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Introduction

Tuber floridanum Grupe, Sulzbacher & ME Smith is a
recently described truffle species from the Maculatum
clade, which encompasses white truffles characterized
by small and light brown to tan ascocarps. The species
is native to North America, but our study group first
discovered its mature sporocarps in Rio Grande do Sul,
Brazil (Grupe et al., 2018). In both the southeastern
United States and southern Brazil, collections are known
solely from wild or cultivated pecan habitats (Grupe et

al., 2018; Sulzbacher et al., 2019).

All known truffle species are ectomycorrhizal
(Rinaldi et al., 2008) or can form ectendomycorrhizal

ABSTRACT: Tuber floridanumis the first truffle species reported in Brazil and little is known about
its nutritional properties and ecology. Therefore, this study aimed to (1) determine T. floridanum
aroma and nutritional properties and (2) analyze cultivation and fruiting conditions, including
potential crop pests and market value. Fruiting bodies of T. floridanum showed a slightly ellipsoid
shape and smooth to shallow groovy surface. The mass of ascocarps ranged from 0.13 g to
15.95 g, and the truffle was composed of 71 % carbohydrates, 19 % protein, 5 % ash, and 5 %
of fat. Octan-3-one, 1-methoxy-3-methyl-butane, and 1-methoxy-2-methyl-butane determined T.
floridanum characteristic aroma. Soil properties were also specific for this truffle, differing from
optimal soils where commercial truffles are produced. In addition, the occurrence of earwigs
(Anisolabididae, Anisolabidinae) feeding on truffles (26 % of all ascocarps) in pecan orchards may
reduce truffle quality and cause financial losses. T. floridanum aroma has a unique composition,
completely different from any commercial and non-commercial truffle species analyzed so far.
Soil conditions in pecan orchards were also specific for truffle fruiting. Further studies should
elucidate other ecological conditions for the co-production of T. floridanum with pecan.
Keywords: aroma profile, mycophagy, nutritional properties, pecan, soil

et al., 2017; Yan et al., 2017; Lee et al., 2020). Scientific
background data is required for the adequate cultivation
and commercialization of T. floridanum. Olfactory (aroma)
and nutrition characterization are necessary for culinary
purposes and to add market value to the species, as it has
no history of gastronomic applications. Further, minimum
ecological requirements are needed to cultivate T
floridanum in controlled environments (orchards) or in
natural stands to allow for cultivation and economic
viability. Therefore, this study aimed (1) to determine
T. floridanum aroma and nutritional properties and (2) to
analyze conditions for cultivation and fruiting, including
investigating potential pests that affect truffle production
and market value.

or endophytic relationships under specific conditions.
Truffles form mycorrhiza with trees and shrubs and
rarely interact with non-ectomycorrhizal plants in natural
environments (Ori et al., 2020; Schneider-Maunoury etal.,
2020; Nahberger et al., 2021). Besides vital mycorrhizal
plant partners, most truffle species require specific soil
conditions to prosper and fruit, such as neutral to alkaline
pH (Hall et al., 2007; Ge et al., 2017), high concentration
of available calcium, and low organic matter contents
(Hall et al., 2007; Zambonelli et al., 2017). There is little
information on T floridanum, although this species started
to be commercialized as Sapucay truffle; thus, there is Sul State, Brazil (29°56'11.79" S, 52°47'23.71" W, 116 m
growing interest for T floridanum cultivation in truffle altitude; 30°05'03.61" S, 52°46'24.32" W, 86 m altitude).
orchards. Orchard A, with regular and abundant fruiting (2018-

Due to their high cultural and gastronomic prestige, 2020), and Orchard B, with little presence of sporocarps
various truffle species have well established ecology and in 2020 (three sporocarps < 2 g each). The collections
are appreciated worldwide for their high nutritional were performed during the summer, from Nov to Jan, at
value, bioactive compounds, and prestigious aroma (Patel least twice a month. The fruiting bodies from Orchard

Materials and Methods
Sampling

Truffle samples were collected, as described in Castellano
et al. (2004), by manually removing cover crops and
racking the topsoil in pecan orchards in Rio Grande do Sul
State, Brazil, between the years 2018-2020. Truffles were
collected in two producing commercial pecan orchards
in the municipality of Cachoeira do Sul, Rio Grande do
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A were collected, cleaned under tap water to remove
soil particles and were either: a) used fresh for size and
weight measurements, aroma analyses, and excision of
truffle dwelling insects); b) frozen at -20 °C for molecular
identification; or c) freezedried for subsequent nutritional
analysis and storage in herbarium collection.

