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Introduction 

Public and market-driven concerns over the potential environmental impacts 

of clearcut harvesting led to the introduction of alternative silvicultural 

systems, or variable-retention (VR) harvesting, in British Columbia in the 

1990s. These harvesting techniques are now used, or are being considered 

for use, in most ecosystems throughout the province. Concomitant with the 

introduction of operational VR harvesting, a number of field trials were 

established in different biogeoclimatic (BEC) zones throughout BC to verify 

the effects of these new harvesting techniques on ecosystem processes. 

Some of these trials have now been monitored for almost 10 years, and the 

results of many individual studies have been published in the scientific 

literature. However, a critical task remains: synthesizing the findings from 

the diverse studies carried out in these different ecosystems  

The productivity of most temperate and boreal forests is primarily limited 

by low soil nitrogen (N) availability. Early work in Scandinavia and the 

eastern US suggested that clearcut harvesting could lead to increased loss of 

N through leaching from sites. This leaching loss is thought to arise from 

harvest-induced changes to a number of key N-cycling processes, including 

increased rates of litter and forest floor decomposition, and increased rates 

of N mineralization and nitrification. Concerns were therefore raised about 



the potential for clearcutting to result in decreased site productivity because 

of leaching losses, and in environmental and health problems caused by 

increased nitrate in aquatic ecosystems and sources of drinking water. In BC, 

it is usually assumed (in the absence of data) that loss of N following 

clearcutting would be mitigated by using variable-retention harvesting. We 

therefore synthesized long-term results from silvicultural systems trials to 

determine, at a provincial level, the effect of different harvesting methods on 

nitrogen cycling processes. 

We determined: 

• the extent to which VR harvesting retains the biological legacies of mature 

stands, using N cycling processes as indicators; 

• which method or intensity of VR harvesting is the most appropriate for 

mitigating negative impacts; 

• differences in responses of forests to harvesting in a range of ecosystems, 

and evaluate whether responses are universal or specific to individual 

ecosystems; 

• whether elevated levels of available N after harvesting in BC are 

universally caused by microclimatic and/or litter input changes such that 

mitigation measures could be recommended. 

Methods 

Relevant published literature from the six principal sites was reviewed, as 

was the international scientific literature on the effects of forest disturbances 

on nitrogen cycling processes. All pertinent data (including unpublished data) 

from the six sites was compiled, and analyzed using meta-analytical 

statistical methods. This allowed us to draw broader conclusions, supported 

by quantitative assessment. Size of the effect of the treatments (harvesting) 

was assessed and homogeneity of effects across studies was tested (Hedges 

1992).    



Selection of the papers 

We searched Web of Science, CAB, and Agricola databases for studies that 

contained any measure of N availability or N content in soils of harvested 

forests. We also searched for relevant references from the papers. Later, we 

limited the analysis to studies from boreal and temperate forests. We 

included studies that reported soil content or concentration of total N, nitrate, 

ammonium, and organic N; N concentration in soil leachate, N flux, and rates 

of N mineralization and nitrification (Table 1).   

Description of the principal studies  

The Sicamous Creek trial was established in 1994 in the ESSFwc subzone. 

The treatments removed 33% of the stand volume in four VR treatments: 

single-tree selection, 0.1-ha patch, 1-ha patch, and 10-ha clearcuts, where 

each treatment was replicated three times. Total N capital, inorganic and 

soluble organic N pools, net and gross N mineralization rates and litter input 

and decomposition rates were measured up to 11 years after harvest.  

The OPAX Mountain trial is in the IDFxh2/dk1 subzones. The treatments 

removed 20% of the volume in a uniform pattern and in patches of 0.1, 0.4 

and 1.6 ha, removed 30% of the volume in patches of 0.1 and 1 ha, and 

removed 50% of the volume in a uniform pattern and in patches of 0.1, 0.4 

and 1.6 ha. Small patches were replicated three times; uncut control and 

clearcut treatments were replicated three times in 20 ha blocks. Inorganic N 

pools, net mineralization rates, N leaching and litter decomposition rates 

were measured for 6 (Hope et al. 2003) and 12 years following harvest 

(unpubl.).  

In the MASS trial, in the CWHmm2 subzone, treatments are green-tree 

retention (25 stems/ha), patch cuts (1.5 to 2 ha), shelterwood (200 

stems/ha), clearcut and old-growth (uncut). There was only one clearcut and 

one old-growth stand, but three replicates of the other harvesting 

treatments. Total N capital, inorganic and soluble organic N pools, net and 

gross mineralization rates, N leaching, seedling foliar N, litter input, and 



decomposition rates were measured for up to 7 years after harvesting (e.g., 

Prescott 1997).  

The Date Creek project is in the ICHmc subzone and compares 30% and 

60% stand removal by combination of single tree selection and patch cutting, 

and clearcutting, with three replications of each treatment. Total N, dissolved 

organic and inorganic N concentrations, net N mineralization rates ans soil 

water were measured in forest-gap transects 4 (Walters et al. 2006) and 10 

years after harvest (Kranabetter and Coates 2004).  

The Lucille Mountain project is in the ESSFmm1 subzone and compares 

one clearcut (32 ha), fourteen patch cuts (0.2 ha) and one 15 ha 

shelterwood (47% volume removal). N mineralization, inorganic N and 

dissolved organic N concentrations were measured 6 years after harvest 

(Lajzerowicz et al. 2004).  

The EMEND project, although located in Alberta, is representative of the 

BWBS zone in northern BC. Treatments include shelterwood harvesting 

(25%, 50%, 80% and 90% tree removal) and clearcutting. Each treatment 

was replicated three times. Measurements include total N capital, inorganic 

and organic N concentrations, net and gross mineralization rates and litter 

input and decomposition rates for up to 5 years after harvest. Overview of 

basic characteristics of the six sites is given in Table 2.  

