificity, conservation, rarity 
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Nutrients affect fungal growth and specialization in orchid mycorrhizal associations 

María Isabel Mujica (Ecología, Pontificia Universidad Católica de Chile, Santiago, Chile), 
Araceli Claro (Ecología, Pontificia Universidad Católica de Chile, Santiago, Chile), María 
Fernanda Pérez (Ecología, Pontificia Universidad Católica de Chile, Santiago, Chile) 

One of the questions in the study of mycorrhizas is about the evolution of specialization. 
It has been observed that environmental conditions can affect the diversity and compo-
sition of mycorrhizal fungi associated with plants. One of these conditions are soil nutri-
ents, especially nitrogen and phosphorus. In a past study we observed that soil N and P 
were negatively correlated with diversity of mycorrhizal fungi associated with the orchid 
Bipinnula fimbriata, and also that soil P affected fungal composition. Nevertheless, it was 
not clear if this was due to different fungal choices from plants, or different fungal per-
formances under different soil nutrients content. To evaluate this, we studied the effect 
of nutrients on fungal growth and on the establishment of the mycorrhizal association. 
We selected four OTUs of Ceratobasidiaceae and four OTUs of Tulasnellaceae isolated 
from B. fimbriata, and measured their growth under four nutrient treatments. Then we 
placed B. fimbriata seeds with the eight fungal OTUs under the same treatments and 
recorded the seed development. We observed that nutrients affected growth of most 
fungal OTUs, independently of the family, and that this effect was related with seed ger-
mination. In higher nutrients media only two OTUs could germinate seeds, the other 6 
promoted seed germination only under low nutrient media. Our results suggest that nu-
trients affect fungi which in turn affect the establishment of the mycorrhizal association; 
a less number of the fungal OTUs germinate seeds under high nutrients, which could 
explain the mycorrhizal specialization under high nutrient availability. 

Keywords: mycorrhizal specialization, soil nutrients, orchid mycorrhiza, symbiotic germi-
nation, Chilean orchid 
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Ericoid plant species shape fungal communities in boreal forest soil and plant roots 

Outi-Maaria Sietiö (Department of Food and Environmental Sciences, University of Helsinki, 
Helsinki, Finland), Tero Tuomivirta (Natural Resources Institute Finland, Helsinki, Finland), 
Minna Santalahti (Department of Food and Environmental Sciences, University of Helsinki, 
Helsinki, Finland), Heikki Kiheri (Natural Resources Institute Finland, Helsinki, Finland), Sari 
Timonen (Department of Food and Environmental Sciences, University of Helsinki, Helsinki, 
Finland), Hui Sun (Collaborative Innovation Center of Sustainable Forestry in Southern 
China, College of Forestry, Nanjing Forestry University, Nanjing, China), Hannu Fritze (Nat-
ural Resources Institute Finland, Helsinki, Finland), Jussi Heinonsalo (Department of Food 
and Environmental Sciences, University of Helsinki, Helsinki, Finland) 

Boreal forest soils are limited by the available nutrients, and to improve the nutrient up-
take, most plants form symbioses with mycorrhizal fungi 1. In boreal forest, trees form 
mycorrhizal associations typically with ectomycorrhizal (ECM) fungi, and ericoid shrubs 
form symbioses with ericoid mycorrhizal fungi (ERM) 1,2. However, the results of host 
specificity of ERM fungi are differing. Some studies indicate that regionality shapes the 
fungal community of ericoid roots with no host specificity 3,4 while others suggest that 
ERM fungi show host preference 5,6. 

We aimed to study the differences and similarities of the fungal communities of typical 
boreal forest plants Vaccinium myrtillus, Vaccinium vitis-idaea, Calluna vulgaris and Pinus 
sylvestris growing on originally similar boreal forest soils in individual microcosms for 18-
months. Further, with 13CO2-labeling and DNA stable isotope probing (13C-DNA-SIP), we 
identified those root associated fungi, which interacted with the studied plants and ob-
tained photosynthetic carbon. 

Our results indicate that some root associated were host specific while others were in-
habiting the roots of all the studied plants. Based on 13C-DNA-SIP, the majority of the 
detected fungi in the washed plant roots obtained photosynthates from their hosts. Ad-
ditionally, some common root endophytes without confirmed mycorrhizal status ob-
tained photosynthetic 13C. 

Several fungal species co-occurred in the roots of all the studied plants. Thus, our results 
highlight that more knowledge of the co-occurrence and co-functioning of ERM, ECM and 
endophytic fungi, and the functions of potential mycorrhizal network between plants are 
still needed. 

References: 
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Mechanisms of generalist host range in the ectomycorrhizal symbiosis 

Laura Bogar (Biology, Stanford University, Stanford, USA), Kabir Peay (Biology, Stanford 
University, Stanford, USA) 

Introduction/Aim: Most ectomycorrhizal fungi can associate with many species of host 
plant, often simultaneously, but it remains unclear how these fungi maintain relation-
ships with such diverse partners. We have presented a generalist ectomycorrhizal fun-
gus, Thelephora terrestris, with six distantly related host plants. We are interested in two 
main questions: How does the fungal chemical strategy, particularly its use of effectors, 
change with each new host plant? And does its quality as a mutualist vary across hosts? 

Materials and methods: We are using RNA sequencing and stable isotope labeling to 
answer these questions. We are currently enriching plants and fungi with carbon-13 and 
nitrogen-15 to track resource exchange, and harvesting plant, fungal, and symbiotic tis-
sue for RNA sequencing. Transcriptomic analysis of infected roots will reveal fungal genes 
that are differentially expressed relative to soil hyphae and across different hosts. 

Results: We hypothesize that fungal gene expression and symbiotic performance will be 
most similar on closely related hosts, and will become less similar with increasing phylo-
genetic distance among the plants. We anticipate that a core symbiotic gene set will be 
expressed across host environments, while putative effectors and signaling-associated 
genes will differ by host. 

Discussion: Measuring gene expression in symbiotic tissues while tracking resource allo-
cation will reveal genes associated with generalist host preference and improved symbi-
otic performance, providing a powerful link between gene expression, physiological func-
tion, and the ecology of these important mutualists. 

Conclusion: This project will provide insight into how generalist host range works in ec-
tomycorrhizal symbiosis. 

Keywords: ectomycorrhiza, mutualism maintenance, stable isotope enrichment, tran-
scriptomics, host generalism 
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What do we know about mycorrhizae role in exotic conifers’ invasion of Nothofagaceae 
forests in Patagonia, Argentina? 

María Eugenia Salgado Salomón (Protección Forestal, Centro Forestal CIEFAP, Esquel, 
Argentina), Carolina Barroetaveña (Protección Forestal, Centro Forestal CIEFAP, Esquel, 
Argentina), María Belén Pildain (Protección Forestal, Centro Forestal CIEFAP, Esquel, Ar-
gentina) 

Mycorrhizae associations are vital for Nothofagaceae forests and P. menziesii planta-
tions’ establishment and development. In Patagonia, P. menziesii is being planted close 
or within native forests, showing an aggressive invasion behaviour. We studied the my-
corrhizal status of seedlings along Nothofagaceae + P. menziesii invasion matrices to in-
vestigate their role in this process. Our results present evidence that P. menziesii invasion 
of Nothofagaceae forests occurs with the co-invasion of their mycorrhizal partners. Also, 
soil environments located beyond invading conifers seedlings have shown to hold ecto-
mycorrhizal inoculum capable to associate with incoming new plants. We have evidence 
that P. menziesii invasion could produce maladaptation of native ectomycorrhizal com-
munities. Hebeloma mesophaeum, a Wilcoxina sp. (early-stage and common P. men-
ziesii’s ectomycorrhiza) and a Pyronemataceae sp. (widely associated with Nothofaga-
ceae spp.) were found shared by P. menziesii and Nothofagaceae spp. Interestingly, 
Hebeloma hiemale and Wilcoxina sp., common partners for P. menziesii in Patagonia alt-
hough not registered from Nothofagaceae forest, were found associated with N. antarc-
tica, this is the first report for both fungal species. Pseudotsuga menziesii seedling seems 
to have the ability to form different AM colonization types (Paris-Arum-Both-Intermedi-
ate-type) depending on sites conditions. Significant high presence of Intermediate-type 
was found in seedling grown in invaded soils, where the colonization was less abundance. 
The presence of different mutual association gives P. menziesii a strong ability for seed-
lings establishment. The nursery mycorrhizal effect has been observed consistently in 
different environments, therefore, this fact should be considered in the design, site se-
lection and invasion management of fast growing exotic plantations in Patagonia. 

Keywords: ectomycorriza, arbuscular mycorrhizas, Patagonia, Nothofagus forest 
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Unlocking the Door for Mycorrhizal Symbioses: Do Endo- and Ecto-mycorrhizal Fungi 
Use the Same Key? 

Kevin R. Cope (University of Wisconsin–Madison, Madison, Wisconsin, USA), Muthusubra-
manian Venkateshwaran (University of Wisconsin–Platteville, Platteville, Wisconsin, USA), 
Junko Maeda (University of Wisconsin–Madison, Madison, Wisconsin, USA), Cathleen Ma 
(Oregon State University, Corvallis, Oregon, USA), Steve Strauss (Oregon State University, 
Corvallis, Oregon, USA), Jean-Michel Ané (University of Wisconsin–Madison, Madison, Wis-
consin, USA) 

Arbuscular mycorrhizal (AM) fungi produce various signaling molecules, including lipo-
chitooligosaccharides (LCOs) and short chitooligosaccharides. These fungal signals are 
perceived and transduced in host plants via a highly conserved “common symbiosis path-
way” (CSP). Genomic data suggested that ectomycorrhizal (ECM) fungi, e.g. Laccaria bi-
color, may be capable of producing LCOs and that some ECM host plants like Populus spp. 
contain all the components of the CSP.1 Based on this observation, we hypothesized that 
some ECM fungi may produce LCOs and that the CSP could play a role not only in AM but 
also in ECM associations. We found that hyphal exudates from several ECM fungi but not 
short chitooligosaccharides can trigger typical root hair branching in Vicia sativa suggest-
ing the presence of non-sulfated LCOs in these ECM exudates. In contrast to sulfated 
LCOs and negative controls, non-sulfated LCOs triggered an increase in both lateral root 
formation in hybrid poplar (Populus x canescens) and the total number of root tips colo-
nized by L. bicolor. We utilized RNA interference to silence the expression of core com-
ponents of the CSP, including CCaMK. Increased lateral root formation induced by non-
sulfated LCOs did not occur in the CCaMK-RNAi line. Furthermore, during colonization of 
poplar by L. bicolor, mantle width, Hartig net depth, and the expression of the phosphate 
transporter PtPH12 were significantly reduced in the CCaMK-RNAi line compared to a 
wild-type control. Altogether, our data suggest that LCOs are produced by some ECM 
fungi and that the CSP has been recruited for the establishment of ECM associations. 

References: 
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PLENARY SESSION: Belowground diversity and ecosystem 
functioning 
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Soil Biodiversity, Underground Networks and Ecosystem Functioning 

Marcel G. A. van der Heijden (Plant-Soil Interactions, Institute for Sustainability Sciences, 
Agroscope, Zürich, Switzerland & Department of Evolutionary Biology and Environmental 
Studies, University of Zurich, Zürich, Switzerland & Plant–Microbe Interactions, Institute 
of Environmental Biology, Utrecht University, Utrecht, the Netherlands) 

Soil biota represent the unseen majority of life on Earth. A handful of soil contains billions 
of bacterial cells, kilometers of fungal hyphae and a significant fraction of life’s genetic 
diversity. Mycorrhizal fungi are an important component of the soil ecosystem, in terms 
of abundance, and due to their impact on plant growth, nutrient and carbon cycling. Here 
I will summarize recent findings related to the significance of mycorrhizal fungi and soil 
biodiversity for ecosystems. Results will be presented that show that soil life and soil 
biodiversity regulate ecosystem functioning, plant community dynamics and the stability 
of ecosystem services. I present examples of how underground microbial and mycorrhi-
zal networks influence grassland and forest systems and present some first thoughts on 
the role that mycorrhizal fungi play in structuring and regulating the soil and plant root 
microbiome. Finally, I will highlight avenues for further research and identify some of the 
major challenges that I consider to be of significance for soil ecology and mycorrhizal 
ecology, including the use of soil biota to enhance ecosystem sustainability and sustain-
able food production. 
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Contrasting ecology of ectomycorrhizal and ericoid mycorrhizal symbioses as drivers of 
the northern carbon sink 

Karina E. Clemmensen (Dept. Forest Mycology & Plant Pathology, Swedish University of 
Agricultural Sciences, Uppsala, Sweden), Inga T. M. Bödeker (Dept. Forest Mycology & 
Plant Pathology, Swedish University of Agricultural Sciences, Uppsala, Sweden), Anders 
Michelsen (Dept. Biology, University of Copenhagen, Copenhagen, Denmark), Roger D. 
Finlay (Dept. Forest Mycology & Plant Pathology, Swedish University of Agricultural Sci-
ences, Uppsala, Sweden), Björn D. Lindahl (Dept. Soil & Environment, Swedish University 
of Agricultural Sciences, Uppsala, Sweden) 

In a global perspective, northern arctic and boreal biomes act as major belowground car-
bon sinks. However large variation in carbon stocks exists among northern ecosystems, 
and we hypothesize that this is largely related to the relative dominance of the three 
major fungal guilds – the saprotrophic, ectomycorrhizal and ericoid mycorrhizal fungi. 

Communities of litter saprotrophic and mycorrhizal fungi are vertically stratified within 
boreal forest soils. In a recent study we transplanted organic substrates vertically in soil 
profiles in order to test the decomposition capacities of saprotrophic versus mycorrhizal 
fungal guilds. We observed that although both guilds colonized both litter and humus 
substrates, litter decomposed more rapidly when colonized by saprotrophic fungi, sug-
gesting that ectomycorrhizal fungi can delay early stage litter decomposition. 

In another study we transplanted organic substrates horizontally between a subarctic 
mountain birch forest and a nearby ericoid-dominated heath tundra to investigate the 
decomposition capacities of microbial communities at the two sites. Heath humus de-
composed faster than forest humus substrates, irrespective of where they were incu-
bated, suggesting that the large carbon sink in the heath was not driven by low quality 
of the organic matter. Furthermore, when tree roots and ectomycorrhizal fungi – but not 
ericoid roots and associated fungi – were excluded from the decomposing matter, incu-
bated sample mass increased, suggesting sustained belowground input, but decreased 
decomposition rate. Our results support the idea that the presence and relative decom-
position capacity of ectomycorrhizal fungi, rather than different input quantities or qual-
ities, determine long-term carbon sink strength across northern ecosystems. 
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Mycorrhizal fungi affect orchid distribution and population dynamics 

Melissa K. McCormick (Smithsonian Environmental Research Center, Smithsonian Insti-
tution, Edgewater, USA), Dennis F. Whigham (Smithsonian Environmental Research Cen-
ter, Smithsonian Institution, Edgewater, USA), Rachel Rock-Blake (Dept. of Ecology and 
Evolutionary Biology, University of Connecticut, Storrs, USA), Hope E. A. Brooks (Biology 
Department, University of Pittsburgh, Pittsburgh, USA), Donald L. Taylor (Department of 
Biology, University of New Mexico, Albuquerque, USA) 

Introduction: The absence of appropriate mycorrhizal fungi can limit where plants can 
grow, but little is known about how the abundance and diversity of appropriate mycor-
rhizal fungi can affect plant growth and population dynamics. We hypothesized that the 
distribution, abundance, and emergence of orchids, which are particularly dependent on 
their fungi, would be driven at least partly by the abundance and diversity of their my-
corrhizal fungi. 

Methods: We used specific PCR primers, quantitative real-time PCR, and spatially nested 
soil samples in three independent studies to measure the distribution and abundance of 
mycorrhizal fungi that associated with five temperate, terrestrial, forest-dwelling orchid 
species. 

Results: We found that the distribution and population dynamics of each orchid were 
affected by the distribution, abundance, and in some cases, genetic identity of their my-
corrhizal fungi in the soil. 

Discussion: Molecular techniques are allowing increased insight into below-ground di-
versity and its effects on above-ground diversity. Despite our findings with these forest 
orchids, other studies have found less relationship between orchid and fungus distribu-
tion, suggesting that this pattern may not be universal. 

Conclusion: We conclude that attempts to understand the drivers of plant population 
dynamics need to also consider the diversity, distribution, and dynamics of the mycor-
rhizal fungi they require. 

Keywords: orchid, Tulasnella, Ceratobasidium 
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Does genotypic and species diversity of mycorrhizal plants and fungi matter for ecosys-
tem functioning?  

David Johnson (School of Earth and Environmental Sciences, The University of Manches-
ter, Manchester, UK), Christina Hazard (Laboratoire Ampère, Université de Lyon, Lyon, 
France) 

Biodiversity encompasses many different levels including functional groups, species and 
genotypes that often have complex spatial distributions. Yet genotypic diversity and how 
it interacts with other levels of diversity is rarely considered from a functional perspec-
tive, especially in mycorrhizal systems. This lack of knowledge is surprising given the vast 
quantity of genomic data that continues to be generated from mycorrhizal systems, 
which has generated many possibilities to better understand how components of genetic 
diversity of mycorrhizal plants and fungi impact key ecosystem processes. Here, we out-
line some of the interacting processes that can affect ecosystem processes both directly 
and indirectly, and go on to show that genotypic diversity of mycorrhizal fungi affects 
several key ecophysiological processes and functions1. We highlight the need to link in-
formation on genomic variation of isolates to key functions of fungi when in symbiosis 
with host plants. Finally, we highlight key gaps in understanding of biodiversity-ecosys-
tem function interactions from hyper-diverse plant communities such as tropical forests, 
where consideration of the spatial distribution of species is critical. These systems pre-
sent additional experimental challenges but targeted sampling and advanced statistical 
analytical approaches offer promise to generate new insights into the functional diversity 
of mycorrhizal fungi in these systems.  

References: 

1Hazard C, Kruitbos L, Davidson H, Taylor AFS, Johnson D (2016) Contrasting effects of 
intra- and interspecific identity and richness of ectomycorrhizal fungi on host plants, nu-
trient retention and multifunctionality. New Phytologist 213, 852-863. DOI 
10.1111/nph.14184 

Keywords: biodiversity, ectomycorrhiza, nutrient cycling, ecology, tropical forests 

  



ICOM 9 

403 

IL (ID 93) 

Diverse Sorghum bicolor lines differ in their responsiveness to colonisation by different 
species of mycorrhizal fungi 

Stephanie J. Watts-Williams (School of Agriculture, Food and Wine, University of Ade-
laide, Urrbrae, Australia), Maria J. Harrison (Boyce Thompson Institute, Ithaca, USA) 

Sorghum bicolor (sorghum) is an agronomically important crop that forms associations 
with arbuscular mycorrhizal fungi (AMF) and can obtain phosphate (Pi) from the soil via 
the mycorrhizal pathway of uptake. We hypothesised that inoculation with AMF would 
improve growth and tissue mineral nutrition of sorghum grown in Pi-limited soil, and 
responsiveness in terms of growth and tissue nutrition would vary with sorghum genetic 
variation and AMF species diversity. 

Eighteen diverse sorghum lines, the parent lines of a NAM (nested association mapping) 
population, were grown in low nutrient soil and inoculated with five different AMF treat-
ments which included four different AMF species (R. irregularis, G. versiforme, Gi. gigan-
tea, G. candidum), a mixed inoculation, and a mock-inoculation treatment. The experi-
mental design was completely factorial. Measurements of plant growth, shoot nutrition 
and root phosphate transporter gene expression were taken. 

The growth, nutrition, and gene expression of the sorghum plants were affected by the 
sorghum line x AMF species interaction. The diverse sorghum lines ranged widely in their 
capacity to benefit from the mycorrhizal symbiosis, both in terms of growth and tissue 
nutrition. Expression of AM-induced and constitutive phosphate transporter genes in 
sorghum roots was variable depending on the line and colonising AMF species. 

There is potential for AMF to improve the growth and uptake of numerous mineral ele-
ments in sorghum, but the specific combination of sorghum line with AMF species was 
very important in determining the level of plant responsiveness, as growth and tissue 
nutrient content, to AMF colonisation. 

Keywords: arbuscular mycorrhiza, phosphate, sorghum 
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Suppression of the root external arbuscular mycorrhizal fungi (AMF) mycelium by the 
soil microbiota 

Carla Cruz-Paredes (Department of Plant and Environmental Sciences, University of Co-
penhagen, Copenhagen, Denmark), Stephanie Watts-Williams (School of Agriculture, 
Food & Wine,, University of Adelaide, Adelaide, Australia), Fabio Battini (Department of 
Agriculture, Food and Environment, University of Pisa, Pisa, Italy), Erik J. Joner (Norwe-
gian Institute for Bioeconomy Research, Ås, Norway), Nanna B. Svenningsen (Depart-
ment of Plant and Environmental Sciences, University of Copenhagen, Copenhagen, Den-
mark), Jan C Christensen (Department of Plant and Environmental Sciences, University of 
Copenhagen, Copenhagen, Denmark), Ole Nybroe (Department of Plant and Environmen-
tal Sciences, University of Copenhagen, Copenhagen, Denmark), Majbrit Dela Cruz (De-
partment of Plant and Environmental Sciences, University of Copenhagen, Copenhagen, 
Denmark), Iver Jakobsen (Department of Plant and Environmental Sciences, University of 
Copenhagen, Copenhagen, Denmark) 

The activity of AMF may be suppressed in non-sterile soils1 resembling the phenomenon 
of ‘disease suppressive soils’ 2. Microbial groups and microbial metabolites responsible 
for suppression of other fungi have been identified 3,4, while organisms and metabolites 
suppressive towards AMF are unknown. This study aims to assess whether suppression 
of the AMF by unsterile soil is common and if it can be ascribed to specific taxonomic 
groups of soil microorganisms.  

Suppression of AMF was investigated in a Medicago truncatula model system with 33P-
labelled patches of soil where the patches could be accessed by hyphae but not roots. 
33P uptake into shoots was used as a proxy for AMF activity. A range of soils were com-
pared. For selected soils, effects of liming and pasteurization were evaluated. Data of 33P 
uptake and hyphal growth were compared to microbiome profiles assessed by PLFA 
markers and 16S-rRNA gene targeted sequencing. 

We found a large variation in AMF suppression across soils and suppression was miti-
gated by soil pasteurization. Besides, suppression was greater at low than at high pH. 
PCA analysis of PLFA and of 16S RNA amplicon sequencing data revealed a clear separa-
tion between AMF suppressive and conducive soils. Acidobacteria subgroup 1 was more 
abundant in suppressive than in conducive soils and may constitute a potential AMF sup-
pressor. 

Ongoing work aims to identify and isolate AMF suppressive microorganisms and to iden-
tify the metabolites responsible for suppression. The perspective is to develop new field 
management strategies for improving the role of AMF in plant nutrition. 
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Mycorrhizas and plant-soil feedbacks in temperate forests 

Jonathan A. Bennett (Biology, University of British Columbia – Okanagan, Kelowna, Canada) 

Introduction: Mycorrhizas can have strong effects on plant populations and communi-
ties. One mechanism for these effects is plant-soil feedback (PSF): the net effect of accu-
mulated soil organisms on growth and recruitment. Mycorrhizas promote positive PSF 
by increasing nutrient access and pathogen protection for the plant; however, ectomy-
corrhizas (EM) provide greater protection from pathogens than arbuscular mycorrhizas 
(AM). PSF may also be regulated by plant growth strategies and the environment; how-
ever, if EM plants are protected from pathogens, then the same relationships may not 
hold. 

Methods: We collected seed and soil from 550 populations belonging to 55 North Amer-
ican temperate forest tree species (30 EM and 25 AM) to test for PSF. I then tested 
whether mycorrhizal type altered the relationship between PSF and plant strategies (us-
ing plant traits) or the local environment. 

Results: AM trees experienced negative PSF, while EM trees experienced positive PSF, 
likely due to differences in pathogen protection. Plant strategies also helped explain PSF; 
however, the relationships differed between AM and EM trees. Fast growing AM species 
experiencing more negative PSF, especially in wetter environments; whereas EM species 
exhibited opposite or neutral relationships. 

Conclusions: In temperate forests, mycorrhizal type is the primary determinant of the 
direction of PSF and influences how PSF relates to plant strategies and the local environ-
ment. Consequently, mycorrhizal types need to be considered to in any study of PSF. A 
more complete understanding of how traits and the environment shape mycorrhizal ben-
efits may also be required to understand forest dynamics. 
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Could Mycorrhiza research provide new insights for sustainability between economic 
and ecological systems? 

Nikhil Joshi (Lifel, Mumbai, India) 

Introduction/Aim: This study explores a broad, multilevel view of the organization of 
flow networks in living systems spanning ecological and socioeconomic systems1. It com-
pares organization of Mycorrhiza in soil-plant ecological flow networks2–6, gut-bacteria 
in plant-heterotroph ecological flow networks7–10, and financial investment networks in 
human resource flow networks in socioeconomic communities.11–14 

Materials and Methods: New definitions of classes of coupled-composite systems, de-
coupled-composite systems, alphabetic catalysts, and the concept of modulator system 
have been used to discern common patterns in the organization of flow networks across 
multiple levels1. 

Results & Discussion: Initial findings revealed interesting similarities in the organization 
of flow networks across three levels. This led to a hypothesis that organization of sub-
soil Mycorrhizal networks and gut bacterial networks in ecosystems, and financial invest-
ment networks in socioeconomic communities could form a common multilevel organi-
zational pattern (CMOP) spanning across levels. Can these similarities be leveraged to 
explore new avenues for sustainability between economic and ecological systems? This 
is discussed in recent publications.1,15 

Conclusion: This study is a part of a collaborative, interdisciplinary research effort to de-
velop multilevel models of organization in living systems, with a broader aim to develop 
new scalable solutions to enable multisystem sustainability between economic and eco-
logical systems. It is hoped that initial ideas presented here motivate researchers to look 
beyond their domains and collaboratively explore a “big-picture” view of organization in 
living systems. Such an endeavor will not only be a significant contribution to science, 
but also allow researchers to contribute towards addressing pressing problems in sus-
tainability. 
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CONCURRENT SESSION: Integrating mycorrhizas into 
plant community ecology 

Mycorrhizal fungi are ubiquitous in terrestrial ecosystems and have demonstrable effects 
on the outcomes of plant-plant interactions, on the effects of trophic interactions involv-
ing plants, and on the diversity and productivity of plant communities. These observa-
tions justify the inclusion of mycorrhizal fungi into theoretical frameworks of plant com-
munity ecology, but there has been limited progress on this front. One reason for this is 
that phenomenological observations of mycorrhizal effects are difficult to integrate into 
these frameworks without a mechanistic understanding of the processes underlying 
these observations. This session will focus on recent research into the roles that mycor-
rhizal fungi play in dynamical aspects of plant communities. An aim, in particular, in this 
session is to disseminate research and to facilitate a dialogue that can enhance the up-
take of mycorrhizal research into the advancement of plant ecology in general. 

Chairs: Jeff Powell, Jim Bever 
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Arbuscular mycorrhizal fungi can influence plant community ecology by altering herbi-
vore parasitism via multiple mechanisms 

Alison E. Bennett (Ecological Sciences, James Hutton Institute, Dundee, UK), Rowan Mei-
kle (School of Life Sciences, University of Dundee, Dundee, UK), Niall Millar (School of Life 
Sciences, University of Dundee, Dundee, UK), Emils Gedrovics (School of Biology, Univer-
sity of St. Andrews, St. Andrews, UK), Alison J. Karley (Ecological Sciences, James Hutton 
Institute, Dundee, UK) 

Introduction/Aim: Arbuscular mycorrhizal (AM) fungi alter plant interactions and com-
munity ecology. AM fungi alter host plant quality for insect herbivores by altering plant 
nutrition and/or priming plants for enhanced inducible and constitutive plant defences. 
This produces two pathways by which AM fungi could influence herbivore-parasitoid in-
teractions: First, plant quality effects on herbivores could cascade to higher trophic levels 
influencing natural enemy control of insect pests. Second, via priming, AM fungi could 
alter indirect defences by altering volatiles attracting parasitoids.  

Materials and Methods: We addressed the relative importance of these two pathways 
by manipulating the presence of AM fungi, Solanum species and genotype, potato aphid 
genotype, and parasitism of potato aphids. We conducted two types of parasitism assays 
to assess the influence of both pathways. 

Results: We found that AM fungi altered parasitism via both pathways: As suggested by 
the first pathway, AM fungi increased parasitism success of aphids when they were par-
asitized in a neutral environment, and the parasitoid received no cues from the host 
plant. However, as we would expect from the second pathway, parasitoid attraction to 
plants hosting AM fungi was much greater than attraction to plants that did not host AM 
fungi. However, in both cases, the influence of these pathways was dependent upon So-
lanum species and genotype.  

Discussion/Conclusion: Thus AM fungi influenced parasitism via multiple mechanisms, 
but this influence depended upon host plant. Therefore AM fungi influence plant com-
munity ecology by altering plant trophic interactions regardless of individual host plant 
responses to AM fungi. 

Keywords: plant defense, plant nutrition, indirect defense, parasitism, trophic interac-
tions 
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Small-scale spatial variability in the distribution of ectomycorrhizal fungi affects plant 
performance and fungal diversity  

Stav Livne-Luzon (Life sciences, Ben- Gurion University of the Negev, Israel, Beer-Sheva, 
Israel), Ofer Ovadia (Life sciences, Ben- Gurion University of the Negev, Israel, Beer-
Sheva, Israel), Gil Weber (Environmental Sciences, Tel-Hai College, Kiryat Shmona, Israel), 
Yael Avidan (Environmental Sciences, Tel-Hai College, Kiryat Shmona, Israel), Hen Migael 
(Environmental Sciences, Tel-Hai College, Kiryat Shmona, Israel), Sydney I. Glassman 
(Ecology and Evolutionary Biology, UC Irvine, Irvine,CA, USA), Thomas Bruns (Plant and 
Microbial Biology, UC Berkeley, Berkeley,CA, USA), Hagai Shemesh (Environmental Sci-
ences, Tel-Hai College, Kiryat Shmona, Israel) 

The effects of spatial heterogeneity in negative biological interactions on individual per-
formance and species diversity have been studied extensively. Notably, little is known 
about the respective effects involving positive biological interactions, including the sym-
biosis between plants and ectomycorrhizal (EM) fungi. Using a greenhouse bioassay, we 
explored how spatial heterogeneity of natural soil inoculum influences the performance 
of pine seedlings and composition of the EM fungi colonizing their roots. We illustrated 
that when the distribution of soil inoculum was clumped it allowed competitively inferior 
EM fungal taxa, which in this case were also inferior mutualist, to persist. This increased 
EM fungal community diversity, but resulted in reduced growth of individual plants. Our 
results highlight the significance of small scale spatial variation in the distribution of EM 
fungal inoculum for the establishment and growth of ectomycorrhizal host plants; they 
also suggest that the trade-off between competitive ability and mutualistic capacity of 
mutualists does not necessarily exist. 

Keywords: ectomycorrhizal fungi, priority effects, spatial heterogeneity, Pinus halepensis 
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Unearthing mechanisms behind growth rate in Norway spruce – role of diversity of ec-
tomycorrhizal fungi 

Taina Pennanen (Natural Resources Institute Finland (Luke), Helsinki, Finland), Sanna-
kajsa Velmala (Natural Resources Institute Finland (Luke), Helsinki, Finland), Matti 
Salmela (Natural Resources Institute Finland (Luke), Helsinki, Finland), Risto Sievänen 
(Natural Resources Institute Finland (Luke), Helsinki, Finland), Leena Hamberg (Natural 
Resources Institute Finland (Luke), Helsinki, Finland) 

Our studies focus on the relationship of ectomycorrhizal (ECM) fungi and genetically de-
termined growth traits of Norway spruce (Picea abies). A long-term field experiment re-
vealed that high ECM species richness was associated with fast-growing spruce families1. 
ECM fungal richness increased functional complementary of the nutrient acquisition po-
tential of the host by diversifying the production of fungal derived exoenzymes2. Carbon 
allocation to above- and below-ground parts varied also between fast and slow families, 
especially in response to increasing fungal richness3. In contrast to our hypothesis on the 
underlying mechanisms, genetic differences in susceptibility to ECM symbiosis formation 
in the host did not contribute to the variation in ECM fungal diversity. Instead, we found 
systematic, genetically controlled variation in root characteristics between the spruce 
families4. Still even-sized but in future fast-growing seedlings showed a higher number 
of root tips, more frequent branching of root orders as well as allocation of root tips 
further away from the base of the seedling compared to slow-growing seedlings5. This 
provides an advantage in nutrient limited, heterogeneous forest soil by enhancing explo-
ration and contact with the soil microbiota. We conclude that over time, small differ-
ences in these specific allocation patterns for root growth create positive self-reinforcing 
mechanisms that may underlie the higher ECM fungal diversity and long-term growth 
performance of some spruce origins. 

References: 
1Korkama et al. 2006, New Phytologist 171:815-824 
2Velmala et al. 2014, New Phytologist 201:610-622 
3Velmala et al. 2014, Plant & Soil 385:329-342 
4Velmala et al. 2013, Mycorrhiza 23:22-33 
5Hamberg et al. submitted. 
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Arbuscular common mycorrhizal networks mediate plant intra- and interspecific inter-
actions 

Joanna Weremijewicz (Department of Biology, North Central College, Naperville, USA), 
Leonel da Silveira Lobo O'Reilly Sternberg (Department of Biology, University of Miami, 
Coral Gables, USA), David P. Janos (Department of Biology, University of Miami, Coral 
Gables, USA) 

Introduction/Aim: Over the last century of ecological research, it has remained elusive 
when plant interactions will be competitive, neutral, or facilitative. This enigma may per-
sist because most investigations have failed to consider the role of ubiquitous common 
mycorrhizal networks (CMNs). We examined how CMNs affect intra- and interspecific 
interactions within and between populations of Andropogon gerardii, a highly mycor-
rhiza-dependent, C4, dominant prairie grass and Elymus canadensis, a weakly depend-
ent, C3, subordinate prairie species.  

Materials and Methods: In microcosms, we grew A. gerardii and E. canadensis alone and 
together, with individual root systems isolated but either interconnected by CMNs or 
with CMNs severed weekly.  

Results: CMNs improved survival of both A. gerardii and E. canadensis, but intensified 
intraspecific competition among A. gerardii. In mixture with E. canadensis, A. gerardii 
over-yielded in the presence of intact CMNs but not when CMNs were severed. CMNs 
improved manganese nutrition of both host species, with the largest plants receiving the 
most manganese. Enhanced growth in consequence of improved mineral nutrition led to 
large E. canadensis in intact CMNs being water-stressed as revealed by 13C isotope abun-
dance.  

Discussion/Conclusion: Our findings suggest that in prairie plant communities, CMNs 
may influence mineral nutrient distributions, water relations, within-species size hierar-
chies, and between-species interactions. If our results extend to crop plants, then CMNs 
may provide a novel explanation for over-yielding in polycultures. 

Keywords: common mycorrhizal networks, arbuscular mycorrhizal fungi, competition, 
manganese, 13C 
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Effects of mycorrhizae abundance, richness and phylogenetic diversity on plant facili-
tation 

Alicia Montesinos-Navarro (Plant ecology, Centro de Investigaciones sobre Desertifi-
cación (CIDE-CSIC), Valencia, Spain) 

Introduction/Aim: Plant facilitative interactions enhance co-occurrence between distant 
relatives, due to a limited overlap in resource requirements, or non-exclusively, to the 
enhancement of facilitation through their functional complementarity. We test whether 
mycorrhizae abundance, richness and phylogenetic diversity explain plant facilitation be-
tween distantly related species, and its effects on the structure of local communities 
within fragmented landscapes. 