Nutritional composition, aroma profile, and
molecular analyses

The macro-Kjeldahl method (N x 4.38) was used to
estimate the crude protein (CP) content (AOAC, 2000).
The total crude fat was determined by extraction with
chloroform-methanol-water as solvents (Bligh and Dyer,
1959), and the ash content was determined by incineration
at 600 + 15 °C (AOAC, 2000). Total carbohydrates were
calculated by difference (Yan et al., 2017). The analyses
were performed in triplicate for each sampling season,
and the nutritional value was expressed in percentage for
each component.

The aroma profile was determined on 33 individual
sporocarps collected in 2020 from Orchard A. The ripeness
of asciranged from 19 % - 90 % (Standard Deviation (SD) =
13 %; average 76 %), and the weight of sporocarps ranged
from 0.36 g - 3.77 g (SD = 0.97 g; average 1.41 g). Sample
preparation for aroma profile, gas chromatography-mass
spectrometry (GC-MS), and data analyses was performed
as described by Strojnik et al. (2020).

Molecular identification of sporocarps was carried
out through nrDNA ITS sequencing following the
methodology in Grupe et al. (2018). The complete nrDNA
internal transcribed spacer (ITS) sequence was amplified
with the primer pair ITS1{/ITS4. PCR conditions followed
the protocol of Nahberger et al. (2021). DNA was
sequenced with the same primers used for PCR.

Ecological aspects - soil properties and mycophagy

Topsoil samples (0-20 cm) were sampled in nine
productive orchards in 2020 (nine orchards X ten
composite samples = 90 samples) for the following soil
chemical properties analysis: pH, P, K, Ca, Mg, Zn, Cu, B,
S, Al, contents of clay and organic matter (OM) (Teixeira
et al., 2017). Specimens of truffle-dwelling invertebrates
were collected from ascocarps surface or bore holes in the
ascocarps (Lilleskov and Bruns, 2005) conserved in 80 %
ethanol and identified in the Laboratory of Entomology at
the Universidade de Santa Cruz do Sul, Santa Cruz do Sul,
Rio Grande do Sul, Brazil. Invertebrate specimens were
checked for spores in the digestive tract to confirm active
feeding on the truffle. Preyed vs. intact sporocarps were
quantified and weighed.

Data analysis
Data on the nutritional content of ascocarps (n = 9)

were submitted to the Kruskal-Wallis (p < 0.05) non-
parametric test to compare differences between the
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years of truffles sampling. Soil properties were shown
as average + standard deviation. All analyses were
performed in R (R Core Team, 2021, version 4.1.1).

Results
Nutritional composition and aroma profile

Hunting for truffles requires special skills and preferably
with the aid of trained animals (dogs) and knowledge
of the ecology (including phenology) of truffles. The
regular and systematic searches for truffles in pecan
orchards showed a regular production in Orchard A
and an occasional production in Orchard B. Ripened
truffles were mainly collected in Nov 2018, Dec 2019,
and Dec 2020, with rare or unripe specimens outside
these periods. Reference ascocarps are deposited under
the codes SMDB 20340, SMDB 20338, and SMDB 20339
at the SMDB Herbarium (Santa Maria - Department of
Biology) of the Universidade Federal de Santa Maria
(GenBank accession numbers: OP132942 to OP132946).
Length x width of truffles collected from 241 ascocarps
in 2019 ranged from 7.9 mm x 6.8 mm to 37.4 mm
x 33.5 mm, with average O-value = 1.17 (SD = 0.13),
indicating a roundish to slightly ellipsoid shape, while
the mass of ascocarps ranged from 0.13 g to 15.95.
Tuber floridanum was, on average, composed of
71 % carbohydrates, 19 % protein, 5 % ash remaining,
and 5 % of fat (Figure 1). No differences were observed

Figure 1 - Carbohydrates, protein, ash remaining, and fat (%) of
Tuber floridanum collected in three productive seasons (2018-
2020) in a pecan orchard (Cachoeira do Sul, Rio Grande do Sul
State, Brazil).
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between years according to the Kruskal-Wallis test (p =
0.3679 carbohydrates, p = 0.7897 protein, p = 0.5647
ash, and p = 0.068 fat). The volatile compounds mixture
(aroma) of T floridanum (GenBank accession numbers:
OM212436 to OM212445), as expected, differed
from other commercial and non-commercial species
commonly collected in Europe (Table 1). The three
most common volatile organic compounds found were
octan-3-one, with 32.9 average area per cent in GC-MS,
followed by 1-methoxy-3-methyl-butane (19.1 average
area per cent) and l-methoxy-2-methyl-butane (10.1
average area per cent).

