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1 | INTRODUCTION

As ambassadors for our ecosystems, botanic gardens not only offer
plant conservation, knowledge exchange, and public engagement but
also provide unique living laboratories for understanding biological

and ecological responses to global climate change. The belowground

Social Impact Statement

Botanic gardens offer unique opportunities for unravelling responses of plant life to
climate change. Despite investigations into their aboveground sphere, the below-
ground realm is usually neglected. Cambridge University Botanic Garden now illumi-
nates the hidden world of one of the most sought-after culinary delicacies—the
Burgundy truffle. The garden's plant diversity, the serendipity of a truffle dog, and
our curiosity-driven research agenda reveal insights into 278 truffle fruitbodies that
grew symbiotically with an unusually high number of host species. Our study
reinforces the power of botanic gardens to disentangle ecosystem processes and

emphasizes the proximity of scientific and public interests in truffles.

Cambridge University Botanic Garden, climate change, ectomycorrhizal fungi, fungi-host
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cosmos of plant life, soil organisms, and fungi-host interactions is,
however, rarely considered in the thriving research portfolios of
botanic gardens around the world.

Like many botanic gardens, Cambridge University Botanic Garden
(CUBG) has fostered a unique research and teaching platform for

plant science and horticulture since its foundation in 1846
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(Glover, 2022). With a total of 8061 vascular plant species across
40 acres, CUBG is ideally situated for addressing biological and eco-
logical questions within the emerging arenas of global climate change
and biodiversity research. The long-term dedication of CUBG to facili-
tate plant science follows the main motivation of its founder
J.S. Henslow (Kohn et al., 2005), who was a physical scientist before
becoming a pioneering botanist and Charles Darwin's mentor. Yet, the
garden's belowground sphere has been broadly neglected. Only a few
recordings of soil microorganisms as well as mycological investigations
into the phenology, productivity, and diversity of fungi species and
their symbiotic host interactions exist.

Amongst the most exclusive gourmet foods worldwide (Hall
et al, 2003), fruitbodies of the Burgundy truffle (Tuber aestivum
Vittad.) exceeded 1500 Euro per kilogram in winter 2022/23 (https://
www.tartufo.com/en/truffle-prices/). Burgundy truffles can be har-
vested throughout most of the year and across much of Europe where
pH levels of alkaline topsoil range from around 6.5-8.5 (Stobbe, Egli,
et al,, 2013). Notwithstanding a long history of human consumption
and scientific investigation, the belowground lifecycle and complex
host association of this ectomycorrhizal ascomycete remain largely
uncertain (Blntgen et al., 2017; Bintgen & Egli, 2014; Moser
et al., 2017; Stobbe, Stobbe, et al., 2013). A better understanding of
the extent of possible symbiotic plant species is, however, needed to
allow farmers to prepare their plantations for a projected warmer and
drier climate (IPCC, 2021), in which the intensity and frequency of
weather extremes is expected to increase (Olonscheck et al., 2021),
species move northward (Cejka et al., 2020), habitats become vulnera-
ble (Biintgen et al., 2022), and certain tree species are likely to suffer
more than others (Vitali et al., 2017).

Here, we capitalize on the huge diversity of plant species in
CUBG and present insights from the Garden's first truffle project.
Based on a semisystematic survey, we assess the fruiting behaviour
and host range of a highly prized hypogeous ectomycorrhizal fungus.
We then discuss limitations of our approach and outline how botanic
gardens may contribute to answer pending questions in truffle
research, and more generally help to understand how biological and
ecological systems are affected by climate change, an important task
that has been proposed for the fungal kingdom recently (Andrew
et al., 2017).

2 | DATA AND METHODS

Located in the east of England, about 100 km north of London around
52°11’ N, 00°07' E, and 6 m asl (Figure 1a), CUBG comprises 8061
tree, shrub, and herbaceous species within a well-managed parkland
area of 16 ha (Figure 1b). The circa 2000 tree species, for which ages
often exceed 150years and provenance is usually known
(Glover, 2022), are growing in taxonomically defined sections. Hence,
the garden is structured into spatial units of Aceraceae, Betulaceae,
Fagaceae, Fabaceae, Magnoliaceae, Moraceae, Oleaceae, Sapinda-
ceae, Tiliaceae, and Ulmaceae. The garden's fertile soil with pH > 7 is

influenced by alkaline gravel, and Cambridge's oceanic climate exhibits

annual precipitation totals of ~560 mm (with declining tendency over
the past decade). The coldest months are December and January with
average minimum and maximum temperatures around 2.0°C and
7.8°C (https://www.metoffice.gov.uk/). The warmest months are July
and August with average minimum and maximum temperatures
around 12.6°C and 22.9°C (with increasing tendency over the past
decade).

