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1. Introduction 
 
In 1989, a study was initiated to investigate various options for the integrated management of cattle 
grazing and aspen resources in the Boreal White and Black Spruce (BWBS) biogeoclimatic subzone of 
British Columbia (Hays, 1992).  The study was designed to provide information on the short-term effects 
of three factors:  Clearcutting in the summer vs. winter, cattle grazing, and domestic grass seeding.  
Management regimes representing different combinations of these factors were tested at three sites 
between 1989 and 1998.  Aspen regeneration and forage production were monitored annually for a period 
of five years following logging and seeding.  Measurements included soil bulk density, number of aspen 
stems per unit area, aspen growth (height and diameter), forage biomass, and foliar nutrients.  The study 
design and sampling methods are summarized in Section 2 (for details, refer to Hays, 1992); Section 3 
describes the statistical analysis of the data; and the results of the analysis and conclusions are presented 
in Sections 4 and 5. 
 

 

2. Study Design 
 
The study was conducted in mature aspen parkland (e.g., A-531-M forest cover type) at three sites 
located within the Bissette Creek drainage, roughly 5 km due south of Dawson Creek (TP.77, R.15, W.6). 
They are identified by their respective Timber Sale references: A33919 occurs in the north half of Section 
10; A32967 occurs in the west half of Section 3; and A40307 occurs in the west half of Section 16 and the 
southwest quarter of Section 15 (refer to Figure 1). The three sites have similar ecological conditions and 
stand histories, and, prior to treatment, had sufficient forage (e.g., native grasses, forbs, and herbs) to 
support cattle grazing. 
 
The study sites occur within the Black and White Boreal Spruce biogeoclimatic zone, moist-warm variant 
1, White spruce / Trembling aspen - Step moss site series 01 (BWBSmw1/01). The sites are dominated 
by trembling aspen. Soils are classified as Orthic Gray Luvisols: moist, fine-textured, clay to clay loams 
developed over morainal deposits (Moberly series); subject to flooding during heavy or prolonged periods 
of precipitation and/or snowmelt. The relatively impermeable underlying morainal deposits produce a 
perched watertable during such events. 
 
The seasonal precipitation from May through September ranges from 225-355mm; annual precipitation if 
485mm; and annual mean temperatures range from -1.2 to 2.7o C. Mean annual snowfall ranges from 
130-250cm; and the frost free period ranges from 125-170 days (Reynolds 1989). 
 
 
Each of the three sites (i.e., replicates) was divided into three main logging plots that were approximately 
15 hectares in area (total area of each installation is ~45ha).  Plots were randomly assigned one of the 
following logging treatments: summer clearcut, winter clearcut (in the same year as the summer clearcut), 
or control (no logging). Sites were also divided into two main (22.5ha) grazing plots: one that was grazed 
by cattle and a second that was not grazed. Each of the six subplots formed by overlaying the grazing 
plots on the logging plots were further split into eight (~1.5-1.75ha) sub-subplots. Sub-subplots were 
alternately (with a random initial assignment) seeded with domestic grass, at a fixed rate of 10 kg/ha, or 
left unseeded, resulting in four seeded and four unseeded sub-subplots per subplot.  A systematic rather 
than random assignment of seeding treatment was used to ensure that potential microsite variation 
between treatments was minimized. The arrangement of the main plots, subplots, and sub-subplots is 
illustrated in Figure 2. 
 
Logging treatments were assigned at random. However, the location of the logged and grazed areas was 
constrained by the extent and quality of road access to the site, and by the amount of traffic, particularly 
during the summer logging period.  Since access influences harvesting productivity, the location of the 
summer-logged plot was determined primarily by transportation and other operational considerations.  
Winter logging was generally much less constrained by accessibility. However, because equal areas were 
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designated for grazing in the three main plots, the area logged in the summer determined the total area 
grazed.  
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Figure 1. Study site location in Dawson Creek Forest District.  
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2.1 Logging Operations and Site Management 
 
Sites were operationally logged in the summer (June to September) or winter (November to March) using 
a combination of feller-bunchers, conventional skidders, and log-processing equipment. Manual seeding, 
with cyclone spreaders calibrated at 10 kg/ha, took place in the spring (May) following logging. The seed 
mix included tall fescue, Orchard grass, and white clover. Approximately one year after seeding, cattle 
grazing commenced in June for a period of approximately one month, until 75% forage utilization had 
been achieved. Cross fencing was used to separate the logging mainplots. 

 
 

Main plots and sub-plots 

 

                  Site 1                                      Site 2                                     Site 3   

WG SG CG  SG WG CG  WN CN SN 

WN SN CN  SN WN CN  WG CG SG 

 

Sub-sub-plots 

 

S N 

N S 

S N 

N S 

 

 
Figure 2. Arrangement of main plots, subplots, and sub-subplots.  

The main plot, subplot, and sub-subplot factors are:  logging (S = summer clearcut, W = winter clearcut, C 
= unlogged control); grazing (G = grazed, N = not grazed); and seeding (S = seeded at a rate of 10 kg/ha, 
N = not seeded). 

 
 
 
 
 
Establishment of the three installations was staggered for operational reasons (therefore, the effects of 
site and year are confounded).  The designated summer-harvesting portion of TSL A33919 was logged in 
the summer of 1989 and the winter-designated portion was logged the following winter, in 1989-1990.  
Manual seeding occurred in 1990.  In the same year, seedbed assessments were made, soil samples 
were collected, and fencing was installed to control cattle movements.  Grazing commenced on June 1

st
 of 

1991 and on the same day in each of the successive years up to and including 1995.  During the annual 
grazing period, the same cattle were allowed to graze each of the three cross-fenced grazing units until 
75% utilization was achieved (approximately 2-6 weeks depending on vegetation growth and animal 
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condition). Because cattle were expected to exhibit definite grazing preferences within and among logged 
and seeded areas, cattle activities and forage utilization were closely monitored throughout the grazing 
period to help regulate forage consumption, and as an aid to field interpretation of cattle damage to 
vegetation, and to facilitate interpretation of the results of the data analyses. 

 
The same treatment schedule was followed for TSL A32967, with seeding in 1992 and grazing from 1993 
to 1997 inclusive, and for TSL A40307, with seeding in 1993 and grazing from 1994 to 1998 inclusive. 
Seed viability testing was conducted in 1993, concurrent with seeding at the third installation. The results 

indicated that viability was at least 92% (i.e., 92% of seeds germinated and resulted in viable seedlings). 
 
The last two installations were dismantled in 1999. The first site (TSL A33919) is being maintained for 
demonstration purposes, with the cooperation of the permit holder. 

 

2.2 Measurements 
 
Data were collected annually at each site for a five-year period following seeding.  Each year, 
measurements of soil density, aspen, and other vegetation were made approximately one week before 
grazing commenced and were repeated approximately one week after grazing ended.  Forage biomass 
and foliar nutrition were measured annually, at the end of the grazing period. 
 

2.2.1 Soil density  
 
Soil densities were measured

1
 at three depths of mineral soil – 5cm, 15cm, and 25cm – at three locations 

in each of the eight seeded/unseeded sub-subplots. 
 

