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Foreword 

It is our great honour and pleasure to host the 7th International Symposium on Physiological 
Processes in Roots of Woody Plants (Woody Root 7) in Tartu - the intellectual capital of Estonia. A 
simple WoS or Scholar search reveals that root systems and their study enjoy considerable and 
growing attention – clearly there is a large number of people who do not mind rolling up their 
sleeves and start digging! In particular, since the last meeting in Nagoya, biologically induced and 
controlled soil processes have emerged as a new frontier. We have an urgent need to define and 
characterise these to meet many of the environmental challenges facing us today – to develop 
agricultural, horticultural and forestry management practices able to prevent diversity loss, 
maintain soil ecosystem function and resulting ecosystem services.  

Reflecting these trends, alongside the more traditional sessions on water acquisition, nutrient 
uptake and allocation patterns, we devote more time and space to issues relating to global change, 
ecosystem service sustainability. In addition, we explore the link between root functioning and 
belowground biodiversity. The rapid progress of molecular methods resulted in the enormous and 
growing amount of information on soil organisms and their functions, enabling new insights into 
the myriad of predatory, mutualistic, exploitative – or even downright abusive – relationships 
between soil inhabiting organisms, which together deliver soil function. Commonly accepted thesis 
dictates that nearly all are dependent on root function and dynamics, but we still know little about 
the exact nature and the direction of many of the processes guiding energy, nutrient and water 
transfers below ground. Suites of root traits are increasingly being applied by empiricists and 
modellers to make sense of this hidden world and to develop predictive tools able to assess soil 
function under present and future environmental conditions.  

The Woody Root 7 symposium is co-organized with a meeting of European COST Action project 
titled Linking belowground biodiversity and ecosystem function in European forests (Biolink, 
http://www.bio-link.eu/). This is a networking effort bringing together scientists working on 
belowground components of tree dominated ecosystems in Europe. The symposium programme 
dedicated some sessions to Biolink workgroup meetings, these are open to all participants, and we 
welcome any contribution to the ongoing discussions as well as proposals for future collaboration. 
We are keen to broaden our belowground perspective by involving people working on the field of 
macroecology, examining regional and global patterns of distribution of roots and root-associated 
biota. Given the support of the Centre of Excellence EcolChange (Ecology of global change: natural 
and managed ecosystems, https://ecolchange.wordpress.com/), we invite interested participants 
to take part in the hands-on course "Create and manage soil biodiversity database".  

We hope that you will all enjoy the symposium and make the most of the scientific programme, 
field excursions, social events and fruitful discussions. We also hope that you will find time to 
discover the small but beautiful Estonia, by organising the meeting in June we made sure that the 
sun will be shining whatever time one emerges from the bar!  

 

Ivika Ostonen      Martin Lukac 

Chair, Woody Root 7 organizing Committee   Chair of COST Action  

  

http://www.bio-link.eu/
https://ecolchange.wordpress.com/
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Symposium program 

Time Sunday 25th June 

17.00-19.00 Welcome Reception. Drinks & snacks, Omicum building (Riia 23B, Tartu) 

 

 

Time Monday 26th June 

8.00-9.00 Arrival/registration, Omicum building (Riia 23B, Tartu) 

9.00-9.15 
Welcome: Ivika Ostonen  

Chair of Woody Root 7 symposium 

Session 1: Water acquisition and nutrient uptake 

Chair: Ivano Brunner 

9.15-10.00 
Keynote and COST invited speaker: Arthur Gessler (Switzerland) 
The role of nutrients in drought-induced tree mortality and recovery 

10.00-10.15 
Annie DesRochers (Canada)  
Physiological integration of connected Populus balsamifera ramets 

10.15-10.30 
Tapani Repo (Finland) 
Biophysical changes in roots of Scots pine seedlings by cold acclimation and freezing damage 

10.30-11.00 Coffee 

 Chair: Jhonathan Ephrath 

11.00-11.15 
Taina Pennanen (Finland) 
Unearthing mechanisms behind variable growth rate in Norway spruce 

11.15-11.30 
Leena Hamberg (Finland) 
Early root growth and architecture of fast- and slow-growing Norway spruce (Picea abies) 
families differ – potential for functional adaptation 

11.30-11.45 
Sonia Meller (Switzerland) 
The potential of beech seedlings to adapt to low P availability in soil – linking plant P and 
biomass allocation with rhizosphere processes 

11.45-12.00 
Mana Mukai (Japan) 
Effects of tree-root exudates on the solubilization of phosphorus adsorbed to allophane in the 
rhizosphere on Andisols, Yakusima Island, Japan 

12.00-13.00 Lunch 

Session 2: Belowground assimilate allocation 

Chair: Krista Lõhmus 

13.00-13.45 

Keynote speaker: David Eissenstat (USA) 

Plant Functional Traits Associated with Mycorrhizal Root Foraging in Arbuscular Mycorrhizal 
and Ectomycorrhizal Trees 

13.45-14.00 
Jaana Leppälammi-Kujansuu (Finland) 
Fine root dynamics in the boreal soil fertility gradient 

14.00-14.15 
Rabbil Bhuiyan (Finland) 
Estimating fine-root production by tree species and understorey functional groups in peatland 
forests 

14.15-14.30 
Yasuhiro Hirano (Japan) 
Contrasting root systems of Pinus thunbergii in soils with different groundwater levels in a 
coastal forest 

14.30-15.00 Coffee 
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 Chair: Yasuhiro Hirano 

15.00-15.15 
Ina Christin Meier (Germany) 
Root exudation depends on soil depth, root morphology, and environment 

15.15-15.30 
Bartosz Adamczyk (Finland) 
How root chemistry affect sequestration of carbon from fungal biomass 

15.30-15.45 
Heljä-Sisko Helmisaari (Finland) 
Fine root carbon compounds of Norway spruce and Scots pine on a latitude gradient 

15.45-16.00 
Pille Mänd (Estonia) 

Acclimation of Silver birch (Betula pendula) roots in artificial gradient of soil moisture  

16.15-18.15 WG activities, MC meeting (room will be specified) 

17.00-18.00 
Hands-on PlutoF course "Create and manage soil biodiversity database" (Vanemuise 46, room 
will be specified) 

17.00-19.00 Visiting University of Tartu Natural History Museum (Vanemuise 46) 

 

 

Time Tuesday 27th June 

Session 3: Linking root functioning and belowground biodiversity 

Chair: Martin Lukac 

8.30-9.15 
Keynote and COST invited speaker: Björn Lindahl (Sweden) 
Influence of ectomycorrhiza on decomposition across biomes 

9.15-9.30 
Petr Baldrian (Czech Republic) 
Feed in summer, rest in winter: Microbial carbon utilization in coniferous forest soil reflects 
root activity 

9.30-9.45 
Ivano Brunner (Switzerland) 
The root of the matter - decomposition of Scots pine roots and its microbial communities 

9.45-10.00 
Sannakajsa Velmala (Finland) 
Root architecture of Norway spruce families with contrasting growth phenotypes in response 
to nutrient-rich patches within a nutrient-poor environment 

10.00-10.30 Coffee 

 Chair: Mari Moora 

10.30-10.45 
Oskar Franklin (Austria) 
The role of mycorrhiza for carbon storage in forests – an ecosystem perspective 

10.45-11.00 
Rodica Pena (Germany) 
Partitioning of soil fungal biomass between saprotrophic and ectomycorrhizal guilds in 
deciduous and coniferous temperate forests 

11.00-11.15 
Nadia Soudzilovskaia (the Netherlands) 
Environmental predictors of plant species richness within distinct mycorrhizal types 

11.15-11.30 
Tanja Mrak (Slovenia) 
Belowground response to combined effects of ozone and drought in seedlings of three oak 
species (Quercus ilex, Q.pubescens and Q.robur) 

11.30-11.45 
Marc Goebel (USA) 
Decomposition dynamics of undisturbed, dead fine roots in temperate tree species 

11.45-12.00 
Saori Fujii (the Netherlands) 
Soil microarthropod communities involved in decomposition of leaf and root litter 

12.00-13.00 Lunch 

 Chair: Leho Tedersoo 
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13.00-13.45 
Keynote speaker: Wim van der Putten (the Netherlands) 
Feedback interactions between plant roots and soil biodiversity during range shifts and 
ecosystem development 

13.45-14.00 
Diogo Pinho (Portugal) 
The rhizosphere microbiome in the oak decline 

14.00-14.15 
Rasmus Kjøller (Denmark) 
Use of in-growth mesh bags to assess the physiological status of ectomycorrhizal fungi 

14.15-14.30 
Siim-Kaarel Sepp (Estonia) 
Effects of moderate land use on arbuscular fungal communities 

14.30-15.00 Coffee 

 Chair: Maarja Öpik 

15.00-15.45 
Keynote speaker: Martin Zobel (Estonia) 

Macroecology of arbuscular mycorrhiza (AM) 

15.45-16.00 
Irena Maček (Slovenia) 
Locally Extreme Environments as Natural Long-Term Experiments in Community Ecology of 
Arbuscular Mycorrhizal Fungi 

16.00-16.15 
Dominika Thiem (Poland) 
Tripartite mutualism of black alder (Alnus glutinosa L.) at saline area 

16.15-19.00 Poster session with drinks and snacks 

 

 

Time Wednesday 28th June 

Session 4: Roots, global change and ecosystem services 
Chair: Mark R Bakker 

9.30-9.15 
Keynote and COST invited speaker: Phil Ineson (UK) 
Assessing the Functional Activity of Roots in the Field: Novel Techniques and Old Questions  

9.15-9.30 
Lars Vesterdal (Denmark)  
Are tree species diversity and tree species identity effects on soil carbon stocks across Europe 
linked with fine root biomass? 

9.30-9.45 
Leena Finér (Finland) 
Relationships between fine root biomass and tree species diversity and functional group in 
European forest types 

9.45-10.00 
Joanna Mucha (Poland) 
Response of ectomycorrhizal fungal community of boreal and temperate host species near 
their range limits to experimental warming 

10.00-10.30 Coffee 

  Chair: Tarja Lehto 

10.30-10.45 

Tuula Larmola (Finland) 

Impact of simulated atmospheric nitrogen deposition on nutrient cycling and carbon sink via 
mycorrhizal fungi in two nutrient-poor peatlands 

10.45-11.00 
Inga Dirks (Israel) 

P uptake and use efficiencies of Palestine oak respond to N availability and drought 

11.00-11.15 
Timo Domisch (Finland) 
Forest tree seedlings may suffer from predicted future winters with less snow 

11.15-11.30 
Krista Lõhmus (Estonia) 
Elevated atmospheric humidity shapes fine root foraging strategies and the carbon cycle of a 
silver birch forest ecosystem: a FAHM study 
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11.30-11.45 
Arvo Tullus (Estonia) 
Regeneration of hybrid aspen from root suckers and stump sprouts under elevated air 
humidity in the FAHM experiment 

11.45-12.00 
Seung Hyun Han (Korea) 
Effect of soil moisture on fine root production under experimental warming and precipitation 
manipulation 

12.00-12.15 
Kaining Zhou (Israel) 
The Effects of Photoselective Nets on Shoot and Root Development of Young Grafted Orange 
Trees in the Field 

12.15-13.20 Lunch 

13.20-13.30 Intro: ISRR 10 in Israel. Jhonathan Ephrath 

Session 5: Root traits, models, concepts 

Chair: David Eissenstat 

13.30-14.15 
Keynote speaker: Daniel C Laughlin (USA) 
Integrating fine root traits into predictive models of community assembly 

14.15-14.30 
Martin Lukac (UK)  
How do plant roots drive soil biodiversity? 

14.30-14.45 
Frida Andreasson (Sweden) 
Fine root growth, production and morphology of Pinus pinaster and its understory species 

14.45-15.00 
Hidetoshi Ikeno (Japan) 
Reconstruction of root systems of Cryptomeria japonica using coordinate points and root 
diameters 

15.00-15.30 Coffee 

  Chair: Heljä-Sisko Helmisaari 

15.30-16.00 
COST invited speaker: Ari Laurén (Finland) 
Using laboratory manipulation experiment to improve ROMUL-decomposition model 

16.00-16.15 
Gaby Deckmyn (Belgium) 
Keylink: An integrative soil representation for inclusion in ecosystem scale models 

16.15-16.30 
Mirco Rodeghiero (Italy) 
Investigation of spatial and temporal oxygen evolution during root-pathogen interaction using 
planar optodes 

16.30-17.00 Final discussions and symposium wrap up 

19.30-01.00 Symposium dinner at Ahhaa Science Centre, Sadama 1, Tartu 

  

Time Thursday 29th June 

9.00 

Excursions.  

Buses leave in front of Vanemuise 46, Tartu at 9.00 a.m. 

Trip 1: Free Air Humidity (FAHM) experimental site – SMEAR station – Järvselja Nature Reserve 
– Uniküla 

Trip 2:  Soontaga forest station – Meenikunno hiking trail – Giants of Ootsipalu Valley 

  

Time Friday 30th June 

9.00 - 16.00 Post-Symposium CAR-ES Workshop 
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Session 1: Water acquisition and nutrient uptake 
 

The role of nutrients in drought-induced tree mortality and recovery 
 

Keynote and COST invited speaker 

Arthur Gessler1, Marcus Schaub1, Nate McDowell2 

 
1 Swiss Federal Research Institute WSL, 8903 Birmensdorf, Switzerland, arthur.gessler@wsl.ch 
2 Earth and Environmental Sciences Division, Los Alamos National Laboratory, Los Alamos, NM 

87545, USA  

 

 

Global forests are experiencing rising temperatures and more severe droughts, with 

consistently dire forecasts for negative future impacts. Current research on the physiological 

mechanisms underlying drought impacts is focused on the water- and carbon-associated 

mechanisms. The role of nutrients is notably missing from this research agenda. Here, we 

assess what role forest nutrition plays for functioning, survival and recovery of forests during 

and after drought. High nutrient availability may play a detrimental role in drought survival 

due to preferential biomass allocation aboveground that (i) predispose plants to hydraulic 

constraints limiting photosynthesis and promoting hydraulic failure, (ii) increases carbon 

costs during periods of carbon starvation, and (iii) promote biotic attack due to low tissue 

C:N. When nutrient uptake occurs during drought, high nutrient availability can increase 

water use efficiency thus minimizing negative feedbacks between C and nutrient balance. 

Several processes affect nutrient uptake during drought and limited transport and diffusion 

to the rhizoplane as well as limited supply of recent assimilates that are supposed to reduce 

nutrient uptake might be partially counterbalanced by a shift in competition between tree 

roots and soil microbes. Nutrients are released after drought ceases, which might promote 

faster recovery but the temporal dynamics of microbial immobilization and nutrient leaching 

have a significant impact on nutrient availability. We have new tools at hand that allow to 

assess the water uptake dynamics of trees in high time resolution as well as assimilate 

transport belowground giving indications of a fast recovery of root functioning after drought 

release. We provide a framework for understanding nutrient impacts on drought survival that 

allows a more complete analysis of forest ecosystem responses. 
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Session 1: Water acquisition and nutrient uptake 

 

Physiological integration of connected Populus balsamifera ramets 
 

Kokouvi E. Adonsou1, Annie DesRochers1 and Francine Tremblay2 

 
1 Institut de recherche sur les forêts, Université du Québec en Abitibi-Témiscamingue, 341 rue 

Principale Nord, Amos, QC, J9T 2L8, Canada, annie.desrochers@uqat.ca 
2 Institut de recherche sur les forêts, Université du Québec en Abitibi-Témiscamingue, 445 boul. 

Université, Rouyn-Noranda, Qc, J9X 5E4, Canada 

 

 

Clonal integration between ramets can be an ecological advantage of clonal plants species 

in environments where resources are patchily distributed. We investigated physiological 

integration among Populus balsamifera L. ramets under drought stress in order to 

demonstrate water sharing between connected ramets. Pairs of connected ramets were grown 

in separate pots in the greenhouse where half of ramets had the parental root connection 

severed and half left intact. Drought stress was applied to one ramet and growth, specific 

leaf area, net photosynthesis, stomatal conductance, leaf water potential and carbon isotopic 

composition measured after an eight weeks growing period. 

 

Droughted ramets connected to watered ramets were able to maintain high gas exchange 

activity and water potential, similar to watered ramets. Leaf water potential and specific leaf 

arae results showed that the root connection was more benefical for proximal compared to 

distal ramets. The parental root connection also allowed droughted ramets to discriminate 

more against 13C compared to severed ramets. In conclusion, this study shows compelling 

evidence of physiological integration of connected Populus balsamifera ramets through 

water sharing.  
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Session 1: Water acquisition and nutrient uptake 

  

Biophysical changes in roots of Scots pine seedlings by cold acclimation 

and freezing damage 
 

Bao Di1,2, Jaana Luoranen1, Tarja Lehto3, Katri Himanen1, Martti Silvennoinen4,5, Raimo 

Silvennoinen5, Tapani Repo1 
 
1 Natural Resources Institute Finland (Luke), Finland, tapani.repo@luke.fi 
2 Agricultural University of Hebei, Department of Horticulture, P.R. China 
3 University of Eastern Finland, School of Forest Sciences, Finland 
4 University of Eastern Finland, Department of Physics, Finland 
5 Simitec Ltd., Joensuu, Finland 

 

 

The condition of the root system is a key determinant for the quality and growth of tree 

nursery seedlings. Based on the changes in biophysical properties of roots, we aimed to 

develop a fast in situ method to measure the condition of root systems during overwintering. 

A special focus was on assessing a proper time for moving the seedlings to freezer storage 

in autumn and to measure possible frost damage during overwintering. 

 

One-year-old containerized seedlings of Scots pine were grown according to standard 

nursery practices and moved to freezer storage (-3oC) in November and taken out in April. 

The seedlings were exposed to a series of freezing temperatures prior, during and after 

freezer storage. Electrical impedance spectra (EIS), impedance loss factor (at 50kHz) and 

hydraulic conductance of roots were measured without controlled freezing tests and 

thereafter, and related to growth of roots and shoots in the regrowth tests. 

 

Impedance spectra of roots had changed prior to freezer storage in autumn, indicating cold 

acclimation. This change could be detected by the CLAss-Featuring Information 

Compression analysis (CLAFIC) of the spectra. Impedance loss factor of roots decreased 

when the threshold frost tolerance of roots was exceeded. Root hydraulic conductance 

increased prior to and during the freezer storage which suggests damage in roots. In the 

initial phase of cold acclimation, root hydraulic conductance increased after exposure to 

gradually decreasing frost temperatures but that effect disappeared in midwinter. We 

conclude that i) impedance loss factor is useful for assessing frost damage in roots, ii) 

CLAFIC analysis of impedance spectra is applicable for monitoring cold acclimation of 

roots if sufficient amount of training data is available. 
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Session 1: Water acquisition and nutrient uptake 

 

Unearthing mechanisms behind variable growth rate in Norway spruce 
 

Taina Pennanen, Sannakajsa Velmala, Matti Salmela, Leena Hamberg, Risto Sievänen 
 

Natural Resources Institute Finland (Luke), Latokartanonkaari 9, FI-00790 Helsinki, Finland, 

taina.pennanen@luke.fi 

 

 

Our studies focus on the relationship of ectomycorrhizal (ECM) fungi and genetically 

determined growth traits of Norway spruce (Picea abies). A long-term field experiment 

revealed that high ECM species richness was associated with fast-growing spruce families. 

