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Soil organic carbon: Earth’s largest terrestrial carbon pool

- Soil organic carbon dynamics largely controlled by soil microbes
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Soil microbes play a key role in forming SOC

- As much as 50-80% of SOC derived from microbial necromass via
‘soil microbial carbon pump’
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Critical need: identify microbial traits that predict soil
carbon formation for global carbon models

nature LETTERS
Cllma'te Change PUBLISHED ONLINE: 28 JULY 2013 | DOI:10.1038/NCLIMATE1951

Global soil carbon projections are improved by
modelling microbial processes

Subsurface
(30-100 cm)

Wieder et al. 2013



Overwhelming focus to date on a single trait: carbon-use efficiency
(C allocated to growth vs. CO, respired)

'Soil microbial carbon pump’ Theorized positive relationship btw.
CUE and MAOM
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Key Motivating Research Questions:

(1) Evidence for theorized positive relationship between carbon-
use efficiency and MAOM tormation?

(2) Are there other microbial traits that better predict MAOM

(3) Does the importance of ditfterent microbial traits vary in
distinct habitats of the soil —i.e. rhizosphere versus
detritusphere?




13C-Labeling Greenhouse Experiment of Avena barbata:

Rhizosphere and detritusphere dynamics under ‘normal moisture’ vs. drought
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Two key microbial habitats ot carbon transformations:
(1) rhizosphere and (2) root detritusphere

Root detritusphere =
soil + root detritus
inside mesh bag
Rhizosphere = soil clinging ™R O
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Measurements: MAOM and Microbial Traits

1) BC-MAOM: combined density and physical fractionation (Soong et al. GCB
2015)

2) Carbon-use efficiency (CUE) - '80O-H,O method (Spohn et al. 2016 SBB)
3) Microbial biomass carbon (MBC) — chloroform fumigation extraction

3) 13C-extracellular polymeric substances (EPS) — bulk EPS extract from soil via
cation exchange resin (Redmile-Gordon et al. 2014 SBB)

4) Extracellular enzyme activity - BG, BX, CBH, NAG, P (Kaiser et al. 2010)



In the rhizosphere:
No significant relationship between CUE and SC-MAOM

Carbon-use efficiency (CUE):
No significant relationship with MAOM (p>0.2)
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~In the rhizosphere: total yield of *C-MBC (intracellular C) of '3C-
EPS(extracellular C) positively associated with SC-MAOM

13C-Extracellular Polymeric Substances (EPS)

13C-Microbial Biomass Carbon
Significant positive relationship

Significant positive relationship

90+
m
80' .
- T
S ® H1 'S 701 o
> 60 A H2 2 AH2
O m H3 o m H3 L
3 | 2 i
2 @ Drought 2 @ Drought
= ® Normal g 50 ® Normal
2 401 Q m B
s <€
S =
- c:—g) 30+
A Coeff: 4.8
20 p<0.05
(no sig. effect of moisture)
0 50 100 150 200 | | . .
3C—MBC (ug '3C g soil™) 0 1 - 3

BC-EPS (ug "*C g soil™)

H1= 4 weeks; H2 = 8 weeks, H3= 12 weeks | EPS = Extracellular Polymeric Substances | MAOM = mineral-associated organic matter



In the detritusphere: Carbon-use efficiency, 'SC-EPS, SC-MBC are
all negatively associated with SC-MAOM formation
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Greater cumulative exoenzyme activity in detritusphere vs. rhizosphere:
distinct traits and formation pathways of MAOM in different habitats?

Cumulative Exoenzyme Activity (EEA)
Greater in Detritusphere than Rhizosphere (p<0.02)
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Key Take-Home Message: distinct traits associated with
MAOM in rhizosphere vs detritusphere

1) Carbon-use efficiency was not positively associated with
MAOM formation in rhizosphere or detritusphere

2) Rhizosphere traits: total biomass yield (EPS and MBC)

3) Detritusphere traits: resource acquisition (cumulative
exoenzyme activity)

4) Future research should focus on a broader suite of microbial
traits to model the role of microbes in MAOM




Acknowledgements & Funding

Soil Microbiome SFA Team: peectablipe s Selt)
Jennifer-Pett Ridge, Megan 0 SOILMICR Y
Foley, Steve Blazewicz, Alex A
Greenlon, Jose Liquet, Rina
Estera-Molina, Bruce Hungate,
Mary Firestone, Eric Slessarey,
Peter Weber, + the whole team

Website: https://sc- _
programs.linl.gov/biological-
and-environmental-research-at-
Inl/soil-microbiome

Funding: This research is supported by the LLNL . A
‘Microbes Persist’ Soil Microbiome SFA. Work at Lawrence ':”} |
Livermore National Laboratory was performed under the it

£ i%% U.S. DEPARTMENT OF

& s\

r - & e

&

%’%l“r 7 ENERG I
SZi7ES i

Car

auspices of the US DOE under contract DE-AC52- NAU
07NA27344, under Award Number Award Number ARIZONA

SCW1632 .