Measurements of the harvesting effect 

We focused on the measurements of soil N content as indication of total site 

N capital; soil N concentration as description of seedling environment; and 

nitrification and N mineralization rates as indicators of how soil processes 

were affected by harvesting. Where data were available, we analyzed N 

leaching measurements as N flux (kg/ha) rather than N concentration as it 

better reflects how important these losses may be for future site productivity. 

We included N concentration in soil leachates where it was the only measure 

of the harvesting effect. The nitrate form of N is of particular interest 

because of its high mobility and susceptibility to losses. We also analyzed the 



proportion of the inorganic N pool formed by nitrate as a principal indicator of 

changes in the soil environment. Other commonly-measured variables, such 

as soil moisture, average temperature and precipitation, soil type, and stand 

composition were used to assess causative influences on the N indicators. 

We conducted two groups of analyses, one included only the six principal 

projects described above, and the other included all available studies, but 

fewer parameters. We used MetaWin program version 2.0 (Rosenberg et al 

1997) for all analyses. Hedge’s d was used as a measure of the effect size for 

all variables.  
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The mixed model was chosen for comparison of the effect sizes among 

different categories (e.g. forest types). We assessed how robust the results 

of each analysis were by checking for the drawer effect and calculating how 

many studies would be required to overturn the results. Harvesting 

treatments were divided into seven potential categories so that they could be 

compared among studies. The categories were “clearcutting” and six 

categories of variable-retention harvesting: “single-tree” and “group 

removal”, each with “low”, “medium” or “high” removal intensity. Studies 

could thus be grouped according to removal pattern (single-tree or group), 

intensity or combination of both.  

We calculated indices of resistance and resilience for the principal studies 

that quantify two components of ecosystem stability. We used indices 

proposed by Orwin and Wardle (2004): 
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Where RS is ecosystem resistance; D0 is difference between control (C0) and 

disturbed (P0) site at time 0. 
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Where RL is ecosystem resilience; Dx is the difference between the control 

(Cx) and disturbed (Px) site at time x.  

Both indices can range from -1 to 1, with 1 indicating maximum 

resistance (no change) and resilience (immediate return) and -1 indicating 

minimum resistance (large change) and resilience (very slow return). 

 

Results and Discussion  

Postharvest N availability in the clearcuts 

Response variables describing post-harvest N availability in the clearcuts 

were grouped by possible explaining factors. The factors tested were: biome, 

forest type, soil layer (forest floor or mineral soil) and harvesting method. 

Magnitude of the effect size  

None of the N cycling parameters differed significantly between boreal and 

temperate biomes. Soil nitrate concentration effect size was not significantly 

different between forest types, however a pattern towards higher effect sizes 

in deciduous forests could be seen, when the entire time range and the first 

three years after harvest were analyzed (Fig 2a,b). Deciduous forests showed 

significantly larger increases in the proportion of nitrate in the SIN pool 

compared with coniferous forests, in the first three years after harvest (Fig. 

2c). The same trend (non-significant) was apparent when the whole time 

range was analysed (Fig. 2d).  

Harvesting method - stem-only and whole-tree harvesting - did not 

determine the magnitude of the post-harvest response. Several studies that 

assessed whole-tree and stem-only harvesting on the same site also varied 



in their conclusions. Many showed that NO3-N flux is larger after stem-only 

harvesting (Stevens et al. 1995; Titus et al. 1997, Emmett et al 1991). Tree 

tops and branches left on site may provide source of labile N in stem-only 

harvested sites, while faster establishment of understory vegetation in 

whole-tree harvested site may facilitate N retention. Several studies, 

however, documented higher N leaching from whole-tree harvested sites, 

and the trend was shown to be dependent on site fertility (Mann et al. 1988). 

 

Temporal pattern 

We present here results of meta-analysis of many studies that assessed N 

availability in the clearcuts at various times after harvest. We also discuss 

studies that have multi-years measurements of the same sites (Fig. 4).  

Despite the variability, a pattern can be distinguished with respect to 

onset and duration of N response to harvesting for different forest types. The 

pattern is most apparent for NO3-N proportion of SIN. In deciduous forests 

the proportion of soil nitrate increases immediately after harvest and then 

steadily declines to pre-harvest levels within five years (Fig. 3). In coniferous 

forests, the effects of harvesting on soil nitrate levels and nitrification rates 

are often delayed but then sustained for several years, with the maximum 

effect evident 4-5 years after harvest (Fig. 3). Many individual studies from 

deciduous (Fisk and Fahey 1990; Titus et al. 1997; Idol et al. 2003) and 

coniferous forests (Bradley et al. 2002; Prescott et al. 2003; Hope et al. 

2003) confirm this trend. Some coniferous sites, however, also show 

immediate increase in nitrate levels, especially in the magnitude of nitrate 

flux (Fig. 4). 

Are partial cuts different from clearcuts? 

The results of the analyses of all studies that had some VR treatments and 

results from the six principal studies were similar.   Significant differences 

among the harvesting treatments were found only for proportion of nitrate in 

SIN. Low-intensity single-tree removal treatments showed the smallest 



increase compared to uncut forest. They were, however, also characterized 

by largest variability, so were not distinguished from other treatments. 

Group-removal could be distinguished from single-tree removal, whereas the 

medium harvesting intensity group-removal (gap creation) caused larger 

increase in the proportion of nitrate than did single-tree removal. Similar 

trends existed for soil nitrate concentration, but this was not significant. The 

lower impact of the single-tree removal compared to gap creation is 

supported by many individual studies that compared both methods (Prescott 

et al. 2003; Hope et al. 2003). 

It can be concluded that where a harvesting effect occurs, it is present 

even in small gaps.  Characteristics of uncut forests can only preserved by 

low-intensity single-tree removal or creation of very small gaps, equivalent 

to a few trees. Different forests, however, showed quite different patterns of 

N response to harvesting, both in magnitude and duration (Table 5).  