ECM fungal species belonging to the family Atheliaceae in particular were found to 

abundantly colonize the fastgrowing families. Laboratory experiments showed that ECM 

fungal richness increased nutrient acquisition potential of the host by diversifying the 

production of exoenzymes. In contrast to our hypothesis, 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 variation in root characteristics between the fast and 

slow families. Root biomass and fine root density were genetically controlled and co-varied 

with the long-term growth rate. Further, allocation to above- and below-ground parts varied 

between fast and slow families, especially in response to increasing fungal richness or stress. 

Our findings suggest that genetic variation in root architecture may be a key factor behind 

varying diversity of symbiotic fungi of trees growing in spatially heterogeneous forest soils. 

 
References: 

 

1. Korkama et al. (2006) Ectomycorrhizal community structure varies among Norway spruce (Picea abies L.) 

clones. New Phytologist 171:815-824. 

2. Velmala et al. (2013) Genetic host-tree effects on the ectomycorrhizal community and root characteristics 

of Norway spruce. Mycorrhiza 23:22-33. 

3. Velmala et al. (2014) Profiling functions of ectomycorrhizal diversity and root structuring in seedlings of 

Norway spruce with fast- and slow-growing phenotypes. New Phytologist 201:610-622. 
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Session 1: Water acquisition and nutrient uptake 

 

Early root growth and architecture of fast- and slow-growing Norway 

spruce (Picea abies) families differ – potential for functional adaptation 

 
Leena Hamberg1, Sannakajsa M. Velmala1, Risto Sievänen1, Tuomo Kalliokoski2,3, Taina 

Pennanen1 
 
1 Natural Resources Institute Finland, Helsinki, Finland, leena.hamberg@luke.fi 
2 Department of Forest Sciences, University of Helsinki, Helsinki, Finland 
3 Department of Physics, University of Helsinki, Helsinki, Finland 

 

 

We investigated the relationship between the growth rate of aboveground parts of trees and 

fine root development. One-year-old seedlings belonging to fast- and slow growing Norway 

spruce (Picea abies (L.) H. Karst.) families were included in the study. A novel approach 

was used to investigate the spatial extent of root properties from the base of spruce seedlings 

to the most distal part of a root. We collected root architecture data of seedlings using the 

WinRHIZO™ image analysis system, and statistical analyses were performed using mixed 

models. Seedlings of fast-growing origins showed a higher number of root branches and tips, 

which resulted in larger root extensions at the time when no differences in aboveground 

growth could be observed. Furthermore, fast-growing spruce seedlings oriented and 

allocated root tips and biomass further away from the base of the seedling than slow-growing 

seedlings which may provide an advantage in nutrient limited, heterogeneous and frequently 

disturbed boreal forest soils. Based on our results, it seems that a higher long-term growth 

rate of the aboveground parts of Norway spruce trees relates to greater allocation of resources 

to explorative roots in early growth phases. 
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Session 1: Water acquisition and nutrient uptake 

 

The potential of beech seedlings to adapt to low P availability in soil – 

linking plant P and biomass allocation with rhizosphere processes 
 

Sonia Meller1, 2, Beat Frey1, Emmanuel Frossard2, Marie Spohn3, Jörg Luster1 
 
1 Forest Soils and Biogeochemistry, Swiss Federal Institute for Forest, Snow and Landscape 

Research WSL, Birmensdorf, Switzerland, sonia.meller@wsl.ch 
2 Institute of Agricultural Sciences, Swiss Federal Institute of Technology ETH Zürich, Switzerland 
3 Soil ecology, Bayreuth University, Germany 

 

 

To what extent are young beeches (Fagus sylvatica) able to adapt morphology, internal P 

management and root-soil interactions according to soil P speciation, their own P reserves 

and their genetic memory? To address this question, we set up a rhizobox experiment in the 

greenhouse with 10-15-year-old trees collected on 2 field sites of the German research 

priority program “Ecosystem Nutrition” on acid bedrock, differing strongly in soil P 

availability. The trees were grown in soil from their own or from the other provenance site. 

 

During the first growing season, the P status measured in leaves differed markedly, governed 

by the plant reserves but independent of soil P availability. Phosphatase activity at the 

rhizoplane, an indicator of the potential for mineralization of organic P was mostly 

determined by the soil. By contrast, plant provenance appeared to affect the occurrence of 

oxalate in the rhizosphere, an indicator for the potential to mobilize mineral-bound P. At the 

end of the first growing season, P recovery from senescent leaves appeared to be influenced 

by soil P. During the second growing season, enzymatic activity at the rhizoplane remained 

controlled mainly by the soil. This was the case now also for P concentrations in fine roots, 

while those in the leaves in addition still showed the influence of the plant provenance. Both 

beech provenances produced more leaf and fine root biomass when growing for 2 seasons 

in P-rich than in P-poor soil. However, several biomass and P status parameters suggest that 

the P-poor provenance had not been able to fully profit yet from the better P availability in 

the nutrient rich soil. This might be linked to smaller carbon reserves leading to reduced 

ability to exude carboxylates, a trait potentially important to compete for P with free-living 

microbes in such soils. 
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Session 1: Water acquisition and nutrient uptake 

 

Effects of tree-root exudates on the solubilization of phosphorus adsorbed 

to allophane in the rhizosphere on Andisols, Yakusima Island, Japan 
 

Mana Mukai1, Shin-ichiro Aiba2, Kanehiro Kitayama1 
 
1 Graduate School of Agriculture, Kyoto University, manamukai@gmail.com 
2 Graduate School of Science and Engineering, Kagoshima University 

 

 

Soils derived from volcanic ash contain abundant non-crystalline minerals such as allophane 

which strongly retain phosphorus. It has been believed that such volcanic soils cause 

phosphorus deficiency for forest trees. However, there is so far no study that investigates 

if/how trees on volcanic soils with abundant allophane can acquire the phosphorus that is 

adsorbed to allophane. It is well known that plant roots release low-molecular weight organic 

acids (LMWOA) to acquire soil nutrients by changing the mineral structure and biological 

community of rhizosphere soils. The purpose of this study was to clarify the chemical 

properties of rhizosphere soils and the effects of tree-root exudates on phosphorus 

availability for dominant trees on volcanic soils on Yakushima. We quantified the rate of 

root exudation of LMWOA (citric, oxalic, and malic acids and other 5 acids) for 5 dominant 

tree species on Yakushima Island using in situ methods in which living fine roots were 

placed in syringes containing a nutrient solution. We also compared chemical properties of 

rhizosphere vs. bulk soils. Soil pH values were significantly lower and the concentrations of 

allophane were lower in the rhizosphere than in bulk soils. On the other hand, the 

concentrations of inorganic forms of phosphorus were higher in the rhizosphere in 

comparison to bulk soils. The concentrations of allophane in bulk soils and exudation rates 

of LMWOA were marginally positively related with each other. Our results suggested that 

the LMWOA released from fine roots dissolve allophane in the rhizosphere by decreasing 

pH and solubilize phosphate in the field. 
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Session 2: Belowground assimilate allocation 

 

Plant Functional Traits Associated with Mycorrhizal Root Foraging in 
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Root foraging for nutrient “hot spots” is a key strategy by which some plants maximize 

nutrient gain from their carbon investment in root and mycorrhizal hyphae. Foraging 

strategies may depend on costs of root construction, with thick roots generally costing more 

per unit length than thin roots. Investment in mycorrhizal hyphae, which are considerably 

thinner than roots, may represent an alternative strategy for cost-effective nutrient foraging, 

especially for thick-root species. Type of mycorrhiza may matter, as ectomycorrhizal (EM) 

fungi are more associated with longer hyphae and ability to mineralize organic matter than 

arbuscular mycorrhizal (AM) fungi. Among AM trees, we found that tree species with thin 

roots proliferated their roots in soil patches enriched with mineral nutrients to a greater extent 

than species with thick roots. In addition, thick-root species were consistently colonized 

more heavily with mycorrhizal fungi than thin root species, although nutrient addition tended 

to diminish colonization. In a common garden in central Pennsylvania of both AM and EM 

tree species, we found that nutrient patches enriched with organic materials resulted in 

greater root and mycorrhizal fungal proliferation compared to those enriched with inorganic 

nutrients and that thick-root species proliferated more with their mycorrhizal fungi whereas 

thin-root species proliferated more with their roots. Foraging precision, or the extent that 

roots or mycorrhizal hyphae grew in the enriched patch relative to the unenriched patch, was 

related to both root thickness and type of mycorrhiza. In both AM and EM trees, thick-root 

species were not selective foragers of either their roots or hyphae. In thin-root species, there 

was strong selectivity in foraging with AM trees showing high precision in root foraging and 

EM trees showing high precision in mycorrhizal hyphal foraging.  
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In boreal forests, roots and root-associated micro-organisms are estimated to contribute 

prominently to the soil C pool. In Finland, half of the land area is covered by forests. Since 

half of the original surface area of peatlands has been drained for forestry, a fourth of the 

forests are peatlands. Thus, both of these ecosystems are of importance when studying fine 

root-originated carbon fluxes. In this extensive project we will compare fine root production 

in mineral forest soils, drained peatland forests and natural peatlands, in corresponding 

fertility gradients. Study plots consist of mainly Picea abies and Pinus sylvestris stands (incl. 

understory), along their natural site fertility gradient. 

 

For assessing fine root production, altogether 150 minirhizotron tubes were installed in the 

study plots for fine root turnover estimation and the same number of soil cores were taken 

up for fine root biomass determination. Minirhizotron images are collected four consecutive 

growing seasons, from May to October. Soil coring for the fine root biomass determination 

and for the soil nutrient analyses were both accomplished once. We aim at publishing the 

results in 2018.  
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Estimation of root-mediated carbon fluxes in peatlands under land use, such as forestry, is 

needed to understand ecosystem functioning and to support greenhouse gas inventories. We 

used a modified ingrowth core method (Laiho et al., 2014) to estimate fine-root production 

(FRP) in two contrasting drained peatland forests in Finland, based on three-year data 

(Bhuiyan et al., 2017). We tested two calculation methods, and concluded that the ‘ingrowth-

dividing’ method and two-year incubation of ingrowth cores can be used for the ‘best 

estimate’ of FRP in peatland forests. This will reduce the volume of labor-intensive work in 

the future. The best estimate of FRP in the nutrient-rich fen forest, 561 g m-2, was more than 

twice that in the bog forest, 244 g m-2. Tree FRP followed above-ground species patterns; 

however, the share of spruce and birch in the fen forest were higher than of basal area. Trees 

accounted for 71 % of FRP in the bog forest and 94% in the fen forest, respectively. The 

remaining FRP was accounted for by shrubs, while herb FRP was insignificant. Our 

methodology may be used to study peatland forest FRP patterns more widely, but will benefit 

from verification from other methods as is the case in all in situ FRP studies. 
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The uprooting of Pinus thunbergii in coastal forests occurred by tsunami in the 2011 Great 

East Japan Earthquake. The degree of uprooting was different from the areas with different 

groundwater levels. P. thunbergii trees have been classified “tap root systems”, but “plate 

root systems” were mostly observed for the fully uprooting trees. The objective of this study 

was to clarify whether the root systems of P. thunbergii can be changed with different 

groundwater levels in a coastal forest. 

 

Two experimental plots: sea-side (lower groundwater level) and land-side (higher 

groundwater level) with sandy soils were established in a coastal P. thunbergii forest. Three 

root systems of P. thunbergii trees in each plot were excavated with the air spade. Maximum 

rooting depth, horizontal root length and sum of root cross sectional areas at 50 cm depth 

were measured. The fresh weight of the whole tree was measured and calculated the dry 

weight by the sub-samples that brought back laboratory, dried and weighed. 

 

In the sea side plot, P. thunbergii showed the plate root systems and the ratio of maximum 

horizontal root length to maximum rooting depth was about 15. In contrast, the tap root 

systems were observed and the ratio was only about 2 in the land side plot. The sum of root 

cross sectional area at 50 cm depth in the land side plot was about 13 times higher than that 

in the sea side plot. The root to shoot dry weight ratio was about 1.6 times higher in the sea 

side than in the land side plot. These results suggest that the tap root was inhibited by high 

groundwater level but the dry weight allocation to roots was larger in the sea side plots. We 

concluded that the root systems of P. thunbergii were highly affected by the groundwater 

levels. 
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Forest subsoils may represent an important C sink in a warming world, but rhizodeposition 

as the key biogeochemical process determining the C sink strength of mature forests has not 

yet been quantified in subsoils. According to studies conducted in topsoil or laboratory 

experiments, soil C inputs by root exudation are increasing with increasing temperature and 

decreasing nutrient availability. We examined whether these relationships apply to forest 

subsoil by analyzing the response of root exudation to increasing soil depth up to 130 cm in 

a mature European beech (Fagus sylvatica L.) forest. We proved that root exudation greatly 

decreases with soil depth as a consequence of a significant decrease in root-mass specific 

exudation activity to nearly a fifth of topsoil activity. The decrease in specific metabolic 

activity was amplified by an exponential decrease in root biomass per soil volume, leading 

to a relative decrease in root exudation per volume in the deep subsoil to 2% of topsoil root 

exudation. The decrease in root exudation was accompanied by decreases in soil microbial 

biomass, extractable organic C (EOC), and N and P availability and increases in the aromatic 

C portion in SOM, but it did not relate to seasonal differences in climatic conditions. More 

specifically, it responded positively to an increase in EOC and ETN in the topsoil, but 

remained at its minimum rate in the SOC-poor subsoil, probably due to a lower organic N 

and higher mineral N content. This vertical pattern of beech root exudation is in accordance 

with a strategy to maximize whole-tree carbon-use efficiency, as it reduces C loss by 

exudation in soil spots where positive priming effects are unlikely, but enhances C exudation 

where microbes can mine less bioavailable SOM. 
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Boreal forest ecosystems are critical for global carbon (C) cycle due to high C storage and particularly 

enormous C sequestration potential into soil organic matter (SOM) (Crowther et al., 2016). Such 

high C content emerge from slow decomposition rate determined by low temperature and nitrogen 

(N)-limitation (Blaško et al., 2015). Fungal biomass (BMf) may act as important player in SOM 

decomposition and in SOM formation providing large input of C and N. Half of C stored in boreal 

forest humus may originate from fungal mycelium C (Clemmensen et al., 2013). However, the 

potential of BMf to contribute to long term storage of C is still under question, particularly because 

mechanisms affecting BMf degradation are not well-known (Wallander et al., 2013). Studies on BMf 

degradation underline the role chitin and melanin, polymers commonly found in fungi. There are 

contradictory findings about chitin degradability showing its high or low recalcitrance (Godbold et 

al., 2006) vs (Drigo et al., 2012). Moreover, decomposition of BMf may be affected by melanin 

concentration (Clemmensen et al., 2015). 

 

Here we provide a mechanical explanation for the recalcitrance of BMf. Our earlier studies proved 

that root-tannins, abundant plant polyphenols, bind chitin increasing its recalcitrance against 

saprotrophic degradation (Adamczyk et al., 2011, 2013). In our newest study we have estimated 

decomposition and N uptake from 15N-BMf-tannin complexes by mycorrhizal pine seedlings. 

Results showed that BMf-tannin complexes are more recalcitrant than BMf without tannins. 

However, mycorrhizal-plants seems to be able to access even such recalcitrant N source. Moreover, 

our 3-year field study proved that plant root-mycorrhiza interactions build-up recalcitrant SOM using 

root-derived tannins. 

In conclusion, tannin- BMf interaction appear to be a significant biochemical controller of 

decomposition rate of BMf. Interaction between root and fungal chemistry is likely to contribute to 

increased C sequestration and N-limitation, especially in tannin-rich ecosystems. 
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Despite of the ecological significance of tree roots in important soil processes, the qualitative 

and quantitative composition of different carbon (C) compounds of fine roots are poorly 

known. The biochemical composition of fine roots may vary in relation to species, site and 

environment but these relationships are as well poorly known. 

 

The aim of our study was to determine the variation of fine root C compounds in relation to 

tree species, site and climate on a latitude and site fertility gradient. Our study sites were six 

Norway spruce and six Scots pine forests, half of which were situated in the northern and 

half in the southern boreal zone in Finland. The root samples were analyzed using a 

sequential extraction technique according to Ryan et al. (1990) into the following fractions: 

nonpolar extractives (NPE, waxes, fatty acids and lipids), water-soluble extractives (WSE, 

e.g. sugars and phenols), acid-soluble fraction (AS, e.g. cellulose), and acid-insoluble 

residue (AIR, mainly derived from cutin, tannin and lignin) (Preston et al., 2009). We used 

the same procedure to roots than previously to litter and soil organic matter (Hilli et al., 

2008a,b). 

 

The results showed that root C compounds differed between northern and southern boreal 

sites and between Norway spruce and Scots pine. Especially, Norway spruce fine roots 

contained significantly higher concentrations of water soluble sugars and phenols in 

comparison to Scots pine, and significantly more in northern than in southern boreal sites. 

Slowly degradable carbon-based secondary compounds such as phenols may contribute to 

recalcitrant and long-lived C components in soil. The results on fine root C compounds will 

be discussed in relation to soil organic layer C compounds in the same stands. 
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Concurrently with increasing temperatures the climate change scenarios predict precipitation 

and air humidity to rise at high latitudes of the Northern Hemisphere. Previously increased 

air humidity has induced lower growth rate for silver birch. However, the mechanisms which 

lead to the decreased growth are still unclear. In order to study the acclimation capacity of 

silver birch at different soil moisture conditions a growth-chamber experiment with 

controlled soil moisture at constant air humidity was carried out on birch saplings.  

 

We found that total biomass of birch saplings (above- and belowground) was highest in trees 

grown at medium soil moisture conditions. Very high and very low soil moisture favoured 

the resource investment into assimilating organs. However, nitrogen and phosphorous 

percentage in roots decreased only in case of hypoxic conditions. In dry soil nitrogen 

percentage of aboveground parts of trees was even higher than in roots, thus revealing no 

nutrient deficiency. The drier the soil the more was the number of root tips per tree as well 

as the ramification of fine roots increased with decreasing soil moisture until a threshold of 

35% of maximal soil water holding capacity was reached. At 45% of maximal soil water 

holding capacity also specific root length was the highest. In very dry soil tree growth was 

highly inhibited and supposedly the few leaves could not support the plastic responses of 

root systems with sufficient photosynthetic products. Still, the number of root tips per root 

length was highest at driest soil. The resource allocation differences in tree saplings, root 

acclimation mechanisms and limits are discussed. 
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Tree growth depends on turnover of below-ground stocks of organic nutrients, and 

mycorrhizal associations are pivotal in regulating soil organic matter dynamics (Averill et 

al., 2014). Some ectomycorrhizal fungi have been proposed to be directly involved in 

decomposition, as a way to mobilise organically bound nitrogen (Lindahl & Tunlid, 2015). 

On the other hand, most ectomycorrhizal fungi lack efficient enzymes to decompose 

complex organic matter (Kohler et al., 2015) and may rather affect decomposition 

negatively, by competing with free-living saprotrophs (Averill et al., 2014; Fernandez et al., 

2016). 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 (Clemmensen et al., 2015; Sterkenburg et al., 2015). 