Materials and Methods: In field experiments, we tested whether nurse and facilitated 
plants exchange nutrients through fungal networks using stable isotopes. Then, we used 
molecular tools and network analyses to assess the effect of richness and phylogenetic 
patterns in plant-fungi interactions on the persistence of facilitative interactions and the 
species co-existence in local communities. 

Results: Soil fungi enhance nitrogen transfer among plants, which increases between dis-
tantly related plants. Additionally, the persistence of facilitative interactions is enhanced 
when plant species harbor contrasting mycorrhizae that increase their phylogenetic di-
versity. Finally, the phylogenetic community structure of plants and mycorrhizae are in-
ter-related across vegetation patches and their interaction networks lose robustness as 
communities’ decrease in size. 

Discussion: Nutrient transfer towards distant relatives results from evolutionary con-
servatism of nutrient content, establishing steeper source-sink gradients across distant 
relatives. Within patches, shifts in the phylogenetic composition of plants and AMF sug-
gest an inter-related succession dynamic, and across communities, mycorrhizae symbi-
onts increase their vulnerability to plant species loss in small-size communities. 

Conclusion: Mycorrhizae symbiosis can drive plant facilitation, not only by enhancing 
plants nutrient-status but also plant communities’ phylogenetic diversity. Not only my-
corrhizae abundance but its richness and phylogenetic diversity can influence plant-plant 
interactions. 

Keywords: plant facilitative interactions, plant-mycorrhizal networks, nutrient transfer, 
community ecology, phylogenetic community ecology 
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Mycorrhizal allocation determines their function across varying environmental con-
texts  

Michael Remke (Forestry, Northern Arizona University, Flagstaff, USA), Nancy C Johnson 
(Northern Arizona University, Flagstaff, USA), Matthew Bowker (Northern Arizona Uni-
versity, Flagstaff, USA) 

Arbuscular mycorrhizal (AM) fungi are obligate symbionts to plants. Resource limitation 
may favor stronger mutualisms, where resource abundance may result in diminished mu-
tualism or even parasitism. Co-adapted plants and mycorrhizal fungi have been docu-
mented to have greater mutualistic function. The mechanisms for these differences are 
not well understood, though it has been proposed that fungal allocation to different 
structures may have a role. Within plant roots, these fungi establish sites for nutrient 
exchange (arbuscules) and storage (vesicles). It is likely that greater investment in stor-
age reduces their ability to gather and/or exchange nutrients and thus makes them less 
mutualistic and vice versa. We conducted a greenhouse study with Boteloua gracilis to 
test mycorrhizal allocation and how it varies based on environmental context. We ma-
nipulated both plant and AM fungi origin as well as created two levels of simulated 
drought. We also conducted a field transplant experiment to test our findings in more 
dynamic environments. In the greenhouse, we found that plants consistently grew larger 
and survived drought longer when they were paired with sympatric AM fungi. Addition-
ally, after 2 years in the field, sympatric plant-AM fungi pairings yield the greatest plant 
growth regardless of environment. In sympatric pairings, there was also more external 
AM fungal hyphae and a greater percentage of plant roots were colonized by hyphae and 
arbuscules. In allopatric pairings, plant roots were more heavily colonized by vesicles. 
These findings demonstrate potential mechanisms for how AM fungi can behave as ei-
ther mutualists or parasites depending on environmental context. 

Keywords: mycorrhizal allocation, drought, mycorrhizal function, plant ecology, co-ad-
aptation 
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Linking AM fungi and pollinator interactions in agro-ecosystems: An ecological network 
approach 

Peter Orrell (The James Hutton Institute, Dundee, UK), Alison Bennett (The James Hutton 
Institute, Dundee, UK), Darren Evans (Newcastle University, Newcastle, UK), Maria Nijnik 
(The James Hutton Institute, Aberdeen, UK) 

Ecological networks are being increasingly used to study mycorrhizal fungi, as in other 
systems they have previously described interactions between species, the underlying 
structure of communities, and the function and stability of ecosystems. However, we do 
not know whether AMF-plant networks influence aboveground networks (such as plant-
pollinator networks), or if factors such as interaction duration and type have functional 
consequences for yields. 

Over two years, we explored the influence of AMF and plant cultivar on pollinator visita-
tion rates, foraging activities, network structure, and yield using three cultivars of straw-
berry (Fragaria × ananassa), and four AMF communities. We measured pollinator visita-
tion / community composition, and collected strawberries to determine yield quantity 
and quality. 

Altering the AMF community influenced the number of flowers produced, the frequency 
and duration of visits by Bombus terrestris Audax, as well as the frequency and duration 
of pollen and nectar foraging visits. Furthermore, the wider plant-pollinator network was 
influenced by AMF community, with plant genotype mediating these influences. AMF 
influenced yield quantity, but not sugar content, or human perceived taste quality. 

These results indicate that AMF can not only shape the overall plant-pollinator network, 
but also influence the nature of the interactions that occur, which can determine crop 
yields. With declines in pollinator communities and increasing pressures on crop produc-
tion, research into this field may form part of an important toolset for sustainable in-
creases in food security, as well as helping us to gain a deeper understanding of the fun-
damental biology that influences ecological networks. 

Keywords: pollinators, ecological networks, above-belowground interactions, food secu-
rity, strawberry 
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A legume erases mycorrhizal negative effects on an endophytic grass increasing N 
transference  

Pablo A. García-Parisi (Department of Animal Production, School of Agriculture, Univer-
sisty of Buenos Aires, CITNOBA, UNNOBA-CONICET, Pergamino, Argentina), Agustín A. 
Grimoldi (Department of Animal Production, School of Agriculture, IFEVA-CONCIET, Uni-
versity of Buenos Aires, Buenos Aires, Argentina), Fernando A. Lattanzi (Lehrstuhl für 
Grünlandlehre,, Technische Universität München, Freising-Weihenstephan, Germany), 
Marina Omacini (Department of Natural Resources, School of Agriculture, IFEVA-CO-
NICET, University of Buenos Aires, Buenos Aires, Argentina) 

Plant coexistence can be affected by the interaction of multiple plant symbionts. The 
outcome of co-infection with arbuscular mycorrhizal fungi (AMF) and foliar endophytic 
fungi (FEF) in grasses is variable and may range from antagonism to synergism. Here we 
tested whether a nitrogen-fixing legume affects grass response to the presence of both 
types of symbionts by enhancing N nutrition. 

The grass (Lolium multiflorum), either associated or not with FEF (Epichloë occultans), 
grew in monocultures or in mixtures with legumes (Trifolium repens inoculated with rhi-
zobia) in pots with sterilized soil. In half of the pots, we added AMF inoculum (Simiglomus 
hoi, Funneliformis mosseae, Rhizophagus irregularis). We measured plant biomass and 
the transference of atmospheric-N fixed from the legume to the grass. 

Legume biomass and the amount of N fixed were affected neither by AMF inoculation 
nor by FEF presence in the neighboring grass. In mixtures, AMF inoculation increased 
more than three times the amount of N-fixed transferred to both the FEF-associated and 
the FEF-free grass, but increased 26% the biomass of only the FEF-free grass. In mono-
cultures, it reduced 18% grass biomass irrespective of FEF presence. 

The presence of nitrogen-fixing plant erases the parasitic effect of AMF on a grass by 
enhancing the transference of fixed N, but this emergent property was not enough to be 
positive for FEF-associated grass plants. In conclusion, biotic context can influence the 
outcome of the co-infection with two types of symbionts and thus the level of antago-
nism between AMF and FEF within the grass. 

Keywords: grass-legumes systems, nitrogen dynamics, mycorrhizal networks, multisym-
biosis 

  



9th International Conference on Mycorrhiza| 30th July – 4th August 2017 | Prague, Czech Republic 

418 

ST+P (ID 114) 

Mycorrhizal fungi exacerbate plant responses to experimental climate change in a sem-
iarid shrubland 

José Ignacio Querejeta (Soil and Water Conservation, Spanish National Research Council 
(CEBAS-CSIC), Murcia, Spain), Lupe León-Sánchez (Soil and Water Conservation, Spanish 
National Research Council (CEBAS-CSIC), Murcia, Spain), Marta Goberna (Spanish Na-
tional Research Council (CIDE-CSIC), Valencia, Spain), Iván Prieto (Soil and Water Conser-
vation, Spanish National Research Council (CEBAS-CSIC), Murcia, Spain), Emilio Nicolás 
(Spanish National Research Council (CEBAS-CSIC), Murcia, Spain), Fernando T Maestre 
(Universidad Rey Juan Carlos, Madrid, Spain) 

Warmer and drier conditions associated with ongoing climate change will increase abi-
otic stress for plants and mycorrhizal fungi in Mediterranean drylands, thus reducing veg-
etation cover and productivity and increasing the risk of land degradation and desertifi-
cation. 

We conducted a four-year manipulative study in a semiarid shrubland to assess the ef-
fects of warming (~2.5ºC; W), rainfall reduction (~30%; RR) and their combination 
(W+RR) on the performance of native shrubs (Helianthemum squamatum) and their as-
sociated mycorrhizal fungi. 

Warming, RR and W+RR drastically reduced the relative abundance of ectomycorrhizal 
fungi (EMF), a response associated to decreases in leaf N and P contents under these 
treatments. Warming decreased photosynthetic rates by one third despite concurrent 
increases in stomatal conductance, leading to sharp decreases (~50%) in water use effi-
ciency in W and W+RR plants. Warming (W and W+RR) reduced shoot biomass produc-
tion by ~36% and decreased survival in a dry year. Plants under RR showed moderate 
decreases in photosynthesis, stomatal conductance and shoot growth. 

The interdependent and mutually exacerbating responses of plants and EMF to warming 
and rainfall reduction may lead to a detrimental feedback loop on vegetation productiv-
ity, which could amplify the adverse impacts of climate change on ecosystem functioning 
in EMF-dominated drylands. 
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Dispersal and primary succession of plant and arbuscular mycorrhizal communities 

Álvaro López-García (Dept. Biology, University of Copenhagen, Copenhagen, Denmark), 
Tobias Guldberg Frøslev (Dept. Biology, University of Copenhagen, Copenhagen, Den-
mark), Rasmus Kjøller (Dept. Biology, University of Copenhagen, Copenhagen, Denmark), 
Hans Henrik Bruun (Dept. Biology, University of Copenhagen, Copenhagen, Denmark), 
Søren Rosendahl (Dept. Biology, University of Copenhagen, Copenhagen, Denmark) 

Studies of natural succession of communities have largely focused on plants, while the 
dynamics of their symbiotic partner, arbuscular mycorrhizal fungi (AMF), is largely un-
known. One of the impediments is the lack of primary successional scenarios, i.e. newly 
formed terrestrial lands without AMF propagules, where the sequential change of spe-
cies over time can be traced. Here, we surveyed the succession of plant and associated 
AMF communities on the artificial island Peberholm, constructed in 1998 from sea floor 
sediments. 

During last six years, roots of plant communities on the island of Peberholm were sam-
pled (2010–2016). To allow a comparison with an older scenario, the neighboring island 
Saltholm has also been sampled using the same design. Plant and AMF communities were 
characterized using illumina MiSeq sequencing technology. Data on soil properties and 
spatial positions of samples were also collected. A parallel survey of AMF spore commu-
nities was carried out to determine morphological and habitat preference traits of the 
most abundant AMF species. 

First, we traced the change of composition and rank abundance distribution of species 
along time. Second, we analyzed the contribution of biotic (plant community), abiotic 
(soil properties) and spatial factors to AMF distribution to detect the spatial signature 
produced by dispersal process. Third, we applied a trait-based approach to identify traits 
responsible of causing dispersal limitation on AMF communities. 

Our findings will improve the understanding of how plant and AMF communities assem-
ble during primary succession and the possible effect that dispersal limitation of one 
group can have on the other. 

Keywords: community assembly, spore traits, species abundance distribution, dispersal 
limitation 
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Linking Ericaceae with conifers: DNA-based prospects and in vitro hopes vs. the in 
natura reality 

Martin Vohník (Institute of Botany CAS/Charles University, Průhonice/Prague, Czech Republic) 

Ericaceae shrubs often form understory in boreal and temperate coniferous forests and 
many authors hypothesized that both plant guilds could be linked through common my-
corrhizal networks (CMNs). This idea has become very popular over past ca. 20 years and 
anticipates the existence of dual root mycobionts which are able to simultaneously form 
ericoid mycorrhizae and ectomycorrhizae. To meet the criteria of the Koch´s postulates, 
such CMNs have to be firstly observed under natural conditions, then the respective my-
cobionts have to be isolated into pure culture from both host types and subsequently, 
these have to form CMNs between both host types under controlled conditions. In real-
ity, however, these criteria have never been met and our current knowledge is limited to 
the observations that 1) DNA of identical fungi is present in the roots of neighboring eri-
cads and conifers and 2) some mycobionts isolated from conifer ectomycorrhizae may 
form simultaneously ericoid mycorrhiza and ectomycorrhiza under in vitro conditions. In 
contrast, a growing number of reports suggest that under natural conditions, the poten-
tial to form CMNs between Ericaceae and ectomycorrhizal conifers is low and may be 
even inhibited when members of both plant guilds co-occur together. I will review the 
existing literature on this topic, summarize the arguments in favor of and against the 
existence of such mycorrhizal links and present results of a microcosm experiment which 
challenge our current views on the identity and functioning of the potentially shared my-
cobionts. 

Keywords: ericoid mycorrhiza, ectomycorrhiza, Ericaceae, Rhizoscyphus ericaceae aggre-
gate, common mycorrhizal networks 
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Changes on soil and eucalypt ectomycorrhizal communities across a climatic gradient 
in south-east Australia 

Ruvinie Withana (School of Ecosystem and Forest Sciences, University of Melbourne, Mel-
bourne, Australia), Craig Nitschke (School of Ecosystem and Forest Sciences, University 
of Melbourne, Melbourne, Australia), Cristina Aponte (School of Ecosystem and Forest 
Sciences, University of Melbourne, Melbourne, Australia), Sabine Kasel (School of Ecosys-
tem and Forest Sciences, University of Melbourne, Melbourne, Australia) 

Mycorrhizal communities and their responses to climatic variability are critical unknowns 
for the majority of natural ecosystems in Australia. How they respond to climate may 
have significant implications on their plant hosts under climate change. Aim of this study 
is to explore the changes in soil and eucalypt ectomycorrhizal richness across an eleva-
tion and climate gradient in south-east Australia. 

Ectomycorrhizal (ECM) tips from fine roots were collected from each eucalypt species 
present at twelve plots located along an elevation gradient ranging from 200 to 1600 
m.a.s.l. Soil samples beneath each sampled tree were collected and pooled for each plot. 
ECM colonization and species identity were determined by morphological and molecular 
characterization of mycorrhizal tips. Soil ECM species were identified using Next Gener-
ation Sequencing. Soil chemical and physical properties were also determined. Multivar-
iate ordination techniques were used to explore changes in ECM communities in relation 
to climate, host species and soil properties. 

ECM richness on soil and eucalypts changed along the climatic gradient with lower fungal 
species richness at higher elevations. ECM richness in many eucalypt species increased 
along the elevation gradient. Similarity of ECM communities is higher at lower elevations 
compared to mid and higher elevations. Host and mycobiont specificity of the associa-
tions and changes in composition and structure of ECM communities will be assessed 
across the studied soil and climatic gradient. 

Changes in ECM richness along the elevation gradient suggest that climate change may 
have direct impacts on ECM communities which may have implications on their host 
plants. 

Keywords: ectomycorrhizal communities, soil, eucalypts, climatic gradient, south-east 
Australia 
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Relationships between fungal soil diversity, ecosystem services and forest manage-
ment in boreal forests 

Kerstin Varenius (Department of Forest Mycology and Plant Pathology, Uppsala, Swe-
den), Björn D. Lindahl (Department of Soil and Environment, Uppsala, Sweden), Johan 
Stendahl (Department of Soil and Environment, Uppsala, Sweden), Anders Dahlberg (De-
partment of Forest Mycology and Plant Pathology, Uppsala, Sweden) 

The roles of fungal diversity in the stability, resilience and function of forest ecosystems 
are poorly understood. Fungi have pivotal ecological roles at the same time as forest 
management affects the occurrence and abundance of species. This may subsequently 
impact fungal ecosystem processes with consequences for tree biomass growth and 
other ecosystem services. 

The aim is to establish relationships between forest management practices and fungal 
diversity in Swedish boreal forests and to estimate the role of fungal diversity in the pro-
vision of ecosystem services. 

To do so, we coordinate fungal soil sampling with the survey of permanent forest plots 
by the Swedish Forest Soil Inventory (SFSI) and the Swedish National Forest Survey 
(SNFS). Thus, we have the unique opportunity of combining data of soil and forest prop-
erties with the fungal community on a national scale and to establish relationships be-
tween fungal diversity and environment, stand and soil variables. We used PacBio se-
quencing and analyzed the identified fungal community together with the data collected 
by SFSI and SNFS. We will present Preliminary results will be based on 463 stands col-
lected 2014-15; collecting continues with 250 stands annually.  

The results picture common soil fungi in Sweden with Piloderma sphaerosporum as the 
most frequent ectomycorrhizal species, occurring in 56% of the stands. We will present 
preliminary result where we test the hypothesis that forest increment partly can be ex-
plained by the composition of ectomycorrhizal fungi accounting for e.g. stand location, 
forest age, soil fertility and tree species mixture.  
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Ancient land plants and their open relationships with fungi 

William R. Rimington (Department of Life Sciences, Imperial College London, London, UK), 
Silvia Pressel (Algae, Fungi and Plants Division. Department of Life Sciences, Natural History 
Museum, London, London, UK), Jeffrey G. Duckett (Algae, Fungi and Plants Division. De-
partment of Life Sciences, Natural History Museum, London, London, UK), Katie J. Field 
(Centre for Plant Sciences. Faculty of Biological Sciences, University of Leeds, Leeds, UK), 
Martin I. Bidartondo (Department of Life Sciences, Imperial College London, London, UK) 

Views on the origins of mycorrhizas are changing. The consensus that arbuscular mycor-
rhizal fungi (Glomeromycotina) were solely responsible for forming the first fungal sym-
biosis with plants no longer exists. Glomeromycotina symbiosis may have been preceded 
by symbiosis with Mucoromycotina fungi and early land plants likely utilised a variety of 
symbiotic options to colonise land. The paucity of early land plant fossils requires the use 
of alternative investigative approaches to studying the evolution of fungal symbioses in 
plants and how these facilitated plant terrestrialisation. Non-vascular plants are the clos-
est living relatives of the first land plants and offer us a unique window into early land 
plant evolution. Focusing on liverworts (Marchantiophyta), we investigated the diversity 
of fungal symbionts in over 700 globally-collected members of this widespread and an-
cient plant lineage. We have previously shown that some non-vascular plants can enter 
into mutualisms with both Glomeromycotina and Mucoromycotina, sometimes simulta-
neously. We now present evidence that colonisation by both Glomeromycotina and/or 
Mucoromycotina, of much greater diversity than previously known, is the norm in early-
diverging liverworts. Arbuscular mycorrhizal fungi from all four Glomeromycotina orders 
were found to colonise liverworts. Network analyses and species delimitation methods 
have been employed and new Glomeromycotina and Mucoromycotina virtual taxa and 
interactions with plants have been discovered. This fungal diversity combined with the 
common occurrence of dual colonisations in the earliest diverging liverworts support the 
notion that the symbiotic options available to the first land plants were more varied than 
previously assumed. 

Keywords: Mucoromycotina, Glomeromycotina, liverworts, plant terrestrialisation 
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Soil fungal assemblages in Chilean temperate rainforests: geological history, forest my-
corrhizal dominance, and altitude effects on taxonomical, functional, and phylogenetic 
diversity 

César Marín (Instituto de Ciencias Ambientales y Evolutivas, Universidad Austral de Chile, 
Valdivia, Chile), Roberto Godoy (Instituto de Ciencias Ambientales y Evolutivas, Univer-
sidad Austral de Chile, Valdivia, Chile), Jens Boy (Institute of Soil Science, Leibniz Univer-
sität Hannover, Hannover, Germany), Maarja Öpik (Department of Botany, University of 
Tartu, Tartu, Estonia) 

Chilean temperate rainforests, located in two mountain systems (Andes and Coast) with 
contrasting geological histories, feature three vegetation types: Nothofagus spp. forests 
(dominated by ectomycorrhizal (EM) trees), Valdivian and coniferous forests (dominated 
by arbuscular mycorrhizal (AM) trees). By soil resource partitioning/competition, the 
dominant trees mycorrhizal type, or ‘mycorrhizal dominance’, likely affects other non-
mycorrhizal fungal guilds. This study aimed to test the effects of mountain system, my-
corrhizal dominance, edaphic conditions, and altitude on soil fungal taxonomic, func-
tional, and phylogenetic diversity. Here we describe soil fungal communities of temper-
ate rainforests using ITS2 Illumina sequencing. There was a significant effect of mountain 
system on the community composition of all, saprotrophic, EM, and AM fungi. In addition 
to affecting the community composition of all, saprotrophic, and EM fungi, mycorrhizal 
dominance affected EM and AM phylogenetic diversity. Redox potential, C, N, plant avail-
able P, Ca, K and Mg were the edaphic variables that significantly affected all fungi com-
munity composition. The composition of saprotrophs and AM fungi were affected by sim-
ilar edaphic variables while EM composition was affected by pH and K. Only AM richness 
was lower at higher altitudes. Saprotroph and EM abundances were negatively related. 
Overall, mycorrhizal dominance significantly affected non-mycorrhizal soil fungal guilds. 

Keywords: altitude, functional diversity, geological history, mycorrhizal dominance, phy-
logenetic diversity 
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Is plant community mycorrhization decreasing along a gradient of anthropogenic pres-
sure? 

Maret Gerz (Department of Botany, University of Tartu, Tartu, Estonia), Guillermo Bueno 
(Department of Botany, University of Tartu, Tartu, Estonia), Wim A. Ozinga (Radboud 
University Nijmegen, Nijmegen, the Netherlands), Martin Zobel (Department of Botany, 
University of Tartu, Tartu, Estonia), Mari Moora (Department of Botany, University of 
Tartu, Tartu, Estonia) 

Anthropogenic influence has long been recognized as the main cause of biodiversity loss, 
thus contributing to ecosystem degradation. At the same time, mycorrhizal symbiosis 
plays a crucial role in multiple ecosystem services and often favours plant diversity. Alt-
hough it is known that some human impact can decrease mycorrhization at plant indi-
vidual level, it has not yet been tested how increasing anthropogenic influence translates 
into changes in plant community mycorrhization at larger scales. In this study, we ask 
how the anthropogenic impact changes plant community mycorrhization at a regional 
scale. We expect community mycorrhization to decrease with increasing human influ-
ence, potentially leading to the sensitivity of ecosystems to plant invasions or changes in 
nutrient dynamics. 

Accumulating plant mycorrhizal trait data (mycorrhizal status and type) makes it possible 
to start estimating the contribution of the symbiosis at larger scales. For this, we quanti-
fied the importance of mycorrhizal symbiosis in 170 (semi)terrestrial habitat types in the 
Netherlands, using the Dutch National Vegetation database1 - the largest regional vege-
tation database available. The prevalence of mycorrhizal symbiosis in these habitats was 
quantified by plant community mycorrhization index2 using plant mycorrhizal status 
data. In this talk, the changes in plant community mycorrhization with respect to anthro-
pogenic influence, and potential processes behind these patterns are discussed. 

References: 

1Schaminée, J.H.J., Hennekens, S.M. & Ozinga, W.A. (2012) The Dutch National Vegeta-
tion Database. Biodiversity & Ecology, 4, 201–209 

2 Moora, M. (2014) Mycorrhizal traits and plant communities: perspectives for integra-
tion Journal of Vegetation Science, 25, 1126–1132 

Keywords: anthropogenic impact, plant community mycorrhization, plant mycorrhizal 
traits, plant functional traits, mycorrhizal status 
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Ectomycorrhizal Fungal Communities in a Changing Boreal Forest  

Rae DeVan (Biology, University of New Mexico, Albuquerque, USA), Lee Taylor (Biology, 
University of New Mexico, Albuquerque, USA) 

Introduction: There is a well-documented phenomenon of alternative successional path-
ways in the boreal forest of Interior Alaska following climate change induced increases 
in fire severity[1,3]. However, the impacts of a changing fire regime and concomitant shifts 
in vegetation in the boreal forest of Interior Alaska on ectomycorrhizal fungal (EMF) com-
position and potential below-aboveground feedbacks remains unknown. In this study we 
investigate how fire severity and host tree species influence EMF composition, and how 
this may affect further ecosystem change through influences on hosts. 

Materials and Methods: 2004 was the largest fire year on record in Alaska, with over 5 
million hectares burned. In 2005, replicates of four species of host trees were planted 
into these burns. In 2011 and 2013, seedlings and roots were harvested, aboveground 
biomass was measured and roots were sequenced to determine EMF composition. 

Results: There was a significant interactive effect of burn severity and host tree identity 
on the composition of EMF. Amongst the tree species planted - aspen, black spruce, 
white spruce, and lodgepole pine, aspen EMF communities were the most unique. 

Discussion: As EMF community composition shifts with changes in the fire regime and 
increases in cover by aspen, there is potential to greatly alter forest function through 
species specific differences in fungal contributions to processes such as nutrient cycling, 
carbon storage, and benefits conferred to host trees[2]. 

Conclusion: Concurrent changes in EMF composition with shifts in aboveground tree 
dominance have the potential to affect boreal forest function and responses to climate 
change. 

References: 

1. Johnstone, J. (2010). Changes in fire regime break the legacy lock on successional tra-
jectories in alaskan boreal forest. Global Change Biology, 16(4), 1281-1295. 

2. Koide, R. (2014). Determining place and process: Functional traits of ectomycorrhizal 
fungi that affect both community structure and ecosystem function. New Phytologist, 
201(2), 433-439. doi:10.1111/nph.12538 

3. Mann, D. (2012). Is Alaska's boreal forest now crossing a major ecological threshold? 
Arctic, Antarctic, and Alpine Research, 44(3), 319-331. doi:10.1657/1938-4246-44.3.319 
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Determining plant mycorrhizal types for large datasets: Comparing the phylogenetic vs 
the empirical approach 

Guillermo Bueno (Botany, University of Tartu, Tartu, Estonia), Mari Moora (Botany, Uni-
versity of Tartu, Tartu, Estonia), Maret Gerz (Botany, University of Tartu, Tartu, Estonia), 
Martin Zobel (Botany, University of Tartu, Tartu, Estonia) 

Our knowledge about plants and their symbioses with fungal partners forming mycor-
rhiza is quickly increasing, leading to new opportunities to answer general and global 
questions about the ecology of mycorrhiza. However, the determination of plant mycor-
rhizal traits (i.e. mycorrhizal type) is time demanding, being a limiting factor for studying 
the mycorrhizal symbiosis for complete floras and plant communities at larger scales. In 
these cases, an alternative determination of plant mycorrhizal types has been commonly 
used based on phylogenetic expert-based assumptions1. This approach firstly extrapo-
lates species mycorrhizal information to higher taxonomical levels, such as plant genus, 
family, order, etc., and then interpolates that information to other species within the 
same taxonomic level previously used. Despite of its need and use, we lack any compar-
ative study to assess the strength and weakness of this common approach in relation to 
the use of the most updated collation of empirical research data from each species (spe-
cies based information approach2). In this study, we compare the plant species empirical 
approach2 with the phylogenetic approach1 to determine plant mycorrhizal types for the 
plant species of the European Flora. We compared the trait data obtained with the two 
approaches and assessed their differences in the distribution patterns of mycorrhizal 
types in Europe. In this talk, I will present the comparison of both approaches and discuss 
the best strategies to overcome the lack of information depending on the scale and the 
question of the study. 

References: 

1 Brundrett, M.C. Mycorrhizal associations and other means of nutrition of vascular 
plants: understanding the global diversity of host plants by resolving conflicting infor-
mation and developing reliable means of diagnosis. Plant Soil (2009) 320: 37. 
doi:10.1007/s11104-008-9877-9 

2 Bueno CG, Moora M, Gerz M, et al. Plant mycorrhizal status, but not type, shifts with 
latitude and elevation in Europe. Global Ecol Biogeogr. (2017) In press. 
https://doi.org/10.1111/geb.12582  

Keywords: plant mycorrhizal traits, arbuscular mycorrhiza (AM), ectomycorrhizal (ECM), 
ericoid mycorrhiza (ERM), non-mycorrhizal plant species (NM) 
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Tree genotype modulates nutrient cycling through its root-associated microbiota in 
Mediterranean pine forests 

Leticia Pérez-Izquierdo (Instituto de Ciencias Agrarias- CSIC, Madrid, Spain), Mario Zabal-
Aguirre (Instituto de Ciencias Agrarias-CSIC, Madrid, Spain), Santiago C. González-Martínez 
(INRA, BIOGECO, UMR, Cestas, France), Marc Buée (INRA Nancy –Université de Lorraine, 
Champenoux, France), Miguel Verdú (CIDE-CSIC-UV-GV, Moncada, Spain), Marta Goberna 
(CIDE-CSIC-UV-GV, Moncada, Spain), Ana Rincón (Instituto de Ciencias Agrarias-CSIC, Madrid, 
Spain) 

Plant genetic variation determines the diversity and composition of belowground micro-
bial communities. Thus, the genotype of the host plant may leave a phylogenetic finger-
print in its root-associated microbiota that could finally determine the rates of microbial-
driven ecosystem functions. 

To test this hypothesis, we sequenced molecular markers and reconstructed the phylog-
eny of symbiotic ectomycorrhizal (ECM) fungi and rhizospheric bacteria associated with 
different genotypes of Pinus pinaster Ait. trees planted in three 45-year-old common gar-
den experiments. Different enzymatic activities related to carbon turnover and the mo-
bilization of nutrients were used to evaluate the ecosystem functioning. 

The tree genotype determined the plant productivity and shaped the phylogenetic struc-
ture of its root-associated microbial communities regardless of the planting site. The phy-
logenetic community structure of ECM fungi and bacteria further predicted the rates of 
nutrient cycling. Fungal phylogenetic assemblages dominated by Basidiomycetes that co-
existed with evolutionarily distant fungi, showed increased cellulolytic activity, while 
those with an overrepresentation of Ascomycetes co-occurring with closer relatives, in-
creased peptidase activity. Bacterial phylogenetic assemblages dominated by Proteobac-
teria that showed low phylogenetic distances to their neighbours, showed an increased 
enzymatic hemicellulose-degrading activity and recalcitrant nitrogen compounds. The 
fact that fungi and bacteria explained the activity of different enzymes suggests func-
tional complementarity. 

Different plant genotypes shape the phylogenetic structure of their belowground ECM 
fungi and bacteria with crucial ecological consequences at the community and ecosystem 
levels. 
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AMF association contributes to Cr accumulation and tolerance in plants growing on Cr 
polluted soils 

Ovaid Akhtar (Department of Botany, University of Allahabad, Allahabad, India) 

Arbuscular mycorrhizal fungi (AMF) are found in mutualistic association with plants in 
heavy metal (HM) polluted soils.1 This study has been undertaken to elucidate the AMF 
status and its contribution to the host plants growing in chromium (Cr) sludge deposit. 

Various mycorrhizal parameters and Cr accumulation in the roots has been assessed and 
correlated through principle component analysis. The structural adaptions found in AMF 
were also studied. 

Cr sludge deposit was dominated by Cynodon dactylon, Parthenium hysterophorus, Cro-
ton bonplandianum and Prosopis juliflora. High mycorrhizal colonization and low spore 
population was recorded. A total of seven types of AMF were isolated. Funneliformis 
mosseae, Rhizophagus intraradices, Funneliformis geosporus and Glomus sinuosum were 
recovered from two hosts, while, Rhizophagus fasciculatus, Glomus aggregatum and 
Acaulospora scrobiculata from single host. Diversity of AMF in HM polluted soils is low 
due the selection pressure of HM2. Degree of mycorrhizal colonization and the abun-
dance of arbuscules and hyphal coils were in strong influence of Cr accumulation in the 
roots. AMF of the study site were consisting of adaptive features like compact sporocarp, 
very thick and dark colored spore wall, sloughing outermost layer and formation of water 
stable aggregates. Native AMF provide protection to the host plants in HM polluted soil 
by various means1. 

Results of correlation analysis between various parameters and the presence of struc-
tural adaptive features in AMF clearly indicated, that these AMF have contributed to the 
Cr accumulation and tolerance to the host plants. 

References: 

1. Khade SW, Adholeya A (2009) Arbuscular mycorrhizal association in plants growing on 
metal-contaminated and non-contaminated soils adjoining Kanpur tanneries, Uttar Pra-
desh, India. Water Air Soil Pollut 202:45-56 

2. Yang Y, Song Y, Henrik V et al. (2015) Community structure of arbuscular mycorrhizal 
fungi associated with Robinia pseudoacacia in uncontaminated and heavy metal contam-
inated soils. Soil Biol Biochem 86:146-158 

Keywords: arbuscular mycorrhizal fungi, chromium accumulation, heavy metal toler-
ance, structural adaptation, Technosols 
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Ectomycorrhizal fungal community hosted by Caryophyllales in a hyperdiverse Neo-
tropical dry forest 

Julieta Alvarez-Manjarrez (Botany, Instituto de Biología, UNAM, Mexico City, Mexico), 
Roberto Garibay-Orijel (Botany, Instituto de Biología, UNAM, Mexico City, Mexico) 

The ectomycorrhizal (ECM) fungal studies commonly carried out in temperate forests 
have currently been extended to tropical habitats; with the result of an ample discovery 
of new symbioses and fungal species. We have been exploring a tropical dry forest (TDF) 
which is an endangered terrestrial ecosystem. Since Fabaceae is the main plant family in 
this environment, we tested whether leguminous hosts were the main ECM hosts. 

We sampled 98 soil cores in Chamela, Mexico. To recognize the ECM fungal-plant symbi-
onts we sequenced the fungal ITS rDNA region and the plant rbcL and trnL cpDNA regions. 

This study identified 21 plant species belonging to 10 families that hosted 20 previously 
unknown ECM fungal species from 6 lineages. The majority of ECM fungi were associated 
with Caryophyllales, nor with Fabaceae. Achatocarpus gracilis and Guapira petenensis 
were the main ECM hosts. Achatocarpus, Coccoloba, Guapira, Pisonia and Ruprechtia, 
demonstrate that the ECM symbiosis evolved at least in 4 independent clades within Car-
yophyllales. 

All the ECM fungi found are new species. We had already described Tomentella brunne-
oincrustata, Thelephora versatilis, T. pseudoversatilis, and new Clavulina species are still 
in revision. The unique and small ECM fungal diversity in this TDF could be explained 
because the scattered distribution of a high diversity of non-abundant ECM hosts. Our 
results emphasize the importance of exploring the ecology and evolution of plants and 
fungi in tropical habitats. 