 

Spatial pattern – edge effect 

The use of smaller cutblocks, creation of gaps and,  and the use of 

undulating rather than straight boundaries increases the amount of forest 

edge per unit of harvested area, compared to traditional clearcut blocks. 

These edges form a transition zone between forest and open conditions. The 

distance over which this transition (or edge effect) occurs varied, and shifted 

more within the forest or within the cutblock, depending on the variable 

measured, the orientation of the edge and whether or not the stand at the 

edge was thinned to reduce windthrow hazard. While there have been many 

past studies on seedling N nutrition and fewer on nitrogen cycling after 

harvesting, these have usually been conducted well away from stand edges 

so that forest influence was not a confounding factor. However, as the 

harvesting patterns have now changed, studies within several projects in BC 

have been designed to look at N cycling or seedling nutrition across forest-

cutblock edges.  



Nitrate levels and nitrification rates increased along a transect from 

forests into cutblocks in the Opax and Sicamous trials. An abrupt transition 

occurred inside the cutblock within 2-10 m of the forest edge. The same 

trend for inorganic N was found at Date Creek. Concentrations of dissolved N 

in the forest floor at MASS did not show a trend with distance from edge, 

which may be a result of an overall small response to harvesting compared to 

the sites in Interior BC. Similarly, soil moisture changed significantly within a 

narrow (20 m) transition zone around the forest edge. This trend was also 

observed in the coastal forest, where changes in N concentrations were not 

apparent (Feller and Olanski 1995).  

North-South orientation affects the location of functional edge, especially 

for soil moisture and temperature; at the south (i.e., N-facing) edge the 

transition zone tends to be located in the cutblock whereas at the north (i.e., 

S-facing) edge it may reach into the forest stand (Hope et al. 2003; Redding 

2003). At Date Creek, an increase in inorganic N across edges was only 

apparent along the N-S (but not the E-W) transect (Walters et al. 2006).  

Foliar N concentration of several coniferous species showed a sharp 

increase from 15 m within the forest to about 15 m into cutblocks 3 years 

after planting at Date Creek (Walters et al. 2006). Similarly, naturally-

regenerated and planted amabilis fir and western hemlock seedlings at MASS 

initially showed a sharp increase in foliar N within 12 m of the forest edge. 

This trend was, however, not sustained (Hawkins et al. 2002).  

Knowing the width of edge effects and the zone of influence within 

forests and especially on cutblocks would help foresters plan the size, shape 

and orientation of retention patches and cutblocks to meet specific forest 

management objectives, such as regeneration and maintenance of ecological 

processes. 

Causal mechanisms of the post-harvest changes 

Although inorganic N levels generally increase after harvesting, N 

mineralization is not changed, as its effect size confidence interval includes 



zero. This implies that the elevated SIN levels largely result from reduced 

uptake rather than faster N cycling after harvest.  

Litter decomposition rates that have previously been thought to be 

accelerated in the harvested sites, but were clearly reduced by harvesting. 

This might be attributed to lower moisture in the surface of the clearcuts, as 

previously suggested by Prescott (2000). Soil moisture effect size was overall 

negative, but when the forest floor and mineral soil were analyzed 

separately, forest floor had a strong negative effect size (decline) in 

harvested sites, while mineral soil moisture showed no change or an 

increase.  

Litter input was decreased in all harvesting treatments. pH was slightly 

increased by harvesting but there were no clear trends with respect to 

harvesting intensity, soil layer or forest type.  

Is forest floor more responsive than mineral soil? 

For most of the variables the effect size did not differ significantly between 

forest floor and mineral soil. So while N concentration values might be higher 

in the forest floor layer, the forest floor does not appear to be more 

responsive than mineral soil. Changes in the forest floor can however have a 

longer duration as shown by 12-year measurements from clearcuts in 

Sicamous Creek (unpublished data). Forest floor and mineral soil showed 

markedly different response of soil moisture to harvesting as stated above. 

Ammonification effect size was negative in forest floor but positive (with 

confidence interval including zero) in mineral soil.  

 

Conclusions and Management Implications 

Our analysis indicates that single-tree selection causes a smaller changes in 

N cycling than clearcutting or group-selection harvesting. However, in some 

forests, there was very little response to harvesting, so partial-cut 

treatments did not differ either from the clearcuts or the uncut forest. This 

variability among forests in their response to harvesting means that there is 



not a universal answer to whether partial-cutting represents a better option 

than clearcutting in respect to N availability and N losses. Post-harvest soil N 

availability did not clearly correlate with climatic factors, and two studied 

forests in the same biogeoclimatic zone (Sicamous and Lucille Mountain) 

showed very different responses to harvesting. While some trends emerge 

from this analysis, such as distinct responses of deciduous and coniferous 

forest, our ability to identify the individual factors determining post-harvest N 

dynamic was limited. This could be improved if details (such as details of site 

preparation, soil texture and pH) for more studies are available.  

 

Literature Cited 

Bartsch, N. 2000. Element release in beech (Fagus sylvatica L.) forest gaps. 

Water, Air, and Soil Pollution 122: 3-16. 

Berdén, M., Nilsson, S.I., and Nyman, P. 1997. Ion leaching before and after 

clearcutting in a Norway spruce stand - effects of long-term application of 

ammonium nitrate and superphosphate. Water, Air, and Soil Pollution 93: 

1-26. 

Binkley, D. 1984. Does forest removal increase rates of decomposition and 

nitrogen release ? Forest Ecology and Management 8: 229-233. 

Bock, M.D. and Van Rees, K.C.J. 2002b. Mechanical site preparation impacts 

on soil properties and vegetation communities in the Northwest Territories. 

Canadian Journal of Forest Research 32: 1381-1392. 

Bock, M.D. and Van Rees, K.C.J. 2002a. Forest harvesting impacts on soil 

properties and vegetation communities in the Northwest Territories. 

