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Abstract

Forest harvesting operations that use 
portable chipping systems to generate 
biomass chips from logging residue 
are currently in use in British Co-
lumbia. Leaving deposits of residual 
materials after harvest has been com-
pleted can reduce productivity and 
affect soil hydrologic function. We 
summarize the research on the ef-
fects of chipped woody material ac-
cumulations, and then interpret these 
findings within the British Columbia 
context and provide guidance for best 
management practices to maintain 
long-term site productivity. Soils in 
cooler climates, on fine-textured soils, 
and/or with a high water table are at 
a greater risk of detrimental effects 
than well-drained, coarse-textured 
soils in warmer environments. Inte-
gration of conventional and biomass 
harvesting can reduce repeated 
equipment traffic on forest sites. Care 
should be taken to ensure that bio-
mass harvesting operations do not 
result in site organic matter levels 
that are below requirements in exist-
ing guidance documents, guidelines, 
and regulations. Placing chipped 
material directly into containers used 
to transport chips to the processing 
facility, or using heavy tarps to create 
temporary chip storage containers 
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can maximize biomass recovery and 
avoid creation of residual piles on 
future forest sites. To facilitate tree 
regeneration and forage production, 
large accumulations of materials need 
to be removed or redistributed so that 
the resulting soil mulch of woody ma-
terial is discontinuous and preferably 
< 8 cm in depth.

Introduction

To meet the current demand for for-
est biomass and to address British 
Columbia’s climate and economic 
opportunities (bc Bioenergy Strategy, 
bc mempr 8), in-woods chip-
ping of logging residue for conversion 
into energy (e.g., wood pellets) is 
becoming more common in British 
Columbia. Under traditional harvest, 
in-woods chipping operations were 
usually limited to the production of 
pulp chips from whole stems or short 
logs (Araki ). More recently, 
in-woods chipping operations are 
increasingly focussed on producing 
biomass chips from bark, limbs, tops, 
non-commercial wood, and small-
diameter trees that would be left on 
site or burned in debris piles in a 
conventional harvesting system (Mac-
Donald 9a, 9b). Biomass chips 
are then used as raw material for 
pellets, bioenergy, biofuel, and other 





industrial applications (Kumar et al. 
5; Mackenzie Green Energy 7; 
Tice 9). In this summary, the 
terms “chips” and “chipping” are used 
to refer to both biomass chipping and 
grinding processes.

All forest harvesting activities po-
tentially disturb soils (Figure 1) and 
cause changes that can reduce future 
productivity (Sutherland 3) and 
hydrologic function. Soil hydrologic 
function refers to regulating and 
partitioning water and solute flow 
(Page-Dumroese et al. 9), which 
is dependent upon maintaining soil 
structural (pore) integrity and a 
functioning forest floor in most ar-
eas as well. Biomass removal carries 
some additional risk if the collec-
tion and loading operations lead to 
increased vehicle trips and machine 
traffic on growing sites. In addition, 
biomass harvesting results in the 
removal of more nutrients, energy 
sources for soil organisms, and soil-
forming by-products of decomposi-
tion than does traditional harvesting. 
These effects and recommended best 
management practices are summa-
rized by Evans et al. (1), Janowiak 
and Webster (1), and Page-Dum-
roese et al. (1). When biomass 
removal involves re-entry onto a 
previously harvested site, there is 
a risk of damaging forest regenera-
tion (Sutherland 3; Minnesota 
Forest Resources Guidelines 7; 
Fernholz et al. 9). A second entry 
for biomass harvest can also result 
in an expansion of existing road and 
landings and can increase the size of 
the roadside work area. Despite these 
effects, with careful planning the 
harvest of saw timber and biomass 
products within the same area can 
meet multiple objectives and achieve 
the optimal combination of results 
(Evans 8).

Biomass harvesting directly af-
fects the amount of organic matter 
left on harvested sites. In addition 
to the obvious declines in overall 
site organic matter associated with 

figure 1 Aerial view of soil disturbance in roadside work areas and net area to be reforested 
due to forest harvesting activities. Photo taken near Dawson Creek, B.C., 1989.