Truffles were harvested by an experienced scent-detection dog, a
Beagle, from September 2017 to March 2018 (Figure 1c,d), and again
from August 2019 to January 2020. Hunting during the first period
was performed one to three times per month, whereas hunts of the
second phase took place on two consecutive days every 2 weeks
(Cejka, Thomas, et al., 2022). Each hunt lasted around 2-3 h along
the same pathway across the entire garden. Once the Beagle
indicated presence of a truffle, the fruitbody was excavated, placed
in a paper bag, and subsequently analysed in the laboratory
(Figure 1e). Date, location, weight, ripeness, and potential host tree
were recorded for each fruitbody (following protocols introduced by
Blintgen et al., 2017). Importantly, most trees in the garden grow
more than 10 m apart from each other, and solitary specimens with-
out a crown overlap facilitate the assignment of their symbiotic truffle
fruitbodies. Soil depth and distance from potential host tree were
added for each truffle during the second hunting period. Fruitbody
production was expressed as day of the year, where 1 DOY corre-
sponds to 1 January and truffle finds after December were simply
added. Bivariate scatter plots, Pearson's correlation coefficients, and
linear mixed-effects models were used to assess possible relationships
between all parameters. Statistical analyses were performed in R
4.0.5, using GGPLOT for visualization and NLME for linear mixed-
effects models.

3 | RESULTS AND DISCUSSION

Biweekly truffle hunts with a scent-detection dog between
September 2017 and January 2020 revealed a total of 278 Burgundy
truffles in CUBG (Figure 2a). Harvests of the first and second hunting
periods resulted in 177 and 101 fruitbodies, respectively. Mean
(median) fruitbody weight was 13.9 (8.9) g, with individual truffles
ranging from 0.5-98.8 g (standard deviation of 14.9). The individual
truffle fruitbodies most likely formed symbiotic relationships with at
least 19 different tree species, including hosts from six genera (Betula,
Carpinus, Corylus, Fagus, Ostrya, and Quercus) and two families
(Fagaceae and Betulaceae). The most productive genus was Corylus
with 96 fruitbodies, followed by Quercus and Fagus with 84 and
57 fruitbodies, respectively. Betula, Carpinus, and Ostrya were only
associated with five, 17, and 19 truffles. The most productive symbi-
otic partner was an evergreen Quercus ilex that produced 23 and
32 truffles in the first and second hunting period. A Corylus colurna
and a large Fagus sylvatica ‘Miltonensis’ were associated with 47 and
39 fruitbodies (Figures 1b-d and 2). These trees also hosted the larg-
est truffle specimens of 100 g (C. colurna), 90 g (Q. ilex), and 60 g
(F. sylvatica). Most truffles were ripe with ochre to dark brown gleba
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(a)

FIGURE 1

(a) Location of Cambridge in the south-east of England, circa 100 km north of London (52°11’ N, 00°07’ E, and 6 m asl). (b)

Cambridge University Botanic Garden (CUBG) comprising 8061 vascular plant species across 40 acres, with red dots indicating the location of

19 potential truffle host trees (1 = Betula pubescens, 2 = Betula papyrifera, 3 = Carpinus betulus, 4 = Carpinus caroliana, 5 = Corylus avel.
Heterophilla, 6 = Corylus avellana T1, 7 = Corylus avellana T2, 8 = Corylus colurna T1, 9 = Corylus colurna T2, 10 = Corylus maxima (var. purpurea),
11 = Ostrya carpinifolia, 12 = Fagus sylvatica f. purpurea T1, 13 = Fagus sylvatica, 14 = Fagus sylvatica Miltonensis, 15 = Fagus sylvatica f. purpurea
T2, 16 = Fagus sylvatica f. laciniata, 17 = Quercus ilex, 18 = Quercus rosacea, and 19 = Quercus trojana). (c,d) Truffle hunt in CUBG under a very
productive evergreen Quercus ilex (17) and near a large Fagus sylvatica ‘Miltonensis’ (14). (e) Microscopic magnification of the ripe gleba of an
aromatic Burgundy truffle (Tuber aestivum) excavated in CUBG in January 2018. (f) Truffle hunt and film production for a BBC Countryfile
documentary on CUBG's first truffle project in January 2018, which describes a prominent example of public engagement that can be achieved at
the crossroads of innovative research, botanic gardens, and environmental challenges

