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Abstract
The prevalence and potential functions of common mycorrhizal networks, or the ‘Wood-Wide-Web’, resulting from the simultaneous interaction of mycorrhizal fungi and roots of different neighbouring plants has been increasingly capturing the interest of science and society for decades, sometimes leading to hyperbole and misinterpretation. Mycoheterotrophic plants associated with ecto- or arbuscular mycorrhizal fungi require common mycorrhizal networks and thus are natural evidence for the occurrence and function of these networks, offering a largely overlooked window into this methodologically challenging underground phenomenon. Their wide evolutionary and ecological distribution and their interactions with a broad phylogenetic range of mycorrhizal fungi indicate that common mycorrhizal networks are prevalent, particularly in forests, and result in net carbon transfer among diverse plants through shared mycorrhizal fungi. The mounting evidence that mycoheterotrophy is not restricted to non-photosynthetic plants, but may be common among green plants as well, offers an exciting, broader perspective to investigate the role of common mycorrhizal networks across ecosystems. Based on the available scientific evidence, we propose a continuum of carbon transfer options within common mycorrhizal networks. 

Box 1. Key features
• Fully mycoheterotrophic plants (c. 580 spp.) have no photosynthesis and rely on carbon from mycorrhizal fungi for their entire development, largely underground. They belong to liverworts (Aneuraceae), gymnosperms (Podocarpaceae), monocots (Petrosaviaceae, Burmanniaceae, Thismiaceae, Triuridaceae, Iridaceae, Corsiaceae, Orchidaceae) and eudicots (Polygalaceae, Gentianaceae, Ericaceae). Many species appear to be locally rare, and sometimes are considered indicators for undisturbed common mycorrhizal networks. 
• Initially mycoheterotrophic plants (c. 28,000 spp.) are non-photosynthetic plants that are completely dependent on fungi for carbon in their early developmental stages. They belong to clubmosses (Lycopodiaceae), ferns (Ophioglossaceae, Psilotaceae, Gleicheniaceae), monocots (Orchidaceae), and eudicots (Ericaceae). 
• Partially mycoheterotrophic plants combine autotrophy and mycoheterotrophy as adults. Stable isotope signatures of carbon indicate that partial mycoheterotrophy occurs in a wide range of ferns, monocots, and eudicots, potentially involving thousands of species. 
• The fungi targeted by mycoheterotrophic plants belong to a wide range of ectomycorrhizal fungi (Atheliales, Boletales, Agaricales, Russulales, Thelephorales, Hymenochaetales, Gomphales, Cantharellales, Sebacinales, Leotiomycetes, Dothideomycetes, Pezizomycetes), arbuscular mycorrhizal fungi (Glomerales, Diversisporales), and saprotrophic fungi (mostly Agaricales). Fully mycoheterotrophic plants often show higher specificity towards narrow, ecto- or arbuscular, mycorrhizal fungal lineages than green plants.
• Mycoheterotrophy evolved over 40 times in the arbuscular, ecto-, and orchid mycorrhizal symbiosis. In a mycoheterotrophic interaction, plant-to-fungus flow of carbon is reversed relative to the net plant-to-fungus C flow that is characteristic of ecto- and arbuscular mycorrhizas. Because mycoheterotrophs have often evolved from photosynthetic ecto- or arbuscular mycorrhizal plants, they are considered as examples of mutualism breakdown.
• Symbiotic germination, in which ‘dust-like’ seeds with little or no reserves rely on fungal carbon for germination, is often considered as a prerequisite for the evolution of initial and full mycoheterotrophy. 
• Common mycorrhizal networks are formed when the same individual of mycorrhizal fungus physically links the roots of two different individual plants, belonging to the same or different species. 

