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Ultimate goals of research on soil microbiomes: 
 

1. Manage lands to conserve or restore microbial 
    communities that mitigate flux of greenhouse gases.  
 

2. Improve predictive models of biogeochemical cycles   
    in soil, including carbon sequestration. 
 



Outline  
 
1. Compare structure of microbial communities in soil 

 

   -  contributions of dispersal and selection 
   the neutral model 
 
2. Relate N2O production to microbial communities 

 

      - comparative metagenomics 
 
3. Measure CO2 production vs. biomass generation 

 

 - tradeoff between growth rate & growth efficiency 
      

   



Ordination Analysis Distinguishes Bacterial Communities  
in Soils Under Different Land Uses 

Monthly time series - 16S rRNA gene surveys  
12  treatments at the KBS LTER  

What is the relative impact of selection and stochastic 
processes on the composition of microbial communities?  
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 Overview of the Neutral Model  
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Source Community 
  - species composition 
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Does composition and abundance of species in 
target communities differ from what could be  
      generated by stochastic processes?  
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Ag soil growth growth growth 



Implementing a Neutral Model 
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Neutral Model Analysis of Microbial Communities 
in Forested and Agricultural Plots 

Source:  forest 
Targets: agricultual plots 

Poor fit to neutral model 

Species enriched in forest 

Species enriched  
   in agriculture 



>sequence_1:  GCCGTAGTCC… 
>sequence_2:  TCGGATCTAA… 
>sequence_3:  ATCTTAGGCG…    DNA 

extraction Fragmentation 
   DNA 
sequencing 

Infer identity by comparison  
to sequences of known genes 

What is driving selection?  Compared Metagenomes 



-1 0 1 2

-0
.6

0.
8

AG 

ES 

DF 

SF 

Ordination Analysis of Annotated Metagenomes 

-1.0 1.2

-0
.6

0.
8

k.1

k.2

k.3

k.4 k.5

k.6

k.8

k.7

Denitrification 

-1.0 1.2

-0
.6

0.
8

h.1

h.2

h.3
h.4

h.5

h.6

h.7

Metabolism of aromatics 

AG = Agriculture 
ES = Early Successional 
SF = Successional Forest 
DF = Deciduous Fores 

(20 yrs.) 

(50 yrs.) 

Teal, Gomez-Alvarez and Schmidt, in review 



*t-test, p<0.05 

Denitrification Genes are More bundant in Ag Plots  
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N2O Production in Agricultural Plots Correlates 
with Increased Abundance of Denitrifying Bacteria 

Robertson et al. 
    Science 289:1922 
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Denitrification by nitrifying bacteria? 



Carbon Sequestration and Bacterial Growth Efficiency 
 
  Proposal: in spatially structured  environments, with low  
  concentration resources, selection is for efficient microbes 

http://commons.wikimedia.org 
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William J. Parton 

Century Soil Organic Matter Model 



Lee and Schmidt, 2013 Soil Biology and Biochemistry 

Microbial carbon use efficiency and fate of carbon 

Ag 
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Spectrum of Bacterial Lifestyles 

Copiotrophs Oligotrophs 

• K-selected •r-selected 
• Efficient growth •Rapid response 
• Low Ks •High µmax 

rRNA operon copy number 

1 2 4 8 16 

Dethlefsen and Schmidt (2007)  J.  Bacteriol. 189:3237  
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Vieira-Silva and Rocha (2010) PLoS Genet. 

Dethlefsen and Schmidt (2007) J. Bact. 
Eichorst, Breznak, and Schmidt (2007) Appl. Environ. Micro. 

Growth rate increases with number of 16S genes 
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Growth efficiency declines with increasing # 16S genes 
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p = 0.0045  





GWP = N2O + CH4 + CO2 

Conclusions and Questions 

Kellogg Biological Station, Michigan State University 

Ag selects for denitrifiers 
Can we manage denitrification by  
     nitrifiers to mitigate impact? 

Land use affects C-efficiency  
Can we control perturbations to 

select for more efficient bacteria? 



http://microbiomes.msu.edu 
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