2.2.2 Aspen and vegetation cover 
 
Three transects were laid out systematically in each of the eight seeded/unseeded sub-subplots and a 
total of five permanent sampling locations, with a minimum spacing of 10m, were systematically 

established along the transects. A 1m  1m plot (1m
2
 in area) was centered on each sampling location for 

the measurement of aspen. In the first year, a single „representative‟ aspen stem was randomly selected 
from each plot and tagged for annual measurement

2
 (before and after the grazing season).  Height, height 

increment, basal diameter, condition and damage of the foliage, leader, and stem, and overall vigour were 
measured for each tagged aspen.  In addition, all aspen stems were tallied and the overall vegetation 

cover (expressed as a percentage of the plot area) was recorded using a 20cm  50cm Daubenmire 
frame (with the long axis oriented in an east-west direction). Sampling locations were marked 
inconspicuously with a steel pin for subsequent sampling of aspen re-growth and forage cover.  Transect 
endpoints were visibly marked with wooden stakes, which were located outside the treatment plots to 
avoid cattle interference. 

 

2.2.3 Forage biomass and foliar nutrients 
 
Three 1-m

2 
circular sampling units for the measurement of forage biomass and foliar nutrition were 

randomly located in the spaces between transects in each seeded/unseeded sub-subplot (i.e., 3 
samples/sub-subplot). A new set of samples was selected each year (i.e., sampling was without 
replacement). Sampling units were clipped to a 5-cm stubble height at the end of the grazing period to 
simulate maximum utilization. Litter (herbaceous material produced in previous years) was sorted from 
current annual production. Clipped grasses and forbs were sorted into component species (principal 
forage species were identified after candidate sites and the forage seed mix were selected).   
 

                                                      
1
 At each depth and at an equidistant bearing (i.e., 120, 240 and 360 degrees), a minimum of three 

replicate measurements of soil density were obtained, or until measurements did not exceed 10% 
variation, using a Campbell Scientific Nuclear-Portaprobe. 
2
 Substitutions were made when stems died or could not be located. 
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Each sample was collected in individually labeled bags, oven-dried to a constant weight at 70o C for 48 
hours, and then weighed. Dry weights and results of foliar analysis of macro- and micro-nutrients were 
recorded for individual species and for general forage classes (grasses, forbs, herbs, shrubs). 
 

3. Statistical Analysis 
 
A univariate, repeated-measures

3
 analysis of variance (ANOVA) was used to determine whether logging, 

grazing, or seeding had a statistically significant effect on soil density, aspen regeneration, forage 
biomass, or foliar nutrients, and to test whether the effects varied over time. Measurements for individual 

sampling units and sub-subplots were averaged (sample size after averaging = 5 years  3 sites  3 

logging plots  2 levels of grazing  2 seeding treatments = 180) and transformed
4
, where necessary, prior 

to analysis.  Least-squares means (and standard errors based on the ANOVA model) were tabulated and 
compared (in pairs) for all significant effects. Pre- and post-grazing averages were analyzed separately. 
The sources of variation, degrees of freedom, and associated error terms for the repeated-measures 
ANOVA are listed in Table 1 (only the top part of the table applies to the by-year analysis of aspen height 
and diameter). 
 

Table 1. Repeated-measures ANOVA.  

 

Source of variation 

Degrees  of 

freedom 

Error term for fixed effects 

(error degrees of freedom) 

Replicates (sites) (R) 2 - 

Logging (L) 2 Logging main plots (4) 

R  L (logging main plots) 4 - 

Grazing (G) 1 Grazing main plots (2) 

R  G (grazing main plots) 4 - 

L  G 2 Subplots (6) 

R  L  G (subplots) 6 - 

Seeding (S) 1 Sub-subplots (12) 

L  S 2 Sub-subplots (12) 

G  S 1 Sub-subplots (12) 

L  G  S 2 Sub-subplots (12) 

R  L  G  S (sub-subplots) 12 - 

   

Year (Y) 4 Sub-subplots  Year (96) 

L  Y 8 Sub-subplots  Year (96) 

G   Y 4 Sub-subplots  Year (96) 

L  G  Y 8 Sub-subplots  Year (96) 

S  Y 4 Sub-subplots  Year (96) 

L  S  Y 8 Sub-subplots  Year (96) 

G  S  Y 4 Sub-subplots  Year (96) 

L  G  S  Y 8 Sub-subplots  Year (96) 

R  L  G  S  Y (Sub-subplots  Year) 96 - 

 

 

                                                      
3
 Owing to difficulties created by tree substitutions, aspen height and diameter were analyzed separately 

by year.  
4
 A square root transformation was applied to aspen density (average number of stems/ha). 
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4. Results 

 

4.1 Soil density 
 
Average soil bulk densities did not differ significantly among logging, grazing, or seeding treatments, 
before or after the grazing season, or at any of the three depths (5cm, 15cm, 25cm) that were measured 
(p-values for all main effects and interactions were > 0.8). However, there were significant differences 

among years (Table 2). Pre-grazing densities varied significantly among years at all depths (p 0.0002 for 
all three depths). In general, average pre-grazing densities were lower in the first year compared with the 
estimates for other years (Fig. 3). Post-grazing differences among years were less pronounced and were 
not statistically significant at either 5cm (p = 0.2746) or 15 cm (p = 0.0865). There were significant 
differences at 25cm (p = 0.0462), where the bulk density for Year 2 was noticeably greater than the values 
for the other four years (Fig. 3). 
 
 

Table 2. Average bulk densities of soil (g/cm
3
) before and after grazing in Years 1-5. 

  Before grazing After grazing 

Depth Year Mean Std. Err.
5
 Mean Std. Err. 

5cm 1 0.48 0.33 1.09 0.31 

 2 1.26 0.32 1.11 0.32 

 3 1.09 0.34 1.64 0.27 

 4 1.61 0.30 1.53 0.27 

 5 2.94 0.30 1.58 0.27 

      

15cm 1 0.53 0.35 1.18 0.33 

 2 1.39 0.34 1.07 0.32 

 3 1.17 0.36 1.76 0.28 

 4 1.75 0.31 1.70 0.28 

 5 1.79 0.31 1.74 0.28 

      

25cm 1 0.57 0.36 1.21 0.54 

 2 1.44 0.35 2.82 0.65 

 3 1.21 0.37 1.81 0.51 

 4 1.82 0.32 1.77 0.51 

 5 1.83 0.32 1.80 0.51 

 

 

                                                      
5
 “Mean” is the least-squares mean based on the repeated-measures ANOVA (Table 1) and “Std. Err.” is 

the associated estimated standard error. 
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Figure 3. Average soil bulk densities (before and after grazing) 1-5 years after logging and seeding. 
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4.2 Aspen 
 
Table 3 summarizes the average number of (dead/moribund, poor, moderate, and good)

6
 aspen stems in 

the control plots and in the summer and winter clearcut plots, for the first five years following logging and 
seeding. The total number of aspen stems (averaged over years) differed significantly among logging 
treatments, both before (p = 0.0129) and after (p = 0.0058) grazing (Fig. 4). There were significantly fewer 
stems in the control plots than there were in the logged plots, however, densities did not depend on the 
season (summer or winter) in which logging occurred (Table 3), or on grazing or seeding. Differences 

among logging treatments did not vary significantly over the first five years after logging (i.e., the logging  
year interaction was not significant) and there were no significant interactions involving logging, grazing, or 
seeding. However, there was a noticeable and statistically significant decrease in post-grazing stem 
densities between Years 1 and 5 (Fig. 5, Table 4). 
 
 

Table 3. Average number of aspen stems before and after grazing (all years), in control plots and in plots 
logged in summer or winter. (Stem number by vigor code less reliable than damage codes collected for 
each measured aspen; some measurement/data transcription error anticipated). 

