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INTRODUCTION 
 
A productive forest soil provides: 
a suitable physical environment 
for plant growth; the ability to 
retain and supply (or cycle) 
nutrients; desirable chemical 
conditions; moisture infiltration, 
retention, and transmission; 
resistance to erosion and slope 
failure; biological processes 
important for ecosystem function 
and health, including disease 
resistance; and the ability to 
recover following a range of 
disturbances. A clear 
understanding of the impacts  
of forest practices on soil 
productivity is required in order 
to manage and sustain timber 
production on forest land. 

Although the principal focus of 
both research and management 
has been on the impact to soil 
properties during harvest 
operations, impacts during 
silvicultural operations may  
be just as severe.

An earlier extension note (Hope 
2001) reported on the initial effects 
of harvesting on a range of soil 
properties at the Sicamous Creek 
Silvicultural Systems study site.  

This note describes some of the 
effects of timber harvesting, site 
preparation, and soil rehabilitation 
on both soil properties and early 
tree growth in the Engelmann 
Spruce–Subalpine Fir (ESSF) 
forests in the Southern Interior  
of British Columbia.  



STUDY AREAS 
 
The results presented are primarily from 
research conducted at the Sicamous Creek 
Silvicultural Systems project. Other relevant 
research in high-elevation British Columbia 
forests, some long-term and some short-term, 
is also presented. A brief description, and 
references to literature describing the sites,  
are given in Table 1.  
 
SOIL CHEMICAL AND NUTRIENT 
PROPERTIES 

 
Harvesting 
 
There were very few, and minor, changes in 
forest floor and mineral soil chemical and 
nutrient properties (pH; total C, N, S; 
available P, and exchangeable cations) over 
the first 5 years after forest harvesting at 
Sicamous Creek. No significant effects on 
these chemical and nutrient properties could 
be attributed to differences between partial 
cutting and clearcutting of any size. 
Differences in total soil nutrient content 

(kg·ha-1) of the forest floor among treatments 
were largely an artefact of higher forest floor 
density following disruption during 
mechanical site preparation that incorporated 
mineral soil into the organic horizons. Soil 
wood generally contributed less than 5% of 
the nutrient content of the forest floor. 
 
Site Preparation 
 
At year 5, the C:N ratio was lower in the 
forest floor of untreated (control) plots than  
in the burn and mound treatments (Table 2). 
Many soil chemical properties (pH, 
exchangeable Ca and Mg, available P) were 
not affected by site preparation treatment, 
including scalping. After 10 years, forest floor 
C and N content (kg·ha-1) was still highest in 
the untreated areas. Chemical concentrations, 
however, were very similar in all treatments 
in both the forest floor and mineral soil (Table 
2). Between years 5 and 10, the only consistent 
change in concentrations was a decrease in 
total N in the forest floor.  
 
 

TABLE 1  Study site descriptions 
 

Location/ 
site 

Subzone / 
variant 

Elevation 
range (m) References Web page 

Sicamous 
Creek 

ESSFwc4 1520–1820 Hope et al. 2001; 
Prescott et al. 2003 

www.mountainforests.net/ 
sicamous/siccreek.asp 

Upper 
Penticton 
Creek 

ESSFdc2 1600–2000 G. Hope, 
unpublished data 

www.for.gov.bc.ca/rsi/ 
research/Penticton/ 
index.htm 

Lucille 
Mountain, 
McBride 

ESSFmm1 1340–1585 Lajzerowicz et al. 
2004 

 

Kamloops ESSFxc2 
ESSFdc3 

1500–1800 Bulmer 2002  

Kootenays ESSFdk 
ESSFwm 

1530–1760 Dykstra and Curran 
2002 

 

Horsefly ESSFwk 
ESSFwc 

 Chapman 2002  
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TABLE 2  Effect of site preparation treatment on mean forest floor and mineral soil nutrient concentrations at 
Sicamous Creek 

 

Year 
Total C 
(g·kg-1) 

