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Abstract 19 

Mutualistic interactions between plants and soil fungi, mycorrhizae, control carbon and nutrient 20 
fluxes in terrestrial ecosystems. Soil of ecosystems featuring a particular type of mycorrhiza 21 
exhibit specific properties across multiple dimensions of soil functioning. The knowledge about 22 
the impacts of mycorrhizal fungi on soil functioning accumulated so far, indicates that these 23 
impacts are of major importance, yet poorly conceptualized. We propose a concept of 24 
mycorrhizal fungal environments in soil. Within this concept, we discuss knowledge gaps 25 
related to understanding and quantification of mycorrhizal fungal impacts. We propose an 26 
experimental framework to address these gaps in a quantitative manner, and present the field 27 
experiment “Mycotron”, where we established vegetation series featuring three mycorrhizal 28 
types - Ericoid (ERM), Ecto- (ECM) and Arbuscular mycorrhiza (AM), to quantitatively assess 29 
mycorrhizal fungal impacts on soil functioning. The experimental treatments entail 30 
manipulations in dominance level of vegetation of three pure mycorrhizal types (AM, ECM, 31 
ERM) in standardized soil conditions. This experiment constitutes a unique testbed to 32 
quantitatively assess the impacts of distinct mycorrhizal fungal environments on a large variety 33 
of ecosystem functions. Our approach aids the quantification of microbiota and plant-microbial 34 
interaction impacts on soil biochemical cycles.  35 

Introduction 36 

Mycorrhiza, their interactions, functioning, and diversity 37 

Mycorrhizae are mutualistic relationships between plants and soil fungi featured by almost all 38 
terrestrial plant species (Brundrett, 1991; Smith & Read, 2008). This relationship enables 39 
plants to increase uptake of water (Ruth et al., 2011) and nutrients, such as phosphorus, 40 
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nitrogen, and micronutrients (Smith & Read, 2008). In exchange, plants supply fungi with 41 
photosynthates. This mutualistic relationship does not only affect the nutrition of the plants and 42 
fungi, but also governs many important soil functions, as mycorrhizae contribute to weathering 43 
of mineral nutrients, influence soil carbon sequestration, protect the plant from biotic and 44 
abiotic stressors, decrease soil erosion, and promote soil aggregation (Genre et al., 2020). It 45 
has been suggested that the magnitude of the impact of mycorrhizae on ecosystem functions, 46 
especially on processes related to carbon sequestration, is comparable to these of changing 47 
climatic conditions (Steidinger et al., 2019; Huang, van Bodegom, Viskari, et al., 2022a). 48 

Depending on the fungal and plant partner species involved, and on the morphology and 49 
physiology of their interactions, mycorrhizal symbioses are categorized into four mycorrhizal 50 
types. Arbuscular mycorrhizae (AM) are most abundant, occurring in 72% of flowering and 51 
vascular plants (Brundrett, 2009; Brundrett & Tedersoo, 2018; Soudzilovskaia et al., 2020), 52 
and geographically most wide-spread (Soudzilovskaia et al., 2019). Arbuscular mycorrhiza 53 
fungi (AMF) are also taxonomically monophyletic(Brundrett & Tedersoo, 2018). In contrast, 54 
ectomycorrhizal fungi (ECMF) and ericoid mycorrhizal fungi (ERMF) are polyphyletic and form 55 
symbiosis with approximately 2% and 1.5% of plant species, respectively(Brundrett, 2009; 56 
Wang et al., 2010; Field et al., 2015; Brundrett & Tedersoo, 2018; Soudzilovskaia et al., 2020). 57 
Geographically AM plants are most abundant, and contribute 240  GT carbon in aboveground 58 
biomass, while the contribution of ECM and ERM plants constitutes 100 and 7 GT, respectively 59 
(for comparison, non-mycorrhizal pants contribute 29 GT carbon in terrestrial aboveground 60 
biomass) (Soudzilovskaia, et al, 2020).   61 

Distinct mycorrhizae also have distinct root colonization strategies. Fungal hyphae of AM and 62 
ERM grow intracellular in plant roots, and form plant-fungal nutrient exchange structures inside 63 
roots. Ectomycorrhizal fungi do not grow into plant cells, but form a mycelial cover (mantle) 64 
around plant root tips, and form a so called ‘Hartig net’ in the extracellular space of rhizodermis 65 
and root cortex, where exchange of nutrients and carbon takes place. Ectomycorrhizal fungi 66 
often also form an extensive extramatrical mycelium in soil. Apart from differences in 67 
morphology, mycorrhizal types also have distinct nutrient acquisition strategies. Arbuscular 68 
mycorrhizal fungi, predominantly scavenge for inorganic soil nutrients (Read & Perez‐Moreno, 69 

2003a; Smith & Read, 2008). Arbuscular mycorrhizal fungi mostly provide plants with 70 
phosphorus and water, while ERMF and ECMF enable plant uptake of most micro- and macro-71 
nutrients, including nitrogen (Read & Perez‐Moreno, 2003a; Smith & Read, 2008).  72 

Together, this variability in forms of mycorrhizal associations and functionalities related to 73 
carbon and nutrient transfer between plants and fungi, enables a large spectrum of impacts of 74 
mycorrhizas on the functioning of soil. Broadly, mycorrhizal impacts on soil processes could 75 
be summarized as “direct” and “indirect” effects (Rillig, 2004). The “direct” effects are 76 
associated with the functioning of mycorrhizal fungi. The “indirect” effects are associated with 77 
the mycorrhizal fungal contribution to plant nutrition, and therewith, the impacts on plant fitness 78 
affecting plant biomass and arguably plant eco-physiological traits (Averill et al., 2019; 79 
Cornelissen et al., 2001). The latter link, however, has been argued to be solely driven by 80 
taxonomical relatedness of ECM plant species (Koele et al., 2012). Among the multiple facets 81 
of mycorrhizal impacts on ecosystems, especially the “direct” mechanisms of mycorrhizal 82 
impacts of soil processes (i.e. mechanisms through which mycorrhizal fungi govern soil 83 
biogeochemical cycles) remain poorly understood.  84 

Direct mycorrhizal fungal impacts on soil biogeochemical cycling 85 

There is a growing evidence that mycorrhizae affect soil biogeochemical cycles, with the 86 
magnitude of impacts likely being comparable or even exceeding these of abiotic conditions 87 
(van der Heijden et al., 2015). By enabling an interface for direct nutrient exchange between 88 
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plants and soil, mycorrhizae affect individual aspects of soil element cycles through an entire 89 
suite of partly interlinked mechanisms.   90 

Carbon and nutrient cycles 91 

There are three major pathways of direct mycorrhizal fungal impacts on soil carbon and nutrient 92 
cycles (Frey, 2019; Soudzilovskaia et al., 2015)(Figure 1): (1) forming a carbon pool in 93 
mycorrhizal mycelium; (2) affecting release of carbon components from roots through root 94 
exudation; (3) mediating community composition and activity of saprotrophic organisms that 95 
enable soil organic matter decomposition.  96 