  Aspen stems (number/ha) 

   Dead/moribund Poor Moderate Good Total 

    Mean Std. Err. Mean Std. Err. Mean Std. Err. Mean Std. Err. Mean Std.  Err. 

Before grazing Control 289 1281 495 719 1589 7770 2251 6466 4626 12953 

 Summer clearcut 2613 1281 4780 719 19284 7770 25275 6466 51929 12953 

 Winter clearcut 2372 1281 3867 719 17328 7770 16063 6466 39630 12953 

After grazing Control 231 371 709 1652 1627 7740 2397 4559 4965 11391 

 Summer clearcut 1665 371 5576 1652 21859 7740 21832 4559 50929 11391 

 Winter clearcut 1303 371 5166 1652 18266 7740 16848 4559 41568 11391 

 
 

 
Figure 4. Average number of aspen stems (all years) before and after grazing in control plots and in plots 
logged in summer or winter. 

                                                      
6
 Vigour (dead/moribund, poor, etc.) for all stems in 1-m

2 
plot is based on the classification of a single 

tagged aspen. 
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Table 4. Average number of aspen stems before and after grazing, 1-5 years after logging and seeding. 

 
  Aspen stems (number/ha) 

   Dead/moribund Poor Moderate Good Total 

  Year Mean Std. Err. Mean Std. Err. Mean Std. Err. Mean Std. Err. Mean Std. Err. 

Before grazing 1 372 1140 4006 732 28419 10193 10281 4923 43078 12724 

 2 6415 1809 3370 1166 9382 7738 9045 5036 28213 11007 

 3 722 1160 3563 902 11417 7718 19430 5347 35134 10901 

 4 1093 1170 2945 842 6640 7572 18219 6316 28857 11055 

 5 189 1137 1353 557 7811 7544 15673 5473 25026 10862 

After grazing 1 1386 425 3552 1761 22733 9175 12324 3573 39971 11300 

 2 1944 398 8833 2327 14416 7478 10491 3226 35684 9805 

 3 510 292 2975 1758 18168 7692 12734 3266 34401 9876 

 4 1095 404 2578 1745 7459 7406 16425 3874 27536 9966 

 5 395 292 1147 1684 6812 7423 16490 3649 24844 9720 

 

 

 

 

Figure 5. Average number of aspen stems (before and after grazing) 1-5 years after logging and seeding. 

 

4000

14000

24000

34000

44000

54000

Year 1 Year 2 Year 3 Year 4 Year 5

A
s
p
e
n
 s

te
m

s
 (

n
o
./

h
a
)

Before grazing

After grazing



 11 

Table 5 (Figs. 6 and 7) summarizes the average heights and average diameters of aspen in the control, 
summer-logged and winter-logged plots. One year after logging and seeding, “regenerated”

7
 aspen stems 

in the control plots were on average (before and after grazing) 18 – 26 cm taller (p < 0.025) and had 
average diameters that were 0.9 – 2.5 mm greater (0.05 < p < 0.1) than those of aspen stems in the 
clearcut plots, with the largest differences occurring in the unseeded areas. By Year 2, the differences 
between the control and logged plots were no longer significant and, by Year 5, aspen stems in the 
clearcut plots were (before and after grazing) 38 – 71 cm taller ( 0.03 < p < 0.11) and had diameters that 
were 6 – 9 mm (0.03 < p < 0.07) greater than those of the regenerated stems in the control plots. Aspen in 
the winter-logged plots tended to be taller and have larger diameters than the aspen in the summer-
logged plots but the differences were not statistically significant for any year (before or after grazing). 
Grazing and seeding designation appears to have had little, if any effect, on (regenerated) aspen height 
and diameter, except in the first (and possibly fifth) year, where seeding appears to have reduced 
somewhat the effect associated with logging.  
 
 

Table 5. Average height and diameter of mature and regenerated aspen in control, summer-logged, and 
winter-logged plots.  

  Height (cm) 

 Before/after             Year 1             Year 2             Year 3             Year 4             Year 5 

Logging Grazing Mean Std. Err. Mean Std. Err. Mean Std. Err. Mean Std. Err. Mean Std. Err. 

Mature trees
8
            

Control Before 2229.3 166.2 2324.1 193.1 2272.1 116.2 2140.3 249.9 2200.5 194.9 

 After 2290.3 156.6 2329.7 185.0 2284.7 109.6 2142.8 263.2 2212.1 188.2 

            

Regenerated trees            

Control Before 99.2 5.9 113.8 14.5 107.8 16.5 117.3 17.2 124.3 13.2 

 After 110.0 8.7 110.7 16.2 111.2 17.8 122.3 16.3 130.4 18.8 

Summer clearcut Before 73.8 5.7 97.4 14.5 123.9 16.5 142.2 17.2 162.2 13.2 

 After 84.9 8.6 114.7 16.2 137.2 17.8 157.2 16.3 183.6 18.8 

Winter clearcut Before 73.2 5.7 107.3 14.5 146.2 16.5 162.9 17.2 185.3 13.2 

 After 91.9 8.6 127.3 16.2 153.7 17.8 172.3 16.3 201.6 18.8 

            

            

       Diameter (mm) 

 Before/after             Year 1             Year 2             Year 3             Year 4             Year 5 

Logging Grazing Mean Std. Err. Mean Std. Err. Mean Std. Err. Mean Std. Err. Mean Std. Err. 

Mature trees            

Control Before 230.9 22.3 241.1 24.8 240.3 15.7 209.3 23.7 246.2 23.6 

 After 236.7 20.7 241.4 23.6 236.1 21.8 239.8 28.3 247.6 22.8 

            

Regenerated trees            

Control Before 11.0 1.4 12.7 2.1 11.7 1.4 12.9 1.7 15.1 1.8 

 After 11.8 1.5 12.1 2.0 13.3 1.7 13.1 2.0 15.5 2.0 

Summer clearcut Before 8.7 1.4 11.9 2.1 16.4 1.4 17.4 1.7 21.0 1.8 

 After 10.0 1.5 13.8 2.0 17.7 1.7 17.9 2.0 22.1 2.0 

Winter clearcut Before 8.5 1.4 13.4 2.1 19.5 1.4 20.1 1.7 23.5 1.8 

 After 10.9 1.5 15.7 2.0 19.7 1.7 20.0 2.0 24.8 2.0 

 
 

                                                      
7
 For the purposes of this analysis, aspen stems with measured heights  300 cm in Year 1 were defined 

to be “regeneration”.  The corresponding height limits for regeneration in Years 2-5 were respectively: 350 
cm, 400 cm, 450 cm, and 500 cm. 
 
8
 Mature trees (control plots) are aspen stems with heights exceeding 300 cm, 350 cm, 400 cm, 450 cm, 

and 500 cm in Years 1-5. All other trees were considered “regeneration”. 
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Figure 6. Average height of regenerated aspen stems in control, summer-logged, and winter-logged plots. 
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Figure 7. Average diameter of regenerated aspen stems  in control, summer-logged, and winter-logged 
plots. 
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4.3 Vegetation cover, forage biomass, and foliar nutrients 
 
Pre- and post-grazing vegetation cover of the 1-m

2 
aspen plots increased significantly (from 3% to 18-

21%) over the five-year study period (Table 6, Fig.8) but no significant logging, grazing, seeding, or 
interactive effects were detected.   
 