Total N 
(g·kg-1) C:N 

Site preparation 
treatment pH 

Forest floor 
Untreated 5 447 14.3 31.4 4.9 
 10 369 10.2 37.4 4.8 
Burn 5 476 13.6 42.3 5.0 
 10 353 9.1 39.2 4.8 
Mound 5 436 13.5 33.2 4.8 
 10 348 9.1 41.0 4.6 
Mineral soil 
Untreated 5 47 2.4 19.8 4.1 
 10 52 2.3 20.5 4.3 
Burn 5 50 2.4 21.1 4.2 
 10 46 2.1 22.3 4.1 
Mound 5 53 2.7 20.3 4.4 
 10 50 2.3 21.7 4.3 
Scalp 5 53 2.7 19.8 4.5 
 10 48 2.3 21.5 4.3 

 

N Cycling 
 
Harvesting 
 
At Sicamous Creek, net mineral N 
(ammonium plus nitrate) production, as 
measured by net N mineralization, increased 
immediately after clearcut harvesting and 
persisted for at least 6 years in both the forest 
floor and mineral soil (Figure 1; Prescott et al. 
2003). Eleven years after harvest, the clearcut 
forest floor, but not mineral soil, still had 
greater production of N compared to the 
uncut forest. High variability resulted in few 
statistically significant treatment differences. 
Initial increases in N were due to an increase 
in ammonium, whereas differences in later 
years between clearcut and uncut forest were 
predominantly due to nitrate increases. 
During over-winter incubation 2 years after 
harvest, there was a large increase in net 
nitrate production (significant only in the 
forest floor) in the clearcut treatment, but  
not in net ammonium production.  

Mineral N production was elevated in gaps 
of 0.1 ha or larger from 1 to 6 years after 

harvest at Sicamous Creek (Prescott et al. 
2003). N production in partial cuts was 
intermediate between that of uncut forest  
and gaps over the same period. At Lucille 
Mountain, there were no differences in net  
N production between clearcut, 0.2-ha patch 
cuts, and shelterwood 8 years after harvest 
(Lajzerowicz et al. 2004). Nitrate markedly 
increased into the opening within 2–6 m of 
both north and south edges of a 1-ha opening 
at Sicamous Creek, whereas ammonium N 
did not exhibit apparent edge-related spatial 
patterns (Redding et al. 2004). Other 
experiments indicated that elevated N 
concentrations in openings were not 
accompanied by faster decomposition of litter 
or humus, nor were they related to increased 
soil temperature in the openings (Prescott et 
al. 2003).  

At Penticton Creek, seasonal losses of N via 
drainage were greater in the clearcut than in 
the forest in years 1–3 for ammonium, and in 
years 2 and 3 for nitrate. Between 50 and 75% 
of the total amount of each form of N lost in 
soil drainage from the rooting zone in years 2 
and 3 coincided with snowmelt. The 
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estimated amounts of N lost via soil drainage 
at both Sicamous Creek and Upper Penticton 
Creek were small relative to the total soil N 
content (Hope 2001; M. Feller, Univ. B.C., 
unpublished data). Similarly, measured losses 
via stream nitrate at Upper Penticton Creek 
were small. After harvesting 57% of one of 
three Upper Penticton Creek sub-watersheds, 
increases in stream nitrate fluxes occurred in 
spring, yet corresponded to less than 0.1% of 
total N within the rooting zone per year. 
 
Site preparation 
 
Differences in net mineral N production 
between site preparation treatments at 

Sicamous Creek, both 5 and 10 years after 
treatment, were generally small and not 
statistically significant. Total mineral N 
concentration in the forest floor was not 
affected by site preparation (untreated, burn, 
mound treatments) at years 5 or 10. In the 
mineral soil, total N concentrations of the 
burned and control treatments were 
significantly greater than the scalped 
treatment only at year 5. The similar tree 
growth and foliar nutrient concentrations 
across site preparation treatments reflected 
the lack of soil N differences (A. Vyse and G. 
Hope, B.C. Min. For., unpublished data). The 
effects of site preparation on production of 
mineral N were considerably smaller overall 
than any harvesting-related effects.  
 