and well-structured spores (Figures 1e and 2). Only a few fruitbodies
were classified as overripe with soft and partly rotten gleba. All truf-
fles were located within the upper 10 cm of organic and mineral soil
and at an average distance of 4 m from their host trees (Figure 2a).
Weight and ripeness (df = 150, F = 5.86, p value = 0.0167), as well as
soil depth and weight (df = 54, F = 5.77, p value = 0.0198), were sig-
nificantly correlated; that is, larger truffles were riper and grew deeper
in the soil. Fruitbodies were found from mid-August to late-March.
Although we are confident in attributing the individual truffle
fruitbodies to solitary trees, molecular evidence would be needed to
confirm the ectomycorrhizal status of host plants. The observed range
of potential host partners includes Mediterranean evergreen or semi-
evergreen species like Q. ilex and Quercus trojana, as well as many
broadleaf trees abundant in the temperate zones of Eurasia, such as
Betula pubescens. Native to Europe and Asia are F. sylvatica, Carpinus
betulus, C. colurna, and Ostrya carpinifolia, whereas Betula papyrifera is
native to North America. All species are known to form ectomycor-
rhiza and some of them have been described as symbiotic partners for
different truffle species (Chevalier et al, 2002; Craddock, 1992;
Csorbainé, 2011; Gryndler, 2016). However, to our knowledge,

Carpinus caroliana, Corylus maxima, and Quercus rosacea have never
been directly associated with Burgundy truffles.

Although truffle cultivation has become a global endeavour, it still
centres on a small number of host species amongst Quercus and Cory-
lus. Expanding the range of symbiotic partners used in both truffle cul-
tivation and experimentation may not only lead to better modes of
fruitbody production but also affords a degree of resilience in a world
where a rapidly changing climate along with increasing pests and dis-
eases present multiple and accelerating challenges (Cejka, Isaac,
et al, 2022; Thomas & Biintgen, 2019). Botanic gardens, therefore,
provide an ideal environment in which to explore such interactions
further.

In addition to the ecological and mycological insights this study
provides, innovative research in CUBG offers new opportunities to
attract a wide public fascinated by and concerned about the
environment we live in. Disseminated through talks and broadcasted
prominently (Figure 1f), our truffle project is an exemplar for science
communication combining innovative research, botanic garden
collections, and environmental challenges. Moreover, we are confi-

dent that our findings are relevant for a new generation of

85U8017 SUOWILLIOD A1) 3|qeo! dde aup Aq peuenob ae Sapie YO ‘8Sn JO SNl 10} Aeiq18UlUO A8]IM UO (SUORIPUOD-PUR-SLUIBY/LICO" A | IM A eIq | BUl|UO//SdNY) SUORIPUOD pue Swe 1 8y} 88s *[£202/50/80] U0 Ariq1TaulluO A8|IM ‘ISd IMiIsU| Ja1ieyds [med Aq 95£0T ‘eddd/Z00T 0T/10p/woo A8 im Al uljuo yduy/:sdny wo.y pepeojumod ‘€ ‘€202 ‘T1922.52



332

CENTENARO ET AL.

ints People Planeg PP

Quercus ilex
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FIGURE 2 (a) Characteristics of 278 Burgundy truffles (Tuber aestivum) harvested in Cambridge University Botanic Garden (CUBG). Light
(dark) grey bars refer to the first (second) hunting period from Sep 2017 to Mar 2018 (Aug 2019 to Jan 2020). First column shows the total

number of truffles found under each tree, followed by the weight, ripe

ness, soil depth, host distance, and fruiting date. Bars and whiskers show

mean values and minimum-maximum ranges, respectively. Boxplots show interquartile ranges, with bars and points referring to minimum-
maximum ranges and outliers, respectively. (b) Examples of truffle fruitbodies, including ripe and unripe specimens (upper left and right images),

and different seizes, weights, and surface structures (bottom images)

truffle farmers in the United Kingdom and elsewhere, who may need
to plant a variety of hosts for their plantations to adapt to a warmer
and drier climate. Given the wide range of tree species that potentially