The average total biomass per unit area (Table 7) differed significantly among the three logging 
treatments (p = 0.0181), and between grazed and ungrazed plots (p = 0.0474).  The total biomass 
produced by the control plots was significantly less than (~half) that of the summer- and winter-logged 
plots (due primarily to a smaller contribution by shrubs), while forage production was comparable in the 
summer-logged and winter-logged plots (Table 7, Fig. 9).  Grazing was associated with a ~25% reduction 
in biomass resulting from a reduction in the amount of forbs and grasses (Table 7, Fig. 9).  Total biomass 
production did not vary significantly over the five-year study period and there were no significant seeding 
effects or interactive effects among logging, grazing, and seeding. 
 
 

                          Table 6. Average vegetation cover in Years 1-5. 

 Percentage area covered (1-m
2 
plot) 

 Before grazing After grazing 
Year Mean Std. Err. Mean Std. Err. 

1 3.1 1.9 3.3 3.3 

2 6.0 2.2 9.1 3.5 

3 9.1 2.5 11.9 3.9 

4 7.0 2.2 10.6 3.8 

5 17.7 2.2 20.6 3.6 

 
 

                       

                    Figure 8. Average vegetation cover of 1-m
2
 plots (%). 
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Table 7. Average biomass (g/m
2
) in control and clearcut plots, in plots that were and were not grazed, and 

by year.  

 
 Forbs Grasses Shrubs Total 

Logging Mean Std. Err. Mean Std. Err. Mean Std. Err. Mean Std. Err. 

Control 89.67 16.94 20.26 16.93 121.6 34.2 231.5 40.09 

Summer clearcut 107.4 16.94 56.86 16.93 244.9 34.2 409.2 40.09 

Winter clearcut 118.2 16.94 73.39 16.93 244.3 34.2 435.9 40.09 

         

 Domestic forbs Native forbs Domestic grasses Native grasses 

Logging Mean Std. Err. Mean Std. Err. Mean Std. Err. Mean Std. Err. 

Control 0.52 1.23 89.15 16.56 1.1 3.21 17.45 18.17 

Summer clearcut 1.52 1.23 105.7 16.56 12.83 3.21 41.87 18.17 

Winter clearcut 0.68 1.23 117.5 16.56 2.56 3.21 70.09 18.43 

         

         

         

 Forbs Grasses Shrubs Total 

Grazing Mean Std. Err. Mean Std. Err. Mean Std. Err. Mean Std. Err. 

Grazed 74.1 15.0 26.5 15.6 196.2 30.8 296.9 34.1 

Not grazed 136.1 15.0 73.8 15.6 210.9 30.8 420.8 34.1 

         

 Domestic forbs Native forbs Domestic grasses Native grasses 

Grazing Mean Std. Err. Mean Std. Err. Mean Std. Err. Mean Std. Err. 

Grazed 0.6 1.1 73.5 14.4 2.9 2.4 22.2 16.5 

Not grazed 1.2 1.1 134.7 14.4 8.1 2.4 64.1 16.5 

 
 
 
 
 

Figure 9. Forage biomass (dry weight of vegetation) in control, summer-logged, and winter logged plots, 
and in plots that were and were not grazed. 
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Table 8 summarizes the nutritional content of different types of forage. Owing to an absence of 
specimens, not all vegetation types were measured for every combination of logging, grazing, and 
seeding, and in all years. Therefore, the statistical significance of the interactive effects of logging, 
grazing, seeding, and year could not be determined. An ANOVA of the main effects (i.e., interaction terms 
were dropped from the ANOVA model in Table 1) suggests that seeding reduced significantly the total 
digestible nutrients (p = 0.0047) and dry protein (p < 0.0001), and increased significantly the acid 
detergent fiber (p = 0.0123) of forage and grasses (Fig. 10). Total digestible energy (p = 0.0001), and P, 
Ca, Mg, and Fe levels were also significantly reduced in the forbs and grasses (p < 0.001), while Na levels 
increased significantly (p < 0.0001).  All of these nutrients, except calcium and iron, and with the addition 
of potassium, varied significantly among years in the forbs and grasses (p < 0.02, Fig. 11).  Some seeding 
effects and annual variation were also evident in other types of vegetation, and a possible logging effect 
was observed in the forbs and grasses (i.e., differences in digestible energy), and in fireweed and aspen 
(differences in P, K, Ca, or Mg), but no clear patterns emerged.  
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5. Conclusions  
 
Soil bulk densities showed significant annual variation for the first five years after the study plots were 
installed, but logging, grazing, and seeding had no apparent effect on these variations.  Clearcutting had a 

significant impact on aspen regeneration and growth.  Regenerated aspen stems were significantly (~10) 
more abundant in the clearcut plots, and five years after logging, the new stems were significantly taller 
and greater in girth than the aspen suckers  in the control plots, despite an initial reduction in growth 
compared with the control.  Harvesting in summer or winter had little or no apparent effect on aspen 
regeneration or subsequent growth.   
 
Vegetation cover of the study plots increased significantly (from 3% to 18-21%) during the first five years 
following installation, regardless of logging season, grazing, or seeding.  Forage biomass (forbs, grasses, 
and shrubs) was almost twice as great in the logged plots compared with the control plots, but did not 
differ significantly between the summer-logged and winter-logged plots, and did not vary significantly 
between years.  Grazing was associated with a significant, 25% reduction in biomass in all plots 
(beneficial for fuel management).  Seeding appears to have had a significant effect on the foliar nutrients 
of  forbs and grasses (as well as other types of vegetation), resulting in an overall decrease in total 
digestible nutrients, protein, digestible energy, and various other nutrients,  and an increase in fiber 
content.  Owing to a lack of data, the interactive effects on foliar nutrients of  logging, grazing, seeding, 
and year could not be assessed. However, Principal Components Analysis is recommended to further 
examine foliar associations by vegetation classes, and possible relationships between treatments. 
 

 

 

Discussion 
 

Soil Bulk Density 

The significant differences in soil densities among years, especially the lower pre-graze density in year 1, 
suggests that, under a controlled grazing regime, some degree of soil compaction (all depths) is evident 
upon commencement of grazing. The significantly greater post grazing density at 25 cm depth in Year 2 
could be attributed to a number of conditions, acting independently or in combination: These could include 
unfavorable (wet) weather during grazing; and absence of established grazing patterns (trails) since aspen 
regeneration did not effectively restrict ease of animal movement. Note also that Year 2 reports the 
highest growth in aspen suckers among Years 1-5; subsurface root development is coinciding with an 
increase in soil density at a 25 cm depth (a hormonal response to aboveground removal of photosynthetic 
leaves from grazing). 
 

Aspen Regeneration 

Logging had a significant effect on stems per hectare of aspen regeneration among treatments. Both 
winter and summer logging produced significantly greater numbers of stems per hectare of aspen 
regeneration than the unlogged control. Although significant differences were anticipated between 
summer and winter logged aspen densities, the lack of statistically significant difference may be attributed 
to site variation in suckering response to season of logging, ungulate utilization, or some other natural 
agent including insect/disease or environmental damage affecting regeneration potential (e.g., Venturia 
maculata); site moisture might have also served to moderate the resultant densities (i.e., perched water 
table on A32967, south aspect on A33919, and north aspect on A40307). Further work concerning early 
stand dynamics with particular attention to site conditions (e.g., aspect, moisture, etc.) and forest health is 
warranted. 