(1) Mycorrhizal mycelial carbon pool 97 
Plant allocation of photosynthetically fixed carbon into a network of mycorrhizal fungal 98 
mycelium constitutes the channel of direct transmission of carbon into the soil. Depending on 99 
mycorrhizal type and environment, mycorrhizas account for 20-30% of the microbial biomass 100 
in soils (Leake et al., 2004), which in itself constitutes a considerable soil carbon pool. The 101 
build-up process of the mycorrhizal mycelial carbon pool in the soil is regulated through three 102 
processes, with the magnitude having been shown to differ between mycorrhizal types. These 103 
processes are: (i) the flux of the fresh photosynthetically fixed carbon from plants to mycorrhizal 104 
fungal partners, (ii) the life span of fungi in soil, and (iii) the process of decomposition of dead 105 
mycelium of mycorrhizal fungi.  106 

The flux of fresh photosynthetically fixed carbon from plants to mycorrhizal fungal partners is 107 
likely to be largest for ECM and / or ERM symbioses, with the AM fungal network receiving 108 
comparatively lower fraction of plant carbon (Soudzilovskaia et al., 2015). The magnitude of 109 
this flux at global scale levels remains largely unknown, with the estimations differing from 110 
allocation of a few percent of newly plant-fixed carbon into AM networks, to the values of above 111 
20% for ECM and ERM (Leake et al., 2004).  112 

Elevated atmospheric CO2 conditions also increase carbon allocation to the roots (Sadowsky 113 
& Schortemeyer, 1997), and to mycorrhizal fungi (Staddon, 1998). Allocation of carbon into 114 
mycorrhiza and plant benefits of mycorrhizal colonization by specific types of mycorrhizal fungi, 115 
in the conditions of elevated CO2, depend on nutrient availability in the soil (Godbold et al., 116 
2014; Terrer et al., 2016), with the ecosystem response patterns ranging from ultimate carbon 117 
allocation into plant aboveground biomass to allocation into roots and/or mycorrhizal fungi 118 
(Terrer et al., 2021). 119 

The next parameter shaping the mycorrhizal fungal carbon pools in ecosystems is the lifespan 120 
of mycorrhizal fungi. Little is known about it, with a handful of estimations available till now, 121 
suggesting that AMF have a considerably lower lifespan compared to ECMF, and virtually no 122 
data is available for ERMF. It has been reported that extraradical mycelium of AMF species 123 
can survive 5 to 6 days after severing the mycelium (Staddon et al., 2003) in sterile conditions, 124 
while in natural environments, this is likely to be accelerated due to the presence of mycelia 125 
grazers and damage caused by environmental stressors. However, recently it has been 126 
demonstrated that depending on the fungal species and distance from hyphae to the root, AMF 127 
could last up to 5 months, even if host plant shoots have been removed, thus suggesting that 128 
the survival of the extraradical mycelium of AMF is highly variable (Pepe et al., 2018). These 129 
reports, however, report survival of obligatory biotrophic AMF which does not reflect the true 130 
lifespan and turnover rate in standard environments. For both AMF, and ECMF the lifespan is 131 
likely species specific. While many ECMF have a life span of ca. 120 days, the species 132 
Cenococcum geophilum can have a lifespan of 831 days (Fernandez et al., 2013). Moreover, 133 
the lifespan of ECMF may depend on soil nutrient availability. The addition of N to soil have 134 
been shown to increase the lifespan of ECM, depending on the morphotype (Kou et al., 2017). 135 
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The decomposition rate of distinct guilds of mycorrhizal fungi also likely differs. Till now, only 136 
data on decomposition rates of ECMF has been available, suggesting that despite the 137 
considerable interspecific variation (Brundrett & Tedersoo, 2018), on average 80% of fungal 138 
necromass is lost within 2-8 weeks (Ryan et al., 2020). Recent research has demonstrated 139 
that the chemical composition of AMF and ECMF differs fundamentally in the aspects 140 
controlling organic matter decomposability (Huang, van Bodegom, Declerck, et al., 2022). Yet, 141 
further research on chemical composition of fungi that belong to distinct mycorrhizal guilds is 142 
needed, especially for ERMF.  143 

Little is known about mycelial fungal traits underpinning fungal decomposition rate. The ratio 144 
of melanin:nitrogen has been suggested to be a key factor controlling decomposition of ECMF 145 
and ERMF (Fernandez & Koide, 2014; Koide & Malcolm, 2009; See et al., 2021), with melanin 146 
being the most recalcitrant fungal tissue component, and nitrogen concentrations being 147 
positively correlated to fungal decomposability (Berg, 2000; Koide & Malcolm, 2009).  148 

(2) Release of carbon components from roots 149 
Mycorrhizal fungi affect soil carbon pools through the release of fungal exudates and by 150 
affecting processes of root exudation (Keller et al., 2021a). Distinct mycorrhizal types affect 151 
the direct rhizosphere environments of plants, enabling the critically important mediation of 152 
root exudation, which makes mycorrhizae key determinants of soil rhizosphere processes 153 
(Leake et al., 2004; Lin et al., 2017; Keller et al., 2021b; Tedersoo et al., 2021). Two pathways 154 
are active here: 155 

First, mycorrhizal fungi, to some extent, have control over the root exudates released into the 156 
rhizosphere, as they are utilizing the majority of this photosynthate from the plant roots (Kaiser 157 
et al., 2015; Leake et al., 2004). Therewith, mycorrhizal fungi increase the belowground 158 
allocation of carbon. It has been shown that plants inoculated with ECMF have more 159 
photosynthate buildup in the roots in comparison with non-mycorrhizal plants (Wu et al., 2002). 160 
Exudates that are not taken up by the mycorrhizal fungi become available to the other soil 161 
microorganisms associated with mycorrhizal hyphae (Kaiser et al., 2015). 162 

It has been suggested that when mycorrhizal fungi approach a nutrient rich spot, plant hosts 163 
increase the labile carbon transport to the fungus to stimulate decomposition of organic matter 164 
by the hyphae associated saprotrophic microorganisms in the soil, making more nutrients 165 
available (Badri & Vivanco, 2009; Farrar et al., 2003; Kaiser et al., 2015). However, this 166 
interplay, the degree of efficiency at which labile carbon is used and transformed by 167 
mycorrhiza, and how this differs between mycorrhizal types, remains poorly understood.       168 

Additionally, AMF, ECMF, and ERMF themselves secrete many carbon-rich compounds 169 
(Keller et al., 2021a). For ECMF and ERMF, these constitute components such as oxalate and 170 
chelators, which cause the liberation of micronutrients through mineral weathering, increasing 171 
their availability for plant uptake (Landeweert et al., 2001; Phillips et al., 2013). These carbon-172 
rich compounds, such as oxalate, exuded by the fungi can further be used as a carbon source 173 
by bacteria in the rhizosphere (Sun et al., 2019). AMF can produce glomalin, which changes 174 
the soil properties in their direct environment, promoting soil aggregation, and contributing to 175 
soil carbon storage (Singh et al., 2013). Moreover, AMF-driven glomalin supply in the soil is 176 
correlated to the amount of photosynthate allocated to the plant (Taylor et al., 2009). 177 