form symbiotic relationships with Burgundy truffles (Figure 2) and

reported evidence that mixed forest stands are more resilient to
climate change (Vitali et al., 2017), there is little argument for
monocultural truffle plantations. In fact, mixed species plantations are

likely to produce a higher quality and quantity of truffles under the
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predicted increase in the intensity and frequency of both spring
frosts and summer heatwaves (Olonscheck et al., 2021). In this regard,
and in line with much of central Europe (Biintgen, Urban, et al., 2021),
we cannot ignore that southeast England experienced a cluster of
severe summer droughts since 2016 (Turner et al., 2021). The world's
longest meteorological record, the Central England Temperature
series, shows that recent anthropogenic warming is unprecedented in
the past three and a half centuries, and that this trend not only affects
the UK's plant phenology (Biintgen et al., 2022), but likely also impacts
fungi-host interactions (Blintgen & Egli, 2014).

4 | CONCLUSION AND OUTLOOK

The plant diversity and biogeographic setting of CUBG, the serendip-
ity of an experienced truffle dog, and a curiosity-driven research
agenda revealed the location, maturation, and host association of
278 truffles. The ectomycorrhiza fruitbodies of one of the most highly
prized and sought-after culinary delicacies had a mean weight of 14 g,
grew exclusively in the upper soil layer, and likely formed symbiotic
relationships with at least 19 different host species from six genera:
Betula, Carpinus, Corylus, Fagus, Ostrya, and Quercus. An evergreen
Q. ilex, a C. colurna, and a large weeping F. sylvatica ‘Miltonensis’
produced most truffles: 55, 47, and 39, respectively. Our eco-
physiological findings not only engaged a wide public through semi-
nars, lectures, talks, and documentary filming but also offer guidance
for truffle farmers to adapt their plantations for projected climate
change. Further data collection and processing should consider fine-
scale eco-archaeological excavation and genetic exploration to
address how populations of the Burgundy truffle are moving across
CUBG and from where they originate (Blntgen, Peter, et al., 2021;
Molinier et al., 2016; Staubli et al., 2022). An additional focus should
be on the detection and description of morphological differences
between forms and varieties of fruitbodies that possibly present phys-
iologically based intraspecific variation and responses to abiotic
factors.

Continuing the intellectual voyage of J.S. Henslow that started
almost 200 years ago in Cambridge, our study provides new eco-
mycological insights, offers opportunities to attract a wide public
fascinated by and concerned about our environment, and suggests
that truffle farmers may have to plant a variety of host plants to
adapt their plantations for a warmer and drier climate. Along these
lines, we are convinced that the network of botanic gardens
around the world should play a more prominent role in protecting
biodiversity and understanding biological and ecological responses
to climate change—past, present, and future. Innovative research
may range from a local to global scale, in which either individual
gardens, or network initiatives, facilitate the assessment of the
impact of anthropogenic climate change. In their function as living
scientific laboratories, botanic gardens provide controlled environ-
mental settings for experimental approaches that cannot be found

elsewhere.

People P

ACKNOWLEDGEMENTS

Many thanks to CUBG for supporting this project and for everyone
who contributed to truffle hunts, subsequent sample preparation,
and photographic documentation, as well as filming and public
engagement. U.B. received funding from the SustES project
(CZ.02.1.01/0.0/0.0/16_019/0000797), and the ERC Advanced grant
MONOSTAR (AdG 882727). Three anonymous referees provided

useful comments and suggestions.

CONFLICT OF INTEREST
The authors declare no competing interests.

AUTHOR CONTRIBUTIONS

UIf Biintgen conceived the study and wrote the paper together with
Giada Centenaro and valuable input from Beverley J. Glover, Alma
Piermattei, Paul W. Thomas, and Tomas Cejka. Giada Centenaro
performed the analyses under the supervision of Ulf Blintgen. All
authors contributed to discussion and interpretation, and UIlf
Blintgen revised the manuscript.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the
corresponding author upon reasonable request.