Decomposition 
 
Differences in rates of mass loss by litter 
(correlated with decomposition rate) among 
opening sizes over 5 years at Sicamous Creek 
were small. For spruce-fir needles, pine 
needles, and forest floor material, the greatest 
mass loss was in the uncut forest, although 
differences were significant only for the mix 
of spruce and fir needles.  

Decomposition of forest floor material over 
3 years at Sicamous Creek was slightly greater 
for material buried in the mineral soil than for 
material placed on the soil surface. The 
differences, although statistically significant, 
were very small compared to the large change 
in mass during the first year after disturbance 
of the forest floor.  

 
Soil biology 
 
Although several studies at Sicamous Creek 
have documented the changes in soil biology 
after harvesting (Hagerman et al. 1999a; 
Hagerman et al. 1999b; Jones et al. 2002; 
Grenon et al. 2005; Berch et al. 2007), the 
relevance of the findings to long-term soil 
productivity is yet to be determined. For 
example, although Hagerman et al. (1999a) 
found that harvesting reduced the diversity 

FIGURE 1.  Net mineral N produced in forest floor 
and mineral soil between 1 and 11 years after harvest
at Sicamous Creek. Samples were incubated over a 
6-week period in early spring. Symbols above each 
bar are: C, 10-ha clearcut and F, uncut (control) 
forest.



and number of ectomycorrhizal morphotypes 
remaining in the clearcuts as inoculum 
sources, and Hagerman et al. (1999b) found 
reduced colonization of seedlings that were 
non-mycorrhizal at planting, Jones et al. 
(2002) found that new roots produced by 
operationally planted seedlings in mounds 
within clearcuts across the site were well 
colonized by ectomycorrhizae. The 
mycorrhizal fungi that colonized the roots in 
the clearcuts were different from those in the 
forests. This is significant because recent work 
at Sicamous Creek (M.D. Jones, Univ. B.C. 
Okanagan, unpublished data) found 
differences in the amount of N accumulated  
in planted Engelmann spruce seedlings, 
depending on the primary mycorrhizal 
colonizing species. We have more to learn 
about whether all mycorrhizal fungi are 
equally beneficial to tree seedlings. 
Furthermore, these data illustrate the 
functional diversity of mycorrhizae, and may 
lead to further conclusions regarding the 
value of such diversity. 

Berch et al. (2007) found significantly more 
mite species per sample collected from the 
surface mineral soil in untreated sites (5.8 
species) than from mounded (1.5 species), 
burned (2.3 species), and scalped (2.7 species) 
sites. In the forest floor, there were no 
significant differences in the number of 
species per sample between the untreated and 
burned treatments. Some of the changes in 
fungal and faunal community structure may 
mimic natural disturbances. As the 
community adapts to new environmental 
conditions in the harvested areas, recovery 
will most likely follow patterns of natural 
succession (Jones et al. 2003). 

 
Soil physical properties 
 
Alteration of soil physical properties during 
harvesting or site preparation by compaction 
and rutting, displacement of soil and forest 
floor, loss of organic matter, and erosion is as 
important in reducing soil productivity and 
drainage patterns in the ESSF as in other 

zones. Studies examining the soil properties 
and early growth of planted or natural 
seedlings on landings, roads, and on-block 
skid roads have been reported elsewhere 
(Thompson et al. 1990; Earthworks 1999; 
references in Dykstra and Curran 2002). 
Seedling growth was reduced in well-
travelled areas, and was similar to the  
sidecast and berm areas, compared to  
adjacent plantations. 

 
RESTORING PRODUCTIVITY 
 
Stocking levels and site index of lodgepole 
pine on both rehabilitated roads and landings 
in the ESSFxc2 and dc3 variants north of 
Kamloops were no different than in adjacent 
plantations (Table 3; Bulmer 2002). Although 
sample size was limited in this study, it 
appears that the simple rehabilitation efforts 
involving spreading of burn piles and straight 
ripping were very effective in the study area. 
Skid road recontouring in southeastern British 
Columbia resulted in successful early growth 
of both planted lodgepole pine and 
Engelmann spruce, on average (Table 3; 
Dykstra and Curran 2002). However, without 
decompaction, inferior growth after 7 years 
was noted on the inner track and mid-road 
positions. Differences in growth were most 
pronounced on sites with calcareous or finer-
textured soils. In the ESSFwk and wc 
subzones, Chapman (2002) reported an 
establishment and early-growth success rate 
of over 85% on 81 rehabilitated landings, with 
growth on rehabilitated landings comparable 
to adjacent plantations after 5 years. Again, 
only simple rehabilitation techniques were 
required. 
 