Towards the nemoral – boreal transition, ectomycorrhizal fungi tend to restrict 

decomposition, by constraining the distribution and activities of more efficient saprotrophic 

decomposers (Kyaschenk et al., 2017). Novel sequencing techniques offer increased 

understanding of the mechanisms, by which ectomycorrhizal fungi mediate feedbacks 

between plants and soil organic matter, aiming towards better predictions of how different 

ecosystems respond to climate change and intense exploitation. Competitive interactions 

between fungal guilds lead to positive feedbacks between decomposition and ecosystem 

fertility, which may contribute significantly to variation in the forest landscape and amplify 

responses to disturbance. Feedbacks are also central for long-term retrogression of forest 

ecosystems in the absence of disturbance (Clemmensen et al., 2013). 
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Evergreen coniferous forests contain high stocks of organic matter. Significant carbon 

transformations occur in these ecosystems, making them important for the global C cycle. 

Here, we have compared overall activity and the utilization of C compounds by soil 

microorganisms in two seasons with contrasting level of root activity: late summer, 

representing the peak of photosynthate input into soil and late winter. Fungi contributed most 

to microbial transcription in litter while in the soil the shares of bacterial and fungal 

transcripts were comparable. In soil, however, fungal activity and especially the expression 

of ectomycorrhiza-specific genes was substantially higher in summer when tree roots were 

highly active. Transcripts of enzymes targeting plant biomass biopolymers, reserve C 

compounds and fungal cell walls were especially abundant in the coniferous forest topsoil. 

Microorganisms produced the bulk of these enzymes, with fungi strongly dominating 

transcription in litter and an equal contribution of bacteria and fungi in soil. In each family 

of glycosyl hydrolases or lignin-modifying enzymes, hundreds to thousands genes were 

typically expressed simultaneously. Turnover of microbial biomass appeared to be faster in 

summer than in winter, indicating fast growth in both litter and soil. Seasonal differences in 

gene transcription were more pronounced in soil than in litter. While the use of reserve 

compounds, such as starch or trehalose, was high in soil in winter when the rhizodeposition 

of photosynthates was low, summer was characterized by high expression of ligninolytic, 

cellulolytic and xylanolytic enzymes produced mainly by fungi. Our results support the 

hypothesis that photosynthate C delivered by plant roots into the soil primes the 

decomposition of recalcitrant biopolymers and confirms the importance of roots as 

regulators of the ecosystem processes mediated by mycorrhizal fungi and other microbiota. 
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Decomposition is a major component of the carbon cycle in forest soils, therefore, the 

understanding of the underlying processes are key for budgeting the carbon cycle. 

Limitations to decomposition are, in addition to biological effectors, given by environmental 

factors, e.g. water availability. Identifying microbial key-players during decomposition can 

strengthen the understanding of this complex process.  

  

In this study, we have performed amplicon sequencing on decomposing roots to identify the 

succession of bacterial and fungal decomposers. For this purpose, litterbags containing pine 

roots were buried in a semi-dry mature pine forest and gradually sampled over a period of 

two years. To reduce summer drought, an irrigation experiment was installed at the site. 

Overall, the effect of the irrigation treatment had only a minor impact on the decomposition. 

Neither fine nor coarse roots experienced slower degradation under dry soil conditions 

within the two years of decomposition. Nonetheless, the microbial communities differed 

significantly between the two treatments, with the shift of communities more apparent in the 

second year of decomposition. A compelling high presence of fast growing (copiotrophic) 

organisms (e.g. zygomycetes) has been detected in the early sampled roots (<1 year of 

decomposition). In a later stage of decomposition (1-2 years) these copiotrophs disappeared 

and were replaced by more specialized oligotrophic organisms (e.g. white rot fungi, 

actinomycetes). This replacement process can be explained by an early decline of easy 

degradable carbohydrates and a relative increase of lignin. 
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Spatial heterogeneity and low availability of nutrients in boreal forest soils highlight the 

importance of tree root architecture. There is a need to better understand the within species 

heterogeneity of fine-roots and their effects on soil processes (McCormack et al., 2015). 

High functional and physiological heterogeneity within the outer rhizosphere has been 

suggested (Keel et al., 2012), and the explorative growth of lateral roots seems pivotal 

especially in seeking for the nutrient-rich patches in soil. Norway spruce (Picea abies) has 

high adaptability of coarse root architecture in response to the environment (Kalliokoski et 

al., 2008). Furthermore, we have found differences in the fine root architecture of spruce 

seedlings representing contrasting long-term growth phenotypes (Velmala et al., 2014; 

Hamberg et al. unpublished). So far these results hold true only in a homogeneous growth 

substrate. Thus we wanted to quantify the effects of soil patchiness to the belowground 

growth of spruce in relation to long-term growth performance. Ten replicate seedlings from 

ten spruce families (five fast- and five slow-growing) were grown for ten months in growth 

chambers in flat transparent perplex microcosms filled with sand-vermiculite-peat with a 

humus patch placed in the middle. In order to minimize the variation due to ectomycorrhizal 

fungi, all the seedlings were inoculated with Thelephora terrestris. Photosynthesis rate, dark 

respiration and leaf water potential were measured from these seedlings. Root characteristics 

were documented with WinRhizo® Pro-image analysis tool and visualized using LIGNUM 

software (Sievänen et al., 2010). Here we present our preliminary results for the first time. 
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This study addresses the question how mycorrhiza affects carbon (C) sequestration, based 

on a new forest ecosystem model. The importance of mycorrhiza for forest carbon balance 

is increasingly recognized and debated. Mycorrhizal type has been shown be a major 

determinant of the CO2 fertilization effect on biomass growth and its response to soil 

nitrogen (N) (Terrer et al., 2016, 2017). A model calibrated for boreal forest suggests that 

this growth response is supported by N uptake via soil organic matter (SOM) decomposition 

by mycorrhizal fungi (Baskaran et al. 2017). In contrast, other studies suggest that 

ectomycorrhizal fungi drives SOM accumulation (Clemmensen et al., 2013; Averill, Turner 

and Finzi, 2014) and N immobilization (Franklin et al., 2014). 

 

This study sheds new light on the topic by including additional plant – soil feedback 

mechanisms, such as dynamic adaptation of C allocation to roots and mycorrhiza and leaf N 

concentration in response to N availability and atmospheric CO2. In addition, the model 

includes C and N cycling among trees, litter, SOM, dissolved N, and microbes - including 

saprotrophic fungi, bacteria, and mycorrhizal fungi. With this model, effects of elevated CO2 

and N availability on long term C storage can be evaluated in mycorrhizal forest ecosystems. 

 

In agreement with previous studies the model suggests that elevated CO2 enhances C 

allocation to mycorrhizal fungi, who increase SOM decomposition rate. However, at the 

same time, SOM formation is increased by higher litter and microbial production, leading to 

only small net changes in SOM. Contrastingly, N fertilization leads to SOM accumulation 

via increases in both litter production and litter N:C ratio, which enhances microbial growth 

efficiency and thereby SOM production. The results highlight the importance of plant-soil 

interactions for the ecosystem C balance, but also points to a need for better understanding 

and quantification of certain mechanisms, such as the ability of microbes adapt to, or 

alleviate, stoichiometric imbalances. 
 
References 

 

1. Terrer C., S. Vicca, B. A. Hungate, R. P. Phillips, P. B. Reich, O. Franklin, B. D. Stocker, J. B. Fisher, I. C. Prentice 

(2017) Science 355, 358-358 10.1126/science.aai8242. 

2. Averill C., B. L. Turner, A. C. Finzi (2014) Nature, 505, 543-545 10.1038/nature12901. 

3. Baskaran P., R. Hyvönen, S. L. Berglund, K. E. Clemmensen, G. I. Ågren, B. D. Lindahl, S. Manzoni (2017) New 

Phytologist 213, 1452-1465 10.1111/nph.14213. 

4. Clemmensen K. E., A. Bahr, O. Ovaskainen, A. Dahlberg, A. Ekblad, H. Wallander, J. Stenlid, R. D. Finlay, D. A. 

Wardle, B. D. Lindahl (2013) Science, 340, 1615-1618. 

5. Franklin O., T. Näsholm, P. Högberg, M. N. Högberg (2014) New Phytologist, 203, 657-666 10.1111/nph.12840. 

6. Terrer C., S. Vicca, B. A. Hungate, R. P. Phillips, I. C. Prentice (2016) Science, 353, 72-74 10.1126/science.aaf4610. 

7. Terrer C., S. Vicca, B. A. Hungate, R. P. Phillips, P. B. Reich, O. Franklin, B. D. Stocker, J. B. Fisher, I. C. Prentice 

(2017) Science, 355, 358-358 10.1126/science.aai8242.  



35 
 

Session 3: Linking root functioning and belowground biodiversity  

 

Partitioning of soil fungal biomass between saprotrophic and 

ectomycorrhizal guilds in deciduous and coniferous temperate forests 
 

Rodica Pena, Abdallah Awad 
  

Forest Botany and Tree Physiology, University of Göttingen, Büsgenweg 2, 37077 Göttingen, 

Germany, rpena@gwdg.de 

 

 

Saprotrophic and ectomycorrhizal fungi dominate soil microbial biomass of temperate forest 

ecosystems, accessing large pools of carbon. While the saprotrophs act as decomposers of 

organic matter, with a net release of CO2 to the atmosphere, the mycorrhizal fungi channel 

photosynthetic carbon belowground and significantly contribute to carbon storage. Changes 

in the abundance of saprotrophic and ectomycorrhizal fungi may have significant 

consequences on the carbon cycle. Although taxonomical composition and abundance 

distribution of saprotrophic and ectomycorrhizal fungal communities are well described, 

partitioning of soil fungal biomass between the two guilds and the mechanisms behind the 

partitioning patterns remain unclear. 

 

We measured the soil fungal biomass (ergosterol), isolated mycelium from soil by an 

improved method, and determined fungal community structures by Illumina sequencing 

(fungal ITS2 rRNA) of mycelium and fine roots collected in the topmost mineral forest soil. 

The forests differed in tree composition (beech, oak, ash, maple, pine, and spruce) spanning 

a gradient of soil, vegetation, root chemistry, and climatic parameters (48 independent 

variables). We found that the partitioning of soil fungal biomass between the two guilds 

varied with the forest type, with a higher saprotrophic to the ectomycorrhizal ratio in the 

coniferous compared to deciduous forests. The environmental factors (mainly edaphic and 

vegetation) predicting mycelial biomass, and proportion of variation explained by them 

largely differed between the fungal guilds. 

 

We tested the hypotheses that the soil mycelial biomass of saprotrophic and/or 

ectomycorrhizal fungi (i) change with forest tree species composition, being also predicted 

by environmental factors, which vary in their relative importance with the fungal guild, (ii) 

increase with root diversity and remain unaffected by mycelial and root fungal diversity, and 

(iii) is dependent on the dynamic of a few abundant species in the fungal communities.   
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Mycorrhiza, a symbiotic relationship between plant and fungi, in which plants provide fungi 

with carbon and fungi provide nutrients to plants, is among the most important belowground 

biodiversity mechanisms controlling plant-soil interactions. Arbuscular mycorrhiza (AM), 

Ericoid Mycorrhiza (ERM) and ectomycorrhiza (EcM) are the most wide-spread types of 

this symbiosis. Biodiversity is known to support resilience of ecosystems and their resistance 

to environmental perturbations. Given the increasingly recognized differential roles of 

distinct mycorrhizal types for ecosystem functioning it is important to understand global 

patterns of plant species richness within mycorrhizal types, and environmental drivers 

thereof. We examined the abiotic environmental predictors that determine geographical 

distribution patterns of plant species richness within most common mycorrhizal types, and 

propose a method to model these patterns. Using existing datasets and individual scientific 

reports we have compiled a database of mycorrhiza-plant associations for South and North 

America continents, holding information on per-plant-species type of mycorrhiza. We 

combined the geographical information of registered occurrence of individual plant species 

and the data of the plant species mycorrhizal type (AM, ECM, ERM or non-mycorrhizal). 

Using these data we have analyzed relationships between relative fractions of AM, ECM 

and ERM plant species within local species pools and environmental predictors, and created 

maps showing proportion of plant species associated with each the three mycorrhiza types 

on American continents. Our analysis suggests a high correlation between relative fractions 

of AM, ECM and ERM plant species within a species pool and a temperature regime. 

Additionally, fractions of the proportions of ectomycorrhizal plant species number and 

ericoid mycorrhizal plant species number were highly correlated with the soil pH. We 

conclude that different environmental factors predict species richness and abundance of AM 

plants while for EcM and ERM plant species richness and abundance is controlled by a 

similar set environmental factors. 
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In the Mediterranean basin, climate change is bringing increased risk of drought in 

combination with elevated levels of tropospheric ozone in summer. Both drought and ozone 

stress reduce carbon flux to belowground sinks. Knowledge on interactive effects of drought 

and ozone on trees, especially on their belowground parts, is still limited. 

 

Seedlings of oaks with different strategies for water use were exposed to a combination of 

drought and ozone stress at a free air O3 exposure facility in Italy. After one growth season, 

they were destructively sampled. Ectomycorrhizal communities were analysed by morpho-

anatomical and molecular tools. 

 

Roots up to 2 mm in diameter were scanned and analysed with WinRhizo to obtain root 

morphological parameters. Cross-sections were prepared from 2 mm roots and observed 

under light microscope. 

 

In total, 15 ectomycorrhizal taxa were identified by molecular methods, 6 of them to the 

species level. The most common taxa were Tomentella sp. 2, occurring in 80% of seedlings, 

and Sphaerosporella brunnea (64 %). Ten taxa occurred in fully watered conditions, and 

only 5 in drought conditions. At ambiental ozone levels we recorded 12 taxa, while at 1.5 x 

ambiental level, 10 taxa were found. A significant effect of water x ozone interaction 

(p=0.0264) was detected for a total number of identified ectomycorrhizal taxa per seedling. 

In Q. ilex there was no effect of drought or ozone on any root morphological parameter. In 

Q. pubescens ozone (1.5 x ambiental) reduced the proportion of root system in 0-0.1 mm 

diameter class, while drought affected the percentage of length in certain diameter classes 

both in Q. robur and Q. pubescens. Quercus species x ozone interaction significantly 

affected mean vessel diameter in outer 25 % of secondary xylem, while drought x ozone 

significantly affected bark to secondary xylem ratio. 
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Plant roots can contribute considerably to biogeochemical cycles during their decomposition 

phase. Initial decomposition rates of intact fine root tissues are affected by root anatomy and 

chemistry, as well as complex interactions with soil organisms. Here we assessed soil-, plant- 

and root characteristics that might influence rates of fine root (< 1 mm) decomposition 

without disturbance of the root-soil matrix. We trenched minirhizotron tubes in monoculture 

plots of 10 temperature tree species at a common garden in southwest Poland and tracked fine 

root persistence for almost three years. Minirhizotrons were installed five years prior of the 

trenching treatment. Artifacts common to root decomposition studies such as reduced access 

of soil fauna, disturbance of the root-rhizosphere dynamics and pooled concentrations of root 

organic matter were thus avoided. Six weeks after the trenching, cross sections of severed 

roots stained with fluorescein diacetate showed no sign of root vitality in any tree species. 

New root growth recolonized soil monolith of trenched minirhizotrons after 2 months of 

trenching. Roots disappeared faster if new root growth had occurred nearby. Persistence of 

severed roots increased with soil depth, while increasing soil microbial biomass carbon, labile 

soil carbon content and earthworms decreased severed-root persistence, as did soil porosity 

and percent clay content. Severed older roots of the two maple tree species had higher root 

persistence than severed younger roots. Persistence of dead roots was relatively long in this 

sandy, infertile soil, ranging from 320 days to greater than 974 days among four temperate 

tree family classes.  In conclusion, trenched minirhizotrons allowed for tracking persistence 

of individual dead roots in situ. Besides root traits known to influence rates of root 

decomposition, like root C:N and root Ca, we found that several soil-related factors strongly 

influenced root persistence which generally remain unconsidered when using traditional root 

decomposition methods. 
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Little is known about soil animal communities involved in the decomposition of fine root 

litter, which is largely different from leaves in both litter traits and position of the litter 

supply. Given that belowground fine-root litter is also important as the main source of 

organic matter input to soil, a broader knowledge spanning over aboveground and 

belowground litter is crucial for careful assessment of decomposition processes. Here, we 

compared the composition of the soil microarthropods involved in leaf and root 

decomposition in field experiments using litterbags. To evaluate the relative effects of litter 

type and initial litter position, we set up a two-factor experiment (litter type  litter position). 

Litterbags containing either roots or leaves were placed at two positions (either on the soil 

surface or buried within the soil) and were collected to follow the succession of 

microarthropods in the decomposing litter for three years. We found different successional 

patterns of soil microarthropods between the natural processes of leaf and root litter 

decomposition (i.e. leaves on the soil surface and roots buried within the soil), which were 

caused by taxonomy-specific responses to both litter quality and litter position. Whereas 

Prostigmata clearly responded to the stage of litter decomposition, the abundances of other 

taxa were strongly determined by litter position. Although litter quality was not the primary 

factor controlling their distribution, the ratio of Oribatida to Collembola gradually increased 

during the decomposition process in the belowground litterbags. Based on this result, 

Oribatida might function as a primary decomposer of root litter, particularly in the late stages 

of decomposition under natural conditions. These results also indicate that root litter may 

contribute soil animal diversity by expanding variation in food and habitat as a spatially and 

qualitatively different resource than leaf litter. 
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Current interest in plant-soil feedback is rapidly increasing, but the challenge of opening the 

black box of soil biodiversity is still huge. I will discuss two lines of our research, on climate 

warming-induced range shifts and on secondary succession at former arable land. In both 

cases, we are moving from studying plant-soil feedback interactions to studying interactions 

between plants, roots, and the full diversity below ground. We use high-throughput 

sequencing and analyze our data according to network approaches in order to determine the 

transition in composition and structure of belowground communities. In addition, we carry 

out experimental studies using labeled carbondioxide and nitrogen, and examine community 

reorganization by inoculation studies in order to empirically test how novel soil communities 

develop and function. These approaches will help to better understand the role of soil biota 

and soil biodiversity in the transition of terrestrial ecosystems under global environmental 

changes in climate, land use, and invasive species. 
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Cork oak (Quercus suber) and English oak (Quercus robur) are the most important and 

iconic tree species in Portugal and Britain. These species are commonly affected by chronic 

oak decline (COD), a syndrome characterized by progressive death of branches and 

extensive dieback over several years, leading to socioeconomic loss and environmental and 

ecological impacts. Acute oak decline (AOD) is a new disease that affects oak trees in the 

UK. This disease is characterized by dark, weeping patches on tree stems and can lead to 

tree death within 4 to 5 years of symptoms appearance. It is recognized that oak decline is a 

complex syndrome in which several abiotic and biotic agents interact and bring about a 

serious decline in tree condition. However, the link between decline factors and host effects 

is poorly understood. Recent advances in human and plant diseases demonstrated and 

emphasised the impact of the composition of microbiomes in host health and resilience. 

 

This study aims to characterize the rhizospheric microbial communities of cork oak and 

English oak by high-throughput sequencing and explore whether the rhizosphere 

microbiome is associated with oak decline. Rhizosphere soil samples were collected from 

healthy and COD trees in both countries as well as from AOD trees in the UK. Additionally, 

trees in remission of AOD were also sampled. Bulk soil samples were used as rhizosphere 

effect control. 

