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Des champignons 

pleins les racines !
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Des échanges nutritifs réciproques :

… à table, ensemble !
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Un réseau …Un réseau …



Un réseau …
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+ arbousier



Chêne vert 

+ arbousier



CODE-BARRE ITS

Ribosomal DNA sub-unit in fungi: circa 10 kpb

Taxonomic resolution :

Genus / order

Species / sub-species

Sub-species / genet
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Un réseau nourricier…
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FOREST ECOLOGY

Belowground carbon tradeamongtall
trees in a temperateforest
Tamir Klein,1*† Rolf T. W . Siegwolf,2 Chr istian Körner 1

Forest trees compete for light and soil resources, but photoassimilates, once produced in

the foliage, are not considered to be exchanged between individuals. Applying stable

carbon isotope labeling at the canopy scale, we show that carbon assimilated by 40-meter-

tall spruce is traded over to neighboring beech, larch, and pine via overlapping root

spheres. Isotope mixing signals indicate that the interspecific, bidirect ional transfer,

assisted by common ectomycorrhiza networks, accounted for 40% of the fine root carbon

(about 280 kilograms per hectare per year tree-to-tree transfer). Although compet it ion for

resources is commonly considered as the dominant tree-to-tree interact ion in forests,

trees may interact in more complex ways, including substant ial carbon exchange.

S
tablecarbon isotopelabelingat thecanopy

scale is a powerful tool for tracing carbon

allocation in forest ecosystems (1, 2). In a

dense forest, large quantities of photo-

assimilatesmay beexported to mycorrhiza

and rhizosphere microbes (3–11), and hyphae

of mycorrhizal fungi can form “underground

highways” for carbon and nutrient exchange

with and between plants (9). It has been sug-

gested that because of the unpredictability of

disturbance events and the divergence of re-

sponses among plant communities, mycorrhi-

zal fungi and their host plant speciesareunder

selective pressure to evolve generality (9, 10).

Thegroupsof plantsthat areinterlinked through

acommon mycorrhizal network arehencetermed

“guilds” (10).Theidentity and ensembleof fungal

species may affect plant community structure

and ecosystem productivity (12, 13), with mycor-

rhiza improving plant fitness by increasing phos-

phorus and nitrogen uptake (14). As a result,

mycorrhizal networksareconsidered an integral

part of the autotrophic system (15, 16) and are

essential components in ecosystem resilience

tochange. Yet, thesebenefitshavetraditionally

been studied from anutrient supply perspective,

and the mycorrhiza “pipeline” was never shown

totransfer considerableamounts(>1g) of mobile

carbon compoundsamong trees (4–10). In addi-

tion tomycorrhizal networks,carbon can betrans-

ferred through natural root grafts, which are

anatomical fusionsbetween two or moreroots.

Growth of interconnected trees in situ can beaf-

fected directly by thepresenceof root grafts—for

example, by translocation of water and carbohy-

drates(17). Transport acrossroot graftshasbeen

demonstrated in numerous field studies using

variousmethods, from dyeinjection to theuseof

radioactive tracers (18, 19), but these grafts are

restricted to treesof thesamespeciesor, at most,

of phylogenetically closely related species (17–20).

Using a tall canopy crane (1, 2), we continu-

ously labeled five 40-m-tall Norway spruce trees

(Picea abies) as part of a 5-year free-air CO2 en-

richment experiment (FACE) in amixed forest in

northwest Switzerland (3, 21, 22) (figs. S1to S7).

Fiveunlabeled Picea treesserved ascontrols(fig.

S8). We then measured d13C from “tip to toe,”

including canopy twigs, stems, and fine roots of

labeled and unlabeled individualsof Picea and of

neighboringtreesbelongingtodifferent taxa(Fagus

sylvatica,Pinussylvestris, and Larix decidua).