Although no significant trends in aspen stem density associated with season of logging were reported in 
the study, there was a statistically significant decrease in the post-graze stem densities between Years 1 
and 5. Further analyses should examine aspen stem density in relation to condition and damage data 
(e.g., categorical analysis) to assist in interpretations of aspen stand dynamics with respect to logging, 
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grazing and seeding. The reliability of vigour ratings in aspen regeneration assessments is questionable; 
and a further review of aspen data collected in this study should be considered. 

Hinds & Shepperd (1987), Brown & Debyle (1986), and Crouch (1983, 1981) observed significant 
decreases in stem density from three to seven years after harvesting, in the absence of cattle grazing, and 
suggested the response represents a natural stand-thinning process. Further research on suckering 
response of aspen under various management options (including range use) is needed to better define 
the large variation in sucker response documented to date.  In addition, a reliable and rigorous 
methodology for assessing early stand dynamics, stem densities and distribution, and forest health in an 
integrated manner is required, particularly one with operational application (i.e., to complement 
regeneration stocking and/or free-growing surveys required by the Forest District). 

Jones (1974), and Maini & Horton (1966) reported that differences in suckering density are associated 
with the carbohydrate reserves stored in the roots during the dormant season. Warmer temperatures 
stimulate cytokinin production by the roots (and subsequent foliar growth) and may cause degradation of 
auxin (Hungerford 1988). However, Hungerford (1988) and Maini & Horton (1966) point out that definitive 
relationships between temperature and suckering response are not well understood. Brown & Debyle 
(1986), and Crouch (1983) noted considerable variation in suckering density following commercial aspen 
harvesting. The variation in suckering density is often attributed to the time of disturbance, although many 
other ecologic factors are involved. 

Although grazing and seeding designation appears to have had little, if any, effect on regenerated aspen 
height and diameter, except in the first and possibly fifth year, seeding appears to have reduced 
somewhat the effect associated with logging. In the absence of seeding, more pronounced differences in 
aspen height and diameter were observed in Years 1 and 5 (i.e., less surface competition for site 
resources and less abundant, preferred forage). Aspen suckers will generally grow from shallow, smaller 
diameter parent roots (Kemperman 1978). Shallow rooted suckers are more susceptible to trampling and 
browsing damage from cattle grazing, and also to snow breakage, leading to poor aspen stocking and 
deformed trees (Hinds & Shepperd 1987, Crouch 1981, Kabzems et al. 1976, Jones 1974). As Fitzgerald 
et al. (1986) have noted, this problem may become more pronounced as grasses mature at the end of the 
growing season, and cattle preferences change to forest vegetation.  The seeding „effect‟ thus appears to 
have indirectly moderated the height and diameter response in aspen. 

 

Biomass Production 

Vegetation cover increased significantly over the 5 year study period, and between pre- and post-graze 
periods, though there were no significant interactions with logging, grazing, and seeding. This suggests 
that logging, grazing, and seeding (either independently or collectively) have little impact on the 
abundance (i.e., percent cover) of vegetation. 

Total biomass production did not vary significantly over the 5 year study period, nor were there significant 
treatment interactions. Conversely, the average biomass differed significantly among the three logging 
treatments, and between grazed and ungrazed plots. Forage production in the summer and winter logged 
plots was comparable, while that in the unlogged control was significantly less. Grazing was associated 
with approximately 25% reduction in biomass, specifically in forbs and grasses. Average biomass 
production among logging treatments and between grazed and ungrazed plots is clearly dominated by 
species composition (i.e., fewer shrubs in the control plots), and manifest in forage preferences for forbs 
and grasses. Both Hungerford (1988) and Steneker (1974) reported consistent results concerning the 
amount of ground vegetation, particularly brush, following aspen harvesting. Although total biomass 
production offers little insight as to relative forage value among grazing and logging treatments, the 
significant differences reported in average biomass (i.e., biomass production dominated by species 
composition) among logging treatments and grazing treatments reinforces the need to monitor and 
evaluate forage utilization preferences on a local scale. 

Vegetation cover increased significantly over the 5 year study period, and between pre- and post-graze 
periods, though there were no significant interactions with logging, grazing, and seeding. This suggests 
that logging, grazing, and seeding (either independently or collectively) have little impact on the 
abundance (i.e., percent cover) of vegetation. 
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The following paragraphs discuss the relative significance of vegetation abundance. 
In the absence of grazing, litter production was greatest under unlogged conditions (due to the mature 
aspen canopy). It was also greater where seeded species were not introduced. Where seeding had been 
conducted, herb production was greater, whereas aspen and native grass production tended to be lower 
than in unseeded areas. Fireweed appeared to take advantage of poor seedbed conditions in the winter 
logged and seeded areas since its biomass production was somewhat higher in this treatment than 
without seeding (i.e., it effectively competed with seeded species for site occupancy). 

Tame forage was more abundant in summer logged conditions since summer harvesting of aspen created 
more and better seedbeds for the domestic seed. Tame forage was significantly less abundant in the 
winter logged block since winter logging stimulated more vigourous aspen suckering and basal sprouting 
in the following spring. Winter harvesting resulted in heavier debris accumulation and fewer mineral 
seedbeds than summer logging. 

Live forage was least abundant under unlogged conditions since regrowth following grazing was slow due 
to less available sunlight and moisture. Any trampling damage by livestock and/or ungulates was more 
persistent, and browsing damage to aspen regeneration tended to be more severe especially with fewer 
stems available for forage. 
 

Foliar Nutrition 

Owing to an absence of specimens, not all vegetation types were measured for every combination of 
logging, grazing, and seeding, and in all years. Thus, the statistical significance of the interactive effects of 
logging, grazing, seeding, and year could not be determined. This situation reflects a fundamental difficulty 
in applied research that concerns the predictability of species composition. Although the statistical 
significance of the interactive effects of treatments were not determined, further examination of nutritional 
data and treatment regimes are recommended using Principal Components Analysis. 

Seeding appears to have had a significant effect on the foliar nutrition of forbs and grasses, as well as 
other types of vegetation. Seeding was reported to have significantly reduced the total digestible nutrients 
and protein content, while the acid detergent fiber increased significantly in forbs and grasses. Total 
digestible energy and phosphorus, calcium, magnesium, and iron levels were also significantly reduced in 
the forbs and grasses, while sodium levels increased significantly.  All of these nutrients, except calcium 
and iron, and with the addition of potassium, varied significantly among years in the forbs and grasses.  
Some seeding effects and annual variation were also evident in other types of vegetation, and a possible 
logging effect was observed in the forbs and grasses (i.e., differences in digestible energy), and in 
fireweed and aspen (differences in P, K, Ca, or Mg), but no clear patterns emerged.  

It is suspected that the increase in sodium levels were facilitated by the introduction of domestic forage 
species that attract livestock and the frequent relocation of salt/mineral blocks, resulting in an overall 
decrease in total digestible nutrients, protein, digestible energy, and various other nutrients, and an 
increase in the fiber content of forbs and grasses. In addition, the benefits of frequently relocating 
salt/mineral blocks to encourage cattle movement through a block vs. accepting an increase in localized 
damage from compaction and physical stem damage by maintaining a stationary salt/mineral block source 
is a relative trade-off that the prescribing forester working with the range permittee must resolve at a local 
level.  With respect to the effect of seeding on the nutritional profile of forbs and grasses and indeed other 
types of vegetation among logging, grazing, and seeding treatments, further examination using Principal 
Components Analysis is recommended to investigate the relationships between combinations of nutrients 
and attributes associated with digestibility, and treatment regimes. 

