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Abstract
Background and Aims Recently, the truffle species
Tuber lyonii Butters was found to be dominant in
ectomycorrhizal (EcM) fungal communities of culti-
vated pecan (Carya illinoinensis (Wangenh.) K.
Koch). Many truffle fungi exhibit the trait of effective-
ly colonizing plant roots via spores. We hypothesized
that T. lyonii would be well represented in the spore
bank of pecan orchard soils where it is found.
Methods We used axenically-grown pecan seedlings
as trap-plants to bait for EcM associates in soils col-
lected beneath truffle-producing pecan trees. EcM fun-
gi on seedlings were characterized through rDNA
sequencing and were compared to EcM communities
of adult trees in these orchards.
Results Tuber lyonii mycorrhizas were well formed on
seedlings inoculated with truffle spores, but were lim-
ited to just a few of the trap-plants grown in field soils.
We compared EcM communities of adult pecan or-
chard trees to those on trap-plants and found distinct

communities on each, with a high degree of similarity
at the ordinal but not species level.
Conclusions Although species of Pezizales are abun-
dant in pecan EcM communities and as propagules in
their soil spore banks, only a low level of T. lyonii was
detected in soil spore banks beneath orchard trees
naturally colonized by T. lyonii. Other factors includ-
ing land-use history or orchard management may bet-
ter explain this truffle species presence and abundance
in pecan EcM communities.

Keywords Truffles . Pezizales . Tuber lyonii . Spore
banks . Ectomycorrhizae .Carya illinoinensis

Abbreviations
EcM ectomycorrhizal

Introduction

Seed banks are a significant, yet stochastic, variable in
plant community assembly after disturbances (Warr et
al. 1993; Ward and Thornton 2000). Variation in the
persistence of plant seeds (e.g. the ability of seeds to
remain dormant and viable until resources become
available) is ecologically important and can lead to
re-colonization priority effects whereby some species
quickly re-colonize the landscape and exclude other
species (Robinson and Dickerson 1987). Priority
effects have been shown to influence the assembly of
plant (Ward and Thornton 2000), animal (Louette et
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al. 2008), and fungal communities (Kennedy et al.
2009; Hausmann and Hawkes 2010).

Analogous to soil seed banks, fungal spore banks
are reservoirs of dormant fungal propagules (Baar et
al. 1999). They are a functionally important biotic
component of terrestrial ecosystems, and may remain
quiescent in soil for years and possibly decades or
longer (Bruns et al. 2009). Pioneer species of ectomy-
corrhizal (EcM) fungi are characterized by a high
capacity for spore dormancy and are well-suited for
dispersal (Fox 1983; Newton 1992; Visser 1995;
Jumpponen et al. 1999). These fungi are often distur-
bance tolerant and can be important in the process of
primary plant colonization (Jumpponen 2003; Nara
2006) as well as re-colonization after disturbances
such as fires, hurricanes, landslides and clear-cutting
(Horton et al. 1998; Izzo et al. 2005; Grubisha et al.
2007). Propagules of pioneer EcM species often re-
main dormant, but viable, in soil spore banks. They
may activate via signals from growing roots during
plant recolonization, giving a priority effect advantage
(Kennedy and Bruns 2005).

Many truffle-forming fungi are pioneer species and
are well-adapted to dispersal via animal mycophagy
(Izzo et al. 2005; Frank et al. 2009). They are also
known for establishing EcM via resistant propagules
(Taylor and Bruns 1999; Frank et al. 2009). This may
be one ecological explanation why truffle species such
as Tuber melanosporum Vittad. and T. aestivum Vit-
tad. have been successfully cultivated whereas culti-
vation of EcM fungi that are more dependent on
mycelial spread for colonizing roots (e.g. Boletus
edulis Bull., Cantharellus spp. and Tricholoma spp.)
have generally not been successful (Yun and Hall
2004; Wedén et al. 2009). Truffle-forming fungi often
fruit belowground and generally retain their spores
inside sporocarps (Trappe 1975). Because mycophagy
is an important agent in truffle spore dispersal (Carey
et al. 2002; Frank et al. 2009) truffle spores must
withstand passage through digestive tracts of animals
and retain their infective abilities. Truffle spore cell
walls are generally thick and resistant to changes in
pH, moisture, and temperature; excellent adaptations
for colonizing roots via spores (Johnson 1996).