Fungi of distinct mycorrhizal types have different extracellular enzymatic properties which also 178 
alter their direct soil environment. Ectomycorrhizal and ERM fungi can produce hydrolytic and 179 
oxidative extracellular enzymes, such as lignases, cellulases, and polyphenol oxidases, that 180 
decompose organic matter (Read & Perez‐Moreno, 2003b) and contribute to the degradation 181 

of plant material (Read & Perez‐Moreno, 2003a). AM lack enzymes that are capable of 182 
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breaking down complex organic matter in their environment, but they may also produce 183 
enzymes, such as acid phosphatase for nutrient acquisition purposes (Read & Perez‐Moreno, 184 

2003a). Besides the components related to nutrient uptake, fungi release a large group of 185 
secondary compounds, such as metabolites, that have a hormonal, excretory, or antibiotic role, 186 
and at the same time constitute a contribution to soil carbon pools.  187 

The ultimate suits of compounds released into the soil by mycorrhizal fungi differ between 188 
AMF, ECMF, and ERMF. For enzymes, these differences between mycorrhizal types are 189 
relatively well understood, they are related to the capacity of fungal enzymes to break down 190 
soil organic matter (Tedersoo & Bahram, 2019). Arbuscular mycorrhizal fungi lack saprotrophic 191 
capacities and therefore take up more mobile inorganic nutrient forms, hence their preferred 192 
uptake of inorganic nitrogen and phosphorus (Phillips et al., 2013). Since ECM and ERM have 193 
more extensive saprotrophic capacities, they have the ability to break down more complex 194 
materials, enabling them to mine nutrients from more recalcitrant sources, and to take up 195 
nutrients in their organic form.  196 

The release of carbon-rich exudates from plant and fungal components can cause an overall 197 
ecosystem carbon loss, as the metabolism of these compounds induces the release of CO2 by 198 
other decomposing microorganisms (Talbot et al., 2008).  199 

(3) Activity of mycorrhizal fungi mediates soil microbial communities 200 
Mycorrhizal fungi mediate the activity of soil microbial communities. Although mycorrhizal fungi 201 
obtain carbon from plants and not from soil organic matter, they release enzymes to break 202 
down complex organic molecules in order to take up nutrients. These breakdown products are 203 
further decomposed by other microorganisms (Talbot et al., 2008). On the other hand, carbon-204 
rich molecules excreted by mycorrhizal fungi attract microorganisms as well. Therewith, 205 
mycorrhizal fungi mediate the decomposition environment of plant litter, forming associative 206 
networks with bacteria by shaping their environment (Odriozola et al., 2021).   207 

By taking up nutrients from soil, mycorrhizal fungi compete for nutrients with saprotrophic 208 
microorganisms. The most known phenomenon related to this mechanism is a lower rate of 209 
soil organic matter decomposition in the presence of ECMF, resulting in a larger amount of 210 
carbon to be sequestered in the soil, known as the Gadgil effect (Gadgil & Gadgil, 1971). This 211 
effect has been proposed to be caused by a number of underlying mechanisms, such as the 212 
competition for nitrogen with saprotrophic microorganisms (Fernandez & Kennedy, 2016a). As 213 
ECMF obtain carbon from plants, their nitrogen scavenging activity is limited by availability of 214 
carbon-related resources, compared to saprotrophic fungi and to bacteria. By taking up 215 
nitrogen selectively and more efficiently than saprotrophic organisms, mycorrhizal fungi 216 
increase the carbon to nitrogen ratio of soil organic matter. Furthermore, ECM can also 217 
produce antagonistic chemical compounds, such as volatile organic compounds, anti-218 
microbial, and anti-fungal compounds that suppress, and limit the activity of other saprotrophic 219 
microorganisms (Garrido et al., 1982; Kope & Fortin, 1990; Krywolap & Casida Jr., 1964). Also, 220 
being less limited in carbon in comparison to their saprotrophic counterparts, ECMF are 221 
capable of allocating more resources to produce these antagonistic compounds (Fernandez & 222 
Kennedy, 2016a). Finally, ECMF may also tap into the biomass of living saprotrophs using 223 
those as a source of nutrients, and therewith suppressing the decomposition of litter 224 
(Fernandez & Kennedy, 2016b). However, due to the complexity of the soil organic matter 225 
decomposition process, a lot of inconsistent results have been obtained around this topic, 226 
where in some cases the presence of ECM did not lower the decomposition rate but 227 
accelerated it (Fernandez & Kennedy, 2016a). This can be attributed to the context-dependent 228 
characteristics of mycorrhizal fungi, where different outcomes are observed depending on the 229 
biotic and abiotic conditions.  230 
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Another way in which mycorrhizal fungi may affect the community composition of 231 
microorganisms is by causing the release of decomposition products, that alter the pH of their 232 
direct environment. A change in pH can alter the bacterial community composition (Johnston 233 
et al., 2019; Kielak et al., 2016). Finally, mycorrhizal fungi, may also physically affect activity 234 
of microorganisms. Mycelial networks may even fill or form bridges in soil air gaps, facilitating 235 
bacterial movement and access to new microhabitats. (Nazir et al., 2014). 236 

Because of the differences in enzyme production and exudation, ECMF, which produce 237 
oxalate, are able to enrich their environment with bacteria. Oxalate-rich soils feature higher 238 
abundances of nitrogen-fixing bacteria. The exudation of oxalate by ECMF attracts specific 239 
functional groups of bacteria for oxalate degradation (Sun et al., 2019). 240 

Mycorrhizae impacts on mineral weathering and micronutrient 241 

availability  242 

Mineral weathering plays an important role in mediating the effects of soil acidification by 243 
freeing bioavailable elements acting as a buffer, which influence the ability of the plant to 244 
overcome natural stresses. Ectomycorrhizal fungi can increase the micronutrient availability in 245 
soils, as they are able to exude substances that are capable of breaking down minerals. This 246 
mineral weathering allows mineral P and other micronutrients, such as calcium and 247 
magnesium, to become accessible for plant uptake, thereby increasing soil fertility (van Schöll 248 
et al., 2008). The scale of micronutrient mining is specific to the species of mycorrhizal fungi 249 
(van Schöll et al., 2008). Although this phenomenon has been observed in ECMF, the 250 
capacities for mineral weathering remains unknown for ERMF. Arbuscular mycorrhizal fungi 251 
are believed not to excrete mineral weathering agents, such as organic acids and chelators, 252 
and therefore, their contribution to mineral weathering is considered to be less effective than 253 
that of ECM and ERM. However, phenomena, such as tunneling, i.e. the formation of hyphae-254 
shaped microscopic tunnel-like structures on mineral substrates (Smits, 2006), observed 255 
during mineral weathering can also be found in AM forests, where ECMF are absent. This 256 
suggests that the excretion of organic acids of AMF may either be overlooked, due to 257 
saprotrophic microorganisms in their environment, or a result of combined acidification 258 
attributed to the release of biotic agents in the rhizosphere (Koele et al., 2014). 259 