harvest, localized accumulations of 
processed material sometimes occur 
at loading operations sites. Organic 
matter in forest ecosystems has im-
portant roles in nutrient availability, 
nutrient cycling, soil temperature, soil 
water availability, and biological ac-
tivity (Pritchett 1979; Kimmins 1987; 
Stevens 1997). For some ecosystems 
with low pre-harvest levels of coarse 
woody debris and soil organic mat-
ter, opportunities for the sustainable 
removal of biomass for energy may 
be limited (e.g., Minnesota Forest 
Resources Guidelines 7), but for 
many of British Columbia’s forest 
ecosystems, removal of some amount 
of biomass for energy may be compat-
ible with objectives for long-term site 
productivity. Additions or accumula-
tions of organic material may have 
complex interactions with a number 
of ecosystem processes, which may 
improve some aspects of plant pro-
ductivity (e.g., water availability) and 
degrade others (cooler soils) (Flem-
ing et al. 6). Accumulations of 
residual chipped woody materials are 
sometimes left on site after biomass 

harvesting operations (Figure ), typi-
cally along roadsides (Figure 3). The 
stockpiling of chips on site prior to 
transport has resulted in chip deposits 
that are 5 cm or deeper being left 
behind because loader operators take 
great care not to contaminate chips 
with underlying soil and rocks. Leav-
ing 1- to 5-cm deposits and layers 
of residual materials can be a problem 
on areas where regeneration of future 
forests is planned. 

Depending on depth of deposit, 
soil type, tree species, ecosystem, and 
climate, biomass accumulations on 
the surface of growing sites can have 
positive, negative, or neutral effects 
on ecosystem processes and long-
term soil productivity. Factors to 
consider include climate, soil texture, 
drainage, and organic materials pres-
ent on site (Pritchett 1979). In general, 
coarse-textured, infertile soils benefit 
from organic material amendments 
(Zebarth et al. 1999), as do soils that 
are low in organic matter or that have 
chemical and physical properties that 
make plant establishment and growth 
difficult (Smith et al. 1985). 
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figure  Chipped materials left on site after completion of biomass harvest. Photo taken 
near Williams Lake, B.C., 2009.

figure 3 Aerial view of opening after 
completion of biomass harvest 
with chipped materials left along 
road network. Photo taken near 
Williams Lake, B.C., 2009.northeastern British Columbia, and 

from 6 to 9 tonnes dry mass per 
hectare for boreal aspen stands in Al-
berta (Landhausser et al. 7). Post-
harvest slash volumes on a variety of 
conifer sites in northwestern British 

figure 4 Post-harvest debris. Photo taken near Prince George, B.C., 2009. 

In this document, we summarize 
the research on the effects of chipped 
woody material accumulations on soil 
productivity. We then interpret these 
findings within the British Columbia 
context and provide guidance for best 
management practices to maintain 
long-term site productivity and hy-
drologic function. The key messages 
of this document are applicable to all 
regions of British Columbia.

Review of Relevant Research

Residual Volumes Left on Site    
Forest biomass harvesting is often 
directed towards post-harvest woody 
debris (Figure 4), deadwood, and live 
plant material that is not utilized by 
other timber harvesting operations. 
Significant amounts of biomass may 
be available following conventional 
forest harvesting. For example, after 
removal of aspen (Populus tremuloides 
Michx.) wood for pulp production, 
the amount of residual material was 
estimated as averaging 4 tonnes per 
hectare for an “average” productivity 
aspen stand (Conlin et al. 4) in 
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Columbia where broadcast burning 
was planned averaged 85 tonnes per 
hectare (Kranabetter and Macadam 
7). MacDonald (6) found that 
14–55% of on-site biomass remained 
at the roadside after logging in moun-
tain pine beetle salvaged areas, and 
amounted to 65 bone-dry tonnes per 
hectare on roadside processing areas 
and  bone-dry tonnes per hectare 
across the block in the Quesnel area 
of central British Columbia.

In British Columbia, there cur-
rently are no specific regulations that 
address site organic matter levels after 
biomass harvesting. Most biomass 
harvesting operations in the province 
focus on the removal of roadside de-
bris accumulations that are by-prod-
ucts of traditional harvest. Despite 
this, the Forest Planning and Prac-
tices Regulation (Sec. 68 [1]) requires 
that four pieces per hectare of woody 
debris remain on site after completion 
of harvest. The Fort St. John Code Pi-
lot Project identifies 46 m3/ha as a tar-
get average retention level for woody 
debris after conventional harvest (For-
estsense Consulting 1). 