The following paragraphs discuss the relative significance of forage nutrition. 
Both native and domestic grasses had higher moisture contents and lower total digestible nutrients and 
digestible energy than the other species examined. Their protein values were also lower among the 
species examined. Interestingly, domestic grasses were lower in protein than the native species. Grasses 
as well as legumes, fireweed and rose had moderate amounts of copper, magnesium and manganese, 
important in plant respiration and photosynthesis. These species represent the "status quo" in terms of 
their performance in these essential functions. 
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Legumes, aster and aspen regeneration had moderate moisture contents and greater total digestible 
nutrients and digestible energy than the grasses. The protein values of the legumes were the highest of 
the species examined. 

Fireweed, rose and red osier dogwood had the lowest moisture contents and the most total digestible 
nutrients and digestible energy among the species examined. Their protein values were moderate. These 
species tended to have higher salinity and sulfur concentrations among the species examined, probably 
due to their lower moisture content (i.e., sodium and sulfur are less mobile within the plant). 

Fireweed was not a preferred forage though its food value was considerably higher than that of the 
grasses. One hypothesis for this lack of preference suggests that some beta-toxins may occur in fireweed, 
producing noxious side effects in livestock grazing on the more mature foliage (i.e., acts as a cumulative 
toxin). Conclusive evidence is lacking at present.  

Aspen regeneration and red osier dogwood had the lowest concentrations of copper, magnesium and 
manganese, whereas aster had the greatest concentration of these minerals. Aspen and red osier 
dogwood appeared to be more efficient in respiration and photosynthesis than aster (i.e., more 
conservative in these essential processes). 

Although cattle preferred to graze the domestic grasses and legumes (i.e., "ice cream" forage), their total 
food value was considerably lower than that of fireweed, rose and red osier dogwood (i.e., "spinach" 
forage). The bite return of lush foliage was greater with grasses and herbs in comparison with the more 
woody species; it required less effort to graze grasses than to selectively browse new foliage on rose and 
other shrubs. 

 

Summary 

Treatment interactions among harvesting, grazing and seeding are important considerations in the 
analysis of these data. Although each treatment influences a particular response to some degree, other 
factors held constant, the collective effect is more important for planning integrated resource management 
involving timber harvesting, cattle grazing and agronomic seeding. When more than one treatment has 
been applied, the effects of one treatment should not be considered in isolation of other treatment effects. 

Since summer logged sites produce more and better seedbeds for agronomic seeding with relatively 
fewer aspen stems per hectare than winter logged sites, they are more preferred for range use involving 
seeding and cattle grazing. Conversely, since wet conditions are more likely to hinder harvesting 
operations in the summer, increasing the potential for site disturbance and access problems, winter 
logging is preferred for maintaining harvesting and site productivity. 

Although cattle prefer the more open conditions and grass dominated forage of the summer logged areas, 
the forage available in the winter logged areas provides better food value and consequently produces 
greater weight gains in cattle managed under a controlled, rotational grazing system. However, where 
forage is comprised largely of shrub species that are not preferred by cattle (i.e., primarily rose), the 
combination of winter logging, seeding and cattle grazing will promote their production. 

From an aspen producer's viewpoint, winter harvesting of aspen produces healthier and more vigourous 
suckering with less ground disturbance and fewer operability limitations than summer harvesting. 
Consequently, silviculture management objectives are more easily met with winter harvesting than with 
summer harvesting.  

Cattle movement within the winter harvested areas is not restricted by debris or vigourous aspen 
suckering, but reflects cattle preferences for forage. It is important to note that cattle movement must be 
managed (e.g., as in controlled, rotational grazing) to allow better use of the forest range resources, and 
to avoid over-utilization and the associated site degradation and decline in range condition of the preferred 
grazing sites. 

One important consequence of cattle grazing on forest rangelands is the reduction of litter. Litter utilization 
represents a means of fuel management for fire prevention that is otherwise not practical. This is 
particularly important in mature aspen forest as evidenced by its significant litter production.  
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In an integrated resource use scenario involving aspen harvesting, cattle grazing and agronomic seeding, 
long-term site and vegetation productivity must be understood, and maintained or enhanced before 
improvements in aspen and cattle production can be fully appreciated, planned for, and successfully 
applied. From an integrated resource management perspective, the decision on which treatments to 
apply, when, and to what intensity they are applied to a given land base must be determined by the 
collective resource users according to their collective resource values. 

To date, few research efforts have constructively addressed issues concerning integrated management of 
cattle grazing and aspen resources. Most research has focused on one particular aspect of forest 
management such as aspen regeneration after clearcutting (Hinds & Shepperd 1987, Crouch 1983, 1981, 
Kemperman 1978, Ohmann et al. 1978, Steneker 1976, Shoup et al. 1968). Although silvicultural methods 
and utilization strategies for managing aspen stands are discussed by Samoil (1988), Debyle & Winokur 
(1985), Whitney & McClain (1981), Heeney et al. (1980), Ohmann et al. (1978, 1972), Steneker (1976), 
and Maini & Cayford (1968), limited work has examined the role of cattle grazing in controlling aspen 
regrowth (Baumgartner et al. 1986, Fitzgerald et al. 1986, Crouch 1983, 1981, Kabzems et al. 1976, Jones 
1974). Very few studies have investigated the effects of fire on aspen suckering (Hungerford 1988, Brown 
& Debyle 1986, Heeney et al. 1980), and virtually no research has examined the effects of fire, mechanical 
site preparation, or chemical brushing and weeding on integrated forage and aspen production. Clearly, 
more information on the effects of resource integration need to be investigated, particularly where 
traditional practices for managing one resource have a significant impact on the biology and concurrent 
management of other resources. 
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        Figure 10. Foliar nutrients of forbs and grasses in seeded and unseeded subplots. 

 

Figure 11. Foliar nutrients of forbs and grasses, 1-5 years after logging and seeding.
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Table 8. Foliar nutrients of forage. 

 

 
 

Total digestible nutrients (%) 

  Forbs and grasses Fireweed Rose family Native woody shrub Aspen 

  Mean Std. Err. Mean Std. Err. Mean Std. Err. Mean Std. Err. Mean Std. Err. 

Control 58.15 2.43 76.81 9.76 76.26 10.35 72.62 3.67 59.08 4.51 

Summer clearcut 63.52 2.41 80.10 9.56 78.40 10.35 74.32 3.88 65.90 3.70 

Winter clearcut 61.23 2.41 79.96 9.70 78.52 10.35 74.73 3.68 63.83 3.72 

           

Grazed 59.25 2.40 79.29 9.17 77.85 9.92 74.43 3.59 62.89 3.68 

Not grazed 62.68 2.39 78.62 9.22 77.61 9.92 73.35 3.58 62.98 3.66 

           

Seeded 59.21 2.32 77.18 9.83 76.47 11.28 73.43 3.84 62.62 3.69 

Not seeded 62.72 2.31 80.74 8.72 78.99 8.94 74.35 3.40 63.25 3.65 

           

Year 1 64.02 2.73 92.87 15.71 90.57 16.39 70.18 5.03 64.97 5.18 

Year 2 62.64 2.56 78.70 10.99 80.22 13.62 75.50 4.17 68.41 4.44 

Year 3 61.07 2.57 82.92 10.33 79.77 10.59 72.95 4.16 62.76 4.31 

Year 4 62.85 2.71 82.94 10.13 79.78 10.09 75.90 3.88 64.08 4.66 

Year 5 54.26 3.23 57.35 10.63 58.30 10.62 74.93 3.88 54.45 5.11 

           

 Dry protein (%) 

  Forbs and grasses Fireweed Rose family Native woody shrub Aspen 

  Mean Std. Err. Mean Std. Err. Mean Std. Err. Mean Std. Err. Mean Std. Err. 