The effects of mycorrhizae on soil acidity and associated toxicity  260 

Mycorrhizal fungi affect soil acidity in a number of ways, by producing and releasing organic 261 
acids, by interactions with bacteria and other microorganisms, and by the process of mineral 262 
weathering itself (Finlay, 1995). Soil acidification increases the solubility of iron and aluminum 263 
(Al), and this increased solubility causes leaching from the soil, which in turn strongly affects 264 
plant nutrient uptake. Moreover, high levels of soluble Al negatively impact plant growth and 265 
physiology. Even though soil acidification may negatively influence mycorrhizal infections by 266 
influencing the allocation of carbon to the mycorrhizal fungi, and affecting the uptake of other 267 
minerals, like magnesium and calcium (Finlay, 1995; van Schöll et al., 2008), it helps plants to 268 
overcome these adverse conditions (Finlay, 1995).  269 

Both ECMF and AMF increase plant access to nutrients, mitigating therewith the toxicity of 270 
acidic environments. Seedlings colonized with ECMF obtain a relatively higher nutrition than 271 
non-mycorrhizal seedlings in elevated metal conditions(Ahonen-Jonnarth et al., 2003). Hyphae 272 
on the root tip block the main binding sites for Al, diminishing its uptake. Moreover, Al is 273 
accumulated in mycelium, and organic acids, which act as a chelating agent, are produced so 274 
that Al remains sequestered internally or externally (Eldhuset et al., 2007; Machuca et al., 275 
2007).  276 

AMF, likewise, are able to detoxify Al in the rhizosphere by immobilizing it in fungal cell 277 
vacuoles or even binding it into the cell wall. AM fungal associations may even increase the 278 
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release of root exudates which bind to Al limiting its toxic effect (Seguel et al., 2013). However, 279 
likewise ECMF, the effects of AMF on Al toxicity vary between species of AMF (Seguel et al., 280 
2013).  281 

Mycorrhizal fungal environment – new framework 282 

embracing mycorrhizal fungal impacts on soil processes 283 

There exists a unanimous consensus that mycorrhizal fungi strongly affect fundamental soil 284 
processes, and it has been suggested that soil processes are to a large extend determined by 285 
the mycorrhizal types dominating in an ecosystem, with AMF and ECMF imposing contrasting 286 
impacts on the majority of soil processes (Phillips et al., 2013; Soudzilovskaia et al., 2015; 287 
Leake et al., 2004; Read & Perez‐Moreno, 2003). 288 

However, in the last decade, we started to gain evidence that this view is likely to be superficial. 289 
To date, the differences between impacts of distinct mycorrhizal fungal guilds on soil processes 290 
remain poorly understood and contradicting evidence has been accumulated in regard to 291 
virtually each of the aspects of similar or differential impacts of distinct mycorrhizal fungal guilds 292 
on soil processes (Table 1). The most striking contradictions and uncertainties are manifested 293 
across the following domains: (i) Impacts of individual mycorrhizal fungal guilds on soil carbon 294 
differ between the tropics and temperate zones (Barceló et al., 2022; Fernandez & Kennedy, 295 
2016a), which suggests that key aspects of the mechanisms attributed to mycorrhiza might be 296 
underpinned by other mechanisms of ecosystem functioning than mycorrhizas, or they are 297 
underpinned by complex interactions of mycorrhizal fungal guilds with climatic conditions; (ii) 298 
Contribution of different mycorrhizal fungal guilds to carbon transfer and to processes taking 299 
place in distinct soil carbon pools (e.g. fresh plant litter, mycorrhizal fungal biomass, and soil 300 
organic matter at distinct depth levels) seems to differ (Cheeke et al., 2017; Frey, 2019), while 301 
we are still very far from understanding the full complexity of these exact patterns; (iii) 302 
Mechanisms underpinning the influences of ECMF and of ERMF on soil processes are likely 303 
to differ a lot (Lindahl et al., 2002), while many studies consider these two fungal guilds as a 304 
joint pool (e.g.  (Averill et al., 2014; Ward et al., 2022). This possibly leads to conceptual failures 305 
in framing theories about the nature of impacts of distinct mycorrhizal guilds, specifically about 306 
the role of ECMF in ecosystem functioning. Finally, very little is known about (iv) the 307 
contribution of processes associated with distinct mycorrhizal fungal guilds in the formation of 308 
carbon pools of different stability levels (particulate organic matter, mineral-associated organic 309 
matter), while there is a growing evidence that these contributions might differ as well (Cotrufo 310 
et al., 2019; Huang, van Bodegom, Viskari, et al., 2022b).  311 

Thus, while the impacts of mycorrhiza on soil functioning are manifold and significant, the 312 
complex suits of mechanisms underlying these impacts are poorly understood. To enable 313 
progressing in understanding these mechanisms, and conceptualizing their contribution to soil 314 
biodiversity and biochemical properties, we propose a framework of Mycorrhizal Fungal 315 
Environment (MyFE). The MyFE represents the entire (yet possibly poorly understood) suit of 316 
mechanisms imposed by individual mycorrhizal fungal guilds on soil processes, shaping soil 317 
biodiversity and soil biochemical cycles into AMF, ECMF, or ERMF-typical soil environments. 318 
Embracing this concept allows progressing in research of mycorrhizal ecology, by recognizing 319 
the existence of the phenomenon of differential impacts of mycorrhizal fungal guilds, while 320 
accepting the fact that this phenomenon is underpinned by a multidimensional suite of 321 
underlying mechanisms, each of which is yet poorly understood. Importantly, MyFE created by 322 
a given mycorrhizal guild is not necessarily enabled by individual fungal mechanisms affecting 323 
soil processes in the same direction. These directions could be opposite and partially 324 
compensate each other. For instance, while ECMF constitute larger standing biomass in soil 325 
than AMF (and therewith positively contribute to soil carbon (Soudzilovskaia et al., 2015), root 326 
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exudates of ECM plants contribute less to soil carbon than root exudates of AM plants (Keller 327 
et al., 2021c). Embracing the MyFE framework, we elaborate the knowledge gaps in regard to 328 
the impact of mycorrhizal guilds on soil processes, and summarize them in the Table 1.  329 

Three main factors underpin these knowledge gaps. First, plants featuring different mycorrhizal 330 
types have different growth forms: while AM plants are represented by all growth forms, the 331 
great majority of ECM plants are trees and shrubs, and the ERM plants are typically small to 332 
large shrubs (Soudzilovskaia et al., 2020). Consequently, experimental studies comparing 333 
ecosystem impacts of distinct mycorrhizal types are typically conducted with trees (e.g. Ferlian 334 
et al., 2018; Phillips et al., 2013), and are either limited to planted tree seedlings (and have to 335 
account for the fact that the build-up and activities of mycorrhizal fungal communities 336 
associated with seedlings do not fully represent those associated with mature trees), or such 337 
studies are conducted in long-existing vegetation stands which do not feature exactly the same 338 
soils, and therewith do not allow fully conclusive disentangling effects of mycorrhiza and 339 
inherent effects of soil properties. Second, natural ecosystems rarely represent one singe 340 
mycorrhizal type. Rather, we deal with a certain level of dominance of plants featuring one 341 
mycorrhizal type (for instance 80% of plant biomass is formed by AM plants), and additional 342 
impacts of other mycorrhizal types (for instance 10% of plant biomass is ECM plants and 10% 343 
is ERM plants). Considering such communities as “purely AM” is too simplistic, while estimating 344 
the additional impacts of ECMF and ERMF based on the aboveground biomass of ECM and 345 
ERM plants is impossible. Next, most information regarding the effect of mycorrhiza on 346 
biogeochemical cycling has been obtained for AM and ECM. Knowledge on the impacts of 347 
ERM plants on soil processes is extremely scarce, despite the fact that ERM plants play 348 
important roles in a number of natural ecosystems, such as tundra, boreal forests, heathland, 349 
and Mediterranean and South-African shrublands (Tedersoo, 2017). 350 