Keywords: tropical dry forest, Caryophyllales, ectomycorrhiza, Achatocarpus, new fungal 
species 
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Is Above- or Below- Ground Interaction is important: A case study of an Orchid Malaxis 
acuminata D. Don 

Julie Thakur (Department of Botany, University of Delhi, Delhi, India) 

Malaxis acuminata D. Don (syn. Crepidium acuminatum (D.Don) Szlach.) is a threatened 
and medicinally important species belonging to family Orchidaceae. Majority of orchids 
rely on symbiotic relationships with pollinators for sexual reproduction (above ground 
interaction) and mycorrhizal fungi for seed germination (below ground interaction) to 
complete their life cycle. To study the above ground interactions: floral morphology, phe-
nology, biochemistry and pollination aspects were carried out. For below ground inter-
action: roots were analysed to assess the extent of mycorrhizal invasion using ultrastruc-
tural studies. Molecular characterization was also done to identify associated fungi using 
ITS1F/ITS4 and ITS1/ITS4tul primers from root samples. ITS sequences were analyzed 
with BLAST against the NCBI sequence database to know the closest sequence matches 
in the GenBank database. Samples were identified to be belonging to three main genera 
i.e., Aspergillus, Penicillium and Tulasnella. The results obtained make it a comprehensive 
study that above ground interaction doesn't lead to a reproductive success but below 
ground interaction helps seeds to germinate and to get nutrition. Since, Orchids possess 
non-endospermous embryo which lacks the food reservoir. Hence, orchid roots harbour 
a large diversity of fungal species to obtain carbon and other mineral nutrients to com-
plete their life cycle. Thus, the identification of associated mycorrhizal fungi will help us 
to conserve this plant as well as to maintain the ecological balance. 

Keywords: Malaxis acuminata, orchidaceae, mycorrhiza, diversity, conservation 
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Sequestration and detoxification of metal ions by metallothioneins in ectomycorrhizal 
fungus Suillus himalayensis 

Sudhakara M. Reddy (Department of Biotechnology, Thapar University, Patiala, India), 
Tania Kalsotra (Department of Biotechnology, Thapar University, Patiala, India), Shikha 
Khullar (Department of Biotechnology, Thapar University, Patiala, India), Radhika Ag-
nihotri (Department of Biotechnology, Thapar University, Patiala, India) 

Metallothioneins (MTs) are small, cysteine-rich peptides involved in intracellular seques-
tration of heavy metals. We examined the role of two MTs (ShMT1 and ShMT2) in metal 
homeostasis and detoxification from the ectomycorrhizal fungus Suillus himalayensis. 

Two MT genes ShMT1 and ShMT2 were cloned and characterized from S. himalayensis. 
The response of these MTs to elevated copper and cadmium stress was studied by qPCR 
analysis. Heterologous complementation of ShMTs were performed in metal-sensitive 
yeast mutants to confer the metal tolerance. 

Sequence analysis revealed that ShMT1 cDNA contains 105 bp ORF coding for 34 amino 
acids with a predicted molecular mass of 3.4 kDa and isoelectric point at 5.88 with 7 
cysteine residues forming 3 C-x-C motifs. ShMT2 cDNA contains 108 bp ORF coding for 
35 amino acids with molecular mass of 3.5 kDa and isoelectric point at 4.14 with 6 cyste-
ine residues forming two C-x-C motifs. The sequence features of ShMTs showed homol-
ogous to region-specific traits of known short MTs from basidiomycetes. qPCR analysis 
showed that the expression levels of both ShMT1 and ShMT2 increased as a function of 
increased external Cu and Cd concentrations. Suillus himalayensis also showed high tol-
erance to Cu and Cd and able to accumulate when grown in presence of these metals. 
Heterologous complementation assays in metal-sensitive yeast mutants indicated that 
both ShMT1 and ShMT2 encode peptides capable of conferring higher tolerance to both 
Cu and Cd. Present study results indicated that S. himalayansis encodes two MTs in-
volved in the detoxification of Cu and Cd. 
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Assessment of Indigenous Arbuscular Mycorrhizal Fungal Colonization Status in Se-
lected Plants in Kuwait Desert 

Ali M. Quoreshi (Desert Agriculture and Ecosystems Program, Kuwait Institute for Scien-
tific Research, Kuwait, Kuwait), Vinod Kumar (Biotechnology Department, Kuwait Insti-
tute for Scientific Research, Kuwait, Kuwait), Majda K. Suleiman (Desert Agriculture and 
Ecosystems Program, Kuwait Institute for Scientific Research, Kuwait, Kuwait), Anitha 
Jasmine (Desert Agriculture and Ecosystems Program, Kuwait Institute for Scientific Re-
search, Kuwait, Kuwait), Mini T. Sivasdasan (Desert Agriculture and Ecosystems Program, 
Kuwait Institute for Scientific Research, Kuwait, Kuwait), Rini Thomas (Desert Agriculture 
and Ecosystems Program, Kuwait Institute for Scientific Research, Kuwait, Kuwait), 
Sheena Jacob (Desert Agriculture and Ecosystems Program, Kuwait Institute for Scientific 
Research, Kuwait, Kuwait) 

An investigation of arbuscular mycorrhizal fungal community associated with the roots 
of selected plants from different vegetation types in Kuwait desert areas has been con-
ducted in this pioneer study. In desert environments, mycorrhizal associations are obvi-
ous and a critical factor for the survival of plants and play a fundamental role in ecosys-
tem dynamics and productivity. Nevertheless, a little effort has been offered in Kuwait 
to investigate AM fungal community structure with native plant species and its identifi-
cation. The main aim of the study was to investigate the mycorrhizal community associ-
ated with representative plant root samples that were collected from different species 
from Kuwait desert and to obtain a baseline data on AM fungal community structure. 

Root samples were analyzed for a suite of characteristics including 16S rDNA and ITS se-
quence identifications, and PCR based cloning and sequencing technique for the identi-
fication of AM fungal community. The presence of and the rate of AM fungal colonization 
data revealed that samples collected during winter had relatively higher colonization 
rates when compared to summer samples. A total of 172 clones were sequenced. How-
ever, only 148 clones could be identified in the Glomeromycota group. Other clones 
mostly belong to Ascomycota with fewer belonging to Basidiomycota and Viridiplantae. 
Phylogenetic relationships were developed and showed the evolutionary relationship of 
arbuscular fungal taxa. Most of the identified AM belongs to Glomus, Septoglomus, Rhi-
zophagus, Funneliformis, Claroideoglomus and a large number of uncultured genus. Our 
research is currently focused on AM community study using more advanced next gener-
ation sequencing tools to identify up to the species level. 

Keywords: native vegetation, arbuscular mycorrhizal fungi, molecular identification, root 
samples 
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Contribution of mycorrhizas to plant community ecology – a commercial perspective 

Kiran Sehajpal (Sai Bio Organics, Moga (PB) India, Moga, India), Aman Sharma (Sai Bio 
Organics, Moga, India) 

Introduction: Commercial success of any product is the ultimate yardstick of its useful-
ness. Mycorrhizas are multi utility, multidimensional, versatile and nearest to nature. 
How do these score on commercial scale for the manufacturer, trader, farmer, plant 
community and ecosystem management? 

Methodology: This paper is entrepreneur’s perspective and not that of a scientist. It is 
summing up of observations and analysis of 7 years data of actual experience by manu-
facturer on challenges in production of Mycorrhizas, its storage, sale, farmers’ views, ef-
fects on environment and ecology. 

Results: It is possible and feasible to overcome the challenges of obtaining pure culture, 
do contamination free bulk production, make different Concentrations and Formulations 
to suit the needs of terrain, crops and farmers. It is financially viable for manufacturer, 
profitable for traders, economical to farmer and immensely beneficial to plant ecosystem 
due to communication through Mycelium for nutrition and plant immunity. 

Discussion: Mycorrhiza (Frank 1885) has taken more than 100 years to become commer-
cial. Culture based Technology followed by Sai Bio Organics has preserved purity of VAM 
and also grown it in aexinic culture for contamination free spores suspension in bulk in-
oculants. Our in house developed special Recipe of additives to culture has improved the 
end results in actual field conditions. This has made our product surpass all other tech-
nologies to contribute immensely to plant community ecology through “WOOD WIDE 
WEB” as per journal Nature. 

Conclusion: Mycorrhizas produced with quality consciousness are a commercial and eco-
logical success story. 

Keywords: mycorrhizas, plant community, ecology, commercial, aspect 
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137Cs transition between fungi and plants in a pine forest within a year 

Nataliia Zarubina (Institute for Nuclear Research of National Academy of Science of 
Ukraine, Kyiv, Ukraine) 

The Earth’s biosphere has been significantly contaminated with 137Cs as a result of nu-
clear weapons testing and accidents at nuclear power plants. The accident at the Cher-
nobyl NPP stimulated studies on accumulation of 137Cs by mycorrhizal fungi and their role 
in transferring 137Cs to symbiotic plants. 

The aim of this investigation was to study the impact of seasonal fluctuations in the con-
tent of 137Cs in fungi on its accumulation by symbiotic plants. 

The research was carried out on the territory of the exclusion zone of the ChNPP 
(Ukraine). Objects of research were fruiting bodies of Cantharellus cibarius, as well as 1-
year-old needles and branches of Pinus silvestris. Content of 137Cs was measured by 
gamma spectrometry. 

Maximum levels of 137Cs specific activity in fungi were fixed in October. The peak of 137Cs 
content in needles and branches occurs at the time of their active growth in May-July. 

Mycorrhiza is a barrier to the penetration of 137Cs into symbiotic plants (Dighton, 2003). 
As a result of the research, it was found that the lowest levels of 137Cs in needles and 
branches are observed during the period of autumn intensive growth of the mycelium. 
The 137Cs content in needles and branches is comparable to its content in fungi with in-
tensive growth of plant. 

Conclusions: The unrelated fluctuations in 137Cs content in fungi and plants indicate that 
137Cs circulates between the fungi and the plant throughout the year and passes from 
one symbiont to another during the intensive growth of each of them. 

References: 

Dighton J., 2003. Fungi in Ecosystem Processes. New York. 

Keywords: 137Cs, fungi, plants, circulation 
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From grassland to forest: Interaction between arbuscular mycorrhizal and ectomycor-
rhizal plants 

Tereza Knoblochová (Institute of Botany, Czech Academy of Sciences, Průhonice, Czech 
Republic), Petr Kohout (Institute of Botany, Czech Academy of Sciences, Průhonice, Czech 
Republic), Pavla Doubková (Institute of Botany, Czech Academy of Sciences, Průhonice, 
Czech Republic), Jan Frouz (Institute for Environmental Studies, Faculty of Science, Charles 
University, Prague, Czech Republic), Tomáš Cajthaml (Institute for Environmental Studies, 
Faculty of Science, Charles University, Prague, Czech Republic), Miroslav Vosátka (Insti-
tute of Botany, Czech Academy of Sciences, Průhonice, Czech Republic), Jana Rydlová (In-
stitute of Botany, Czech Academy of Sciences, Průhonice, Czech Republic) 

In the course of primary succession in temperate and boreal zones, herbaceous vegeta-
tion and grasses of early succession stages forming arbuscular mycorrhizal (AM) symbio-
sis are later replaced with woody plants predominantly colonized by ectomycorrhizal 
(EcM) fungi. Such shift from a grassland dominated by Calamagrostis epigejos (AM host) 
to young forest of Salix caprea (predominantly EcM host) has been explored at post-min-
ing sites. We tested the hypothesis that EcM fungi can negatively affect AM fungi and, 
consequently, also their host plants, contributing to vegetation change. We sampled soil 
from spots of S. caprea or C. epigejos monocenosis and their contact zone, as well as 
roots of these plants and studied communities of root associated fungi (RAF), mycorrhizal 
colonization and EcM and AM inoculation potentials of the soils. The coexistence of the 
two plant species significantly affected their RAF communities, but more in C. epigejos 
roots. Presence of S. caprea also significantly decreased AM fungal abundance in the soil 
and colonization and species richness of AM fungi in C. epigejos roots. Further, to study 
the effect of interaction of AM and EcM mycelia on seed germination, seedling recruit-
ment and establishment of AM and EcM plant species, we conducted a rhizobox experi-
ment, where the middle compartment was affected by living mycelium of either AM 
fungi, EcM fungi or both fungal groups. Preliminary result show differences in seedling 
establishment and growth depending on presence of specific AM and EcM fungal myce-
lia. 

Keywords: root associated fungal communities, primary succession, arbuscular mycor-
rhiza, ectomycorrhiza 
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Ectomycorrhizal diversity and community structure in stands of Quercus baloot in the 
dry temperate forests of Kalam, Pakistan 

Abdul Nasir Khalid (Department of Botany, University of the Punjab, Lahore, Pakistan), 
Arooj Naseer (Centre for Undergraduate Studies, University of the Punjab, Lahore, Paki-
stan), Matthew E. Smith (Department of Plant Pathology, University of Florida, Gaines-
villes, USA) 

Ectomycorrhizal fungi are essential for plant growth and ecosystem structure. During this 
investigation, ectomycorrhizal diversity and community structure of Oaks in dry temper-
ate forest, Kalam, KP, Pakistan was analyzed. Ectomycorrhizal root tips were sampled 
four times during 2014-2015. Sequencing of the nuclear ribosomal ITS region from ecto-
mycorrhizal root tips and sporocarps identified 43 taxa in Basidiomycota and 8 taxa in 
Ascomycota. A total of 27 species in the form of macrofungi and 39 species in association 
with roots have been identified, some being shared above ground and below ground. 
Ectomycorrhizal communities on root tips were dominated by Inocybe sp.1 followed by 
Cortinarius rubricosus. This is the first study of the ectomycorrhizal community composi-
tion of Oaks from Pakistan. Our results provide baseline data for species richness and 
ecology of ectomycorrhizal fungi associated with Quercus baloot. This study will help in 
the establishment and reclamation of forests of Quercus trees in Pakistan. 

Keywords: Hindu Kush range, fungal ecology, mycorrhizal fungi 
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Isolation and morpho-molecular identification of root plant symbionts of Quebec's arc-
tic and alpine tundra 

Léonie Côté (Laval University, Québec, Canada), Damase P. Khasa (Laval University, Qué-
bec, Canada), Stéphane Boudreault (Laval University, Québec, Canada), Marie-Eve Beau-
lieu (Laval University, Québec, Canada), Martin Beaudoin Nadeau (Viridis Terra Innova-
tion inc, Ste-Marie, Québec, Canada), Loïc Didillon (Tata Steel Minerals Canada Limited, 
Schefferville, Québec, Canada), Hugo Thibaudeau Robitaille (T2 Environnement, McMas-
terville, Québec, Canada) 

The development of energy and natural resources-rich Northern Quebec in the coming 
decades may have a negative impact on the ecological integrity of terrestrial and aquatic 
ecosystems. For example, mine waste dumps established in the Schefferville area in the 
1960-1970s, due to iron ore exploitation, are still bare of vegetation. Acquiring new 
knowledge on the ability of northern ecosystems to absorb and remove contaminants 
and to regenerate is crucial for sustainable development of the Quebec mining industry. 
Our research hypothesis is that the use of root plant symbionts can enhance the uptake 
and removal of contaminants and the establishment of plant communities on drastically 
disturbed land. The objective of our work was to isolate root symbionts from healthy 
arctic and alpine tundra host plants from Schefferville area, using selective media. Mor-
photypes were characterized using molecular techniques. DNeasy Plant kit (Qiagen) was 
used to isolate DNA from pure cultures. 16S rDNA and Internal Transcribed Spacer (ITS) 
bi-directional Sanger sequencings were used to identify bacterial and fungal symbionts, 
respectively. The sequences were blasted using the blastn algorithm in the NCBI data-
base. Phylogenetic analysis was performed by Maximum Likelihood (ML) implemented 
in Mega 7.0.21 and Bayesian inference (BI) in MrBayes 3.2.6 softwares to generate ge-
nus-species level classification. Preliminary results using morphological and molecular 
typings will be presented. This project will allow us to create a microbial bank that can 
be used as microbial inoculants for reclamation of iron ore waste dumps in Schefferville. 

Keywords: northern ecosystems, plant symbionts, microbial inoculants, mycorrhiza  
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Scleroderma areolatum ectomycorrhiza on Fagus sylvatica L. 

Tanja Mrak (Department of Forest Physiology and Genetics, Slovenian Forestry Institute, 
Ljubljana, Slovenia), Katja Kühdorf (Institute of Landscape Biogeochemistry, Leibniz Cen-
tre for Agricultural Landscape Research (ZALF), Müncheberg, Germany), Tine Grebenc 
(Department of Forest Physiology and Genetics, Slovenian Forestry Institute, Ljubljana, 
Slovenia), Ines Štraus (Department of Forest Physiology and Genetics, Slovenian Forestry 
Institute, Ljubljana, Slovenia), Babette Münzenberger (Institute of Landscape Biogeo-
chemistry, Leibniz Centre for Agricultural Landscape Research (ZALF), Müncheberg, Ger-
many), Hojka Kraigher (Department of Forest Physiology and Genetics, Slovenian For-
estry Institute, Ljubljana, Slovenia) 

Introduction: Despite its broad host range and distribution and its potential applications 
in commercial plantation forests, comprehensive descriptions of Scleroderma ectomy-
corrhizae are available only for S. citrinum, S. bovista and S. sinnamariense. 

Materials and Methods: This study provides a morphological and anatomical description 
of naturally occurring ectomycorrhizae of S. areolatum on Fagus sylvatica, obtained from 
a tree nursery in Slovenia and grown for several years in a climatized room. Additionally 
a phylogenetic position of the newly described ectomycorrhizal was performed. 

Results: Ectomycorrhizae of S. areolatum were silvery-white with abundant rhizo-
morphs; all mantle layers were plectenchymatous, rhizomorphs of type E, with promi-
nent emanating hyphae with thick cell wall. The distal ends of emanating hyphae of rhi-
zomorphs were inflated and often merged with other emanating hyphae. All parts of the 
mycorrhiza were clampless. In hyphae of the outer mantle layer, rhizomorphs and ema-
nating hyphae, oily droplets were observed that did not stain in sulfo-vanillin and disap-
peared in lactic acid after a few hours. The phylogenetic position of the newly described 
ectomycorrhiza placed the fungal partner in a single polyphyletic species hypothesis 
taxon SH005470.07FU in clade with S. verrucosum and S. cepa, while the ectomycorrhiza 
can still be separated from these two morph-species based on rhizomorph type. 

Discussion: To adequately describe and identify Scleroderma areolatum ectomycorrhi-
zae, there is a need to use a combination of all proposed approaches and a worldwide 
consideration of the available reference material. 

Keywords: pioneer ectomycorrhizal fungi, morphological and anatomical description, 
long-distance exploration type, rhizomorphs, European beech 
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Relationship between diversity of plants and arbuscular mycorrhizal fungi in response 
to land-use change 

Rocío Vega-Frutis (Programa de Biología, Universidad Autónoma de Nayarit, Tepic, Cen-
tro, Mexico), Jorge Lauriano-Barajas (Universidad Autónoma de Nayarit, Tepic, Centro, 
Mexico), Josué Fong (Universidad Autónoma de Nayarit, Tepic, Centro, Mexico), Ana 
Aguilar-Chama (Red de Biología Evolutiva, Instituto de Ecología A. C, Xalapa, Veracruz, 
Mexico) 

In Mexico, tropical montane cloud forests account for 1% of the land area, but support 
the highest diversity of plants and animals of any Mexican ecosystem1. However, the 
coverage of cloud forests has decreased mainly due to land-use change for coffee crops2. 
Because arbuscular mycorrhizal (AM) fungi can contribute to the restoration of degraded 
ecosystems, understanding the effects of land-use change on AM diversity and their po-
tential host plants is a challenge. 

Here, we investigated land-use change effects on the diversity of plants and AM spores 
in the cloud forest and their associated coffee crops in Nayarit, México. We had ten plots 
of 5x5 m along a transect located by a vegetal community. In the dry season, we regis-
tered the diversity of plants and collected soil from five points within each plot, the soil 
was then homogenized. 

Our preliminary results showed that the abundance of plants was greater in the coffee 
crops, but the richness was higher in cloud forest and this one presented more species 
evenness. For AM morphospecies the abundance and richness were higher in the coffee 
crops than cloud forest. 

These results are in agreement with a previous study3. It is probable that the diversity of 
AM fungi and plants may not correlate but, the ecotone could explain the greater diver-
sity of AM fungi in the coffee crops. Further research is needed to determine the role of 
land-use change on the diversity of AM fungi and plants in the cloud forests. 

References: 
1Ponce-Reyes R, Reynoso-Rosales V-H, Watson JEM, VanDerWal J, Fuller RA, Pressey RL, 
Possingham HP. 2012. Vulnerability of cloud forest reserves in Mexico to climate change. 
Nature Climate Change 2:448–452. 
2Gual-Díaz M, Rendón-Correa A (comps.). 2014. Bosques mesófilos de montaña de 
México: diversidad, ecología y manejo. Comisión Nacional para el Conocimiento y Uso de 
la Biodiversidad. México. 352 pp. 
3Arias RM, Heredia-Abarca G, Sosa VJ, Fuentes-Ramírez LE. 2011. Diversity and abun-
dance of arbuscular mycorrhizal fungi spores under different coffee production systems 
and in a tropical montane cloud forest patch in Veracruz, México. Agroforestry Systems 
85:179–193.
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Distribution characteristics of AMF and DSE in mangrove along a tide gradient 

Jianhua Guo (School of Life Sciences, Sun Yat-sen University, Guangzhou, China), 
Guorong Xin (School of Life Sciences, Sun Yat-sen University, Guangzhou, China), Qian 
Zhou (School of Life Sciences, Sun Yat-sen University, Guangzhou, China), Chuntao He 
(School of Life Sciences, Sun Yat-sen University, Guangzhou, China), Xue Peng (School of 
Life Sciences, Sun Yat-sen University, Guangzhou, China) 

Previous studies have proved the common presence of arbuscular mycorrhizal fungus 
(AMF) and dark septate endophytes (DSE) in mangrove roots. But their distribution char-
acteristics in mangrove forest is not yet clear. Given the various environment in intertidal 
zone, we predict different distribution of AMF and DSE along tide level. 

Sampling sites were divided into three tide levels: (1) mangrove edge (ME) which were 
not swamped; (2) high tide (HT) and (3)mid tide (MT) regions with daily flooding hours of 
around 1-3 h and 3-5 h, respectively. Both soil and root samples were collected for de-
termination of fungal composition, colonization rates, and AMF spore density. 

We found similar fungal composition in soil but different in roots. Homologous fungal 
communities were found among HT root samples. In addition, higher mycorrhizal colo-
nization was observed in HT. However, AMF spore density was similar among different 
groups. 

Our work demonstrates higher mycorrhizal diversity and quantity in the high tide zone, 
which seems to be contradictory to the fact that these fungi are aerobic. The fungal dis-
tribution might affect the mangrove community patches. 

In conclusion, mycorrhizal distribution is different along tide gradient, and their eco-func-
tion in mangrove should be explored further. 

Keywords: arbuscular mycorrhizal fungus, dark septate endophytes, mangrove, mycor-
rhizal distribution, tide gradient 
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Characterization of arbuscular mycorrhizal fungi along volcanic slopes with respect to 
disturbance tolerance 

Rifa Atunnisa (Applied Bioscience, Graduate School of Agriculture Hokkaido University, 
Sapporo, Japan), Tatsuhiro Ezawa (Graduate School of Agriculture Hokkaido University, 
Sapporo, Japan) 

Arbuscular mycorrhizal (AM) fungi play a significant role in the establishment of vegeta-
tion during early primary succession. Slopes of active volcanoes are a unique ecosystem 
in which plant and soil are frequently disturbed by ash falling and erosion. 

In this study, AM fungal community in the slopes of Mt. Tarumae volcano, one of the 
active volcanoes in Japan, is characterized with respect to disturbance tolerance. 

Ten individuals of the grass pioneer species Miscanthus sinensis were selected from each 
of the three habitat types, slope, gully, and grassland, along the slopes towards the crater 
(30 plants in total), and two soil core samples were collected from each individual. One 
of the two core samples were sieved (disturbed treatment), and the other was not (intact 
treatment). M. sinensis seedlings were grown in these soils for two months, and the roots 
were subjected to molecular analysis for identification of AM fungi. Sixty PCR products 
were sequenced by the illumina MiSeq platform, and 113 AM fungal operational taxo-
nomic units (OTUs) across 7 families were identified. 

Mantel test revealed that elevation is a significant environmental factor that drives the 
communities. Dissimilarity analysis showed that the disturbance treatment had a signif-
icant impact on the communities, but the impact was smaller at higher elevations and 
smallest in the slope habitat. The fourth-corner analysis revealed that significant positive 
correlation of disturbance-tolerant OTUs with elevation. 

These results indicated that the communities are structured along the elevation gradient 
and disturbance-tolerant AM fungi are more abundant at higher elevations. 
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Extreme responses to ectomycorrhizas limit geographic range size in trees 

Justine Karst (University of Alberta, Edmonton, Canada), Cole Burns (University of Alberta, 
Edmonton, Canada), Jonathan A. Cale (University of Alberta, Edmonton, Canada), Pedro 
M. Antunes (Algoma University, Sault Ste. Marie, Canada), Michaela Woods (Wright State 
University, Dayton, USA), Louis J. Lamit (Syracuse University, Syracuse, USA), Jason D. 
Hoeksema (University of Mississippi, Oxford, USA), Catherine Zabinski (Montana State Uni-
versity, Bozeman, USA), Catherine A. Gehring (Northern Arizona University, Flagstaff, USA), 
Marc LaFleche (University of Alberta, Edmonton, Canada), Megan A. Rúa (Wright State 
University, Dayton, USA) 

Introduction/Aims: Many mechanisms have been proposed to explain geographic range 
sizes. Though the importance of biotic interactions has a long history in biogeography, soil 
microbes are typically ignored from this perspective. We tested whether response to ecto-
mycorrhizal (EM) inoculation explains range size of trees. To examine mechanisms under-
lying the relationship between range size and response to EM inoculation, we also exam-
ined how the extent of sympatry between host and fungi influenced this relationship. 

Methods: Using a dataset of 1295 existing inoculation studies archived in MycoDB, we cal-
culated the mean total biomass response (effect size) of 62 tree species to EM inoculation. 
We extracted host range area from digitized maps of native distributions, and we deter-
mined whether hosts were naturally sympatric with fungal species used as inoculum by 
searching herbaria databases with geospatially referenced data. 

Results: Tree species with effect sizes falling above or below the average response tended 
to have significantly smaller ranges compared to species with ‘average’ responses. Host 
species inoculated with fungi that were allopatric in geography had a higher positive re-
sponse than those inoculated by sympatric fungi. 

Discussion/Conclusion: Here we show that mycorrhizas may underlie host biogeographical 
distribution patterns at the continental scale. Our study is novel in the scope of species and 
scale tested, and points to a mechanism underlying this pattern related to the process of 
mutualism breakdown accruing over time at local geographical scales. For EM tree species, 
performance may in fact increase when exposed to fungal partners without a recent shared 
evolutionary history. 
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Spatial-temporal variations of sporulation of arbuscular mycorrhizal fungi (AMF) in 
Mediterranean sand dunes 

Alberto Guillén (Vegetal Biology, University of Valencia, Valencia, Spain), Fernando-
Javier Serrano (Technical University of Loja, Loja, Ecuador), María Cano (University of 
Valencia, Valencia, Spain), Francesc Mezquita (University of Valencia, Valencia, Spain), 
Juan Bautista Peris (University of Valencia, Valencia, Spain), Isabel Arrillaga (University 
of Valencia, Valencia, Spain) 

Arbuscular mycorrhizae (AMF) are very important in ecosystems with low nutrient avail-
ability, such as the sand dunes on the Mediterranean Coast. The main goal of our study 
was to determine optimal conditions for AMF sporulation in this ecosystem. To this end, 
samples from the rhizosphere of four structuring plants were collected in two sand dune 
habitats (2110 and 2120, according the directive 92/43/CEE) and their ecotones in six 
geographical locations along the coast, in each season over two years (2014-2015; 2015-
2016). A preliminary analysis of the results using a Generalized Linear Model showed that 
the probability of finding AMF spores differed according to locality, habitat type, and 
sampling season (higher sporulation in spring). However, no significant effects of plant 
species were found on the probability of finding AMF spores. Focusing on AMF species 
composition, Redundancy Analysis showed a significant ordination model, after forward 
selection of particular localities, plant species, habitats and sampling seasons, where lo-
cality and habitat had the strongest effect on which AMF taxa were found. Further anal-
ysis of soil environmental features will help understanding whether the effects of the 
studied categorical variables can be related to particular differences in soil environmen-
tal traits such as humidity or nutrient availability. 

Acknowledgements: This work was funded by a Research Fellowship from the University 
of Valencia to A. G. (UV-INV_PREDOC15-265696). Authors also acknowledge the critical 
revision of Dr. Redecker. 

  

  



ICOM 9 

445 

P (ID 399) 

AM fungi enhance grassland sustainability by improving plant productivity and reduc-
ing N2O emission under nitrogen deposition 

Tao Zhang (Institute of Grassland Sciences, Northeast Normal University, Key Laboratory 
for Vegetation Ecology, Ministry of Education, 130024 Changchun, China, Agroscope, Di-
vision of Agroecology and Environment, CH- 8046 Zürich, Switzerland, Zurich, Switzer-
land), Marcel van der Heijden (Agroscope, Division of Agroecology and Environment, CH- 
8046 Zürich, Switzerland, Zurich, Switzerland) 

Introduction: Nitrogen (N) deposition and arbuscular mycorrhizal (AM) fungi have a big 
impact on plant community structure and ecosystem functioning. The interactive effects 
of AM fungi and N on grassland communities are still unclear. To test the influence of AM 
fungi and N addition on grassland stability and functioning, a 4-year in situ experiment 
was conducted in a temperate meadow in China. 

Materials and methods: This study included two factors, with and without N deposition 
and with and without AM fungal suppression. In the N deposition treatment, plots re-
ceived ammonium nitrate (10 g m-2 yr-1). The abundance and activity of AM fungi was 
suppressed using benomyl. Plant species composition, productivity and N2O were meas-
ured. 

Results: N deposition strongly reduced plant species diversity and evenness, but in-
creased aboveground biomass and N2O emission. Under N deposition, AM did not affect 
plant species diversity and richness, but significantly altered the functional groups cov-
erage and increased aboveground biomass. Moreover, AM fungi significantly decreased 
N2O emission and increased soil N content. 

Discussion: AM fungi did not affect plant diversity and richness which might be related 
to the community composition. In the studied ecosystem, the dominant species has 
lower mycorrhizal dependence. The reduction of N2O could partly be explained by accel-
erated the mineralization of N and increased plant N uptake by AM fungi. 

Conclusion: AM fungi play key roles in maintaining ecosystem stability via increasing 
plant productivity, reducing N2O emission under N deposition in temperate meadow eco-
system. 

Keywords: AM fungi, diversity, greenhouse gas, N cycling 
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Distribution patterns of AMF in the roots of co-occurring arbuscular mycorrhizal and 
non-host wetland plants 

Yutao Wang (School of Life Science, South China Normal University, Guangzhou, China), 
Yingwei Li (School of Life Science, South China Normal University, Guangzhou, China), 
Shaoshan Li (School of Life Science, South China Normal University, Guangzhou, China), 
Søren Rosendahl (Department of Biology, University of Copenhagen, Copenhagen, Den-
mark) 

Introduction/Aim: Although AMF colonization of non-mycorrhizal (NM) plants has been 
known for decades, our knowledge of AMF community structure in NM plants is only 
fragmentarily known. 

Materials and Methods: We compared AMF species composition and community struc-
ture in the roots of co-occurring NM and AM plants in two wetlands. A fragment covering 
partial SSU, ITS and partial LSU rDNA region was amplified, cloned and sequenced, and 
used to characterize the AMF community structure in the roots of 16 putative NM and 
18 AM plant species. 

Results: AM hyphal and vesicle structures were observed in both NM and AM plants, and 
molecular data confirmed their presence. Totally 971 AMF sequences were obtained, 
and these were finally assigned to 28 OTUs based on phylogenetic analysis. The AMF 
diversity in non-host plants was not lower than in AM hosts, and ten OTUs were only 
detected in the NM species. The root-colonizing AMF community was significantly differ-
ent between the AM and NM plants. 

Conclusion: NM plants represent a potential source of “hidden” diversity, and the AMF 
global diversity may possibly been under-estimated. The host quality may be an im-
portant driver of AMF community assembling; and neighboring AM roots may not be the 
primary carbon source for AMF in non-host plants. 

Keywords: arbuscular mycorrhizal fungi (AMF), distribution pattern, hidden diversity, 
non-host (non-mycorrhizal) plant, wetland 
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A giant mycoheterotrophic orchid, Erythrorchis altissima, is associated with a wide 
range of wood-decaying fungi 

Yuki Ogura-Tsujita (Faculty of Agriculture, Saga University, Saga, Japan), Gerhard 
Gebauer (Bayreuth Center of Ecology and Environmental Research, University of Bay-
reuth, Bayreuth, Germany), Hui Xu (The Hebrew University of Jerusalem, Rehovot, Israel), 
Yu Fukasawa (Tohoku University, Sendai, Japan), Hidetaka Umata (Takanabe-Kinoko la-
boratory, Takanabe-cho, Japan), Kenshi Tetsuka (Yakushima YOCA, Yakushima-cho, Ja-
pan), Masayuki Maki (Tohoku University, Sendai, Japan), Tomohisa Yukawa (Tsukuba 
Botanical Garden, National Museum of Nature and Science, Tsukuba, Japan) 

The orchid Erythrorchis altissima is known as one of the largest mycoheterotrophs. It is 
a climbing, perennial hemi-epiphytic species without foliage with a subterranean root 
system. To study its mycorrhizal fungal diversity and specificity, we firstly investigated 
mycorrhizal fungi of 26 individuals by molecular identification and found 36 fungal 
groups belonging to eight orders. Most of the fungal groups are wood-decaying fungi, 
but underground roots have ectomycorrhizal Russula. Secondly, we isolated the mycor-
rhizal fungi from root tissues and used them for symbiotic germination assays to confirm 
their mycorrhizal ability. Two fungal isolates induced seed germination and following 
seedling development. Thirdly, natural stable isotope abundances of carbon and nitro-
gen were analyzed to reveal the pathways of nutrient acquisition in E. altissima. The 
measurement of C and N stable isotope abundances revealed that E. altissima is a full 
mycoheterotroh whose carbon mainly originates from wood-decaying fungi. This study 
is the first to demonstrate that a giant mycoheterotrophic orchid, E. altissima, is associ-
ated with a divergent set of wood-decaying fungi. 

Keywords: mycoheterotroph, orchid, wood-decaying fungi, stable isotope  
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Root-trait responses to arbuscular mycorrhizal associations in Brachypodium distach-
yon 

Brendan Delroy (Hawkesbury Institute for the Environment, Western Sydney University, 
Hawkesbury, Australia), Jeff R. Powell (Hawkesbury Institute for the Environment, West-
ern Sydney University, Hawkesbury, Australia), Suzanne Donn (Hawkesbury Institute for 
the Environment, Western Sydney University, Hawkesbury, Australia) 

Arbuscular mycorrhizal (AM) responses are highly conditional, with plant-fungal interac-
tions being determined in part by plant root architecture [1][2]. Root architecture is an 
important determinant of plant susceptibility to nutrient deficiency and pathogen infec-
tion, and there is evidence to suggest AM associations can influence these root traits. 
However, most studies have focused on comparisons among plant species with large ar-
chitectural differences. To improve our understanding of how mycorrhizal-plant ecology 
might be dependent on intraspecific variation in root architecture, plant traits were char-
acterised and compared between two accessions of the model cereal Brachypodium dis-
tachyon, BD-21 and Kah-1, to explore correlations between root traits and AM inocula-
tion. 

Plants were inoculated (or not) with a four-species mixture of AM fungi. Plant responses 
included root trait (WinRhizo) and biomass measurements. Multivariate analyses were 
performed to confirm differences in root traits between accessions (P = 0.04), primarily 
driven by differences in leaf nodal roots. The AM treatment had little effect on root trait 
development, the most notable exception being the reduced emergence of crown nodal 
roots in AM plants (P = 0.007). These responses were consistent in the two accessions. 