Recently, we found that EcM truffle-forming fungi
(both Ascomycota and Basidiomycota) are prevalent in
belowground EcM communities of cultivated pecan
(Carya illinoinensis) in Georgia, USA (Bonito et al.
2011a). We were particularly interested to discover that

the commercially valued truffle species Tuber lyonii
Butters was one of the most abundant species on EcM
roots of adult pecan trees. Given the reduced density of
roots in pecan orchards compared to pecan trees in
native mixed forests, we hypothesized that spores (mei-
otic propagules resistant to environmental stress) might
be a more important mode for root colonization by EcM
fungi in orchards, rather than mycelial (mitotic) spread
which may be more adaptive in forested habitats where
root densities and inoculum levels are higher (Newton
1992). We used ‘trap-plant’ assays to test whether T.
lyonii is present in the spore bank of soils where the
pecan truffle commonly fruits. In these bioassays, axe-
nically grown pecan seedlings were used as bait for
EcM fungi. We used soils collected under truffle-
producing trees and air-dried them to select for resistant
EcM fungal spores, an approach whose efficacy has
previously been demonstrated (Baar et al. 1999; Rusca
et al. 2006). We hypothesized that T. lyonii and other
pioneer species would account for a large proportion of
the EcM diversity on pecan seedlings. Finally, we com-
pare the EcM communities of pecan trap-plants to EcM
communities on adult trees in these orchards.

Materials and methods

Soil sampling

A previous study confirmed that T. lyonii was present
on the roots of pecan trees at three pecan orchards in
Georgia, USA: Magnolia+ (with truffle production),
Magnolia− (without truffle production), and Pine
Knoll+ (with truffle production) (Bonito et al.
2011a). Characteristics of these orchards and their
soils have been published (Bonito et al. 2011a). Soils
used in this study were collected in early fall beneath
many of the same trees previously sampled, and other
trees supporting the growth of truffles. From each
orchard we took samples beneath five trees. Three 1-
L soil samples were taken under the canopy of each
tree one meter from the tree base at equidistant points
(e.g. 0°, 122°, 243°) using a trowel to sample soil to a
depth of ca. 10 cm. After homogenizing each of the 45
soils, passing them through a 1-mm screen to remove
rocks and debris, and air drying for three months in
paper bags, soils were amended with sterile sand at a
1:1 soil to sand ratio. We planted axenically raised
pecan seedlings into these soil mixtures (see below).
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Pecan germination and inoculations

Pecan seedlings were germinated as described by
Bonito et al. (2011a,b), and the same methods for
inoculating seedlings with T. lyonii spores were
used except that potting media was mixed 50%
with sterile sand. A total of five seedlings were
inoculated with T. lyonii sporocarps as positive
controls. For a comparable outlier treatment, three
seedlings were inoculated with soils from a recently
logged pine forest that is part of the well-characterized
Calhoun Experimental Forest (Markewitz et al. 1998;
Lauber et al. 2008), a long-term soil research site located
in Sumter National Forest, South Carolina, USA. Five
negative control seedlings were left uninoculated. All
seedlings were grown in individual “cone-tainer”
planting cells containing a soil volume of ca. 250 ml
(Stuewe & Sons, Inc.,Tangent, OR, USA). Thus, the 58

seedlings used in this study included 45 seedling with
orchard soil treatments, eight positive control seedlings,
and five negative control seedlings.

Growth conditions & harvesting of ectomycorrhizas

Pecan seedlings were grown for five-months at room
temperature (~ 25°C) under fluorescent lights at an
intensity of ca.125 μmol photons/m2/second and
18 h of light per day. They were watered every 2–
3 days with deionized water and treated once a week
with 1:10 Hoagland solution (Bonito et al. 2011a,b) to
maintain minimal plant nutritional requirements. Upon
harvesting, attached soil was shaken off of the seed-
ling roots, which were then cleaned by successive
rounds of soaking and spraying under a fine stream
of tap water.