SUMMARY AND IMPLICATIONS FOR 
FOREST MANAGEMENT IN THE ESSF 
 
Changes in soil chemical and nutrient 
properties after harvesting in a range of 
opening sizes, including partial cutting, were 
small and generally not significant. Changes 
after site preparation were also small, except 
for intensive treatments such as scalping of 
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TABLE 3  Growth of lodgepole pine and Engelmann spruce on rehabilitated roads, skid roads, landings, and 
adjacent plantations in the ESSF 

 

Speciesa / average age (yr) 
Height 

(cm) 
Diameterb  

(cm) 
Site index  

 (m) 
Bulmer 2002 
Landings Pl / 12–15 288 3.7 19.6 
Plantations Pl / 12–15 278 3.6 19.5 
Roads Pl / 12–15 287 4.1 18.7 
Plantations Pl / 12–15 304 4.3 18.4 
Dykstra and Curran 2002 
Skid roads Pl / 7 112 5.2  
Plantations Pl / 7 112 5.0  
Skid roads Se / 7 93   
Plantations  Se / 7 97   
aPl: lodgepole pine, Se: Engelmann spruce 

dbh for Bulmer 2002, diameter at base of tree for Dykstra and Curran 2002. b

 

the forest floor. None of the changes appears 
large enough to reduce the soil nutrient 
regime, based on the work of Chen et al. 
(1998). 

In openings greater than 0.1 ha, forest 
harvesting increased soil mineral N 
production, whereas the site preparation that 
followed had little effect on N. Increases in N 
in partial cuts were intermediate between 
increases in the forest and in the openings. 

None of the site preparation options studied 
(no treatment, burning, mounding, scalping) 
increased nutrient availability over the others. 
In fact, the untreated areas had the greatest 
mineral N production.  

Total soil C and N levels are largely 
unaffected by harvesting and operational site 
preparation in the ESSF. Available N and soil 
biological parameters are more sensitive to 
disturbance, yet it is not clear if they serve as 
indicators of sustainability, because 
thresholds have not yet been established. 

Harvesting forests in the ESSF increases the 
nitrate concentrations in soil for several years 
after harvesting. This nitrate may be lost in 
soil drainage and detected in streams in low 
concentrations. The losses of soil N and 
increases in stream N are small relative to 
total N budgets. Harvesting the slow-growing 

forests at these high elevations appears to be 
sustainable with respect to an impact on the N 
budgets of both the soil and the small 
headwater streams in the watersheds. Similar 
results have been observed after clearcut 
harvesting in most western North American 
coniferous forests. 

Changes in soil biological communities 
occur immediately after both harvesting and 
site preparation. Some results suggest that site 
preparation effects persist for at least 5 years 
after disturbance in high-elevation forests. 
However, the length of time needed for 
recovery, and the importance of such a 
recovery for sustainability, are still unknown. 

Management plans and prescriptions that 
maintain a range of microhabitats are likely  
to lead to the greatest diversity of soil 
organisms. Similarly, managing for a variety 
of clearcut shapes and sizes, and retaining 
patches of intact forest within larger clearcuts 
will also ensure that a variety of soil biological 
communities are retained within dispersal 
distance of plantations.  

Growth of lodgepole pine and Engelmann 
spruce on rehabilitated access structures, 
including skid roads, is usually comparable to 
that in adjacent plantations. Rehabilitation of 
access structures (roads and landings) and 
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within-block disturbance in the ESSF may 
require less intensive efforts than in lower 
elevations or drier areas. If followed by 
planting, successful early tree growth on  
these structures is easily attainable in the 
ESSF. Rehabilitation of soil properties and 
drainage patterns affecting erosion, 
landslides, and watershed hydrology, 
however, may require more intensive  
efforts than in lower-elevation zones. 
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