These results suggest that, while a general AM effect was observed, most notably on the 
emergence of crown nodal roots, B. distachyon responses to AM inoculation did not vary 
between the two tested genotypes. This study also suggests that intraspecific variability 
in AM root architectural trait responses may be low but that this should be confirmed 
with a broader survey of genotypes and their responses. 

References: 

1. NEWSHAM, K. K., FITTER, A. H. & WATKINSON, A. R. 1995. Multi-functionality and bio-
diversity in arbuscular mycorrhizas. Trends in Ecology & Evolution, 10, 407-411. 

2. SIKES, B. A., COTTENIE, K. & KLIRONOMOS, J. N. 2009. Plant and fungal identity deter-
mines pathogen protection of plant roots by arbuscular mycorrhizas. Journal of Ecology, 
97, 1274-1280. 

Keywords: arbuscular mycorrhiza, root traits, root architecture, Brachypodium distachyon, 
context dependency 
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Profiling ectomycorrhizal fungal community recovery in seedlings of south China native 
masson pine and introduced slash pine 

Chen Ning (Plant Biology and Conservation, Northwestern University, Chicago, USA), 
Gregory Mueller (Chicago Botanic Garden, Glencoe, USA), Louise Egerton-Warburton 
(Chicago Botanic Garden, Glencoe, USA), Peter Avis (Indiana University Northwest, Gary, 
USA), Andrew Wilson (Denver Botanic Gardens, Denver, USA) 

Soil fungal spore banks are reservoirs of dormant ectomycorrhizal (ECM) fungal propa-
gules. As pine trees are reliant on ECM fungal symbionts for growth and survival, the 
availability of existing ECM fungi spore banks is likely to be important for establishment 
of alien pine species in a new habitat. 

We took advantage of a large forest site in Guizhou, China that includes both conserved 
native pine (Pinus massoniana) forests and introduced pine (Pinus elliottii) plantations. 
Pine seedling bioassays were employed to examine ECM fungal root tip communities us-
ing high-throughput sequencing of pooled roots. Field-collected soil cores were treated 
one of three ways: kept intact (undisturbed), homogenized, or autoclaved. We collected 
ECM root tips for two times and found that the pattern of recovery of ECM fungal com-
munities differ from the original soil spore bank: a) pioneer colonizers such as Rhizopo-
gon and Tomentella dominated the bioassay communities in all treatments; b) intact soil 
treatment increased the survivorship for late successional ECM fungal species such as 
Russula; c) ECM fungal community of the introduced pine was comprised of a different 
ECM fungal community to the native pine along a chronosequence developed from soil 
spore bank. 

Thus, our results show that soil disturbance levels could provide various subset of the 
mature forest soil fungal community for host seedlings to establish. Yet, they may be 
extremely important in fungal colonization after large-scale disturbances of reforest area 
and conventional experimental bioassay system. 

Keywords: microbial seed bank, resistant propagule community, ectomycorrhizae, host 
preference, Pinus 
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Community Structure of Arburscular Mycorrhizal Fungi in Post-mining Areas in Korea 

Hyeok Park (Department of Biology Education, Korea National University of Education, 
Chungju-si, Korea), Ahn-Heum Eom (Department of Biology Education, Korea National 
University of Education, Chungju-si, Korea) 

Arbuscular mycorrhizal fungi (AMF) are the most ubiquitous plant-fungal symbiont on 
global ecosystem. Plant-AMF symbiosis is important in ecosystems with unfavorable soil 
because AMF improve the phosphorus absorption ability, tolerance to stress, and re-
sistance to pathogens of host plants. Because post-mining areas are not properly treated 
or subjected to environmental restoration after abandoning the mine, soil contamination 
with the remaining heavy metal components is a serious issue. The purpose of this study 
was to investigate the differences in the AMF communities in soil samples from natural 
forests and abandoned metal mines in Korea. We collected 200 rhizosphere soil samples 
from abondoned metal mines and natural forest areas in Korea. AMF species were iden-
tified using morphological and molecular characteristics of the spores extracted from the 
soil samples. Twenty-one species of AMF from 11 genera were identified. Four AMF spe-
cies were found only in abandoned mines and there were significant differences in rela-
tive abundance of AMF between abandoned mines and natural forests. Acaulospora mel-
lea was dominant in abondoned mines and Ambispora leptoticha was dominant in natu-
ral forests. When different types of mining were compared, a difference in species 
diversities based on the type of mining was also confirmed. 

Keywords: arbuscluar mycorrhizal fungi, mycorrhiza, post-mining area, heavy metal tol-
erance, diversity and community 
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Symbiotic cornucopia: Diversity of Mucoromycotina from vascular and non-vascular 
plants 

Alison S. Jacob (Department of Life Sciences, Imperial College London, London, UK), William 
R. Rimington (Department of Life Sciences, Imperial College London, London, UK), Silvia 
Pressel (Department of Life Sciences, National History Museum, London, UK), Jeff Duckett 
(Department of Life Sciences, National History Museum, London, UK), Jill Kowal (Depart-
ment of Life Sciences, National History Museum, London, UK), Grace Hoysted (Centre for 
Plant Sciences, University of Leeds, Leeds, UK), Sebastian Schornack (Sainsbury Laboratory, 
University of Cambridge, Cambridge, UK), Katie Field (Centre for Plant Sciences, University 
of Leeds, Leeds, UK), Martin Bidartondo (Department of Life Sciences, Imperial College Lon-
don, London, UK) 

The discovery that diverse non-vascular plants are symbiotic with Mucoromycotina (e.g. 
Endogonales) rather than Glomeromycotina has sparked debate about which partner-
ship represents the ancestral state of mycorrhizal symbiosis. Recent investigations have 
shown mutualistic Mucoromycotina-liverwort associations and Mucoromycotina occur-
ring throughout hornworts, liverworts and lycopods. 

Recent DNA sequences, from plant endosymbionts, has hugely expanded knowledge of 
Endogone diversity a genus within the Endogonales, previously thought to comprise only 
saprotrophic and ectomycorrhizal pea-truffles. One clade is dominated by fruitbody-de-
rived sequences, another by endosymbiotic “Endogone-like” sequences. Our aims are to 
discover the real diversity and host ranges of the Endogonales, to improve phylogenetic 
resolution and to select model taxa for further physiological and cytological studies. 

We screened liverworts, hornworts, lycopods and monocots for Mucoromycotina. Phy-
logenetic reconstructions were performed using maximum likelihood and Bayesian infer-
ence approaches and species delimitation was performed using the generalized mixed 
Yule coalescent model and Poisson tree processes. 

We found that most sequences cluster with known groups within the larger Endogone-
like clade. However, we also detected a new group of sequences derived from a lycopod 
and identified Endogone-like sequences in monocots. 

Phylogenetic reconstruction supports division of the Endogonales into two putative fam-
ilies indicating that the order needs revision. Furthermore, monocots warrant further 
study to determine the nature and extent of their interactions with Endogonales. 

  



9th International Conference on Mycorrhiza| 30th July – 4th August 2017 | Prague, Czech Republic 

452 

P (ID 444) 

Do biotically- and abiotically-dispersed plants rely equally on mycorrhizal associations? 
A case study in Gorongosa-Mozambique 

Marta Correia (Department of Life Sciences, University of Coimbra, CFE – Centre for Func-
tional Ecology, COIMBRA, Portugal), Sérgio Timóteo (Department of Life Sciences, Uni-
versity of Coimbra, CFE – Centre for Functional Ecology, COIMBRA, Portugal), Ruben l. 
Heleno (Department of Life Sciences, University of Coimbra, CFE – Centre for Functional 
Ecology, COIMBRA, Portugal), Susana Rodríguez Echeverría (Department of Life Sciences, 
University of Coimbra, CFE – Centre for Functional Ecology, COIMBRA, Portugal) 

Mutualistic interactions like those established between plants and mycorrhizal fungi and 
seed dispersers are fundamental to determine plant population dynamics and ecosystem 
composition, structure, and function. Despite their importance for plant colonization and 
establishment, both mutualisms have rarely been explored together. To integrate the 
study of seed dispersal and mycorrhizal interactions, a tripartite network quantifying the 
interactions between arbuscular mycorrhizal fungi, plants, and dispersers was con-
structed for Gorongosa National Park, GNP. Data for seed dispersers and plant dispersed 
were obtained from a larger study on seed dispersal conducted during one year (2014-
2015) in GNP. Arbuscular mycorrhizal communities (AMF) were assessed in the roots of 
the 15 plant species most commonly dispersed and in 15 other common plant species in 
GNP that were not animal-dispersed. Mixed root samples for each host species were 
subjected to DNA extraction amplification of the SSU rDNA and pyrosequencing. This is 
the first time that a tripartite network of this type is assembled. Comparing both mutu-
alisms for dispersed plants, we found a higher specialization for dispersers than for AMF. 
71 AMF virtual taxa (VT) were detected mostly from Glomeraceae family, 30 VT exclusive 
of dispersed plants and 14 of plants not found to be dispersed by animals while 27 VT 
were shared by both groups. Our results show that plants dispersed by animals tend to 
have a lower diversity of AMF virtual taxa in their roots than those dispersed by abiotic 
vectors. 

Keywords: arbuscular mycorrhizal fungi, ecological networks, seed dispersal, Africa 
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Community structure of arbuscular mycorrhizal fungi associated to Argania spinosa 
trees from Algeria 

Abdallah Noui (Agronomic sciences and biotechnology, Hassiba Benbouali University of 
Chlef, Chlef, Algeria), Nassima Mostefa Della (Departments of Biotechnology, University 
of Science and Technology Mohamed Boudiaf, Oran, Albania), Abdelkader Saadi (Agro-
nomic sciences and biotechnology, Hassiba Benbouali University of Chlef, Chlef, Algeria), 
Abdelazize Merouane (Agronomic sciences and biotechnology, Hassiba Benbouali Uni-
versity of Chlef, Chlef, Algeria) 

The study aims to evaluate the diversity of arbuscular mycorrhizal fungi associated with 
the rhizosphere of argan trees (Argania spinosa L. Skeels) growing in the region of Chlef 
and that of Mostaganem (Algeria). The identification of these fungi has been performed 
by microscopic analysis of stained roots by trypan blue. The isolation of spores was done 
by wet sieving. Observation of root system of the argan trees under the microscope re-
vealed the absence absorbent pans; this character shows the dependence of the argan 
to mycorrhizal fungi for the absorption of water and minerals. The observation of root 
fragments taken from the two regions has helped to highlight the presence of arbuscular 
mycorrhiza. The study also reveal the identification of four mycorrhizal species, three 
species belong to the genus Glomus (Glomus aggregatum, Glomus constrictum and Glo-
mus sp.) and one specie belongs to the genus Gigaspora (Gigaspora maragrita). The re-
sults of isolation and identification of spores are similar in both regions in terms of spe-
cies and different types of side number of spores; Whereas the ecological factors such as 
climate, rainfall, temperature, and biotic factors: soil type, the phosphorus content, the 
floristic surrounding the tree trunk. 

Keywords: mycorrhiza, Argania, Glomus, Algeria 
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Ectomycorrhizal diversity in stands of Quercus dilata from Upper Dir, KPK, Pakistan 

Arooj Naseer (Centre for Undergraduate Studies, University of the Punjab, Lahore, Paki-
stan), Abdul Nasir Khalid (Department of Botany, University of the Punjab, Lahore, Paki-
stan), Matthew E. Smith (Department of Plant Pathology, University of Florida, Gaines-
villes, USA) 

Most conservation efforts in dry tropical forests have overlooked less obvious targets for 
conservation, such as mycorrhizal fungi, that are critical to plant growth and ecosystem 
structure. We documented the diversity of ectomycorrhizal (EMF) fungi of Quercus dilata 
(Fagaceae), in Lamati, Upper Dir, KPK, Pakistan. Sequencing of the nuclear ribosomal ITS 
region in EMF root tips identified 15 genera with 28 species. The result showed that Ino-
cybe was highly diverse with five different species. Lacatrius mediterranensis was found 
dominant. This is the first study of the ectomycorrhizal composition of oaks from Upper 
Dir. Information collected from this study can be used as baseline information for future 
studies to investigate the impacts of different ectomycorrhizal fungi on endemic oak. 
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Primary succession and functioning of arbuscular mycorrhiza in a Danish coastal dune 
system 

Jens Rasmus Plantener Jespersen (Terrestrial Ecology, University of Copenhagen, Copen-
hagen, Denmark), Álvaro López García (University of Copenhagen, Copenhagen, Den-
mark), Jesper Johansen (University of Copenhagen, Copenhagen, Denmark), Camilla 
Maciel Rabelo Pereira (University of Copenhagen, Copenhagen, Denmark), Hans Henrik 
Bruun (University of Copenhagen, Copenhagen, Denmark), Rasmus Kjøller (University of 
Copenhagen, Copenhagen, Denmark) 

The succession of plants is well studied while there is still much uncertainty on how my-
corrhizal functions develop in ecosystems over time. In this study, we focus on the suc-
cession of arbuscular mycorrhizal (AM) fungal traits over a well-defined successional gra-
dient. By examining orthophotos from 1995-2016 we were able to trace the establish-
ment of the vegetation in a new coastal system in southern Zealand, Denmark. A pilot 
study revealed a clear increase of AM extraradical hyphae and organic matter content 
with time, and succession of the plant community. We plan to study this further and 
include other AM traits, such as root colonization of arbuscules, vesicles, hyphae and the 
number of spores in the rhizosphere. Taking advantage of trait-based approaches and 
the different functional significance of the measured traits, we will trace the functional 
change along ecosystem formation at this particular site. Knowledge generated in this 
study will be helpful in determining which primary factors drive the successional devel-
opment of natural vegetation. 

Keywords: arbuscular mycorrhiza, traits, succession, community assembly 
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Complex microbial communities including both prokaryotes and eukaryotes colonize and 
interact with mycorrhizal fungal hyphae, sporocarps/fruitbodies, or the mycorrhizo-
sphere. These microbial communities could well be responsible for positive, as well as 
negative interactions with the establishment, development and function of mycorrhizal 
symbioses. Research on mycorrhizal microbiomes has been particularly facilitated by re-
cent explosion of cultivation-independent and high-throughput molecular genetic ap-
proaches to identify total and active microbial communities at the scales from single cells 
to ecosystems, and by using isotope labeling and advanced microscopy techniques. This 
session shall cover a range of subjects, focusing on the strength of association of mycor-
rhizal fungi and other microbes (from loose to tight), including mycorrhizal-helper bacte-
ria, facilitation and competition for resources with saprophytic soil microbes, cross-feed-
ing, trophic cascades as well as endocellular symbionts (bacteria-like organelles) within 
the hyphae of mycorrhizal fungi, stressing the perspective on function and spatial ar-
rangements. 

Chairs: Christina Kaiser, Mika Tarkka 
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The intracellular microbiota of arbuscular mycorrhizal fungi 

Paola Bonfante (Life Science and Systems Biology, University of Torino, Torino, Italy) 

As elements of the same plant microbiota, fungi and bacteria largely interact in the rhi-
zosphere. These inter-domain associations cover different levels of complexity, but the 
most intimate interaction takes place when bacteria live inside the fungal cells as endo-
bacteria.  

The presentation will summarize our current knowledge on the endobacteria living inside 
the arbuscular mycorrhizal fungi (AMF, Glomeromycotina), using them as a paradigm to 
better understand the diversity and origin of fungal endobacteria as well as the interking-
dom interaction they originate. 

To detect the reasons why many fungal strains have maintained their bacterial guests for 
hundreds of million years, we have developed a stable endosymbiont-free strain of Gi-
gaspora margarita (B − ), which has been cured of its Candidatus Glomeribacter gigaspo-
rarum. We have applied multiple morphological and ‘omics’ approaches to directly com-
pare the B− line with the wild-type strain hosting the endobacterium (B+ line). The cou-
pling of transcriptomics and proteomics with physiological and cell biological approaches 
demonstrated that the Gigaspora endobacterium raises the bioenergetic capacity of the 
fungus, increasing its ATP production and respiration, and eliciting mechanisms to detox-
ify reactive oxygen species. We hypothesize that such changes may provide a better eco-
logical fitness to the mycorrhizal fungus. 
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The response of plants and soil microbial communities to drought 

Johan De Gruyter (University of Antwerp, Antwerp, Belgium), Evelyne Elst (University of 
Antwerp, Antwerp, Belgium), Marcel G. A. Van der Heijden (University of Utrecht, Utrecht, 
the Netherlands), James Weedon (University of Amsterdam, Amsterdam, the Netherlands), 
Erik Verbruggen (University of Antwerp, Antwerp, Belgium) 

Soil fungal, bacterial and protist communities interact heavily with each other in soil food 
webs. Therefore, changes in one group may trigger drastic changes in others. As our cli-
mate is rapidly changing, it is critical to understand how soil food webs respond to re-
peated disturbances. We theorize that the presence or absence of arbuscular mycorrhi-
zal fungi (AMF) will have an impact on the soil microbial food web and the response of 
plants when subjected to drought events. To test our hypothesis, we have set up a mes-
ocosm experiment with three different mycorrhizal treatments (0, 1 or 3 taxa) and two 
different drought intensities. Through analyzing several plant parameters as well as the 
soil fungal, bacterial and protist community through high-throughput sequencing, we 
hope to gain an understanding of the robustness of soil microbial communities and their 
interactions with plants when faced with repeated major environmental disturbances. 
Our results indicate that strong observed advantages of AMF disappear or are reversed 
in droughts, with both mycorrhizal treatments experiencing a higher mortality compared 
to non-mycorrhizal treatments. However, all plants seem to benefit greatly from the 
presence of mycorrhiza for their recovery after the extreme drought event. Our genetic 
analysis shows that soil food webs exhibit a shift from the control treatment compared 
to drought treatments, but not with AMF treatments. Therefore we conclude that, alt-
hough in our experiment AMF did not induce a significant shift in the soil food web, they 
still play a significant role for plants during and after extreme events. 

Keywords: soil microbial food webs, arbuscular mycorrhizal fungi, drought 
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Shaking up the microbiome? How field inoculations with mycorrhizal fungi affect rhi-
zosphere communities 

Franz S. Bender (Land, Air and Water Resources, University of California Davis, Davis, USA 
& Plant-Soil-Interactions, Research Division Agroecology and Environment, Agroscope, 
Zürich, Switzerland), Klaus S. Schläppi (Plant-Soil-Interactions, Research Division Agroe-
cology and Environment, Agroscope, Zürich, Switzerland), Natacha Bodenhausen (Plant-
Soil-Interactions, Research Division Agroecology and Environment, Agroscope, Zürich, 
Switzerland), Marcel G. A. Van der Heijden (Plant-Soil-Interactions, Research Division 
Agroecology and Environment, Agroscope, Zürich, Switzerland) 

Producing yields to feed a growing global population without deteriorating the environ-
ment is a major challenge for mankind. Inoculations of arable fields with beneficial ar-
buscular mycorrhizal (AM) fungi could be used to enhance crop nutrition in a sustainable 
way. However, it is unclear how the introduction of non-native fungi affects native AM 
fungal and microbial communities. 

We tested, whether Rhizoglomus irregulare inoculated into Swiss maize fields can estab-
lish in maize roots. Inoculation success of the fungus was determined by specially-de-
signed, strain-specific qPCR. We found an overall increase of the inoculant in maize roots 
across all field sites. However, the increase in R. irregulare copy numbers was not neces-
sarily reflected in enhanced root colonization, suggesting that the inoculant successfully 
competed with native AM fungal communities for niche space. Establishment success 
was negatively correlated to native AM fungal abundance. In a greenhouse essay, we 
tested effects of AM fungal inoculation on native AM fungal community composition by 
single molecule real-time (SMRT) sequencing targeting a 1.3 kb long fragment of the ri-
bosomal gene. We confirmed that R. irregulare could outcompete native AM fungi and 
dominate the AM fungal community. However, inoculation with an isolate of Funneli-
formis mosseae did not significantly affect native communities. 

Our results indicate that inoculated fungi can be competitors with native communities, 
raising concerns about potential invasiveness. Consequences for the biosafety of AM fun-
gal inoculations are discussed. Interactions of AM fungi with the wider root microbiome 
are currently being investigated and results will be presented. 

Keywords: field inoculation, agriculture, sequencing, biosafety, microbiome 
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The virome of the arbuscular mycorrhizal fungus Gigaspora margarita 

Massimo Turina (Institute for Sustainable Plant Protection, CNR, Torino, Italy), Nausicaa Astolfi 
(Department of Life Science and Systems Biology, University of Torino, Torino, Italy), Stefano 
Ghignone (Institute for Sustainable Plant Protection, CNR, Torino, Italy), Paola Bonfante (De-
partment of Life Science and Systems Biology, University of Torino, Torino, Italy), Luisa Lanfranco 
(Department of Life Science and Systems Biology, University of Torino, Torino, Italy) 

As very ancient and widespread in nature, arbuscular mycorrhizal fungi (AMF) are key com-
ponents of the plant microbiota. Recent publication of genomic and transcriptomic data shed 
light on the biology and evolution of AMF. The genetic complexity of AMF is increased by the 
presence of endobacteria which live inside many AMF1. A further component of such genetic 
complexity is the virome associated to AMF, whose knowledge is still very limited2, 3. Here, by 
exploiting recently published transcriptomic data4 we describe the virome associated to Gi-
gaspora margarita. Viral RNA-dependent RNA polymerases (RdRp) are markers of my-
coviruses with an RNA genome. A Blast search for RdRp sequences allowed us to identify four 
mitoviruses (so called because they replicate in mitochondria), one narnavirus (Ourmia-like), 
one Giardia-like virus, and two sequences related to Fusarium mycoviruses. Northern blot 
and RT-PCR assays on RNA from germinating spores confirmed the authenticity of all the se-
quences with the exception of the Fusarium-related ones. All the mitoviruses are replicative 
and functional since both positive strand and negative strand RNA are present. Interestingly, 
in all the four mitoviral sequences 100% of tryptophan residues are encoded by the TGG co-
don: apparently a functional RdRp can be translated both in cytosol and mitochondria. In ad-
dition we report, for the first time, DNA fragments corresponding to mitovirus sequences as-
sociated to the presence of viral RNA: mitoviral DNA sequences are not integrated in the ge-
nome, but likely exist as extrachromosomal genetic units. Phylogenetic analyses show 
evidence of co-evolution of mitoviruses with their AMF hosts. 

References: 
1Bonfante P, Desirò A (2017) Who lives in a fungus? The diversity, origins and functions of 
fungal endobacteria living in Mucoromycota. ISME J 1–9. 
2Ikeda Y, Shimura H, Kitahara R, Masuta C, Ezawa T (2010) A novel virus-like double-stranded 
RNA in an obligate biotroph arbuscular mycorrhizal fungus: a hidden player in mycorrhizal 
symbiosis. Mol Plant Microbe Interact 25(7): 1005–1012. 
3Kitahara R, Ikeda Y, Shimura H, Masuta C, Ezawa T (2014) A unique mitovirus from Glomer-
omycota, the phylum of arbuscular mycorrhizal fungi. Arch Virol (2014) 159:2157–2160. 
4Salvioli A, Ghignone S, Novero M, Navazio L, Venice F, Bagnaresi P, Bonfante P (2016) Sym-
biosis with an endobacterium increases the fitness of a mycorrhizal fungus, raising its bioen-
ergetic potential. ISME J. 10(1): 130–44.
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The non-mycorrhizal control in cultivation experiments with AM symbiosis: microbi-
ome perspective 

Milan Gryndler (Fungal Biology, Institute of Microbiology ASCR, v.v.i., Prague, Czech Re-
public), David Püschel (Fungal Biology, Institute of Microbiology ASCR, v.v.i., Prague, 
Czech Republic), Hana Hršelová (Fungal Biology, Institute of Microbiology ASCR, v.v.i., 
Prague, Czech Republic), Martina Hujslová (Fungal Biology, Institute of Microbiology 
ASCR, v.v.i., Prague, Czech Republic), Hana Gryndlerová (Fungal Biology, Institute of Mi-
crobiology ASCR, v.v.i., Prague, Czech Republic), Olena Beskid (Fungal Biology, Institute 
of Microbiology ASCR, v.v.i., Prague, Czech Republic), Tereza Konvalinková (Fungal Biol-
ogy, Institute of Microbiology ASCR, v.v.i., Prague, Czech Republic), Jan Jansa (Fungal Bi-
ology, Institute of Microbiology ASCR, v.v.i., Prague, Czech Republic) 

Experimentation with AM fungi (AMF) involves application of inocula of various complex-
ity that mostly contain complex microflora potentially affecting the results of experi-
ments. Inocula containing pure AMF are rarely used. The aim of our work was to evaluate 
the effects of two types of inocula (pot cultured and monoxenic) and of different control 
treatments on host growth and communities of fungi and prokaryotes in the substrate.  

To this end, we grew Andropogon gerardii in pots with sterilized substrate. The treat-
ments comprised uninoculated control, inoculation with complex blank inoculum lacking 
AMF, filtrate of blank inoculum, complex mycorrhizal inoculum, filtrate of this mycorrhi-
zal inoculum, axenic mycorrhizal inoculum and axenic inoculum combined with filtrate 
of blank inoculum. 

Plant growth was stimulated by AMF irrespectively of the inoculum type. Any type of 
non-mycorrhizal inoculation resulted in plant biomass being higher than that of uninoc-
ulated control. Molecular analysis of microbial communities in the substrate revealed 
some microorganisms abundant in treatment inoculated with complex mycorrhizal inoc-
ulum but lacking in other treatments. 

This indicates that, in our experiment, physiological effects of mycorrhizal inoculation 
were consistently expressed. However, no control with microflora similar to that in the 
treatment with complex mycorrhizal inoculation was obtained. Thus, treatments receiv-
ing nonmycorrhizal inoculation (blank inoculum, filtrates) can only be taken as appropri-
ate control from the plant physiological perspective.  

The type of non-mycorrhizal control should be chosen according to the experiment pur-
pose and axenic inocula combined with the inoculation by saprotrophs should preferen-
tially be used in molecular studies of substrate microbial communities. 

Keywords: inoculum, control, arbuscular mycorrhiza, microbial community, Andropogon 
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SiolBioHedge: Using arable leys as highways for soil quality reconstruction by microbial 
soil engineer species  

Susannah M. Bird (Biology, University of York, York, UK), Miranda Prendergast-Miller 
(Environment, University of York, York, UK), Berdeni Despina (Animal & Plant Science, 
University of Sheffield, Sheffield, UK), Jonathan Leake (Animal & Plant Science, University 
of Sheffield, Sheffield, UK), Thorunn Helgason (Biology, University of York, York, UK) 

Since the mid 90s, wheat yields in the UK and across the global have plateaued, after half 
a century of dramatic increases(1). Possible explanations include changes in agronomic 
practices, decreased plant nutrition, reduced soil organic carbon, increased soil compac-
tion and destruction of soil food webs through conventional tillage practices(2). To over-
come this plateau while meeting increased pressure to reduce inputs may require re-
building soil quality that contribute holistically to plant health. Hedgerows are well 
known to be reservoirs of above-ground biodiversity in agricultural landscapes (3). Could 
connecting these reservoirs to arable field centres using grass & clover ley strips act as 
“highways” to rapidly rebuild soil quality parameters, such as soil engineer species and 
arbuscular mycorrhizal fungi? Here we present data from a field scale experiment in the 
UK that monitored the performance of grass/clover leys in arable fields and suggests that 
short term leys, whether connected to the field margin or not, increase soil fertility and 
the abundance of earthworms. Hedgerow and field margin below ground soil microbi-
omes appear to reflect the above-ground biodiversity, in that there is a greater species 
diversity in hedge and margin fungal and bacterial communities than in-field communi-
ties. While there is a decrease in species abundance between the field margin and the 
field-proper, there does not appear to be an effect of distance on the arbuscular mycor-
rhizal fungal communities along the length of the ley. 

References: 

(1) Grassini, Patricio, Kent M. Eskridge, and Kenneth G. Cassman. “Distinguishing be-
tween Yield Advances and Yield Plateaus in Historical Crop Production Trends.” Nature 
Communications 4 (December 17, 2013): 2918. doi:10.1038/ncomms3918. 

(2) Ray, Deepak K., Navin Ramankutty, Nathaniel D. Mueller, Paul C. West, and Jonathan 
A. Foley. “Recent Patterns of Crop Yield Growth and Stagnation.” Nature Communica-
tions 3 (December 18, 2012): 1293. doi:10.1038/ncomms2296. 

(3) Benton, Tim G., Juliet A. Vickery, and Jeremy D. Wilson. “Farmland Biodiversity: Is 
Habitat Heterogeneity the Key?” Trends in Ecology & Evolution 18, no. 4 (April 2003): 
182–88. doi:10.1016/S0169-5347(03)00011-9. 
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Effect of AMF inoculation and fertilization on the bacteria and AMF communities in-
habiting pulse roots  

Rim Klabi (Biodiversity Centre, Institut de recherche en biologie végétale, Université de 
Montréal, Montréal, Canada), Chih-Ying Lay (Biodiversity Centre, Institut de recherche en 
biologie végétale, Université de Montréal, Montréal, Canada), Jacynthe Masse (Biodiver-
sity Centre, Institut de recherche en biologie végétale, Université de Montréal, Montréal, 
Canada), Katrina Abram (Biodiversity Centre, Institut de recherche en biologie végétale, 
Université de Montréal, Montréal, Canada), Chantal Hamel (Quebec Research and Devel-
opment Centre, Agriculture and Agri-Food Canada, Québec, Canada), Yantai Gan (Swift 
Current Research and Development Centre, Agriculture and Agri-Food Canada, Swift Cur-
rent, Canada), Yunliang Li (Quebec Research and Development Centre, Agriculture and 
Agri-Food Canada, Québec, Canada), Etienne Yergeau (Institut national de la recherche 
scientifique, Centre INRS-Institut Armand-Frappier, Laval, Canada), Charles W. Greer 
(National Research Council Canada, Energy, Mining and Environment, Montréal, Can-
ada), Marc St-Arnaud (Biodiversity Centre, Institut de recherche en biologie végétale, 
Université de Montréal, Montréal, Canada) 

Fertilization practices and arbuscular mycorrhizal fungi (AMF) inoculants could change 
root-associated microbial assemblages in agricultural soils. The aims of this study were 
to 1) assess the effect of fertilization regimes and AMF inoculation of lentil and pea on 
the diversity and community structure of bacteria and AMF inhabiting the roots of the 
crops, and 2) explore the relationships between microbial assemblages and crop yield. 
Two field studies were conducted in Swift Current, SK, and Beaverlodge, AB. In a conven-
tional system, plants received three levels of mineral fertilization (0%, 50%, and 100% of 
the recommended N and P rates), while in the organic system, the plants were fertilized 
with three levels (0%, 75% and 150%) of certified organic P-fertilizers (rock-phosphate or 
composted manure). Total DNA was extracted from plant roots and amplicons of the 
bacterial 16S and AMF 18S rRNA genes were sequenced using the Illumina MiSeq plat-
form. The composition of bacterial and AMF assemblages varied more with location and 
crop species than with fertilizer regime or AMF addition. Strong positive correlations 
were found between the abundance of the AMF taxa Funneliformis geosporum and the 
yield of non-inoculated pea receiving 75% of the recommended rate of composted ma-
nure, and between the abundance of Glomus sp. Glo4, and the yield of pea receiving 
100% of the recommended rates of mineral N and P. We conclude that a positive contri-
bution of AMF taxa to crop yield depends on fertilizer level or form, AMF inoculation, 
crop species and environmental conditions. 

Keywords: AMF, bacteria, fertilizers regime, Illumina MiSeq sequencing, crop yield 
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Mycorrhizal Competition Release? Fungal and bacterial communities in native and non-
native productive truffle orchard soils 

Gian Maria Niccolo' Benucci (Plant, Soil and Microbial Sciences, Michigan State Univer-
sity, East Lansing 48824, USA), Giorgio Marozzi (Department of Agricultural, Food and 
Environmental Science, University of Perugia, Perugia 06121, Italy), Sergio Sanchez (Agri-
food Research and Technology Centre of Aragon (CITA), Zaragoza University, Zaragozza 
50059, Spain), Claude Murat (INRA Université de Lorraine, Interactions Arbres/Micro-or-
ganismes, Nancy 54280, France), Aurelie Deveau (INRA Université de Lorraine, Interac-
tions Arbres/Micro-organismes, Nancy 54280, France), Pedro Marco (Agrifood Research 
and Technology Centre of Aragon (CITA), Zaragozza 50059, Spain), François Le Tacon 
(INRA Université de Lorraine, Interactions Arbres/Micro-organismes, Nancy 54280, 
France), Ana De Miguel (Environmental Biology Department, University of Navarra, Pam-
plona 31008, Spain), Domizia Donnini (Department of Agricultural, Food and Environ-
mental Science, University of Perugia, Perugia 06121, Italy), Gregory Bonito (Plant, Soil 
and Microbial Sciences, Michigan State University, East Lansing 48824, USA), Harry Eslick 
(The Truffle and Wine Co., Manjimup, WA 6258, USA) 

Given their irresistible aroma and unpredictable supply, truffles in the genus Tuber are 
one of the most expensive foods. These ectomycorrhizal fungi are also cultivated suc-
cessfully worldwide. Recently, Australia has become the top producer of Tuber melano-
sporum (black truffle), a species native to Europe. When a species is introduced into a 
non-native habitat it may thrive due to the release from competition and natural ene-
mies. With this study we aimed to test this competition release hypothesis by character-
izing fungal and bacterial communities in truffle plantations in native (European) and 
non-native (Australian) habitats. In total, we sampled 650 soils from 27 orchards (n=20-
25/orchard). DNA was extracted from soils and the 16S and ITS ribosomal DNA Illumina 
was sequenced with Illumina MiSeq resulting in 23,860,471 ITS and 30,941,017 16S de-
multiplexed reads. Sequences were quality filtered and clustered into 13,168 fungal and 
16,559 bacterial Operational Taxonomic Units (OTUs) with the UPARSE pipeline. NMDS 
and PERMANOVA showed that fungal and bacterial communities are structured by coun-
try of origin. Tuber melanosporum had a higher relative abundance in Australian soils 
(10.4%) compared to European soils (7.0%), but was the most dominant species under 
productive trees in both continents. Truffle microbiomes at productive sites in both con-
tinents also included the non-mycorrhizal fungi Fusarium, Cryptococcus, Mortierella, and 
Ilyonectria spp. and bacterial (Chloroflexi) and archeal (Nitrososphaeraceae) taxa. Over-
all, ectomycorrhizal fungi had three times fewer OTUs and a lower relative abundance in 
Australian soils, consistent with the competition release hypothesis. 

Keywords: microbiome, biogeography, ectomycorrhizal, tuber, Nitrososphaeraceae 
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Arbuscular mycorrhiza alters the community structure of ammonia oxidizers at high 
fertility via competition for soil NH4+ 

Stavros D. Veresoglou (Ökologie der Pflanzen, Freie Universität Berlin, Berlin, Germany), 
Erik Verbruggen (University of Antwerp, Wilrijk, the Netherlands), Olga Makarova (Freie 
Universität Berlin, Berlin, Germany), India Mansour (Freie Universität Berlin, Berlin, Ger-
many), Robin Sen (Manchester Metropolitan University, Manchester, UK), Matthias C. 
Rillig (Freie Universität Berlin, Berlin, Germany) 

Nitrification represents a central process in the cycling of nitrogen (N) which in high-fer-
tility habitats can occasionally be undesirable. Here we explore how arbuscular mycor-
rhiza (AM) impacts nitrification when N-availability is not limiting to plant growth. We 
wanted to test which of the mechanisms that have been proposed in the literature best 
describes how AM influences nitrification. We manipulated the growth settings of Plan-
tago lanceolata so that our soil no longer contained ammonia-oxidizing (AO) archaea and 
we could control the mycorrhizal state of our plants. AM induced no changes in the rates 
of nitrification potential or the estimates of AO bacteria. However, we could observe a 
shift in the community of ammonia-oxidizers which matched the shift we saw when com-
paring hyphosphere to rhizosphere soil samples and mirrored well changes in the avail-
ability of ammonium in soil. We interpreted our results as support that it is competition 
for N that drives the interaction between AM and AO. Our experiment sheds light on an 
understudied interaction which is pertinent to usual management practices in agricul-
tural. 