Ecological aspects - soil properties and mycophagy

We analyzed the soil chemical and physical properties
of nine pecan orchards (Table 2). Nutrients and the
pH varied significantly between plantations; however,
no relation between truffles producing and non-
producing orchards was observed. Some properties in
the producing orchards showed similar pH levels and
nutrient concentrations, such as P, Cu, B, Al, Ca, and
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Mg. Potassium and S were higher in Orchard A, while
Zn was higher in Orchard B.

Regarding mycophagy, T. floridanum is susceptible
to the attack of invertebrates, which were found preying
on truffles. Among the 241 ascocarps collected, 26 %
were damaged by earwigs. The earwig species belonging
to the Anisolabididae family, subfamily Anisolabidinae,
order Dermaptera, was the main truffle fungivores
(Figure 2A). No ascocarps were partially or severely
damaged (eaten) by earwigs (Figures 2B and 2C), with
spores also occurring in their digestive tract (Figure 2D).

Discussion

T floridanum showed a roundish to slightly ellipsoid
shape, common in most truffles (Trappe et al., 2009). In
addition, the surface was smooth to shallowly groovy,
facilitating ascocarp cleaning and its characterization as
a suitable shape for trading. Ascocarp weight is the main
parameter that determines the market price of each truffle
species. T. floridanum weight was within the range > 2
g to < 750 g, and the average mass of 35 g reported for

Table 1 — Comparison of relative areas per cent of Tuber floridanum volatile organic compounds to the previous reported volatile organic
compounds relative areas per cent by Strojnik et al. (2020) for truffles collected in Europe.

Volatile organic compounds T. flo T. aes T. aes™ T. bru T. exc T.ind T. mac T. mag T. mel T. mes T. ruf
1-methoxy-3-methylbenzene nd 3.7 5.7 28.3 37.9 445 10.6 0.3 4.2 69.5 17.4
bis(methylsulfanyl)methane nd nd nd nd nd nd nd 67.8 nd nd nd
butan-2-one nd 53.3 10.4 0.6 0.4 0.3 0.2 nd 1.3 0.3 0.8
(E)-1-methylsulfanylprop-1-ene nd 0.2 nd nd 29.6 nd 27 nd nd 0.3 nd
2-methylbutanenitrile nd nd nd nd nd nd 0.1 nd nd nd 21.9
1-methylsulfanylpropane nd 0.1 nd nd 0.4 nd 22.1 nd nd nd nd
2-methylbutan-1-ol nd 4.7 1.7 0.4 nd nd 0.6 1.2 21.9 nd 3.2
methylsulfanylmethane 6.2 18.9 3.8 4.5 4.9 4.3 1.3 14.6 11.7 1.2 8.2
butan-2-yl formate 0.1 nd nd 7 nd 11.4 0.2 nd 15.7 nd 2.2
oct-1-en-3-0 2.6 0.9 47.4 11.2 24 0.2 4.7 nd 2.0 9.6 3.1
3-methylbutan-1-ol 1.3 nd nd nd 1.8 6.5 nd 0.2 nd nd 5.4
octan-3-one 32.9 2.6 16.1 8.8 2.0 0.2 7.3 0.3 4.2 4.2 5.3
1,4-dimethoxybenzene nd 0.1 nd 12.1 2.8 nd 2.7 0.1 0.1 0.9 0.7
butan-2-ol nd 6.3 1.9 0.1 nd nd nd nd nd nd 0.3
2-methylpropyl formate 0.8 nd nd 0.9 nd nd nd nd 1.0 nd 1.4
2-methylbutanal nd 0.1 nd 0.8 nd nd nd 0.1 8.4 nd 0.4
undec-1-ene nd 0.1 nd 2.9 1.8 nd 0.4 1.8 nd nd nd
(Z)-1-methylsulfanylprop-1-ene nd nd nd nd 6.7 nd 8.0 nd nd 0.2 nd
1,4-dimethoxy-2-MB* * nd nd nd 1.4 0.1 1.2 1.6 nd 0.1 7.8 0.1
anisole 0.1 nd nd 34 0.7 1.4 0.8 nd 7.1 nd 0.2
3-methylbutanal 4.5 1.2 1.6 0.6 0.8 2.8 nd 1.5 6.5 nd 1.6
2-nitropentane nd nd nd nd nd nd nd nd nd nd 3.9
2-bromo-2-methylbutane nd nd nd nd nd nd nd nd nd nd 2.3
(methyldisulfanyl)methane nd nd nd 0.1 0.1 nd 0.2 2.8 0.2 nd nd
Butane, 1-methoxy-3-methyl- 19.1 nd nd nd nd nd nd nd nd nd nd
Butane, 1-methoxy-2-methyl- 10.1 nd nd nd nd nd nd nd nd nd nd
Propane, 1-methoxy-2-methyl- 6.4 nd nd nd nd nd nd nd nd nd nd
Other 16.0 7.7 11.5 17.0 7.6 27.2 12.3 9.4 15.6 6.0 21.7

