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In plant parasitism, two groups can be distinguished based on two different mechanisms. The first
group of parasitic plants includes those directly parasitizing on another plant. These plants are
called haustorial parasites. Using a specialized organ, the haustorium, they attach themselves to
other plants and uptake resources from the host’s vascular bundles. The second group
comprises mycoheterotrophic plants, which parasitise fungi via mycorrhizal interactions and
gain organic carbon from them. Plants in both groups display variable dependence on their host
organism.

The functional categorization of parasitic plants has been a topic of an active debate that is still
ongoing. The traditional categories are based on the ability to perform photosynthesis
(photosynthetic hemiparasites and non-green holoparasites) and the location of the haustoria
(root and stem parasites) (Heide-Jgrgensen 2008). However, such a classification system
struggles with phenomena such as rudimentary photosynthesis in some species, variable
photosynthetic activity throughout the life cycle, and the existence of parasitic plants that
integrate with their host to such an extent that they can be considered endophytic. For the
functional classification of European parasitic plants, we have adopted the most recent
classification system proposed by Teixeira-Costa & Davis (2021) with small further modifications.
This system relies primarily on ontogenetic development and strategies of attachment to the host.
The values of other important functional traits, including photosynthetic capacity, type of vascular
bundle connection, development of the primary haustorium, and location of haustoria on the host
are also well discriminated by the categories of Teixeira-Costa & Davis (2021).

o FEuphytoid hemiparasites represent a great majority of European parasitic plants. These
are root-parasitic, photosynthetic plants that germinate independently of the presence of
the host and produce exclusively lateral (secondary) haustoria with a vascular connection
to the host xylem only. All European species belong to
the Orobanchaceae and Santalaceae. Teixeira-Costa & Davis (2021) call these plants
“euphytoid parasites”, but we prefer keeping “hemiparasites” in the name of this category
to preserve this well-established term.

e Obligate root parasites comprise all species of non-green root holoparasites (such
as Orobanche spp.), but also hemiparasitic species, which are more dependent on their
host than the euphytoid hemiparasites due to the absence of photosynthesis in the initial
life stage (e.g.Strigaspp.). Most of them produce terminal (primary) haustoria
immediately after seed germination, triggered by chemical cues of host presence.
However, several European obligate root parasites (holoparasitic Lathraea spp.,
hemiparasitic Tozzia alpina, and perennial species of Rhynchocorys) deviate from this
developmental pattern by germinating without host cues and not forming primary
haustoria (TéSitel 2016).

e Mistletoes are epiphytic parasitic shrubs. They germinate on host stems or branches and
penetrate the host with a primary haustorium. The level of photosynthesis varies among
the mistletoe species from efficient to rudimentary. The most widespread mistletoes
of Loranthus and Viscum display efficient photosynthesis. By contrast, the Mediterranean
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genus Arceuthobium connects to the host’s phloem and takes up substantial amounts of
carbon from the host (Rey et al. 1991). The photosynthetic capacity of Arceuthobium is
probably limited, as shown by physiological data from their American congeners (Miller &
Tocher 1975).

e Parasitic vines are herbaceous parasites that attach themselves to the stems of their
hosts by haustoria that are formed on the parasite stem. They germinate on the soil
surface and, during a period of independent growth, forage for a host to which they attach
themselves with lateral haustoria. All European parasitic vines belong to the
genus Cuscuta and have only rudimentary photosynthesis, which however has an
important function in seedling metabolism and seed production (McNeal et al. 2007).

e Endophytic parasites (or Endoparasites) are the mostintegrated with the hostbody among
parasitic plants. They are rootless, stemless and leafless, grow most of their life as
filaments within their host and are only visible outside the host body when flowering. The
holoparasitic Cytinus hypocistis and Pilostyles haussknechtii are the only species of this
category in the European flora.

In mycoheterotrophic plants, the initial developmental stages (gametophytes in lycophytes and
ferns or belowground seedling stages of other plants) are not green, obtaining all their organic
carbon and other resources from the fungus. The adult stages are still dependent on the
mycorrhizal fungi as a source of water and mineral nutrients but vary in their dependence on
heterotrophic carbon: there is a continuum from autotrophy, where the adult plants no longer use
fungal carbon (this strategy is further called ‘initial mycoheterotrophy’), through mixotrophy (the
adult plants combine autotrophic with heterotrophic nutrition; further called ‘partial
mycoheterotrophy’), to heterotrophy (further called ‘full mycoheterotrophy’) (Merckx 2012). Two
categories are distinguished here:

e Initial and partial mycoheterotrophs have been combined here into a common category
because the level of carbon heterotrophy may be low or depend on light conditions (Preiss
et al. 2010), which makes it difficult to distinguish between partial mycoheterotrophs and
initial mycoheterotrophs. Furthermore, new partially mycoheterotrophic species may be
identified due to the advancement of the stable-isotope methodology (e.g., Schiebold et
al. 2018). This category includes mycoheterotrophic species
from Ophioglossaceae, Lycopodiaceae, green mycoheterotrophic species
from Ericaceae (subfamily Pyroloideae) and all green Orchidaceae. Species that obtain
nearly all of their carbon from mycorrhizal fungi but still contain chlorophyll and can be
photosynthetically active, such as Corallorhiza trifida (Zimmer et al. 2008, Cameron et al.
2009) and Limodorum species (Bellino et al. 2014) from Orchidaceae, are also included
in this category. Interestingly, achlorophyllous individuals, which completely lack
chlorophyll and wholly depend on their mycorrhizal fungi, are rarely found among partially
mycoheterotrophic species (e.g., in the genera Cephalanthera and Epipactis).

e Full mycoheterotrophs include achlorophyllous species that cannot photosynthesize and
obtain carbon only from mycorrhizal fungi during their life cycle. Neottia nidus-
avis and Epipogium aphyllum from Orchidaceae and Hypopitys monotropa and H.
hypophegea from Ericaceae are the only species in this category in the European flora.



Categories
e autotroph
e euphytoid hemiparasite
e obligate root parasite
e mistletoe
e parasitic vine
e endophytic parasite
e initial or partial mycoheterotroph
o full mycoheterotroph
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