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Hypothesis:
Gourmet truffles can be co-cultivated with pecans with low 
interference or additional costs to growers.

Background: What are truffles, and how can they be grown?

Setting the scene: Naturally-occurring gourmet truffles in 
pecan orchards

Research: Basic and applied research (past, present, future)

Get involved: We need grower involvement!



Truffles are the fruiting bodies of some fungi 

Ephemeral reproductive structures, containing spores

Temporary structures, 
produced under the right 
conditions by an organism

What does the truffle organism look like?



Most truffles are ectomycorrhizal (ECM) fungi
• Attached to tree roots and growing in the soil
• Exchange nutrients (N,P) with trees for carbon (sugars)
• Most tree species (pecans!) are obligate hosts of ECM fungi… 
• They cannot thrive without ECM fungi



Ectomycorrhizal (ECM) 
fungi live on root tips
Cultivating ECM fungi = cultivating this symbiosis



This is why some edible fungi are so $$$

ECM symbioses are complex
- Most cannot be cultivated
- Others take years to mature and start produce
- Constantly in flux (competition, succession, etc.)

Truffles are one of 
the few successfully 
cultivated ECM fungi



Tuber melanosporum – global cultivation success

Holm Oak (Quercus ilex) – hardy Mediterranean oak species 

Europe, S. America, Australasia, USA 
Approx. $50 million annually

“Model” of truffle 
cultivation
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20 million euro per year in France (Escafre and Roussel, 2006), 7.5 million euro in Spain (estimated for the past decade on the basis of the mean prices at Vic market, in north-eastern Spain), and 4 million euro in Australia in 2012 (Duell, 2012). In Italy the production value of all species of Tuber together was estimated to be 18 million euro in 1999 (Pettenella et al., 2004) – reyna Garcia-barreda 2014



How to grow truffles 101! Greenhouse

Transplant

Spore slurry

Inoculum

Management
- Irrigation
- Raise pH
- weed control
- Lots of ???s!

Time! (>7-10 yrs… more?)



7-10 years, what can possibly go wrong??
• Poor inoculum quality (contamination)
• Competition from other species
• Drought
• Disease 



Global trade in truffles: $300 million (more?)
Species Price per lb Harvest method

Tuber magnatum
Italian white truffle

$1,000–6,000 Almost all wild-harvested

Tuber melanosporum
Périgord black truffle $800–3000

Almost all cultivated

Tuber aestivum
Burgundy truffle

$100–400 Mix of cultivation and 
wild harvest

Presenter
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Global truffle market – hard to estimate, but is big $$. Mostly in Europe… for now..



Demand for North American truffles is rising…
Species Region Price

Leucangium carthusianum
Oregon black truffle

Pacific Nortwest
USA/Canada

$400–800/lb

Tuber canaliculatum
Appalachian truffle

Eastern and Midwest USA $400–800/lb

Tuber lyonii (sensu lato)
Pecan truffle

Southeastern USA 
(primarily)
Also: N. Mexico, Midwest, 
Northeastern USA

$400–650/lb



Travel back in time….



Discovery of the “pecan truffle” – 1980s/1990s

Set the stage for this research

Early days: Academic study… not yet commercial…



The Pecan Truffle today: Tuber lyonii (sensu lato)

• Several species (= s.l.)
• Widespread 
• Locally abundant in some 

pecan orchards
• Common ECM fungus on 

pecans and oaks
• High quality = $400-650/lb



Now regarded as an excellent gourmet truffle! (Quality is key)



What do you mean, quality?

Immature, no spores
= WEAK ODOR

Mature, spores 
developed
= STRONG ODOR



Quality through improvements in harvest technology

Rakes: Mixed quality 
and lots of time

Leaf Blower?: Mixed 
quality, less time

Dog: High quality, 
very fast



But why are pecan orchards a good habitat?

• Disturbance
• No plant 

competition

Higher pH (liming) Removing litter after harvest
(Low organic matter)



Can you grow truffles on pecan trees?

= ?

>>> Has led to basic and applied research … 



Q1: Can you inoculate pecans with truffles?
• Mimicking “traditional” truffle-

growing approach 
• Product is the symbiosis
• Tested Tuber lyonii, but also: T. 

borchii, T. aestivum, T. indicum, 
and T. macrosporum

A: YES! Many kinds!

Bonito et al. 2010

Benucci et al. 2012

Benucci et al. 2010



Tuber lyonii, T. borchii, T. aestivum, T. indicum 40-60% colonization in 6 mos

Takeaway: Pecans can be inoculated with truffles through ‘traditional’ methods



Q2: What impact does soil fumigation and 
inoculation dose have on colonization?
• How would inoculation of pecans look in ‘real world’?
• Is inoculation compatible with pecan nurseries?
• Unique to pecans – NOT ‘traditional’

Could it work?

Less control…
But less cost



Q: Could it work?

• Tested fumigation + inoculation 
treatments (separately, combined, 
and controls)

• Tested varying levels of inoculum
• 3 orchards in GA
• 5-year experiment: 2013 – 2018 Grupe et al. 2021



Inoculation

(Don’t wait this long!)



Fumigation & inoculation Experiments (Year 3)

= Fumigated

= Inoculated with 
T. lyonii

Fumigation resulted in 
higher T. lyonii 
abundance and fewer 
competitors



1 g 0.5 g 0.1 g 0.05 g 0.01 g

Grams of Tuber lyonii Q: How much inoculum 
($$) do you need?

• Less truffle = more 
competitors

• Low doses still provided 
good colonization

A: Not as much as we 
thought! (0.5g?)



Q: Are there 
management conflicts 
between pecans and 
truffles?

• New experiment: Test impacts of 
phosphite fungicide application 
on T. lyonii colonization

• 0x, 1x, 2x standard application 
rates of phosphites (K-phite) on 
inoculated seedlings

• Other work: Reproductive 
dynamics of T. lyonii



To summarize

• YES you can inoculate 
pecans with truffles (all 
kinds!)

• Fumigation+Inoculation in 
open-air settings = good 
colonization

• Potential for management 
conflicts? Unknown

• More study!



Travel FORWARDS in time….



• Inoculation, outplanting, track outcomes
• Multiple Tuber species
• Different management approaches –

irrigation duration/intensity
• Correlate management and productivity –

even for ‘accidental’ truffles

The dream!



You can help!
Do you have truffles in your 
orchard?

We Want 
Your Specimens!

blemmond@ufl.edu

trufflesmith@ufl.edu

arachis@uga.edu



Your specimens impact our science!
2012 2019



Thank you! Big thanks to all collaborators, 
pecan growers, and contributors!
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