Control 13.30 0.87 15.01 0.61 12.13 0.78 11.78 0.87 15.28 0.81 

Summer clearcut 13.21 0.86 14.78 0.61 12.54 0.78 12.22 0.94 14.69 0.58 

Winter clearcut 12.40 0.86 14.00 0.61 11.87 0.78 11.69 0.88 14.45 0.58 

           

Grazed 12.08 0.83 13.99 0.46 12.11 0.60 11.42 0.85 14.94 0.46 

Not grazed 13.86 0.83 15.20 0.46 12.24 0.60 12.37 0.84 14.68 0.46 

           

Seeded 12.32 0.79 14.31 0.46 12.28 0.63 12.09 0.87 14.81 0.47 

Not seeded 13.62 0.79 14.89 0.41 12.07 0.55 11.70 0.71 14.80 0.46 

           

Year 1 12.98 0.89 13.23 0.68 10.86 0.82 11.78 1.26 15.44 0.74 

Year 2 12.26 0.85 13.43 0.50 11.44 0.72 11.20 0.96 14.32 0.59 

Year 3 12.97 0.83 14.93 0.47 13.40 0.60 11.62 0.96 14.81 0.60 

Year 4 12.49 0.81 14.97 0.45 12.02 0.59 12.08 0.87 14.03 0.60 

Year 5 14.14 0.81 16.41 0.51 13.17 0.64 12.79 0.88 15.43 0.72 

           

 Acid detergent fiber (%) 

  Forbs and grasses Fireweed Rose family Native woody shrub Aspen 

  Mean Std. Err. Mean Std. Err. Mean Std. Err. Mean Std. Err. Mean Std. Err. 

Control 34.99 2.33 18.88 9.11 19.07 9.69 22.23 3.37 34.18 3.04 

Summer clearcut 30.68 2.31 15.76 8.91 16.96 9.69 20.72 3.59 28.27 2.84 

Winter clearcut 32.52 2.31 16.06 9.04 17.11 9.69 20.32 3.39 30.23 2.85 

           

Grazed 34.05 2.32 16.56 8.47 17.77 9.22 20.61 3.29 30.93 2.84 

Not grazed 31.41 2.31 17.25 8.52 17.65 9.22 21.57 3.27 30.86 2.84 

           

Seeded 34.23 2.25 18.55 9.18 18.57 10.64 21.49 3.56 31.13 2.84 

Not seeded 31.24 2.24 15.25 8.00 16.86 8.19 20.69 3.09 30.66 2.83 

           

Year 1 29.77 2.66 4.80 15.32 6.26 15.94 24.39 4.78 29.49 3.51 

Year 2 31.47 2.47 17.14 10.39 14.94 13.00 19.63 3.89 25.94 3.16 

Year 3 32.63 2.48 12.95 9.67 16.05 9.94 21.87 3.89 30.95 3.16 

Year 4 30.90 2.59 13.36 9.39 15.87 9.38 19.41 3.58 29.55 3.37 

Year 5 38.87 3.06 36.26 9.84 35.43 9.84 20.14 3.60 38.53 3.71 
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Table 8. (continued) 

 Digestible energy (Mcal) 

  Forbs and grasses Fireweed Rose family Native woody shrub Aspen 

  Mean Std. Err. Mean Std. Err. Mean Std. Err. Mean Std. Err. Mean Std. Err. 

Control 1.16 0.05 1.54 0.18 1.53 0.19 1.45 0.07 1.18 0.08 

Summer clearcut 1.27 0.05 1.61 0.18 1.57 0.19 1.49 0.07 1.32 0.07 

Winter clearcut 1.23 0.05 1.61 0.18 1.57 0.19 1.49 0.07 1.28 0.07 

           

Grazed 1.19 0.05 1.59 0.17 1.56 0.18 1.49 0.07 1.26 0.07 

Not grazed 1.25 0.05 1.58 0.17 1.55 0.18 1.47 0.07 1.26 0.07 

           

Seeded 1.19 0.04 1.55 0.18 1.53 0.20 1.47 0.07 1.25 0.07 

Not seeded 1.26 0.04 1.62 0.17 1.59 0.17 1.49 0.07 1.27 0.07 

           

Year 1 1.28 0.05 1.89 0.26 1.83 0.27 1.40 0.09 1.30 0.09 

Year 2 1.25 0.05 1.57 0.20 1.59 0.24 1.51 0.08 1.37 0.08 

Year 3 1.22 0.05 1.64 0.19 1.58 0.19 1.45 0.08 1.26 0.08 

Year 4 1.26 0.05 1.66 0.19 1.60 0.19 1.52 0.07 1.28 0.08 

Year 5 1.10 0.06 1.17 0.20 1.19 0.20 1.50 0.07 1.10 0.09 

           

           

 Phosphorus (%) 

  Forbs and grasses Fireweed Rose family Native woody shrub Aspen 

  Mean Std. Err. Mean Std. Err. Mean Std. Err. Mean Std. Err. Mean Std. Err. 

Control 0.32 0.03 0.50 0.03 0.42 0.02 0.39 0.02 0.35 0.02 

Summer clearcut 0.32 0.03 0.44 0.03 0.41 0.02 0.38 0.02 0.27 0.02 

Winter clearcut 0.31 0.03 0.45 0.03 0.41 0.02 0.42 0.02 0.24 0.02 

           

Grazed 0.31 0.03 0.45 0.02 0.40 0.02 0.37 0.02 0.28 0.02 

Not grazed 0.32 0.03 0.47 0.02 0.43 0.02 0.43 0.02 0.29 0.02 

           

Seeded 0.31 0.03 0.46 0.03 0.41 0.02 0.42 0.02 0.29 0.02 

Not seeded 0.32 0.03 0.46 0.02 0.42 0.02 0.38 0.02 0.28 0.02 

           

Year 1 0.27 0.03 0.46 0.05 0.42 0.04 0.29 0.03 0.30 0.03 

Year 2 0.28 0.03 0.44 0.03 0.38 0.03 0.41 0.03 0.26 0.02 

Year 3 0.34 0.03 0.47 0.03 0.46 0.02 0.44 0.03 0.29 0.02 

Year 4 0.34 0.03 0.45 0.02 0.40 0.02 0.44 0.02 0.29 0.02 

Year 5 0.36 0.03 0.47 0.02 0.42 0.02 0.40 0.02 0.28 0.02 

           

           

 Potassium (%) 

  Forbs and grasses Fireweed Rose family Native woody shrub Aspen 

  Mean Std. Err. Mean Std. Err. Mean Std. Err. Mean Std. Err. Mean Std. Err. 