 

The results showed that bacterial and fungal communities are impacted by tree species (Q. 

robur vs. Q. suber), location (UK vs. Portugal) and soil type (bulk soil vs. rhizosphere). On 

the other hand, tree health status does not seem to correlate with the rhizosphere microbiome, 

although differences are observed in specific bacterial and fungal groups. Physicochemical 

parameters of the rhizosphere soil and tree roots will be further analysed and correlated with 

the biotic factors. 
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Sand filled in-growth mesh bags is a popular way to study ectomycorrhizal fungal 

extraradical mycelia in situ. Besides estimating the production and biomass, colonized in-

growth mesh bags may also be used to assess physiological activities of the mycelia. Here 

we present recent results on production and nitrogen uptake of ectomycorrhizal mycelia 

across seasons in a Norway spruce forest. We show that the production varies significantly 

between seasons but that the mycelia produced has the same intrinsic potential for N-uptake. 

The presentation will also revisit long-standing discussions regarding to what extent 

ectomycorrhizal versus saprotrophic hyphae colonize mesh bags and whether fungal 

communities in mesh bags are good proxies for the mycelia in soil. To answer these 

questions we used a combination of 15N/13C stable isotope labeling of colonized in-growth 

mesh bags with high-throughput sequencing of soil or mycelia extracted from mesh bags.  
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Arbuscular mycorrhizal (AM) fungi, associating with the roots of most land plants form one 

of the most widespread plant-fungus mutualisms. This key association, which provides 

photosynthetically fixed carbon to fungi in exchange for nutrients delivered to the plant, has 

been shown to play an essential role in ecosystem establishment and development. While 

data is amassing on AM fungal diversity patterns across different habitat types, a clear 

majority of the work done has a clear focus on agricultural land. We investigated AM fungal 

diversity and community composition in six different habitats ranging from natural 

boreonemoral forests to semi-natural alvar grasslands to mowed lawns. With separate 

sampling done from both plant roots and a relatively large volume of soil surrounding the 

roots, we were able to more reliably compare the differences between the species pool of 

AM fungi in soil and the composition of AM fungi in the plant root. A single plant species 

commonly found in all studied habitats was used to avoid the confounding effect of host 

species on root AM fungal communities. To identify AM fungal taxa, we used the virtual 

taxon (VT) concept of delimiting species-level clades with 454-sequencing of the SSU 

rRNA gene. Surprisingly, habitat type showed no significant effect on mean sample AM 

fungal richness. However, ordination analyses revealed marked differences in the 

community compositions of AM fungi in different habitats. The results shed more light on 

the diversity of AM fungi in different land use types and the effect of (the cessation of) 

human influence on AM fungal communities, while also revealing the relationship between 

the soil pool of AM fungal taxa and the realized community of AM fungi in the plant roots. 
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The arbuscular mycorrhizal fungi are an ancient but species-poor group of root symbionts 

whose origin coincided with the first appearance of land plants. AM fungi live with the roots 

of more than 80% of terrestrial plant species. Yet the importance of AM fungi for plant 

individuals, as well as their possible effect on diversity and composition of plant 

communities, is widely recognized, the information of their distribution and diversity is still 

rather scarce. I shall give an overview about main diversity patterns of AM fungi and discuss 

the possible drivers of their diversity. I shall also address spatial and temporal distribution 

of AM plants and discuss their ecology in comparison with other mycorrhizal types. 
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The diversity and structure of soil microbial communities are crucial elements in 

understanding the ecological impacts of rapidly changing environments. Arbuscular 

mycorrhizal (AM) fungi are an important group of soil microbes and biotrophic plant-root 

symbionts. Their diverse communities are shaped by complex interactions of their abiotic 

and biotic environments. Locally extreme ecosystems have proven to be useful for natural 

long-term experiments in the ecology of AM fungi, giving an insight into much-needed 

processes of adaptation and acclimation of natural communities to abiotic stress (Maček et 

al., 2016). Natural CO2 springs (mofettes), known for diffuse degassing at ambient 

temperature of CO2 of deep mantle origin that induces soil hypoxia, are one such system 

with well characterised AM fungal communities. As a result of exposure to extreme long-

term stress in these specific environments original and temporary stable AM fungal 

communities form with a high abundance of specialised, stress-tolerant taxa. Our data show 

that locally extreme environments could further serve as a powerful tool to study slow 

ecological and evolutionary processes that normally require long-term observations and 

experiments to study them (Maček et al., 2016). 
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Alnus glutinosa (black alder) is a pioneer tree species displaying tolerance to high 

concentrations of salt in soil. Therefore, this species can be considered as an important tree 

for regeneration of forests at saline areas. High tolerance of A. glutinosa to unfavorable 

conditions can be a feedback effect of unusual tripartite symbiotic associations of plant roots 

with microorganisms. Alder roots can form simultaneous symbiotic association with 

nitrogen-fixing bacteria (Frankia) and ectomycorrhizal (EM) as well as arbuscular (AM) 

fungi. However, there is still not enough data about dynamics of microbial symbionts and 

root-associated biodiversity of mature individuals of A. glutinosa, specially at natural saline 

conditions. 

 

The main aim of the study was to determine bacterial and fungal biodiversity in the roots of 

mature black alder trees, with special focus on taxonomic structure and contribution of 

microorganisms in the tripartite symbiotic relationship. The experiment was carried out at 

saline (Słonawy) and non-saline (control) area (Pszczółczyn) in northern Poland. Two 

vegetation seasons (spring, autumn) were involved. Microbial populations were profiled by 

metagenomic analysis of 16S rRNA gene (bacteria) and ITS (fungi) with the use of Illumina 

sequencing. 
 

Key words: black alder, salinity, bacteria, fungi, mycorrhiza, biodiversity  
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Roots are probably the most difficult component of terrestrial ecosystems to study in the 

field; they are dynamic, hidden in soil, surrounded by a complex micro-flora and fauna, and 

sensitive to changes in season and climate. I have spent approximately 40 years carrying out 

research into the biogeochemistry of natural and managed ecosystems and in this 

presentation I shall highlight some of the techniques which I have both developed and used 

to try and discover the role of roots, specifically in terms of nutrient and greenhouse gas 

interactions. Inevitably, this involves key interactions with both symbiotic and non-

symbiotic components of the soil biological community in a biotically and abiotically 

complex environment. In this wide-ranging review of my research on terrestrial ecosystems 

I shall consider the role of woody roots in nutrient uptake and their interactions with soil 

fauna, discuss aspects of global change, including both pollutant deposition and climate 

change. I will argue that the development of new techniques and approaches (e.g. stable 

isotopes, automated greenhouse gas monitoring) is key to opening the ‘black box’ of 

assessing in situ root functioning which is so essential to our assessment of the impacts of 

climate change on terrestrial systems at both the local and global level.  
  



49 
 

Session 4: Roots, global change and ecosystem services 

 

Are tree species diversity and tree species identity effects on soil carbon 

stocks across Europe linked with fine root biomass? 
 

Lars Vesterdal1, Seid Muhie Dawud1, Karsten Raulund-Rasmussen1, Sophia Ratcliffe2, 

Timo Domisch3, Leena Finér3 
  
1 Dep. of Geosciences and Natural Resource Management, University of Copenhagen, Frederiksberg 

C, Denmark, lv@ign.ku.dk 
2 Institute of Biology, University of Leipzig, Leipzig, Germany 
3 Natural Resources Institute Finland (Luke), Joensuu, Finland 

 

 

Studies of functional species diversity have reported positive effects on aboveground carbon 

(C) sequestration, but the question remains whether higher soil C stocks could result from 

belowground niche differentiation driven by more efficient root exploitation of soils. We 

studied soil C stocks and fine root biomass in tree species diversity gradients in major 

European forest types in Finland, Poland, Germany, Romania, Spain and Italy within the 

FunDivEurope project. 

 

We found consistent but modest effects of species diversity on soil C stocks in the forest 

floor and 0-10 cm layer across the regions. Carbon stocks increased with tree species 

diversity, but there was no similar effect on fine root biomass of trees or ground vegetation. 

In contrast, there was a strong effect of species identity on soil C and root biomass and root 

distribution. Within the Polish region we sampled soils to 40 cm and found that identity of 

the five tree species was again the main factor explaining forest floor and total soil C stock. 

However, species diversity increased soil C stocks in deeper soil layers (20-40 cm), while 

species identity influenced C stocks within forest floors. Root biomass increased with 

diversity in 30-40 cm depth, and a positive relationship between C stock and root biomass 

in the 30-40 cm layer suggested that belowground niche complementarity could be driving 

higher root C input and deeper distribution of C in diverse forests. 

 

We conclude that total C stocks are mainly driven by tree species identity. Modest positive 

diversity effects were detected at the European scale with no associated root biomass 

effect. Stronger positive effects on subsoil C stocks in Poland were associated with higher 

subsoil root biomass. Targeted selection of tree species would be a stronger management 

approach for soil C sequestration than increasing tree species diversity per se. 
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Fine roots (ø≤ 2 mm) contribute significantly to the forest carbon cycle and are essential for 

resource acquisition from the soil. We conducted a study to assess the relationships between 

tree species diversity and functional group (conifer proportion) on tree and ground 

vegetation fine root biomass in the six major European forest types in Finland, Poland, 

Germany, Romania, Italy and Spain within the FunDivEurope project. We sampled fine 

roots of trees and ground vegetation down to 20 cm in mineral soil and allocated the fine 

root biomass to individual tree species using near-infrared reflectance spectroscopy. We did 

not find any general positive effects of tree species diversity (true Shannon index) on the 

fine root biomass across all forest types and tree species combinations. However our results 

suggest that fine root biomass increases with tree species diversity in the broadleaf forests, 

contrary to the conifer forests. 20% of the variation in tree fine root biomass (organic+0-10 

cm layer) in the broadleaf forest stands was explained with tree species diversity and tree 

fine root biomass was 2-fold in the most diverse broadleaf forest plots compared to the 

monocultures. The small number of tree species in the conifer stands (1-2) compared to the 

broadleaf stands (1-4) may have decreased the probability of having conifer species 

combinations with below-ground functional traits with over-yielding capacity. We observed 

a general positive effect of conifer proportion on the tree and total fine root biomass, which 

was strongest in the organic layer. Conifer proportion explained 39% of the variation in the 

total fine root biomass in the organic layer and only 2% in the combined organic+0-20 cm 

mineral soil layer. Our results suggest that there is some potential to increase below-ground 

biomass and associated carbon pools by growing tree species-rich broadleaf forests in 

Europe. 
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Ectomycorrhizal (ECM) fungi may determine seedling establishment and influence nutrient 

cycling by increasing nutrient and water absorption. Knowing the response of ECM fungi to 

future environmental changes may be crucial to predict changes in forest composition and 

productivity. Considering that global temperature increase and the effect are expected to be 

particularly strong at biome boundaries and in the northern latitudes, little is known how 

increases in temperature will affect the community composition of ectomycorrhizal fungi. 

Thus, we analyzed the effects of experimental manipulations of temperature and canopy 

structure (open vs. closed) on ECM fungi identified from roots of host seedlings through 454 

pyrosequencing. Our site represents the southern limit range for Picea glauca and Betula 

papyrifera; and the northern one for Pinus strobus and Quercus rubra. We verified the 

following hypotheses: (i) ECM fungal richness would increase in temperate hosts in the 

warmed plots and decrease in boreal hosts, (ii) ECM fungal community composition in the 

warmed plots would be dominated by fungi found on temperate host plant, (iii) richness 

would increase in open canopy plots due to increased belowground carbon allocation. 

Despite the fact that experimental manipulations increased air and soil temperature by 1.7 

°C and 3.4°C above ambient temperatures, we did not find a change in ECM richness. 

Temperature, host and canopy shape The ECM fungi composition. However, colonization 

of boreal tree species with ECM symbionts characteristic of temperate species was not 

observed. Overall, only a small proportion of the ECM community appears to be strongly 

sensitive to warming. 
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Peatlands store one third of the global soil carbon (C) pool. Long-term fertilization 

experiments in nutrient-poor peatlands showed that simulated atmospheric nitrogen (N) 

deposition does not enhance ecosystem C uptake but reduces C sink potential. Recent studies 

have shown that a significant proportion of C input to soil in low-fertility forests entered the 

soil through mycorrhizal fungi, rather than as plant litter. Is atmospheric N deposition 

diminishing peatland C sink potential due to the suppression of ericoid mycorrhizal fungi? 

We studied how nutrient addition influences plant biomass allocation and the extent to which 

plants rely on mycorrhizal N uptake at two of the longest-running nutrient addition 

experiments on peatlands, Whim Bog, United Kingdom, and Mer Bleue Bog, Canada. The 

treatments receive an additional load of 1.6-6.4 N g m-2 y-1 either as ammonium (NH4) nitrate 

(NO3) or NH4NO3 and with or without phosphorus (P) and potassium (K), alongside 

unfertilized controls. After 11-16 years of nutrient addition, the vegetation structure had 

changed remarkably. Ten of the eleven nutrient addition treatments showed an increase of 

up to 60% in total vascular plant abundance. Only three of the nutrient addition treatments 

showed a concurrent decrease in the relative proportion of ericoid mycorrhizal shrubs to total 

vascular plant abundance. The response to nutrient load may depend on the water table depth, 

the form of N added and whether N was added with PK. Shrubs were strong competitors at 

the dry Mer Bleue Bog while sedges gained in abundance at the wetter Whim Bog. 

Combined with mycorrhizal abundance and foliar isotopic delta15N patterns, the data will 

allow us to estimate the extent to which plants rely on mycorrhizal N uptake and whether 

mycorrhizal responses are linked to diminished C sink potential. This evidence is needed to 

establish critical loads for C sink potential in peatlands.  
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While a severe decrease in phosphorus (P) availability is already taking place in a large 

number of ecosystems (Elser et al., 2007), drought and nitrogen (N) deposition will likely 

further decrease the availability of P under global change. Plants have developed some 

morphological and physiological strategies to cope with decreasing P resources, among them 

adaptations in the efficiencies of P uptake and use (Fohse et al., 1988; Gan et al., 2015), but 

it is unclear how these strategies respond to summer droughts and elevated N deposition. We 

investigated the influence of soil drought and N availability on P uptake (H333PO4 feeding 

experiment), transport, and use efficiencies in a three-factorial greenhouse experiment (3 P 

x 2 N x 2 soil moisture treatments) with Palestine oak saplings (Quercus calliprinos Webb.). 

We tested the main hypothesis that both drought and high soil N:P increase the efficiencies 

of P uptake, transport, and use in oak saplings. Our results confirmed a 2.6 and 3.4 times 

increase in root mass-specific 33P uptake efficiency with halving of the P fertilization under 

moist and dry conditions, respectively. Similarly, the photosynthetic P use efficiency 

increased by trend at high soil N:P. Yet in contrast to our hypothesis, 33P transport 

efficiencies of oaks decreased at high soil N:P, and P use efficiencies decreased with both 

high soil N:P and drought, despite the higher 33P uptake efficiencies of oak roots. Both 

photosynthetic and biomass P use efficiencies were inversely related to the respective N use 

efficiencies of oak. These results suggest that P uptake and biomass use efficiencies respond 

contrarily to a decrease in P availability in dry soil, which may point to stoichiometric 

constraints of biomass production when water availability is limiting. 
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Future climate scenarios predict increasing precipitation and air temperatures, particularly at 

high latitudes. This trend will be more pronounced during winter, spring and autumn. 

However, soil temperatures are more difficult to predict, as they depend strongly on the 

insulating snow cover. Warm spells and ‘rain on snow’ events during winter can lead to 

thaw-freezing cycles, flooding and ice layers, affecting soil properties, soil gas 

concentrations and the survival of tree seedlings. 

 

We conducted two laboratory experiments of 20 weeks duration each, simulating winter, 

spring and early summer, and imposed Scots pine (Pinus sylvestris L.) or downy birch 

(Betula pubescens Ehrh.) seedlings to four different winter scenarios: (1) ambient snow 

cover (SNOW), (2) compressed snow and ice encasement (ICE), (3) flooded and frozen soil 

(FLOOD) and (4) no snow (NO SNOW). We assessed the stress experienced by the 

seedlings by means of gas exchange and chlorophyll fluorescence, and determining above- 

and belowground biomass, carbohydrate contents and root growth, as well as measuring soil 

CO2 and O2 concentrations. 

 

The seedlings could be classified into two treatment groups: the seedlings in the SNOW and 

ICE treatments performed best and showed superior shoot and root growth in comparison to 

the others. Yet, only the Scots pine seedlings in the SNOW treatment started height growth 

whereas the seedlings in the other treatments died. All birch seedlings started their growth 

at the beginning of the growing season, but only the seedlings in the SNOW and ICE 

treatments continued it, whereas the others showed a declining growth trend above- and 

belowground. 

 

Our results underline the crucial significance of the protective snow cover, and that a missing 

snow cover or soil hypoxia and anoxia during winter can be lethal for seedlings, and that 

respiratory losses and especially winter desiccation of aboveground organs can further lead 

to the death of small tree seedlings. 
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Global climate change is expressed differently in different regions - in Northern Europe rise 

in atmospheric humidity and precipitation is predicted to continue. Fine roots play a crucial 

role in forest carbon, nutrient and water cycles. Our studies aimed to ascertain the effect of 

elevated air humidity on fine root foraging strategies: (1) extensive foraging strategy (more 

fine roots), (2) intensive foraging strategy (improved nutrient uptake efficiency e.g. through 

mycorrhizal fungi and rhizosphere microorganisms). The carbon (C) cost of the extensive 

strategy is higher. For trees in humidified plots the intensive strategy was the first choice 

followed later by extensive foraging strategy. 

 

The main aim of the study was to ascertain the effect of elevated air humidity on the 

components of the C budget and on the C-binding capacity in plants and soil of a young 

silver birch (Betula pendula Roth) forest. Above- and belowground biomass production, soil 

respiration, and other C fluxes were measured in young silver birch stands growing on the 

Free Air Humidity Manipulation (FAHM) experimental site, located in South-East Estonia. 

 

All stands were the C sinks but humidified stands stored two times more C than control 

ones. Two years of elevated air humidity increased C sequestration in the understory but 

decreased it in trees. Humidification treatment increased remarkably the C input to the soil. 

The main reason for such an increase was the higher root litter input into the soil, brought 

about by the more than two-fold increase of belowground biomass production of the 

understory in the humidification treatment. Elevated atmospheric humidity increased C 

sequestration in young silver birch stands, mitigating increasing CO2 concentration in the 

atmosphere. 
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Root suckering is the major means of aspen natural regeneration after above-ground part of 

the tree is cut or injured. Aspen coppice generation can be highly productive. The fast growth 

occurs because root and stump sprouts can exploit the root systems of their parent trees. The 

knowledge of climate change effects on aspen suckering is incomplete and not much is 

known about its response to increasing air humidity - a climate trend predicted for the higher 

latitudes of the Northern hemisphere. 

 

Our aim was to estimate the emergence and growth of root and stump sprouts after harvest 

of the experimental hybrid aspen plantings in the Free Air Humidity Manipulation (FAHM) 

experiment. The analysed growth factors were: air humidity (three experimental plots with 

ambient and three with ca 7% elevated humidity), understorey vegetation (early successional 

grasses or forest plants) and stem diameter (Dold) of the parent trees (7-yr-old when 

harvested). 

