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Abstract
1. Despite the ubiquitous presence of fungal endophytes in woody plants, mecha-

nisms underlying variation in foliar fungal endophyte communities are poorly 
understood. Given that endophytes in woody plants are predominantly horizon-
tally transmitted, fungal endophyte colonization of foliar tissues is likely to be 
influenced by plant resistance traits. Here, we evaluated the association between 
leaf resistance traits and colonization and community composition of horizontally 
transmitted endophytes (HTE) in 10 dominant trees species in a temperate rain-
forest in Southern Chile. Because resistance traits might restrict colonization of 
HTE, it was hypothesized that host trees with similar leaf resistance traits would 
show similar HTE communities.

2. We measured leaf traits with reported roles in plant resistance against pathogens 
and/or herbivores: cell wall polysaccharides, leaf toughness, flavonoids, antho-
cyanins, terpenoids and chitinases. We also determined variation in fungal read 
counts, number of operational taxonomic units (OTUs), diversity and community 
structure across tree species. Foliar fungal endophyte communities were charac-
terized using Illumina MiSeq sequencing of tagged amplicons of the ITS1 region.

3. Fungal read counts were significantly different among host trees, while number of 
OTUs and diversity were similar among them. Multivariate analyses showed that 
community composition of endophytic fungi significantly differed among hosts, 
and that variation in cell wall, flavonoids, anthocyanins and terpenoids was associ-
ated with differences in HTE communities. We found that host trees sharing leaf 
resistance traits harbour similar HTE communities. Fungal read counts decreased 
with increasing content of cell wall polysaccharides, while endophyte diversity 
decreased with increasing anthocyanin levels. Fungal read counts, in contrast, 
were positively associated with terpenoids. Additionally, culture-based data indi-
cated that some HTE strains inhibited the growth of the common fungal pathogen 
Botrytis cinerea.

4. Synthesis. Overall, we found that leaf resistance traits may influence fungal en-
dophyte colonization and community composition in tree species, likely through 
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1  | INTRODUC TION

Fungal endophytes are ubiquitous microbes that live within seemingly 
healthy plant tissues for at least part of their life cycle, without caus-
ing any symptom of disease (Bacon & White, 2000). These microbial 
symbionts can improve plant growth (Rodriguez, White, Arnold, & 
Redman, 2009) and are considered a reservoir of secondary metab-
olites, potentially playing a role in plant defence (Bastias, Martínez-
Ghersa, Ballaré, & Gundel, 2017; Clay, 1988; Kusari, Hertweck, & 
Spiteler, 2012; Schulz, Boyle, Draeger, Römmert, & Krohn, 2002). 
Unlike the clavicipitaceous endophytes of grasses, which are verti-
cally transmitted, fungal endophytes associated with the foliar tissue 
of woody plants appear to be horizontally transmitted (Rodríguez 
et al., 2009). Horizontally transmitted endophytes (HTE) are able to 
infect a wide range of host plants (Arnold & Lutzoni, 2007) and have 
been defined as a hyper diverse group (Arnold, Maynard, Gilbert, 
Coley, & Kursar, 2000; Gazis & Chaverry, 2010; Lodge, Fisher, & 
Sutton, 1996; Suryanarayanan, 2011). However, apart from abiotic 
factors and host genotype or identity (Lau, Arnold, & Johnson, 2013; 
Suryanarayanan, Murali, & Venkatesan, 2002; Vincent, Weiblen, & 
May, 2016; Zimmerman & Vitousek, 2012), the mechanisms that in-
fluence colonization and community structure of this type of fungal 
endophytes have been little explored.

