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EXECUTIVE SUMMARY 

Concern has been expressed by timber land managers, forest products industry representatives 
and the public, regarding the potential of Minnesota's aspen lands to supply sufficient raw 
material to meet anticipated demand. One way to address these concerns is to increase growth 
rates of natural aspen stands. Thinning has been shown to increase aspen productivity. Past 
research on manually-thinned aspen stands has demonstrated that reducing stand density by 
removing a portion of trees can accelerate growth rates of trees that are ultimately harvested. 

The goal of this project is to provide a cost-effective means to increase aspen supplies for the 
future. Thinning stands by hand is expected to be too expensive to justify widespread use. This 
research investigated the potential to increase growth rates of aspen stands through mechanical 
strip-thinning. The three major research tasks were as follows: 

Task I. Assessment of aspen growth on stands that were previously strip-thinned 
Task Il. Establishment of designed field experiments across a variety of sites 
Task m. Determination of the effects of thinning on wildlife and disease incidence 

This report is a summary of results to date. As these studies are longer term, this report 
represents a progress report rather than a final report. 

This research demonstrates the potential to increase growth rates and reduce rotation age of aspen 
using mechanical strip-thinning without causing significant adverse changes in tree characteristics. 
Growth information collected to date indicate a variation in growth response to thinning. 
Continued measurement and analysis is necessary to accurately explain variations in growth in 
recently-established experiments and develop site-specific management recommendations within 
a five year period. Continued measurement of older strip-thinned stands will be essential to 
accurately project the effects of thinning treatments on future stand volume. Continued 
evaluation of the effects of thinning on wildlife is recommended. Research should be expanded 
to assess the impacts of reducing rotations on soil nutrient balance. 

Task I. Previously strip-thinned aspen stands were located on the Chippewa National Forest. 
These stands are extremely unique. To our knowledge, strip-thinned aspen stands of this type 
cannot be found anywhere else in the world. Pairs of thinned and unthinned stands likely to be 
of similar productivity were located. 

Two stands were chosen for intensive sampling. Analyses indicated that growth rates of thinned 
and unthinned areas were not statistically different prior to thinning. This allowed valid 
comparisons of growth after thinning, which showed a 40 percent increase in tree diameter 
growth in the thinned portions of these stands. 

Eleven years after thinning, thinned and unthinned areas in one stand have an average of 8.3 and 
2.7 cords of pulpwood per acre respectively. Using past growth rates of thinned stands, 
pulpwood volumes between 35 to 40 cords are projected at age 35. This volume would not be 
reached until age 45 in unthinned stands. This indicates that strip-thinning has the potential to 
significantly reduce the time required for pulpwood rotations. 
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Sampled trees were weighed to develop accurate volume estimation equations and assess potential 
changes in tree characteristics due to thinning. Data indicates that thinning does not promote the 
growth of branch biomass at the expense of harvestable bolewood. No significant differences 
were found between wood density of thinned and unthinned trees, giving a preliminary indication 
that the manufacture of paper and wood products is not likely to be affected by using thinned 
material. 

Task Il. Experiments were established to provide a foundation for the development of site-
specific management recommendations. These experiments occupy a total of 304 acres at 14 
different locations in Minnesota. This work involved the cooperation of many public and private 
land management agencies which contributed in-kind support in the form of land and equipment 
to the project. Although specific thinning treatments vary across sites, most studies include a 
range of mechanical strip-thinning treatments in randomized and replicated experiments. 

A total of approximately 20,000 trees are measured at the time of thinning and annually each fall 
thereafter. Analysis of data from two studies established in 1989 have shown an increased 
diameter growth response as a result of thinning. 

Using cost data collected during establishment of experiments and growth information from Task 
I, a preliminary economic analysis was done. This analysis compared net present values of 
stands with and without thinning. Net present values for thinned stands range from two to three 
times that of unthinned stands depending on differing assumptions of wood price and 
transportation distances. 

Task m·. An assessment of effects of strip-thinning on 9reeding birds was made and changes in 
populations of some bird species were noted. Populations of 13 different species were measured. 
Four species were decreased in number while numbers of one species increased in recently-
thinned stands. Effects of thinning appear to diminish over time. Numbers of Ruffed Grouse 
did not differ between control or thinned stands. Brush biomass was measured as an indicator 
of the relative abundance of browse for whitetail deer and other herbivores and was found to be 
approximately four times higher in thinned stands than unthinned stands. 

Disease incidence data were collected in older strip-thinned stands by USPS pathologists. No 
increase in incidence of Hypoxylon canker on branch and main stem, Nectria, frost cracking, 
wetwood or heartrot was found. A statistically significant increase in the incidence of mechanical 
wounding was noted in thinned stands. 
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INTRODUCTION 

Northern Minnesota's timber industry is undergoing a period of tremendous capital investment with 
expected investments between 1989 and 1994 of over two billion dollars. Coupled with this increased 
investment is an increase in overall demand for wood fiber, particularly, aspen fiber. Concern has been 
expressed by timber land managers, forest products industry representatives and the public, regarding 
the potential of Minnesota's aspen lands to supply sufficient raw material to meet anticipated demand. 