The way forward  351 

The proposed experimental framework, MyFE principally enables testing the concept of 352 
mycorrhizal fungal environment in a quantitative manner. To alleviate the confounding impacts 353 
of differences in soil types and history, an experimental setup to test MyFE should constitute 354 
a common garden build up with plant species of different mycorrhizal types on the same soil 355 
type. To enable comparison of impacts on ecosystem functioning between fungi of all three 356 
prominent mycorrhizal types (AM, ECM and ERM), plant hosts of all three types should be 357 
included into the experiment. In order to eliminate possible confounding effects associated with 358 
plant species choice, the experiment should employ adult plants, of the same growth form, and 359 
similar eco-physiological traits. Finally, to enable quantification of mycorrhizal impacts, 360 
gradients of domination of mycorrhizal types should be provided. 361 

Mycotron – mycorrhizal diversity gradient experiment 362 

As a proof of concept, we established a long-term experimental field at National Park Hoge 363 
Kempen (NPHK). The study site is located at Terhills in Maasmechelen, Belgium 364 
(51°00'05.2"N 5°42'05.6"E), located next to the Field Research Centre of Hasselt University. 365 
The experiment is situated on sandy soil at an altitude of 37,5 m a.s.l., and is characterized by 366 
an average yearly temperature of 10.9°C, and yearly average precipitation of 799 mm. The 367 
site is located on a former grassland. In May 2022, the site was again cleaned up form 368 
vegetation and organic matter which had formed on the top of the sand. Subsequently, the plot 369 
was rotor-milled and levelled before the establishment of the experiment. After 370 
homogenization, a 10 cm of sod cut collected from protected heathland in NPHK was added 371 
to each subplot. After the sod cut was put on the soil, it was covered with black tarp (water 372 
permeability: 151/m2S), in order to prevent growth of weed featuring mycorrhizal types not 373 
planned to appear in the plots (Ferlian et al., 2018), and 60 subplots of 2.5 m x 2.5 m with a 374 
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margin of 2 m in between was established (Figure 2). The entire study site has the size of 33.5 375 
m by 42.5 m.  376 

We aimed to enable comparison of the three most abundant mycorrhizal types, ERM, ECM, 377 
and AM for soil impacts. We selected three plant species per each of the three mycorrhizal 378 
types (Table 2). Plant species were chosen to differ as little as possible in eco-physiological 379 
traits, besides the mycorrhiza type. All selected plant species are adult evergreen shrubs, 380 
similar in size (20-30 cm high), and having small narrow- to needle-shaped leaves.  381 

Plants, featuring developed mycorrhiza, and pre-grown in the same type of soil, were 382 
purchased from a commercial provider. On each plot, 36 plant individuals were planted with 383 
40 cm spacing to leave sufficient space for growth and implementing tools for future 384 
experimentation (Figure 3). All the plants were planted bare rooted. To ensure the survival of 385 
the plants, aboveground biomass of all plants was pruned ca. 30% to enable the root system, 386 
which was slightly damaged through planting to support the amount of biomass. 387 

Different plant species were combined in different proportions to establish a gradient of 388 
mycorrhizal dominance, spanning 0% - 33% - 66% - 100% dominance of each mycorrhizal 389 
type (Figure 2). In this manner, the following conditions were created: pure mycorrhizal types 390 
(100% ERM, 100% ECM, 100% AM), dual mixtures with one dominantly present (66%/33% 391 
ratio), and plots with all types combined evenly (33%/33%/33%), each condition occurring 6 392 
times throughout the experiment (Appendix 1).  393 

Conclusion and outlook 394 

Our overview of current knowledge gaps in regard to functioning of mycorrhizal fungi highlights 395 
the large uncertainties related to direct (sensu (Rillig, 2004)) contribution of fungi of distinct 396 
mycorrhizal guilds to biochemical cycles. The proposed framework of mycorrhizal fungal 397 
environment, MyFE, allowed us to identify the critical aspects that need to be covered in 398 
experimental assessments of the mechanisms of mycorrhizal fungi impact soil processes, and 399 
yielded a set of criteria which we strive to fulfill in the design of the Mycotron experiment. While 400 
this experiment could not cover a complete set of the knowledge gaps identified in this paper, 401 
it provides a comprehensive array of possible analyses, and experimental set-ups aimed to 402 
solve a large set of urgent research questions around mycorrhizal impacts on soil carbon and 403 
nutrient cycling, as well as on soil ecosystem responses to abiotic stresses. Below, we discuss 404 
a set of important analyses that we aim to conduct in this experiment. Furthermore, the 405 
experimental design may inspire the set-up of complementary experiments at other locations 406 
and soil conditions, to study the context-dependency of MyFE effects on ecosystem 407 
functioning.   408 

Transfer of carbon form plant to soil via mycorrhizal fungi 409 

In the first years after establishment, the Mycotron experiment allows direct comparative 410 
analysis of the turnover rate and lifespan of AMF, ECMF, and ERMF. All plants are initially 411 
planted into the same soil. Therefore, in the beginning, when soil has not yet been seriously 412 
affected by fungal activities, all fungi will be subjected to very similar abiotic conditions, 413 
eliminating the confounding impacts of differences in soil properties. The use of low state plants 414 
(shrubs) in the experiment allows isotopic labelling of individual plants, to trace carbon transfer 415 
form plants to fungi, in standardized conditions. This provides the opportunity to determine the 416 
carbon flux integrated into the biomass of fungi of different mycorrhizal types. Subsequently, 417 
the life span of individual fungal species could be assessed.  418 

Further, the isotopic labelling technique allows examining root exudation in plants that belong 419 
to distinct mycorrhizal guilds. This allows assessments of a fractionation of carbon flow 420 
between mycorrhizal fungi and exudates, and determining the carbon costs and carbon 421 
efficiency of different mycorrhizal fungal types, independently of soil conditions.  422 
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Processes of organic matter decomposition and incorporation of 423 

carbon into mineral associated organic matter 424 

The question to what extent dominance of fungi of distinct mycorrhizal types affect 425 
decomposition of soil organic matter, compared to soil abiotic parameters, is among the most 426 
puzzling issues in mycorrhizal research. The Mycotron experiment creates an ideal set up for 427 
the execution of various litter transplantation experiments of e.g. plant leaf, plant root, and 428 
fungal litter, among different mycorrhizal environments, that will provide insights into the 429 
impacts of mycorrhizal fungal types on soil organic matter decomposition processes. Further, 430 
soil trenching can easily be implemented on the plots to control the access of mycorrhizal fungi 431 
to litter transplants, adding another level of control, and allowing assessment of mechanisms 432 
associated with the Gadgil effect (Fernandez & Kennedy, 2016a). Finally, initial equal soil 433 
conditions allow the assessment of the mechanisms that form minerally associated organic 434 
matter in the context of MEMS theory (Cotrufo et al., 2013, 2015). Hereto, methods similar to 435 
that proposed by Sokol and Bradford (Sokol & Bradford, 2019) could be applied. 436 