Table 1 Summary of ITS rDNA BLAST results and taxonomic
determinations for sequences of ectomycorrhizal fungi on pecan
seedlings. Sequence abundance refers to the number of times the

mOTU was sequenced whereas the incidence on seedlings refers
to the number of seedlings that the mOTU was detected

mOTU Sequence abundance Incidence on seedlings Top Blast Hit Assigned ID Classification Genbank #

1 31 10 AJ893245 Pezizaceae sp1 Pezizales JN569346

2 30 8 FJ904179 Hymenogaster sp1 Agaricales JN569344

3 12 a6 EU394704 Tuber lyonii Pezizales JN569358

4 11 6 DQ062986 Pyronemataceae sp1 Pezizales JN569352

5 7 5 DQ220432 Sphaerosporella Pezizales JN569355

6 5 3 FM993178 Tomentella Thelephorales JN569360

7 5 1 EU543197 Pachyphloeus sp1 Pezizales JN569349

8 4 2 AJ510271 Thelephoraceae sp1 Thelephorales JN569356

9 3 2 FJ008038 Pyronemataceae sp2 Pezizales JN569353

10 2 2 GU055545 Scleroderma Boletales JN569354

11 2 1 FJ008039 Pyronemataceae sp3 Pezizales JN569359

12 2 2 DQ974749 Pezizaceae sp2 Pezizales JN569347

13 2 2 AJ893245 Pezizaceae sp3 Pezizales JN569348

14 1 1 EF619788 Thelephoraceae sp2 Thelephorales JN569357

15 1 1 AJ893245 Pezizaceae sp4 Pezizales JN569350

16 1 1 HM358999 Hymenogaster sp2 Agaricales JN569345

17 1 1 FJ196921 Hebeloma sp1 Agaricales JN569342

18 1 1 AJ893221 Hebeloma sp2 Agaricales JN569343

19 1 1 EU718158 Astraeus Boletales JN569340
b1 1 1 EU588982 Pezizaceae_sp5 Pezizales JN569351
b2 2 2 AY394919 Cenococcum Dothidiomycetales JN569341

a Includes three treatment seedlings and three positive control plants
b Denotes fungi sequenced from ECM roots of seedlings grown in outlier soils sampled from a logged pine stand in the Calhoun
experimental forest in Sumter National Forest, SC, USA.
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Molecular methods and data analyses

Washed roots were observed under a stereo-microscope.
Three individual ectomycorrhizal root tips from differ-
ent parts of the root system and representing the ob-
served EcM morphotype diversity were selected from
each seedling. The EcM roots were photographed with a
Nikon Coolpix 990 digital camera and placed in 2X
CTAB buffer. DNA was extracted with a CTAB-
chloroform protocol as described by Bonito et al.
(2010). Both ITS and LSU rDNA regions were ampli-
fied with a combination of forward primers ITS1f or
5.8SR and reverse primers ITS4 or LR3. Three EcM
roots were sequenced from each seedling. Representa-
tive sequences of each molecular operational taxonomic
unit (mOTU) have been accessioned in Genbank as
JN569340-JN569360 (Table 1).

Molecular OTUs, approximates of EcM fungal
species, were conservatively assigned at a 97%
similarity level for ITS (Smith et al. 2007a,b; Peay
et al. 2008) and a 99% similarity level for LSU
rDNA (Bonito et al. 2010). They were identified
to the genus or family level by comparison against
the NCBI BLAST nucleotide database. Rank abundance
was calculated across all pecan orchard samples.

We were interested in the phylogenetic placement of
taxa belonging to the Pezizales because they were well-
represented in our dataset. BLAST results only provided
limited taxonomic resolution, therefore, sequences from
these taxa were aligned with the software MUSCLE
(Edgar 2004) to sequences of taxa with high sequence
affinity (based on BLASTsimilarity scores). Alignments
were checked by eye in MacClade 4.0.6 (Maddison and
Maddison 2002) and ambiguously aligned regions were
excluded. Heuristic searches based on maximum parsi-
mony and 5000 bootstrap replicates were carried out
with PAUP* 4.0 (Swofford 2002).

Because ectomycorrhizal communities within these
pecan orchards were previously sampled, proportions of
shared taxa between trap-plant seedlings and adult or-
chard trees were calculated at both species and ordinal
levels. Each individual EcM root is assumed to represent
a discrete individual arising from a single meiospore,
therefore each EcM tip was treated as an independent
sample unit. Ectomycorrhizal communities within fields
and age class (adults vs. seedlings) were compared with
Shannon diversity and abundance-based species estima-
tors; to assess β-diversity, Bray-Curtis dissimilarity val-
ues for EcM communities between fields and age class

(adults vs. seedlings) were calculated and visual-
ized through principle coordinate analysis in QIIME
(Caporaso et al. 2010).