Existing guidelines in other ju-
risdictions recognize that not all 
ecosystem components with biomass 
potential should be removed. Minne-
sota and Wisconsin guidelines specify 
that forest litter, stumps, and root sys-
tems should be left on all sites (Min-
nesota Forest Resources Guidelines 
7; Herrick et al. 9). Biomass 
harvest is not recommended on for-
est sites that are known to be nutrient 
poor (Minnesota Forest Resources 
Guidelines 7; Herrick et al. 9). 
Recommendations for retaining mate-
rial from 1–% of the trees on all 
biomass harvest sites acknowledge the 
value of maintaining woody debris for 
ecosystem processes and biodiversity 
values (Minnesota Forest Resources 
Guidelines 7; Herrick et al. 9).

Depth of Chips 
Chip deposits create a physical bar-
rier to plant growth. Deposits that are 

8–1 cm deep reduce the amount of 
understorey vegetation in ponderosa 
pine ecosystems (Law and Kolb 7; 
Miller and Seastedt 9) and aspen 
regeneration in boreal ecosystems 
(Landhausser et al. 7) for at least 
3 years. Alberta’s land reclamation 
guidelines for vegetation establish-
ment give 5 cm as the maximum 
depth of wood chips (Barker and Sell-
and 9).

Surface applications of wood chips 
act as a mulch, which retains soil 
moisture by preventing evaporative 
water loss and reducing soil tempera-
tures (Owen et al. 9). Chip depos-
its that are 8–1 cm deep increase soil 
moisture content (Law and Kolb 7; 
Miller and Seastedt 9). The higher 
soil moisture content under mulch 
reduces soil mechanical resistance 
in spring and summer (Bulmer et al. 
7), and contributes to slower day-
time heating (Bulmer ; Bulmer et 
al. 7). The insulating effect of the 
mulch creates a delay in spring warm-
ing but can extend warmer soil tem-
peratures into the fall (Bulmer et al. 
7). The potential shift in seasonal 
soil temperatures is likely to have 
less effect in warmer climates with 
a longer growing season. In north-
eastern British Columbia, soils under 
- to 3-cm deposits of dominantly 
aspen bark “hog fuel” had warmer 
soil temperatures at times during the 
first two growing seasons than soils 
without hog fuel deposits, which was 
attributed to intense microbial activ-
ity (Conlin et al. 4). On industrial 
sites, large piles consisting of several 
hundred tonnes of chipped woody 
materials have spontaneously com-
busted under particular combinations 
of moisture, aeration, and microbial 
activity (Conlin et al. 4). 

The nutrient content and chemical 
properties of the chips vary with the 
species of tree, the plant components 
that make up the chips (bark, wood, 
fine branches), and the size and age 
of the chipped material. Fine materi-
als (e.g., sawdust) settle and compact 

more easily than coarse materials. 
In general, biological breakdown 
of woody biomass is more rapid for 
smaller material, which has a greater 
surface area to weight ratio than does 
larger material. Fresh wood chips 
have a high carbon (c) to nitrogen 
(n) ratio, and potentially can immo-
bilize 19–38 kg n/ha in the first year 
after harvesting, depending on the 
rate of wood chip application (Ho-
myak et al. 8) and whether or not 
the chips are incorporated into the 
soil. In a ponderosa pine (Pinus pon-
derosa) ecosystem, a 7.5-cm chip sur-
face application did not alter ambient 
levels of nitrogen availability in the 
first  years after application (Miller 
and Seastedt 9), but was associ-
ated with an increase in soil nitrogen 
availability by year 3. Bulmer () 
found that old sawdust had a much 
lower c:n ratio than wood chips, 
which was a reflection of higher n 
concentration in woody materials 
that have experienced several years of 
decomposition. Phosphorus, calcium, 
magnesium, and iron concentrations 
also appeared to be slightly higher 
in sawdust material, while other 
elements did not vary consistently 
between the sawdust and wood chip 
materials (Bulmer ). On boreal 
aspen sites in Quebec with a 7-cm- 
thick forest floor and heavy clay-tex-
tured soils, aspen chip deposits did 
not affect forest floor decomposition 
rates and nutrient release in the first 
two growing seasons after harvest 
but did reduce forest floor microbial 
nitrogen concentrations and did in-
crease microbial c:n ratios (Belleau 
et al. 6).

Chipped material placed as mulch 
on the soil surface decomposes more 
slowly than incorporated material 
(Binkley 1984). In central British Co-
lumbia, incorporation of wood chips 
into a mineral soil surface produced 
growth responses in lodgepole pine 
(Pinus contorta) that were similar to 
those in a bare mineral soil surface 
after 3 years (Bulmer ), but wood 
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chip incorporation on fine-textured 
soils, combined with additions of 
nitrogen fertilizer, produced the 
highest 3-year growth rate among 
hybrid white spruce (Picea glauca × 
engelmannii) (Sanborn et al. 4). 
A delay in planting conifers for a 
few years after application of woody 
material would allow the material to 
decompose and provide improved ni-
trogen status (Bulmer et al. 7). 

