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The continued capacity of a soil to function
as a vital, living ecosystem that sustains 

plants, animals, and humans.
USDA NRCS (2012)



Lehmann et al. 2020 Nature Reviews
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Janzen et al. 2021 Soil Biology & Biochemistry







“Clods”



“Water-Stable Aggregates”



Large Macroaggregate =   > 2000 μm diameter

Small Macroaggregate =   250—2000 μm

Microaggregate =   53—250 μm

Silt & Clay =   < 53 μm





! Mechanical treatment (e.g., berms)

Underlying soil structural instability is not fixed; 
doesn’t operate at appropriate spatial scale

Physical Approaches to Rebuilding Aggregates



! Conservation tillage in croplands

Physical Approaches to Rebuilding Aggregates

But not always…



Chemical Approaches to Rebuilding Aggregates
! Gypsum

It works but is not a long-term solution, 
and many desert soils already have high Ca

“Cation Bridging”



Chemical Approaches to Rebuilding Aggregates
! Synthetic polymers (e.g., Soil Sement, Gorilla Snot)

Expensive; Can be toxic; Not guaranteed 
beyond 3 years; Do not promote plant growth

“Tackifiers”



But what about microbial “glues?”
Bacterial “Biofilm”

Bacterial Extracellular Polymers

Fungal Hyphae Strands of Algae (Cyanobacteria)

Biological Soil Crusts (“Biocrusts”)



“Rhizoboxes”

3 Native Plant Species:
Bush muhly
Low woollygrass
Fourwing saltbush

3 Microbial Inoculants:
Cyanobacteria 
Mycorrhizal fungi
EPS-producing bacteria

Soil health indicators:
• Water-stable macroaggregates
• Microbial/plant EPS “glues”
• Other organic metabolites
• Metagenome
• Nutrients
• Plant/root biomass
• Dust production

Phase 1: Laboratory
Phase 2: Field Plots

1x1 m plots with 5 replicates of 4 treatments: 
Control, Microbial Inoculant, Plant Seeds, Combo





Effect of microbial inoculants on water-stable soil macroaggregates 
across all plant treatments (none = no inoculant)

Conclusion: The cyanobacterial inoculant 
was the best soil aggregator 
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p= 0.0001





No statistically significant effect of 
cyanobacterial inoculant on soil 
macroaggregates under field 
conditions (p = 0.37), but headed 
in right direction (+9%).

+ CyanobacteriaControl 
Treatment



Ground truthing soil dust emission using 
portable wind tunnel 

• Measures dust production at various “wind” speeds

• Determines mass of dust produced and threshold friction velocity

** But can’t sample over plants





Example raw data from portable wind tunnel
Control + Cyanobacteria



Portable Wind Tunnel Results

Source DF Sum of Squares Mean Square F Ratio Prob > F
Treatment 1 70.64964 70.6496 7.6046 0.0248*
Error 8 74.32300 9.2904
C. Total 9 144.97264

U10 Low (m/s) U10 High (m/s)

Source DF Sum of Squares Mean Square F Ratio Prob > F
Treatment 1 82.88641 82.8864 6.8215 0.0310*
Error 8 97.20584 12.1507
C. Total 9 180.09225
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In conclusion…