Results

Plant survival and formation of ectomycorrhizas

Pecan seedlings in this study had a moderately high
germination rate (75%) and survival rate (88%). After
five-months, the roots of all seedlings were visually
assessed under the stereoscope. Most seedlings had
developed EcM, although individual seedlings were
generally colonized by only one to three EcM
morphotypes (Fig. 1).

Fig. 1 Ectomycorrhizal diversity detected on pecan trap-
seedlings. a. Tuber lyonii; b. Sphaerosporella sp.; c. Pyronema-
taceae sp1; d. Pyronemataceae sp2; e. Pezizaceae sp1.; f.
Pachyphloeus sp.; g. Hymenogaster sp.1; f. Hebeloma sp1.
Bars00.5 mm
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Molecular results

Tuber lyonii was detected on only three trap-plants and
in soils of two orchards. It did not appear to be partic-
ularly common on any of the root systems. In contrast,
T. lyonii colonized at least 50% of the root tips of
seedlings that had been inoculated with T. lyonii
spores. There identification was confirmed through
DNA sequencing of individual EcM.

From 135 sequenced EcM root tips we recovered 21
mOTUs of EcM fungi (Table 1). Two mOTUs were only
found in the outlier forest soils of the Calhoun experi-
mental forest in South Carolina. Most mOTUs were
clearly assignable to knownEcM fungal groups (Table 1).
More than half of the EcM taxa on trap-plants were
members of the order Pezizales (Ascomycota) (Fig. 2).
Five of these taxa belong to a lineage ofPezizaceae that is
currently known only from environmental sampling of
EcM roots (Fig. 3 and Healy, Bonito & Smith unpub-
lished data). Aside from Sphaerosporella, all of the Pezi-
zales ECM morphotypes exhibited limited extramatrical
hyphae growth and are characterized as contact and
short-distance exploration EcM types (Fig. 1) (Agerer
2001). More than one quarter of the species belonged to
the closely-related genera Hymenogaster and Hebeloma
(Strophariaceae, Agaricales) (Fig. 4). These taxa had
moderate extrametrical hyphae and are considered

short-distance exploration and medium-fringe EcM types
(Fig. 1) (Agerer 2001). Nearly half of the mOTUs were
shared between sites (Fig. 5a). The six most abundant
mOTUs, representing 77% of all sequences, were recov-
ered from multiple orchards (Fig. 4). The two most
commonly detected mOTUs represented 49% of the
sequences and belonged to an unresolved Pezizaceae
species (Fig. 4) and a Hymenogaster species. These two
mOTUs were recovered from soils of all three orchards
(Table 1; Fig. 4). The greatest species richness (13
mOTUs) was found on seedlings grown in Pine Knoll
soils although seven of these taxa were also recovered
from seedlings grown in Magnolia+ soils (Fig. 5a).

Only four of the 19 ectomycorrhizal taxa on seedlings
in this experiment were previously sequenced from adult
trees in the same orchards (Fig. 5b, Bonito et al. 2011a).
Ordination analysis (Fig. 6) showed ectomycorrhizal
communities on seedlings clustered tightly together in
species space. This seedling fungal community was dis-
tinct from ectomycorrhizal communities of adult trees
(Fig. 6). Lower Shannon diversity values were generally
observed for seedlings compared to adults (Table 2).

Seedlings inoculated with outlier soils from a recent-
ly logged pine forest had low levels of EcM colonization
and poor growth and survival. Cenococcum geophilum
was the most common species on these seedlings, and
the taxa Pyronemataceae sp3 and Pezizaceae sp5 were

Fig. 2 Ordinal level comparisons between ectomycorrhizal
communities of trap-plant pecan seedlings and adult pecan trees.
Ectomycorrhizal species of Pezizales were well represented on
both seedling and adult trees. Although many of the dominant

orders of ectomycorrhizal fungi were similar on seedlings and
adult trees, the orders Russulales, Sebacinales, and Eurotiales (i.
e. Elaphomyces sp.) were only detected on adult trees
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also detected (Table 1). No ectomycorrhizas were ob-
served on the three surviving negative-control seedlings.
These seedlings were grown only in sand and had
stunted growth and visual signs of nutrient deprivation.