Except for thefivelabeled Picea,noneof thetrees

were exposed to CO2 labeling. Using industrial,
13C-depleted CO2 gas, our canopy labeling made

the d13Csignal of labeled treesmorenegativeby

5.3 per mil (‰) compared to unlabeled control

trees: Twigd13Cwas–31.4‰ in labeled and–26.1‰

in unlabeled Picea(Fig.1).Newfinerootsof labeled

Picea, isolated from 90 ingrowth cores(figs. S9

and S10) had 2.6‰ lower d13Cvalues than the

control treesgrowing in ambient air (no 13Clabel)

(Fig.1).Almost thesameisotopicsignal wasfound

among fine roots of similarly tall nonconspecific

trees in the neighborhood that were unlabeled

and contributed about half of the fine roots re-

covered from ingrowth cores(Fig.2A).Tovalidate

that finerootsof theother taxawerenot confused

with thoseof Picea,weexcavated rootsfrom Picea

(control and labeled)and neighboring treespecies

and traced them to thetrunk of origin (figs. S12 to

S14). Again, fine roots of these non-Picea taxa

showed a13Csignal similar to that of their neigh-

boringPicea (either control or labeled) but joint-

ly at a 2.6‰ lessnegative level when 13C-labeled

Picea waspresent (Fig.2B).Hence,both theroot-

ingrowth-core data (with multiple individuals’

input) and the data for intact root systems from

threeindividualsbelonging to threedifferent tree

generayielded thesamesignals. Sapwood d13Cof

the2010 to2014 annual ringsin stem corestaken

at breast height from neighboring and nonneighbor-

ing non-Picea trees was –27.8 ± 0.1‰ and –26.9 ±

0.1‰, respectively—still a significant difference

(P= 0.019).

Becauseour FACEsystem operated in thecan-

opy only (20 to 40 m aboveground), tank CO2,

and thus the 13Clabel, were not present in the

understory. This was ascertained first by 13C

signalsin understoryplants,which areexclusively

vesicular-arbuscular mycorrhizal: Paris quadri-

folia, Mercurialis perennis, and Rubus frutico-

sus. d13C values in rhizomes/root stocks from

thesethreespeciesgrowingunder both unlabeled

and labeled Picea showed the typical, very nega-

tive signals for deep shade plants (from –30.2 to

–34.5‰) (fig.S15).Besidesdifferencesamongspe-

cies, however, there was absolutely no signal dif-

ferencebetween samplescollected under unlabeled

and labeled Picea and nodifferencebetween years.

Second,wechecked thecanopycrownsof thetrees

neighboringthelabeledPicea individualsfor traces
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Mais des exploiteurs…
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CODE-BARRE ITS

Ribosomal DNA sub-unit in fungi: circa 10 kpb

Taxonomic resolution :

Genus / order

Species / sub-species

Sub-species / genet

ITS
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Des signaux ?



Puceron : Acyrthosiphon pisum

Prédateur : Aphidius ervi

Sur la fève
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Puceron : Acyrthosiphon pisum

Prédateur : Aphidius ervi

non non

Réseau :
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Puceron : Acyrthosiphon pisum

Prédateur : Aphidius ervi

non non

Réseau :

oui oui
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Puceron : Acyrthosiphon pisum

Prédateur : Aphidius ervi

Et dans les 

écosystèmes ?
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Des champignons 

nourriciers…
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1 km d’hyphes / m de racine 

100 m d’hyphes / cm3 de sol 

une interface accrue 10 000 x

… pour un coût 100 x moindre

LA  MYCORHIZE, UNE SYMBIOSE



+

ECTOMYCORHIZE



LA  MYCORHIZE, UNE SYMBIOSE

Des échanges nutritifs réciproques :

… à table, ensemble !
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LA  MYCORHIZE, UNE SYMBIOSE

Des échanges nutritifs réciproques ?
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LA  MYCORHIZE, UNE SYMBIOSE

Des échanges nutritifs réciproques :

… à table, ensemble, 

mais pas à n’importe quel prix !

PLANTE CHAM-
PIGNON

Sucres, vitamine B

Eau et sels
minéraux (N, P, K)



3.

Des champignons 

depuis toujours !



L’ENDOMYCORHIZE

80% des plantes 

terrestres

&

des champignons micros-

copiques du groupe des 

Gloméromycètes









Aglaophyton, flore de Rhynie 

(400 millions d’années)

DES LE SILURIEN…
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… et protecteurs!
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LA  MYCORHIZE, UNE SYMBIOSE

Echanges nutritifs et protection réciproques :

PLANTE CHAM-
PIGNON

Sucres, vitamine B

Eau et sels
minéraux (N, P, K)

Protection contre les agressions

physiques et biologiques
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D’étranges dérives…



Pour finir...



ENDOMYCORHIZE
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Croissance non mycorhizée

Croissance mycorhizée

(en mg/plante, poids sec)

+45%                                  -14%
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