 

The average total number of root and stump suckers was higher (p=0.008) in plots with early 

successional (9.0±0.5 suckers m-2) compared to forest understorey (5.8±0.5 suckers m-2), but 

did not depend on humidification. After the first year, significantly (p=0.032) less root 

suckers emerged in humidified plots with early successional vegetation (4.0±0.6 suckers m-

2), compared to the respective control plots (6.5±0.6 suckers m-2), whereas humidification 

effect was nonsignificant in plots with forest understorey. Generally, the height increment 

of stump sprouts was most strongly determined by Dold (pyear1<0.001; pyear2=0.039), whereas 

in the second year the Dold effect was stronger under elevated humidity. The growth stress 

caused by humidification was much less eminent on aspen sucker generation than during the 

first planted generation. 

 

To conclude, size hierarchy and apparently also some acclimation responses to the altered 

climate conditions of the planted hybrid aspen trees are maintained after harvest and passed 

on to the new tree generation that arises from root and stump suckers. 
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The effect of climate change on fine root (< 2mm in diameter) length production (FRLP) 

was examined with an open-field warming and precipitation manipulation system. A study 

site contained 6 treatments (2 temperature levels x 3 precipitation levels) with 45 2-year-old 

Pinus densiflora seedlings planted in April, 2013. The warming treatment consisted of 

warmed plots (W; +3.0℃) using infrared heaters and temperature control plots (C). 

Precipitation manipulation consisted of decreased precipitation plots (PD; -30%) using 

transparent panel, increased precipitation plots (PI; +30%) using pump and drip-irrigation, 

and precipitation control plots (PC). The FRLP was estimated four times in both 2014 and 

2015 using minirhizotron techniques. Cumulative FRLPs in 2014 and 2015 were 

significantly affected by the precipitation manipulation, but no warming and interaction 

effects were significant. Compared to the PC, the PD enhanced cumulative FRLP by 28.4% 

and 36.5%, however, the PI reduced cumulative FRLP by 9.3% and 22.3% in 2014 and 2015, 

respectively. This result is supported by the correlation between precipitation-induced 

changes in cumulative FRLP and precipitation-induced changes in soil moisture (Figure 1). 

It seems that more carbon is allocated to belowground for fine root growth to ameliorate 

water stress, leading to greater root productivity.  
 

 
Figure 1. Linear regression between precipitation-induced changes in cumulative fine root length production 

(FRLP) and precipitation-induced difference in soil moisture. Precipitation-induced changes in cumulative 

FRLP = cumulative FRLP (PD or PI) / cumulative FRLP (PC) × 100. Precipitation-induced difference in soil 

moisture = soil moisture (PD or PI) – soil moisture (PC). 
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Photoselective netting refers to covering crops by nets which have the capacity to selectively 

filter the intercepted solar radiation, in addition to their protective function. This approach 

is aimed at specifically enriching the intercepted light with productive parts of the spectrum 

and reducing the less-productive parts, thus allowing better utilization of the solar energy. 

While the effects of photoselective nets on citrus trees on above ground parameters have 

been well investigated, a still open question is their effects on root system since roots are 

hidden in the soil. This research intends to evaluate effects of photoselective netting on root 

growth and development therefore identifying the optimal photoselectivenet that can 

significantly promote the performance of young grafted orange trees in ways such as 

shortening the juvenile phase and reducing the total time required to produce fruit. The 

experiment was performed in a three years old orange orchard. We examined both above 

ground and below ground parameters of grafted orange trees grown under three different 

photoselective nets (red, pearl and yellow) and in a control plot without nets. Transparent 

tubes were installed to a depth of 200 cm at distances of 50 cm from the trunk. Root 

photographs were taken during different developmental stages of the year using a 

minirhizotron system. Interestingly, root length density with depth shows that roots under 

pearl net distribute evenly along observation tubes (each tube is 200 cm long) whereas roots 

of control, red and yellow plots were mainly found at different locations: 60-100 cm, 80-120 

cm and 100-140 cm respectively. Although the number of roots in the control plot is higher 

than that of other plots, the number of fruit per tree under all net-treated conditions is 

significantly higher compared to that of the control plot. Moreover, trees under the nets were 

taller compared to the control, indicating that roots of photoselective netting plots may have 

higher water and nutrient use efficiency. The result of principal component analysis confirms 

that there is a strong association between shoot and roots traits of trees grown under 

photoselective nets. These results demonstrate the potential of using photoselective netting 

to improve the agro-economic performance of horticultural crops.  
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This century is the era of restoration in ecology, but restoration ecologists are engaged in an 

important debate about how to use historical reference conditions in an era of rapid 

environmental change. I have recently proposed that quantifying the adaptive value of 

phenotypic traits is the key to successful ecological restoration by formally integrating 

ecological and evolutionary theory to solve applied ecological problems. But how do we 

select the correct trait values to derive species assemblages for restoration to achieve theory-

based functional objectives in restoration? This talk will focus on three ideas to address this 

question. First, plant strategies are complex phenotypes and fine roots are multidimensional. 

Our understanding of whole plant strategies is limited if we do not integrate root traits with 

measurements of leaves, wood, and seeds. Further, two key root traits related to resource 

conservation and acquisition, root tissue density and specific root length, appear to be 

orthogonal in some woody floras, suggesting that roots are less constrained than leaves in 

how they are constructed. Second, quantifying the adaptive value of fine root traits requires 

long-term demographic data along environmental gradients. Modeling vital rates as 

functions of trait-by-environment interactions will produce the greatest insights into the 

adaptive value of traits. Third, I will describe a new Bayesian model (i.e. Traitspace) for 

functional community ecology that is a translation of the process of environmental filtering 

to predict species abundances along environmental gradients. I will also describe two other 

exciting new developments: a model for restoration ecology that optimizes functional 

diversity to achieve functional objectives, and another new model that is the first to integrate 

environmental filtering and classic models of species interactions. 
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Plant roots are the major, sometimes even unique, energy supply channel which supports 

individual, population or community metabolism of soil biota. The study of soil organisms, 

their activity and diversity should therefore take into account their interaction with plant 

roots. A number of recent studies have offered us an extensive view of soil communities in 

terms of their interactions with plant roots at local scales (e.g. individual level) and their 

provision of ecosystem services at large scales (e.g. ecosystem level). There is growing 

evidence of a wide range of observed root traits directly or indirectly affecting the 

functioning of soil biota. However, the links between plant roots and soil biodiversity, as 

well as the underlining mechanism by which they interact with each other, remains poorly 

explored. We lack an exclusive focus on the link between root traits and the diversity and 

functions of soil biota. Nor have we achieved a complete vision of the interactions between 

root traits and soil biota at different spatial scales. We aim (i) to synthesize existing data on 

links between root traits and soil biodiversity and (ii) to develop a conceptual model 

describing this interaction and applicable at multiple spatial scales. 

 

We hypothesize that plant root trait diversity exerts a direct control over soil biota 

community structure and activity at multiple spatial scales.  
 

Key words: root traits, soil biodiversity, plant biodiversity, ecosystem process, ecosystem 

service, community ecology, competition, niche complementarity 
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We investigated the production and morphology of fine roots grown into ingrowth root cores 

in five combinations of Pinus pinaster and each of the dominant understory species: Calluna 

vulgaris, Erica cinerea, Pteridium aquilinium, Molinia caeruela and Cytisus scoparius in 

the southwest of France. The fine roots grown in the top soil (0–15 cm) after 3, 6, 9, 12, 24 

and 36 months, following the installing of ingrowth cores in March 2009 with sieved site-

specific root free soil where evaluated. Our aims were 1) to determine whether fine root 

biomass and morphology of Pine contrast between sites with different fertility (i.e. indicated 

by different dominant understory) and 2) to assess the fine root biomass produced by each 

of the dominant understory species. Re-installation of ingrowth cores was performed in the 

first year (every three months), for studies of seasonal and yearly. Standing fine root biomass 

at each site was assessed by sampling soil cores at each locality. For each ingrowth core, 

fine roots were sorted by species, diameter class (<0.5, 0.5–1, 1–2 and >2 mm) and vitality. 

Fine root parameters assessed include fine root biomass (FRB) and necromass (FRN), 

specific root length (SRL) and turnover rate (FRB+FRN/ (years/mean standing biomass). 

 

FRB reached maximum values after two years in most forest sites for both Pine and 

understory. Turnover rate showed some variation between years and sites for. Turnover rate 

seems higher for Pine than for most understory species. SRL varies between year, sites and 

species. 
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Understanding of coarse root structures is valuable for evaluating various functions of trees, 

such as slope stability and carbon storage. Recently, GPR (ground-penetrating-radar) has 

been proposed to obtain the information of locations and diameters of coarse root systems, 

which may enable us to estimate the root structures without digging the roots. However, to 

assess the three-dimensional information of root systems using GPR, we need to reconstruct 

the root systems by connecting the point coordinates that were obtained from the radargrams. 

Therefore, in this study we aimed (1) to clarify the patterns of point connections of roots, 

which were systematically and manually obtained from an excavated root system, and (2) to 

develop an algorithm for reconstructing root systems from the data of point connection and 

root diameter. 

 

We excavated three root systems of Cryptomeria japonica and put them upside down on a 

sheet with 10 cm grid. Thereafter, we measured three dimensional point coordinates and 

diameter of the roots >5 mm that crossed with the grid, and determined the connection of 

roots among the point coordinates. Root lengths of the point connections and root angles to 

the direction of stump were calculated. 

 

In this study, we constructed the evaluation function made from the following conditions: 

(1) the distance between point coordinates of the root is smaller than those of the other pairs 

of the point coordinates for each point and (2) the inner angle between direction to the center 

of stump and the connected point is smaller than those to the other points for each point. 

Using the algorithm, root systems were reconstructed and the accuracies of the models were 

evaluated by comparing with the original root systems. Our results showed that more than 

60% of the root point connections were connected correctly from point coordinates. 
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ROMUL organic matter decomposition model has been frequently used to describe the 

carbon (C) efflux from forest soils, and the associated release of nitrogen (N), and its 

implications to forest growth and to export load of N. The current structure of the model 

allows computation of CO2 efflux and the release of mineral N, but do not allow explicit 

computation of dissolved organic C (DON) and dissolved organic N (DON), which play an 

important role in closing the mass balance in landscape scale. 

 

ROMUL describes the decomposition in three successional stages, which conceptually are 

equivalent to visible horizons L, F, and H (litter, fermentation, and humus) in forest soils. In 

traditional soil classification L-F dominated organic layers are called mor, H-dominated mull 

and the intermediate moder. In ROMUL the decomposition succession rate is controlled by 

properties of the decomposing material, and the current temperature and moisture conditions. 

Different groups of decomposer organisms are active in different phases of the succession. 

 

We organized a laboratory experiment following the conceptual structure of the ROMUL 

model. We incubated L, F, and H material extracted from upland forest floor and low and 

moderately decomposed peat material extracted from an undrained fen. We monitored the 

release of CO2, DOC, ammonium and nitrate N, and DON as a function of time under 

different temperature and moisture conditions and under soil food web treatments, i.e. 

including and excluding enchytraeid worms. Enchytraeid worms play a key role in releasing 

nutrients immobilized in microbial biomass. 

 

Using the experiment results we constructed a new version of ROMUL model to be used in 

nutrient and DOC export simulations. 
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Ecosystem models always include some representation of soils and some of their 

components. In comparison to pure soil models however, in ecosystem models the 

representation of the soil needs to be relatively simple, fast in calculations and requiring only 

limited input. Nonetheless, it is important that within these limitations the soil simulations 

are as representative and correct as possible. 

 

Recent improvements in understanding and modelling of the soil are not yet implemented 

into existing ecosystem models. In the COST actions Biolink and KEYSOM modellers and 

field scientists have collaboreted towards a new scheme for soil modeling. We integrate new 

knowledge on soil structure and the importance for SOM stabilisation and hydrology with 

the existing concepts on SOM pools and elements from food-web models. We provide a 

selection of equations that can be used for most models, and show how these added equations 

can improve the functioning of models in relation to future changes in management and 

climate. 
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Oxygen (O2) dynamics and exchanges between plant roots and fungal pathogens have been 

traditionally investigated using physiological and gene expression analysis of root 

fragments. Apart being time and cost consuming, these methods are invasive and therefore 

not suitable to properly elucidate the belowground interactions. To overcome these 

limitations, we performed an in-vitro experiment with an optical, non-invasive device 

(planar optode, Visisens, Germany) to assess the spatio-temporal dynamics of O2 in the 

colonization of tomato roots by the pathogen Fusarium oxysporum. Planar optodes is a non-

invasive technology based on the use of an optical sensor foil (i.e. planar optode) in contact 

with the surface of the sample, which translates the O2 signal into a light signal, afterwards 

captured and interpreted pixel by pixel by a digital camera. The analysis of the 5 min time 

step image series, indicated that the root oxygen consumption followed the night-day cycle 

(i.e. the normal photosynthesis determined path) before the pathogen colonization, whereas 

the fungus metabolic activity followed a different and independent path. After the interaction 

there was an increase of the respiratory activity which reached a peak after about 67 hours. 

The symptoms on the aerial part of the plant were visible about ten days after the beginning 

of the experiment as discoloured areas on the outer borders of the leaves that soon became 

brown and necrotic. The knowledge of the exact surface area, the O2 concentration, the time 

step, the air temperature and the atmospheric pressure allowed the calculation of the 

respiration rates of both the root and the fungus. Basically we could follow the root and 

pathogen metabolic activity in real time and without any interference, therefore asserting the 

effectiveness of planar optodes even in the study of such complex biological interactions.  
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It is known for many species that night-time stomatal conductance is not stable throughout 

the night. However, there is limited information about the impact of climate variables on 

endogenous stomatal opening in trees before dawn. The aim of our experiment was to test 

how long-term exposure to elevated air humidity impacts night-time gas exchange and water 

relations in cut shoots of hybrid aspen (Populus tremula L. x P. tremuloides Michx.) sampled 

from Free Air Humidity Manipulation (FAHM) experimental site and measured at constant 

air humidity in a growth chamber. We did not found any differences in early-night leaf 

conductance nor canopy conductance between the humidification (H) and control (C) 

treatments. Nevertheless predawn leaf conductance and shoot hydraulic conductance were 

significantly (P < 0.05) higher in the H than in the C treatments. This indicates that shoots 

from the H treatment potentially open their stomata more efficiently before dawn. The height 

increment of stump sprouts was significantly (P < 0.01) higher in the C than in the H 

treatment. Our results suggest that elevated air humidity impacts the endogenous regulation 

of water flux and growth rate in fast-growing tree species like hybrid aspen. 

 

Keywords: Growth chamber, predawn stomatal opening, night-time gas exchange, Populus, 

air humidity. 
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Phosphorus is increasingly becoming a limit factor during forest development due to its low mobility 

and retained in soil. Roots play an important role in acquiring phosphorus and altering 

phosphorus forms, while the knowledge of roots effects in different tree species is scarce. 

We are planning to study the phosphorus acquisition ability of roots and rhizosphere 

phosphatase activity in common garden design sites of six common European tree species: 

beech (Fagus sylvatica L.), pedunculate oak (Quercus robur L.), lime (Tilia cordata L.), 

sycamore maple (Acer pseudoplatanus L.), ash (Fraxinus excelsior L.) and Norway spruce 

(Picea abies (L.) Karst.). We conducted the field experiment to collect root samples by 

ingrowth cores with three layers: 0-5cm, 5-15cm and 15-30cm, use 33P trace method to test 

the phosphorus acquisition ability. Take another undisturbed soil core to collect rhizosphere 

soil samples for analysis of phosphatase activity. We hypothesis that, rhizosphere 

phosphatase activity and root acquisition ability varies in different tree species and soil 

depth, which indicates different mechanisms of tree species to make use of phosphorus. 

However, the experiment is still ongoing, so the hypothesis needed be investigated and 

proved. 
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The hydraulic transport capacity and stomatal openness are closely linked in vascular plants. 

Moreover, the structure and function of the water transport system govern the productivity 

and survival of land plants, because the vascular architecture places physical limits on plant 

functioning (according to the hydraulic limitation hypothesis). We performed our studies at 

the FAHM site on saplings of silver birch and hybrid aspen, and got inconsistent results for 

the two species. Root hydraulic conductance of silver birch expressed per unit leaf area (KR) 

changed with the experimental manipulation regardless of the trends in tree size: mean KR 

increased from 4.33×10−4 kg m−2 s−1 MPa−1 in control plots to 6.85×10−4 kg m−2 s−1 MPa−1 

in humidified plots. The increase in KR observed in humidified trees is primarily attributable 

to morphological modification of fine roots: trees grown under elevated relative humidity 

exhibited smaller EcM short-root diameter and greater specific root length, specific root area 

and short-root length. In hybrid aspen the humidity manipulation did not influence the 

hydraulic efficiency of root systems (KR=1.95×10−6 kg m−2 s−1 MPa−1). 

 

In hybrid aspen saplings the absolute hydraulic conductance of root system (KRabs) 

increased with tree size, but in silver birch did not. We suppose that the difference results 

from the species-specificity as the hydraulic efficiency of root system (hydraulic 

conductance expressed per unit xylem area or per unit leaf area) of silver birch exceeds that 

of hybrid aspen by 2-3 orders of magnitude. So root systems of birch saplings are 

characterised by remarkable hydraulic redundancy, assuring secure water supply to promote 

successful plant establishment in the stand. This is a vital issue for young birch trees if to 

consider the strong competition exerted by vigorous herb layer at the FAHM site. This is 

probably associated with the general strategy of silver birch, i.e. with isohydric behaviour. 
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Along tree roots, the importance of ectomycorrhizal (EcM) fungi in carbon cycling in boreal 

ecosystems is nowadays widely acknowledged. Roots and their EcM two are the main 

drivers of long-term carbon sequestration in boreal forests. To dig into the belowground C 

allocation, a forest site type gradient experiment was established in Hyytiälä, Central 

Finland. The gradient consists of five sites with increasing fertility: CT (Calluna type, pine 

forest), VT (Vaccinium type, pine forest), MT (Myrtillus type, pine forest), MT (Myrtillus 

type, spruce forest) and OMT (Oxalis-Myrtillus type, spruce forest). From the sites, soil 

characteristics such as pH, C:N, texture, stoniness, and thickness of org. layer, were 

determined. 

 

The growth of extramatrical mycelium of EcM fungi in soil was investigated along fine root 

dynamics and root tip morphology (not reported here). The estimation of fungal production 

was based on ergosterol levels in quartz sand-filled ingrowth mesh bags, of which some were 

in the soil i) growing season, ii) winter period, or iii) the whole year. The next year, the 

experiment was repeated. 

 

According to the preliminary results, the annual production of extramatrical mycelium was 

140-270 kg ha-1 and it did not differ between the site types. The production during the winter 

period (Oct-Apr) was 44-65 kg ha-1 and during the growing season (May-Sep) 84-188 kg ha-

1. Both the amount of summer and winter production correlated strongly positively with the 

thickness and the C:N-ratio of organic layer and negatively with the organic layer pH.  
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Fine roots are sensitive organs to environmental and stand variables. The classification for 

fine roots using branch order, the distal roots are defined as first-orders, better explains to 

root function than the diameter cut-offs. However, few cases have been studied on the 

morphological traits on branch order roots of the same tree species in several stands. The 

knowledge is also limited for Cryptomeria japonica, which is one of the major plantation 

species in Japan. The purpose of this study is to clarify the intraspecific variation in 

morphological traits on branch order roots in C. japonica. 

