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Kommer biologisk vittring att fylla på

skogsmarkens förråd i framtidens bioekonomi?
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SLUTSATS
Våra studier visar att mykorrhizasvampar spelar en viktig roll i vittring av mineraler. 

Studier med stabila isotoper av magnesium tyder på att (mykorrhiza)svamphyfer kan 

vittra mineraler i B-horisonten och öka Mg upptag när planttillväxt ökas. Vittring 

kräver allokering av kol (från fotosyntes) till hyyfer i kontakt med mineraler. När 

tillgång till (organisk) kväve begränsas p.g.a. uttag av organiskt material, begränsas 

planttillväxten p.g.a. kvävebrist med följd att även kolallokering till mineraler minskas. 

Resultaten tyder på att, utan återföring av förlorat kväve, kommer biologisk vittring 

ej att ”fylla på” skogsmarkens förråd av baskatjoner.

Kommer biologisk vittring att fylla på

skogsmarkens förråd i framtidens bioekonomi?





‘bare’-rock + lichens

Mosses

‘Ectomycorrhizal mats+
tree roots

Undersökning av svamp- och bakteriesamhällen
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NMDS – Fungal OTUs

Stress: 0.07785
ANOSIM p: 0.0004
PERMANOVA p: 0.0002
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Rozellomycota_unclassified
Rozellomycota_cls_Incertae_sedis
GS18
Umbelopsidomycetes *
Mucoromycetes *
Endogonomycetes
Mortierellomycetes *
Basidiobolomycetes
Chytridiomycota_unclassified
Chytridiomycota_unclassified
Spizellomycetes
Rhizophydiomycetes
Rhizophlyctidomycetes
Basidiomycota_unclassified
Tremellomycetes
Microbotryomycetes
Cystobasidiomycetes
Agaricostilbomycetes
Agaricomycetes **
Ascomycota_unclassified *
Sordariomycetes *
Saccharomycetes **
Pezizomycotina_cls_Incertae_sedis
Pezizomycetes
Orbiliomycetes
Leotiomycetes
Lecanoromycetes *
Eurotiomycetes *
Dothideomycetes
Ascomycota_cls_Incertae_sedis
Arthoniomycetes *
Fungi_unclassified *Ektomykorrhizasvampar ersä1er 

lavbildande svampar när 
trädrö1er koloniserar stenytor

Skilda svampsamhällen

Fungal communi=es colonising rock surfaces



NMDS – Fungal OTUs

Stress: 0.07785
ANOSIM p: 0.0004
PERMANOVA p: 0.0002

Ektomykorrhizasvampar ersä1er 
lavbildande svampar när 
trädrö1er koloniserar stenytor

Fungal communities colonising rock surfaces

Svampar brukar bildar
symbiotiska associationer

med fotobionter när de 
koloniserar mineraler

Träd
- Stora “kolfabriker”
- Stora sänkor för

mobiliserade
näringsämnen
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Stress: 0.05855
ANOSIM p: 0.0004
PERMANOVA p: 0.0002

NMDS – Bacterial OTUs

Bacterial phyla
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Other
WPS-2 *
Verrucomicrobia **
TM7 **
TM6 *
Proteobacteria *
Planctomycetes *
OP3
OD1
Gemmatimonadetes *
Firmicutes *
Fibrobacteres *
FCPU426
FBP
Elusimicrobia
Cyanobacteria *
Chloroflexi
Chlorobi *
Chlamydiae *
Bacteroidetes *
Armatimonadetes
Actinobacteria *
Acidobacteria
AD3 *

Planctomycetes & Verrucomicrobia
ökar i nävaro av ektomykorrhiza



Ingen/begränsad kolonisering

Krukan vrids varje dag

Ingen
vridning



0"

50"

100"

150"

200"

250"

No"N" Low"N" High"N" No"N" Low"N" High"N" No"N" Low"N" High"N"

Control"(granite"only"–"no"plant/
no"ectomycorrhizal"mycelia)"

Granite"–"not"colonised"by"
ectomycorrhizal"mycelia"

Granite"–"colonised"by"
ectomycorrhizal"mycelia"

LM
W
O
As
"c
on

ce
nt
ra
Fo

n"
(µ
M
)"

Effect"of"N"on"the"composiFon"of"organic"acids"in"granite!colonised"by"ectomycorrhizal"
mycelia"or"uncolonised"–"week!12!