Surface mulch application of wood 
chips can reduce mortality due to 
frost heaving of container pine seed-
lings on former landings (Bulmer 
). 

Chipped woody debris can be 
an effective replacement for gravel 
because it improves the running 
surfaces of temporary logging roads 
(e.g., Lyons and Day 9). A 1 kg/
m layer of woody slash material was 
more effective than the same amount 
of chips or sawdust in reducing soil 
compaction by logging machinery on 
a designated traffic lane (Akay et al. 
7). Chipped woody material can 
be used in the rehabilitation of bladed 
structures, such as roads and land-
ings (e.g., Bulmer ; Sanborn et al. 
4; Bulmer et al. 7).

Soil and Leach Water Chemistry     
A continuous layer of wood chips acts 
as a mulch that increases and retains 
surface soil moisture and can lead to 
anaerobic conditions in the soil by 
preventing normal gas exchange. An-
aerobic soil conditions can result in 
several effects: 
•	 inactivity	or	death	of	normal	aero-

bic soil organisms (e.g., root sys-
tems); 

•	 decreased	forest	and	forage	pro-
duction; and

•	 increased	anaerobic	activity	and	
chemical changes in soil solution 
and exchangeable ions such that 
reduced versions of iron, manga-
nese, and other multi-valent ions 
occur in soil solution and will 
leach out with subsurface or lateral 
soil water flows. Water that is high 

in iron is re-oxidized by bacteria 
if and when that water becomes 
surface flows again. This can affect 
water quality. 
Accumulation of aspen chips 

could create a concentrated point 
source of leachate with allelochemi-
cal properties (Taylor 1994; Taylor et 
al. 1996; Conlin 1). Wood leachate 
(Figure 5) is of particular concern for 
aquatic ecosystems due to the pres-
ence of potentially toxic phenolic 
compounds and the high biological 
oxygen demand for decomposition of 
the leachate (Hart et al. 1981; Taylor 
et al. 1996). A 1-cm depth of lodge-
pole pine wood chips produced high 
levels of phenols in the first year after 
application (Hart et al. 1981). The 
phenols produced by aspen slash that 
was 4 cm deep (laboratory conditions, 
Landhausser et al. 7) or 6 cm 
deep (field conditions, Renkema et 
al. 9) did not have the negative ef-
fects on aspen regeneration observed 

by Conlin (1) after laboratory ap-
plications of high concentrations of 
phenols.

Regeneration of Tree Species 
Chip piles that are greater than 1 
cm deep can be too thick to allow 
efficient planting of seedlings. These 
conditions may require some form 
of site preparation or chip redistribu-
tion to enable planting and to ensure 
an adequately functioning soil in the 
rooting zone around the seedlings.

Surface applications of chipped 
woody debris have been associated 
with reduced conifer seedling perfor-
mance in Norway spruce (Picea abies 
(L.) Karst.; Hallsby 1995) and lodge-
pole pine (Nadeau et al. 1998). In cen-
tral British Columbia, lodgepole pine 
seedlings under 5 or 1 cm of wood 
chip mulch on old landings were 
significantly smaller in stem volume 
after 3 years than those on untreated 
landings (Bulmer ). Douglas-fir 

Figure 5 Water-filled rut with high concentration of phenolic compounds. Photo taken near 
Fort St. James, B.C., 2009.
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figure 6 Lodgepole pine growing on a rehabilitated landing in northern British Columbia 
10 years after application of 10-cm-deep surface mulch. Photo taken near Prince 
George, B.C., 2004.

figure 7 Aspen hog fuel treatment plot 10 years after approximately 30-cm-deep residue 
application. Photo taken near Dawson Creek, B.C., 2007. 

(Pseudotsuga menziesii) and lodgepole 
pine seedling growth and survival 
on chipped woody debris plots was 
poor relative to treatments where the 
debris was left intact or was removed 
from the site in eastern Washington 
(Zabowski et al. ). Aspen wood 
chip mulches that were 5–1 cm deep 
significantly reduced foliar nitrogen 
concentrations in white spruce seed-
lings in Alaskan nurseries (Holloway 
199) but increased foliar potassium. 
In lodgepole pine seedlings, there 
were no visible signs of nutrient dis-
orders, and foliar nutrient concentra-
tions did not vary significantly among 
treatments (Holloway 199). Surface 
mulch treatments that were 1 cm 
deep made no difference in lodgepole 
pine growth on rehabilitated landings 
in the Okanagan region after 8 years 
(Bulmer et al. 7) (Figure 6).

