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•• We collected 283 soil samples from 8 study sites (landings and roads) 
located in timber-growing areas within the Interior Cedar-Hemlock, Interior 
Douglas-fir, and Sub-Boreal Spruce biogeoclimatic (BGC) zones of BC. 
Soil sampling depth was 0-20 cm (all with removal of forest floor).

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

•• Maximum bulk density was predicted by 3 models we obtained in 
previous study, which used the above soil properties.

•• For all 3 species, the threshold RBD ensuring optimum tree growth should be below  88%.

•• At RBD below 88%, growth of lodgepole pine was better than Douglas-fir and hybrid white spruce.

•• When RBD was over 88%, Douglas-fir and hybrid white spruce were more sensitive to compaction than 
lodgepole pine.

RationaleRationale

ConclusionsConclusions

•• Relative height > 2.0 at age 2 was the result of green 
house effectiveness. There was no relationship between 
tree growth and soil condition at age 2.

•• Seedling growth started to differentiate from age 3, but 
the relationship was weak, and the differentiation was 
more evident with aging.

•• Growth did not start to recover at age 8.

•• A RBD range between 50 – 86% supported a optimum 
Douglas-fir growth.

Douglas-fir - soil conditionDouglas-fir - soil condition
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Fig. 1. Response of relative height growth of Douglas-fir 
(i.e., Fd5, Douglas-fir at age 5) to relative bulk density, 

Lodgepole pine – soil conditionLodgepole pine – soil condition

•• Relative height > 2.0 at age 2 was the 
result of green house effectiveness. There 
was no relationship between tree growth 
and soil condition at age 2.

•• There was a strong relationship at age 3, 
and growth obviously differentiated at this 
age.

•• Growth started to recover after age 5.

•• A RBD range between 55 – 88% 
supported a optimum growth after age 6.

•• Bulk density (BD), a traditionally used test to measure soil compaction, is strongly influenced by texture, organic 
matter content, and other soil properties, hence it has been difficult to determine thresholds for ecosystems that are 
at risk based on BD measurements alone. On the other hand, relative bulk density (RBD, field BD/reference BD) is 
independent of soil texture and organic matter content, and has been suggested as an integration index of soil 
compaction and crop growth. Usefulness of the RBD has not yet been proven for forest soils and tree growth. 

•• Study objective was to evaluate thresholds for RBD in relation to tree growth.

ResultsResults

Hybrid white spruce – soil conditionHybrid white spruce – soil condition

Fig. 3. Response of relative height growth of Interior 
hybrid spruce to relative bulk density, 

•• Growth did not recover at age 8.

•• Quadratic relation better described tree 
response to soil condition..

•• A RBD range between 55 – 80% supported 
optimum growth at both age 5 and age 8. 
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Fig. 2. Response of relative height growth of lodgepole 
pine to relative bulk density, 
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•• Interior Douglas-fir (Pseudotsuga menziesii var. glauca), lodgepole pine (Pinus contorta var. latifolia), and hybrid 
white spruce (Picea glauca × engelmannii) were outplanted after spending 1 year in the greenhouse, seedling total 
height was measured in September or October from age 2 to age 9.

•• Optimum total height at age for the specific species on the site was derived by using Sitetools software, relative 
height growth was then obtained by dividing the measured height by the optimum height. Transforming real height 
to relative value can filter growth differences caused by BGC and other site conditions, thus leave the soil 
compaction condition as the major factor influencing tree growth.  
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