ORCID

Giada Centenaro "2 https://orcid.org/0000-0001-7999-6186
https://orcid.org/0000-0002-6393-819X
https://orcid.org/0000-0002-7704-8382
https://orcid.org/0000-0003-4252-1456
https://orcid.org/0000-0002-9254-8000

https://orcid.org/0000-0002-3821-0818

Beverley J. Glover
Alma Piermattei
Paul W. Thomas
Tomds Cejka
UIf Biintgen

REFERENCES

Andrew, C., Heegaard, E., Kirk, P. M., Bassler, C., Heilmann-Clausen, J.,
Krisai-Greilhuber, 1., Kuyper, T. W., Senn-Irlet, B., Blintgen, U., Diez, J.,
Egli, S., Gange, A. C., Halvorsen, R., Hgiland, K., Nordén, J., Rustgen, F.,
Boddy, L., & Kauserud, H. (2017). Big data integration: Pan-European
fungal species observations' assembly for addressing contemporary
questions in ecology and global change biology. Fungal Biology Reviews,
31, 88-98. https://doi.org/10.1016/j.fbr.2017.01.001

Bintgen, U., Bagi, I., Fekete, O., Molinier, V., Peter, M., Splivallo, R,,
Vahdatzadeh, M., Richard, F., Murat, C.,, Tegel, W., Stobbe, U,
Martinez-Pena, F., Sproll, L., Hilsmann, L., Nievergelt, D., Meier, B., &
Egli, S. (2017). New insights into the complex relationship between
weight and maturity of Burgundy truffles (Tuber aestivum). PLoS ONE,
12,e0170375. https://doi.org/10.1371/journal.pone.0170375

Biintgen, U., & Egli, S. (2014). Breaking new ground at the interface of
dendroecology and mycology. Trends in Plant Science, 19, 613-614.
https://doi.org/10.1016/j.tplants.2014.07.001

Bintgen, U., Peter, M., Tegel, W., Stobbe, U., Elburg, R., Sproll, L.,
Molinier, V., Cejka, T., Isaac, E., & Egli, S. (2021). Eco-archaeological
snapshots of subterranean truffle growth. Fungal Biology, 125,
951-961. https://doi.org/10.1016/j.funbio.2021.09.001

Bintgen, U., Piermattei, A., Krusic, P. J., Esper, J., Sparks, T., &
Crivellaro, A. (2022). Plants in the UK flower a month earlier under

85U8017 SUOWILLIOD A1) 3|qe! [dde aup Aq peuenob ae Sapiie YO ‘8sn JO S9N 10} Aeiq18UlUO 48] 1M UO (SUORIPUOD-PUR-SLUIBI/LICO" A IM A eIq | Ul |UO//SdNY) SUORIPUOD pue Swie 1 8y} 88S *[£202/50/80] U0 Ariq1TaulUO AB]IM ‘ISd INISU| Ja1ieyds [ned Aq 95€0T eddd/Z00T 0T/10p/woo A8 imArelq 1l juo yduy/:sdiy wo.y pepeojumod ‘€ ‘€202 ‘T1922.52


https://orcid.org/0000-0001-7999-6186
https://orcid.org/0000-0001-7999-6186
https://orcid.org/0000-0002-6393-819X
https://orcid.org/0000-0002-6393-819X
https://orcid.org/0000-0002-7704-8382
https://orcid.org/0000-0002-7704-8382
https://orcid.org/0000-0003-4252-1456
https://orcid.org/0000-0003-4252-1456
https://orcid.org/0000-0002-9254-8000
https://orcid.org/0000-0002-9254-8000
https://orcid.org/0000-0002-3821-0818
https://orcid.org/0000-0002-3821-0818
https://doi.org/10.1016/j.fbr.2017.01.001
https://doi.org/10.1371/journal.pone.0170375
https://doi.org/10.1016/j.tplants.2014.07.001
https://doi.org/10.1016/j.funbio.2021.09.001

334

CENTENARO ET AL.

ts People Planet PPP
recent warming. Proceedings of the Royal Society B, 289, 20212456.
https://doi.org/10.1098/rspb.2021.2456

Bintgen, U., Urban, O., Krusic, P. J., Rybnicek, M., KolaF, T., Kyncl, T.,
A¢, A., Konasova, E., Céslavsk)’/, J., Esper, J., Wagner, S., Saurer, M.,
Tegel, W., Dobrovolny, P., Cherubini, P., Reinig, F., & Trnka, M. (2021).
Recent European drought extremes beyond common era background
variability. Nature Geoscience, 14, 190-196. https://doi.org/10.1038/
s41561-021-00698-0