Aspen Regeneration  
Accumulations of aspen logging 
slash or chip residues reduce aspen 
regeneration (Figure 7), delay sucker 
emergence, and reduce the growth 
rates of aspen (Bella 1986; Corns and 
Maynard 1998; Conlin et al. 4; 
Landhausser et al. 7; Renkema et 
al. 9). Aspen regeneration density 
reductions of 3–5% occur with 
chipping residue depths of 4–1 cm 
(Corns and Maynard 1998; Conlin 
et al. 4; Landhausser et al. 7; 
Renkema et al. 9). 

 Organic matter accumulations 
influence aspen regeneration primar-
ily through the creation of cool soil 
conditions, which delay initiation of 
new suckers and slow growth rates 
of aspen (Lieffers and Van Rees ; 
Landhausser et al. 7; Renkema et 
al. 9), and the creation of a physi-
cal barrier, which also delays emer-
gence of aspen suckers (Landhausser 
et al. 7). Wood debris accumula-
tions greater than 5 kg/m on summer 
cutblocks and 15 kg/m on winter cut-
blocks limited aspen sucker growth 
and production in Saskatchewan  
(Lieffers and Van Rees ).
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Forage Production The depth and 
distribution of chipped biomass left in 
forested landscapes in the southwest 
United States had significant effects 
on the understorey plant community 
(Wolk and Rocca 9). Woodchip 
additions reduced understorey plant 
cover, diversity, and species richness 
(Law and Kolb 7; Miller and  
Seastedt 9). The physical effect of 
wood chips may be more important 
than soil nitrogen effects for under-
storey plant species. Native shrubs 
tended to increase in cover after 
wood chip treatments that averaged 
7.5 cm in depth (Miller and Seastedt 
9). Herbaceous plants and grasses 
could not penetrate the physical 
barrier created by the chips, nor 
could they germinate on wood chips 
or survive the environment created by 
wood mulch applications (Miller and 
Seastedt 9).

Changes over Time 
Very few studies have looked at for-
est sites more than 5 years after the 
application of woody material. For 
example, the positive effects of saw-
dust amendments on mine soils were 
greatest 1–5 years after application 
(Benfeldt et al. 1); however, after 16 
years, there was no obvious benefit of 
the sawdust additions. Lodgepole pine 
did not show a significant growth re-
sponse to organic matter additions on 
reclaimed sites in the Okanagan re-
gion after 8 years (Bulmer et al. 7). 

Best Management Practices

Based on existing literature and cur-
rent operational experience in British 
Columbia, best management practices 
would be as follows:
1. Ensure that biomass harvesting 

operations remove only material 
identified in the harvesting plan 
and do not result in site organic 
matter levels (e.g., coarse woody 
debris) that are below require-

figure 8 Additional soil disturbance from biomass harvesting. Photo taken near Williams 
Lake, B.C., 2009.

ments in existing guidelines and 
regulations for coarse woody de-
bris retention.

. Avoid re-entry of equipment by 
integrating timber harvest activi-
ties, in-woods biomass chipping 
operations, and woody debris dis-
posal practices in order to prevent 
expansion of existing roads, land-
ings, and roadside work areas, and 
to minimize soil compaction and 
rutting (Figure 8). 

 3. Place chipped material directly into 
containers used to transport chips 
to the processing facility or into a 
temporary storage container in or-
der to maximize biomass recovery 
and avoid the creation of residual 
piles (Figure 9). 

4. Remove or redistribute large ac-
cumulations of woody material so 
that surface mulch is < 8 cm deep 
in order to facilitate tree regenera-
tion and forage production. 

5. Avoid removing surface soil layers 
and litter layers during forest bio-
mass harvesting. Although these 
layers represent a potential source 
of biomass, most soil functions 
take place within the top layers.

6. Sites in cooler climates, on fine-
textured soils, and with a high 
water table are at greater risk of 
detrimental effects from accumula-
tions of chipped woody material 
than are well-drained, coarse-
textured soils in warmer environ-
ments (Figure 1).

7. Accumulations of woody material 
more than 8 cm deep, particularly 
from aspen, could create anaero-
bic soil conditions and could be a 
source for production of phenolic 
compounds and/or reduced iron, 
which would be detrimental to 
plant growth and aquatic ecosys-
tems that received runoff from 
those woody accumulations.
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