HTE communities naturally differ across host plant species 
(Bálint et al., 2013; Ferrer & Gilbert, 2003; Hoffman & Arnold, 2008; 
Lau et al., 2013). Some endophytes can colonize a broad spectrum 
of hosts (Higgins, Coley, Kursar, & Arnold, 2011; U’Ren, Lutzoni, 
Miadlikowska, Laetsch, & Arnold, 2012), while others are host spe-
cific (Petrini, 1996; Quiliam & Jones, 2012). Host tree genotype may 
explain a substantial proportion of variation among HTE communi-
ties (Vincent et al., 2016). A common garden experiment with dif-
ferent balsam poplar genotypes revealed that host genotype was a 
significant determinant of leaf-associated HTE community compo-
sition (Bálint et al., 2013). Thus, endophytic fungi are not randomly 
distributed among plants, and it has been proposed that host plant 
properties play a key role in HTE colonization (Saunders, Glenn, & 
Kohn, 2010; Van Bael, Estrada, & Arnold, 2017).

There is a paucity of knowledge about how HTEs interact with 
leaf external and internal traits. It has been considered that phys-
ical and chemical leaf traits may be involved in the attachment, 
penetration and spore proliferation of HTE (Van Bael et al., 2017), 
as it occurs with pathogenic fungi (Bennett & Wallsgrove, 1994; 
Underwood, 2012). Thus, plant resistance traits are likely to con-
stitute a habitat filter for HTE (Saunders et al., 2010), influencing 

their colonization and community composition. Effects of leaf traits 
on community composition of HTE have been mostly studied for 
chemical traits and to a far lesser extent for physical traits. Bailey 
et al. (2005) found that endophyte infection was negatively cor-
related with tannin concentration in poplar leaves. Saunders and 
Kohn (2009) showed that the production of benzoxazinoids (BX: 
compounds with anti-fungal byproducts) in maize is a significant 
factor for fungal endophyte colonization and community structure. 
They observed that highly BX-tolerant Fusarium species were more 
abundant in BX-producing than in BX-lacking maize plants, suggest-
ing that BX production may increase colonization by particular en-
dophyte species. In general, whether and how leaf resistance traits 
influence HTE entry into plants is poorly understood. Importantly, 
if leaf resistance traits select against HTE colonization, then the ex-
pression of resistance traits would jeopardize the benefits conferred 
by these fungal endophytes.

Multiple studies have documented that temperate forest trees 
harbour numerous fungal associates (Unterseher, 2006, 2011; 
Unterseher, Reiher, Finstermeier, Otto, & Morawetz, 2007), being 
considered as spots of hyperdiverse HTE communities (Unterseher, 
2011). In the present study, we examined the relationships be-
tween leaf resistance traits and both HTE colonization and com-
munity composition in 10 tree species from a temperate rainforest 
in Southern Chile. The study forest is dominated by about a dozen 
evergreen tree species of diverse phylogenetic origin, which dif-
fer in their herbivory rates and shade tolerance (Salgado-Luarte 
& Gianoli, 2017; Valladares, Saldaña, & Gianoli, 2012). Herbivores 
act as selective agents on plant functional traits in this forest 
(Salgado-Luarte & Gianoli, 2012). Therefore, it could be expected 
that interspecific variation in leaf resistance traits would be as-
sociated with HTE occurrence. Specifically, we hypothesized that 
host trees with similar leaf resistance traits would show similar 
HTE communities. Leaf resistance traits measured included cell 
wall polysaccharides, leaf toughness, flavonoids, anthocyanins, 
terpenoids and chitinases. We surveyed fungal endophyte com-
munities in leaves of ten woody trees using Illumina sequencing 
of the ITS1 region. In particular, we addressed the following ques-
tions: (a) Is fungal endophyte community composition the result 
of a non-random process? (b) Do host trees differ in their leaf re-
sistance traits? (c) Do resistance traits restrict fungal endophyte 
colonization into leaves? (d) Are resistance traits associated with 
differences in fungal endophyte communities across tree species? 
Furthermore, in order to test for the role of endophytic fungi in 
protection against plant pathogens, we conducted confrontation 

deterrent effects of structural and chemical traits. We suggest that endophytic 
fungi that overcome resistance traits might play a role in plant protection.
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