Mycorrhiza mediation of the soil microbiome and soil animal 437 

communities  438 

To assess bacterial, fungal, and soil animal communities associated with different types of 439 
mycorrhiza, microbiome, and soil invertebrate community analyses could be applied to soil 440 
samples collected at the Mycotron experimental plots. Also, in this case the results will 441 
elucidate impacts of mycorrhizal fungi per se and not confounding impacts of soil.  442 

Mineral weathering, acidity and metal toxicity 443 

By the manual addition of minerals, mineral weathering processes, such as tunneling in rocks 444 
and the exudation of weathering agents, can be investigated in our experiment. With carbon 445 
tracing methods of amino sugars (Klink et al., 2022), the mycorrhizal origin of organic acids 446 
responsible for mineral weathering can be recalled as well.  447 

Environmental stressors, such as drought or metal toxicity, can also be simulated on the 448 
experimental plots, and the physiological responses (e.g. changes in gene expression, 449 
mycorrhiza morphology, plant yield) of mycorrhizal fungi can be investigated accordingly.  450 

Exclusive assessments of the role of ericoid mycorrhiza in soil 451 

ecosystem functioning 452 

Till now, the great majority of assessments of mycorrhizal fungal impact on soil processes have 453 
been limited to comparisons of AMF- and ECMF-dominated systems, with ecosystems 454 
dominated by ECMF often including some ERM vegetation, which is often common in forests 455 
dominated by ECM trees. Besides the rare occurrence of a purely ERM-dominated 456 
ecosystems, the predominant shrub life form of ericoid mycorrhizal plants constitutes another 457 
obstacle to comparison of ERMF impacts on soil processes to these of AMF and of ECMF, 458 
which is typically done in tree stands (e.g. Ferlian et al., 2018; Phillips et al., 2013). According 459 
to the best of our knowledge, the Mycotron is the first common garden experiment that includes 460 
explicit experimentation with ERM plants and fungi in purely ERM-dominated vegetation 461 
stands, as well as in pre-assembled mixtures of ERM plants with AM and with ECM plants.  462 

Quantification of mycorrhizal fungal impacts 463 

Controlling the level of dominance of mycorrhizal types in an ecosystem, and assessing the 464 
relationship between the abundance of plants of a given mycorrhizal type and impacts of their 465 
fungal partners on the soil processes is the next necessary step in linking the data about 466 
vegetation dynamics to mycorrhizal impacts on soil nutrient dynamics. Mycotron is the first 467 
experimental setup allowing such assessments. Furthermore, it allows investigation about the 468 
interactive effects of combinations of AM, ECM, and ERM plants in distinct proportions on the 469 
associated impacts of mycorrhizal fungi on soil properties. 470 



11 
 

Conclusion 471 

The concept of quantitative experimental research on mycorrhizal impacts on ecosystem 472 
functioning presented here establishes a benchmark for ecological experiments aimed to 473 
quantitatively unravel the mechanisms of plant-microbial interactions. The new long-term 474 
mycorrhizal experimental garden Mycotron allows us to solve an array of knowledge gaps 475 
concerning mycorrhizal impacts on ecosystem functioning that are key to understand global 476 
relationships between the dynamics of vegetation and soil processes. The concept proposed 477 
here and the insights that will be obtained through the Mycotron experiment will broaden our 478 
understanding of fundamental ecological processes involved into the functioning of 479 
mycorrhizas, and associated ecosystem services. This is especially important now in the era 480 
of global environmental change, when humanity is in search for ecosystem restoration 481 
techniques, increasing ecosystem multifunctionality through enhanced links between soil and 482 
aboveground biodiversity.    483 
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Figure and Table captions 

Figure 1:  A schematic overview of the flow of carbon from atmosphere to soil as affected by 

ECMF (Blue), ERMF (green), AMF (red).  

Figure 2: (a) Schematic overview of the experimental plots. The experimental design entails 

ten distinct mycorrhizal conditions, each replicated six times. (b) Air photograph of the 

experimental site.  

Figure 3: A schematic overview of plant locations in Mycotron experimental plots. Each plot 

holds a total amount of 36 plant individual. Plants are planted 40 cm apart from each other. 

Plot margins are 25 com. Different colors can be attributed to different plant species, species 

1 (red), species 2 (yellow), and species 3 (blue).    

Table 1: The current knowledge gaps in regard to impacts of main mycorrhizal fungal guilds, 

AMF, ECMF, and ERMF on soil processes. 

Table 2: The plant species used in the experiment and their respective mycorrhizal types 
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Tables  

Table 1: The current knowledge gaps in regard to impacts of main mycorrhizal fungal guilds, 

AMF, ECMF, and ERMF on soil processes.  

Mechanism 1 – Mycorrhizal mycelial carbon pool  
How much carbon from fresh photosynthates 
is allocated to mycorrhizal fungi, and how 
much seeps directly into the soil?  
 

It is known that ECM and ERM plants 
transfer more carbon to the mycorrhizal 
fungal partner than their AM counterparts 
(Soudzilovskaia et al., 2015). However, it 
remains unclear what the magnitude of 
photosynthate allocation is to the fungal 
component across these mycorrhizal types 
in the same environmental setting. 
Moreover, we lack information on how this 
carbon is processed or transformed and 
exuded back into the soil. It is neither known 
at what efficiency this carbon is being used, 
nor how this differs across the mycorrhizal 
types. 

What is the lifespan of AMF, ECMF, and 
ERMF? 
 

Contradictions are found in reports on the 
overall lifespan of AMF and ECMF 
(Fernandez et al., 2013; Pepe et al., 2018; 
Staddon et al., 2003). This can be attributed 
to the variations in approaches (e.g. hyphae 
survival after plant shoot removal), which 
elucidates the survival of fungi without plants 
rather than lifespan of a hyphae in ambient 
conditions. There is no comparable data 
about the lifespan of different guilds of 
mycorrhizal fungi on intact hosts, and the 
rate at which hyphae lose viability and are 
renewed under non-stress conditions.  

What is the production rate and turnover rate 
of AM, ECM, and ERM extraradical fungal 
biomass?  
 

What are the decomposition rates of AM, 
ERM, and ECM extraradical fungal biomass? 
 