TransMaconitate"

Fumarate"

Isocitrate"

Citrate"

Shikimate"

CisMaconitate"

Tartrate"

2Mketoglutarate"

Malate"

Glutarate"

Citraconate"

Succinate"

Maleate"

Malonate"

Oxalate"

Lactate"

Pyruvate"

0"

5"

10"

15"

20"

25"

30"

35"

40"

45"

No"N" Low"N" High"N" No"N" Low"N" High"N" No"N" Low"N" High"N"

Control"(granite"only"–"no"plant/

no"ectomycorrhizal"mycelia)"

Granite"–"not"colonised"by"

ectomycorrhizal"mycelia"

Granite"–"colonised"by"

ectomycorrhizal"mycelia"

LM
W
O
A
s"
co
n
ce
n
tr
a
H
o
n
"(
µ
M
)"

Effect"of"N"on"the"composiHon"of"organic"acids"in"granite"colonised"by"ectomycorrhizal"

mycelia"or"uncolonised"–"week$24$

TransOaconitate"

Fumarate"

Isocitrate"

Citrate"

Shikimate"

CisOaconitate"

Tartrate"

2Oketoglutarate"

Malate"

Glutarate"

Citraconate"

Succinate"

Maleate"

Malonate"

Oxalate"

Lactate"

Pyruvate"

• Bä#re produk,on av organiska 
syror när  mykorrhizsvampar kan 
kolonisera granitpar,klarna
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LMWOAs vs. elements in solu-on… – Ectomycorrhizal mycelium 
+ Ectomycorrhizal mycelium 
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• Mobilisering av Mg, Mn & Fe 
bättre vid högre koncentrationer 
av organiska syror
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Mycorrhizal fungi appear to be be4er than
saprotrophic fungi at mobilising base
ca7ons and P from granite par7cles



Fahad et al. 2016. Env. Microbiol. Rep. 8: 956–965.
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Fungi appear to discriminate against
uptake of heavy Mg isotopes with
mycorrhizal fungi showing stronger
discriminaDon (more strongly
negaDve mycelial signatures) related
to higher total amounts of Mg 
uptake



Mineral weathering
Decomposi3on

I N C R E A S I N G I N T E N S I T Y   O F   F O R E S T R Y
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•Microcosm experiments suggest Mg is mobilised primarily
in the B horizon and that significant enrichment of 26Mg in 
the B horizon soil solu<on is associated with higher total 
uptake of Mg by increased biomass associated with
addi<ons of organic ma?er

• Removal of organic residues containing N accessed by 
mycorrhizal fungi restricts plant growth and carbon
alloca<on to mycorrhizal fungi colonising mineral 
substrates – restric<ng mobilisa<on of base ca<ons
through weathering.



Pine seedlings were 13CO2
pulse labelled and flow of 13C 
was examined in podzol O, E 
and B horizon soils. 
13C-enrichment in mineral 
horizon soils significantly 
greater than in O horizon 
soils. (particularly in B 
horizon - treatment IV, where 
Mg uptake is greatest)
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Corn-soy – USA
Sugar cane – Australia
Oil Palm – Borneo, Malaysia
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‘Outer’ meshbag
contains glass-beads
(2.0 mm)

Two-compartment mesh bags Sep 2014-Sep 2015

50 µm nylon-mesh Jädraås





Biogenic Amorphous Mineraloids
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NanoSIMS – biogenic amorphous mineraloids (BAMs) 

BAMs contain a lot of carbon
Resistant to dissolution by acids
Need to determine chemical composition

• Production of secondary minerals and 
BAMs may result in significant (long-
term) sequestration of C from the 
atmosphere.  

• Ongoing studies using nanoSIMS, NMR 
and FTIR spectroscopy will determine the 
chemical composition of BAMs

• High-throughput community profiling
and 13C- SIP will be used to determine
the microbial taxa involved in BAM 
production and how this is influenced by 
different forestry management practices.
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