Keywords: 454 sequencing, ammonia monooxygenase gene community structure, ar-
buscular mycorrhiza, nitrification, RT-PCR 
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Nitrogen and root mycobiome in temperate forests along a biogeographic gradient  

Dung Q. Nguyen (Department of Forest Botany and Tree Physiology, Buesgen Institute, 
University of Goettingen, Goettingen, Germany), Bin Song (Department of Forest Botany 
and Tree Physiology, Buesgen Institute, University of Goettingen, Goettingen, Germany), 
Rodica Pena (Department of Forest Botany and Tree Physiology, Buesgen Institute, Uni-
versity of Goettingen, Goettingen, Germany), Dennis Janz (Department of Forest Botany 
and Tree Physiology, Buesgen Institute, University of Goettingen, Goettingen, Germany), 
Nicole Brinkmann (Department of Forest Botany and Tree Physiology, Buesgen Institute, 
University of Goettingen, Goettingen, Germany), Dominik Schneider (Department of Ge-
nomic and Applied Microbiology and Goettingen Genomics Laboratory, Institute of Mi-
crobiology and Genetics, University of Goettingen, Goettingen, Germany), Rolf Daniel 
(Department of Genomic and Applied Microbiology and Goettingen Genomics Labora-
tory, Institute of Microbiology and Genetics, University of Goettingen, Goettingen, Ger-
many), Andrea Polle (Department of Forest Botany and Tree Physiology, Buesgen Insti-
tute, University of Goettingen, Goettingen, Germany) 

Root fungal communities, especially mycorrhizas, are of importance for plant nitrogen 
nutrition which is often limited in temperate forest ecosystems. However, knowledge 
about the impact of root mycobiome on tree nitrogen at forest ecosystem level is scarce. 

The objective of this study was to assess the diversity and trophic modes of root fungal 
communities in relation to root and soil nitrogen at a large scale. We hypothesized that 
concentrations of root and soil nitrogen differ among biogeographical areas and forest 
types, and that concentrations of root nitrogen are higher and those of soil nitrogen are 
lower with increased diversity of mycorrhizal fungi. 

To test these hypotheses, we sampled fine roots from 150 forest plots (100mx100m) dif-
fering in tree composition in three areas across Germany: Schorfheide-Chorin (SCH), 
Hainich-Dün (HAI) and Schwäbische Alb (ALB) in the frame of the Biodiversity Explorato-
ries (http://www.biodiversity-exploratories.de/). Root and soil concentrations of NH4

+ 
and NO3

- were measured. After root DNA extraction, ITS2 region of the fungal rDNA was 
amplified using primers ITS3KYO2/ITS4. High throughput sequencing (Illumina MiSeq) of 
the PCR amplicons was conducted to detect root-associated fungi. 

Our preliminary results showed that root N concentration was significantly higher in ALB 
than in SCH and HAI. Sequence analysis revealed 4525 fungal OTUs. Fungal phyla con-
tained Basidiomycota (72.6%), Ascomycota (22.6%), Glomeromycota (2.1%), Zygomycota 
(0.2%) and unidentified fungi (2.5%). Data on the relationship between concentrations 
of root and soil nitrogen and diversity and trophic modes of root fungal communities will 
be presented and discussed in the context of forest composition. 

Keywords: root fungal communities, mycorrhizal diversity, root nitrogen, soil nitrogen, 
Illumina MiSeq
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Fructose in hyphal exudate as a signal molecule to trigger the AMF-bacteria cooperation 

Lin Zhang (College of Resources and Environmental Sciences, China Agricultural University, 
Beijing, China), Stéphane Declerck (Earth and Life Institute, Université catholique de Lou-
vain, Louvain-la-Neuve, Belgium), Gu Feng (College of Resources and Environmental Sci-
ences, China Agricultural University, Beijing, China) 

Introduction: Cooperation is a prevalent phenomenon and how it originates and maintains 
is a fundamental question in ecology1,2. The widely spread association between arbuscular 
mycorrhizal fungi and bacteria represents a suitable model for studying the cooperation 
between two species3. Here we investigated if the exchange of carbon and phosphorus is 
pivotal to the cooperation between an arbuscular mycorrhizal fungus Rhizophagus irregu-
laris and a phosphate solubilizing bacterium (PSB) Rahnella aquatilis. 

Materials and Methods: Four different experiments, using hair root and medicago plant in 
vitro culture systems, were conducted to study how AMF influence the processes related 
to metabolism and phosphatase production (the expression of sugar transporter, excretive 
phosphatases genes, key genes in cell division and involved in secretory systems) in PSB 
and whether PSB could influence the phosphate transporter and polyP synthesis genes ex-
pression in the extraradical hyphae of the AMF. 

Results: Fructose exuded by the AMF stimulated the phosphatase genes expression in the 
bacterium as well as the efficiency of phosphatase secretion into the environment by reg-
ulating its protein secretory system. The phosphatase activity was subsequently increased, 
promoting the hydrolyzation of organic phosphorus into inorganic phosphorus, stimulating 
simultaneously the processes involved in phosphorus uptake by the AMF. 

Conclusion: Our results demonstrated for the first time that fructose not only represent a 
carbon source, but also play a role as a signal molecule to trigger bacteria-mediated organic 
phosphorus mineralization processes. It highlighted the molecular mechanisms by which 
the hyphal exudates play a role in maintaining the cooperation between AMF and bacteria. 

References: 
1. Rainey PB, De Monte S. (2014). Resolving conflicts during the evolutionary transition to 
multicellular life. Annu Rev Ecol Evol S 45: 599-620. 
2. Nowak MA. (2006). Five rules for the evolution of cooperation. Science 314: 1560-1563. 
3. Zhang L, Xu M, Liu Y, Zhang F, Hodge A, Feng G. (2016). Carbon and phosphorus exchange 
may enable cooperation between an arbuscular mycorrhizal fungus and a phosphate-solu-
bilizing bacterium. New Phytol 210: 1022-1032. 
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Mycorrhiza in association with mycorrhiza helper bacteria suppressess basal stem rot 
in oil palm 

Shamala Sundram (Ganoderma and Disease Research of Oil Palm, Malaysian Palm Oil 
Board, Kajang, Malaysia), Idris Abu Seman (Ganoderma and Disease Research of Oil 
Palm, Malaysian Palm Oil Board, Kajang, Malaysia), Sariah Meon (Institute of Tropical 
Agriculture, University Putra Malaysia, Kajang, Malaysia), Radziah Othman (Soil Science, 
University Putra Malaysia, Kajang, Malaysia) 

Ganoderma boninense is an important fungal pathogen of the oil palm (Elaeis guineensis 
Jacq.) that causes serious economic losses in Southeast Asia region. The fungus causes 
the disease known as basal stem rot. 

This study attempts to explore the efficacy of two endophytic microbial applications to 
control the disease both in the lab, nursery and field. Two endophytic microorganisms; 
Arbuscular Mycorrhizal Fungi (AMF) and endophytic bacteria were tested. Glomus intra-
radices and G. clarum represents AMF while Pseudomonas strain UPMP3 and Burkhold-
eria strain UPMB3 represents the endophytic bacteria. The endophytic bacteria are clas-
sified as Mycorrhiza Helper Bacteria (MHB) based on the findings through the in vitro 
assessment. The study further investigates the application of these endophytic microor-
ganisms through nursery and field conditions. Gene expression and biochemical work 
was also investigated for induced disease resistance within oil palm. 

Vegetative assessments in nursery found to be promising for the oil palm seedlings 
treated with a single application of G. intraradices (T2), followed by treatments with both 
AMF species with UPMP3 (T4). In field condition however, found combinations of AMF 
species and UPMP3 treated seedlings gave the highest vegetative readings. These results 
also indicate that the response of rhizosphere populations to AMF cannot be generalized 
through nursery trials and possibly to the microbial diversity within the rhizosphere sug-
gesting different AMF may effect differently on the oil palm growth. Nevertheless the 
study provides an innovative approach for a prophylactic treatment in reducing the onset 
of BSR disease by exploring the potentials of these endophytic microoganisms. 

Keywords: arbuscular mycorrhiza, oil palm, endophytic bacteria, Ganoderma boninense, 
biocontrol agent 
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Large-scale demonstration of increased production of poplar biomass by mycorrhizal 
inoculation at metal-contaminated phytomanagement sites, and investigation of asso-
ciated fungal communities 

Damien Blaudez (Université de Lorraine, Vandoeuvre-les-Nancy, France), Lisa Ciadamidaro 
(Université de Bourgogne Franche-Comté, Montbéliard, France), Julie Foulon (Université de 
Bourgogne Franche-Comté, Montbéliard, France), Cyril Zappelini (Université de Bourgogne 
Franche-Comté, Montbéliard, France), Alexis Durand (Université de Bourgogne Franche-
Comté, Montbéliard, France), Olivier Girardclos (Université de Bourgogne Franche-Comté, 
Besançon, France), Benoït Valot (Université de Bourgogne Franche-Comté, Besançon, 
France), Valérie Bert (Ineris, Verneuille-en-Halatte, France), Sébastien Roy (Agronutrition 
SA, Labège, France), Michel Chalot (Université de Bourgogne Franche-Comté, Montbéliard, 
France) 

Introduction: Afforestation of trace element (TE)-contaminated soil, notably with fast 
growing trees producing large biomass has been demonstrated to be an attractive option 
for their bioremediation. Mycorrhizal fungi can form symbiotic associations with trees, 
contributing to TE tolerance and participating actively in bioremediation processes. 

Materials and Methods: We studied the effects of mycorrhizal inoculation on the growth 
of two poplar clones to large-scale. Two TE-contaminated sites of ca. 1 ha were planted 
with 2200 trees, and were either inoculated with a mixed commercial inoculum or not-
inoculated and allometric parameters were determined after 2 and 4 years of growth1. 
Moreover, the soil fungal communities were also analysed from different management 
regimes [short rotation coppice (SRC) versus very short rotation coppice (vSRC)] and dif-
ferent poplar genotypes using Illumina-based sequencing2,3. 

Results and Discussion: Planting poplars increased the proportion of symbiotic/endo-
phytic fungi in the rhizosphere, whereas saprotrophic fungi dominated in all samples. 
Only minor alterations in the relative abundance of taxa and OTUs were noted between 
SRC and vSRC management regimes, although mycorrhizal colonization of poplars varies 
greatly between species and genotypes. 

The inoculation with mycorrhizal fungi significantly impacted the biomass production of 
the Skado clone at both sites, despite striking differences in soil structure and contami-
nation. Interestingly, the filtering TE capacity of inoculated poplar roots was significant 
for several metals in Skado leaves, only at the most contaminated areas. In overall, this 
bioaugmentation option with mycorrhizal fungi influenced more poplar growth than soil 
contamination and highly improved its biomass production. 

References: 
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enhanced by mycorrhizal inoculation. Environmental and Experimental Botany (in press: 
doi.org/10.1016/j.envexpbot.2017.04.004). 

Foulon J, Zappelini C, Durand A, Valot B, Girardclos O, Blaudez D, Chalot M (2016) Envi-
ronmental metabarcoding reveals contrasting microbial communities at two poplar phy-
tomanagement sites. Science of the Total Environment 571:1230–1240. 

Foulon J, Zappelini C, Durand A, Valot B, Blaudez D, Chalot M (2016) Impact of poplar-
based phytomanagement on soil properties and microbial communities in a metal-con-
taminated site. FEMS Microbiology Ecology 92 (10): fiw163. 

Keywords: phytomanagement, poplar, metal polluted sites, large scale inoculation, my-
corrhizal communities 
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Are Streptomycetes members of the mycorrhiza microbiome steering committee? 

Mika Tarkka (Helmholtz Centre for Environmental Research – UFZ, Halle, Germany), Florence 
Kurth (Helmholtz Centre for Environmental Research – UFZ, Halle, Germany), Dirk Krüger 
(Helmholtz Centre for Environmental Research – UFZ, Halle, Germany), Norbert Arnold (Leib-
niz Institute for Plant Biochemistry – IPB, Halle, Germany), Mark Haid (Leibniz Institute for 
Plant Biochemistry – IPB, Halle, Germany), Kristin Scherlach (Leibniz Institute for Natural Prod-
uct Research and Infection Biology – HKI, Jena, Germany), Christian Hertweck (Leibniz Insti-
tute for Natural Product Research and Infection Biology – HKI, Jena, Germany), Silvia Schrey 
(Research Centre Juelich, Juelich, Germany), Sylvie Herrmann (Helmholtz Centre for Environ-
mental Research – UFZ, Halle, Germany), François Buscot (Helmholtz Centre for Environmen-
tal Research – UFZ, Halle, Germany) 

Streptomyces Actinobacteria are prolific producers secondary metabolites and com-
monly antagonistic against other microbes. They have also been described to be benefi-
cial and growth promoting for eukaryotic hosts. We’ll present evidence that the strepto-
mycetes can protect mushrooms, mycorrhizas, and plants. Mushrooms of ECM fungi in 
the order Boletales are commonly associated with bacteria and infected by molds of the 
mycoparasitic genus Sepedonium. From a diverse bacterial community, the fruiting body 
associated streptomycetes were identified as the most potent inhibitors of the mycopar-
asite, and the search of responsible secondary metabolites and the respective gene clus-
ters in a Streptomyces strain have started. In ectomycorrhizas, the associated streptomy-
cetes commonly inhibit the growth of extrinsic fungi and bacteria, but do not affect the 
growth of the host mycorrhizal fungus. Interaction of pedunculate oak clone DF159 with 
mycorrhization helper bacterium Streptomyces strain AcH 505 leads to extensive 
changes in the structure of mycorrhizosphere microbial community, and reduces host 
plant damage by a parasitic nematode Pratylenchus penetrans. Strain AcH 505 protects 
pedunculate oak from pathogenesis by oak powdery mildew Erysiphe alphitoides, and 
the oak defense priming by Streptomyces involves the induction of a large array of de-
fense-related genes. In contrast, the gene expression response to Streptomyces is atten-
uated when a beneficial mycorrhizal fungus is co-inoculated [1]. We conclude that the 
streptomycetes contribute to disease protection, bringing about mutual benefit to the 
host and symbiont. 

References: 

Herrmann et al. Perspectives in Plant Ecology, Evolution and Systematics. 2016, 19:40–48 
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Phosphorus forms mediate characteristic of hyphosphere microbiome driven organic 
phosphorus turnover 

Fei Wang (College of Resources and Environmental Sciences, Henan Institute of Science 
and Technology, Xinxiang, China), Michael Allan Kertesz (Faculty of Agriculture and En-
vironment, The University of Sydney, Sydney, Australia), Rongfeng Jiang (College of Re-
sources and Environmental Sciences, China Agricultural University, Beijing, China), Fusuo 
Zhang (College of Resources and Environmental Sciences, China Agricultural University, 
Beijing, China), Gu Feng (College of Resources and Environmental Sciences, China Agri-
cultural University, Beijing, China) 

The objective of this study was to explore functional groups (alkaline phosphomonoes-
terase ALP and β-propeller phytase BPP) of microbes driving soil organic P turnover. Bac-
terial ALP- and BPP-encoding genes in the hyphosphere of Allium porrum were studied 
with the combination of compartmented microcosms and high-throughput sequencing 
technologies. Leek was grown with or without Funneliformis mosseae in root compart-
ment, and the extraradical mycelium of F. mosseae was allowed to grow into a separate 
hyphal compartment containing no P, KH2PO4 or phytin. Illumina MiSeq sequencing re-
vealed community compositions of ALP- and BPP-harboring bacteria using the specific 
primer pairs. Different P forms significantly changed the community structures of ALP-
harboring bacteria, but not for BPP-harboring bacteria. The more abundant community 
compositions of ALP-harboring bacteria were Sinorhizobium, Bradyrhizobium, Pseudo-
monas and Ralstonia, and specifically, organic P treatments significantly increased rela-
tive abundance of Pseudomonas compared with control and inorganic P treatments. Like-
wise, the predominant community composition of BPP-harboring bacteria was Pseudo-
monas, moreover, the highest abundance was presented in organic P treatments. These 
results show that community compositions on bacterial ALP and BPP genes are medi-
tated by P forms, which might drive the turnover of soil P in bacterial communities and 
consequently manipulate the biogeochemical cycle of soil P. 

Keywords: alkaline phosphatase, β-propeller phytase, community composition, hyphos-
phere, P forms 
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Use of cactus microbiome for improving grapevine rootstock tolerance to abiotic 
stresses 

Asma Chebaane (Lab of Plant Molecular Biology, Centre of Biotechnology of Borj-Cedria, 
Tunis, Tunisia), Ahmed Mliki (Lab of Plant Molecular Biology, Centre of Biotechnology of 
Borj-Cedria, Tunis, Tunisia) 

The effects of AMF and PGPRs are being studied for the first time to improve the toler-
ance of the grapevine rootstock 140Ru (Vitis rupestris × Vitis berlandieri). Indeed, 140Ru 
is among the rootstocks commonly used in Tunisia and North Africa and considered as 
tolerant to salinity and drought. However, due to the climate change effects and deteri-
oration of the soil quality during last decades, the efficacy of this rootstock is being com-
promised. Farmers are so far looking for new alternative rootstocks. Thus, the inocula-
tion of 140Ru with mycorrhizae and PGPR would boost its performances and promote its 
sustainable use. Two months old plants (issued from cutting) were inoculated with a rhi-
zosphere collected under cactus (Ficus indica) from a Tunisian arid area. Inoculated 
plants were cultivated under greenhouse (70% humidity, 25–28°C, 14–16h photoperiod) 
and subjected to salt stress, phosphorus limitation and water shortage. Growth, water 
and osmotic potentials, metabolites and differential gene expression were monitored 
under the different stresses. Preliminary results show better growth of inoculated plants 
than controls and were much less affected by the applied stresses. The water and os-
motic potentials were substantially less affected in the presence of AMF and PGPRs. Re-
sults from metabolomics and gene expression will further clarify these data and would 
support our hypothesis that the cactus rhizosphere would contain advantageous micro-
organisms such as AMF and PGPRS able to promote growth and enhance sustainable tol-
erance of this rootstock to abiotic stresses and extend its use. 

Keywords: grapevine, AMF, PGPR, cactus, abiotic stresses 
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Formation of Mycorrhiza in Urban Trees after Transplanting to Roadsides 

Angelika Schartl (Analytics, Bavarian State Institute for Horticulture and Viticulture, Ve-
itshoechheim, Germany), Josef V. Herrmann (Analytics, Bavarian State Institute for Horti-
culture and Viticulture, Veitshoechheim, Germany) 

Mycorrhizal associations are essential for trees. In natural habitats colonization is guar-
anteed. Urban trees derive from nurseries and are transplanted baled into artificial sub-
strates with low inoculum potential, and mostly without contact to other trees. Re-
stricted rooting zones, a disturbed water and air balance of the substrate and multiple 
pollutants may be adverse to mycorrhization. 

To select future urban trees, a long-term project was started at our institute in 2010. 6-
8 individuals of the test species, trunk perimeter 16-18 cm, were planted in three differ-
ing climates. Representing different mycorrhizal preferences, some of the test species 
were chosen for monitoring their mycorrhization. In root balls and from 2011 to 2014 
selected specimen were scrutinized every year in spring and autumn. Besides microanal-
ysis, fungal species identification was performed by conventional sequencing and in ad-
dition deep amplicon-sequencing for exclusive root samples taken in 2012 and 2014. 

In all trees tested both ecto- and endo- mycorrhizal fungi could be detected, except for 
Magnolia. Frequency of mycorrhization was higher than 50% showing seasonal changes. 
Intensity of endomycorrhizal colonization averaged 15%. Sequence analyses revealed a 
complex, tree species specific fungal community. Conventional sequencing was able to 
identify the main ectomycorrhizal partners but rarely identified endomycorrhizal fungi. 
A few fungal species were specific for one cultivation site. 

Our studies demonstrate that trees in an urban environment display a differentiated my-
corrhization representing the tree species specific communities. Based on these results 
the mycorrhizal inocula for urban trees require a tree species and site specific design. 

Keywords: Quercus, Carpinus, Fraxinus, Tilia, Ostrya 
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Accelerated reclamation of drastically disturbed Canadian mine and oil sands areas us-
ing mycorrhizal and actinorhizal plant symbioses  

Damase P. Khasa (Centre for forest Research, Institute for Integrative Systems Biology, 
and Canadian Research Chair in Forest and Environmental Genomics,, Université Laval, 
Quebec, Canada), Martin B. Nadeau (Viridis Terra Innovations and SymbioTech Research 
Inc,, Sainte-Marie, Canada), Katrina Callender (Biomonitoring Energy, Mining and Envi-
ronment, National Research Council Canada, Montreal, Canada), Ali Quoreshi (Desert 
Agriculture and Ecosystems Program (DAEP, Environment & Life Sciences Research Center 
(ELSRC), Kuwait Institute for Scientific Research (KISR), Kuwait, Kuwait), Charles Greer 
(Biomonitoring Energy, Mining and Environment, National Research Council Canada, 
Montreal, Canada) 

The coevolution of plant-microbe symbionts has played a fundamental role in the colo-
nization of vascular plants on terrestrial ecosystems. Arbuscular mycorrhizae evolved 
more than 400 million years ago while ectomycorrhizae evolved about 225 million years 
ago and ericoid mycorrhizas about 100 million years ago. The mycorrhizal fungi are 
known to enhance mineral and water absorption by plants and protect them against bi-
otic and abiotic stress. The nitrogen-fixing root symbioses evolved about 100 million 
years ago) and absorb atmospheric dinitrogen (79% of air on earth) by formation of nod-
ular symbioses of dicots from Eurosid I clade with rhizobia (Alpha-and Beta-proteobacte-
ria) and with Actinobacteria (Frankia spp.). Over the last 15 years of land reclamation 
research and development, we have made significant progress in the use of bioinoculants 
to enhance reclamation and the establishment of plant communities on drastically dis-
turbed oil sands and gold mine sites. In all cases inoculated plants with selected bioferti-
lizers outperformed uninoculated plants as measured by the seedling volume and plot 
volume indices in the nursery and the field, respectively. In addition, physico-chemical 
soil properties, microbial diversity and catabolic activity or phytobial stabilization were 
improved as revealed by conventional methods (physico-chemical soil analyses, DGGE, 
acetate mineralization, most probable number) and next generation pyrosequencing of 
the bacterial 16S rRNA gene and the fungal ribosomal internal transcribed spacer (ITS) 
region. The use of bioionoculants combined with green fertilizers and nanofertilizers is 
an economically, socially and environmentally acceptable promising biotechnology to-
wards building Canada's green sustainable reclamation industry for the 21st century. 

Keywords: actinorhizal plants, biofertilizers, mine and oil sands industry, mycorrhizal 
plants, reclamation 
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Analysis of mycelial growth and fruit body characteristics of Sparassis latifolia strains 

Yunhae Lee (Mushroom Research Institute Gyeonggi-Do Agricultural Research and Exten-
sion Services, Gwangju, Korea), Heemin Gweon (Mushroom Research Institute Gyeonggi-
Do Agricultural Research and Extension Services, Gwangju, Korea), Daehun Jeon (Mush-
room Research Institute Gyeonggi-Do Agricultural Research and Extension Services, 
Gwangju, Korea), Jongin Choi (Mushroom Research Institute Gyeonggi-Do Agricultural 
Research and Extension Services, Gwangju, Korea), Jeonghyun Chi (Mushroom Research 
Institute Gyeonggi-Do Agricultural Research and Extension Services, Gwangju, Korea) 

Sparassis latifolia is called “Cauliflower Mushroom” and is an edible mushroom that have 
high content of ß-glucan. Recently, S. latifolia is began to artificial cultivation by bottle, 
plastic bag and wood cultivation in Korea. However it is not spreaded because there are 
low incubation ratio and yield. For the high efficiency of production, we aim to find the 
superior strains and media for better mycelial and fruit body growth. 

First, we analyzed the genetic relationship among 31 strains and divided five groups with 
three kinds of URP primers. And then ten strains were selected from five groups for the 
experiment of mycelial growth. The suitable media for mycelial growth is different ac-
cording to media type. The suitable solid and liquid media for mycelial growth of S. lati-
folia isolates were selected PDA and M2, respectively. In addition, the larger C/N ratio 
increased the mycelial growth until C/N 160. 

Second, we investigated that fruit body of strians with plastic bag cultivation. The sub-
strate is mixed larch sawdust, corn flour, and wheat flour (8:1:1, v/v). And moisture con-
tent of substrate was controlled about 60% with 10% molasses solution. The 19 isolates 
were formed primordia of total 31strains. The eight strains were showed higher fresh 
weight of fruit body above 140g/1kg substrate. 

In the future, we have the research project of S. latifolia breeding and culture system for 
stable production of a new item. 

Keywords: Sparassis latifolia, mycelial growth, cauliflower mushroom, fruit body 
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AMF spore microbiomes differ from those of host plant roots and rhizospheres in pe-
troleum-contaminated soil  

Bachir Iffis (Institut de Recherche en Biologie Végétale, Université de Montréal, Montréal, 
Canada), Mohamed Hijri (Institut de Recherche en Biologie Végétale, Université de Mont-
réal, Montréal, Canada), Marc St-Arnaud (Institut de Recherche en Biologie Végétale, 
Université de Montréal and Jardin botanique de Montréal, Montréal, Canada) 

Improving the efficiency of phytoremediation requires a thorough knowledge of the mi-
crobial diversity associated with plant roots. This study aims to assess fungal ITS and bac-
terial 16S rDNA diversity using amplicon sequencing in rhizospheres and roots of three 
species Solidago canadensis, Populus balsamifera and Lycopus europaeus, growing spon-
taneously in three petroleum hydrocarbon polluted sedimentation basins. Microbial 
community structures of rhizospheric soils and roots were compared with those of mi-
crobes associated with arbuscular mycorrhizal fungal (AMF) spores harvested from the 
same roots to determine the links between the root and rhizosphere communities and 
those associated with AMF. Our results showed a difference in OTU richness and com-
munity structure composition between soils and roots for both bacteria and fungi. We 
found that petroleum hydrocarbon concentrations have a significant effect on fungal and 
bacterial community structures in both soils and roots, whereas plant identity showed a 
significant effect only on the root communities for bacteria and fungi. Our results also 
showed that the community composition of bacteria and fungi in soil and roots differed 
from those associated with AMF spores harvested from the same plants. This suggests 
that in petroleum hydrocarbon contaminated soils, AMF may release chemical com-
pounds by which they recruit beneficial microbes to tolerate or degrade the petroleum 
hydrocarbon pollutants present in the soil. 

Keywords: microbiome, petroleum hydrocarbon contamination, amplicon sequencing, 
biodiversity, arbuscular mycorrhizal fungi 
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Resolving fungal taxa using long environmental amplicons – a case study using Archae-
orhizomycetes 

Faheema Kalsoom (Uppsala University, Uppsala, Sweden), Shadi Eshghi Sahraei (Upp-
sala University, Uppsala, Sweden), Hector Urbina (Purdue University, West Lafayette, 
USA), Martin Ryberg (Uppsala University, Uppsala, Sweden), Anna Rosling (Uppsala Uni-
versity, Uppsala, Sweden) 

The class Archaeorhizomycetes (Taphrinomycotina, Ascomycota) represent soil fungi 
with a wide geographical distribution, occurring in terrestrial ecosystems on several con-
tinents. Based on similarity to available environmental DNA sequences, the class is likely 
to comprise hundreds of cryptic species. Since taxonomic classification requires biologi-
cal type materials only two species, Archaeorhizomyces finlayi and Archaeorhizomyces 
borealis, have been formally described. Using PacBio sequencing of long environmental 
amplicons of ribosomal genes (SSU-ITS1-5.8S-ITS2-LSU), this study aimed at identifying 
phylogenetic distinct taxa of Archaeorhizomycetes from a well studied field site in mid 
Sweden. 

After chimera checking unique sequences were aligned and a tree was generated. Clus-
tering were collapsed based on 98% homology across the ITS region to resolve taxa. Hab-
itat specific distribution across different soil layers, e.g Organic, Illuvial (E) and Alluvial (B) 
mineral soils, was analyzed to determine if taxa are ecologically distinct. We verified the 
method by also analyzing well known groups of fungi, ie. Russula in the dataset. 

We resolve nine well supported taxa of Archaeorhizomycetes, eight of which are also 
distinct at 98% homology across the ITS region. We find a strong signal of soil horizon 
specific distribution among the nine taxa suggesting that they represent ecologically dis-
tinct taxa. Sequences representing A. finlayi were significantly more abundant in the B 
horizon, which is also the soil layer it was isolated from. 

Based on these results, we propose that using a combination of phylogenetic and eco-
logical species concepts is a feasible method to approach the description of fungal taxa 
using environmental sequences. 
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Rhizophagus clarus and Lysinibacillus fusiformis interaction in biochar amended soil for 
Zea mays nutrients uptake 

Mazhar Rafique (Department of Soil Science and Plant Nutrition, Cukurova University, 
Adana, Turkey), Ibrahim A. M. Malik (Department of Soil Sciences and Plant Nutrition, 
Cukurova University, Adana, Turkey), İbrahim Ortaş (Cukurova University, Adana, Turkey), 
Hassan Javed Chaudhary (Quaid-i-Azam University, Islamabad, Islamabad, Pakistan) 

Mycorrhizal fungi and phosphorus solubilizing bacteria are important organisms in the 
rhizosphere to collaborate together for nutrient availability and uptake, particularly 
phosphorus. Their combination in presence of biochar facilitates plant root growth which 
absorbs nutrients from the soil more easily and shows optimum nutrient concentrations 
in the above-ground part of the plant. Moreover, strong linkage of mycorrhizal fungi to 
the plant roots ensures minimum nutrient loss and plant quality improvement. 

In this study, two biochars from Phragmites and sawdust were prepared at 350oC and 
used in Lithic xerorthent soil. Two rates of P2O5 (0 and 0.433g kg-1 soil) application were 
used along with different combinations of arbuscular mycorrhizae fungi (AMF) and phos-
phorus solubilizing bacteria PSB. Nutrient concentration in the roots and shoots were 
evaluated by dry ash method using ICP-OES along with root infection percentage. 

Maximum 80% of root infection was observed in the AMF and PSB inoculated treatment 
with sawdust biochar. In AMF and PSB inoculated maize plants, more nutrient uptake 
was observed in both biochar amended soils. 

Previous studies reported that AMF application increase plant nutrient uptake and also 
biochar assist the plants in root growth development which increase plant growth and 
nutrient uptake (Ortas 2012). 

The combination of AMF, PSB, and biochar has not been evaluated previously and their 
combination can prove a major milestone for organic farming and food security. 

References: 

Ortas I (2012) Do maize and pepper plants depend on mycorrhizae in terms of phos-
phorus and zinc uptake? Journal of Plant Nutrition 35: 1639-1656. doi: 
10.1080/01904167.2012.698346. 
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Diversity and specificity of AM fungi in the rhizospheres of six common plants in 
Songnen grassland, China 

Yu Bi (Institute of Grassland Science, Key Laboratory of Vegetation Ecology, Northeast Nor-
mal University, Changchun, China), Xinrui Zhu (Institute of Grassland Science, Key Labora-
tory of Vegetation Ecology, Northeast Normal University, Changchun, China), Xiao Zhang 
(Institute of Grassland Science, Key Laboratory of Vegetation Ecology, Northeast Normal 
University, Changchun, China), Xue Jiang (Institute of Grassland Science, Key Laboratory of 
Vegetation Ecology, Northeast Normal University, Changchun, China), Chen Chen (Institute 
of Grassland Science, Key Laboratory of Vegetation Ecology, Northeast Normal University, 
Changchun, China), Zhuo Li (Institute of Grassland Science, Key Laboratory of Vegetation 
Ecology, Northeast Normal University, Changchun, China), Ying Gao (Institute of Grassland 
Science, Key Laboratory of Vegetation Ecology, Northeast Normal University, Changchun, 
China), Tao Zhang (Institute of Grassland Science, Key Laboratory of Vegetation Ecology, 
Northeast Normal University, Changchun, China), Fu Xing (Institute of Grassland Science, 
Key Laboratory of Vegetation Ecology, Northeast Normal University, Changchun, China), 
Jixun Guo (Institute of Grassland Science, Key Laboratory of Vegetation Ecology, Northeast 
Normal University, Changchun, China) 

Introduction/Aim: Arbuscular mycorrhizal fungi (AMF) have mutualistic relationships 
with the majority of plant species. However, the diversity of AMF is not very high and the 
host-specificity is not the strong interaction[1]. Moreover, the parallel studies on diversity 
and specificity of AMF are seldom conducted in grasslands. Thus, we investigated the 
AMF community composition in the rhizospheres of six common plant species, in 
Songnen grasslands of North China to compare the diversity of AMF colonizing the dif-
ferent roots, and to determine the host-specificity. 

Materials and Methods: Six common plant species in Leymus chinensis meadow steppe 
(L. chinensis, Calamagrostis epigejos, Lespedeza hedysaroides, Vicia amoena, Artemisia 
lavandulaefolia, and Carex duriuscula) are selected as our target plants. Their roots and 
rhizosphere soils were collected. The indentification and classification of AMF spores 
mainly based on their morphological characteristics. The spore density and infection rate 
were further measured. 

Results: 24 AM fungal species were identified and classified into 6 genera. Acaulospora 
and Glomus were the dominant genus. Species richness of AMF in the rhizospheres of six 
plants was not significantly different. Glomus melanosporum and Glomus claroideum 
were the mutual dominant species of the rhizospheres of six plants. However, the sub-
dominant species and companion species are different for AMF community in the rhizo-
spheres of six plants. The AMF spore density, spore density and infection rate in the rhi-
zospheres of six plants were different of significance. 
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Discussion: The difference in chemical composition of the litter and root exudates is 
likely to be one of the most important reason, leading to the difference in AMF commu-
nity characteristic from plant rhizospheres[3]. 

Conclusion: AMF species richness is not obviously different. However, the change in sub-
dominant species, spore density and infection rate still could exhibit a trend towards the 
high host-specificity. 
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Defense-related phytohormones alter the structuring of the root microbiome in Grey 
poplar 

Lauralie Mangeot-Peter (INRA, UMR 1136, Interactions Arbres/Microorganismes (IAM), 
Centre INRA de Nancy, Champenoux, France), Aurélie Deveau (INRA, UMR 1136, Interac-
tions Arbres/Microorganismes (IAM), Centre INRA de Nancy, Champenoux, France), 
Claire Veneault-Fourrey (Université de Lorraine, UMR 1136, Interactions Arbres/Micro-
organismes (IAM), Faculté des Sciences, Vandoeuvre les Nancy, France) 

Tree roots are colonized by ectomycorrhizal (EcM) fungi and rhizospheric/endophytic 
bacteria and fungi – the microbiota. EcM fungi play a key role in the host nutrition, 
whereas endophytic associates may modulate the plant resilience to biotic and abiotic 
stresses. The molecular mechanisms shaping the tree microbiota are not known. Here, 
we aim to determine how the plant defense signaling pathways regulate the root micro-
biome in Grey poplar (Populus tremula x P. alba). We surveyed the root microbiota from 
poplar lines constitutively expressing the fungal protein MiSSP7 (Mycorrhizal-induced 
Small Secreted Protein of 7 kDa). MiSSP7 is released by the EcM Laccaria bicolor, enters 
root nuclei and interacts with the transcriptional regulator JAZ6, the jasmonate co-re-
ceptor. By preventing JAZ6 degradation, MiSSP7 represses the triggering of the 
jasmonate-related defense signaling pathways. Wild type (WT) and MiSSP7-overexpress-
ing poplar lines were grown in natural soil. Rhizospheric and bulk soils, and roots were 
sampled after 10 days and 6.5 weeks. Metabolite profiles of WT and MiSSP7 lines were 
measured by gas chromatography-mass spectrometry, whereas the root fungal and bac-
terial communities were surveyed by rDNA metabarcoding. We show that the fungal col-
onisation of MiSSP7-overexpressing roots was 30-fold higher than WT lines, suggesting 
that the alteration of JA signalling by MiSSP7 facilitated fungal colonization. Metabolites 
accumulated in roots colonized by EcM fungi were also more abundant in MiSSP7-over-
expressing lines. Our results suggest that MiSSP7 may not only play a role in the for-
mation of mycorrhizal symbiosis, but it could also influence the structuring of root-asso-
ciated microbial communities. 