The roots or root-like structures of most land plants are colonized by mycorrhizal fungi which help plants to take up limiting soil nutrients in exchange for photosynthetically fixed carbon. These ancient interactions generally have low specificity and consequently, 'common mycorrhizal networks' can be formed when a mycorrhizal fungus simultaneously colonizes the roots of different plant individuals (Smith & Read 2008). In forests, popular media baptized common mycorrhizal networks as the ‘Wood Wide Web’, a widespread fungal network that allows trees to exchange nutritional resources and even information (e.g., Wohlleben 2015; Sheldrake 2020; Simard 2021). However, for many of these claims, scientific support is still lacking and therefore the existence and significance of common mycorrhizal networks remain controversial (Robinson & Fitter 1999; Figueiredo et al. 2021; Karst et al. 2023; Henriksson et al. 2023; Robinson et al. 2023).
Yet, there is one phenomenon in which the establishment and function of common mycorrhizal networks is undisputed: mycoheterotrophy. Here, non-photosynthetic mycorrhizal plants represent diverse 'positive controls' for the ecological and evolutionary effects of common mycorrhizal networks. The existence of mycoheterotrophic plant species, hundreds of which obtain carbon from surrounding green plants through shared ecto- and arbuscular mycorrhizal fungi, is natural evidence for both the existence of common mycorrhizal networks and their ability to act as a significant net carbon source for plants. Most of these mycoheterotrophic plants are closely related to photosynthetic, ecto- or arbuscular mycorrhizal herbs, shrubs and understory trees. However, because most mycoheterotrophic plants tend to be understory herbs that can only be spotted during flowering and fruiting, they are usually ignored or considered as exceptions within the mycorrhizal symbiosis, and therefore have received little attention in the controversies surrounding common mycorrhizal networks. We argue that these fascinating plants, which played a key role in the discovery of mycorrhizas (Kamienski 1882) and are at the center of questions about mycorrhizal parasitism (Johnson et al. 1997), continue to play their role as the ‘sphinxes of mycorrhizal research’ (Bidartondo 2005)  natural examples of mycorrhiza-mediated carbon uptake in plants within common mycorrhizal networks. To underline their unique importance, we highlight our current knowledge on mycoheterotrophy and discuss its relevance for our understanding of the existence and functions of common mycorrhizal networks. 

Mycoheterotrophy

Mycoheterotrophy is a plant mode of life defined by the plant’s ability to obtain carbon (and/or other organic compounds) from root- and/or rhizoid-associated fungi (Leake 1994; Merckx 2013). The most obvious examples are the c. 580 species of diverse, leafless, achlorophyllous plants, known as full mycoheterotrophs (Fig. 1; Jacquemyn & Merckx 2019), including dicots, monocots, a gymnosperm and a bryophyte. While most full mycoheterotrophs are small, some species such as Pterospora andromedea (Ericaceae) and Sciaphila purpurascens (Triuridaceae) can grow up to 1 m tall or weigh several kilograms, and the climbing orchid Erythrorchis altissima can reach up to 10 m in height (Ogura-Tsujita et al. 2018). Their obligate mycoheterotrophic mode of life has mostly been deduced from the absence of photosynthesis (Graham et al. 2017), the absence of a direct (i.e. haustorial) link to any host plant (hence they are not holoparasites, but epiparasites; Heide-Jørgensen 2008, Bidartondo 2005), and dense fungal colonization in their roots or rhizoids (Fig. 2a; Kamienski 1882; Leake 1994).
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Figure 1. The intricate root matrix of a forest ecosystem on the slopes of Mount Pirongia in New Zealand. Brown roots are those of Beilschmiedia tawa (Lauraceae, magnoliids), the dominant tree species at this location. White-yellowish roots are those of Thismia hillii (Thismiaceae, monocots), a perennial non-photosynthetic, mycoheterotrophic plant which is linked to B. tawa by a common mycorrhizal network of Rhizophagus (Glomeraceae) arbuscular mycorrhizal fungi (Gomes et al. 2017). Bar = 1 cm. Picture by V. Merckx.

Their associated fungi have been repeatedly identified as ecto- or arbuscular mycorrhizal (e.g. Taylor & Bruns 1997; Bidartondo et al. 2002), or as free-living wood or litter-decaying fungi (Ogura-Tsujita et al. 2008). Tracer experiments using 13C or 14C and mycoheterotrophic plants growing on ectomycorrhizal fungi have provided additional evidence that fungi provide a pathway for transfer of carbon from green plants to mycoheterotrophs (Björkman 1960, McKendrick et al., 2000a,b; Bougoure et al. 2010; Bidartondo et al. 2003). 
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Figure 2. Mycoheterotrophy in plants and its phylogenetic and geographic distribution. (a) Full mycoheterotrophy as evidence for interplant net carbon transfer through common mycorrhizal networks, with the example of the non-photosynthetic Monotropa uniflora (Ericaceae) linked to tree roots via ectomycorrhizal Russulaceae fungi; (b) Occurrence of achlorophyllous mycoheterotrophic plants in families across the plant tree of life; (c) Global distribution of observations of fully mycoheterotrophic angiosperms growing on arbuscular and ectomycorrhizal fungi based on available records in GBIF (adapted from Gomes et al. 2019). 