Discussion

In a previous study we found that the commercially
valuable truffle T. lyonii is dominant on EcM roots in

pecan orchards (Bonito et al. 2011a). Our hypothesis
that T. lyonii is a major component of the resistant
EcM propagule community in pecan orchards is not
supported by the results of the trap-plant experiment
presented here. We predicted that T. lyonii would
account for a large portion of the EcM fungal commu-
nity on pecan bait seedlings grown in soils from under
trees colonized by T. lyonii, because most Tuber species
are well-adapted for EcM colonization by spores
(Parlade et al. 1996; Mamoun and Oliver 1997).

Fig. 3 One of 18 most parsimonious trees showing the phylo-
genetic placement of the ten Pezizalean taxa detect as ectomy-
corrhizas on pecan trap-plants. These taxa belong to five
lineages within the Pezizales believed to have gained the ecto-
mycorrhizal habit independently, including a lineage only
known through environmental sequences. Lineages labeled on

the right. The analysis included 27 taxa, 618 characters (217 of
which were parsimony-informative), and was mid-point rooted.
Bootstrap support values >70 are deemed significant and values
based on 5000 bootstrap relicates are shown above nodes with
thickened branches
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Although T. lyonii was detected on seedlings grown in
two out of the three orchard soils, it was only detected
on a total of three seedlings. Thus, T. lyonii may not be
as common in the spore bank in these orchard soils as
we predicted or perhaps was out-competed by other
EcM taxa. It may be that T. lyonii spore deposits are
patchy within pecan orchards or our soil samples
contained few or no viable T. lyonii spores at the time
of sampling. It is important to note that seedlings direct-
ly inoculated with spores from T. lyonii sporocarps
readily colonized EcM roots, indicating that this truffle
has the capacity to colonize seedlings via spores when
inoculum is sufficient and conditions are favorable.
Tuber lyonii may also be able to colonize new roots
via mycelial spread. However, given that their EcM
generally lack emanating hyphae and rhizomorphs
(traits adaptive for colonizing newly formed roots) we
predict that they are not particularly effective at coloniz-
ing roots in this mode (Agerer 2001). Some Tuber
species have been shown to produce asexual mitospores
(Urban et al. 2004) . Such spores could have a role in
dispersal and ectomycorrhizal formation, but it is not yet
known whether the T. lyonii life cycle includes an
asexual phase. Future studies should also account for the
effects of ectomycorrhizal competition on the coloniza-
tion of roots by T. lyonii.

Many factors can influence spore-bank composi-
tion and the reasons for the low colonization by T.
lyonii on seedlings are unclear. We air-dried our soils

for three month to select for resistant EcM propagules.
This treatment seems to have successfully selected
spore bank fungi given that the EcM community on
seedlings was dominated by taxonomic groups known
to germinate and readily establish via spores (e.g.
Strophariaceae, Thelephoraceae, Pezizales) (Baar et
al. 1999; Nara 2009). These included putative truffle
species (e.g. Pezizaceae sp1, Hymenogaster sp1) as
well as taxonomic groups of EcM fungi (e.g. Thele-
phoraceae, Pyronemataceae) common to disturbed
ecosystems. Previous spore bank studies in natural
ecosystems have also found that spores of truffle
(e.g. Tuber, Rhizopogon) and non-truffle fungi (e.g.
Hebeloma, Thelephora) persist in soil and are ef-
fective at colonizing seedlings (Baar et al. 1999;
Taylor and Bruns 1999; Lilleskov and Bruns 2005;
Nara 2009).

The commonly detected EcM taxa appear to be
successful competitors and widely distributed in the
spore banks of pecan orchards. It is possible that these
taxa may have outcompeted T. lyonii in our bioassays.
Although competition with other species may partially
explain the poor performance of T. lyonii on seedlings,
abiotic factors may also have played a role. Variables
such as moisture, heat, pH and nutrient availability act
as ecological filters and can alter the viability and
assembly of fungi from spore banks (Peay et al. 2009).