nd = not detected; *Potential Tuber mesentericum or a cryptic species in Tuber aestivum agg. (Marozzi et al., 2020); **1,4-dimethoxy-2-MBA methylbenzene. Tuber
floridanum (T. flo), T. aestivum (T. aes), T. brumale (T. bru), T. excavatum (T. exc), T. indicum (T. ind), T. macrosporum (T. mac), T. magnatum (T. mag), T. melanosporum

(T. mel), T. mesentericum (T. mes) and T. rufum (T. ruf).
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Freiberg et al.

N o ©
N o
o o oS
o0 HoH H
= o o ©
— o ~
— «
N — N
~N 0 [}
@ &2 <
= o o oS
o | °, HoH H
(S 5 £ — 8
—
5 S o >
< < <
0 © o
o 9 <
o o oS
= HoH H
< [NEs2) o
e —
g S )
[ BN [50)
0 o <
o o o
€ HooH H
= — O [o)]
5 ™« @ «Q
4 ~Nom 7o)
m —
= o~ Te)
2 - 9 =
S o o o
21 m HooH H
= 3 o
(2} e ©
o ; N
£ © o o
@ o o~ —
= — . 2
S S o S
5 =] HooH +
S
© o o o
o n ™ ~
o o o ©
= @ N <
- £
e © [s2 BN o]
S an — M N
% e — < o
25 HoH H
S M o0 <
2 0 O ~
N Q N
S ® o —
o
S O N N~
= S S )
s © O ™~
* N~ [32]
| x HooH H
S 0 © N
=4 0 D —
« — 00 N
= N N
2
il o < <t
—
o ol ©2 ™
@ o~ o
(&) — —
el o H
] HoH N
\ [CoRNVe)
£ © o |3
0 ol
5 © o -
@ [ SN —
Q N B <
| = E|o o|g|o
a3 R 2| H o+ S| H
N S|~ O o~
o Sl & S~
= S| —~| S|«
= = 2
= Lo 9| T |
[%) L= S|
he) S| ol 9|o
= o S
S| &5 il BTRTR =
g oo R|T|2
<] SIS s 9 3
2Ll vl o|lw
5 3 g
3 8l ol o~
D e | N N2
o > S|l | E|»m
T R | = 2
S o |0 H &= H
0 Sl © 5|9
QL DI 0| g | W
D
1S3 & 3
S B = =
= s << 0|
S o= DT |<
— |3 3
3 2% 2/
| S|l o 8
NI el & &L
SE S| @| S| w
2 e8| |g/2 25§ ¢
Qg8 ol ool =
(i £ = [} © © [} ©
=loa alo Oolalo

Sci. Agric. v.80, e20220102, 2023

268.4 + 72.97 8.097 +£2.72 9.997 +1.88 0.338 + 0.08 13.95 + 2.14 0.053 + 0.05 13.307 + 4.77 3.894 + 1.57

5.79 + 2.65

28.0 +8.46 5.51 +0.19 1.75+0.55

ljui

0.02 + 0.04 17.249 + 4.88 4.229 + 0.90

152 +1.93 576 £+ 0.32 3.98 + 1.10 94.85 + 128.40 313.2 + 82.7836.152 + 13.10 9.31 + 8.89 0.298 + 0.06 13.7 +4.14