Since ecto- and arbuscular mycorrhizal fungi are obligate biotrophs with little or no capabilities for saprotrophy (Tisserant et al. 2013; Lindahl & Tunlid 2015) or plant cell wall degradation (Kohler et al. 2015), mycoheterotrophy reliant on these fungi can only happen if the non-photosynthetic plant's associated fungi are simultaneously linked to surrounding autotrophic plants. These surrounding plants provide all carbon to the mycorrhizal fungi (Smith & Read 2008; Jiang et al. 2017) and via these fungi all carbon is provided to the mycoheterotrophic plant. Several DNA barcoding studies found support for mycorrhizal fungi simultaneously colonizing the roots of mycoheterotrophic plants and those of surrounding plants (e.g. Bidartondo et al. 2000; 2002; Gomes et al. 2022). Although this does not prove a direct fungal link between plants, there is currently no evidence for ecto- or arbuscular mycorrhizal fungi growing in nature without receiving carbon from the roots of photosynthetic plants, let alone simultaneously supporting the growth of a non-photosynthetic plant. 
In addition, natural abundances of stable carbon isotopes show that mycoheterotrophic plants have isotope signatures similar to those of their target mycorrhizal fungi (Trudell et al. 2003; Zahn et al. 2023; Gomes et al. 2023), which are enriched in heavy carbon and nitrogen isotopes compared to photosynthetic plants growing at the same location (Hynson et al. 2013; Gomes et al. 2020), further supporting a pathway in which carbon is transferred from a donor green plant to a mycoheterotrophic non-photosynthetic plant directly through a shared mycorrhizal fungus.

Mycorrhizas in reverse

	As in common mycorrhizal networks in general, little is known about fungus-to-plant transport in fully mycoheterotrophic plants. It is often assumed that the plant obtains carbon from the digestion of degenerating fungal hyphae or active lysis of hyphae, but given the quantity of fungal biomass in the roots of fully mycoheterotrophic plants, this mechanism has been considered insufficient to account for the full carbon demand of the plant (Leake 1994). Indeed, Kuga et al. (2014) showed that carbon transfer from a Ceratobasidium fungus to the orchid Spiranthes sinensis occurs both through active transport and fungal degradation. Moreover, the fungal-induced growth stimulus of mycoheterotrophic protocorms (underground seedlings) of the orchid Dactylorhiza purpurella precedes lysis of fungal hyphae (Hadley & Williamson 1971). Also, the rapid transfer of 14C from fungus to the orchid Goodyera repens – plant-respired 14CO2 was detected within 7 hours (Cameron et al. 2008) – indicates active carbon transfer from fungus to plant across intact membranes. Carbon-labelling and genomic studies of mycoheterotrophic orchids have further revealed that trehalose is actively transported from fungus to plant and is likely the main carbon source supporting mycoheterotrophy for these species (Smith 1966; Ponert et al. 2021; Li et al. 2022; Jiang et al. 2022, but see Ho et al. (2021)). For non-orchid mycoheterotrophic plants these aspects remain to be investigated. 
Full mycoheterotrophy on ecto- and arbuscular mycorrhizal fungi has evolved from photosynthetic mycorrhizal ancestors at least 40 times across angiosperms, and at least once in gymnosperms and once in bryophytes (Fig 2b; Merckx 2013). Locally, these fully mycoheterotrophic plants are often rare (or difficult to observe), yet globally they have a wide distribution that is closely associated with the occurrence of forests (Fig. 2c; Gomes et al. 2019). This bolsters the view that this mode of life enabled ancestral, photosynthetic, mycorrhizal understory plants to escape from the intensive competition for light in forest habitats.
Individual species of fully mycoheterotrophic plants often show high specificity in their interactions with mycorrhizal fungi, including extreme specificity to a single ecto- or arbuscular mycorrhizal fungus (Merckx et al. 2009), unlike typically mycorrhizal-generalist photosynthetic plants, but the fungi themselves belong to a phylogenetically wide range of arbuscular and ectomycorrhizal fungi – in fact only few major lineages of mycorrhizal fungi have not (yet) been found to be targeted by full mycoheterotrophs (Hynson & Bruns 2010). 