Canadian Journal of Forest Research 32: 713-724. 



Borchers, J.G. and Perry, D.A. 1992. The influence of soil texture and 

aggregation on carbon and nitrogen dynamics in soutwest Oregon forests 

and clearcuts. Canadian Journal of Forest Research 22: 298-305. 

Bormann, F.H., Likens, G.E., Fisher, D.W., and Pierce, R.S. 1968. Nutrient 

loss accelerated by clear-cutting of a forest ecosystem. Science 159: 882-

884. 

Bradley, R.L., Kimmins, J.P., and Martin, W.L. 2002. Post-clearcutting 

chronosequence in the B.C. coastal western hemlock zone:II. tracking the 

assart flush. Journal of Sustainable Forestry 14: 23-43. 

Brais, S., Harvey, B.D., Bergeron, Y., Messier, C., Greene, D., Belleau, A., 

and Paré, D. 2004. Testing foret ecosystem management in boreal 

mixedwoods of northern Quebec: initial response of aspen stands to 

different levels of harvesting. Canadian Journal of Forest Research 34: 431-

446. 

Brais, S., Paré, D., Camiré, C., Rochon, P., and Vasseur, C. 2002. Nitrogen 

net mineralization and dynamics following whole-tree harvesting and winter 

windrowing on clayey sites of northwestern Quebec. Forest Ecology and 

Management 157: 119-130. 

Carmosini, N., Devito, K.J., and Prepas, E.E. 2003. Net nitrogen 

mineralization and nitrification in trembling aspen forest soils on the Boreal 

Plain. Canadian Journal of Forest Research 33: 2262-2268. 

Carmosini, N., Devito, K.J., and Prepas, E.E. 2002. Gross nitrogen 

transformations in harvested and mature aspen-conifer mixed fores soils 

from the Boreal Plain. Soil Biology and Biochemistry 34: 1949-1951. 

Chang, S.X., Preston, C.M., and Weetman, G.F. 1995. Soil microbial biomass 

and microbial and mineralizable N in a clear-cut chronosequence on 



northern Vancouver Island, British Columbia. Canadian Journal of Forest 

Research 25: 1595-1607. 

Chen, H.Y.H., Kayahara, G.J., and Klinka, K. 2004. Effect of light and 

substrate on planted conifer seedlings in coastal British Columbia. 

Northwest Science 78: 101-110. 

DeLuca, T.H. and Zouhar, K.L. 2000. Effects of selection harvest and 

prescribed fire on the soil nitrogen status of ponderosa pine forests. Forest 

Ecology and Management 138: 263-271. 

Dunsworth, B.G. and Arnott, J.T. 1995. Growth limitations of regenerating 

montane conifers in field environments. In Montane Alternative Silivcuture 

Systems (MASS). Victoria, BC. pp. 48-68. 

Feller, M.C. and Kimmins, J.P. 1984. Effects of clearcutting and slash burning 

on streamwater chemistry and watershed nutrient budgets in southwestern 

British Columbia. Water Resources Research 20: 29-40. 

Feller, M.C. and Olanski, P. 1995. Influence of alternative timber harvesting 

regimes in montane coastal western hemlock zone forests on soil nutrient 

leaching: initial results. In Montane Alternative Silvicutural Systems 

(MASS). Victoria, BC. pp. 89-100. 

Fisk, M. and Fahey, T.J. 1990. Nitrification potential in the organic horizons 

following clearfelling of northern hardwood forests. Soil Biology and 

Biochemistry 22: 277-279. 

Fons, J. and Klinka, K. 1998. Temporal variations of forest floor properties in 

the coastal western hemlock zone of southern British Columbia. Canadian 

Journal of Forest Research 28: 582-590. 



Frazer, D.W., McColl, J.G., and Powers, R.F. 1990. Soil Nitrogen 

Mineralization in a Clearcutting Chronosequence in a Northern California 

Conifer Forests. Soil Science Society of America Journal 54: 1145-1152. 

Fukuzawa, K., Shibata, H., Takagi, K., Nomura, M., Kurima, N., Fukazawa, 

T., Satoh, F., and Sasa, K. 2006. Effect of clear-cutting on nitrogen leaching 

and fine root dynamics in a cool-temperate forested watershed in northern 

Japan. Forest Ecology and Management 225: 257-261. 

Giardina, C.P. and Rhoades, Ch.C. 2001. Clear cutting and burning affect 

nitrogen supply, phosphorus fractions and seedling growth in soils from a 

Wyoming lodgepole pine forest. Forest Ecology and Management 140: 19-

28. 

Grenon, F., Bradley, R.L., and Titus, B.D. 2004. Temperature sensitivity of 

mineral N transformation rates, and heterotrophic nitrification: possible 

factors controlling the post-disturbance mineral N flush in forest floors. Soil 

Biology and Biochemistry 36: 1465-1474. 

Griffith, R.P. and Swanson, A.K. 2001. Forest soil characteristics in a 

chronosequence of harvested Douglas-fir forests. Canadian Journal of Forest 

Research 31: 1871-1879. 

Hannam, K.D. and Prescott, C.E. 2003. Soluble organic nitrogen in forests 

and adjacent clearcuts in British Columbia, Canada. Canadian Journal of 

Forest Research 33: 1709-1718. 

Hassett, J.E. and Zak, D.R. 2005. Aspen harvest intensity decreases 

microbial biomass, extracellular enzyme activity, and soil nitrogen cycling. 

Soil Science Society of America Journal 69: 227-235. 



Hendrickson, O.Q., Chatarpaul, L., and Burges, D. 1989. Nutrient cycling 

following whole-tree and conventional harvest in northern mixed forest. 

Canadian Journal of Forest Research 19: 725-735. 