Cejka, T., Isaac, E., Oliach, D., Martinez-Pefa, F., Egli, S., Thomas, P.,
Trnka, M., & Buintgen, U. (2022). Risk and reward of the global truffle
sector under predicted climate change. Environmental Research Letters,
17,024001. https://doi.org/10.1088/1748-9326/ac47c4

Cejka, T., Thomas, P. W., Oliach, D., Stobbe, U., Egli, S., Tegel, W.,
Centenaro, G., Sproll, L., Bagi, |., Trnka, M., & Bintgen, U. (2022).
Understanding the behaviour of truffle dogs. Journal of Veterinary
Behaviour, 52(53), 8-13. https://doi.org/10.1016/j.jveb.2022.04.002

Cejka, T., Trnka, M., Krusic, P. J., Stobbe, U., Oliach, D., Vaclavik, T.,
Tegel, W., & Biintgen, U. (2020). Predicted climate change will increase
the truffle cultivation potential in central Europe. Scientific Reports, 10,
21281. https://doi.org/10.1038/s41598-020-76177-0

Chevalier, G., Gregori, G., Frochot, H., & Zambonelli, A. (2002). The cultiva-
tion of the Burgundy truffle. In Edible mycorrhizal mushrooms and
their cultivation. Proceedings of the Second International Conference
on Edible Mycorrhizal Mushrooms, Christchurch, New Zealand, 3-6
July, 2001. Crop & Food Research.

Craddock, J. (1992). Mycorrhizal association between Corylus heterophylla
and Tuber melanosporum. lll International Congress on Hazelnut, 351,
291-298.

Csorbainé, A. G. (2011). Studies on cultivation possibilities of summer
truffle (Tuber aestivum Vittad.) and smooth black truffle (Tuber
macrosporum Vittad.) in Hungary. Phd Thesis, Szent Istvan University.

Glover, B. J. (2022). Elephants, rainbows, flowers and bees: Interdisciplin-
ary research driven by botanic garden collections. Plants, People,
Planet. https://doi.org/10.1002/ppp3.10318

Gryndler, M. (2016). True truffle host diversity. In True truffle (Tuber spp.)
in the world. Springer. https://doi.org/10.1007/978-3-319-31436-
5_16

Hall, I. R., Yun, W., & Amicucci, A. (2003). Cultivation of edible ectomycor-
rhizal mushrooms. Trends in Biotechnology, 21, 433-438. https://doi.
org/10.1016/50167-7799(03)00204-X

IPCC. (2021). Climate change 2021: The physical science basis. In V. P.
Masson-Delmotte, A. Zhai, S. L. Pirani, C. Connors, S. Péan, S. N.
Berger, et al. (Eds.). Contribution of working group | to the sixth
assessment report of the intergovernmental panel on climate change.
Cambridge University Press.

Kohn, D., Murrell, G., Parker, J., & Whitehorn, M. (2005). What Henslow
taught Darwin. Nature, 436, 643-645. https://doi.org/10.1038/
436643a

Molinier, V., Murat, C., Baltensweiler, A., Bintgen, U., Martin, F., Meier, B.,

Moser, B., Sproll, L., Stobbe, U., Tegel, W., Egli, S., & Peter, M. (2016).

Fine-scale genetic structure of wild Tuber aestivum sites in southern
Germany. Mycorrhiza, 26, 85-97. https://doi.org/10.1007/s00572-
016-0719-y

Moser, B., Bintgen, U., Molinier, V., Peter, M., Sproll, L., Stobbe, U.,
Tegel, W., & Egli, S. (2017). Vegetation as an indicator for Tuber aesti-
vum occurrence in Central Europe. Fungal Ecology, 29, 59-66. https://
doi.org/10.1016/j.funeco.2017.06.002

Olonscheck, D., Schurer, A. P., Liicke, L., & Hegerl, G. C. (2021). Large-scale
emergence of regional changes in year-to-year temperature variability
by the end of the 21st century. Nature Communications, 12, 7237.
https://doi.org/10.1038/s41467-021-27515-x

Staubli, F., Imola, L., Dauphin, B., Molinier, V., Pfister, S., Pifuela, Y.,
Schiirz, L., Sproll, L., Steidinger, B. S., Stobbe, U., & Tegel, W. (2022).
Hidden fairy rings and males—Genetic patterns of natural Burgundy
truffle (Tuber aestivum Vittad.) populations reveal new insights into its
life cycle. Environmental Microbiology, 24, 6376-6391.