According to the best of our knowledge, thus 
far only a handful of studies addressed the 
differences between the chemical 
composition of AMF and ECMF (e.g. (Huang, 
van Bodegom, Declerck, et al., 2022). It is 
known that molecules, such as melanin, 
control the decomposition rate of mycorrhizal 
necromass (Fernandez & Koide, 2014). 
However, our knowledge about 
decomposition of mycorrhizal fungal 
necromass is limited to assessments of 
ECMF, while hardly any knowledge exists 
about decomposition of extraradical (going 
beyond roots) hyphae of AMF and ERMF. 
Thus, the question which chemical 
compounds, besides melanin, influence the 
rate of decomposition of these fungi remains 
open. Moreover, it is also unknown which 
microorganisms perform decomposition of 
the mycorrhizal fungal necromass. It is 
unlikely that this is similar between different 
types of mycorrhiza, as their chemical 

Which guilds/functional groups are 
responsible for the decomposition of 
mycorrhizal necromass?  
 

Which compounds of mycorrhizal fungal 
biomass are persistent to decomposition?  
Which soil organic matter pools does the 
mycorrhizal necromass contribute to?  
 



composition and microbiomes are not the 
same. 
 

Mechanism 2 – Release of carbon components from roots  
What are the decomposition rates of soil 
organic matter in environments dominated 
by AMF, ECMF, and ERMF? 
 
 
 
 

The decomposition rate of different sources 
of organic matter in different mycorrhizal 
environments remains unknown. To date 
there are a lot of inconsistencies in results 
obtained so far because of a context-
dependent behavior of mycorrhiza 
(Fernandez & Kennedy, 2016a). Therefore, it 
remains difficult to determine processes, 
such as the decomposition of soil organic 
matter and respiration rates, in comparable 
ways of the three mycorrhizal types.  

What are the respiration rates of AMF, 
ECMF, and ERMF? 
 

What is the scale of the Gadgil effect of 
ERMF?  
 

The Gadgil effect has been intensively 
studied in ECM, but it has never been 
investigated in ERMF environments 
(Fernandez & Kennedy, 2016a), while given 
the enzymatic mechanisms possessed by 
ERMF, one could expect an effect similar to 
Gadgil effect in ERMF-dominated 
environments.  

What is the mechanism of priming imposed 
by AMF, ECMF, and ERMF?  
 

It remains unclear how the different types of 
mycorrhizal fungi contribute to microbial 
priming mechanisms.  

What are the mechanisms of 
enhances/antagonistic decomposition with 
the nutrient interplay?  
 

The interplay between mechanisms that 
enhance the decomposition rate in presence 
of mycorrhizal fungi and mechanisms that 
antagonize this process remain unclear 
(Fernandez & Kennedy, 2016a).  

What are the underlying antagonistic 
mechanisms by which mycorrhizal fungi 
suppress saprotrophs in their environment, 
observed in the Gadgil effect?  
 

The degree at which different mycorrhiza 
lower the organic matter decomposition rate 
in can be attributed to several underlying 
mechanisms (Fernandez & Kennedy, 
2016a). However, it is unclear whether some 
of these mechanisms are species specific, 
and whether they significantly differ between 
mycorrhizal types. 

Mechanism 3 – Activity of mycorrhizal fungi mediates composition of soil microbial 
communities  

What are specific interguild interactions 
between ERMF, ECMF, and AMF? 

Little is known about how mycorrhizal fungi 
of different types can interact with fungi of 
other mycorrhizal types, and whether fungal 
type combinations have a synergistic or 
cumulative effect on biogeochemical 
cycling(Fernández et al., 2022; Ward et al., 
2022).  

How is photosynthate passed through the 
mycorrhiza into the soil to prime the 
environment?  

It is known that mycorrhizal fungi exude 
labile carbon that prime nearby saprotrophic 
organisms (Cao et al., 2022), and that they 



 create specific decomposition environments 
for bacteria in close vicinity to the 
mycorrhizal fungi (Odriozola et al., 2021). 
But to what degree are carbon-rich 
molecules that are emitted by mycorrhizal 
fungi are used by the bacteria? For which 
purposes is this carbon used? 

What are the guild-specific interactions of 
AMF, ECMF and ERMF with microbial 
communities? 
 
 

Despite some knowledge gained 
(Singavarapu et al., 2022), still little is known 
about the interactions of mycorrhizal fungi 
with the bacteria in their direct environment, 
or how they mediate the composition of 
microbial communities. Especially the data 
on the impacts of ERMF is lacking. Because 
the eco-physiological characteristics (e.g. 
enzyme production, exudation) of ERMF are 
more similar to those of ECMF, would this 
also be reflected in their interactions with 
bacteria?  

The effects of mycorrhizae on mineral weathering, soil acidity, and 
associated toxicity 

How do different types of mycorrhiza 
alleviate environmental stressors, such as 
soil acidity and associated toxicity?  
 
 

Large differences in mineral weathering 
capacity and mechanisms (mostly enzyme 
production) have already been established 
between AMF and ECMF. ECMF has a much 
higher capacity for mineral weathering than 
AMF (Taylor et al., 2009). ERMF that 
produce similar weathering agents to ECMF 
have been shown to have comparable 
weathering abilities to ECMF (van Schöll et 
al., 2008). 
 
ERMF are prevalent in acidic soils and often 
encounter heavy metals, so they are more 
interesting to investigate in this setting. 
However, knowledge about their tolerance to 
acidity and metals is studied in limited 
species (Martino et al., 2000, 2002; Khouja 
et al., 2013), but general knowledge on their 
MyFE is lacking (Wei et al., 2022). 

How do ERM plants thrive in acidic soils?  
 

How do ERM contribute to the mineral 
weathering? 

What is the effect of elevated metal toxicity 
on AMF, ECMF, and ERMF? 

 

 

 

 

 

 

 

 



 

Table 2: The plant species used in the experiment and their respective mycorrhizal types 

Mycorrhizal type Plant species 

AM Juniperus communis 

Cotoneaster dammeri 

Hypericum calycinum 

ECM Dryas octopetala 

Helianthemum 
nummularium 

Halimium umbellatum 

ERM Calluna vulgaris 

Erica cinerea ‘Pallas’ 

Vaccinium vitis-idaea 

 

 

 



Appendix 1: An overview of experimental conditions of each plot, and plants used. 

