
Linking fine root diversity to ecosystem processes in 

models and the real world:  Allocation of NPP 

belowground and fine root phenology 

M. Luke McCormack  & Dali Guo ESA—Sacramento, CA August 13, 2014

mltmcc@gmail.com



National Natural Science Foundation of China

国家自然科学基金委员会

Chinese Academy of Sciences

中国科学院

China Postdoctoral Science Foundation

中国博士后科学基金会

US DOE and US NSF

Colleen, Anthony, David, and Jeff

David Eissenstat, Erica Smithwick, Seth Pritchard, 
and many others



Summary Points

“Fine roots” should no longer be considered as a 

single, homogeneous pool in empirical studies or 

models

Phenology of absorptive fine roots is largely 

unknown and links to ecosystem processes not 

well-established



Fine roots and mycorrhizal fungi responsible 

for uptake as well as transport of resources
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• Empirical estimates range from 10% to >50% 

percent of ecosystem NPP allocated to fine 

roots alone  � 33% globally (Jackson et al. 1997)

• Future improvements in models are limited by 

representation of belowground processes

Ciais et al., Nat Geosci, 2008;  Ostle et al., J of Ecol, 2009;  

Iversen et al., New Phyt, 2010;  Malhi et al., Phil Trans R Soc B, 2011;  

Wullschleger et al., Ann Botany, 2014;  Smithwick et al., Ecol Mod, accepted
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Diversity within root branch

Photo by Sarah Kulpa
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Consistent patters from lower to higher order fine roots



Morphology



Secondary development and transport function



N concentration



Root respiration



Uptake Rates



Mycorrhizal colonization



Lifespan and decomposition



Lifespan and decomposition



Can we update models to better reflect diversity 

in fine root form and function?
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Separate roots into functional classes of absorptive

fine roots vs. structural—transportive fine roots
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Does changing from a one-pool model of fine roots 

to a two-pool model of fine roots matter?

Case Study: Compare global allocation estimates 

of NPP to fine root production based on one- vs. 

two-pool approach.

1. Standing fine root biomass

2. Turnover rates for each fine root pool

3. Partitioning among fine root pools
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1. Global estimates of fine root 

biomass from Jackson et al. 1997

Jackson, Mooney, and Schulze, PNAS 94:  7362-7366, 1997.

33%



2. Root turnover rates

• Absorptive fine roots:  used a standard 

turnover rate based on direct observations

1.0 yr-1

• Structural fine roots:  two scenarios based on 

studies using isotopic methods to estimate 

longevity

0.1 yr-1



3. Biomass partitioning among 

absorptive and structural fine roots

• Based on studies reporting fine root biomass 

of individual root orders for all orders up to 1 

or 2 mm

• Included 20 different species/sites from 

different plant functional types (trees, shrubs, 

forbs, and grasses



3. Biomass partitioning among 

absorptive and structural fine roots
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Average

-Scenario 3-

Maximum Absorptive
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Biomes
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Results:  Summary

• Using 2-pool model substantially reduces 

estimates of NPP allocation to fine roots

• Changes more dramatic in woody biomes than 

herbaceous biomes

• Where is the rest of NPP going???

– Exudates, mycorrhizal fungi, respiration, etc.
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