Hendrickson, O.Q., Chatarpaul, L., and Robinson, J.B. 1985. Effects of Two 

Methods of Timber Harvesting on Microbial Processes in Forest Soil. Soil 

Science Society of America Journal 49: 739-746. 

Holmes, W.E. and Zak, D.R. 1999. Soil microbial control of nitrogen loss 

following clear-cut harvest in northern hardwood ecosystems. Ecological 

Applications 9: 202-215. 

Hope, G.D., Prescott, C.E., and Blevins, L.L. 2003. Responses of available soil 

nitrogen and litter decomposition to openings of different sizes in dry 

interior Douglas-fir forests in British Columbia. Forest Ecology and 

Management 186: 33-46. 

Hornbeck, J.W. and Kropelin, W. 1982. Nutrient removal in leaching from a 

whole-tree harvest in northern hardwoods. Journal of Environmental Quality 

11: 309-316. 

Hornbeck, J.W., Smith, C.T., Martin, Q.W., Tritton, L.M., and Pierce, R.S. 

1990. Effects of intesive harvesting on nutrient capitals of three forest types 

in New England. Forest Ecology and Management 30: 55-64. 

Houston, A.P.C., Visser, S., and Lautenschlager, R.A. 1998. Microbial 

processes and fungal community structure in soils from clear-cut and 

unharvested areas of two mixedwood forests. Canadian Journal of Botany 

76: 630-640. 

Huntington, T.G. and Ryan, D.F. 1990. Whole-tree harvesting effect on soil 

nitrogen and carbon. Forest Ecology and Management 31: 193-204. 



Idol, T.W., Pope, P.E., and Ponder, F. 2003. N mineralization, nitrification, 

and N uptake across a 100-year chronosequence of upland hardwood 

forests. Forest Ecology and Management 176: 509-518. 

Iseman, T.M., Zak, D.R., Holmes, W.E., and Merill, A.G. 1999. Revegetation 

and nitrate leaching from Lake States northern hardwood forests following 

harvest. Soil Science Society of America Journal 63: 1424-1429. 

Jewett, K., Daugharty, D., Krause, H.H., and Arp, P.A. 1995. Wateshed 

responses to clear-cutting: Effect on soil solutions and stream water 

discharge in central New Brunswick. Canadian Journal of Soil Science 75: 

475-490. 

Johnson, C.E. 1995. Soil nitrogen status 8 years after whole-tree clear-

cutting. Canadian Journal of Forest Research 25: 1346-1355. 

Jull, M.J. and Stevenson, S.K. 2001. The Lucille Mountain study: 8-year 

results of a silvicutural systems trial in the Engelmann spruce-subalpine fir 

zone. BC Ministry of Forests, Research Branch, Victoria, BC Working Paper 

59/2001 

Katzensteiner, K. 2003. Effects of harvesting on nutrient leaching in a 

Norway spruce (Picea abies Karst.) ecosystem on a Lithic Leptosol in the 

Northern Limestone Alps. Plant and Soil 250: 59-73. 

Keenan, R.J., Messier, C., and Kimmins, J.P. 1994. Effects of clearcutting and 

soil mixing on soil properties and understorey biomass in wester redcedar 

and western  hemlock forests on northern Vancouver Island, Canada. Forest 

Ecology and Management 68: 251-261. 

Kimmins, J.P., Martin, W.L., and Bradley, R.L. 2002. Post-clearcutting 

chronosequence in the B.C. coastal western hemlock zone: III. Sinks for 



mineralised or dissolved organic N. Journal of Sustainable Forestry 1: 45-

68. 

Koppenaal, R., Hawkins, B.J., and Puttonnen, P. 1998. Release of advance 

regeneration under varying overstory retention in a coastal montane forest. 

FA96568-RE 

Kranabetter, M. and Coates, K.D. 2004. Ten-year postharvest effects of 

silviculture systems on soil-resource availability and conifer nutrition in a 

northern temperate forest. Canadian Journal of Forest Research 34: 800-

809. 

Krause, H.H. 1982. Nitrate formation and movement before and after clear-

cutting of a monitored watershed in central New Brunswick, Canada. 

Canadian Journal of Forest Research 12: 922-930. 

Krause, H.H. and Ramlal, D. 1986. In situ nutrient extraction by resin from 

forested, clear-cut and site-prepared soil. Canadian Journal of Soil Science 

67: 943-952. 

Lajzerowicz, C.C., Walters, M.B., Krasowski, M., and Massicotte, H.B. 2004. 

Light and temperature differently colimit subalpine fir and Engelmann 

spruce seedling growth in partial-cut subalpine forests. Canadian Journal of 

Forest Research 34: 249-260. 

Lamontagne, S., Carignan, R., D'Arcy, P., Praire, Y.T., and Paré, D. 2000. 

Element export in runoff from eastern Canadian Boreal Shield drainage 

basins folllowing forest harvesting and wildfires. Canadian Journal of 

Fisheries and Aquatic Science 57 (Suppl. 2): 118-128. 

Lapointe, B., Bradley, R.L., and Shipley, B. 2005. Mineral nitrogen and 

microbial dynamics in the forest floor of clearcut or partially harvested 

successional boreal forest stands. Plant and Soil 271: 27-37. 



Lindo, Z. and Visser, S. 2003. Microbial biomass, nitrogen and phosphorus 

mineralization, and mesofauna in boreal conifer and deciduous forest floors 

following partial and clear-cut harvesting. Canadian Journal of Forest 

Research 33: 1610-1620. 

Martin, C.W. and Harr, R.D. 1989. Logging of mature Douglas-fir in western 

Oregon has little effect on nutrient output budgets. Canadian Journal of 

Forest Research 19: 35-43. 

Martin, W.L., Bradley, R.L., and Kimmins, J.P. 1998. Post-clearcutting forest 

floor N dynamics in the CWH wet subzone: a chronosequence study. 

Northwest Science 72: 71-73. 