Plot number condition Mycorrhizal 
type 

Plant species  

1 66% ERM 33% AM AM Cotoneaster dammeri 

ERM Erica cinerea 

ERM Vaccinium vitis-idaea 

2 100%AM AM Cotoneaster dammeri 

AM Hypericum calycinum 

AM Juniperus communis  

3 100% ERM ERM Calluna vulgaris  

ERM Erica cinerea 

ERM Vaccinium vitis-idaea 

4 66%ERM 33%ECM ECM Dryas octopetala 

ERM Calluna Vulgaris 

ERM Vaccinium vitis-idaea 

5 66%ECM 33%ERM ECM Dryas octopetala 

ECM Helianthemum nummularium  

ERM Calluna vulgaris 

6 66% AM 33% ERM AM Hypericum calycinum 

AM Juniperus communis 

ERM Vaccinium vitis-idaea 

7 33% AM 33% ECM 33% 
ERM 

AM Juniperus communis 

ECM Dryas octopetala 

ERM Calluna vulgaris  

8 66% ECM 33% AM AM Juniperus communis 

ECM Halimium umbellatum 

ECM Helianthemum nummularium 

9 66% ECM 33% ERM ECM Dryas octopetala 

ECM Halimium umbetlatum 

ERM Vaccinium vitis-idaea 

10 66% AM 33% ECM AM Juniperus communis 

AM Hypericum calycinum 

ECM Helianthemum nummularium 

11 100% ECM ECM Dryas octopetala 

ECM Halimium umbellatum 

ECM Helianthemum nummularium  

12 66%ERM 33%ECM ECM Dryas octopetala 

ERM Erica cinerea 

ERM Vaccinium vitis-idaea 

13 33%AM 33% ECM 33% 
ERM  

AM Cotoneaster dammeri 

ECM Halimium umbellatum 

ERM Erica cinerea 

14 66% AM 33% ECM AM Cotoneaster dammeri 

AM Juniperus communis 

ECM Halimium umbellatum 

15 100% ECM  ECM Dryas octopetala 

ECM Halimium umbellatum 

ECM Helianthemum nummularium  

16 66% ERM 33% ECM ECM Helianthemum nummularium 

ERM Calluna vulgaris  

ERM Erica cinerea 

17 100%AM AM Cotoneaster dammeri 



AM Hypericum calycinum 

AM Juniperus communis  

18 66% ERM 33% AM  AM Hypericum calycinum 

ERM Calluna vulgaris  

ERM Erica cinerea 

19 100% ERM  ERM Calluna vulgaris  

ERM Erica cinerea 

ERM Vaccinium vitis-idaea 

20 66% AM 33% ERM  AM Cotoneaster dammeri 

AM Juniperus communis 

ERM Calluna vulgaris 

21 100% ECM ECM Dryas octopetala 

ECM Halimium umbellatum 

ECM Helianthemum nummularium  

22 100 % ERM ERM Calluna vulgaris  

ERM Erica cinerea 

ERM Vaccinium vitis-idaea 

23 66% ECM 33% AM  AM Hypericum calycinum 

ECM Halimium mbellatum 

ECM Helianthemum nummularium 

24 66%AM 33%ECM AM Cotoneaster dammeri 

AM Hypericum calycinum 

ECM Helianthemum nummularium 

25 66%ERM 33% AM  AM Juniperus communis 

ERM Calluna vulgaris 

ERM Erica cinerea 

26 33% AM 33% ECM 33% 
ERM  

AM Hypericum calycinum 

ECM Helianthemum nummularium 

ERM Vaccinium vitis-idaea 

27 66% ECM 33% ERM  ECM Halimium umbellatum  

ECM Helianthemum nummularium 

ERM Erica cinerea 

28 66% ECM 33% AM AM Cotoneaster dammeri 

ECM Dryas octopetala 

ECM Helianthemm 

29 66% AM 33% ECM  AM Cotoneaster dammeri 

AM Hypericum calycinum 

ECM Dryas octopetala 

30 100% ERM  ERM Calluna vulgaris  

ERM Erica cinerea 

ERM Vaccinium vitis-idaea 

31 100% AM  AM Cotoneaster dammeri 

AM Hypericum calycinum 

AM Juniperus communis  

32 100% ECM  ECM Dryas octopetala 

ECM Halimium umbellatum 

ECM Helianthemum nummularium  

33 66% ECM 33% ERM  ECM Dryas octopetala 

ECM Halimium umbellatum 

ERM Erica cinerea 

34 66% ECM 33% AM  AM Juniperus communis 

ECM Dryas octopetala 

ECM Halimium umbellatum 



35 100% AM  AM Cotoneaster dammeri 

AM Hypericum calycinum 

AM Juniperus communis  

36 66% ERM 33% ECM  ECM Halimium umbellatum 

ERM Erica cinereal 

ERM Vaccinium vitis-idaea 

37 66% AM 33% ERM  AM Cotoneaster dammeri 

AM Hypericum calycinum 

ERM Calluna vulgaris  

38 33% AM 33% ECM 33% 
ERM 

AM Cotoneaster dammeri 

ECM Dryas octopetala 

ERM Vaccinium vitis-idaea 

39 66% AM 33% ERM AM Hypericum calycinum 

AM Juniperus communis 

ERM Erica cinerea 

40 66% ERM 33% AM AM Cotoneaster dammeri 

ERM Calluna vulgaris  

ERM Vaccinium vitis-idaea 

41 66%ECM 33% AM AM Cotoneaster dammeri 

ECM Dryas octopetala 

ECM Halimium umbetllatum 

42 100% AM  AM Cotoneaster dammeri 

AM Hypericum calycinum 

AM Juniperus communis  

43 33% AM 33% ECM 33% 
ERM  

AM Juniperus communis 

ECM Helianthemum nummularium 

ERM Erica cinerea 

44 66% AM 33% ERM  AM Cotoneaster dammeri 

AM Hypericum calycinum 

ERM Erica cinerea 

45 66% ECM 33% ERM  ECM Dryas octopetala 

ECM Helianthemum nummularium 

ERM Vaccinium vitis-idaea 

46 66% ERM  33% ECM  ECM Helianthemum nummularium 

ERM Calluna vulgaris  

ERM Vaccinium vitis-idaea 

47 100% ECM  ECM Dryas octopetala 

ECM Halimium umbellatum 

ECM Helianthemum nummularium  

48 100% ERM  ERM Calluna vulgaris  

ERM Erica cinereal 

ERM Vaccinium vitis-idaea 

49 66% AM 33% ECM  AM Cotoneaster dammeri 

AM Juniperus communis 

ECM Dryas octopetala 

50 33% AM 33% ECM 33% 
ERM  

AM Hypericum calycinum 

ECM Halimium umbellatum 

ERM Calluna vulgaris  

51 66% ERM 33% AM  AM Juniperus communis 

ERM Calluna vulgaris  

ERM Vaccinium vitis-idaea 

52 100% ECM ECM Dryas octopetala 

ECM Halimium umbellatum 



ECM Helianthemum nummularium 

53 66% ERM 33% AM  AM Hypericum calycinum 

ERM Erica cinerea 

ERM Vaccinium vitis-idaea 

54 66% AM 33% ECM AM Hypericum calycinum 

AM Juniperus communis 

ECM Halimium umbellatum 

55 66% ECM 33% AM  AM Hypericum calycinum 

ECM Dryas octopetala 

ECM Helianthemum nummularium 

56 100% AM  AM Cotoneaster dammeri 

AM Hypericum calycinum 

AM Juniperus communis  

57 66% ERM 33% ECM  ECM Halimium umbellatum 

ERM Calluna vulgaris 

ERM Erica cinerea 

58 66% ECM 33% ERM  ECM Halimium umbellatum 

ECM Helianthemum nummularium 

ERM Calluna vulgaris  

59 100% ERM  ERM Calluna vulgaris  

ERM Erica cinerea 

ERM Vaccinium vitis-idaea 

60 66% AM 33% ERM  AM Cotoneaster dammeri 

AM Juniperus communis  

ERM Vaccinium vitis-idaea 

 


