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What are Soil Aggregates?



Functional vs. Non-Functional Aggregates
(x-ray scans of aggregates)

(Wick, Unpublished)



Aggregates Based on Function

Bossuyt, H., J. Six, P. Hendrix.  2005.  Protection of Soil 
Carbon by Microaggregates within Earthworm Casts.  Soil 
Biology and Biochemistry 37: 251-258.

Small Macro: 250-2000 μm
Large Macro: 2000-8000 μm

53-250 μm



Aggregation - Size Distribution



Lehmann, A., E. Leifheit, M. Rillig.  2017.  Mycorrhizas and Soil Aggregation.  In: Mycorrhizal Mediation of Soil, Fertility, Structure and Carbon 
Storage, Johnson, Gehring, Jansa (Eds).  Elsevier, p. 241-262.

Aggregate Formation, Stabilization and Disintegration



Aggregate Formation/Stabilization – Earthworms
Shipitalo, M., R. Le Bayon.  2004.  Quantifying the Effects of Earthworms on Soil Aggregation and Porosity.  In: Earthworm 
Ecology, p. 183-200.
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Aggregate Formation/Stabilization – Fungal Hyphae



Chenu, C., D. Cosentino.  2011.  Microbial Regulation of Soil Structural Dynamics.  In: The Architecture and Biology of Soils, Ritz, Young (Eds).  
CABI, p. 37-70.

Aggregate Stabilization - Microorganisms



Chenu, C., D. Cosentino.  2011.  Microbial Regulation of Soil Structural Dynamics.  In: The Architecture and Biology of Soils, Ritz, Young (Eds).  
CABI, p. 37-70.

Aggregate Stabilization - Fungi or Bacteria?



Chenu, C., D. Cosentino.  2011.  Microbial Regulation of Soil Structural Dynamics.  In: The Architecture and Biology of Soils, Ritz, Young (Eds).  
CABI, p. 37-70.

Aggregate Disintegration/Disruption - Slaking



Six, J., E. Elliott, K. Paustian.  2000.  Soil 
Macroaggregate Turnover and 
Microaggregate Formation: A Mechanism for 
C Sequestration under No-Tillage Agriculture.  
Soil Biology and Biochemistry 32:2099-2103.

Aggregate Disintegration – Tillage, Natural Turnover



Setting Expectations: Aggregated Clayey Soil (long-term)



Aggregated Clayey Soil (newly transitioned)



Aggregated Sandy Soil (long-term)



Aggregated Sandy Soil (newly transitioned)



Tisdall, J., S. Nelson, K. Wilkinson, S. Smith, B. McKenzie.  2012.  Stabilization of Soil Against Wind Erosion by Six Saprotrophic Fungi.  Soil Biology 
and Biochemistry 50: 134-141.

Aggregate Stabilization - Sandy Soils

hyphae

skin of polysaccharide



Tisdall, J., S. Nelson, K. Wilkinson, S. Smith, B. 
McKenzie.  2012.  Stabilization of Soil Against 
Wind Erosion by Six Saprotrophic Fungi.  Soil 
Biology and Biochemistry 50: 134-141.

Aggregate Stabilization - Sandy Soils

Entanglement 
of small 
particles

Cross 
linkage of 
large 
particles

Chenu, C., D. Cosentino.  2011.  Microbial Regulation of Soil Structural Dynamics.  In: 
The Architecture and Biology of Soils. Ritz, Young (Eds).  CABI, p. 37-70.



Key Benefits of Aggregation

Physical: 

Erosion Management 

Pore Space Development
Water/Air

Organic Matter Protection 

Biological: 

Promote Activity 
Hot Spots 

Evolutionary Incubators
Microbial Diversity



Physical Benefits: Erosion Management



Physical Benefits: Variable Sizes and Connected Pores
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Physical Benefits: Water Movement



Physical Benefits: Water Movement

Video from Dr. Caley Gasch, NDSU Soil Health






Physical Benefits: Field Example, Wahpeton, ND



Physical Benefits: Field Example, Wahpeton, ND

Moldboard Plow Chisel Plow 1st Year No-Till



Physical Benefits: Field Example, Wahpeton, ND

Conditions in Spring



Physical Benefits: Field Example, Wahpeton, ND

Conditions in Fall



Physical Benefits: SOM Stabilization
Jastrow, J., R. Miller.  1998.  Soil Aggregate Stabilization and Carbon Sequestration: Feedbacks through Organomineral
Associations. In: Soil Processes and the Carbon Cycle.  Lal, Kimble, Follett, Stewart (Eds), p. 207-224.  



Organic Matter Pools
(visual)



Between-aggregate 
material
35-40% C; 1.5-2% N
25:1

Aggregate-protected 
material
20-25% C; 1-1.5% N
15:1

Aggregate-Associated Organic Matter 



Biological Benefits: Hot Spots
Kuzyakov, Y., E. Blagodatskaya.  2015.  Microbial Hotspots and Hot Moments in Soil: Concept and Review.  Soil Biology and 
Biochemistry 83: 184-199.



Aggregates as Microbial Community Incubators
Rillig, M., L. Muller, A. Lehmann.  2017.  Soil Aggregates as Massively Concurrent Evolutionary Incubators.  ISME Journal 11: 
1943-1948.



Aggregates as Microbial Community Incubators
Rillig, M., L. Muller, A. Lehmann.  2017.  Soil Aggregates as Massively Concurrent Evolutionary Incubators.  ISME Journal 11: 
1943-1948.



Management – Reducing Tillage
Jastrow, J.  1996.  Soil Aggregate Formation and the Accrual of Particulate and Mineral-Associated Organic Matter.  Soil Biology 
and Biochemistry 28: 665-676.



Management – Diverse Inputs

Monoculture: Corn-Corn
High Diversity: Corn-Soy-Wheat w/ Red Clover

Formation of Mega-aggregates (> 2mm)

Enhanced microbial activity, 
increase microbial by-products, 
increase micro-aggregate formation

Increased SOC and N stocks in soil

Tiemann, L., A. S. Grandy, E. Atkinson, E. Marin-Spiotta, M. McDaniel.  2015.  Crop Rotational Diversity Enhances Belowground 
Communities and Functions in an Agroecosystem.  Ecology Letters 28: 761-771.



Soil Aggregation is a Primary Component of Soil Health
Keys: Reduce Tillage, Diversify Rotation
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