EcM community comparisons between trap-plants
in this study and adult trees in the same orchards from

Fig. 4 Rank abundance of
ectomycorrhizal species /
molecular operational
taxonomic units (mOTUs)
detected on pecan trap-plant
seedlings. Nineteen mOTUs
were detected on pecan
seedlings grown in air-dried
soils from orchards. The two
most abundant EcM species
on seedlings (e.g.
Pezizaceae sp1 &
Hymenogaster sp2) were
recovered from all three
assayed soils
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a previous study (Bonito et al. 2011a) showed that EcM
communities were very similar at the ordinal level
(Fig. 2). However, there were few fungal species in
common between the two studies (4 species or 6.6%—
Fig. 5). One exception, Pezizaceae sp1., was common
on seedlings and adult trees, suggesting it is a widely
dispersed symbiont that is common in Georgia pecan
fields. Taylor and Bruns (1999) found a similarly low
species overlap when they compared EcM communities
of Pinus muricata trees before a wildfire and seedling
trap-plants sampled after the fire. We hypothesize that
differences between adult and seedling EcM communi-
ties are due largely to adaptive traits of the EcM fungi
themselves; some fungi are better at colonizing EcM
roots via spores while other taxa colonize roots more
effectively through mycelial spread (Agerer 2001;
Kjoller 2006). Although seedlings and adult plants are
presumed to be functionally equivalent, seedlings fix
less carbon than adult trees and have fewer roots

available for EcM colonization. These factors undoubt-
edly constrain the amount of carbon and niche space
available for EcM fungal symbionts and may alter EcM
community dynamics and resource allocation to seed-
lings (Simard et al. 1997).

It is important to note that over half of the species
detected in this study belonged to the Pezizales and
species in this order were also common in EcM com-
munities on adult trees (Fig. 2, Bonito et al 2011a). For
reasons that are not yet clear, the mature trees were
heavily colonized by Tuber species whereas seedlings
were more often colonized by EcM symbionts in the

Fig. 5 Venn diagram comparing ectomycorrhizal molecular
operational taxonomic units (mOTUs) recovered from (A) seed-
lings grown in three different pecan orchard soils and (B) trap-
plant seedlings and adult orchard trees. The gray circles denote
the two orchards where T. lyonii was detected on ectomycor-
rhizas of adult trees. Although the Magnolia+ and Magnolia−
orchards are closest to each other in distance, more fungal
species were shared between the Pine Knoll+ and Magnolia+
orchard soils. Note the low amount of overlap at the species-
level between seedling trap-plants and adult trees

Fig. 6 Principle Coordinate Analysis of ectomycorrhizal com-
munities of pecan seedlings and adult trees from three cultivated
orchards based on Bray-Curtis dissimilarity values. In this ordi-
nation axis 1 explained 61.8% of the variation

Table 2 Ectomycorrhizal community diversity statistics for
sampled pecan orchards

Age Sites # of OTUa ACEb Shannon index

Adults Magnolia+ 16 27 2.4

Magnolia− 13 32 2.1

Pine Knoll 13 31 2.2

Seedlings Magnolia+ 11 15 1.9

Magnolia− 8 9.5 1.7

Pine Knoll 13 16 2.2

a defined as 97% ITS rDNA sequence similarity
b Abundance-based coverage estimator
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Pezizaceae and Pyronemataceae. Ectomycorrhizal
associations of Pezizales have not been well studied,
but we do know that there are at least seven divergent
Pezizales EcM lineages and most appear to be well-
adapted to disturbed habitats (Tedersoo et al. 2010).
Although species of Pezizales are generally not dom-
inant in EcM communities of mesic forests (Tedersoo
et al. 2006), they are often frequent and diverse after
fires (Warcup 1990; Fujimura et al. 2005), at forest
edges (Dickie and Reich 2005), in seasonally dry
forests and woodlands (Gehring et al. 1998; Smith et
al. 2007a,b), at high-altitude sites (Bidartondo et al.
2001), and in EcM studies of seedlings (Warcup 1991;
Peay et al. 2009). All of these habitats and ecological
scenarios have several key aspects in common: 1)
exposed soil with scant or absent litter, 2) lower than
average EcM host root density, 3) neutral or basic soil
pH, and 4) physical disturbance of the soil surface. We
expect that these factors are important for the success
of EcM Pezizales in general and may help to explain
the high proportion of Pezizales found on EcM roots
of pecan plants. Pezizales may respond favorably to
the manicured habitats of pecan orchards, where trees
are uniformly spaced, soils are regularly disturbed and
limed and leaf litter is minimized (Sparks 1976; Bonito
et al. 2011a). The reason for the common occurrence of
Tuber species on adult pecan trees with relatively low
success on trap-plant seedlings is still unclear. More
research will be needed to determine the causes for this
phenomenon and to more fully elucidate the dynamics
of T. lyonii in spore banks.
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