Martin, W.L., Bradley, R.L., and Kimmins, J.P. 2002. Post-clearcutting 

chronosequence in the B.C. coastal western hemlock zone: I. Changes in 

forest floor mass and N storage. Journal of Sustainable Forestry 14: 1-91. 

Maynard, D.G. and MacIsaac, D.A. 1998. Soil nutrient and vegetation 

response to patch clear-cutting of an aspen forest near Meadow Lake, 

Saskatchewan. Canadian Journal of Soil Science 78: 59-68. 

McLaughlin, J.W. and Phillips, S.A. 2006. Soil carbon, nitrogen, and base 

cation cycling 17 years after whole-tree harvesting in a low-elevation red 

spruce (Picea rubens)-balsam fir (Abies balsamea) forested watershed in 

central Maine. Forest Ecology and Management 222: 234-253. 

Nohrstedt, H.Ö., Ring, E., Klemedtsson, L., and Nilsson, Å. 1994. Nitrogen 

losses and soil water acidity after clear-felling of fertilized experimental 

plots in a Pinus sylvestris stand. Forest Ecology and Management 66: 69-

86. 

Paré, D. and Van Cleve, K. 1993. Soil nutrient availability and relationship 

with abobeground biomass production on postharvested upland white 



spruce sites in interior Alaska. Canadian Journal of Forest Research 23: 

1223-1232. 

Parker, J.L., Fernandez, I.J., Rustad, L.E., and Norton, S.A. 2001. Effects of 

nitrogen enrichment, wildfire and harvesting on forest-soil carbon and 

nitrogen. Soil Science Society of America Journal 65: 1248-1255. 

Pietikäinen, J. and Fritze, H. 1995. Clear-cutting and prescribed burning in 

coniferous forest: comparison of effects on soil fungal and total microbial 

biomass, respiration activity and nitrification. Soil Biology and Biochemistry 

27: 101-109. 

Prescott, C.E. 1997. Effects of clearcutting and alternative silvicultural 

systems on rates of decomposition and nitrogen mineralization in a coastal 

montane coniferous forest. Forest Ecology and Management 95: 253-260. 

Prescott, C.E., Hope, G.D., and Blevins, L.L. 2003. Effect of gap size on litter 

decomposition and soil nitrate concentrations in a high-elevation spruce-fir 

forest. Canadian Journal of Forest Research 33: 2210-2220. 

Richardson, C.J. and Lund, J.A. 1975. Effects of clear-cutting on nutrient 

losses in aspen forests on three soil types in Michigan. In Mineral cycling in 

southeastern ecosystems. 

Ritter, E., Starr, M., and Vesterdal, L. 2005. Losses of nitrate from gaps of 

different size in a managed beech (Fagus sylvatica) forest. Canadian Journal 

of Forest Research 35: 308-319. 

Robertson, S.M.C., Hornung, M., and Kennedy, V.H. 2000. Water chemistry 

of throughfall and soil water under four tree species at Gisburn, northwest 

England, before and after felling. Forest Ecology and Management 129: 

101-117. 



Rosén, K., Aronson, J.A., and Eriksson, H.M. 1996. Effects of clear-cutting on 

streamwatter quality in forest catchments in central Sweden. Forest Ecology 

and Management 83: 237-244. 

Schmidt, M.G., Macdonald, S.E., and Rothwell, R.L. 1996. Impacts of 

harvesting and mechanical site preparation on soil chemical properties of 

mixed-wood boreal forest sites in Alberta. Canadian Journal of Soil Science 

76: 531-540. 

Schwendenmann, L. 2000. Soil properties of boreal riparian plant 

communities in relation to natural succession and clear-cutting, Peace river 

lowlands, Wood Buffalo national park, Canada. Water, Air, and Soil Pollution 

122: 449-467. 

Silkworth, D.R. and Grigal, D.F. 1982. Determining and evaluating nutrient 

losses following whole-tree harvesting of aspen. Soil Science Society of 

America Journal 46: 626-631. 

Simard, D.G., Fyles, J.W., Paré, D., and Nguyen, T. 2001. Impact of clearcut 

harvesting and wildfire on soil nutrient status in the Quebec boreal forest. 

Canadian Journal of Soil Science 81: 229-237. 

Smith, C.K., Coyea, M.R., and Munson, A.D. 2000. Soil carbon, nitrogen, and 

phosphorus stocks and dynamics under disturbed black spruce forests. 

Ecological Applications 10: 775-788. 

Smolander, A., Priha, O., Paavolainen, L., Steer, J., and Mälkönen, E. 1998. 

Nitrogen and carbon transformations before and after clear-cutting in 

repeatedly N-fertilized and limed fores soil. Soil Biology and Biochemistry 

30: 477-490. 



Sollins, P. and McCorison, F.M. 1981. Nitrogen and carbon solution chemistry 

of an old growth coniferous forest watershed before and after cutting. Water 

Resources Research 17: 1409-1418. 

Stark, N.M. 1979. Nutrient losses from timber harvesting in a larch / 

Douglas-fir forest. USDA Forest Service, Intermountain forest and range 

experiment station, Ogden, UT  INT-231 

Stevens, P.A., Norris, D.A., Williams, T.G., Hughes, S., Durrant, D.W.H., 

Anderson, M.A., Wheatherley, N.S., Hornung, M., and Woods, C. 1995. 

Nutrient losses after clearfelling in Beddgelert Forest: a comparison of the 

effects of conventional and whole-tree harvest on soil water chemistry. 

Forestry 68: 115-131. 

Tiedeman, A.R., Quigley, T.M., and Anderson, T.D. 1988. Effects of timber 

harvesting on stream chemistry and dissolved nutrient losses in 

northeastern Oregon. Forest Science 34: 344-358. 