Mycoheterotrophy in young green plants

Mycoheterotrophy is not limited to non-photosynthetic plants. From an evolutionary perspective, it is expected that the ability to take up carbon from fungi would precede the loss of photosynthesis, or be tightly coupled to it, and indeed, several green plants are known to use mycoheterotrophy, even in plant lineages without any extant full mycoheterotrophs (Jacquemyn & Merckx 2019). These include initial mycoheterotrophs which obtain carbon during germination and their non-photosynthetic early developmental stages and rely on photosynthesis later in their development (Leake 2004). All c. 28,000 species of orchids are thought to be initial mycoheterotrophs (some on ectomycorrhizal fungi, but most on saprotrophic fungi, which do not form common mycorrhizal networks), though outside orchids this mode of life is also known in Ericaceae and several genera of ferns and clubmosses, whose gametophytes are non-photosynthetic and colonised by ecto- or arbuscular mycorrhizal fungi (Merckx 2013). Importantly, initially mycoheterotrophic plants reveal that reliance on carbon from mycorrhizal fungi connected to photosynthetic plants can change over plant development (Schweiger et al. 2018).

Mycoheterotrophy in mature green plants

In addition to initial mycoheterotrophs, some adult photosynthetic plants are known to obtain carbon from fungi, a mode of life known as ‘partial mycoheterotrophy’ (Gebauer & Meyer 2003) or ‘mixotrophy’ (Julou et al. 2005). Carbon dioxide assimilation measurements indicate that the green orchid Corallorhiza trifida obtains 85% of its carbon from ectomycorrhizal fungi colonising its roots (Cameron et al. 2009). In Orchidaceae and Ericaceae, natural abundances of stable isotopes, intermediate between those of fully mycoheterotrophic species and autotrophic plant species, provide further support for the existence of partial mycoheterotrophy (Zimmer et al. 2007; Liebel et al. 2010; Hynson et al. 2013). In these partially mycoheterotrophic mature plants, the proportional gain of carbon from mycorrhizal fungi has been estimated to vary from 0 to 84% (Hynson et al. 2013). In some of these species, the ability to obtain significant amounts of carbon from mycorrhizal fungi is supported by the natural occurrence of ‘albino’ plants and populations, which persist despite their non-functional photosynthesis (Julou et al. 2005; Roy et al. 2009). A study of Cephalanthera damasonium populations that cover the entire range from green via variegated to fully albino individuals has showed that there is a linear relationship between degree of mycoheterotrophic carbon gain and leaf chlorophyll concentration (Stöckel et al. 2011). Similarly, analysis of natural abundances of stable isotopes suggests that partial mycoheterotrophy might be common in understory, photosynthetic, arbuscular mycorrhizal plants as well (Giesemann et al. 2021). Isotope studies also indicate that carbon uptake in partial mycoheterotrophs varies according to light levels, seasonal changes, soil nutrients, and developmental stage (Preiss et al. 2010; Matsuda et al. 2012; Suetsugu et al. 2018). 
Partially mycoheterotrophic plants are often closely related to fully mycoheterotrophic species, and embedded in lineages where initial mycoheterotrophy is observed or suspected. Evolutionary reconstructions support a stepwise evolution of mycoheterotrophy, from initial through partial to full mycoheterotrophy (Wang et al. 2021). Overall, these observations support a model in which carbon uptake from mycorrhizal fungi is dynamic and can vary over ecological, evolutionary, and plant developmental scales leading to a continuum of carbon transfer options within common mycorrhizal networks, both ecological and evolutionary (Fig. 3).
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Figure 3. The autotrophy-mycoheterotrophy continuum within common mycorrhizal networks (a) over plant development, and (b) over evolutionary time scale (adapted from Jacquemyn & Merckx 2019). 

Carbon isotope pulse labelling experiments suggest that some trees may not exclusively occupy the autotrophy extreme of the mycoheterotrophy/autotrophy continuum; in several studies 13C given to a donor plant was recovered in the leaves of nearby tree saplings of the same or different species, suggesting heterotrophic carbon gain (Simard et al. 1997; Philip et al. 2010; Teste et al. 2010; Pickles et al. 2017; Lerat et al. 2002). However, in most cases the recorded carbon gains were relatively small (but see Klein et al. 2016, Avital et al. 2022) and close to natural variation in isotopic signatures, which can be caused by other factors such as differences in transpiration (Farquhar et al. 1989). While this may be the result of experimental conditions (low labelling intensity, timing, heterogeneity of carbon partitioning; Klein et al. 2023), it has cast some doubt on their indicative value for mycoheterotrophy (Robinson et al. 2023). In addition, these studies have been criticized based on methodological grounds (Karst et al. 2023). Therefore, the occurrence of mycoheterotrophy in tree and tree saplings remains debated.  
 
