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•• We collected 147 samples from 33 study sites (Fig. 1)  located in 
timber-growing areas within the Boreal White and Black Spruce 
(BWBS), Sub-Boreal Spruce (SBS), Interior Douglas-fir (IDF), 
Interior Cedar-Hemlock (ICH), Coastal Douglas-fir (CDF), and 
Coastal Western Hemlock (CWH) biogeoclimatic zones of BC. 

•• Sampling depth was either 0-10 cm, 10-20 cm, or 0-20 cm (all with 
removal of forest floor).

•• The MBD was determined using the standard Proctor test (Fig. 2).

•• Combination of several soil properties gave accurate prediction of MBD, which can be used to replace the real 
MBD test.

•• Atterberg limits, either plastic limit or liquid limit, are very useful for the prediction of MBD. Plastic limit is 
preferred over liquid limit, assuming that the plastic limit can be determined.

•• To get a substantial improvement in predicting MBD, it is important to stratify soils according to their plasticity.

------------ Ongoing work is focusing on relating soil properties to tree growth.

RationaleRationale

ConclusionsConclusions•• Maximum BD: negatively related to liquid and plastic limits 
(Fig. 3).

•• Plastic limit: more closely related to MBD, but did not apply 
for coarse-textured soil.

•• An exponential model provided a better relationship 
(R2=0.93) than a linear model (R2=0.87) between MBD and 
plastic limit.

Predicting MBD by Atterberg LimitsPredicting MBD by Atterberg Limits

The University of British Columbia
BC Ministry of Forests & Range

Fig. 3. Relationship between maximum bulk density 
(MBD) and liquid and plastic limits (p < 0.001)

•• Soil properties tested - Atterberg limits, total C, oxidisable organic matter, oxalate-extractable Al and Fe oxides, 
and particle size distribution.

•• Data were subjected to simple correlation and multiple regression analysis.
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Predicting MBD by a Set of Soil Properties: Whole Data SetPredicting MBD by a Set of Soil Properties: Whole Data Set

•• Liquid limit and clay were 
most closely related to 
MBD. Inclusion of organic 
matter, Al oxide, and very 
coarse sand further 
improved the prediction.

0.920.0005-0.16-0.0050.0005-1.352.02
0.91-0.17-0.0050.0004-1.292.06
0.88-0.0050.0006-1.612.06
0.830.0006-2.112.07

R2Very coarse 
sand

Al 
oxide

Oxidisable organic 
matterClayLiquid limitIntercept

Table 1. Regression constants and correlation coefficients for relationships 
between maximum bulk density (MBD) and selected soil properties (n=144). 

Fig. 1. Site locations

•• The widespread use of heavy equipment during timber harvesting and site preparation can lead to reduced soil 
productivity and warrants development of new methods to assess compaction. 

•• Study objective: to evaluate effects of soil, organic matter, particle size distribution, extractable oxides, and 
plastic and liquid limits on the maximum bulk density (MBD) of forest soils in British Columbia.

Fig. 2. Several steps of the standard Proctor test

ResultsResults
•• Significance levels of single soil properties in predicting 
MBD were in the order of plastic and liquid limits, organic 
matter, oxalate extractable oxides, and particle size 
distribution. 
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Fig. 4. Plasticity of soils from the study areas, 
showing highly plastic soils with liquid limit 
>0.50 and soils with moderate and low 
plasticity (liquid limit <0.50) as plotted on the 
Casagrande chart.

••Since plasticity was identified as the key property in 
predicting MBD, we used the Casagrande chart (Fig. 4) to 
group all our soils into (1) highly plastic, (2) moderately 
plastic, and (3) non-plastic. 

This grouping allowed us to use fewer variables in multiple 
regressions to explain variation in MBD, where for:

••Highly plastic soils, total C and plastic limit explained 
87% of variation in MBD.

••Moderately plastic soils, plastic limit and oxidisable
organic matter explained 89% of variation in MBD.

•• Non-plastic soils, liquid limit and Al-oxide explained 
96% of variation in MBD.
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