Keywords: microbiome, DNA metabarcoding, jasmonic acid, poplar, MiSSP7 
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AM fungal community associated to Vitis vinifera cv. Pinot Nero treated with inte-
grated pest managements 

Patrizia Cesaro (Dipartimento di Scienze e Innovazione Tecnologica, Università Piemonte 
Orientale, Alessandria, Italy), Lara Boatti (SmartSeq s.r.l., Alessandria, Italy), Elisa Bona 
(Dipartimento di Scienze e Innovazione Tecnologica, Università Piemonte Orientale, Ales-
sandria, Italy), Nadia Massa (Dipartimento di Scienze e Innovazione Tecnologica, Univer-
sità Piemonte Orientale, Alessandria, Italy), Giorgia Novello (Dipartimento di Scienze e 
Innovazione Tecnologica, Università Piemonte Orientale, Alessandria, Italy), Valeria 
Todeschini (Dipartimento di Scienze e Innovazione Tecnologica, Università Piemonte Ori-
entale, Alessandria, Italy), Flavio Mignone (Dipartimento di Scienze e Innovazione Tecno-
logica, Università Piemonte Orientale, Alessandria, Italy), Elisa Gamalero (Dipartimento 
di Scienze e Innovazione Tecnologica, Università Piemonte Orientale, Alessandria, Italy), 
Guido Lingua (Dipartimento di Scienze e Innovazione Tecnologica, Università Piemonte 
Orientale, Alessandria, Italy), Graziella Berta (Dipartimento di Scienze e Innovazione 
Tecnologica, Università Piemonte Orientale, Alessandria, Italy) 

Vitis vinifera (L.) is an economically important crop whose value largely depends on fruit 
quality that can be influenced by soil migroorganisms, among which arbuscular mycor-
rhizal fungi (AMF). AMF, able to establish symbiotic associations with vine roots, have 
beneficial effects on grapevine performance, including water use efficiency and replant 
success. Most grapevine varieties are susceptible to diseases, whose control can be per-
formed by different approaches, including integrate pest practice (IPM). Previous reports 
suggested a host specificity among grapevine and AMF and the importance of soil char-
acteristics on this association. In the present study, we examined the AMF communities 
in the rhizospheric and bulk soil of V. vinifera cv Pinot Nero, subjected to IPM, by using 
454 Roche sequencing technology. The bulk and the rhizospheric soil of the grapevines 
were sampled before and after grape production. Genomic DNA was amplified, after ex-
traction, according to the methods for pyrosequencing, by nested PCR using AMF specific 
primers of the large ribosomal subunit (LSU rDNA). Sequences were compared with both 
NCBI and an AMF LSU rDNA reference databases. Our data showed different AMF com-
munities in the rhizospheric and bulk soil of V. vinifera and the importance of the sam-
pling time in regulating AMF biodiversity. 
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Community characteristics of Arbuscular mycorrhizal fungi associated with Chinese fir 
in different age stages 

Nini Lu (Beijing Forestry University, Beijing, China), Baoming Ji (Beijing Forestry Univer-
sity, Beijing, China) 

Arbuscular mycorrhizal fungi (AMF) play an important role in plant-fungi communities. 
However, studies about AMF associated with Chinese fir (a majority timber plants in 
China) are scarce. To establish an understanding of AMF community dynamics associated 
with Chinese fir, 30 root samples were collected from Chinese fir stands with five differ-
ent age stages in Jiangle National Forestry Farm, Fujian province. A total of 150 AMF op-
erational taxonomic units (OTUs) were identified. AMF diversity changed as the host 
plant grows, and a significantly higher Observed otus and Shannon index were present 
in the age of nine than others. Non-metric multi-dimensional scaling (NMDS) analysis 
revealed that significant cluster were observed among young, adolescent and three ma-
ture stages, while no significance among near mature, mature and over mature. 48 OTUs 
of AMF were found to be indicator species, belonging to Glomus, Archaeospora and 
Acaulospora mellea. According to partial least squares path modeling (PLS-PM), AMF 
community was mainly affected by the age of host plant, total phosphorus may exert a 
strong positive effect on AMF community diversity, and available potassium may nega-
tively affect AMF composition. Exploring the changes of AMF communities along host 
plant age stages could help us better elaborate managing forests. 

Keywords: Illumina high-throughput sequencing, arbuscular mycorrhizal fungi (AMF) 
community composition, Cunninghamia lanceolata, indicator species, soil factors 
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Disentangling microbial interactions upon utilization of soil organic N by arbuscular 
mycorrhizal fungi 

Petra Bukovská (Institute of Microbiology, Czech Academy of Sciences, Prague, Czech Re-
public), David Püschel (Institute of Microbiology, Czech Academy of Sciences, Prague, 
Czech Republic), Hana Gryndlerová (Institute of Microbiology, Czech Academy of Sci-
ences, Prague, Czech Republic), Tereza Konvalinková (Institute of Microbiology, Czech 
Academy of Sciences, Prague, Czech Republic), Martina Hujslová (Institute of Microbiol-
ogy, Czech Academy of Sciences, Prague, Czech Republic), Jan Jansa (Institute of Micro-
biology, Czech Academy of Sciences, Prague, Czech Republic) 

Arbuscular mycorrhizal fungi (AMF) can significantly contribute to plant nitrogen (N) up-
take from complex organic sources in soil, most likely in concert with activity of soil sap-
rotrophes releasing the N bound in the organic compounds. Yet, since most of the model 
experiments have so far been carried out only with isotopically labeled plant litter, utili-
zation of organic N from other sources by the AMF hyphal networks remains little under-
stood. Here we tested whether AMF (Rhizophagus irregularis) hyphal networks show any 
preferences towards different forms of organic N (chitin of fungal or crustacean origin, 
DNA, clover biomass, or albumin) administered in spatially discrete patches in a single 
pot. Further, by direct 15N labeling, we quantified the flux of N from the organic soil 
amendments through the AMF hyphae to the plants (Andropogon gerardii). Mycorrhizal 
plants grew 6.5 fold larger and accummulated, on average, 19 fold more 15N originating 
from the organic sources (fungal chitin or clover biomass) than their non-mycorrhizal 
counterparts. The AMF hyphae (as per quantitative PCR analyses) colonized patches sup-
plemented with any organic N significantly more than patches with no (organic or min-
eral) N amendment. Molecular profiling of microbial communities in the different 
patches indicated consistently higher abundance of ammonia oxidizers in the organic N 
patches, whereas Acanthamoeba protists (key functional group in soil microbial loop) 
were detected almost exclusively in clover or albumin- amended patches. Other protists 
(e.g., Vermamoeba sp.) might have replaced Acanthamoeba in chitin-amended patches, 
as suggested by preliminary metatranscriptome analyses. 
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The impact of Aridity on Microbial Diversity of Opuntia ficus-indica 

Mahmoud Gargouri (Centre of Biotechnology of Borj Cedria, Hammam-Lif, Tunisia) 

Many native microbes such as AMF and PGPR are known to enhance stress tolerance in 
a range of crop species and to help plants to prosper in degraded arid and semi-arid ar-
eas. However, the associations Opuntia cacti establish with microorganisms and the rules 
governing microbial community assembly remain poorly understood. 

In order to characterize the cactus stress-specific microbe association mechanisms under 
adverse climatic conditions and its microbial symbiont effects, microbial diversity of Tu-
nisian rhizospheric cacti were investigated using cultivation-independent (DGGE) and 
high next-generation sequencing (Miseq-Illumina) approaches. Soil and roots samples we 
collected from cacti following a bioclimatic gradient from low to high arid conditions. 

High-throughput sequencing (Mi-seq) demonstrated that the abundant OTUs from soil 
and root samples were related to Proteobacteria and Actinobacteria phyla. In addition, 
Firmicutes and Chloroflexi phyla, Bacillus and Rubrobacter genera were also abundant in 
soil samples. However, Cyanobacteria phylum and bacterial species belonging to 
Burkholderia, Pseudomonas and Erwinia were rather abundant in roots. The identities of 
the fragments of the fungal rRNA-ITS region showed that the dominant fungal genera 
detected in soil and roots samples were Fusarium and Penicillium. Alternaria, Aspergillus 
and Neosartorya were abundant and detected in cacti roots. 

The composition and assembly of microbial communities associated with Cacti were 
highly influenced by the bioclimatic conditions and soil physicochemical proprieties. The 
microbial diversity was specifically higher in upper arid areas as compared to humid, 
semi-arid and lower arid areas. Furthermore, soil exhibited the highest levels of microbial 
diversity whereas the root part showed the lowest. 
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Root mycobionts of the seagrass Posidonia oceanica in the central Adriatic – micros-
copy, culturing and 454-pyrosequencing 

Martin Vohník (Department of Mycorrhizal Symbioses, Institute of Botany ASCR, Průho-
nice, Czech Republic), Ondřej Borovec (Department of Mycorrhizal Symbioses, Institute 
of Botany ASCR, Průhonice, Czech Republic), Ivan Župan (Department of Ecology, Agron-
omy and Aquaculture, University of Zadar, Zadar, Croatia), Radka Sudová (Department 
of Mycorrhizal Symbioses, Institute of Botany ASCR, Průhonice, Czech Republic) 

A significant part of the hitherto unexplored fungal diversity is hidden in the marine en-
vironment. At the same time, plant tissues host endophytic communities often domi-
nated by yet undescribed fungal lineages. Here we focused on the Mediterranean en-
demic seagrass Posidonia oceanica and screened its root mycobionts at eight localities in 
the Croatian central Adriatic Sea using (stereo-)microscopy, culturing from surface steri-
lized root segments and 454-pyrosequencing. Our microscopic observations revealed 
that roots from all investigated localities possessed the typical dark septate endophytic 
association recently reported in this seagrass in the northwestern Mediterranean Sea. 
Both culturing and pyrosequencing detected very narrow fungal communities lacking 
typical terrestrial root endophytes. Similarly to the NW Mediterranean, these were dom-
inated by the hitherto undescribed slow-growing mycobiont from the Pleosporales (one 
OTU ~ ca. 92% from the total 430 isolates, and two MOTUs ~ ca. 92% from the total 393 
fungal sequences) and also comprised mycobionts from the Lulworthiales (two OTUs ~ 
ca. 8% of isolates, and one MOTU ~ 1.3% of sequences). Such a narrow, single-species 
dominated root mycobiont spectrum is unusual for photoautotrophic vascular plants and 
points at a close symbiotic relationship between the dominating pleosporalean mycobi-
ont and the dominant Mediterranean seagrass. Additionally, the apparent lack of typical 
terrestrial root endophytic fungi as well as their probable substitution by the pleospora-
lean mycobiont so far not known from other hosts or ecosystems implies relatively long 
specific coevolution of both marine organisms. 

Keywords: seagrasses, marine fungi, dark septate endophytes, Pleosporales, Lulworthiales 
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Resilience of root fungal communities under experimental warming and northern light 
climate 

Karita Saravesi (Ecology and Genetics, University of Oulu, Oulu, Finland), Annamari Mark-
kola (Ecology and Genetics, University of Oulu, Oulu, Finland), Erja Taulavuori (Ecology and 
Genetics, University of Oulu, Oulu, Finland), Otso Suominen (Kevo Subarctic Reasearch In-
stitute, Utsjoki, Finland), Ilkka Syvänperä (Kevo Subarctic Reasearch Institute, Utsjoki, Fin-
land), Marko Suokas (Biocenter Oulu Sequencing Center, University of Oulu, Oulu, Finland), 
Kari Taulavuori (Ecology and Genetics, University of Oulu, Oulu, Finland) 

Global warming is driving plant range shifts to higher latitudes. However, plants encoun-
ter different light environment in the north. Elongation of many tree species dependent 
on photoperiod, which varies substantially across latitudes. Moreover, spectral compo-
sition of light is different between high and low latitudes. We conducted a reciprocal 
transplantation study, where coniferous seedlings from southern and northern tree pop-
ulations were grown under similar experimental temperature conditions in southern 
(60°N) and northern (69°N) Finland. Growth chambers in northern site were heated ac-
cording to real-time temperature signal from south. Norway spruce and Scots pine seed-
lings were grown for 3 months in experimental chambers, after which plant biomass was 
recorded and root-associated fungal communities determined by sequencing fungal 
rDNA on Ion Torrent PGM platform. In both species shoot elongation was higher in south-
ern populations, while northern populations allocated more biomass below ground. Light 
conditions of the experimental sites had less impact on plant growth. Norway spruce and 
Scots pine supported largely different root fungal communities, although Thelephora/To-
mentella clade was dominant in both. Composition of root-associated fungi in Norway 
spruce differed between northern and southern populations, likely due to different 
nurseries they originated. In roots of Scots pine, fungal community composition and ec-
tomycorrhizal fungal (EMF) reads showed site x population interaction. Abundance of 
EMF was highest in southern pine populations in south and in northern populations in 
north. Our results indicate that plant growth and composition of root-associated fungal 
communities vary between populations but may be more resilient to changes in light 
conditions. 

Keywords: global warming, range shift, tree population, root-associated fungi, ectomy-
corrhizal 
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Ectomycorrhizal carbon allocation to soil bacteria in the mycorrhizosphere of Fagus 
sylvatica 

Stefan Gorka (Department of Microbiology and Ecosystem Science, University of Vienna, 
Vienna, Austria), Werner Mayerhofer (Department of Microbiology and Ecosystem Sci-
ence, University of Vienna, Vienna, Austria), Marlies Dietrich (Department of Microbiol-
ogy and Ecosystem Science, University of Vienna, Vienna, Austria), Julia Wiesenbauer 
(Department of Microbiology and Ecosystem Science, University of Vienna, Vienna, Aus-
tria), Victoria Martin (Department of Microbiology and Ecosystem Science, University of 
Vienna, Vienna, Austria), Peter Schweiger (Department of Microbiology and Ecosystem 
Science, University of Vienna, Vienna, Austria), Arno Schintlmeister (Department of Mi-
crobiology and Ecosystem Science, University of Vienna, Vienna, Austria), Andreas Rich-
ter (Department of Microbiology and Ecosystem Science, University of Vienna, Vienna, 
Austria), Dagmar Woebken (Department of Microbiology and Ecosystem Science, Uni-
versity of Vienna, Vienna, Austria), Christina Kaiser (Department of Microbiology and 
Ecosystem Science, University of Vienna, Vienna, Austria) 

Current hypotheses suggest transfer of recently photoassimilated carbon (C) via mycor-
rhizal hyphae to adjacent soil bacteria. Hyphal C exudation may be benefitial for both 
mycorrhizal fungi and plants, as labile C facilitates decomposition of complex organic 
compounds by soil saprotrophs, which increases availability of limiting nutrients like ni-
trogen (N) or phosphorus. However, only limited experimental evidence is available, es-
pecially for ectomycorrhizal systems. Here, we tested plant-derived C allocation in the 
mycorrhizosphere of Fagus sylvatica, and applied spatially restricted N fertilisation to in-
vestigate microbial community responses. 

Stable isotope probing with 13CO2 was applied to trace the fate of recent photosynthates. 
Plant roots were divided into two soil compartments, each connected to a hyphae-exclu-
sive litter compartment separated by a mesh (35 µm). N fertilisation was applied to only 
one of two litter compartments. 

After a 17 h labelling period, we found significant 13C enrichment in PLFAs specific for 
fungi and bacteria in the hyphae-exclusive litter compartment. Nanoscale secondary ion 
mass spectrometry (NanoSIMS) imaging enabled visualisation of plant-derived C both 
within and as accumulated exudation products in bacterial cells outside extraradical hy-
phae. 

Our results show rapid transport of recent photosynthates via ectomycorrhizal hyphae 
to associated soil bacteria. A decline in biomass of Actinobacteria and other Gram posi-
tive bacteria with N fertilization suggests to be a reaction of ectomycorrhizal fungi acting 
on associated soil bacteria, as the effect is also observed in soil compartments where 
fertilized N would only be available for bacteria through hyphal transport. 

Keywords: ectomycorrhizal (EM) fungi, hyphal carbon transfer, mycorrhizosphere prim-
ing, PLFAs, NanoSIMS
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Geosiphon pyriformis a unique arbuscular mycorrhizal fungus 

Manuela Krüger (Institute of Botany, Academy of Sciences of the Czech Republic, Průho-
nice, Czech Republic), Claudia Krüger (Institute of Botany, Academy of Sciences of the 
Czech Republic, Průhonice, Czech Republic) 

Geosiphon pyriformis is an exceptional example of an arbuscular mycorrhizal (AM) fun-
gus forming a unique endosymbiosis with the cyanobacterium Nostoc punctiforme, in 
which the membrane, enclosing the cyanobacteria cells, is homologous to the fungal 
plasma membrane and the occurring nutrient exchange corresponds with the plant-fun-
gal symbiotic interface in AM. 

Up to now it is still not known, whether G. pyriformis forms an AM beside the symbiosis 
with cyanobacteria. We aim to show if G. pyriformis forms intraradical structures, to ver-
ify the position of G. pyriformis within the AM fungi, and its potential as a model system 
for Glomeromycota, due to easy mRNA separation between the fungal and the cyano-
bacterial partner (polyA+ selection). 

So far, we established monoxenic cultures of the Geosiphon-Nostoc symbiosis from sym-
biotic bladders obtained from the stable habitat in Bieber (Spessart, Germany), and will 
use the spores of G. pyriformis in a greenhouse experiments with different plant hosts, 
to detect potential intraradical structures. 

Furthermore, we will study the genome of G. pyriformis, which will give us a deeper in-
sight into the genes involved in the obligate biotrophic lifestyle and the AM symbiosis 
itself. This knowledge will be enlarged with RNA-Seq data, to determine the differentially 
expressed genes in the different symbiotic states of G. pyriformis, as the bladders (fun-
gus-cyanobacteria), the fungal-plant part and the fungal spores. 

The Geosiphon-Nostoc symbiosis is of interest not only for functional characterization of 
the AM, but also as a valuable model to uncover evolutionary aspects of AM fungi. 

Keywords: Geosiphon pyriformis, arbuscular mycorrhiza 
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Root-associated fungi respond more strongly than rhizosphere-soil fungi to N fertilisa-
tion in a boreal forest 

Srisailam Marupakula (Department of Forest Mycology and Plant Pathology, Swedish 
University of Agricultural Sciences, Uppsala, Sweden), Shahid Mahmood (Department of 
Forest Mycology and Plant Pathology, Swedish University of Agricultural Sciences, Upp-
sala, Sweden), Roger D. Finlay (Department of Forest Mycology and Plant Pathology, 
Swedish University of Agricultural Sciences, Uppsala, Sweden) 

Pinus sylvestris forms ectomycorrhizal associations with many fungi, but there are still 
few studies of the fungal microbiomes associated with its roots and rhizosphere soil, or 
of how these vary between different soil horizons. Ectomycorrhizal fungi mobilise N and 
P from organic polymers and P and base cations from mineral substrates that are weath-
ered at different rates. However, the roles of individual taxa and their location within the 
soil profile are still poorly understood. We used high throughput sequencing to investi-
gate fungal community structure in roots and rhizosphere soil from the O, E and B hori-
zons of an 85-year-old boreal pine forest with an unfertilised control and a fertilised 
treatment (150 kg N ha-1 16 months prior to sampling). Statistical analyses revealed dis-
tinct fungal communities associated with roots and rhizosphere soil in all horizons, irre-
spective of N-fertilisation. There was a significant effect of soil horizon on both root and 
rhizosphere soil fungal communities. Fungal species richness decreased with soil depth 
in both rhizosphere soil and root samples. In soil, N-fertilisation increased fungal diversity 
in the O horizon but had no effect in the mineral horizons. In roots, N-fertilisation de-
creased fungal diversity significantly in all horizons. Significant differences between soil 
and root-associated fungal community structure in all horizons, and the stronger effect 
of N on root-associated fungal diversity, implying that root-colonising fungi may be more 
sensitive to N fertilisation, suggest that both soil and root-associated fungal communities 
should be analysed for accurate monitoring of environmental perturbations. 

Keywords: N-fertilisation, Pinus sylvestris, podzol horizon, fungal communities, rhizo-
sphere soil and root 
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Mycorrhizal phosphate uptake pathway affects maize root-associated microbiome 

Huanhuan Tai (Botanical Institute, Cologne Biocenter, Cluster of Excellence on Plant Sci-
ences (CEPLAS), University of Cologne, Cologne, Germany), Nina Gerlach (Botanical Insti-
tute, Cologne Biocenter, Cluster of Excellence on Plant Sciences (CEPLAS), University of 
Cologne, Cologne, Germany), Izabela Fabianska (Botanical Institute, Cologne Biocenter, 
Cluster of Excellence on Plant Sciences (CEPLAS), University of Cologne, Cologne, Ger-
many), Marcel Bucher (Botanical Institute, Cologne Biocenter, Cluster of Excellence on 
Plant Sciences (CEPLAS), University of Cologne, Cologne, Germany) 

Phosphorus (P) is an essential nutrient for plants and often limits growth performance. 
Arbuscular mycorrhizal (AM) fungi as part of the root-associated microbiota are benefi-
cial for maize growth on soils with low nutrient availability, especially P. Plants utilize 
mycorrhiza-specific orthophosphate (Pi) transporters to take up fungus-derived Pi. In 
maize the Pht1;6 gene encodes a mycorrhiza-specific Pi transporter. Loss of function of 
pht1;6 mutant plants are impaired in AM symbiosis and thus display reduced growth un-
der Pi-deficient conditions. 

In the present study, the impact of Pht1;6 knock-out on fungal microbial community 
structure and composition in maize roots were investigated. To this end, root and the 
corresponding rhizosphere materials from pht1;6 and wild type (WT) plants grown in soil 
pots in a greenhouse trial were sampled and then analysed by ITS2 amplicon sequencing. 
We observed substantial differences in fungal community structure and relative abun-
dance of fungal orders between pht1;6 and WT roots. These thus suggest and important 
role of mycorrhizal phosphate uptake in fungal microbiome development. 

Future research will include a large-scale study at the transcriptome, metabolome, io-
nome, and microbiome levels todecipher the complex relationships between mycorrhizal 
phosphate uptake and soil microbial communities and their function in maize develop-
ment and growth. 
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Fungi diversity associated to root of Zygopetallum maxillare (Orchidaceae) 

Erica Mangaravite (Universidade Federal de Viçosa, Viçosa, Brazil), Tomas G. R. Veloso 
(Universidade Federal de Viçosa, Viçosa, Brazil), Melissa B. Cunha (Universidade Federal 
de Viçosa, Viçosa, Brazil), Meiriele Silva (Universidade Federal de Viçosa, Viçosa, Brazil), 
Conrado A. Vieira (Universidade Federal de Viçosa, Viçosa, Brazil), Emiliane F. S. Freitas 
(Universidade Federal de Viçosa, Viçosa, Brazil), Everaldo Cruz (Universidade Federal de 
Viçosa, Viçosa, Brazil), Maria C. M. Kasuya (Department of Microbiology, Universidade 
Federal de Viçosa, Viçosa, Brazil) 

Orchid mycorrhizal fungi are mainly represented by fungi from Sebacinaceae, Tulasnel-
laceae and Ceratobasidiaceae families. Zygopetallum maxillare is an epiphytic orchid spe-
cies, which grows exclusively on two phorophyte fern species: Cyathea delgadii and Dick-
sonia sellowiana. Here, we investigated the fungal community in root samples of Z. max-
illare. 

The orchid roots were collected in plants growing on both phorophytes, growing in three 
sites of Atlantic Forest, in Minas Gerais and Rio de Janeiro States. The whole fungal com-
munity was sequenced by Illumina MiSeq using the primers ITS1F e ITS4. 

The Ascomycota fungi were the dominating phylum and Cladophialophora were the 
more frequent genus, while Capronia, Rhinocladiella, Phialocephala and Taphrina (Asco-
mycota) and one unidentified Mucoraceae (Zygomycota) were the genera shared in all 
samples. Two sites of Rio de Janeiro exhibited the same OTUs richness, but this was 
higher in Minas Gerais and in orchids on C. delgadii, even after rarefaction. Among Ba-
sidiomycota, Trechispora, Auriculariales, Sebacina and Ceratobasidium genera displayed 
frequency greater than 2%. The latter two are well-known orchid mycorrhizal fungi alt-
hough showed low or no shared OTUs between sites and phorophytes. 

The high number of ascomycetes has been reported in orchid roots, as endophytes, with 
unknown function. The little sharing of mycorrhizal fungi, between the sampling sites 
and phorophytes, highlighted the influence of these factors shaping the fungi occurrence 
pattern. These findings show that Z. maxillare associates with Sebacina and Ceratobasid-
ium mycorrhizal genera and that most OTUs are restrict to one site. 
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The fine scale distribution of orchid mycorrhizal fungi of the leafless epiphytic orchid, 
Dendrophylax lindenii 

Lynnaun Johnson (Plant Biology and Conservation, Northwestern University & Chicago 
Botanic Garden, Evanston, USA), Gregory M. Mueller (Chicago Botanic Garden, Glencoe, 
United Arab Emirates) 

All orchids depend on mycorrhizal fungi for seed germination, and based on stable iso-
tope data, at least some also depend on fungi as a carbon source as adults. The role that 
these fungi play in driving fine scale distribution patterns of orchids remains unclear. To 
assess the role of mycorrhizal fungi in phorophyte (host tree) specificity, we investigated 
the root microbiome of a leafless epiphytic orchid Dendrophylax lindenii, the ghost or-
chid. Florida individuals of D. lindenii are restricted to two phorophyte species. We tested 
the hypothesis that the source of D. lindenii root microbiota was from its phorophytes 
using amplicon sequencing of ITS on an Illumina miSeq (2 x 250). We collected root sam-
ples and subtending bark from individuals of D. lindenii and other epiphytic orchids grow-
ing on their preferred phorophytes (Fraxinus caroliniana and Annona glabra) from the 
Florida Panther National Wildlife Refuge in south Florida, USA. Preliminary results of 
roots identified 708 fungal OTUs (i.e. 97% sequence similarity). Epiphytic orchids associ-
ated with a mix of eight putative orchid mycorrhizal fungi including Ceratobasidium, Se-
bacina, Tomentella and Tuber plus a mix of saprobic species. Subtending bark of phoro-
phytes hosted mycorrhizal fungi and potentially serve as the source of the root mycor-
rhizal fungi. 
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rhizal symbioses 

Currently available technologies and massive flow of sequencing data from ongoing pro-
jects is allowing unprecedented insights into general patterns and specificities of mycor-
rhizal symbiosis across the different partner combinations and mycorrhizal types. This 
session shall offer a platform to discuss parallels and/or uniqueness of processes related 
to partner recognition (early communication and signaling events), molecular dialogue 
between symbiotic partners, mechanisms of exchange of nutrients, carbon and signal 
molecules between the partners, as well as possible evolution of mycorrhizal functioning 
from or to facultative parasitic interactions. This session will also offer overview of asso-
ciated technologies and methods including gene silencing, symbiotic mutants and simpli-
fied ex-vivo models. 

Chairs: Annegret Kohler, Pierre-Emmanuel Courty 
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Reprogramming root cells for arbuscular mycorrhiza 

Didier Reinhardt (Biology, University of Fribourg, Fribourg, Switzerland), Mélanie K. Rich 
(Biology, University of Fribourg, Fribourg, Switzerland), Pierre-Emmanuel Courty (Biol-
ogy, University of Fribourg, Fribourg, Switzerland) 

Background & Aims: Development of arbuscular mycorrhiza (AM) requires a fundamen-
tal reprogramming of root cells for symbiosis. A recently identified GRAS-type transcrip-
tion factor in Petunia hybrida, ATA/RAM1, is required for gene induction in the host, and 
for morphogenesis of the fungal endosymbiont. To better understand the role of RAM1 
in symbiosis, we set out to identify all genes that depend on activation by RAM1 in my-
corrhizal roots. 

Methods & Results: We have carried out a transcript profiling experiment by RNAseq of 
mycorrhizal plants vs. non-mycorrhizal controls in wild type and ram1 mutants. The re-
sults show that the expression of early genes required for AM, such as the strigolactone 
biosynthetic genes and the common symbiosis signalling genes, is independent of RAM1. 
In contrast, genes that are involved at later stages of symbiosis, for example for nutrient 
exchange in cortex cells, require RAM1 for induction. RAM1 itself is highly induced in 
mycorrhizal roots together with many other transcription factors, in particular GRAS pro-
teins. 

Discussion & Conclusion: We conclude that RAM1 acts as an early transcriptional switch 
that induces most AM-related genes, among them genes that are essential for the devel-
opment of arbuscules, such as STR, STR2, RAM2, and PT4. Taken together, these results 
indicate that the defect in the morphogenesis of the fungal arbuscules in ram1 mutants 
may be an indirect consequence of functional defects in the host, which interfere with 
nutrient exchange and possibly other functions on which the fungus depends. 

References: 

M. K. Rich, M. Schorderet, L. Bapaume, L. Falquet, P. Morel, M. Vandenbussche, D. Rein-
hardt. (2015). The Petunia GRAS transcription factor ATA/RAM1 regulates symbiotic 
gene expression and fungal morphogenesis in arbuscular mycorrhiza. Plant Phys. 168, 
788–797. 
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Evolutionary conservation of mycorrhiza-specific phosphate transporter gene regula-
tion in Lotus japonicus by CTTC MOTIF-BINDING TRANSCRIPTION FACTOR1 (CBX1) 

Marcel Bucher (Biology, University of Cologne, Cologne, Germany), Li Xue (Biology, Uni-
versity of Cologne, Cologne, Germany), Lompong Klinnawee (Biology, University of Co-
logne, Cologne, Germany), Georgios Saridis (Biology, University of Cologne, Cologne, Gre-
nada) 

The periarbuscular membrane (PAM) is plant derived and harbors a specific set of mem-
brane proteins. By surrounding growing and mature arbuscules it serves signaling and 
the reciprocal exchange of nutrients and metabolites in the arbuscular mycorrhizal sym-
biosis. We are interested in the protein composition underlying PAM functionality and 
therefore performed RNA-sequencing with mycorrhizal Lotus roots. A set of 43 mycor-
rhiza-regulated transcription factors were screened for binding the cis-regulatory CTTC 
element which is required for mycorrhiza-specific regulation of phosphate transporter 
genes. We identified AP2 family transcription factor CTTC MOTIF-BINDING TRANSCRIP-
TION FACTOR1 (CBX1) which activates Lotus japonicus phosphate transporter 4 (LjPT4) 
and the mycorrhiza-inducible gene encoding H+-ATPase (LjHA1), implicated in energizing 
nutrient uptake across the peri-arbuscular membrane. The CBX1-CTTC regulatory mech-
anism is conserved in different mycorrhizal host plant species. Genome-wide binding 
profiles of CBX1 reveal a subset of a regulatory network in the AM symbiosis. Our finding 
defines the role of CBX1 in the activation of a gene module essential for the mutualistic 
AM symbiosis and supports an evolutionary conservation model on the control of my-
corrhizal phosphate uptake in the eudicots. 

References: 

Xue L, Cui H, Buer B, Vijayakumar V, Delaux P-M, Junkermann S, and Bucher M (2015) 
Network of GRAS transcription factors involved in the control of arbuscule development 

in Lotus japonicus. Plant Physiology 167, 854–871. 

  



9th International Conference on Mycorrhiza| 30th July – 4th August 2017 | Prague, Czech Republic 

498 

CL (ID 104) 

Metal transport in arbuscular mycorrhizas 

Nuria Ferrol (Microbiología del Suelo y Sistemas Simbióticos, Estación Experimental del 
Zaidín, CSIC, Granada, Spain), Elisabeth Tamayo (Microbiología del Suelo y Sistemas Sim-
bióticos, Estación Experimental del Zaidín, CSIC, Granada, Spain), Tamara Gómez-Gallego 
(Microbiología del Suelo y Sistemas Simbióticos, Estación Experimental del Zaidín, CSIC, Gra-
nada, Spain), Jacob Pérez-Tienda (Microbiología del Suelo y Sistemas Simbióticos, Estación 
Experimental del Zaidín, CSIC, Granada, Spain), Ascensión Valderas (Microbiología del 
Suelo y Sistemas Simbióticos, Estación Experimental del Zaidín, CSIC, Granada, Spain), Paola 
Vargas (Microbiología del Suelo y Sistemas Simbióticos, Estación Experimental del Zaidín, 
CSIC, Granada, Spain) 

As a result of the essential but toxic nature of the transition metals Cu, Fe and Zn, all 
organisms have evolved specialized mechanisms to control precisely the levels of these 
metals within cells. Arbuscular mycorrhizal fungi play an important role in modulating 
plant metal acquisition in a wide range of soil metal concentrations. Moreover, given the 
essential roles played by metals in all living organisms, a lack or excess of essential metals 
should have a profound effect not only on the plant but also on the fungus and, by ex-
tension, in their interaction. However, we are far from understanding the key molecular 
determinants of metal homeostasis in arbuscular mycorrhizas. 

To get some insights into these mechanisms and since transporters represent the first 
line of defence to perturbations of cellular and subcellular metal homeostasis, we are 
currently studying the plant and fungal metallotransportomes. 

We are characterizing metal transporters in Rhizophagus irregularis extraradical mycelia 
and in maize mycorrhizal roots. 

On the fungal side, we have observed an expansion of some families of metal transport-
ers and up-regulation in the R. irregularis intraradical mycelium of a certain number of 
genes encoding transporters mediating metal uptake and the mobilization of the vacuo-
lar stores. On the plant side, we have also observed a specific activation of some metal 
transporters in mycorrhizal roots. The most recent progresses in the identification and 
characterization of these transporters will be presented and discussed. 

Acknowledgements: This research was supported by MINECO, Spain (Project AGL2015-
67098-R) 
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Unlocking the Door for Mycorrhizal Symbioses: Do Endo- and Ecto-mycorrhizal Fungi 
Use the Same Key? 