Mycoheterotrophy and the occurrence and function of common mycorrhizal networks

The global occurrence of fully mycoheterotrophic plants growing on mycorrhizal fungi and the wide range of fungi supporting these interactions strongly suggest that the potential for formation of common mycorrhizal networks is widespread. Full mycoheterotrophs can take up several years to develop underground, from germination to fruiting (e.g. Leake et al. 2004) and mycoheterotrophic fern gametophytes live up to several years (Winther & Friedman 2007), showing that the physical link between mycorrhizal fungi  often a single fungus  and a neighbouring photosynthetic host plant is either maintained or continuously renewed over years. These results demonstrate the capacity of common mycorrhizal networks to persistently link the roots of different plant species under natural circumstances. Not surprisingly, mycoheterotrophs are considered indicators of undisturbed mycorrhizal networks such as old-growth forests (Franklin et al. 1981, Cheek & Williams 1999; Haeussler et al. 2002; Moola & Vasseur 2004).
Fully mycoheterotrophic plants also provide natural evidence for the existence of carbon uptake from mycorrhizal fungi by plants (Fig. 2a). There is evidence that a wide range of photosynthetic plants can obtain carbon from common mycorrhizal networks as well, both in the arbuscular and ectomycorrhizal symbioses (Hynson et al. 2013; Lallemand et al. 2019; Suetsugu et al. 2020a, 2020b). What remains under debate is how carbon passes through the mycorrhizal pathway and what is its ecological significance (Figueiredo et al. 2021). A soil pathway is difficult to rule out experimentally (e.g. using fungal hyphae crossing air gaps) while maintaining ecological relevance (mycorrhizal fungi grow through soil and soil solution, hyphae can be coated with aqueous films, and fungal cell walls use apoplastic transport). But the fact that the involved fungi also sustain achlorophyllous mycoheterotrophic plants, which themselves evolved from partially and initially mycoheterotrophic ancestors (e.g. Wang et al. 2021; Jacquemyn & Merckx 2019) makes carbon transfer through the mycorrhizal pathway plausible. Given the widespread existence of fully, initially, and partially mycoheterotrophic plants, the question is not whether net carbon transfer between green plants occurs through common mycorrhizal networks, but rather how significant it is in particular contexts. In the context of forests, are trees or tree seedlings able to take up carbon from common mycorrhizal networks? How can we start using the only natural positive controls for this phenomenon, mycoheterotrophic plants, to better understand common mycorrhizal networks and how is carbon transfer controlled within them?
An outstanding challenge is to assess the effect of carbon transfer through common mycorrhizal networks on plant communities (Figueiredo et al. 2021; Karst et al. 2023; Henriksson et al. 2023). The difficulty to quantify carbon transfer through common mycorrhizal networks has been highlighted as a major reason for this challenge (Fitter et al. 1999; Figueiredo et al. 2021). Based on isotope mixing models, carbon gain in some partially mycoheterotrophic orchids and Ericaceae species is considerable and may constitute more than half of the total carbon budget of the plant (Selosse & Roy 2009). In most studies on tree saplings, only relatively small gains have been detected (<10%; Simard et al. 2012). For ectomycorrhizal tree species, these small gains of carbon are potentially explained by glutamine uptake, which is the primary molecule through which nitrogen is transferred from ectomycorrhizal fungi to their hosts (Martin et al. 1986). Thus, if a fungus transfers disproportionately high quantities of glutamine to its host plant relative to the carbon the plant gives in return, the plant gains a carbon subsidy, in addition to nitrogen, while the fungus still obtains its most limiting resource (Simard et al. 2012). In this sense, carbon gain might be a by-product of nitrogen uptake. However, in the arbuscular mycorrhizal symbiosis, both phosphorous and nitrogen are transferred from the fungus to the plant without carbon (Govindarajulu et al. 2005; Karandashov & Bucher 2005). In this case, carbon uptake is unlikely a by-product of nutrient uptake. 
