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ÅImplications for soil resilience



Evaluating compaction...

ÅBulk density  Db = Ms / Vt
ïmeasurement vs interpretation

ÅEffects on productivity
ïLimiting value (thresholds)

ÅA better way to evaluate?
ÅRelative bulk density (RBD)
ïǎǘŀƴŘŀǊŘ ΨƛƴŘŜȄΩ ǾŀƭǳŜ

» ΨtǊƻŎǘƻǊΩ ǘŜǎǘ 

» Maximum bulk density (MBD)

ïRBD = BD / MBD

ÅOther approaches...
ïSoil strength / Pore system

Daddow & Warrington 1983. Growth-limiting 
soil  bulk densities as  influenced by soil texture. 
USDA, Forest Serv., Fort Collins, CO. 1ς17 p



ÅGrowth ςlimiting
threshold
varies with 
soil texture

Evaluating compaction...



Sites and methods...

Part 1. Evaluate MBD and compare to soil properties
Part 2. Determine RBD and tree growth



Å Part1.. MBD

a) determine MBD for 150 soils

b) Lab and data analysis:

ω Particle size, liquid limit, plastic limit

ω Total C, oxalate Al, Fe

ω PCA, multiple regression

Å Part 2.. RBD and growth

ï Tree measurements

Å Height, estimated site index

ï Tree height vs RBD

Methods...



Methods (Proctor)...



Methods (Proctor)...
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Methods (Proctor)...



Methods (Proctor)...



Methods (Proctor)...

MBD



ÅMBD strong relationship with liquid limit (and plastic limit*)

Results...

y = -608.8ln(x) + 3610.3
R² = 0.7258
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ÅMBD strong relationship with organic matter

Results...

y = -264.4ln(x) + 1668.3
R² = 0.6852
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ÅMBD moderate relationship with Fe, Al oxides

Results...

y = -168.6ln(x) + 1322.9
R² = 0.2595
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Results...

ÅMBD no relationship with (clay+silt) for all soils 

y = -0.0358x2 + 0.9174x + 1563.4
R² = 0.0398
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Results...

Clay effect on MBD in South Africa, US...

SSSAJ: 2001



Results...

Clay effect on MBD in UK..



Results...

Krzic et al. 2004.  CJSS
Zhao et al. 2008. SSSAJ