Stobbe, U., Egli, S., Tegel, W., Peter, M., Sproll, L., & Biintgen, U. (2013).
Potential and limitations of Burgundy truffle cultivation. Applied Micro-
biology and Biotechnology, 97, 5215-5224. https://doi.org/10.1007/
s00253-013-4956-0

Stobbe, U., Stobbe, A., Sproll, L., Tegel, W., Peter, M., Blntgen, U., &
Egli, S. (2013). New evidence for Burgundy truffle and Norway spruce
symbiosis. Mycorrhiza, 23, 669-673. https://doi.org/10.1007/s00572-
013-0508-9

Thomas, P., & Buntgen, U. (2019). A risk assessment of Europe's black
truffle sector under predicted climate change. Science of the Total
Environment, 655, 27-34. https://doi.org/10.1016/j.scitotenv.2018.
11.252

Turner, S., Barker, L. J., Hannaford, J., Muchan, K., Parry, S., & Sefton, C.
(2021). The 2018/2019 drought in the UK: A hydrological appraisal.
Weather, 76, 248-253. https://doi.org/10.1002/wea.4003

Vitali, V., Buntgen, U., & Bauhus, J. (2017). Silver fir and Douglas fir are
more tolerant to extreme droughts than Norway spruce in south-
western Germany. Global Change Biology, 23, 5108-5119. https://doi.
org/10.1111/gch.13774

How to cite this article: Centenaro, G., Glover, B. J.,
Piermattei, A., Thomas, P. W., Cejka, T., & Biintgen, U. (2023).
The importance of botanic gardens for global change
research—New insights into Cambridge's hidden truffle
kingdom. Plants, People, Planet, 5(3), 329-334. https://doi.org/
10.1002/ppp3.10356

85U8017 SUOWILLIOD A1) 3|qe! [dde aup Aq peuenob ae Sapiie YO ‘8sn JO S9N 10} Aeiq18UlUO 48] 1M UO (SUORIPUOD-PUR-SLUIBI/LICO" A IM A eIq | Ul |UO//SdNY) SUORIPUOD pue Swie 1 8y} 88S *[£202/50/80] U0 Ariq1TaulUO AB]IM ‘ISd INISU| Ja1ieyds [ned Aq 95€0T eddd/Z00T 0T/10p/woo A8 imArelq 1l juo yduy/:sdiy wo.y pepeojumod ‘€ ‘€202 ‘T1922.52


https://doi.org/10.1098/rspb.2021.2456
https://doi.org/10.1038/s41561-021-00698-0
https://doi.org/10.1038/s41561-021-00698-0
https://doi.org/10.1088/1748-9326/ac47c4
https://doi.org/10.1016/j.jveb.2022.04.002
https://doi.org/10.1038/s41598-020-76177-0
https://doi.org/10.1002/ppp3.10318
https://doi.org/10.1007/978-3-319-31436-5_16
https://doi.org/10.1007/978-3-319-31436-5_16
https://doi.org/10.1016/S0167-7799(03)00204-X
https://doi.org/10.1016/S0167-7799(03)00204-X
https://doi.org/10.1038/436643a
https://doi.org/10.1038/436643a
https://doi.org/10.1007/s00572-016-0719-y
https://doi.org/10.1007/s00572-016-0719-y
https://doi.org/10.1016/j.funeco.2017.06.002
https://doi.org/10.1016/j.funeco.2017.06.002
https://doi.org/10.1038/s41467-021-27515-x
https://doi.org/10.1007/s00253-013-4956-0
https://doi.org/10.1007/s00253-013-4956-0
https://doi.org/10.1007/s00572-013-0508-9
https://doi.org/10.1007/s00572-013-0508-9
https://doi.org/10.1016/j.scitotenv.2018.11.252
https://doi.org/10.1016/j.scitotenv.2018.11.252
https://doi.org/10.1002/wea.4003
https://doi.org/10.1111/gcb.13774
https://doi.org/10.1111/gcb.13774
https://doi.org/10.1002/ppp3.10356
https://doi.org/10.1002/ppp3.10356

	The importance of botanic gardens for global change research-New insights into Cambridge's hidden truffle kingdom
	1  INTRODUCTION
	2  DATA AND METHODS
	3  RESULTS AND DISCUSSION
	4  CONCLUSION AND OUTLOOK
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTIONS
	DATA AVAILABILITY STATEMENT

	REFERENCES