 

This study was conducted at four C. japonica stands; Houki, Mayumi, Kuroi and Wakide in 

the Chubu and Kansai districts of Japan. In each site, we harvested 30 intact fine root systems 

including fifth branch order in September and December, 2016. The fine root system was 

cut into individual orders. The diameter, length, number and dry weight of first to fourth 

order roots were measured. Specific root length (SRL, m g-1) and branching ratio (Rb, no. 

no.-1) were calculated in each order. 

 

The diameters of first and second order roots which have mainly absorptive function in C. 

japonica (Tawa & Takeda, 2015) were classified as a category of <0.5 mm. The Rbs of first-

second and second-third order roots were about 4.5 and 5, respectively. The SRL at the 

Houki stand tended to be higher than other three stands. The diameter in each order root and 

the dry weight per individual roots tended to be smaller at the Houki than other stands. 

Therefore, the intraspecific variation in morphological traits on branch order in C. japonica 

was observed among the four stands. We also discuss how the traits on branch order were 

variable between sampling times. 
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Boreal forest consists about one-third of global forest area but contains approximately two 

thirds of forest soil carbon (C). The boreal forest is a fragile ecosystem; the belowground C 

pool can be labile even though the temperature changes only slightly. Finland is one of the 

most forested European countries and all its forests belong to the boreal forest zone. Fine 

roots (<1 mm in diameter) contribute to the large dead litter mass in the belowground 

ecosystem. Because of the ongoing global warming and need to quantify C budgets, boreal 

forest fine root turnover and litter production of different tree species should be well studied. 

Finnish boreal forest consists of species of pine, spruce and birch. The main Finnish broad-

leaved species is birch, however, no one in Finland has so far compared how a broad-leaved 

forest differs from coniferous forest in terms of fine root biomass, longevity and production. 

We aimed to evaluate them at Kivalo, northern Finland. We used the minirhizotron (MR) 

method for estimating fine root longevity and soil cores for fine root biomass. Our results 

showed that silver birch fine root median longevity (372 days) was shorter than that of 

Norway spruce (714 days; published by Leppälammi-Kujansuu et al. (2014)), while 

understory belowground parts lived longer than tree fine roots. Fine root biomasses of birch 

and spruce were 276 and 336 g m-2, respectively. 

 

Birch stand understory fine root and rhizome biomass was higher than that of the spruce 

stand, 179 and 103 g m-2, respectively. In addition, we found that fine root longevity had 

negative correlation with depth and it had positive correlation with root diameter, which has 

also been confirmed by other studies. Our results contribute to predicting silver birch fine 

root biomass and turnover rate in boreal forests, particularly in the Nordic countries. 
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The influence of elevated atmospheric humidity on forest biomass accumulation and 

allocation was studied in young silver birch (Betula pendula Roth) stands growing on the 

Free Air Humidity Manipulation (FAHM) experimental site, located in South-East Estonia. 

Tree biomass was estimated on basis of model trees by dimension analysis. Model trees were 

taken before treatment in 2007 and after 2 and 4 years of humidification, in 2009 and 2011 

respectively; stem diameter and height of all trees in experimental plots were measured 

annually. Tree coarse root biomass was obtained by excavation in 2007 and 2011; for 2009, 

the coarse root biomass was calculated by an allometric regression model obtained from the 

compiled data of 2007 and 2011. The biomass of birch fine roots (D< 2mm) and 

belowground part of understory were estimated from soil cores. 

 

Two years of elevated air humidity manipulation decreased the biomass accumulation in 

birch saplings, but the biomass allocation remained unaffected. However, the belowground 

biomass of understory was twice bigger in humidified plots, while the shoot biomass of 

understory was not affected. Smaller biomass accumulation of humidified birches is 

explained by the decreased photosynthetic capacity of leaves and temporary excess of soil 

moisture, but also by weaker competitive performance, which could be caused by higher tree 

root competition with understory roots. Hence it seems that under humidification, understory 

plants have competitive advantages in comparison to trees before canopy closure. 

 

The increased root:shoot ratio is a common stress reaction. The response of biomass 

allocation to the humidification stress appeared faster in understory plants than in trees. 

Birch Root:Shoot, Fine root:Leaf, Fine root:Root, and EcM root:Fine root biomass ratios 

were higher (11, 52, 40, and 20%, respectively) in humidified plots when humidification was 

applied alltogether during four years. In line with the allocation change, the aboveground 

biomass production of humidified birches has recovered in 2011. 
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Sturdy seedlings with a high root growth capacity and a balanced shoot: root ratio is needed 

for successful regeneration of Picea abies seedlings. The aim of our study was 1) to identify 

above- and belowground growth responses in one year old seedlings to different 

combinations of photoperiod and fertilization, 2) to study whether these responses would 

influence regeneration ability after planting. The growing phase was conducted in a 

greenhouse and treatments were control and short day (SD) (10 h) combined with each of 

three levels of K:N ratios in the nutrient solution (K:N 2.5 (normal), 3.0 or 3.9 g g–1). Length 

of living current year roots were determined using WinRhizo V2013a with a scanner. Root 

lengths were provided in predefined diameter classes. SD treatment increased root length 

significantly for some of the diameter classes and K:N ratios (Fløistad & Eldhuset 2017). In 

the current year finest root fraction of control plants, the highest K:N ratio led to significantly 

increased root length. The SD treatment resulted in significantly reduced shoot height 

irrespective of K:N ratio. No combination of photoperiod and fertilization treatment affected 

the root collar diameter. 

 

We supposed that even a small increase in root length would increase the regeneration 

ability. Following winter storage the seedlings were planted in June. After 14 weeks, SD 

plants had higher shoots with fewer damages compared to control plants. The fertilization 

treatments had no significant effect on these parameters. Root collar diameter and fine root 

dry weight and length were not different between treatments. At medium K treatment there 

was a non-significant tendency to longer root length in some of the finest root diameter 

classes in control plants compared to SD plants. 

 

We conclude that SD treatment with normal K is a good and sufficient measure to control 

height growth without compromising fine root growth of P. abies seedlings in the greenhouse 

or plant regeneration in the field. 
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Fine-root production rate is a key component in carbon dynamics in forest ecosystems. 

However, there are uncertainties in estimates of the fine-root production rates due to 

methodological problems. In this study, we focused on the net sheet method, which obtains 

data on fine root growth by inserting net sheets into the soil and observes fine roots growing 

through the sheets. Since data on new root growth, such as the number of fine root 

intersection through the net sheets, are two-dimensional, we aimed to establish a new 

approach for converting them to fine-root production rates per unit stand area. This study 

was conducted in a Japanese cypress (Chamaecyparis obtusa) stand in western Japan, where 

net sheets were inserted vertically into the soil (10 cm wide and 20 cm deep) and incubated 

for two years. In addition, a linear regression analysis was conducted between the number 

of fine roots (RN) on the vertical walls of soil pits and the fine-root length density (RL) in 

the soil behind the wall. This regression equation was used for converting the number of fine 

roots growing through the net sheets to fine-root length production rates in the soil. As 

another approach, we applied theoretically derived equations between the RN and RL for 

the calculation, assuming random orientation of fine-root growth. The fine-root production 

rates in length were converted to those in dry mass using specific root length. The calculation 

using the empirical equation gave fine-root production rates (ca. 90 g m-2 y-1) twice as large 

as those based on the theoretical equation (ca. 40 g m-2 y-1). It was likely that the approach 

using the empirical equation better estimate fine-root production rates, reflecting angles of 

preferential growth direction of fine roots in the study site to the planes of net sheets. 
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Permafrost forests account for more than 20% of boreal forest area and accumulate huge 

amounts of carbon in the soil. However, the information on the forest productivity or carbon 

dynamics in the permafrost forests are still limited. The objectives of this study were, 

therefore, to estimate fine root production rates in a black spruce (Picea mariana) stand in 

interior Alaska, which was underlain with permafrost. Fine root production rates were 

examined using the ingrowth core method, in which the ingrowth cores 40 cm in length were 

packed with dried peat moss because the depth of organic layer (including length of living 

mosses) in the stand was about 35 cm. Production rates of litterfall and a dominant forest 

floor moss (Pleurozium schreberi) were also examined. Our results showed that fine root 

production rate in the stand was ca. 90 g m-2 year-1, whereas the production rates of litterfall 

and P. schreberi were ca. 30 and 130 g m-2 year-1. About 50% of the fine root and litterfall 

production were derived from understory plants. The fine root production rates were larger 

in the surface organic layer than in the deeper layer, where contribution of understory plants 

were larger in the deeper layer. These results suggested that fine root production was a major 

component of forest production and below-ground carbon input in this black spruce stand as 

well as forest floor mosses. Understory plants such as Vaccinium spp. were likely to make 

significant contributions to these processes regardless of their small biomass.  
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Two afforestation trials in Denmark (True  with 100% oak , Quercus robur L.; Nørager  with 50% 

oak, 25% beech, F. sylvatica L., and 25% lime, Tilia cordata L.) were established in the years 2001-

2003 on former agricultural soils with the aim to study the effect of mechanical and chemical soil 

preparation - and weeding methods on above- and belowground tree growth. 

 

In the present study, root development in the deep-ploughed plots was compared with root 

development in the normal ploughed (0-25 cm) plots after 13-15 years. The vertical organization of 

topsoil (Ap) material and subsoil material (B horizon) was recorded in 10x10 cm grid cells on soil 

profile walls (2.5 m wide, including two tree rows, and 1.6 m deep) perpendicular to the ploughing 

direction and approx. 50 cm away from the tree stems. Root abundance (five classes from ‘none’ to 

>50 roots) was counted in three size classes, coarse >5 mm, medium 2-5 mm and fine <2 mm for 

each cell. 

 

Deep-ploughing reduced the frequency of dark, mixed humus-containing mineral Ap soil material in 

topsoil. Ap frequency was 100% in the top 30 cm in normal ploughed control plots, but only about 

75% in deep-ploughed plots. The Ap material had been redistributed within the profile to a depth of 

40 cm and down to 110 cm. Similarly, root development in total across the root classes decreased in 

0-40 cm soil depth and increased below 50 cm soil depth in the deep-ploughed plots, Figure 1. It was 

concluded that the deep-ploughing directly redistributed soil carbon to deeper layers by the soil 

preparation method and indirectly by a changed distribution of roots to deeper layers. 

 

 

Figure 1. Total counts of roots (coarse, medium and fine roots, +/- standard error) on the sites True (experiment 

1480) and Nørager (experiment 1534) with two replicates each.  
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Belowground processes play an important role in the global carbon cycle through the 

regulation of soil carbon. The volume and dynamics of soil carbon, of which the majority is 

derived from fine roots, determine the quantity and quality of vital ecosystem services.  

The aim of the current study was to determine the variability of fine root biomass, production 

and turnover in hemiboreal coniferous forests along the gradient of soil fertility. The study 

sites comprise 8 stands of different forest site types - Scots pine (Cladonia, Vaccinium vitis-

idea, Myrtillus, Fragaria) and Norway spruce (Polytrichum, Myrtillus, Oxalis, 

Calamagrostis alvar) located in Estonia. Selected stands are ICP Forests and ICP Integrated 

Monitoring programme monitoring plots. 

Average fine root (FR) biomass per stand, collected from up to a 30 cm depth, varied from 

196 (±22) – 825 (±86) g m-2, being higher in spruce stands. Average stand’s dominant tree 

fine root net primary production (NPP) ranged from 152 – 348 g m-2 yr-1 and 171 – 1034 g 

m-2 yr-1, respectively in pine and spruce stands. Total belowground litter (tree and undestorey 

FR) production was relatively smaller in more fertile sites. 

Fine root turnover rate, that comprises one of the most significant parameters for soil C 

stocks (Peltoniemi et al., 2006), ranged from 0.66 – 1.09 yr-1 and 0.6 – 1.25 yr-1 respectively 

in pine and spruce stands, being highest in drained Polytrichum stand. 

 

Our results conclude that in less fertile forest sites, more carbon is allocated belowground, 

indicating that trees are adapting in climatically harsh conditions by producing more fine 

roots in order to sustain sufficient acquisition of nutrients. 

 

This study was supported by Environmental Investment Centre projects 3797 & 6250; the Ministry of 

Education and Research of the Republic of Estonia Projects IUT2‐16; ESF grant 7452; the EU through the 

European Regional Development Fund (Center of Excellence ENVIRON & EcolChange) and State Forest 

Management Centre Project No 8-2/T15078MIMK. 
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Woody fine roots play key roles in nutrient and water uptake and carbon dynamics of 

terrestrial ecosystems. However, few studies have analyzed long-term dynamics of fine roots 

with annual variations. A general understanding of the fine root response to environmental 

conditions is essential for long-term and/or large-scale prediction of ecosystem production 

dynamics. The aim of this study was to describe long-term fluctuation in fine root production 

with high time resolution, and clarify possible functional relationships to environmental 

factors. We applied root scanner method using 2-5 scanners per stand from Jun. 2009 to Feb. 

2016 in two forests dominated either by a cypress or a deciduous oak. The scanned soil 

profiles were analyzed for calculating fine root production using the WinRHIZO Tron 

software. The correlations between fine root production and environmental factors such as 

soil temperature, soil moisture, solar radiation and precipitation were analyzed by using the 

hierarchical Bayesian model with the MCMC simulation. Seasonal patterns of fine root 

production in the oak stand were similar among the years, but those in the cypress stand had 

annual variations. The environmental factors related significantly to fine root production, 

respectively. But suspected mechanisms of fine root response to the environmental factors 

were different between the stands. Although the effects of the factors were mostly 

independent in the oak stand, soil temperature regulated the effects of the other factors in the 

cypress stand. These results suggested distinct mechanisms of environmental conditions 

affecting fine root production in the two forest types examined. 
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We investigated fungal communities associated with fine roots of Pinus heldreichii H. Christ 

in south-eastern part of Montenegro. 

 

P. heldreichii is a montane to subalpine species of the Mediterranean basin occurring at the 

altitudes between 1200 and 2000 m and primary on calcareous soils in typical tree line 

habitats, often on steep ridges, mountainsides and screes, that are dry, exposed and nutrient 

poor. Being tertiary relict and sub-endemic, P. heldreichii fulfils an important ecological 

role. However, the remaining forests are threatened due to limited area of natural 

distribution, high fragmentation, and low natural regeneration. The major threats to stands 

of P. heldreichii include forest fires, pests and pathogenic fungi. In contrast, ectomycorrhizal 

(ECM) fungi are important symbionts for successful regeneration, establishment and growth 

of P. heldreichii. 

 

Three P. heldreichii stands were selected. The climatic factors were similar, but inclination, 

elevation, some soil chemical and physical characteristics differed among the sites. Roots 

and adjacent soil were sampled from 84 trees. Soil was subjected to physical and chemical 

analyses. Fine roots were morphotyped and selected morphotypes were Sanger sequenced 

using ITS rDNA as a marker. 

 

Sequencing resulted in 526 high-quality sequences representing 169 different fungal species 

including a large number of ECM species. The most common species were ECM 

basidiomycete Lactarius sanguifluus (4.6%), root endophyte Phialocephala fortinii (4.0%) 

and ECM ascomycete Wilcoxina rehmii (3.4%). The results demonstrated relatively high 

fungal diversity. Correspondence analysis showed that fungal communities differed among 

the sites suggesting that environmental conditions present at each site drive diversity and 

composition of fungal communities associated with P. heldreichii. 

 

Generated knowledge will contribute to the development of relevant strategies for 

conservation and management of P. heldreichii forests and associated biodiversity. 

 

Keywords: Pinus heldreichii, biodiversity, ectomycorrhiza, fungal community structure, 

mountain forest 
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Ectomycorrhizal symbiosis is a significant component of forest ecosystems in the boreal, 

temperate, and Mediterranean climate zones. Based on a review of existing papers up to 50 

different mycorrhizal taxa were identified from Abies alba, although the current knowledge 

of fir symbionts is predominantly based on morphological and anatomical descriptions of 

ectomycorrhizas and fungal fruiting bodies. 

 

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 ectomycorrhizal fungal symbionts 

were described based on morphological and anatomical descriptions and characterized as 

mycorrhizal morphotypes. Further each ectomycorrhizal morphotype were identified on 

genus level with molecular analysis. As the research is still in progress, ectomycorrhizal 

fungal types are going to be identified by the species exact with phenological methods. 

 

Until now 27,000 ECM root tips of Abies alba have been analyzed. With morphological and 

anatomical descriptions over 25 different ECM morphotypes of silver fir have been 

determined. Based on molecular analysis, most abundant silver fir symbionts are (identified 

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 phenological analysis will be 

used to determine morphotypes by ECM fungal species exact. 

 

We have recorded high ectomycorrhizal diversity on Abies alba, and high spatial diversity. 

An unexpected high temporal diversity in some part of the year, indicates a need for more 

frequent sampling and diversity analysis.  

 

Key words: ectomycorrhiza, Abies alba, species diversity, molecular analysis 
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Ectomycorrhizal association occurs with fine roots (<2mm in diameter) and has a key role 

in water and nutrient acquisition of the host trees. The fine root dynamics and fungal 

association are largely affected by environments in rhizosphere. In this study, we tested the 

effects of liming and plowing on fine-root production and ectomycorrhizal colonization of 

deciduous broad-leaved trees in Japan. We chose 10 to 12 trees in 30-years-old chestnut 

(Castanea crenata) and sawthorn oak (Quercus acutissima) stands.  

 

Study plots were established around each tree so that the trees located at the center of plots 

in spring 2016. We supplied with converter slag in half of the compartment in each plot and 

set the other compartment as control in chestnut site. In the sawthorn oak site, we established 

plowing, plowing and liming and control plots separately. Fine-root production rate was 

estimated by an ingrowth core method. Six to twelve ingrowth cores were buried around 

each tree in plots. We also calculated recovery rate and SRL (specific root length: m g-1). 

After liming, soil pH increased from 5.9 to 6.3 at the chestnut site and 5.5 to 7.1 at the 

sawthorn oak site. Fine root production rate was significantly higher in the liming area than 

in the control area in the chestnut site, whereas plowing and liming did not affect fine root 

production rates and recovery rate in the sawthorn oak site. SRL also did not change after 

liming or plowing plots in both sites. In the symposium, the effect of plowing and liming on 

ectomycorrhizal colonization in those stands will also be discussed. 
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Arbuscular mycorrhizal (AM) fungi associate with as many as about 80% of land plants. 