Carbon uptake by plants from mycorrhizal fungi may only constitute a minute fraction of the total plant biomass in forest ecosystems or even in individual plants (Simard et al. 2012) and has therefore been considered ‘physiologically insignificant’ (Robinson et al. 2023). Henriksson et al. (2023) argued that if carbon uptake from mycorrhizal fungi would influence tree establishment and survival, seedling abundance and growth should be higher within the zone of active roots and associated mycorrhizal fungi of large trees than outside this zone. In line with this view, carbon uptake from mycorrhizal fungi is only effective if it outweighs interplant competition for light, nutrients and space, as well as negative plant-soil feedbacks (e.g. Janzen-Connell hypothesis). However, based on our knowledge of the dynamics of mycoheterotrophy in relation to environmental factors and plant development, even a minute amount of carbon can be a determining factor in the success of plant establishment and development, particularly in the understory of forests (Bidartondo et al. 2004). Therefore, we propose to focus on the question of whether small amounts of carbon gain can lead to niche expansion of species or a competitive advantage, rather than comparing plant performance under different environmental conditions. Similarly, on an ecosystem level, plant carbon uptake from common mycorrhizal networks has likely an insignificant contribution to overall carbon cycling processes. Nevertheless, initial, full and partial mycoheterotrophy can be a determining factor in the composition of the forest understory vegetation, which can make up the majority of plant species in forest stands (Gilliam 2007), is a substantial component of the carbon sink of forests (Dirnböck et al. 2020), and is an overlooked reservoir of biodiversity (Landuyt et al. 2019). Therefore, the timing and the ecological drivers of carbon transfer, rather than its relative contribution to plant biomass, may be of central importance to plant communities. Nevertheless, some authors will continue to focus on the need for conclusive physiological evidence of significant net transfer plant-to-plant via fungi, while others will continue to focus on demonstrating fitness effects for the plants receiving any such transfer from neighbouring plants via shared fungi. Mycoheterotrophic plants represent a natural reference point, so far untapped, for both of those research lines.
The occurrence of carbon uptake by plants from mycorrhizal fungi has been further questioned from an evolutionary perspective: “Why should mycorrhizal fungi export carbon at all when the evolutionary stability of the symbiosis is based on fungal import of plant carbon in exchange for nutrients such as nitrogen?” (Henriksson et al. 2023). This view ignores that cheating is ubiquitous in mutualisms, as predicted by theory (Bronstein et al. 2006), and the mycorrhizal mutualism is no exception, at least from the plant side as demonstrated by mycoheterotrophy (Bidartondo & Bruns 2001; Bidartondo 2005; Merckx & Bidartondo 2008; Lallemand et al. 2016). Experiments indicate that mycorrhizal nutrient exchange dynamics are better understood as community-wide interactions between multiple players rather than as strict exchanges between individual plants and their symbionts (Durant et al. 2023). Thus, in complex diffuse mutualisms, such as mycorrhizal symbioses, regulatory mechanisms (such as host sanctions, partner choice, and positive partner feedbacks) may not explain community stability in the presence of cheating, because these communities have many species that differ in life history, traits, and the benefits they provide (Vidal et al. 2020). 

Conclusions

Mycoheterotrophy provides natural evidence for the existence of common arbuscular and ectomycorrhizal networks and for their ability to mediate evolutionarily significant net carbon transfer among plants. The widespread occurrence of mycoheterotrophy, involving diverse plants and mycorrhizal fungi, suggests that persistent common mycorrhizal networks are prevalent, particularly in forests, and have the potential to support net carbon transfer between green plants as well. How common the latter phenomenon is remains to be determined. The hypothesis that partial mycoheterotrophy is frequent among mycorrhizal plants, coupled with the observation that fully mycoheterotrophic plants growing on mycorrhizal fungi evolved from partially mycoheterotrophic ancestors, suggests that carbon uptake from common mycorrhizal networks may be more frequent than previously anticipated. Mycoheterotrophy on mycorrhizal fungi and its widespread occurrence challenges the dogma of carbon-for-nutrients transfer in the mycorrhizal symbiosis as well as the assumption that all green plants are strict autotrophs. Hence, this phenomenon offers exciting opportunities for the investigation of common mycorrhizal networks and their function. In this sense, mycoheterotrophic plants may be exceptions that both prove and challenge rules.
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