Titus, B.D., Prescott, C.E., Maynard, D.G., Mitchel, M.J., Bradley, K.L., Feller, 

M.C., Beese, W.J., Seely, B.A., Benton, R.A., Senyk, J.P., Hawkins, B.J., and 

Koppenaal, R. 2005. Post-harvest nitrogen cycling in cleacut and alternative 

silvicutural systems in a montane forest in coastal British Columbia. 

Forestry Chronicle submitted. 

Titus, B.D., Roberts, B.A., and Deering, K.W. 1997. Soil solution 

concentrations on three white birch sites in central Newfoundland following 

different harvesting intensities. Biomass and Bioenergy 13: 313-330. 

Van Miegroet, H., Homann, P.S., and Cole, D.W. 1992. Soil nitrogen 

dynamics following harvesting and conversion of red alder and Douglas-fir 

stands. Soil Science Society of America Journal 56: 1311-1318. 



Walley, F.L., Van Kessel, C., and Pennock, D.J. 1996. Landscape-scale 

variability of N mineralization in forest soils. Soil Biology and Biochemistry 

28: 383-391. 

Westbrook, Ch.J. and Devito, K.J. 2004. Gross nitrogen transformations in 

soils from uncut and cut boreal upland and peatland coniferous forest 

stands. Biogeochemistry 68: 33-50. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Tables 

 

Table 1. List of studies included in meta-analysis 

Study Reference Location Forest type  

 (Bartsch 2000) Germany deciduous  

 (Berdén et al. 1997) Sweden coniferous  

 (Binkley 1984) BC coniferous  

 (Bock and Van Rees 

2002a) 

Northwest 

Territory 

mixed  

 (Bock and Van Rees 

2002b) 

Northwest 

Territory 

mixed  

 (Borchers and Perry 

1992) 

Oregon coniferous  

 (Bormann et al. 1968) New 

Hampshire 

deciduous  

 (Brais et al. 2002) Quebec mixed  

 (Brais et al. 2004) Quebec deciduous  

 (Carmosini et al. 2002) Alberta mixed  

 (Carmosini et al. 2003) Alberta deciduous  

 (Chang et al. 1995) BC coniferous  

 (Chen et al. 2004) BC coniferous  

 (DeLuca and Zouhar 

2000) 

Montana coniferous  

 (Feller and Kimmins 

1984) 

BC coniferous  

 (Fisk and Fahey 1990) New 

Hampshire 

deciduous  

 (Fons and Klinka 1998) BC coniferous  

 (Frazer et al. 1990) Nevada coniferous  



 (Fukuzawa et al. 2006) Japan mixed  

 (Giardina and Rhoades 

2001) 

Wyoming coniferous  

 (Griffith and Swanson 

2001) 

Oregon coniferous  

 (Hannam and Prescott 

2003) 

BC coniferous  

 (Hassett and Zak 2005) Michigan deciduous  

 (Hendrickson et al. 1985) Ontario mixed  

 (Hendrickson et al. 1989) Ontario mixed  

 (Holmes and Zak 1999) Michigan deciduous  

 (Hornbeck and Kropelin 

1982) 

New 

Hampshire 

deciduous  

 (Hornbeck et al. 1990) New 

Hampshire, 

Connecticut, 

Maine 

coniferous, 

deciduous 

 

 (Houston et al. 1998) Ontario mixed  

 (Huntington and Ryan 

1990) 

New 

Hampshire 

deciduous  

 (Idol et al. 2003) Indiana deciduous  

 (Iseman et al. 1999) Michigan deciduous  

 (Jewett et al. 1995) New 

Brunswick 

mixed  

 (Johnson 1995) New 

Hampshire 

deciduous  

 (Katzensteiner 2003) Austria coniferous  

 (Keenan et al. 1994) BC coniferous  

 (Kimmins et al. 2002) BC coniferous  

 (Krause 1982) New coniferous,  



Brunswick deciduous 

 (Krause and Ramlal 

1986) 

New 

Brunswick 

coniferous  

 (Lamontagne et al. 

2000) 

Quebec mixed  

 (Lapointe et al. 2005) Quebec coniferous,deciduou

s, mixed 

 

 (Mariani 2006) BC deciduous  

 (Martin and Harr 1989) Oregon coniferous  

 (Maynard and MacIsaac 

1998) 

Saskatchewan deciduous  

 (McLaughlin and Phillips 

2006) 

Maine coniferous  

 (Nohrstedt et al. 1994) Sweden coniferous  

 (Paré and Van Cleve 

1993) 

Alaska coniferous  

 (Parker et al. 2001) Maine coniferous  

 (Pietikäinen and Fritze 

1995) 

Finland coniferous  

 (Richardson and Lund 

1975) 

Michigan deciduous  

 (Ritter et al. 2005) Denmark deciduous  

 (Robertson et al. 2000) England coniferous, 

deciduous 

 

 (Rosén et al. 1996) Sweden coniferous  

 (Schmidt et al. 1996) Alberta mixed  

 (Schwendenmann 2000) Alberta coniferous  

 (Silkworth and Grigal 

1982) 

Minnesota deciduous  

 (Simard et al. 2001) Quebec coniferous  



 (Smith et al. 2000) Quebec coniferous  

 (Smolander et al. 1998) Finland coniferous  

 (Sollins and McCorison 

1981) 

Oregon coniferous  

 (Stark 1979) Montana coniferous  

 (Stevens et al. 1995) UK-Wales coniferous  

 (Tiedeman et al. 1988) Oregon coniferous  

 (Titus et al. 1997),  Newfoundland deciduous  

 (Van Miegroet et al. 