Kevin R. Cope (University of Wisconsin–Madison, Madison, Wisconsin, USA), Muthusubra-
manian Venkateshwaran (University of Wisconsin–Platteville, Platteville, Wisconsin, USA), 
Junko Maeda (University of Wisconsin–Madison, Madison, Wisconsin, USA), Cathleen Ma 
(Oregon State University, Corvallis, Oregon, USA), Steve Strauss (Oregon State University, 
Corvallis, Oregon, USA), Jean-Michel Ané (University of Wisconsin–Madison, Madison, Wis-
consin, USA) 

Arbuscular mycorrhizal (AM) fungi produce various signaling molecules, including lipo-
chitooligosaccharides (LCOs) and short chitooligosaccharides. These fungal signals are 
perceived and transduced in host plants via a highly conserved “common symbiosis path-
way” (CSP). Genomic data suggested that ectomycorrhizal (ECM) fungi, e.g. Laccaria bi-
color, may be capable of producing LCOs and that some ECM host plants like Populus spp. 
contain all the components of the CSP.1 Based on this observation, we hypothesized that 
some ECM fungi may produce LCOs and that the CSP could play a role not only in AM but 
also in ECM associations. We found that hyphal exudates from several ECM fungi but not 
short chitooligosaccharides can trigger typical root hair branching in Vicia sativa suggest-
ing the presence of non-sulfated LCOs in these ECM exudates. In contrast to sulfated 
LCOs and negative controls, non-sulfated LCOs triggered an increase in both lateral root 
formation in hybrid poplar (Populus x canescens) and the total number of root tips colo-
nized by L. bicolor. We utilized RNA interference to silence the expression of core com-
ponents of the CSP, including CCaMK. Increased lateral root formation induced by non-
sulfated LCOs did not occur in the CCaMK-RNAi line. Furthermore, during colonization of 
poplar by L. bicolor, mantle width, Hartig net depth, and the expression of the phosphate 
transporter PtPH12 were significantly reduced in the CCaMK-RNAi line compared to a 
wild-type control. Altogether, our data suggest that LCOs are produced by some ECM 
fungi and that the CSP has been recruited for the establishment of ECM associations. 

References: 

1. Garcia K, PM Delaux, KR Cope, JM Ané. 2015. Molecular signals required for the estab-
lishment and maintenance of ectomycorrhizal symbioses. New Phytologist, 208(1):79-
87. 
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A functional approach towards understanding the mitochondrial respiratory chain role 
in an endomycorrhizal symbiosis 

Louis Mercy (INOQ GmbH, Schnega, Germany), Eva Lucic-Mercy (INOQ GmbH, Schnega, 
Germany), Amaia Nogales (Linking Landscape, Environment, Agriculture and Food – In-
stituto Superior de Agronomia, University of Lisbon, Lisbon, Portugal), Areg Poghosyan 
(INOQ GmbH, Schnega, Germany), Carolin Schneider (INOQ GmbH, Schnega, Germany), 
Birgit Arnholdt-Schmitt (Functional Cell Reprogramming and Organism Plasticity (Fun-
Crop), EU Marie Curie Chair, ICAAM, University of Évora, Evora, Portugal) 

Organism fitness and adaptation to the changing environment can be driven by the mod-
ulation of mitochondrial respiratory chain. Nevertheless, the role of the respiratory func-
tion in endomycorrhizal relationships remains largely unexplored. We hypothesized that 
the alternative oxidase (AOX) and the cytochrome oxidase (COX) pathways are involved 
in specific mycorrhizal behaviors. 

At the pre-symbiotic phase (axenic conditions), we studied phenotypic responses of Rhi-
zoglomus irregulare spores applying AOX and COX inhibitors (SHAM and KCN, respec-
tively) and two growth regulators (ABA and Ga3). At the symbiotic phase, we analyzed 
phenotypic and transcriptomic (genes codifying for proteins involved in respiration, 
transport, and fermentation) responses in Solanum tuberosum/Rhizoglomus irregulare 
biosystem (glasshouse conditions): we monitored the effects driven by ABA, and ex-
plored modulations induced by SHAM and KCN under five phosphorus concentrations. 

KCN and SHAM inhibited in vitro spore germination while ABA and Ga3 induced differen-
tial spore germination and hyphal patterns. ABA promoted mycorrhizal colonization, 
strong arbuscule intensity and positive mycorrhizal growth dependency (MGD). In ABA-
treated plants, R. irregulare induced down-regulation of StAOX gene isoforms and up-
regulation of genes involved in plant COX pathway. Respiratory inhibitors induced oppo-
site mycorrhizal patterns in planta in all phosphorus concentrations: KCN induced higher 
Arum-type arbuscule density, positive MGD but lower root colonization compared to 
SHAM, which favored Paris-type formation and negative MGD. 

Following our results and current state-of-the-art knowledge, we discuss metabolic func-
tions linked to respiration that may occur within mycorrhizal behavior. We highlight po-
tential connections between AOX pathways and fermentation, and we propose new re-
search and mycorrhizal application perspectives. 

Keywords: mitochondrial respiratory chain, phosphorus, mycorrhizal growth depend-
ency, Rhizoglomus irregulare, Solanum tuberosum  
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How hormone interplay, carbon partitioning and plant priming affect the endomycor-
rhizal symbiosis: a theory 

Alberico Bedini (INOQ GmbH, Schnega, Germany), Louis Mercy (INOQ GmbH, Schnega, 
Germany), Carolin Schneider (INOQ GmbH, Schnega, Germany), Philipp Franken (Leibniz-
Institut für Gemüse- und Zierpflanzenbau Großbeeren/Erfurt, Erfurt, Germany), Eva Lucic-
Mercy (INOQ GmbH, Schnega, Germany) 

AMF, as obligate biotrophs, depend on plant-to-fungus energy trade for their growth 
within roots. The regulation of AMF root colonisation is driven by a myriad of various 
signalling events, where particular hormones, phosphorus and fungal effector molecules 
play key roles in planta by modifying plant energetic metabolism including mitochondrial 
respiration. 

The physiological state of the plant is one of the main drivers of AMF development and 
function. Here, we propose a model which describes the favourable (low P) and unfa-
vourable (high P) metabolic context for AMF behaviour by linking phytohormone inter-
play with carbon partitioning (including glycolysis, TCA cycle, mitochondrial respiration, 
fermentation). 

This model reveals that two antagonistic groups of hormones in planta drive the differ-
ential response under low and high P. One group of hormones, promoting AMF develop-
ment at low P, seems connected with a reduced glycolytic flow and a more engaged fer-
mentation and alternative oxidase pathways. Another group of hormones, inhibiting my-
corrhizal development at high P, seems to be involved in an active glycolytic flow 
providing electrons to the TCA cycle and the cytochrome oxidase pathway. 

Moreover, an IRS- or SAR-like system may be implemented in promotion or inhibition of 
AMF development by these two antagonistic situations. Understanding this system could 
lead to innovative biotechnologies based on plant priming that induces a plant physio-
logical context able to promote mycorrhizal development and function. 

Keywords: hormone interplay, phosphorus, carbon partitioning, priming, ISR/SAR 
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Epigenetical inheritance in Plant-mycorrhizal interaction: Re-establishing the co-evolu-
tion 

Mohammad H. Khan (University of Gauhati, Guwahati, India) 

Phenotypic plasticity or ecological adaptation has indeed rendered the arbuscular my-
corrhizae (AM) symbiosis more robust and sustainable since the evolution. However, the 
credit for this triumph cannot solely be given to the genetics as because, this interaction 
involves phenotypic arrangement which reportedly doesn’t allow much adaptation op-
portunities to the symbiotic partners, in the ecological context. So, in finding the ra-
tionale, here we propose an idea and a whole new perspective of possible involvement 
of epigenetics in the establishment and maintenance of mutual interaction for greater 
ecological adaptations. Epigenetics reportedly provides greater flexibility to the adapting 
organism under different stressful conditions which may be the case for plant-AM fungal 
interaction that compelled both the partners to co-evolve and established mutualism for 
several trans-generations. However, not much attention has been paid to the epigenetics 
for plant-AM fungal symbiotic co-evolution yet. In this article, emphasis has been made 
to explore the possibilities for the involvement of epigenetics in the plant-AM fungal 
symbiosis by discussing DNA methylation, chromatin modification, and gene expression 
level along with measurement of somatic homologous recombination as potential epige-
netic traits. These hypotheses provide a novel approach and a different perspective to 
understand the ecological sustainability of plant-AM fungal interaction that warrants em-
pirical investigation, and therefore, may re-establish the co-evolutionary aspect of one 
of the most successful ecological interactions. Further, it will be helpful in exploiting the 
interrelations between epigenetic modifications, phenotypic plasticity and ecological ad-
aptations among model ecological interactions such as plant-AM fungal symbiosis to sig-
nificantly improve their application for agro-ecosystem services. 

Keywords: epigenetics, arbuscular mycorrhizae, ecological adaptations, agro-ecosystem, 
trans-generation 
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Cell wall remodeling during ectomycorrhiza development  

Jamil Chowdhury (Department of Forest Genetics and Plant Physiology, Swedish Univer-
sity of Agricultural Sciences, Umeå Plant Science Centre, Umeå, Sweden), Judith Felten 
(Department of Forest Genetics and Plant Physiology, Swedish University of Agricultural 
Sciences, Umeå Plant Science Centre, Umeå, Sweden) 

The cell wall machinery is highly evolved to perform molecular talk between the plant 
and their interacting microbial partners. All types of mycorrhizal developments require 
an extensive level of cell wall modification of the interacting partners at the contact sur-
face area to achieve a full spectrum of symbiotic functionality. In ectomycorrhizal symbi-
osis, the Hartig net, formed through fungal invasion of the apoplastic space between root 
cells, enables nutrient exchanges between the partner. Hartig Net formation and fungal 
invasion of the root requires modification of plant and fungal cell walls. Our study aims 
at understanding the nature of cell wall remodeling required for successful colonization 
and Hartig Net formation in the Populus/Laccaria bicolor ectomycorrhizal symbiosis and 
to identify the underlying molecular actors from plant and fungus. Existing transcriptome 
data show that a set of pectin modifying plant and fungal CAZy genes are significantly 
induced during this symbiosis. We hypothesize that these candidate CAZymes are poten-
tially associated with cell wall loosening and, later during colonization, stiffening, and act 
as auxin-mediated down-stream players controlling fungal root colonization. At present 
we are examining the cell wall remodeling process using biochemical and various micro-
scopic techniques including Raman micro-spectroscopy (1) and immuno-localization with 
antibodies against cell-wall polymer epitopes. Our immuno-localization data indicates 
that the cell wall remodeling through pectin demethylesterification is indeed involved in 
ectomycorrhiza development. The importance of pectin modification for Hartig Net de-
velopment is revealed by studying Populus roots colonized by either L. bicolor wildtype 
or mutants with restricted Hartig Net formation capacity. 

References: 

(1) Felten J, et al. (2015) Vibrational spectroscopic image analysis of biological material 
using multivariate curve resolution-alternating least squares (MCR-ALS). Nat Protoc 
10(2):217–240. 
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The role of protein methylation on the development of ectomycorrhizal symbiosis be-
tween Pisolithus and Eucalyptus 

Krista L. Plett (Hawkesbury Institute for the Environment, Western Sydney University, 
Richmond, NSW, Australia), Anita E. Raposo (Western Sydney University, Cambelltown, 
NSW, Australia), Ian C. Anderson (Hawkesbury Institute for the Environment, Western 
Sydney University, Richmond, NSW, Australia), Sabine Piller (Western Sydney University, 
Cambelltown, NSW, Australia), Jonathan M. Plett (Hawkesbury Institute for the Environ-
ment, Western Sydney University, Richmond, NSW, Australia) 

Introduction: Post-translational modifications have profound effects on the structure, 
localization and function of proteins. Methylation at arginine residues catalyzed by pro-
tein arginine methyl transferases (PRMTs) is well studied in mammalian systems, but re-
search into its role in plant systems is more recent and primarily restricted to annual 
model plants. Even less is know about the effects of protein methylation in plants on 
negotiating interactions with microbes. 

Materials/Methods: Using a combination of chemical inhibition techniques, genetic 
modification, proteomics and transcriptomics, we consider the effect of protein methyl-
ation on the development of the symbiosis between Eucalyptus grandis roots and the 
ectomycorrhizal fungus Pisolithus albus.  

Results: Intriguingly, we find that two plant PRMTs, PRMT10 and PRMT1, exhibit con-
trasting roles in the establishment of mycorrhizal root tips: overexpression of PRMT1 
fosters symbiosis while PRMT10 overexpression reduces root colonization. Our results 
suggest that PRMT1 is involved in cell wall and cytoskeleton arrangement and PRMT10 
in affecting the transcription of genes involved in hormone signalling and defence path-
ways. 

Discussion/Conclusion: This work is the first highlighting the important role of PRMTs in 
the development of ectomycorrhizal symbiosis. We show that PRMTs act as major regu-
lators of transcription and protein function, affecting numerous signalling and develop-
mental pathways. These results demonstrate the importance of a proper balance in 
PRMT activity for the establishment of mycorrhizal symbiosis and the need for future 
research in the area of post-translational modifications. 

Keywords: post-translational modifications, ectomycorrhizal symbiosis, asymmetric ar-
ginine methylation 

  



ICOM 9 

505 

CL (ID 271) 

Mycorrhizal reprogramming affects pest resistance of poplar 

Moritz Kaling (Research Unit Environmental Simulation, Institute of Biochemical Plant 
Pathology & Research Unit Analytical BioGeoChemistry, Helmholtz Zentrum München 
(HMGU), Neuherberg, Germany), Anna Schulz (Forest Botany and Tree Physiology, Uni-
versity of Göttingen, Göttingen, Germany), Frauke Kleemann (Forest Botany and Tree 
Physiology, University of Göttingen, Göttingen, Germany), Franco Moritz (Research Unit 
Analytical BioGeoChemistry, Helmholtz Zentrum München (HMGU), Neuherberg, Ger-
many), Maaria Rosenkranz (Research Unit Analytical BioGeoChemistry, Helmholtz 
Zentrum München (HMGU), Neuherberg, Germany), Michael Witting (Research Unit An-
alytical BioGeoChemistry, Helmholtz Zentrum München (HMGU), Neuherberg, Germany), 
Dennis Janz (Forest Botany and Tree Physiology, University of Göttingen, Göttingen, Ger-
many), Philippe Schmitt-Kopplin (Research Unit Analytical BioGeoChemistry, Helmholtz 
Zentrum München (HMGU), Neuherberg, Germany), Jörg-Peter Schnitzler (Research Unit 
Environmental Simulation, Institute of Biochemical Plant Pathology), Andrea Polle (For-
est Botany and Tree Physiology, University of Göttingen, Göttingen, Germany) 

The symbiosis between plants and mycorrhizal fungi results in reprogramming of plant 
metabolism and architecture, affecting plant fitness. Ectomycorrhizal colonization 
strengthens the plants’ defence against aboveground herbivores. The underlying regula-
tory networks and biochemical mechanisms how mycorrhizal symbiosis at the root tips 
influences aboveground plant-herbivore interactions are unknown. Here, we will present 
data on the tripartite interaction between Populus x canescens, the ectomycorrhizal fun-
gus (EMF) Laccaria bicolor and the specialized leaf herbivore Chrysomela populi. We 
found that feeding damage and the oviposition of C. populi were less pronounced in my-
corrhizal compared with non-mycorrhizal plants. We integrated data on transcriptomic, 
metabolomic and volatiles of mycorrhizal, non-mycorrhizal and infested plants into a net-
work, in which metabolic fluxes were approximated by advanced bioinformatics and 
metabolomic tools. Our results suggest that the improved protection from leaf beetles 
results in metabolic changes from phenolics to aldoxime biosynthesis. We also con-
ducted studies with a generalistic herbivore supporting that mycorrhizal inoculation en-
hances poplar fitness. Our results demonstrate that subtle reprogramming of plant me-
tabolism by belowground plant-microbe associations mitigates aboveground biotic 
stress. 
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Petunia as model for breeding mycorrhiza-responsive crop plants 

Philipp Franken (Leibniz-Institute of Vegetable and Ornamental Crops, Erfurt, Germany), 
Anne Behrend (Leibniz-Institute of Vegetable and Ornamental Crops, Erfurt, Germany), 
Iris Camehl (Leibniz-Institute of Vegetable and Ornamental Crops, Erfurt, Germany), 
Katharina Kallus (Leibniz-Institute of Vegetable and Ornamental Crops, Erfurt, Germany) 

The advantage of arbuscular mycorrhizas for plants is based on nutrient exchange and 
increased resistance or tolerance against pathogens and abiotic stress. Whether the in-
teraction results in increased performances of the plant does not only depend on envi-
ronmental factors, but also on the genotype of both partners. This leads to considerable 
differences between cultivars of crop plants in the response to colonization by a mycor-
rhizal fungus. If mycorrhiza should be applied in future production systems, mycorrhiza 
responsiveness of plants has to be a trait to breed for. 

Petunia hybrida is used since ten years as model in mycorrhiza research. Gene maps and 
markers exist for a long time, but sequencing of the genomes of the progenitor species 
open up new ways in breeding research. 

In a first step, the response of wild species to inoculation with a mycorrhizal fungus was 
compared. Differences were revealed concerning root colonization, biomass changes 
and in mycorrhiza-induced resistance (MIR) against a root-pathogenic fungus. First genes 
which are hypothesized to be involved in MIR have been identified. In ongoing experi-
ments, the phenotypes of crossing populations are analyzed in order to map QTLs for the 
different responses. Using the genome sequences, further genes can be identified which 
are involved in the responses of petunia to mycorrhization. Due to the availability of a 
natural transposon insertion population it is possible to confirm the role of the candidate 
genes. These genes can be used in future breeding programs as functional markers for 
achieving new mycorrhiza-responsive cultivars. 

Keywords: mycorrhiza responsiveness, mycorrhiza-induced resistance, breeding 
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Identification of Medicago truncatula genes involved in the arbuscular mycorrhizal 
symbiosis with whole genome sequencing 

Thomas B. Irving (Biology Department, University of York, York, UK), Michael Schultze 
(Biology Department, University of York, York, UK), Peter W. Young (Biology Department, 
University of York, York, UK) 

Improving the efficiency of the arbuscular mycorrhizal (AM) symbiosis in crop plants of-
fers an excellent opportunity to improve crop nutrition in developing countries and re-
duce the demand on dwindling phosphate reserves. To engineer an improvement to the 
AM symbiosis, we need to understand its genetic basis in plants. The common symbiosis 
pathway (CSP), shared with the root nodule symbiosis in legumes, is well understood, 
but there is much less information known about the genetic basis required to form the 
structures like arbuscules unique to the AM symbiosis. 

To remedy this, we have been using the Noble Foundation’s Medicago truncatula collec-
tion, mutagenised with the tnt1 transposon. We have identified a number of lines that 
had a reduced AM colonisation phenotype, but retained normal nodulation, therefore 
having a non-CSP mutation. These lines have a large (>20) number of transposon inser-
tions, making previous PCR based methods of transposon discovery very time consum-
ing. The rapid decrease in whole genome sequencing (WGS) cost offers a great oppor-
tunity, as simple computational methods can be used to locate all transposon insertions 
in a plant line. We demonstrate this by describing several M. truncatula lines with 40-60 
copies of the tnt1 transposon and reduced AM colonisation. We used WGS-driven geno-
typing to show the causal mutations in these lines, including a novel locus of previously 
undescribed genes at the telomeric end of [MS1] [TI2] Chr7q are causing this phenotype. 
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Arabidopsis-mycorrhiza, an ambiguous relationship 

Ivan I. Fernandez Lopez (Plant-Microbe Interactions, Utrecht University, Utrecht, the 
Netherlands), Saskia van Wees (Utrecht University, Utrecht, the Netherlands), Marcel 
van der Heijden (Plant-Soil-Interactions, Agroscope, Institute for Sustainability Sciences, 
Zürich, Switzerland), Corné Pieterse (Plant-Microbe Interactions, Utrecht University, 
Utrecht, the Netherlands) 

Around 18% of all terrestrial plant species are unable to establish arbuscular mycorrhizal 
(AM) symbioses. The mechanisms that underlie this incompatibility remain large un-
known. Here we study the interaction between the non-host plant Arabidopsis thaliana 
and the AM fungus Rhizophagus irregularis. 

In vitro-grown cultures of Rhizophagus, the fungal pathogen Fusarium oxysporum, and 
the fungal endophyte Trichoderma harzianum were used to study the specificity of early 
plant-microbe-interactions in Arabidopsis roots. A bi-compartmental microcosm system 
with a Rhizophagus fungal network provided by the host Medicago truncatula was used 
to study late stages of the Arabidopsis-Rhizophagus interaction. The transcriptomic pro-
file of Medicago and Arabidopsis roots colonized by Rhizophagus was analyzed by high-
throughput RNA-sequencing (RNA-seq) and compared with non-colonized control plants. 

In early stage of the Rhizophagus-Arabidopsis interaction, Rhizophagus activated the Ar-
abidopsis strigolactone biosynthesis genes CCD7 and CCD8, whereas Fusarium and 
Trichoderma did not. Conversely, Fusarium and Trichoderma activated the early plant 
defense marker genes MYB51 and CYP71A12, while Rhizophagus did not. At late stages 
of the interaction Arabidopsis roots colonization by Rhizophagus was detected with a 
shoot biomass reduction associated. AM fungal genes characteristic for nutrient ex-
change were not expressed in Arabidopsis roots and arbuscules were absent, indicating 
that no functional symbiosis was established. Furthermore, Arabidopsis roots colonized 
by Rhizophagus showed a plant defense response activation, which was not observed in 
colonized Medicago roots. 

These results indicate that early signaling events between Rhizophagus and Arabidopsis 
are not totally impaired and that the incompatibility is conferred at later stages, coupled 
to plant defense responses. 

Keywords: arbuscular mycorrhiza, non-host plants, Arabidopsis thaliana, Rhizophagus ir-
regularis, RNA-sequencing 
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Oligosaccharides as signals: a new opportunity for promoting mycorrhizal develop-
ment and effectiveness in revegetation programs? 

Eva Lucic-Mercy (INOQ GmbH, Schnega, Germany), Louis Mercy (INOQ GmbH, Schnega, 
Germany), Jeannette Lartigue (Service des Ressources Forestières, DARTM, Conseil 
Départemental de Mayotte, Coconi, Mayotte), Agnès Thongo (ONF Agence de Mayotte, 
16 lotissement Coconi, Ouangani, Mayotte), Laurent Mercy (ONF Agence de Mayotte, 16 
lotissement Coconi, Ouangani, Mayotte), Imke Hutter (INOQ GmbH, Schnega, Germany), 
Carolin Schneider (INOQ GmbH, Schnega, Germany) 

AMF are key soil components providing several ecosystem services. However, mycorrhi-
zal inoculum application faces challenges, such as variability in product quality (in terms 
of richness and effectiveness), as well as, high soil phosphorus that inhibits the mycor-
rhizal colonization and plant responsiveness. Moreover, application of exogenous AMF 
strains may cause genetic replacement of indigenous fungal species and/or may provide 
only limited responses on plants. This would exclude range of classic commercial mycor-
rhizal products to be applied in some areas or situations. This case was posed in Mayotte 
island, under the frame of a reforestation program, in which no specific inoculum was 
available. 

One strategy consists to generate a favorable plant metabolic context to improve mycor-
rhizal colonization and plant responses by the application of signaling (or inducing) mol-
ecules. The first step was to evaluate under greenhouse conditions the effects of oligo-
saccharides applied at low dose on the mycorrhizal development and mycorrhizal re-
sponses, under low and high P concentrations. In a second step, effects of oligo-
saccharides were monitored on native AMF species capacities during the production 
phase of tropical plant species at Mayotte. 

Within several plant species, our data show that oligosaccharides, in particular glucose, 
can promote the mycorrhizal development of both exogenous and indigenous AMF spe-
cies, can stimulate mycorrhizal responses, can counteract the P inhibition and can in-
crease the inoculum quality (richness). Moreover, this new biotechnology represents a 
powerful tool to support plant growth prior transplantation on badlands areas. 

Keywords: oligosaccharide biotechnology, phosphorus, mycorrhizal responses, mycor-
rhizal inoculum, reforestation program 
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Quantitative RT-PCR analysis of selected genes potentially associated with orchid my-
corrhiza interaction in Dendrobium burana Charming 

Watsawan Sangkaew (School of Science, Mae Fah Luang University, Chiang Rai, Thai-
land), Sujittra Onsiri (School of Science, Mae Fah Luang University, Chiang Rai, Thailand), 
Tassanee Wongtalay (School of Science, Mae Fah Luang University, Chiang Rai, Thai-
land), Phanu Serivichyaswat (School of Science, Mae Fah Luang University, Chiang Rai, 
Thailand), Sureeporn Nontachaiyapoom (School of Science, Mae Fah Luang University, 
Chiang Rai, Thailand) 

Orchid mycorrhiza is a unique symbiotic relationship between an orchid and its fungal 
partner. To understand the molecular basis of orchid-mycorrhiza interaction, expression 
profiles of selected genes involving in water/photosynthate transport, selective protein 
degradation, and root symbiosis/plant defense were analyzed by quantitative reverse 
transcriptase polymerase chain reaction (qRT-PCR). Primers of these genes were de-
signed based on a publicly available suppression subtractive hybridization cDNA library 
prepared from symbiotic germinated seeds of Dendrobium catenatum. Total RNA was 
extracted from leaves and roots of micropropagated plantlets of Dendrobium Burana 
Charming cultivated in the presence or absence of a mycorrhizal fungus, Tulasnella deli-
quescens (Juel) Juel. Six reference genes, i.e., 18S rRNA, two elongation factor 1 (EF-1) 
genes, GAPDH, and two actin genes were tested for their expression stability under the 
studied conditions. Only the transcript levels of gene encoding EF-1α were found to be 
stable between the tissue of mycorrhizal plants and non-mycorrhizal plants and thus this 
gene was used for data normalization. The gene encoding a class III chitinase was found 
to exhibit strongly upregulated expression not only in the roots (175-221 folds) but also 
in the leaves (6-4799 folds) of mycorrhizal orchids. Other five studied genes also exhib-
ited either upregulated expression (i.e., gene encoding selenium-binding protein) or 
downregulated expression (i.e., genes encoding plasma membrane intrinsic protein, 
121F-specific p53 inducible RNA, calcium dependent protein kinase 32, and trehalose-6-
phosphate synthase) in the roots of mycorrhizal orchids. Expression patterns of these 
differentially expressed genes and their possible roles in the orchid-mycorrhiza interac-
tion are discussed. 

Keywords: chitinase, differential gene expression, orchid mycorrhiza, Tulasnella, Den-
drobium 
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High phosphorus tolerant mutants of Gigaspora sp. induced by Gamma rays and UV 
irradiation 

Maria V. Rini (Agrotechnology, University of Lampung, Bandar Lampung, Indonesia), 
Yuyun Fitriana (Agrotechnology, University of Lampung, Bandar Lampung, Indonesia), 
Radix Suharjo (Agrotechnology, University of Lampung, Bandar Lampung, Indonesia) 

Gigaspora sp. is one of the Arbuscular Mycorrhiza fungi that are now widely used to im-
prove plant growth and health. However, spore germination of this species will be inhib-
ited in high phosphorous (P) environment. The aim of this study was to obtain Gigaspora 
sp. mutants which are tolerant to high P condition using Gamma rays and UV irradiation. 

The spores of Gigaspora sp. were exposed to Gamma rays with different irradiation dose 
i.e. 0, 30, 100, 300, 1000, and 3000 gray. Some other spores were exposed to UV light in 
UV chamber (l=254nm) for 0, 5, 10, 20, 40, and 60 minutes. The treated spores were then 
put inside cell culture cluster consisted 96 wells which already contained 2000 ppm P 
solution. Each well was received single spore. The spores were then kept in incubator at 
temperature of 30oC for 4 weeks after which the number of germinated spore were 
counted for every treatment.  

In this study, we obtained 17 mutants (nine from gamma rays and six from UV) which 
were able to germinate in 2000 ppm of P solution. None of the wild type were germi-
nated in the mentioned above P concentration. This result indicated that this Gamma 
rays and UV irradiation can be used as useful tools to improve survival capability of Gi-
gaspora sp. in high phosphorus environment. 

Keywords: Gigaspora, mutant, Gamma ray, UV, irradiation 
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Stimulation of plant growth and nutrition by arbuscular mycorrhizal fungal biomass – 
living or dead 

Jan Jansa (Institute of Microbiology, Academy of Sciences of the Czech Republic, Praha 4, 
Czech Republic), Petr Šmilauer (Faculty of Science, University of South Bohemia, České 
Budějovice, Czech Republic), David Püschel (Institute of Microbiology, Academy of Sciences 
of the Czech Republic, Praha 4, Czech Republic), Hana Hršelová (Institute of Microbiology, 
Academy of Sciences of the Czech Republic, Praha 4, Czech Republic), Petra Bukovská (In-
stitute of Microbiology, Academy of Sciences of the Czech Republic, Praha 4, Czech Repub-
lic), Tereza Konvalinková (Institute of Microbiology, Academy of Sciences of the Czech Re-
public, Praha 4, Czech Republic), Hana Gryndlerová (Institute of Microbiology, Academy of 
Sciences of the Czech Republic, Praha 4, Czech Republic), Martina Hujslová (Institute of Mi-
crobiology, Academy of Sciences of the Czech Republic, Praha 4, Czech Republic), Olena 
Beskid (Institute of Microbiology, Academy of Sciences of the Czech Republic, Praha 4, Czech 
Republic), Milan Gryndler (Institute of Microbiology, Academy of Sciences of the Czech Re-
public, Praha 4, Czech Republic) 

Arbuscular mycorrhizal fungi establish symbiotic association with most plant species on 
Earth. They directly interconnect root cortex with soil, transferring significant amounts 
of soil nutrients such as phosphorus and zinc to plants and receiving photosynthates in 
return. Functioning of this symbiosis is thus based on interaction of the two living part-
ners complementing each other in acquisition/sharing of resources. During evolution, 
symbiotic dialogue involving various compounds and metabolic pathways established to 
allow partner recognition and root colonization by the symbiotic fungi without eliciting 
strong defense reaction of the plant. Yet the effects of the individual signaling com-
pounds with a role in symbiosis establishment (e.g., strigolactones, myc-factors) on plant 
growth and/or nutrition usually remain limited. Here we applied either living or dead 
biomass (0.0005 weight %) of axenically produced arbuscular mycorrhizal fungus (Rhi-
zophagus irregularis) to unsterile pots with Andropogon gerardii. We observed signifi-
cant improvement of both growth and phosphorus acquisition of the plants in both of 
the mycorrhizal fungal biomass-amended treatments as compared to unamended con-
trol. By microscopy as well as by molecular analyses we confirmed that there was no 
mycorrhizal colonization in the roots developing in pots amended with dead mycorrhizal 
fungal biomass. It seems that the growth and nutritional stimulation of plants by dead 
mycorrhizal fungi could be either due persistent effects of symbiosis signalling com-
pounds in the soil (i.e., the direct chemical effect) or through induced effect via soil mi-
crobiome – such as some members of Firmicutes, whose abundances were significantly 
elevated after addition of dead mycorrhizal fungal biomass. 

Keywords: arbuscular mycorrhiza, dead biomass, phosphorus, signal, microbiota 
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The small secreted protein OmSSP1 is up-regulated in ericoid mycorrhiza and is in-
volved in symbiosis 

Salvatore Casarrubia (Department of Life Sciences and Systems Biology, University of To-
rino, Torino, Italy), Stefania Daghino (Department of Life Sciences and Systems Biology, 
University of Torino, Torino, Italy) 

Plant-colonizing fungi secrete “effector” molecules that can facilitate fungal invasion of 
plant tissues by manipulating the host cell metabolism. Symbiosis-induced small secreted 
proteins (SSPs) identified as fungal effectors have been characterized in ectomycorrhizal 
and arbuscular mycorrhizal fungi, whereas no information is available for ericoid mycor-
rhizal (ERM) fungi. ERM fungi are soil-born fungi, mostly belonging to Leotiomycetes (As-
comycetes), which form endomycorrhiza with plants in the family Ericaceae. The se-
quenced genome of the ERM model fungus Oidiodendron maius contains 445 SSPs genes. 
Aim of our work was to identify, among them, SSPs potentially involved in the molecular 
dialogue governing the ERM symbiosis.  

RNA-Seq data revealed that 20% of O. maius SSPs are up-regulated during ERM symbio-
sis. The most highly symbiosis-induced SSPs, named OmSSP1, was functionally character-
ized through: a) gene expression validation; b) molecular characterization in silico; c) se-
cretion assays; d) null-mutants generation; e) in vitro mycorrhizal synthesis with null-
mutants. 

OmSSP1 was confirmed to be strongly up-regulated during ERM symbiosis (FC>100). The 
protein shares some features with class I hydrophobins (i.e. cysteines pattern, hydropho-
bicity and length) but lacks the hydrophobin PFAM domain. OmSSP1 features a signal 
peptide and was experimentally confirmed to be secreted. The absence of a Nuclear Lo-
calization Signal suggests that OmSSP1 may interact with different plant cell compart-
ments. A significant reduction in the degree of root mycorrhization was observed for 
three independent OmSSP1 null-mutants, suggesting that this protein is involved in the 
mycorrhization process. 

Keywords: ericoid endomycorrhizal symbiosis, Oidiodendron maius, Small Secreted Pro-
teins – SSPs, hydrophobins, homologous recombination 
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The role of auxin biosynthesis and efflux in the fungus Laccaria bicolor for ectomycor-
rhiza formation with Populus tree roots 

Yohann Daguerre (Forest Genetics and Plant Physiology, Swedish University of Agricul-
tural Sciences, Umeå Plant Science Centre, Umeå, Sweden), Archana Kumari (Forest Ge-
netics and Plant Physiology, Swedish University of Agricultural Sciences, Umeå Plant Sci-
ence Centre, Umeå, Sweden), Jamil Chowdhury (Forest Genetics and Plant Physiology, 
Swedish University of Agricultural Sciences, Umeå Plant Science Centre, Umeå, Sweden), 
Kunz Sabine (Forest Genetics and Plant Physiology, Swedish University of Agricultural Sci-
ences, Umeå Plant Science Centre, Umeå, Sweden), Sophia Samodelov (University of Düs-
seldorf, Institute of Synthetic Biology and Cluster of Excellence on Plant Sciences, Düssel-
dorf, Germany), Matias Zurbriggen (University of Düsseldorf, Institute of Synthetic Biol-
ogy and Cluster of Excellence on Plant Sciences, Düsseldorf, Germany), Jan Schirawski 
(Aachen Biology and Biotechnology, RWTH Aachen University, Microbial Genetics, Insti-
tute of Applied Microbiology, Aachen, Germany), Uwe Sauer (Umeå University, Depart-
ment of Chemistry, Umeå, Sweden), Judith Felten (Forest Genetics and Plant Physiology, 
Swedish University of Agricultural Sciences, Umeå Plant Science Centre, Umeå, Sweden) 

Ectomycorrhizal (ECM) symbiosis are mutualistic interactions occurring between tree 
root tips and soil fungi. In exchange for sugars from plants, fungi transfer nitrogen and 
phosphorous to the tree. ECM symbiosis are essential for forest ecosystems and promote 
tree growth and health. Currently our group is focusing on revealing the molecular mech-
anisms of ECM formation during Laccaria bicolor and poplar interaction. During the col-
onization process, fungal hyphae adhere to and surround root tips to form a mantle. 
Subsequently, hyphae penetrate between root cells to form the nutrient exchange struc-
ture, called Hartig net (1). Hartig net formation requires cell wall remodeling in both part-
ners and auxin, a phytohormone secreted by the fungus has been hypothesized to favor 
this process through cell wall loosening. In order to better understand the role of fungal 
auxin for Hartig Net formation, we study the auxin biosynthesis and release pathways in 
L. bicolor. We have in silico identified genes involved in the auxin biosynthesis pathway. 
The transcript response of these genes to exogenously applied auxin biosynthesis inter-
mediates as well as to ECM formation is under investigation. The enzyme activities will 
be functionally characterized in vitro. To reveal auxin efflux, the transport activity of pu-
tative ABCB and PIN/PILS-like transporters, in silico identified, will be addressed using a 
recently developed ratiometric auxin sensor system (2). Ultimately, functional analysis of 
L. bicolor mutant (3, 4) for functionally active auxin biosynthesis and efflux genes will be 
carried out to uncover the role of fungal auxin production and release for ECM formation. 
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Fatty acid biosynthesis partially induced by LjERM transcription factors is presumed to 
regulate arbuscule development 

Yusaku Sugimura (Interdisciplinary Graduate School of Science and Technology, Shinshu 
University, Sapporo, Japan), Yoshihiro Handa (Division of Symbiotic Systems, National 
Institute for Basic Biology, Okazaki, Japan), Yusuke Honma (Faculty of Agriculture, 
Shinshu University, Minami-minowa, Japan), Yozo Okazaki (Metabolomics Research 
Group, RIKEN Center for Sustainable Resource Science, Yokohama, Japan), Kazuki Saito 
(Metabolomics Research Group, RIKEN Center for Sustainable Resource Science, Yoko-
hama, Japan), Masayoshi Kawaguchi (Division of Symbiotic Systems, National Institute 
for Basic Biology, Okazaki, Japan), Katsuharu Saito (Faculty of Agriculture, Shinshu Uni-
versity, Minami-minowa, Japan) 

Arbuscules are the sites of nutrient exchange between plants and arbuscular mycorrhizal 
(AM) fungi. The formation of arbuscules is suppressed within several hours after high-
phosphate (Pi) application in rice roots1. During the suppression by high-Pi, the sub-set 
of genes required for arbuscule development is thought to be synchronously suppressed. 
In this study, we performed RNA-seq analysis using AM roots of Lotus japonicus applied 
with a high-Pi solution to obtain a comprehensive understanding of a mechanism under-
lying arbuscule development. Arbuscule density in mature AM roots was rapidly de-
creased by high-Pi application. During the reduction of arbuscule density, 504 genes of 
the host plant were significantly down-regulated, which included a set of genes related 
to fatty acid biosynthesis and modification (e.g., acetyl-CoA carboxylase, FatM and 
RAM2). We found that AP2/ERF transcription factor LjERMs that comprise a sister clade 
to the fatty acid biosynthesis regulator WRIKLED were also repressed during high-Pi ex-
posure. These genes highly expressed in arbuscule-containing cortical cells. In RNAi lines 
of LjERMs, the development of arbuscules was severely impaired. Several genes related 
to fatty acid biosynthesis were repressed in AM roots of the LjERM-RNAi lines at the 
equal levels to non-mycorrhizal roots of wild type. These results suggest that de novo 
fatty acid biosynthesis in arbuscule-containing cortical cells plays a crucial role in ar-
buscule development. 