143 +157 571 £0.45 1.38+0.13

Anta Gorda

2.234+0.17 0.314 £ 0.03 4.72+1.91 0.055+0.09 2.886 + 0.64 1.483 +0.32

118.8£29.82 5.25+ 3.61

6.98 + 3.66

Santa Maria

13.6 £ 3.84 5.97 = 0.29 1.67 = 0.40 350.36 + 21.42 421.6 + 95.0 18.407 +10.71 1.395+ 0.13 0.489 = 0.14 23.01 = 11.16 0.004 + 0.01 6.600 + 1.47 2.095 = 0.34
206+324 49+0.18 276 +0.87 37.15+19.46 251.2+61.41 6.636+3.60 1.991 +0.22 0.303 +0.0817.75 = 3.04 0.531 = 0.27 6.904 = 2.89 3.059 + 1.30

129+ 1.79 5.77 £ 0.37 1.47 £ 0.23

Cachoeira do Sul (C)

Cachoeira do Sul (D)
Pantano Grande

oM

458 +11.17 2.027 +0.90 3.537+0.75 0.19+0.08 8.12+1.08 0.029 +0.06 5.227 +1.33 1.811 + 0.39

9.42 +1.76

Organic matter.

What do we know about Tuber floridanum?

commercial black truffle species, such as Tuber aestivum
(Le Tacon et al., 2013; Biintgen et al., 2017). Weights and
sizes of truffles may vary significantly; however, these
variations of sporocarps of the T floridanum collected
were on, average lower than those observed for most
commercial black truffles; nevertheless, within the range
of Tuber brumale (Montecchi and Sarasini, 2000) and the
white truffle species Tuber borchii (Benucci et al., 2012).
Despite the smaller average size and fresh weight of T.
floridanum (241 ascocarps collected in 2019), ascocarps
reached up to 134 g in the 2021 harvest, indicating a
production potential with dimensions highly valued for
commercial truffles.

Values of the nutritional composition of T
floridanum are similar to data from three Asian Truffles
(Yan et al., 2017) for which carbohydrates contents
ranged from 74 % to 79 %, protein content from 11 %
to 15 %, and fat content from 2 % to 3 %. On the other
hand, the protein content of European commercial
truffle species differed from that in 7. floridanum with,
20 % to 24 % in T magnatum, 6 % to 13 % in T. borchii,
7 % to 9 % in T melanosporum, and 11 % to 13 % in
T. aestivum (Saltarelli et al., 2008). Truffles are primarily
used in dishes as a spice in small quantities (1 g - 20
g per dish), not as the main ingredient. Therefore, we
do not expect that the nutritional composition of T
floridanum plays a significant role in its culinary and
commercial value, as opposed to truffle aroma, which is
a highly appreciated characteristic.

Truffle aroma is a mixture of volatile organic
compounds that, along with other ascocarp-associated
microbes (yeast and fungi), contribute significantly to the
complex truffle aroma (Vita et al., 2015). The complex
mixture of volatiles in truffle is peculiar to the species
(Siskovi¢ et al., 2021), with additional high variation in
the quantity of individual volatiles related to truffle
origin, soil conditions, and maturity (Splivallo et al.,
2012; Culleré et al., 2013; Strojnik et al., 2020). The most
common volatile organic compound in T (floridanum
(octan-3-one) was present in all other European truffles
analyzed (Strojnik et al., 2020) and in Asian T. japonicum
(Shimokawa et al., 2020) but never exceeding the
average area of 10 %. Therefore, it can be regarded as
the dominant aroma component and the ”significant
scent” of T. floridanum volatile compounds mixture. The
other two dominant volatile compounds (1-methoxy-3-
methyl-butane and 1-methoxy-2-methyl-butane), along
with the 1-methoxy-2-methyl-propane, were unique to
T floridanum volatile components and can be regarded
as the “distinctive scent”, separating this species from
all other truffle species analyzed (Strojnik et al., 2020).

The olfactory evaluation of a specialist of T
floridanum ascocarps aroma recognized aromas of butter,
grease, sweet, ether, and “general fungi/mouldy”. From
the gastronomic viewpoint, T floridanum aroma differs
completely from aroma analyzed in commercial and non-
commercial truffle species so far, conferring the species
an opportunity to fill a gap in this gastronomic niche,
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Figure 2 - Earwig (Anisolabididae, Anisolabidinae) preying on Tuber floridanum (bar = 1 cm) (A). Ascocarps partially or severely damaged (eaten)
by the earwig (bar = 1 cm) (B, C). Tuber floridanum spores from the digestive tract of the earwig (bar =35 um) (D). Credit: Joice Aline Freiberg.

while allowing chefs to discover new ways of preparing
and serving this species in unique and innovative ways.

