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Height, root collar diameter, and damage Height, root collar diameter, and damage 
were measured in 1999, 2002 and 2007. were measured in 1999, 2002 and 2007. 
Transmittance (difn) at 10 spruce, aspen Transmittance (difn) at 10 spruce, aspen 
leaf area index (LAI) and understory LAI leaf area index (LAI) and understory LAI 
were measured in 2002 and 2007 using were measured in 2002 and 2007 using 
LAILAI--2000 plant canopy analyzers. 2000 plant canopy analyzers. 
–– These measurements were conducted for These measurements were conducted for 

plots representing all four levels of thinning plots representing all four levels of thinning 
and for two levels of fertilization (1) and for two levels of fertilization (1) 
unfertilized, and (4) the unfertilized, and (4) the ““completecomplete”” mix. mix. 

PAR monitored over 2007 growing seasonPAR monitored over 2007 growing season
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Figure 1.  Relationships between aspen basal area and overstory leaf area index (LAI- 
o), understory LAI (LAI-u), and light levels above the understory (difn) at the Sierra 
Road site in 2002 (from Comeau et al. 2004).  

Lines shown are described by the equations: 
solid black line: LAI-o==0.661x ln(BA)-0.586 (n=24 R2=0.734 RMSE=0.181); 
solid green: LAI-u=2.232-0.382xln(BA) (n=17 R2=0.281 RMSE=0.275); 
dashed blue line: difn=0.904-0.169xln(BA) (n=24 R2=0.811 RMSE=0.037). 
(All equations are significant (p<0.03).
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Presenter
Presentation Notes
Fertilization significantly increased total and understory LAI but did not significantly affect light reaching the seedlings.

Thinning significantly reduced overstory LAI and significantly increased understory LAI.

Thinning the aspen stands resulted in an increase in the amount of light penetrating the main canopy, with light levels being closely related to the basal area of the overstory canopy.  This is consistent with results presented by other studies (Comeau 2001; Comeau and Heineman 2003; Comeau et al. 2003).  However, cover and leaf area index of the understory vegetation increase in response to increases in light levels, resulting in only minor improvements in light reaching underplanted spruce seedlings, particularly at mid-crown level.  Lieffers and Stadt (1994), and Messier et al. (1998) also report similar trends of increasing understory vegetation cover with increasing light in the understory of unspaced stands.  It has been suggested that light levels should be maintained below 40% to inhibit development of understory vegetation (Lieffers and Stadt 1994).  This corresponds to a basal area of approximately 25 m2∙ha-1 (Figure 1).  Thinning the aspen stand to 2000 stems∙ha-1 resulted in a reduction of aspen basal area to an average of 33 m2∙ha-1 and a significant increase in light levels at seedling height compared to the unthinned.  Further reductions in density, while reducing basal area, resulted in increase understory LAI.  In this study, the understory vegetation had five years to respond to the thinning treatments, and three years to respond to fertilization before the spruce seedlings were introduced to the site.  Planting immediately following thinning of the aspen stand, rather than waiting 5 years, would likely result in better growth of the planted seedlings than observed in this study.



Table 2.  Least square means of leaf area index (m2·m-2) (LAI – overstory, understory and total) 
and light (DIFN Above =value above shrub layer, DIFN Top = difn at top of seedlings; and 
DIFN Below = DIFN below the understory layer (at midcrown height)) for the 4 levels of 
thinning at Sierra Road.  Values with different letters were found to differ significantly (p<0.05) 
based on lsmean separation using the pdiff criterion.  

Treatment LAI 
Overstory
(m2·m-2) 

LAI 
Understory

(m2·m-2) 

LAI Total
(m2·m-2) 

DIFN 
Above 

DIFN  
Top 

DIFN 
Below 

Control 
(unspaced) 

2.07c 
 

1.06b 3.11b 0.248a 
 

0.209a 0.142a1 

3000 
stems·ha-1 

1.99c 0.70a 2.67a 0.258a 0.230ab 0.178ab 

2000 
stems·ha-1 

1.64b 1.15b 2.78a 0.349b 0.286bc 0.200b 

1000 
stems·ha-1 

1.38a 1.66b 2.55a 0.405c 0.306c 0.209b 

1For DIFN Below the overall difference between levels of thinning was marginally non-significant (p=0.052) (Table 

from Comeau et al. 2004
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Presentation Notes
Least squares mean separation shows significant differences in overstory LAI between all spacing treatments (p<0.0001), except for the unspaced control and 3000 stems∙ha-1.  Understory LAI in the 3000 stems∙ha-1 treatment was significantly (p<0.006) lower than the other treatments.  LAI total was also significantly (p=0.0004) reduced by thinning.  However the lack of differences in total LAI between the three levels of spacing (3000, 2000 and 1000 stems∙ha-1) appears to be due to increases in understory LAI compensating for differences in overstory LAI. 