Control 2.71 0.32 2.12 0.16 1.57 0.08 1.91 0.59 1.71 0.13 

Summer clearcut 2.69 0.32 1.54 0.16 1.48 0.08 1.63 0.61 1.03 0.10 

Winter clearcut 2.52 0.32 1.59 0.16 1.51 0.08 1.84 0.59 1.00 0.10 

           

Grazed 2.53 0.31 1.69 0.15 1.48 0.08 1.78 0.58 1.20 0.09 

Not grazed 2.76 0.31 1.81 0.15 1.56 0.08 1.81 0.58 1.29 0.09 

           

Seeded 2.62 0.30 1.82 0.16 1.54 0.09 1.80 0.60 1.26 0.09 

Not seeded 2.67 0.30 1.68 0.14 1.51 0.06 1.79 0.56 1.23 0.09 

           

Year 1 2.04 0.37 1.81 0.22 1.50 0.14 1.44 0.73 1.13 0.11 

Year 2 2.18 0.33 1.89 0.18 1.41 0.11 1.77 0.64 1.17 0.10 

Year 3 2.78 0.35 1.70 0.18 1.64 0.08 1.89 0.63 1.38 0.10 

Year 4 2.95 0.34 1.74 0.15 1.50 0.08 1.98 0.61 1.27 0.10 

Year 5 3.27 0.33 1.62 0.14 1.55 0.07 1.90 0.61 1.27 0.10 
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Table 8. (continued) 

 Calcium (log10ppm) 

  Forbs and grasses Fireweed Rose family Native woody shrub Aspen 

  Mean Std. Err. Mean Std. Err. Mean Std. Err. Mean Std. Err. Mean Std. Err. 

Control 0.63 0.06 1.24 0.04 1.25 0.06 1.55 0.40 1.36 0.10 

Summer clearcut 0.53 0.06 1.05 0.04 1.06 0.06 1.23 0.41 1.03 0.08 

Winter clearcut 0.57 0.06 1.07 0.04 1.11 0.06 1.48 0.40 1.08 0.08 

           

Grazed 0.52 0.06 1.14 0.03 1.13 0.05 1.41 0.39 1.14 0.06 

Not grazed 0.63 0.06 1.10 0.03 1.15 0.05 1.43 0.39 1.17 0.06 

           

Seeded 0.49 0.05 1.12 0.04 1.14 0.06 1.47 0.40 1.13 0.06 

Not seeded 0.66 0.05 1.12 0.03 1.14 0.05 1.37 0.39 1.18 0.06 

           

Year 1 0.57 0.07 1.20 0.06 1.26 0.08 1.15 0.45 1.24 0.08 

Year 2 0.54 0.06 1.08 0.03 1.13 0.06 1.54 0.41 1.24 0.08 

Year 3 0.58 0.06 1.09 0.03 1.14 0.06 1.44 0.41 1.08 0.07 

Year 4 0.59 0.06 1.10 0.04 1.06 0.05 1.56 0.40 1.07 0.07 

Year 5 0.60 0.06 1.13 0.03 1.11 0.05 1.41 0.40 1.15 0.07 

           

           

 Magnesium (log10ppm) 

  Forbs and grasses Fireweed Rose family Native woody shrub Aspen 

  Mean Std. Err. Mean Std. Err. Mean Std. Err. Mean Std. Err. Mean Std. Err. 

Control -0.77 0.04 -0.33 0.01 -0.36 0.02 -0.48 0.02 -0.50 0.03 

Summer clearcut -0.78 0.04 -0.40 0.01 -0.43 0.02 -0.54 0.02 -0.57 0.02 

Winter clearcut -0.79 0.04 -0.43 0.01 -0.44 0.02 -0.56 0.02 -0.61 0.02 

           

Grazed -0.82 0.04 -0.40 0.01 -0.41 0.01 -0.53 0.02 -0.54 0.02 

Not grazed -0.75 0.04 -0.38 0.01 -0.40 0.01 -0.53 0.02 -0.58 0.02 

           

Seeded -0.81 0.04 -0.40 0.01 -0.41 0.01 -0.51 0.02 -0.56 0.02 

Not seeded -0.76 0.04 -0.38 0.01 -0.41 0.01 -0.54 0.02 -0.56 0.02 

           

Year 1 -0.81 0.05 -0.32 0.02 -0.40 0.02 -0.62 0.04 -0.56 0.02 

Year 2 -0.84 0.04 -0.42 0.01 -0.44 0.02 -0.50 0.03 -0.55 0.02 

Year 3 -0.79 0.04 -0.39 0.01 -0.41 0.01 -0.51 0.03 -0.54 0.02 

Year 4 -0.75 0.04 -0.41 0.01 -0.40 0.01 -0.51 0.02 -0.57 0.02 

Year 5 -0.73 0.04 -0.40 0.01 -0.38 0.01 -0.49 0.02 -0.57 0.02 

           

           

 Sodium (log10ppm) 

  Forbs and grasses Fireweed Rose family Native woody shrub Aspen 

  Mean Std. Err. Mean Std. Err. Mean Std. Err. Mean Std. Err. Mean Std. Err. 

Control 1.35 0.05 1.27 0.15 0.77 0.29 0.30 0.47 0.44 0.35 

Summer clearcut 1.36 0.05 1.24 0.15 1.14 0.29 0.15 0.50 0.63 0.18 

Winter clearcut 1.36 0.05 1.12 0.15 0.91 0.29 0.10 0.47 0.30 0.18 

           

Grazed 1.46 0.05 1.28 0.14 0.95 0.26 0.30 0.43 0.68 0.20 

Not grazed 1.25 0.05 1.14 0.14 0.93 0.26 0.07 0.43 0.24 0.20 

           

Seeded 1.41 0.04 1.18 0.16 1.14 0.33 0.25 0.48 0.43 0.19 

Not seeded 1.30 0.04 1.24 0.14 0.74 0.21 0.12 0.41 0.48 0.19 

           

Year 1 1.17 0.08 1.23 0.36 1.54 0.88 -2.95 0.67 -0.72 0.47 

Year 2 1.37 0.05 1.17 0.19 1.30 0.43 0.76 0.49 1.12 0.34 

Year 3 1.49 0.05 1.29 0.16 0.53 0.36 0.35 0.47 0.73 0.31 

Year 4 1.39 0.05 1.15 0.16 0.84 0.30 1.60 0.45 1.05 0.31 

Year 5 1.37 0.05 1.20 0.16 0.48 0.32 1.16 0.42 0.10 0.35 
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Table 8. (concluded) 

 Iron (log10ppm) 

  Forbs and grasses Fireweed Rose family Native woody shrub Aspen 

  Mean Std. Err. Mean Std. Err. Mean Std. Err. Mean Std. Err. Mean Std. Err. 

Control 1.84 0.04 1.89 0.04 1.93 0.06 1.88 0.04 1.89 0.07 

Summer clearcut 1.85 0.04 1.84 0.04 1.95 0.06 1.91 0.05 1.74 0.05 

Winter clearcut 1.74 0.04 1.80 0.04 1.87 0.06 1.81 0.04 1.72 0.05 

           

Grazed 1.87 0.04 1.86 0.03 1.97 0.04 1.91 0.04 1.80 0.04 

Not grazed 1.76 0.04 1.83 0.03 1.87 0.04 1.82 0.04 1.76 0.04 

           

Seeded 1.79 0.03 1.84 0.03 1.95 0.05 1.87 0.04 1.79 0.03 

Not seeded 1.83 0.03 1.84 0.02 1.89 0.03 1.86 0.03 1.78 0.03 

           

Year 1 1.80 0.04 1.80 0.06 1.88 0.08 1.91 0.04 1.79 0.05 

Year 2 1.79 0.03 1.86 0.03 1.84 0.06 1.87 0.03 1.75 0.05 

Year 3 1.81 0.03 1.83 0.03 1.89 0.05 1.87 0.04 1.76 0.04 

Year 4 1.80 0.03 1.82 0.03 1.90 0.04 1.76 0.04 1.74 0.05 

Year 5 1.85 0.04 1.90 0.03 2.08 0.05 1.91 0.04 1.88 0.04 
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