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Human activities matter 

Atmospheric CO2 Concentration 



Plants & soils matter 

Atmospheric CO2 Concentration 



We’re lucky. 

 

With ocean & terrestrial sinks   

~530 ppm 

Where we could be 

Pre-industrial: 270 ppm 

 ocean acidification 

plant biomass & soils 

(bush encroachment?) 

2015: ~400 ppm 

 

~465 ppm 

With ocean sink 



Atmospheric CO2 Concentration 

Plant uptake/production 



What regulates losses of carbon from grasslands 

into the atmosphere? 

Atmospheric CO2 Concentration 

Soil respiration 

Litter decomposition Elise Nghalipo 

Poster #19  



Broad scale drivers 



Aerts 1997 Oikos 
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Actual Evapotranspiration (AET, mm y-1) 

Models based on climate usually predict decomposition 

successfully 



Models underestimate decomposition in dry grasslands 



Parton et al. 2007 

Science 

Dry 

grasslands 

are a 

consistent 

outlier  

WHY?? 



Dry grasslands characterized by 

spatial heterogeneity in vegetation 

structure  



Bush encroachment increases spatial 

heterogeneity 

Rob Wu, Santa Rita Experimental Range 

Sonoran Desert, Arizona 



Bare ground 

“Old” stump 

1935 

Intact shrub  Grass 

“New” stump 

2004 

Girdled 

2004 

Skeleton 

1960 

How does vegetation structure affect biotic  

& abiotic decomposition? 

mesh litterbags 



Throop & Archer 2007 Ecological Applications 

Time (months) 

1 y field experiment 

Shrubs present 

or recently 

removed 

No shrubs or 

long-dead 

shrubs 



 

  

soil accumulation index 

Throop  et al. in prep. 

4 yr. field experiment 

Throop & Archer 2007, Throop & Archer in prep 

Decomposition strongly related to soil-litter mixing 



Throop & Archer 2007 Ecological Applications 

High soil erosion & 

soil-litter mixing 

Low soil erosion & 

soil-litter mixing 

Vegetation structure mediates decomposition via soil erosion 



Why does soil-litter mixing 

enhance decomposition? 

 microbial 

colonization? 
✓ PLFA, lab incubations 

 microclimate 

buffering? 
✓✓✓ PLFA, lab 

incubations + field 

experiments  

 abrasion? 
✓ lab incubations – 

transient influence 

Lee et al. 2014, Hewins et al. 2013, 

Bravo-Garza et al. in prep, Kurupas 

& Throop in prep  



UV Photodegradation can be Important for Decomposition 



How do soil movement and UV 

interact to affect decomposition? 
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Barnes et al. 2012 Ecosystems 

Controlled 

environment study: 

UV exposure 

enhances mass loss 

P < 0.01 

P < 0.01 

No Soil Moderate Soil 

-UV 

+UV 
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Heavy soil cover 

mediates UV effect 

P < 0.01 

P < 0.01 

P > 0.05 

No Soil Moderate Soil Heavy Soil 

-UV 

+UV 

Barnes et al. 2012 

Ecosystems 



Tightly adhering soil-microbial films develop on decomposing litter 

Leaf margin 

Leaf margin 

Barnes et al. 2012 Ecosystems 



Soil film cover reflects vegetation & erosional environment 

Leaf  

margin 

Barnes et al. 2012 Ecosystems 



Soil microbial films are temporally dynamic 

Leaf  

margin 

Hewins et al. in prep 

Dry period 
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High 

0 

Photodegradation Dynamics Conceptual Model 

Standing Dead 



Time 

High 

0 

Photodegradation Dynamics Conceptual Model 

Leaf Drop / Breakage 



Aeolian processes 

weru.ksu.edu 
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High 

0 

Photodegradation Dynamics Conceptual Model 

Soil-litter mixing and litter redistribution 



Fluvial processes 

Time 
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Photodegradation Dynamics Conceptual Model 

Soil-litter mixing and litter redistribution 



Photodegradation Dynamics Conceptual Model 

Accumulation in low UV locations & 

litter-soil matrix development 
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Throop & Archer, Progress in Botany, 2009 

Regional patterns Local patterns 

Simple Models from Mesic 

Systems… 



Barnes, Throop, et al. 

2015 Progress in Botany 

… Need Modification for 

Heterogeneous Dry Grasslands. 



- Patterns of carbon uptake and release critical for 

understanding carbon cycling  future atmospheric CO2 

- Soil-litter mixing and soil microbial films 

- accelerate decomposition  

- mediate UV photodegradation 

- Simple climate-based models require revision for dry 

grasslands 

 

      

 

 

Projecting C Cycling in Dry Grasslands 

??? 





- Does not follow expected patterns based on simple climate 

models 

- Soil-litter mixing and soil microbial films 

- accelerate decomposition  

- mediate UV photodegradation 

- Simple models for mesic systems… require modification for 

heterogeneous dry grasslands. 

      

 

 

Decomposition in Dry Grasslands 

Throop & Archer, 

Progress in Botany, 

2009 & 2015 



Throop & Archer 2009 Progress in Botany 

Santa Rita Experimental Range 

(≈soil deposition) 



Time 
0 



Dry grasslands    



Plants & soils matter 

Drylands account for a large – and increasing – 

proportion of interannual variability in C cycle 
Poulter et al. 2014 Nature & Ahlstrom et al. 2015 Science 

Atmospheric CO2 Concentration 