Regarding soil properties, nutrient composition,
the pH, and soil structure are vital parameters
determining truffle survival and fruiting in orchards.
Orchards for the production of pecan require specific,
but not necessarily, truffle-compatible management
(Sulzbacher et al.,, 2019). The orchards studied
significantly do not present optimal soils for some of the
commercial production of truffles. For example, in soils
for T. melanosporum production, the pH varies from 7.10
to 8.15 and the clay content ranges from 10 to 45 %
(Garcia-Montero et al., 2006; Raglione and Oweczarek,
2005). T aestivum requires soils of better quality and
generally has broader ecological requirements, with a
pH between 6.3-8.5 (Stobbe et al., 2013). None of the
pecan orchards analyzed supports the cultivation of
these two species. T. floridanum appears to fruit well
also in soils with lower pH when compared to other
commercial truffles, as the pH varied between 5.3-5.8
in Orchard A and 5.2-6.4 in Orchard B. The pH has an
important influence on the structure of ectomycorrhiza
fungi communities, as truffle frequency and abundance
increase in soils with a higher pH (Ge et al., 2017). In
this sense, Ca is also an essential nutrient for truffles
production since it increases soil pH (Garcia-Montero et
al., 2006), as well K, Mg, Mn, which are also correlated
with pH (Ge et al., 2017).

The macronutrients P and K are not necessary at
high concentrations for successful truffle production;
however, optimal contents reported for black truffles
range between 100-300 mg dm™® (Fischer et al., 2017). In
our study, we found low contents of Zn and Cu; however,
high values of Cu (61.1 mg kg™') and Zn (12.1 mg kg™)
were observed in soils of T. aestivum, and 9.0 mg kg™ of
Zn and 17.9 mg kg™ Cu in Italian soils of T. melanosporum
production (Raglione and Owczarek, 2005). In summary;,
each truffle species has specific requirements and growth
limits. There is detailed information on ecological and
management requirements for the cultivation of Tuber
melanosporum (Garcia-Montero et al., 2006; Fischer et
al., 2017) or T aestivum (Stobbe et al., 2013; Chevalier
and Sourzat, 2012); nevertheless, our study provides
enough data on T. floridanum ecology for cultivation in
orchards or ecologically modified natural pecan stands,
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along with previous information (Grupe et al., 2018;
Sulzbacher et al., 2019)

In truffle cultivation, interactions between truffles
and invertebrate pests can significantly affect the
production quantity and quality of ripened ascocarps,
drastically decreasing producers’ incomes (Rosa-
Gruszecka et al., 2017). Chen et al. (2014) investigated
earwigs fed on fungi and reported the mycophagy of the
fetid mushroom Lysurus mokusin (L.) Fr. (Phallaceae)
by the earwig Anisolabis maritima (Bonelli, 1832). In
addition to dispersing spores attached to the bodies, the
authors found that the primary dispersal mechanism
occurs via the intestines (feces), which increases the
viability and germination of fungal spores. Moreover,
earwigs Chelidurella acanthopygia (Gené, 1832) consume
all types of fungal material (spores, hyphae, and fruiting
body fragments), as well as Apterygida media (Hagenbach,
1822) that may consume fungi on trees trunks and
branches (Kirstova et al., 2019). Therefore, ascocarps
become part of the earwig diet at truffle fructification,
possibly due to their high abundance and availability
as food. In this context, a better view of the temporal
dynamics of earwigs preying on truffles may support
adopting of appropriate measures to reduce truffle
quality loss and financial losses for truffle producers.

In this study, we reported the nutritional properties
and aroma profile of T. floridanum, soil conditions, and
the mycophagy case of earwigs in the truffle. Truffle
aroma differed entirely from any commercial and
non-commercial truffle species analyzed. Regarding
soil properties for cultivation and fruiting, we provide
necessary ecology data for T floridanum cultivation
in orchards or for modifications of natural pecan
stands. These results contribute to the knowledge of
T floridanum. Further studies should elucidate soil
conditions for truffle production and the co-production
of truffles with pecan in Brazil, also investigating the
microbiome and the environmental effects on the
nutritional properties of this truffle species.
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