Light levels (DIFN) above the shrub layer increased as aspen density decreased, with the 1000<2000<3000, control.

Light measured at the top of the seedlings is reduced by the understory vegetation, and light measured at mid-crown height on the spruce seedlings was lower yet due to understory vegetation.  
For top of seedling and midcrown measurements difn in the unspaced is still lower than in the 2000 and 1000 sph treatment, but the differences are not as large as those measured above the shrub layer.
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Figure 2.  Mean total height of 10 year old underplanted white spruce in 
spacing treatments at the Sierra Road Site.
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Presentation Notes
Spruce height after 5 full growing seasons was significantly larger in the 2000 and 1000 sph treatments than in the 3000 or unspaced (but these seedlings are still only 10 cm taller).

Height increment also slightly larger in the 1000 and 2000 than in the control and 3000.  These height increments of 10 to 15 cm are typical of values reported from other sites.

RCD of the planted and rcd increment increased as density declined.



Sierra Road White Spruce Year 10
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Figure 3. Mean total height of 10 year old underplanted white spruce by 
fertilization treatment at the Sierra Road site.
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Presentation Notes
Fertilization – 3 years prior to planting – resulted in stimulation of understory vegetation, leading to reduced light levels reaching the underplanted white spruce and a really small reduction in spruce diameter.  Not a major effect.



ConclusionsConclusions
Underplanted spruce did fine without Underplanted spruce did fine without 
thinning, even under stands with very high thinning, even under stands with very high 
aspen basal area (up to 52 m2/ha).aspen basal area (up to 52 m2/ha).
Thinning to 2000 sph resulted in small Thinning to 2000 sph resulted in small 
increases in diameter and height growth to increases in diameter and height growth to 
age 5.age 5.
Thinning to 2000 aspen/ha reduced basal Thinning to 2000 aspen/ha reduced basal 
area to 33 marea to 33 m22/ha and thinning to 1000 /ha and thinning to 1000 
aspen/ha reduced basal area to less than 20 aspen/ha reduced basal area to less than 20 
mm22/ha/ha

–– Results suggest that aspen basal area should Results suggest that aspen basal area should 
be maintained above 20 mbe maintained above 20 m22/ha (to keep light /ha (to keep light 
levels below 40%) to avoid stimulating growth levels below 40%) to avoid stimulating growth 
of shrub and herb layers.of shrub and herb layers.

Spruce might do better if planted Spruce might do better if planted 
immediately after thinning, or if thinning were immediately after thinning, or if thinning were 
done after spruce exceeded 1.5 m in height.done after spruce exceeded 1.5 m in height.
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Aspen Stand CharacteristicsAspen Stand Characteristics
Basal area <32 mBasal area <32 m22/ha /ha 
< 1200 st/ha aspen< 1200 st/ha aspen
30 to 60 years old 30 to 60 years old 
Herbaceous understory vegetationHerbaceous understory vegetation

Source: DeLong 2000



Photo courtesy C. DeLong



Planting Density and PatternPlanting Density and Pattern

1400 to 1800 st/ha quality planting stock1400 to 1800 st/ha quality planting stock
Raised microsite, > 1m away from aspenRaised microsite, > 1m away from aspen
Boot screef or brushing of planting trailsBoot screef or brushing of planting trails
PrePre--locate required harvest access locate required harvest access 
(unplanted)(unplanted)
Manipulate aspen density if requiredManipulate aspen density if required

Source: DeLong 2000



Growth Potential

10 years -
 

97 to 136 cm

15 years -
 

166 to 176 cm

(plot averages)



Height Growth Over Time of White Spruce Height Growth Over Time of White Spruce 
Planted under Aspen, and White Spruce in a Planted under Aspen, and White Spruce in a 

ClearcutClearcut

Source: Delong 2000Source: Delong 2000





Photo courtesy L. Knezevich
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Spruce Density (st/ha) Spruce Top Height (m) 
4 5 6 7 8 
     

500 91 95 97 113 
600 104 109 109 124 
700 112 115 124 130 
800 123 122 135 140 
900 128 133 142 148 
1000 132 140 150 152 
1100 133 147 152 162 
1200 141 149 157 165 
1300 145 157 158 169 
1400 148 160 168 174 
1500 152 163 168 176 
1600 159 163 175 183 

TASS projection of merch. spruce yields
(SI 18, 80 years after aspen removal, no ID of roadside areas)

preharvest





From Sachs and Coates 2001



Aspen height (m) by BH age and Site Index

BH age (yrs)
 

Aspen Site Index  (m)
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Retain advance regeneration – shorten rotation, avoid difficult establishment, create ‘old’ forest conditions for habitat and landscape



Photo courtesy C.  DeLong
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