Because of the less common plantation programs, AM associations in woody plants have 

not been focused intensively. Japanese cypress, Chamaecyparis obtusa (Cupressaceae) is an 

indigenous species of Japan and one of the main afforestation tree species. The aim of this 

study was to clarify AM associations in the species growing at different stand ages from 

different soil depths. We investigated colonization status by microscopy and AM fungal taxa 

by molecular method. A soil block (10 × 10 × 10 cm) was collected consecutively from a 

soil surface to 50 cm depth in a soil profile at 14, 59 or 91 years old stands. A total of 10 cm 

length of fine roots were examined AM morphological traits and were evaluated AM 

colonization rates based on the magnified intersection method. Another 10 cm length was 

also used for PCR amplification, cloning and sequencing focusing on the nuclear ribosomal 

SSU DNA. The colonization of AM fungi was observed regardless of stand ages and soil 

depths. AM morphology was classified as either Arum or Paris types. In total, the occurrence 

frequency of Paris type was significantly higher than that of Arum type. AM fungal 

colonization rates were ranged from 33.2% to and 42.7% and showed no significant 

difference between stand ages. The rates in 10 cm was significantly higher than those in 20 

cm and 40 cm but was not in 30 cm and 50 cm. The identification of AM fungi is now in 

process. We will discuss whether the spatio-temporal distribution of fine roots affects AM 

fungal communities structures. 
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The aim of the study was to assess the effect of detrial inputs and root system of different 

species (Scots pine (Pinus sylvestris), pedunculate oak (Quercus robur), European beech 

(Fagus sylvatica) and common ash (Fraxinus excelsior) on the physical, chemical and 

biochemical characteristics of soil. Research areas are located in the Miechów Forest District 

(southern Poland). Four areas covered by ash, oak, beech and pine stands were selected. All 

the area was characterized by the presence of Luvisols developed from homogeneous loess. 

The soil samples were collected after removing the organic horizon from a layer with 10 cm 

thick humus-mineral horizon. pH, soil texture, organic carbon and total nitrogen content, 

base cations, acidity were determined. In the natural moisture state, the activity of 

dehydrogenase, β-glucosidase, microbial biomass carbon and respiration were determined. 

 

Undisturbed soil samples were collected to measure the physical properties. Also, separate 

soil samples were collected to determine the biomass of roots. Common ash has a 

particularly beneficial impact on soil structure, stimulating biological activity of the soil, as 

evidenced by the high enzymatic activity, respiration. Trees exert an impact on soil 

properties not only by their litter fall, but also by their root systems. In the study, a strong 

relation between the examined enzymes and biomass of fine roots was found. The highest 

biomass of fine roots was associated with ash trees, in whose soils the highest dehydrogenase 

and β-glucosidase was reported. Soil samples under the ash stand had the best aggregate 

structure, as evidenced by the number of ggregates with diameter of 1-2 mm and 2-5 mm. 
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Armillaria species (honey fungus) are important inhabitants of forest soils, some of them being the 

largest and oldest living organisms on Earth. They are known as white-rot fungi able to 

mineralize every component of the plant cell wall and playing an essential role in nutrient 

production required for terrestrial live. Plant pathogenic members of the genus Armillaria 

are able to attack and destroy mostly woody, dicotyledonous plants, causing necrotic lesions 

beneath the root bark. Armillaria species have been suggested behind the devastation of 

forests in the Keszthely-hill region, Hungary during the past years. There is an emerging 

need for an efficient approach to prevent the damage caused by these pathogens. Chemical 

pesticides are applied word-wide in agricultural production, however, soil biocontrol agents 

might serve as environment-friendly alternatives of harmful chemicals. 

 

The aim of this study was to screen for potential biocontrol agents against Armillaria root 

rot among bacteria and fungi associated with Armillaria rhizomorphs. Four rhizomorph 

samples were collected from Keszthely-hills and identified as Armillaria gallica. 

Pseudomonas and Trichoderma colonies were isolated from the samples and identified to 

the species level by sequence-based molecular tools. Frequently isolated Pseudomonas 

species were P. mandelii, P. fluorescens and P. putida, while the Trichoderma isolates 

included T. virens, T. harzianum and T. citrinoviride. In vitro antagonism and antibiosis 

experiments were performed to determine the potential of the Pseudomonas and 

Trichoderma isolates to control A. gallica. According to the results, Trichoderma isolates 

seem to be remarkable candidates for biological control against plant pathogenic Armillaria 

species. 

 
This research was supported by the Hungarian Government and the European Union within the frames of the 

Széchenyi 2020 Programme (GINOP-2.3.2-15-2016-00052). 
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The plant roots do not affect only fungal communities directly associated to them (root 

endophytes) but their effect extends to the surrounding soil as well. These effects on fungal 

community structure differ from roots towards rhizosphere and bulk soil. The main 

objectives of this study were to evaluate (i) to what extend do the roots affect the fungal 

community structure in the rhizosphere and bulk soil and (ii) which specific fungal taxa are 

selected by the roots from the available fungal communities. 

 

The soil was collected in spring from the stands of beech and oak in a temperate forest in the 

Czech Republic. In a pot experiment, oak and beech seeds were introduced to both soil types 

(beech soil and oak soil) and grown in outdoor conditions for approximately 4 months. After 

the tree establishment, roots, rhizosphere and bulk soil were collected separately and the 

DNA was extracted from each. The ITS2 region of fungal rRNA gene was amplified and 

sequenced on Illumina MiSeq platform. Preliminary results of high throughput sequencing 

indicate that the effect of tree roots on fungal communities decreases from root-associated 

fungi over rhizosphere fungi to bulk soil fungi. Moreover, different fungal taxa were selected 

by the roots, depending on the available pool of soil fungal communities. Changes in root 

exudates and associated fungal communities could influence core soil processes, thus these 

results might provide new insights into the importance of root-colonizing fungi in the soil. 
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The main objective of the presented studies is to compare above- and below-ground 

community structure of ectomycorrhizal (ECM) fungi in 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 inventories were used along 

with molecular identification (Sanger sequencing) of ECM morphotypes.  

 

Aboveground fruiting bodies surveys and molecular identification of mycorrhizas revealed 

in total more than 140 ECM fungal taxa. More taxa was identified on the basis of molecular 

analysis of ECM morphotypes than on the fruiting bodies collections. After four seasons 

(spring and autumn 2015-2016) 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. Individual pairs of stands were 

differentiated in terms of species composition and abundance. This appears to be due greater 

volume of dead wood in protected forest in comparison 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. Tomentella, Pseudotomentella). Investigations 

planned for the approaching seasons (spring and autumn 2017) using NGS should 

complement our present studies to assess the full diversity 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). 
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Riparian forests form a very dynamic system where the river by seasonal flooding shapes 

specific soil conditions. Transformations of riverbeds, agricultural use of these fertile soils 

and changes in water flow in rivers caused degradation or total disappearance of many 

riparian forests. White Poplar (Populus alba L.) in one of the main tree species forming 

periodically flooded forests in the valley of the great rivers in Central Europe. In this study 

we investigated the distribution of fine roots of White Poplar as well as biological activity 

and composition of soil microorganisms in natural riparian forest in the valley of the Vistula 

River (Poland). The study included three layers of organic soil: 0-10 cm, 10-20 cm and 20-

30 cm. The main differentiating factor between the research areas was hydrological change 

at one of the study sites due to the construction the embankment there, resulted in the 

suppression of periodic flooding of the river. 

 

The area without periodic flooding was characterized by the lower activity and biomass of 

soil microorganisms, however, the contribution of bacteria and fungi in the microbial 

community was not determined by the changed hydrological conditions, except arbuscular 

mycorrhizal fungi. The values of the analyzed parameters decreased with the soil depth at 

all study sites. Growth of poplar fine roots (root length, root area, number of root tips) was 

dependent both on the soil moisture and chemical properties, but also on the presence of 

roots of other plants in the soil at the study sites. 
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Russula ochroleuca is one of the dominant ectomycorrhizal species in managed spruce 

forests on acid soil in the central Europe. In last three decades it has become dominant also 

in mountain spruce forests under treeline in Giant Mts. (Czech Republic) affected by 

previous air pollution. We focused on population structure of this species in Giant Mts. and 

its influencing by habitat characteristics. We were interested, if there are only few clones 

dispersed vegetatively due to a sudden emergence of a new niche because of extinction of 

species sensitive to air pollution or if the predominant mode of dispersal was generative. 

Another question was, how the genetic variability change over the period, when it forms 

fruit bodies. 

 

Two research plots of the size 1.2 hectares with a differently structured vegetation were 

localized in western (Alzbetinka) and eastern part (Modry dul) of Giant Mountains. The plot 

Alzbetinka consists of spruce forest with open canopy and dense cover of grasses and 

Vaccinium sp. underneath. The locality Modry dul is comprised of more closed spruce forest 

stand with sparser understory. In August and September 2016, all fruit bodies more distant 

from each other than 1.5 metres were collected; if they occurred in groups, central and 

peripheral ones were picked and GPS position of each fruit body to the nearest tree was 

mapped. Altogether 69 sporocarps in Modry dul and 88 in Alzbetinka locality, respectively, 

were collected. From all samples, the DNA was extracted and the genets were identified 

using AFLP marker system with three different combinations of selective nucleotides. The 

effect of habitat characteristics and generative and vegetative propagation on population 

structure of Russula ochroleuca in mountainous Norway spruce forests will be discussed. 
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Scots pine, a species with a wide ecological amplitude and some resistance to soil 

contamination, was often used in the reclamation of post-mining land near Olkusz (S 

Poland). The tree was planted mainly on two geologically different substrates: mining waste 

material left after Zn-Pb ore processing (dolomite rock) and former agricultural soil 

(siliceous sand). In this study, we analysed if the initial differences in soil conditions affected 

the communities of pine ectomycorrhizas (ECM). Qualitative and quantitative community 

parameters of ECM were checked in pine forest on mining waste (FW) and pine forest on 

sandy agricultural soil (FS). The two types of sites did not differ in the density of ECM, 

species richness and diversity, but differed in species composition and frequency. The 

patterns noted for ECM generally followed these observed for sporocarps. Species from the 

genera Amanita, Russula, Scleroderma and Xerocomus were more diverse and abundant on 

FS than on FW, wereas species of Hebeloma, Inocybe, Lactarius, Suillus, Thelephora, and 

Tricholoma showed reverse occurrence. Some fungi were detected as ECM but not 

sporocarps, with the example of several ascomycetes, such as Cenococcum geophilum, 

Wilcoxina sp., Sphaerosporella sp., and Tuber spp. Wereas the first species was clearly more 

abundant on FS, the others occurred preferably or exclusively on FW. Most possibly the 

main factor that structured ECM community was pH of the substrate. 
 
The study was supported by the project FM EEA PL0265 

 

Keywords: ectomycorrhizal fungi, industrial areas, Pinus sylvestris 
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Monitoring mycorrhizal fungi is challenging because of their predominantly belowground 

nature. With optimised molecular ecology techniques, DNA sequences from 

ectomycorrhizal (ECM) roots can now be collected and analysed on a large scale. The 

longterm intensive European forest ICP Level II monitoring network provides a unique 

opportunity to study ECM diversity and distribution at a continental scale and determine the 

environmental drivers of ECM tree-fungi symbioses, using the networks’ long-term 

environmental datasets. Root samples were collected from 137 Level II plots, with either 

predominantly European beech (n = 35), Oak (n = 22), Scots pine (n = 44) or Norway spruce 

(n = 36). The sampling covered all European climatic regions. From a total of 173 

environmental variables, we have used key variables including nitrogen availability from 

soil and nitrogen deposition (nitrate and ammonium), foliar chemistry, mean annual 

temperature, pH, elevation and stand age, to test the determinants of mycorrhizal diversity. 

A total of 26,196 ECM root tips were successfully sequenced and 1409 operational 

taxonomic units (OTUs) were identified. Almost half of these OTUs do not form above 

ground mushroom-like fruit bodies (ie. crusts, below ground or no fruit bodies) and would 

thus not have been detected in more traditional surveys. The ECM fungal community data 

and the ICP Forests monitoring data are now being combined with different predictions of 

environmental change to understand the processes that control these below-ground 

symbioses and their likely fate in our changing forests. Through variance partitioning the 

relative impact of geography, environment, plant response variables and climate on 

mycorrhizal communities was identified. We show that environmental variables and plant 

response variables, including nitrogen deposition, soil pH and foliar chemistry, have a 

greater impact on ECM community compositions than previously expected. 
 
References 

 

1. ICP Forests http://icp-forests.net/  

  



93 
 

Session 3: Linking root functioning and belowground biodiversity,  

Posters 14-26 
 

Poster 26 

 

Local species diversity of ectomycorrhizal fungi associated with a 

primeval temperate forest in Japan 
 

Yosuke Matsuda1, Ayu Wanaka1, Junichi Kikuchi2 

 
1 Graduate School of Bioresources, Mie University, Japan, m-yosuke@bio.mie-u.ac.jp 
2 School of Science Education, Nara University of Education, Japan 

 

 

Ectomycorrhizal fungal diversity is presumed to be high in temperate forests rather than 

tropic or subtropical forests. The purpose of the study was to clarify the species diversity of 

ectomycorrhizal fungi in a temperate forest. To depict the species diversity, we collected and 

examined ectomycorrhizal roots from a primeval forest listed as a World heritage. A study 

site was located in the Mt Kasuga where is prohibited any human activities for more than 

1200 years. In the site, we established a 100 x 100 m plot at where 9 out of 21 tree species 

were ectomycorrhizal hosts. Fifty soil cores were collected checkerboard-wise from the plot. 

Forty root tips per cores were randomly selected for molecular barcoding of fungal internal 

transcribed spacer region. Successfully sequenced samples were executed for the BLAST 

search and clustered as molecular operational taxonomic units (MOTUs) at a 97 % similarity 

cutoff. A total of 4098 ectomycorrhizal roots were retrieved from 43/50 cores, and 30.7% 

(1301/4098 roots) were used for DNA analyses and obtained 913 sequences. Among 168 

MOTUs discriminated, singleton MOTUs accounted for 55%. The more soil samples 

involved, the more MOTUs were detected being estimated as 581 taxa by Chao2. Contrary 

to this, host trees were estimated as 7 species in the plot by the same estimator. 

Ectomycorrhizal taxa identified at species level were 8 MOTUs and frequent taxa were 

members of Russulaceae (36 MOTU, 21.4%) and Thelephoraceae (23 MOTU, 13.7%). 

These results suggested that the species diversity of ectomycorrhizal fungi in temperate 

forests is much higher than previously thought and unknown taxa can be associated with 

host trees in primeval forests. 
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Forests provide different ecosystem services, including mitigation of global climate changes. 

It is achieved both by replacing fossil fuels in energy production – thus leading to increased 

intensity of forest (biomass) use and share of younger forests – and via carbon sequestration 

in above and below-ground biomass. For assessment of potential mitigation effect biomass 

equation are essential, however, currently information on course roots (2 – 10 mm in 

diameter) is often missing. The coarse roots are important below-ground component that 

significantly contributes to the long term carbon (C) turnover in soil. 

 

The aim of the study was to assess coarse root biomass and C content in young managed 

Scots pine (Pinus sylvestris L.) stands and develop allometric equation for coarse root 

biomass estimation. Destructive sampling of forty trees at the age of 8 to 40 years growing 

on nutrient poor sandy and silty automorphic well drained soils in central Latvia was carried 

out. Simple linear regression model using easily accessible above-ground tree variables was 

developed for coarse root biomass estimation. The mean coarse root biomass ranged from 

1.35 kg to 2.61 kg, increasing with a stand age. The best-fit model for coarse root biomass 

(R2 = 0.86, p < 0.0001) was based on squared diameter at breast height as independent 

variable. The proportion of coarse roots in the total tree root biomass decreased with 

increasing age of the stand from 17% at 8 years to 2% at 40 years. The mean C content in 

coarse roots was 49.7 ± 0.1% and it was tightly linked to stand age (r = 0.81, p < 0.001), 

indicating, that carbon capture in soil as a result of short life-cycle of course roots is 

increasing over time.  
 
Funding: study was carried out in European Regional Development Fund project No. 1.1.1.1/16/A/260. 
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The 90-year changes in radial growth of vertical and lateral roots and rooting depth of lateral 

roots were reconstructed using dendrochronological techniques. Belowground parts of four 

black spruce trees on permafrost of interior Alaska were excavated. Disk samples were taken 

from all lateral roots. Disk of vertical root were collected at every 10 cm in depth. The annual 

ring widths were measured and cross-dated. The rooting depths and age of the lateral roots 

were identified. The results of stem analysis on the vertical roots revealed that abrupt radial 

growth reduction in outer part of the roots. The abrupt growth reduction occurred earlier in 

deeper position. The rooting depths tended to rise with lapse of age. The rising speed of the 

positions of abrupt growth reduction of vertical root was higher than that of the rooting depth. 

These results suggest that the radial growth of vertical root and rooting of lateral roots are 

limited by low temperature at the deeper position in humus layer. The annual moss growth 

increased humus layer thickness and raised growth limiting zone by low temperature. The 

difference in the rising speeds between the positions of abrupt growth reduction of vertical 

root and rooting depth suggest that the future reduction in zone where the vertical root can 

grow. 
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Spatial environmental variability influences genetic diversity in the wild through the process 

of local adaptation. Adaptive traits in natural populations are generally controlled by 

multiple genes and their complex interactions with the environment, resulting in context-

dependent patterns of quantitative genetic diversity. Therefore, spatial and temporal 

heterogeneity that natural populations experience may affect their patterns of genetic 

variation and evolutionary potential to adapt to changing conditions.  

In this comprehensive study, we quantify the impact of ecologically relevant temperature 

and soil heterogeneity on seedling growth in a Finnish population of Norway spruce (Picea 

abies). Seedlings from 15 open-pollinated families were assayed in three soil types (two 

humus layers of forest soil and one field soil) and two temperature regimes simulating 

summers with contrasting heat sums, resulting in six treatment combinations. The scored 

traits cover the entire seedling from root tips to the terminal bud: After scoring timing of bud 

set in the simulated autumn, we measured height, above- and below-ground biomass in all 

seedlings, and imaged all roots for analyses with the WinRHIZO® software.  

Our results reveal that traits respond to environmental heterogeneity differently. 

Temperature treatments did not affect average timing of bud set; instead, they modified 

among-family differences within treatments such that genetic variance was larger in warmer 

conditions. On the other hand, soil affected average bud set, but did not induce family × soil 

interactions. For height, temperature affected averages more than soil, with taller seedlings 

in warm conditions. However, we did not detect statistically significant family × treatment 

interactions. Ongoing root phenotyping will uncover the influence of soil, temperature and 

their interaction on various aspects of root growth and architecture, and their association 

with above-ground growth. Collectively, our findings draw attention to the dynamic nature 

of trait variation in populations occupying spatially and temporally variable environments.  
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Fine roots <2 mm in diameter are sensitive to changes in soil environments. Several studies 

on order-based classification have been conducted to clarify morphological and functional 

traits of individual roots. However, most studies of branch orders focused on the distal three 

orders of very fine roots <0.5 mm and did not cover the whole fine root systems <2 mm (Doi 

et al., 2017). Moreover, relationships between morphological traits on higher orders, e.g., 

0.5-2.0 mm roots, and soil properties have not been clarified. The purpose of this study is to 

clarify the morphological traits of the whole intact fine root systems up to 2 mm in 

Chamaecyparis obtusa by branch order at several stands with two sampling times and to 

examine relationships between the root traits and soil properties. 

 

This study was conducted at three C. obtusa stands (Kota, Mikkabi, Nihongi) in the Tokai 

district, Japan. We sampled four whole intact fine root systems up to 2 mm and the surface 

soil at each stand in July and November, 2015. We divided into individual roots, measured 

the diameter, length and dry weight of each order, and calculated the specific root length 

(SRL, m g-1). We also measured the soil C, N and inorganic N compounds. 