References: 

1Kobae et al. (2016) Plant Physiology 171: 566-579 
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The transcriptional landscape of Laccaria bicolor: Ectomycorrhiza formation, reproduc-
tion via sporocarp and impact of nutrition 

Annegret Kohler (UMR1136 INRA-Université de Lorraine Interactions Arbres/Microorganismes, 
Laboratoire d’Excellence ARBRE, Institut National de la Recherche Agronomique (INRA), 54280 
Champenoux, France), Joske Ruytinx (Centre for Environmental Sciences, Environmental Biol-
ogy, Hasselt University, 3590 Diepenbeek, Belgium), Shingo Miyauchi (UMR1136 INRA-Univer-
sité de Lorraine Interactions Arbres/Microorganismes, Laboratoire d’Excellence ARBRE, Institut 
National de la Recherche Agronomique (INRA), 54280 Champenoux, France), Sebastian Wit-
tulsky (UMR1136 INRA-Université de Lorraine Interactions Arbres/Microorganismes, La-
boratoire d’Excellence ARBRE, Institut National de la Recherche Agronomique (INRA), 54280 
Champenoux, France), Maira de Freitas Pereira (UMR1136 INRA-Université de Lorraine Interac-
tions Arbres/Microorganismes, Laboratoire d’Excellence ARBRE, Institut National de la Recher-
che Agronomique (INRA), 54280 Champenoux, France), Frédéric Guinet (UMR1136 INRA-Uni-
versité de Lorraine Interactions Arbres/Microorganismes, Laboratoire d’Excellence ARBRE, Insti-
tut National de la Recherche Agronomique (INRA), 54280 Champenoux, France), Francois Le 
Tacon (UMR1136 INRA-Université de Lorraine Interactions Arbres/Microorganismes, La-
boratoire d’Excellence ARBRE, Institut National de la Recherche Agronomique (INRA), 54280 
Champenoux, France), Emmanuelle Morin (UMR1136 INRA-Université de Lorraine Interactions 
Arbres/Microorganismes, Laboratoire d’Excellence ARBRE, Institut National de la Recherche 
Agronomique (INRA), 54280 Champenoux, France), Claire Veneault-Fourrey (UMR1136 INRA-
Université de Lorraine Interactions Arbres/Microorganismes, Laboratoire d’Excellence ARBRE, 
Institut National de la Recherche Agronomique (INRA), 54280 Champenoux, France), Francis 
Martin (UMR1136 INRA-Université de Lorraine Interactions Arbres/Microorganismes, La-
boratoire d’Excellence ARBRE, Institut National de la Recherche Agronomique (INRA), 54280 
Champenoux, France) 

Ectomycorrhizal (ECM) fungi are essential for forest ecosystems. In exchange for carbo-
hydrates, ECM fungi offer an improved mineral supply to trees. 

Proper functioning of ECM implies differentiation as well as communication and nutrition 
exchange within the fungal colony. Fungal hyphae surround root tips of host trees and 
penetrate between their root cells to form a symbiotic structure dedicated to nutrient 
exchange. Hyphae extending from mycorrhizal roots, the extramatricular mycelium, ex-
plore the soil for essential elements such as N and P and transfer them to the host. Even-
tually sporocarps, both nutrient and carbon sinks, develop to assure last stages of sexual 
reproduction and sporulation. 

The aim of this study is to understand how an ECM fungus uses its gene repertoire to 
support functional differentiation and development of specialized morphological struc-
tures. We performed RNAseq analyses on different developmental stages of Laccaria bi-
color – Populus tremula x alba ECM and associated extramatricular mycelium, sporocarps 
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and free-living mycelium under various conditions of external N, P and C supply. We ex-
tracted biologically meaningful patterns from the high-dimensional data using the inte-
grative omics platform, Self-organizing map Harboring Informative Nodes with Gene On-
tology (SHIN+GO). 

Genes specifically upregulated in ECM with a putative role in plant-fungal interaction 
could be identified and distinguished from genes with rather a function in hyphal aggre-
gation or in N – P and carbon homeostasis. The results of this study direct future func-
tional genetics research in order to better understand how ECM fungi fulfill their im-
portant role in forest ecosystems. 

Keywords: ectomycorrhiza, Laccaria bicolor, transcriptome, sporocarp, nutrition 
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Impact of arbuscular mycorrhizal communities on the biomass potential of prairie 
cordgrass – a potential bioenergy crop 

Brandon Monier (Biology and Microbiology, South Dakota State University, Brookings, 
USA), Merritt Burch (Biology and Microbiology, South Dakota State University, Brookings, 
USA), April Demell (Biology and Microbiology, South Dakota State University, Brookings, 
USA), Clarissa Mercado (Biology and Microbiology, South Dakota State University, Brook-
ings, USA), Heike Bücking (Biology and Microbiology, South Dakota State University, 
Brookings, USA) 

Native perennial grasses, such as prairie cordgrass (PCG, Spartina pectinata), and 
switchgrass (Panicum virgatum) have a great potential as bioenergy crops, because they 
require fewer inputs, produce more energy, and reduce greenhouse gas emissions in 
comparison to annual cropping systems such as corn and soybean. Switchgrass has been 
selected by the U.S. Department of Energy for development as bioenergy crop, but stud-
ies have shown that PCG can outcompete switchgrass in terms of biomass production. In 
order to examine the impact of arbuscular mycorrhizal (AM) communities on the biomass 
production of PCG, we analyzed the diversity of AM communities of natively grown PCG 
plants in South Dakota, studied the mycorrhizal responsiveness of different PCG geno-
types, and compared the PCG transcriptome in response to AM fungal colonization and 
different nutrient supply conditions to the transcriptome of the important grass model 
Brachypodium distachyon. The metagenome analysis revealed that the AM communities 
of PCG plants in SD were dominated by Glomus hoi, Rhizophagus intraradices/irregularis, 
and Septoglomus contrictum, and we examined the effect of Rhizophagus intraradices 
and Glomus aggregatum on the biomass potential of different prairie cordgrass geno-
types and found a high genotypic variability in the biomass potential under different nu-
trient supply conditions and in the mycorrhizal responsiveness of different PCG geno-
types. Mycorrhizal benefits were correlated to an improved phosphate but not nitrogen 
nutrition of the plants. We identified hundreds of genes that were differentially ex-
pressed in mycorrhizal and in non-mycorrhizal plants, and discuss the function of these 
genes for different metabolic pathways.  

Keywords: bioenergy, perennial grasses, arbuscular mycorrhizal communities, transcrip-
tome, genotypic differences 
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Re-examination of symbiotic phenotype in Lotus japonicus ME966 mutant 

Kaho Taguchi (Interdisciplinary Graduate School of Science and Technology, Shinshu Uni-
versity, Minamiminowa, Japan), Naoya Takeda (School of Science and Technology, Kan-
sei Gakuin University, Sanda, Japan), Shusei Sato (Graduate School of Life Sciences, 
Tohoku University, Sendai, Japan), Katsuharu Saito (Faculty of Agriculture, Shinshu Uni-
versity, Minamiminowa, Japan) 

The common symbiosis signaling pathway (CSSP) is essential for the establishment of 
both arbuscular mycorrhiza (AM) and root nodule (RN) symbioses in plants. The activa-
tion of this CSSP leads to the generation of calcium spiking in and around the nucleus and 
decoding the calcium spiking by the calcium-calmodulin dependent kinase CCaMK. 
Downstream of the CSSP, several AM-specific transcription factors including RAM1 are 
upregulated, which are required for AM fungal accommodation in roots. However, 
knowledge of AM-specific signal transduction is limited. We isolated an AM-defective 
mutant, ME966, from Lotus japonicus1. In this study, we examined phenotypic character-
ization of this mutant in detail and attempted the identification of the causative gene. 
Calcium spiking did not generate in epidermal cells of ME966 mutant introducing yellow 
chameleon YC2.60-NLS after the application of either Mesorhizobium loti Nod factor, 
Myc-lipochitooligosaccharide or chitin mix. This observation was unexpected because 
ME966 line was originally isolated as a Nod+ Myc- mutant under semi-water-logging con-
ditions1. Then, we re-examined the phenotype of nodulation under semi-water-logging 
and dry conditions. We confirmed mature nodules in ME966 mutant under semi-water-
logging conditions. However, the number of nodules in ME966 mutant significantly de-
creased compared to that in wild type under dry conditions, although a few mature nod-
ules were observed. The causative gene of ME966 mutant was mapped in a gap region 
on chromosome 2 where there are no known CSSP genes. These results suggest the 
ME966 mutant is a novel symbiotic mutant involved in the CSSP. 

References: 

1Kojima, T., Saito, K., Oba, H., Yoshida, Y., Terasawa, J., Umehara, Y., Suganuma, N., Ka-
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AMF antagonism against Arabidopsis is unaffected by phytohormone-regulated growth-
defense tradeoffs 

Marco Cosme (Utrecht University, Utrecht, the Netherlands), Ivan Fernandez (Utrecht 
University, Utrecht, the Netherlands), Marcel van der Heijden (Utrecht University, 
Utrecht, the Netherlands), Corné M. J. Pieterse (Utrecht University, Utrecht, the Nether-
lands) 

Host-supported AMF can colonize the non-host plant Arabidopsis without a symbiotic 
phenotype [1]. Non-symbiotic colonization generally antagonizes the non-host plants [1-
3], but the underlying mechanism of this antagonism remains elusive. The hypotheses of 
nutrient depletion or fungal allelochemicals were unsupported in previous studies [2, 
3]. A new emergent hypothesis proposes that the continuous contact of AM fungi with 
non-host roots activates costly plant defenses that leads to growth-defense tradeoffs [1], 
which are regulated in plant by several phytohormones [4]. To test this hypothesis, we 
studied growth responses to AMF in Arabidopsis mutants impaired in the defense phy-
tohormone SA, JA or ethylene, under the hypothesis that impaired plant defense signal-
ing leads to less AMF antagonism against Arabidopsis. Then, we studied Arabidopsis mu-
tant or overexpression lines impaired in the growth phytohormone auxin, GAs, cytokinins 
or brassinosteroids, under the hypothesis that an impairment in specific plant growth 
signals augments the AMF antagonism. Our observations confirmed earlier findings that 
host-supported AMF antagonizes Arabidopsis (with a plant growth reduction of 24% on 
average). Compared with wild-type Col-0, neither defense nor growth phytohormone-
related Arabidopsis lines affected the AMF antagonism as predicted. Although we cannot 
fully exclude that genetic redundancy may mask crosstalk effects, our data from several 
important phytohormone pathways do not support the growth-defense tradeoff hypoth-
esis. This result combined with previous studies [1-3] suggests that AMF antagonism 
against non-host plants may depend on a more specialized mechanism yet uncharted. 

References: 
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evolution and ecology 

Chair: Ian R. Sanders 

KL (ID 332) 

Getting to the Root of Mycorrhizal Symbioses: Impact of Fungal Genomics on Mycorrhizal Re-
search 

Francis M. Martin (Inra, Unité Mixte de Recherche 1136 Interactions Arbres/Microorganismes, 
Laboratoire d’excellence ARBRE, Centre INRA-Lorraine, Champenoux, France) 

Within the plant microbiota, mycorrhizal fungi are striking examples of microorganisms playing 
crucial roles in nutrient acquisition. They have coevolved with their hosts since the raise of land 
plants and the recent development of calibrated phylogenies, linked with the growing under-
standing of fungal genomes, provides remarkable insights into the evolutionary histories of my-
corrhizal symbioses. The comparison of 100+ genomes from mycorrhizal fungi, wood decayers, 
soil decomposers has revealed several independent lifestyle transitions from saprotrophism to 
mutualism in fungal lineages. In addition to reconstructing the evolution of mycorrhizal symbi-
oses, our growing ability to use reference genomes for profiling differentially-expressed tran-
scripts, for instance, is helping us to identify hundreds of symbiosis-related genes. Mycorrhizal 
genomics has thus chalked up some sweet victories. But when it comes to how genes shape the 
traits that matter most to us — from host specificity and nutrient efficiency to plant fitness and 
plant adaptation — the Age of Genomics underdelivers on actionable knowledge. We have an 
idea as to some of the genetic underpinnings in plants that render them susceptible to mutual-
istic fungi, but the molecular mechanisms that underlie the development and physiology of my-
corrhizal symbioses have yet to be elucidated. Indeed, a molecular definition of the mycorrhizal 
symbioses remains a major challenge for the field. We now know what mycorrhizal fungi are 
present in a specific environment, we have 100+ of ecologically-relevant mycorrhizal reference 
genomes at our disposal, but are these data useful in furthering our goal of understanding how 
the mycorrhizal fungal community as a whole contributes toward ecosystem function? 

The challenges facing our community include determining the mechanisms that regulate nutri-
ent trade dynamics, as well as characterizing how perturbations of the recognition and accom-
modation systems influence plant responses, how metabolic responses are regulated in multi-
ple symbiotic interactions and how the signaling pathways triggered by multiple microbial inter-
actions are integrated by host cells. Using synthetic ecosystems constructed using specifically 
chosen plant and microbial combinations that are easily manipulated and for which we have 
genomic and molecular data is likely a promising avenue. We must work together as a commu-
nity to set new research priorities to make meaningful advances in the coming years taking ben-
efit from the Age of Genomics. 

Supported by the ‘ARBRE’ Laboratory of Excellence and the U.S. Department of Energy (ORNL 
Plant Microbe Interfaces project and the Joint Genome Institute). Thanks to J. M. Plett for insight-
ful discussions. 

Keywords: ectomycorrhizae, genomics, evolution



ICOM 9 

523 

IL (ID 50) 

Origin and evolution of genetic diversity within and between the AMF mycelia 

Nicolas Corradi (Biology, University of Ottawa, Ottawa, Canada) 

Arbuscular mycorrhizal fungi (AMF) are obligate plant symbionts with a perpetually mul-
tinucleated mycelium, and a very controversial biology. Major controversies in AMF re-
search have centered on (i) the genetic organization of co-existing AMF nuclei, which was 
suggested to be either highly heterokaryotic or homokaryotic, and (ii) on their long-term 
asexual evolution. Here, I provide evidence the model AMF Rhizophagus either homo-
karyotic (co-existing nuclei harbor one MAT-locus) or “dikaryotic” (co-existing nuclei har-
bor one of two divergent MAT-loci), and will show that this nuclear organization supports 
the existence of mating processes in AMF. 

Recent data on the structure and annotation of six R. irregularis genomes will also be 
shown. In particular, I will discuss the identification of large inter-isolate genome diver-
sity we recently found in these isolates, and its potential consequences for AMF biology 
and evolution. The extent of inter-isolate functional and structural genomic divergence 
also raises intriguing questions regarding their conspecificity, and warrants caution in the 
interpretation of past "population-based" analyses of these symbionts based on one ge-
nome reference. 

References: 

1: Corradi N, Brachmann A. Fungal Mating in the Most Widespread Plant Symbionts? 
Trends Plant Sci. 2017 Feb;22(2):175-183. doi: 10.1016/j.tplants.2016.10.010. Epub 2016 
Nov 19. Review. PubMed PMID: 27876487. 

2: Ropars J, Toro KS, Noel J, Pelin A, Charron P, Farinelli L, Marton T, Krüger M, Fuchs J, 
Brachmann A, Corradi N. Evidence for the sexual origin of heterokaryosis in arbuscular 
mycorrhizal fungi. Nat Microbiol. 2016 Mar 21;1(6):16033. doi: 10.1038/nmicro-
biol.2016.33. PubMed PMID: 27572831. 
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Comparative genomics and transcriptomics for understanding ericoid mycorrhizal fungi 
ecology  

Elena Martino (Department of Life Sciences and Systems Biology, University of Turin and INRA 
Centre de Nancy-Lorraine, UMR Interactions Arbres/Microorganismes, Laboratoire d’Excel-
lence ARBRE, Turin, Italy), Emmanuelle Morin (INRA Centre de Nancy-Lorraine, UMR Interac-
tions Arbres/Microorganismes, Laboratoire d’Excellence ARBRE, Champenoux, France), 
Gwen-Aëlle Grelet (Landcare Research – Manaaki Whenua, Ecosystems and Global Change 
team, Lincoln, New Zealand), Annegret Kohler (INRA Centre de Nancy-Lorraine, UMR Interac-
tions Arbres/Microorganismes, Laboratoire d’Excellence ARBRE, Champenoux, France), 
Stefania Daghino (Department of Life Sciences and Systems Biology, University of Turin, Turin, 
Italy), Claude Murat (INRA Centre de Nancy-Lorraine, UMR Interactions Arbres/Microorgan-
ismes, Laboratoire d’Excellence ARBRE, Champenoux, France), Bernard Henrissat (Architec-
ture et Fonction des Macromolécules Biologiques, Centre National de la Recherche Scien-
tifique, Université Aix-Marseille, Marseille, France), Igor V. Grigoriev (U.S. Department of En-
ergy, Joint Genome Institute, Walnut Creek, CA, USA), Francis M. Martin (INRA Centre de 
Nancy-Lorraine, UMR Interactions Arbres/Microorganismes, Laboratoire d’Excellence ARBRE, 
Champenoux, France), Silvia Perotto (Department of Life Sciences and Systems Biology, Uni-
versity of Turin, Turin, Italy) 

Some soil fungi in the Leotiomycetes form ericoid mycorrhiza (ERM) with ericaceous 
plants. ERM plants occur in harsh habitats, where they rely on their fungal partners both 
for nutrients mobilisation from soil organic matter (SOM) and for detoxification of toxic 
metals. Characterization of the fungal genetic machinery underpinning symbiotic lifestyle 
and SOM degradation is needed to understand ERM functioning and evolution, and its 
impact on soil C turnover. We therefore sequenced the genomes of four taxonomically 
distinct ERM fungi (Meliniomyces bicolor, M. variabilis, Oidiodendron maius and Rhi-
zoscyphus ericae) and compared their gene repertoires to those of 56 other fungi with 
different lifestyles (ecto- and orchid mycorrhiza, endophytes, saprotrophs, pathogens). 
Fungal transcript profiling was performed during symbiosis and also in the presence of 
cadmium. Gene contents for polysaccharide-degrading enzymes, lipases, proteases, and 
secondary metabolism enzymes place ERM fungi closer to saprotrophs and pathogens 
than to ectomycorrhizal symbionts. Among the most highly symbiosis-upregulated genes 
in ERM fungi were cell wall degrading enzymes (CWDE), lipases, proteases, but also trans-
porters and mycorrhiza-induced small secreted proteins (MiSSPs). The most highly sym-
biosis-induced MiSSP in O. maius was further characterized. Overall, the predicted gene 
repertoire of ERM fungi reveals a dual saprotrophic and biotrophic lifestyle. This may 
reflect an incomplete transition from saprotrophy to the mycorrhizal habit. Indeed, our 
phylogenomic reconstruction provides the first experimental evidence that ERM is the 
youngest of all mycorrhizal symbioses. Alternatively, this genetic machinery may mirror 
a more versatile life strategy of ERM fungi, similar to fungal endophytes.
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Streamlining the genomes of wood decay fungi for the evolution of ectomycorrhizal 
symbioses 

Eniko Kiss (Institute of Biochemistry, Biological Research Center, HAS, Szeged, Hungary), 
Marisol Sanchez-Garcia (Clark University, Worcester, USA), Alan Kuo (Joint Genome In-
stitute, Walnut Creek, USA), Zsofia Keri (Evolutionary Genomics Research Group, Eotvos 
Lorand University, Budapest, Hungary), Gergely Szollosi (Evolutionary Genomics Re-
search Group, Eotvos Lorand University, Budapest, Hungary), Igor V. Grigoriev (Joint Ge-
nome Institute, Walnut Creek, USA), David S. Hibbett (Clark University, Worcester, USA), 
Francis M. Martin (INRA-Nancy, Nancy, France), Laszlo G. Nagy (Institute of Biochemis-
try, Biological Research Center, HAS, Szeged, Hungary) 

Ectomycorrhizae evolved convergently in many major fungal lineages, mostly in the Ba-
sidio- but also in the Ascomycota. The evolution of ECM fungi coincided with significant 
changes in genome composition and architecture, including the emergence of several 
short lineage-specific protein families and the loss of much of the ancestral plant cell wall 
degrading enzyme (PCWDE) gene complement. Emerging genome datasets, however, 
challenge this paradigm. For example, several families of PCWDEs have been found in 
the genomes of Cortinarius and Tricholoma, suggesting that independently evolved ECM 
lineages show significant variability in their PCW decomposing abilities. To uncover con-
served and lineage-specific patterns of gene duplication and loss in ECM lineages, we 
sequenced and analyzed the genomes of 10 new ECM Basidiomycota. These species, 
combined with previously sequenced ECM fungi comprise 8 independently evolved 
clades of ectomycorrhizal agarics. We reconstructed gene duplications and losses in ge-
nome-wide collections of gene trees and mapped the origins of inferred orthogroups 
onto the phylogenetic tree connecting these taxa. We analyzed PCWDE genes in partic-
ular detail: consistent with previous studies, we observed significant loss of lignolytic and 
cellulolytic gene families, but also the selective retention of lineage specific complements 
of PCWDE genes. These results suggest that although genes related to plesiomorphic 
wood-decay capabilities became largely dispensable for ECM fungi, different lineages re-
tain different abilities to degrade plant cell wall materials. Thus, it is likely that fungi cur-
rently classified as ECM cover a functionally and nutritionally diverse array of species that 
fulfill different roles in forest ecosystems. 
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Comparison of symbiotic features in two arbuscular mycorrhizal (AM) fungi  

Christophe Roux (Laboratory of Plant Sciences, University of Toulouse, Castanet-Tolosan, 
France) 

Genetic and functional studies on AM symbiosis are mainly investigated on the plant 
partner. Recent publications on fatty acid plant-fungus transfers in AM symbiosis illus-
trate it perfectly. The reasons explaining such situation are well known: the efficiency of 
reverse and forward genetics on plants, the heritage of genetic in Legume-root nodule 
symbiosis to investigate the common symbiotic signalling pathway, and above all the ab-
sence of genetic tools suitable for AM fungi. But we should not neglect the incidence of 
“our” anthropocentric interests on plants and their uses. 

For five years now, next-genetration sequencing technologies have had a tremendous 
impact on our knowledge on the biology of AM fungi as more transcriptomic/genomic 
data are available. Associated to HIGS/V(H)IGS strategies, great opportunities are now 
open to investigate the physiology of the fungal partner in AM symbiosis. Following first 
genomic resources obtained on Rhizophagus irregularis (Kohler et al., 2011, Tisserant et 
al, 2013, Lin et al, 2014), we developped genomics on Gigaspora rosea. This species, en-
dobacteria-free, is phylogenetically distant from R. irregularis among Glomeromycota 
and presents a narrower host spectrum. We performed comparative transcriptome pro-
filing of these two AM fungi on several hosts. Specific and shared features will be pre-
sented on fungal primary metabolism and fungal strategies to control host immunity. The 
identification of common features as general traits of symbiotic physiology of AM fungi 
will be discussed. 

Keywords: arbuscular mycorrhizal fungi, Gigaspora rosea, genomics 
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Ectomycorrhizal ecology is imprinted in the genome of the dominant and only known 
mycorrhizal Dothideomycete Cenococcum geophilum 

Martina Peter (Swiss Federal Research Institute WSL, Birmensdorf, Switzerland), Anne-
gret Kohler (INRA-Nancy, Champenoux, France), Maíra de Freitas Pereira (INRA-Nancy, 
Champenoux, France & Swiss Federal Research Institute WSL, Birmensdorf, Switzerland), 
Uwe Nehls (University of Bremen, Bremen, Germany), Claire Veneault-Fourrey (INRA-
Nancy, Champenoux, France), Claude Murat (INRA-Nancy, Champenoux, France), Ceno-
coccum genomics Consortium, Simon Egli (Swiss Federal Research Institute WSL, Bir-
mensdorf, Switzerland), Igor Grigoriev (US Department of Energy Joint Genome Institute 
(JGI), Walnut Creek, USA), Francis Martin (INRA-Nancy, Champenoux, France) 

The most frequently encountered ectomycorrhizal (ECM) symbiont is Cenococcum ge-
ophilum, being often the dominant ECM fungus on tree roots, particularly under stressed 
conditions. C. geophilum is the only ECM species within the largest fungal class Dothide-
omycetes that harbors many plant pathogens. 

To identify the genomic innovations underlying adaptation to the mutualistic lifestyle in 
C. geophilum, we sequenced the genomes of this and two closely related saprotrophic 
species and compared them with other fungi having various lifestyles. We also studied 
the transcriptome of C. geophilum in symbiosis and free-living condition. 

The genome of C. geophilum reveals the same signs of mycorrhizal evolution as ECM ba-
sidiomycetes showing reduced numbers of plant cell wall degrading and lineage-specific, 
symbiosis-induced genes. C. geophilum still holds a significant set of genes known to be 
involved in pathogenesis and the large, transposable elements enriched genome shows 
signs of a two-speed evolution as in some pathogens. The symbiotic transcriptome is 
characterized by the striking upregulation of genes coding for membrane transporters, 
particularly water channels. Plant water and nutrient transporters were more highly ex-
pressed in mycorrhizas of Pinus sylvestris interacting with C. geophilum compared to 
other ECM fungi, but also genes involved in pathogen resistance were upregulated, some 
of them known to prime interlinked pathways of abiotic stress tolerance. These findings 
support a possible role of C. geophilum in drought tolerance of host trees. The genome 
of C. geophilum is an important resource to understand the genetic basis of fungal ecol-
ogy transitions and the functioning of mycorrhizal symbiosis. 

Keywords: comparative genomics, Dothideomycetes, aquaporin, mycorrhiza-induced 
small secreted proteins (MiSSPs), transposable elements 
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Comparative analysis of genomic data to understand the extent of variation among and 
within isolates of Rhizophagus irregularis 

Frédéric G. Masclaux* (Department of Ecology and Evolution, University of Lausanne, 
Lausanne, Switzerland & Swiss Institute of Bioinformatics, Vital-IT Group. Lausanne, Lau-
sanne, Switzerland), Tania Wyss Lozano Hoyos* (Department of Ecology and Evolution, 
University of Lausanne, Lausanne, Switzerland), Romain Savary (Department of Ecology 
and Evolution, University of Lausanne, Lausanne, Switzerland), Pawel Rosikiewicz (De-
partment of Ecology and Evolution, University of Lausanne, Lausanne, Switzerland), 
Marco Pagni (Swiss Institute of Bioinformatics, Vital-IT Group. Lausanne, Lausanne, Swit-
zerland), Ian R. Sanders (Department of Ecology and Evolution, University of Lausanne, 
Lausanne, Switzerland); *Authors contributed equally 

The symbiosis between arbuscular mycorrhizal fungi (AMF) and plant roots can confer 
growth advantages to plants. In our group, we have evidence that variation within the 
AMF species Rhizophagus irregularis leads to large differences in plant growth. For this 
reason, understanding variation in this fungus is important. Several studies reported dif-
ferent levels of genomic variation among and within R. irregularis isolates. We undertook 
a comparative analysis of genomic data available for R. irregularis isolates to investigate 
the types of variation that exist and, where possible, to compare which are consistent 
among studies. We used RAD-seq, whole genome sequencing data and RNA-seq to iden-
tify genetic variants (SNPs) and structural genomic variants within and among isolates of 
R. irregularis. We did this within an R. irregularis population and also tried to obtain a 
more global view from data on R. irregularis isolates across continents. We aim to pro-
vide a synthetic and unified view of the genomic organisation found in the R. irregularis 
“complex” and discuss how relevant this is to overall generalizations about AMF ge-
nomes. 
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A Genome Wide Association Study to disentangle legume-specific root responses to 
phosphate 

Marco Giovannetti (Gregor Mendel Institute, Vienna, Austria), Christian Goeschl (Gregor 
Mendel Institute, Vienna, Austria), Santosh Satbhai (Gregor Mendel Institute, Vienna, 
Austria), Stanislav Kopriva (University of Cologne, Cologne, Germany), Wolfgang Busch 
(Gregor Mendel Institute, Vienna, Austria) 

Phosphate is an essential plant macronutrient and its low soil availability leads farmers 
to massive application of phosphate-based fertilizer. Being a key regulator of Arbuscular 
Mycorrhizal symbiosis, a better understanding of plant genetic and molecular bases of 
phosphate absorption and utilization is needed. Much progress in that area has been 
made over the past years, but most approaches focused on Arabidopsis thaliana. How-
ever, it is unclear which of the discovered mechanisms are conserved and which ones are 
specific to it. Here, we approach this problem by using a combination of high throughput 
root phenotyping and IC-based phosphate quantification of natural populations of three 
different plant species, Arabidopsis thaliana and the legumes Lotus japonicus and Medi-
cago truncatula. This allowed us to identify multiple candidate genes regulating phos-
phate metabolism and root growth responses to varying phosphate levels. We could de-
termine multiple orthologs whose variants are significantly associated with these phos-
phate related traits in both plant species. We are currently testing the involvement of 
high confidence candidate genes in phosphate homeostasis, root growth responses upon 
phosphate levels in both species and also the mutant capacity to form Arbuscular My-
corrhizal symbiosis at different phosphate regimes. 

Keywords: genome wide association study, root system architecture, phosphate, plant 
nutrition 
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IL (ID 203) 

Learning from the past: John Laker Harley (1911–1990) 

Roger T. Koide (Biology, Brigham Young University, Provo, USA), Christopher W. Fernandez 
(Plant Biology, University of Minnesota, St. Paul, USA) 

John Laker (Jack) Harley (1911–1990) was a pioneer “mycorrhizast”. Much of his research 
concerned various aspects of the physiology of “ectotrophic” mycorrhizas, now known 
as ectomycorrhizas, particularly those of beech (Fagus sylvatica). His lasting contribu-
tions to our field, however, transcend physiology and continue to influence research in 
ecology, community biology and ecosystem science. His ability to contribute meaning-
fully to our field did not occur as a consequence of a high H-index or because he pub-
lished in prestigious journals. It stemmed from 1) his view of mycorrhizas in a very broad 
biological context, 2) his ability to piece together seemingly disparate bits of information 
into insightful syntheses, and 3) his fearless and unselfish desire to share his ideas in 
order to stimulate further research, mainly through his books. Our purpose in this con-
tribution is to illustrate just a few of many examples of Harley’s insights foreshadowing 
important research threads decades later. We highlight the importance of recognizing 
the progress made by our scientific ancestors if we are not to pursue paths that lead 
nowhere or waste valuable resources reinventing wheels that already exist.  

Keywords: physiology, ecology, community biology, ecosystem science, history 
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Beyond ICOM8: Perspectives on Advances in Mycorrhizal Research from 2015 to 2017 

Catherine A. Gehring (Biological Sciences, Northern Arizona University, Flagstaff, USA), 
Nancy C. Johnson (School of Earth Sciences and Environmental Sustainability, Northern 
Arizona University, Flagstaff, USA) 

Over 500 mycorrhizal scientists attended ICOM8, held in 2015 in the USA. The program 
included more than 400 presentations on thirteen broad topics with a theme of Mycor-
rhizal Integration Across Continents and Scales. In this perspective presentation, we re-
view the recent literature to describe the “hot topics” in mycorrhizal research between 
ICOM8 and ICOM9. We highlight major advancements both within and across levels of 
biological organization and describe areas where greater integration has led to unique 
insights. Particularly active areas of research include the mycorrhizal microbiome, its de-
velopment, maintenance and function, comparisons among types of mycorrhizas from 
molecular to ecosystem scales, and enhanced understanding of the role of mycorrhizas 
in carbon dynamics from local to global scales. The popular top-tier scientific journals 
have acknowledged mycorrhizas to be complex adaptive systems that play key roles in 
the development of communities and ecosystem processes. Understanding the mecha-
nisms driving these large-scale effects requires effective integration of knowledge across 
scales of organization. This integration remains a significant challenge, although ad-
vances in technical and analytical methods are rapidly moving the field forward.  
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Perspectives: Bringing different disciplines together to answer the “BIG questions” in 
mycorrhizal research 

Ian R. Sanders (Dept. of Ecology and Evolution, University of Lausanne, 1015 Lausanne, 
Switzerland) 

Biologists have had access to much more powerful and sophisticated tools allowing them 
to investigate the mycorrhizal symbiosis in a way that was unimaginable a short time ago. 
This is particularly true of “omics” tools for understanding molecular interactions be-
tween plants and fungal symbionts; a field that has seen rapid, exciting advances over 
the past years. High-throughput molecular and bioinformatics tools also allowed re-
searchers to rapidly uncover fascinating details on ecology of mycorrhizal fungi. How-
ever, mycorrhizal research in plant molecular biology, fungal molecular biology, mycor-
rhizal fungal ecology, plant physiology, signalling, agriculture has largely been conducted 
independently. It is impossible to predict the breakthrough technologies that will be 
available in the next 5 to 10 years. However, irrespective of future technological devel-
opments, an interdisciplinary approach sharing existing knowledge, data, approaches 
and technology to answer “bigger” questions on the contribution of the mycorrhizal sym-
biosis to important problems at the global level should be possible. I will highlight some 
key advances in mycorrhizal research. Coupled with other findings from several disci-
plines this could be used to address globally important problems to which the mycorrhi-
zal symbiosis might be important. I argue that research groups acting alone, or within 
their own discipline, cannot solve such problems and that a key to advance will be the 
appreciation of the value of different disciplines. 
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