1992) 

Washington deciduous  

 (Walley et al. 1996) Saskatchewan mixed  

 (Westbrook and Devito 

2004) 

Ontario coniferous  

Date 

Creek 

(Kranabetter and Coates 

2004) 

BC coniferous  

EMEND (Lindo and Visser 2003) Alberta coniferous, 

deciduous 

 

Lucille (Jull and Stevenson 

2001) 

BC coniferous  

Lucille (Lajzerowicz et al. 2004) BC coniferous  

MASS (Bradley et al. 2002) BC coniferous  

MASS (Dunsworth and Arnott 

1995) 

BC coniferous  

MASS (Feller and Olanski 1995) BC coniferous  

MASS (Grenon et al. 2004a) BC coniferous  

MASS (Grenon et al. 2004)  BC coniferous  

MASS (Koppenaal et al. 1998) BC coniferous  

MASS (Martin et al. 1998; 

Martin et al. 2002) 

BC coniferous  



MASS (Martin et al. 1998; 

Martin et al. 2002); 

BC coniferous  

MASS (Prescott 1997) BC coniferous  

MASS (Titus et al. 2005) BC coniferous  

MASS Bradley et al. 2001) BC coniferous  

Opax (Hope et al. 2003) BC coniferous  

Sicamou

s 

(Hannam and Prescott 

2003) 

BC coniferous  

Sicamou

s 

(Prescott et al. 2003) BC coniferous  



 

Table 2. Basic site characteristics of  six principal projects  

Project BEC 

zone 

Subzone Elevation 

(m) 

Temperature 

(C) 

Precipitation 

(mm) 

Soil type Dominant tree 

species 

Date Creek ICH mc2 350-1100 4.4 610 Humo Ferric 

Podzol 

Brunisol 

Tsuga 

heterophylla, 

Thuja plicata 

Lucille Mtn. ESSF mm1 1340-

1585 

-1.0 1575 Humo Ferric 

Podzol 

Abies lasiocarpa, 

Picea engelmannii 

Sicamous 

Creek 

ESSF wc 1530-

1830 

1.2 930 Humo Ferric 

Podzol 

Abies lasiocarpa, 

Picea engelmannii 

Opax Mtn. IDF xh 950-1100 4.8 379 Gray Luvisol Pseudotsuga 

menziesii 

MASS CWH mm2 700-1100 5.4 1892  Tsuga 

heterophylla, 

Abies amabilis 

EMEND BWBS  670-880 -0.3 433 Gray Luvisol Populus 

tremuloides, Picea 

alba 

 



Table 3. Proportion of stand that was removed by harvesting (% of basal area or tree numbers). Numbers in bold 

represent harvesting treatments where N measurements were available.  

Project Control Low removal Intermediate removal High removal Clearcut 

  Single 

tree 

Group Single 

tree 

Group Single 

tree 

Group  

 UN L-S L-G M-S M-G H-S H-G CC 

Date 

Creek 

0 30 30 60 60 ( 0.1-0.5 

ha) 

  100 

Lucille 

Mt. 

0   49 

50 

50 (0.2 ha)  69 100 

MASS 0    50 (1.5-2 ha) 75 

95 

 100 

Opax  0 20 20-0.1 

20 - 0.4 

20 - 1.6 

50 

25 

25 

50 (0.1 ha) 

50  (0.4 ha) 

50  (1.6 ha) 

  100 

Sicamous 0   33 33 ( 0.1 ha) 

33 (1 ha) 

  100 

EMEND 0  25 50  80 

90 

 100 



 

Table 4. Effect size and heterogeneity among the studies (clearcuts only) 

Variable Total effect 

size 

95% confidence 

interval 

Heterogeneity 

p 

Total N + 12.69 -11.32; 34.69 0.00 

NO3-N + 0.74 0.27; 1.22 0.00 

NH4-N + 0.33 -0.19; 0.85 0.00 

SIN + 1.19 0.51; 1.86 0.00 

NO3-N flux + 0.93 0.33; 1.54 0.00 

N flux + 0.46 0.03; 0.89 0.85 

Nitrification + 0.52 0.12; 0.92 0.00 

Ammonification - 0.19 -0.59; 0.22 0.00 

N 

mineralization 

+ 0.28 -0.17; 0.72 0.00 

NO3-N % + 0.68 0.45; 0.90 0.04 

pH + 0.10 -0.09; 0.29 1.0 

 

 

Table 5. Indices of resistance and resilience for four studies calculated from 

NO3-N concentration and NO3-N proportion changes (from 0.5 to 3.5 years 

after harvest; 2.5 to 4.7 for Opax). 

 Resistance Resilience 

 NO3-N / SIN NO3-N % NO3-N / SIN NO3-N % 

Sicamous 0.098 0.33 -0.8 -0.9 

Opax 0.16 0.41 -0.18 -0.43 

EMEND - 

conif 

0.03 0.16 0.91 -0.8 

EMEND – 

decid 

-0.92 -0.96 0.94 -0.17 

MASS 0.29 0.19 0.11 -0.86 



Figure captions 

 

Figure 1. Map of British Columbia with approximate locations of six 

silvicultural trials. The EMEND trial is located in northern Alberta. 

Figure 2. Effect size of nitrate concentration a) throughout whole time 

range, b) first three years after harvest; effect size of proportion of nitrate 

from SIN pool c) throughout whole time range, d) first three years after 

harvest; clearcuts only.  

Figure 3. Effect size of proportion of nitrate from SIN vs years after harvest; 

clearcuts only. 

Figure 4. Temporal pattern of nitrate flux in the studies with multi-years 

measurements; a) coniferous forest (Feller and Kimmins 1984), b) coniferous 

forest (Katzensteiner 2003), c) deciduous and coniferous forests (Hornbeck 

et al. 1990), d) deciduous forest (Iseman et al 1990), e) deciduous forest 

(Bartsch 2000), f) coniferous forest (Stevens et al 1995), g) deciduous forest 

(Titus et al 1997), h) deciduous forest – nitrification rate (Fish and Fahey 

1990). 

Figure 5. Effect size of a) nitrate concentration and b) proportion of nitrate 

from SIN pool in the partial cuts and clearcuts (all studies with any VR 

treatment). 
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