 

The whole intact fine root systems in July had branched into between five and seven orders. 

The diameter of first to fourth order roots, the length of second to third order roots and the 

SRL of first to sixth order roots were significantly different among the three stands, 

suggesting that the intraspecific variation in order roots. The relationships between the SRL 

and soil properties were different between first to third and fourth to sixth order roots. We 

discuss the differences in root traits between the sampling times. 

 
References 
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Logging residues are currently being extracted to cover increasing demand for renewable 

energy. However, supply of this resource is limited and further (currently more expensive) 

alternative – stump extraction – is tested or applied in numerous countries. Before wider use 

of such management activity, analysis of its consequences needs to be carried out. Therefore, 

long-term (47 years) impact of below-ground biomass removal (BB) was analyzed in two 

sites with nutrient poor mineral soil with normal moisture regime – Vacciniosa and 

Myrtillosa forest types – using ground vegetation as an indicator. To assess the impact of 

BB, altogether 289 sample plots were placed also in un-affected Scots pine stands in the 

same forest types at the age of 10, 40, 110, 160 years. 

 

Multi response permutation procedure analysis (MRPP) proved statistically significant 

differences between both forest types, as expected. Number of ground vegetation species in 

BB treatment in Vacciniosa reached 26, in Myrtillosa 50, mean projective cover was 91.3% 

and 75.4%, respectively. Corresponding figures in un-treated stands at the same age were 

17, 30 and 94.2%, 88.4%, respectively, demonstrating similarities with BB sites. Also as 

expected, stand age was a significant factor affecting ground vegetation. Similarities (mean 

distance) of the ground vegetation between two age groups in un-treated sites were smaller 

than between BB and untreated stand at comparable age in both forest types. 

 

To conclude – 47 years had been a sufficiently long period for full qualitative and 

quantitative recovery of vegetation layer in sandy Scots pine forests with normal moisture 

regime after below-ground biomass removal. 

  

Keywords: whole-tree harvesting, anthropogenic disturbance, ecosystem recovery, Pinus 

sylvestris 
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Quantification of fine root biomass is needed for estimating the role of roots as carbon (C) 

pools and sources of C into the soil, as well as for C cycling modelling. Fine root biomass 

has been found to depend on tree stand characteristics, site fertility and climatic factors. Most 

of the previous studies on fine root biomass and its variation in boreal forests have focused 

on monocultures and excluded understorey vegetation. However, the amount of total fine 

root biomass and the factors regulating it can be different in pristine species-rich boreal 

forests compared to monocultures. 

 

Our aim was to study the relationships between total (trees+understorey vegetation) fine root 

(diameter < 2 mm) biomass and the coverage of understorey vegetation, tree stand 

characteristics and soil chemical properties in pristine mixed boreal forests along a 

latitudinal gradient. The ten studied sites located from 60 to 69°N in NE Russia and they had 

similar site type and main tree species (Pinus sylvestris, Picea abies and Betula pubescens). 

Total fine root biomass varied from 537 to 1115 g m-2, and was higher than the average fine 

root biomasses reported in earlier studies for boreal forests1,2. Fine root biomass increased 

towards north in the organic layer, and there was a positive correlation between fine root 

biomass and the coverage of ground vegetation (R2 = 0.356). The results suggest that the 

role of fine roots, and especially those of understorey vegetation increase as C pools towards 

north and simultaneously the root system becomes more superficial most probably due to 

the thicker organic layer, and higher soil temperatures and nitrogen availability in the organic 

layer than in the mineral soil. 
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In sedge fen peatlands, carbon sequestration is mediated by roots. Most of sedge biomass is 

allocated belowground, and any changes in root production can affect the ecosystem carbon 

sink. Climate change may shift peatlands towards drier conditions, which may affect their 

production patterns. Here we examine the effect of warming under wet (ambient) and drier 

conditions on fine root production (FRP) and its depth distribution at two sedge fens in 

Finland using ingrowth cores. Warming was induced with open-top chambers and drying 

with shallow ditches. Contributions to FRP by different plant functional groups were 

estimated utilizing infra-red spectroscopy. 

 

In Lakkasuo, FRP under warming in wet conditions, W, (349 ± 116 g m-2 yr-1) was not 

significantly different from FRP under ambient conditions (192 ± 32 g m-2 yr-1), although 

there was a higher production trend under W. In contrast, W resulted in lowering FRP trend 

(38 ± 9 g m-2 yr-1) compared to ambient (57 ± 21 g m-2 yr-1) in Lompolojänkkä. Depth 

distribution of FRP was not affected by W. Sedge contribution was more than 70% under 

both ambient and W conditions. 

 

Neither drying, D, (207 ± 42 g m-2 yr-1) nor warming under drier conditions, WD, (219 ± 10 

g m-2 yr-1) affected FRP significantly in Lakkasuo. This was the case also in Lompolojänkkä 

(D: 141 ± 72 and WD: 136 ± 31 g m-2 yr-1). However, in Lompolojänkkä, WD showed 

significantly higher FRP than W. WD also modified the depth distribution of FRP in 

Lompolojänkkä. Contributions of shrubs to FRP increased under D and WD while those of 

sedges decreased. 

 

Our results show that FRP can vary widely both between and within sites representing the 

same habitat type. They further suggest that the responses of FRP to climate change are in 

general minor. However, there may be changes in depth distribution and plant group 

composition that depend on the moisture regime. 
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We investigated the effect of high (H) and moderate (M) air relative humidity (RH) on short-

root morphology, biomass allocation and growth parameters of hybrid aspen (Populus 

tremula L. × P. tremuloides Michx.) trees, to elucidate the interactions between root 

characteristics and growth parameters. The experiment was carried out in controlled 

conditions of a growth chamber. Measured biomasses (fine and coarse roots, foliage and 

entire tree) and allocation parameters (fine root/coarse root ratio, leaf/fine root ratio) did not 

differ significantly (P > 0.05) between the two treatments. Nevertheless, we found 

differences in short-root morphological characteristics between the treatments. The root tip 

frequency per length (RTFL) was significantly (P < 0.01) greater in the H treatment than in 

the M treatment, whereas the short-root tip length was higher (P < 0.01) in saplings of the 

M treatment. Although the specific root length (SRL) did not differ between treatments, it 

was negatively (P < 0.001) correlated with tree biomass and a total number of short root tips 

across treatments. Our findings suggest that air humidity per se does not impact the biomass 

of anisohydric hybrid aspen saplings significantly. However, air humidity as a global climate 

factor may cause changes in morphological traits of short-root tips. 
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In 1973 a common garden experiment was set up in Denmark based on monoculture stands 

of 6 common European species: beech (Fagus sylvatica L.), pedunculate oak (Quercus robur 

L.), lime (Tilia cordata L.), sycamore maple (Acer pseudoplatanus L.), ash (Fraxinus 

excelsior L.), and the conifer Norway spruce (Picea abies (L.) Karst.). The common garden 

design was replicated at 6 different sites, but without any replication within site. Not all 

species were present at all sites but at least 4 replicates were used for each species. 

 

We studied fine root biomass, root production and turn-over rate in the top 0-30 cm soil in 

the 40 years old stands using soil coring, in-growth bags, root-litterbags and mini-rhizotrons. 

 

The main objectives of this study were to 1) compare fine root standing crop and net root 

production by soil coring and ingrowth bags across six tree species, 2) compare production, 

lifespan, mortality and turnover among three species (Beech, Oak and Norway Spruce) by 

use of the minirhizotron technique, and 3) study decomposition of fine root litter in relation 

to root chemistry, root size and function. 

 

We observed significant species effects of turnover, biomass, standing root length and life 

span. The results showed higher fine root biomass in the deciduous species oak and beech 

compared to N, spruce whereas fine root production were higher in N. spruce compared to 

oak and beech. Decomposition of fine roots in ash, beech and N. spruce was correlated to 

root diameter. 
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Soil respiration (Rs) forms a remarkable part of forest ecosystem respiration and forests play 

an important role in the global C cycle. Thus, it is highly actual to quantify soil CO2 effluxes 

in different forest types. Another relevant aspect is the effect of climate change on main C 

fluxes. As Rs is influenced by various factors the knowledge of their impact on soil CO2 

effluxes is essential for a better understanding of the C cycling of forest ecosystems. 

 

We present results of different studies where Rs (30 sites) and heterotrophic (25 sites) 

respiration (Rh) (trenching method) was estimated by using closed dynamic chamber 

method. Soil CO2 effluxes were measured during growing season in silver birch (Betula 

pendula), downy birch (Betula pubescens), grey alder (Alnus incana), Norway spruce (Picea 

abies) and mixed (Norway spruce and silver birch) forests of different ages. All stands of 

different tree species were divided into six groups based on developmental stages of specific 

tree species: clear-cut, sapling, young, middle-aged, premature and mature. We aimed to 

ascertain the effect of abiotic and biotic factors on Rs in different developmental stages of 

stands. Considering the predicted increase in atmospheric humidity and precipitation for 

northern latitudes, we investigated the effect of elevated atmospheric humidity on Rs in 

silver birch stands in a Free Air Humidity Manipulation (FAHM) experimental facility. 

 

Soil CO2 effluxes demonstrated non-linear response to stand age. Soil temperature was the 

driving environmental factor of the seasonal variation of soil respiration; soil moisture had 

a weak effect. Apparent Q10 values for Rs varied between 2.4 and 5.5, and for Rh between 

1.9 and 5.2. Average Rh to Rs ratio ranged from 43 to 71%. Rs was mainly regulated by 

biotic factors (fine root biomass and production). Humidification affected Rs negatively in 

2009 and positively in 2011. 
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Containirized seedlings of Picea sylvestris and Picea abies above- and belowground 

development were studied in sites regenerated 1-3 years ago in Latvia. The seedlings grown 

in Myrtillosa turf. mel., Mercurialosa mel., Myrtillosa mel., Vacciniosa mel., Myrtilloso-

sphagnosa, Vaccinioso-sphagnosa type forests were measured. Development of seedlings 

planted in sites where mounding or disc trenching soil preparation methods used were 

compared. Development, depth and location of main roots were fixed. 

 

The aim was to find how significant is the effect of soil preparation method or forest type on 

the growth and development of seedling roots. Seedlings were measured, some of them 

excavated for above- and belowground parts oven drieing to determinate biomass. Dry 

weight of P. abies root weight proportion was largest for seedlings growing on spot mounded 

sites in Vaccinioso-sphagnosa, Myrtilloso-sphagnosa. The best results were obtained of P. 

silvestrys from seedlings grown on disc trenched sites in Mercurialosa mel., Myrtillosa mel., 

Vacciniosa mel. type forests. Both species planted in mound had deeper and symmetric 

placed roots, while in furrows made by disc trencher roots were located no to sod or turf, but 

direction of roots observed parallel to furrow direction, so they could be moere or less 

adapted to survive in wind storms. Two sided root system located perpendicularly to the 

main wind direction could help to increase forest stand stability, better as single directed, 

but mounding seams a solution for more wind storm endangered sites. No correlation 

between roots growing direction and cardinal points were found. 
 

ERDF Project Nr. 1.1.1.1/16/A/260 
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Arbuscular mycorrhizas (AM) are known to be more common in soils with relatively high 

available-nitrogen:phosphorus ratio, while ectomycorrhizas (EM) prevail in habitats with 

low soil pH, accumulation of organic matter and low N availability. However, the climatic 

conditions, which drive soil formation, may affect the relative success of different 

mycorrhiza types also directly. We suggest that arbuscular mycorrhizal fungi (AMF) in 

general are more adapted to warm and dry climates and ectomycorrhizal fungi (EMF) to cold 

and humid climates, and accordingly, benefit their host plants especially in those conditions. 

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 Rhizophagus 

intraradices and Glomus hoi, and the EMF were Paxillus involutus and an ascomycete 

isolated from mycorrhizas of grey alder. After three months from sowing, half of the 

seedlings were left without water and the other half were watered. Net photosynthesis (A), 

stomatal conductance (gs), intercellular CO2 concentration (Ci) and shoot water potential (Ψ) 

were determined. Part of the seedlings were allowed to dry to permanent wilting. 

 

EM formed in 74±1.7% of the short roots, and 36±5.1% of the root length was colonized by 

AMF. When the soil dried, the AM plants closed their stomata sooner than EM and NM 

plants. Stomatal closure was probably the reason for the higher (less negative) shoot water 

potential in the droughted AM plants than EM and NM. The AM plants also wilted slightly 

more slowly than the EM and NM plants. In conclusion, these species of AM increased the 

drought resistance of their host plants while EM did not.  
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Absortive Root Morphology and Rhizosphere Microbial Community 

Respond to Climate Change: results from air humidification and soil 

warming experiments 
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2 Department of Environmental Sciences, Agricultural University of Iceland 
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Climate change is predicted to bring about a rise in temperature, precipitation and air 

humidity at northern latitudes. The presented studies investigate the effect of increased air 

humidity and soil warming on absorptive root morphology and on the colonizing 

ectomycorrhizal fungal community in birch (Betula pendula) and spruce (Picea abies and 

Picea sitchensis) stands located at the Free Air Humidity Manipulation (FAHM) facility in 

Estonia, on a natural soil temperature gradient at the ForHot site in Iceland and in a man-

made soil warming experiment at Achenkirch, Austria. 

 

The prevalent response to increased air humidity and soil warming, irrespective of tree 

species or stand age, was a decrease in root tissue density and an increase in absorptive root 

length, specific root length and area, which can be interpreted as a morphological adaptation 

to raise root efficiency and ensure sufficient nutrient uptake in stressful environments. Lower 

root tissue density also implies a larger proportion of young root tips.  

 

Three years of humidification caused a shift in the soil bacterial community and in 

ectomycorrhizal fungi towards the dominance of hydrophilic and generally low mycelial 

biomass forming taxa. Soil warming supported the occurrence of a more varied 

ectomycorrhizal community and long-distance exploration type. The findings about the 

effects of elevated air humidity have been published by Parts et al., 2013 and Truu et al., 

2017. 
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Effects of air humidity on root acclimation and nutrient acquisition 

(growth-chamber study with Betula pendula saplings, grown in FAHM 

soil)  
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Forest ecosystem vulnerability, induced by globally increasing temperatures, can be 

modified by regional changes in atmospheric humidity. As air humidity is predicted to 

increase in Northern latitudes, free air humidity manipulation (FAHM) experiment was 

established and retardation of tree growth was found at elevated air humidity. 

 

Air humidity can affect tree’s growth mainly through reduced transpiration: either directly 

or via increased water content in soil. To exclude influence of soil water content, it was held 

constant in current growth-chamber study. 

 

Growth chamber experiment (2015), with birch saplings (grown in soil, brought from FAHM 

site) did not show root and shoot growth retardation under elevated air humidity. In 

waterlogged soil, growth rate even increased, as it also happened in earlier experiment, 

where birch saplings where grown in fertilized peat mixture (Kupper et al., 2017). 

 

Despite of none or only marginal positive effect of elevated air humidity on tree growth, 

lower transpiration (without changes in soil water content) caused significant acclimations: 

fine root mass per tree and the ratio of fine root and leaf biomass increased, in general 

nitrogen and phosphorus  concentrations decreased in roots, but increased in leaves. 

Possible importance of these acclimations are discussed. 
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Dissolved compounds leached from litters during their decomposition are acting as sources 

of nutrient elements for soil microorganisms and plants, and can alter soil chemical 

properties. We found that Cryptomeria japonica, a major plantation tree species in Japan, 

plays a positive feedback role in soil acid buffering capacity (ABC), such that ABC increases 

in soil with high-ABC and decreases in soil with low-ABC (Tanikawa et al., 2014). 

Moreover, fine root biomass of C. japonica was greater in low-ABC soils than that in high-

ABC soils (Hirano et al., 2017). However, the processes between the positive feedback in 

soils and the greater fine root biomass remains unclear. We need to clarify the different 

element characteristics of leaves and root-litters which affect soil ecosystems. 

 

To characterize the elements in leaves and roots as sources of dissolved compounds, we 

conducted an open-system incubation experiment. Leaves and fine roots of C. japonica and 

Chamaecyparis obtusa were incubated in Buchner funnels for 2.5 years at 20°C. Simulated 

rains were watered periodically, and dissolved organic carbon (DOC), total phosphorous 

(TP), and total nitrogen (TN) in the leachates were collected and measured. In both tree 

species, DOC and TP leached from leaves and roots were rapidly decreased within 0.5 year, 

and then, gradually increased only for roots. TN was kept at low concentrations for 1.5 years, 

and increased in the later period only for roots of both species. These results suggest that 

chemical compounds derived from root-litters affect surrounding soils via leachate in the 

later decomposition period than those of leaves. If the carbon allocation to leaves and roots 

alter in response to acidic environments, the ratio of elements in leachates would be changed 

and added to the soils. 

 
References 

 

1. Tanikawa et al. (2014) Forest Ecology and Management 334:284-292. 

2. Hirano et al. (2017) Forest Ecology and Management 384:122-131. 

  

  



109 
 

  



Looking for Root Image Analysis Tools?
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WinRHIZO™ WinRHIZO™ Tron
Basic, Regular & Pro
Systems Designed for Automatic 
Washed Root Analysis                   

Scan washed roots easily and rapidly with 
Regent’s scanners and root positioning 
systems.

Arabidopsis
Automatic Analysis System for 
Washed Roots and Seedlings in 
Petri Dish

Analyse seedlings and leaves:

Tron & Tron MF
Software Programs for Interactive 
Analysis of Images of Roots in Soil 
and Rhizotron

Trace roots manually with a mouse or by 
touching the screen of all-in-one or tablet 
computers.          

See analysis results summarized on 
screen automatically after scanning.  

Root morphology in function of root 
diameter and color: length, area, 
volume and number of tips

Number of forks and crossings

Root overlap detection for accurate 
measurement

Topology, link and architecture with 
fractals 

���������	
����������
��	

Globally
one analysis per 
image

Individually
multiple analyses per 
image

Leaf area of seedlings grown in Petri 
dish

Germination Count

Leaf area - leaf/hypocotyl distinction 

Root morphology

Topology and developmental analysis

Leaf area, length and width of plants 
in soil

Monitor root growth by analysing Multiple 
Frames (images) of a root system taken at 
������	
�
������

Root morphology in function of root  
diameter and color: length, area, 
volume and number of tips

Topology and developmental analysis

��
����
������������������	��������	���
the ICAP naming scheme

Previous analysis can be retrieved to 
resume analysis of the same location 
at a later time simply by adding new 
or dead roots since the last analysis
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Access and maps 
 

The symposium venue – The Estonian Biocentre 
(OMICUM; Riia 23B, Tartu) – is situated close to the 
city centre 
 
 
 
 
 
 

 
Hands-on PlutoF course "Create and manage soil 
biodiversity database" will take place in Vanemuise 
46, Tartu. 

The Natural History Museum is located also in the 
building. It affiliates zoological, geological, botanical 
and mycological collections. 

 
The symposium dinner will take place on 

Wednesday, June 28, from 7:30 p.m. at the biggest 

Science Centre in the Baltic States - Science Centre 

AHHAA (Sadama 1, Tartu). 

 

 

 

Busses for excursions will depart in front of Vanemuise 46. 

 

 
 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