One way to address these concerns is to increase growth rates of natural aspen stands. Studies of aspen 
stands thinned by hand have shown the potential to greatly increase aspen growth. However, thinning 
stands by hand is likely too expensive to justify widespread use. Thinning stands by mechanically 
shearing strips may provide a cost-effective means to increase aspen supplies for the future. This 
method is referred to as mechanical strip-thinning. 

In 1989, the Natural Resources Research Institute (NRRI) received a grant from the Minnesota 
Legislature, through the Minnesota Department of Natural Resources, to initiate studies on the effect of 
mechanical strip-thinning on aspen growth. The three major research tasks were as follows: 

Task I. 
Task II. 
Task III. 

The assessment of previously strip-thinned aspen stands 
The establishment of designed field experiments 
The determination of the initial effects on wildlife and disease 

The purpose of Task I was to collect data on previously-thinned stands to determine if there is any 
evidence suggesting aspen stands respond to mechanical strip-thinning. Task II involves the 
establishment of experiments over a wide range of site conditions using a variety of thinning treatments. 
These experiments will provide a foundation upon which practical stand management recommendations 
can be made. Studies done as part of Task m investigated the potential effect of aspen thinning on 
aspen disease and wildlife. 

This report is a summary of results to date. As these studies are longer term, this report represents a 
progress report rather than a final report. A detailed report including all aspects of this project will be 
available by March 15, 1991. 

TASK I. ASSESSMENT OF PREVIOUSLY STRIP-TIIlNNED ASPEN STANDS 

Through the cooperation of the US Forest Service, North Central Forest Experiment Station (NCFES) 
and Chippewa National Forest personnel, previously strip-thinned aspen stands were located. These 
stands are extremely unique. To our knowledge, strip-thinned aspen stands of this type cannot be found 
anywhere else in the world. 

Seven aspen stands with a total size of approximately 500 acres were strip-thinned in the late 1970s and 
early 80s on the Chippewa National Forest. Because thinning treatments were more operational in 
nature and not done with a predetermined experimental design in mind, no untreated areas were reserved 
to allow a direct comparison of growth rates. These stands are extremely valuable to our research, 
however, because of their rarity and because growth has taken place since thinning over an eleven year 
period. As a result, considerable effort was made to locate pairs of thinned and unthinned areas likely 
to be of similar productivity and to statistically verify that growth rates of these areas before thinning 
are similar. 
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Stands were selected for sampling based on proximity of thinned stands to unthinned stands of the same 
age, site index, and soil type. Two areas, referred to as Stand 3 and Stand 7 were chosen for intensive 
sampling. Thinned areas of these stands were mechanically strip-thinned in 1978 and 1983, respectively. 
Stand 3 was ten years old at the time of thinning while Stand 7 was 12 years old when thinned. 

ANALYSIS OF GROWTH PRIOR TO AND AFTER TIDNNING 

Before valid comparisons of growth after thinning could be done, it was necessary to verify that growth 
rates in both thinned and unthinned portions of the stands were similar prior to thinning. Similar growth 
rates would imply that inherent productivity of the sites is the same and allow valid comparisons of 
growth after thinning. 

Sampling of thirty dominant trees was done in the unthinned and thinned areas. Trees were felled and 
one-inch thick disks cut at 4.5 feet height. All disks were prepared to show growth rings clearly. The 
diameter of each annual growth ring was measured and basal ·area (cross-sectional area of the tree) 
calculated to derive annual incremental growth for years prior to and after thinning. The data were then 
analyzed statistically to determine if significant differences are evident between annual basal area growth 
rates on thinned and unthinned areas. Average annual basal area growth of each area in Stand 3 and 
the p-value for each annual comparison are shown in Figure 1. f.. p-value less than 0.05 indicates that 
thinned and unthinned areas are statistically different. 

Annual basal area increments are not significantly different between thinned and unthinned areas prior 
to thinning. This suggests that valid comparisons of thinned and unthinned growth rates in Stand 3 can 
be made. Two years after thinning, growth rates become significantly different, suggesting that strip-
thinning is effective in increasing growth rates. Averaging the time period after thinning, annual 
increments of thinned dominant trees are 37 percent greater than unthinned trees. 
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Figure 1.--Annual incremental basal area growth prior to and after thinning in 
Stand 3. 
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A similar analysis was done for Stand 7. During the pre-thinned period, no statistically significant 
difference in growth rate was found between thinned and unthinned portions of this stand. Total average 
annual growth of the "thinned" area during the pre-thinned period (stand age 6 to 12) is 1. 7 percent more 
than the unthinned stand. However, growth during the last four years (stand age 14-17) has been 
approximately 40 percent greater in thinned stands, a statistically significant increase. Based on these 
analyses, valid growth comparisons between thinned and unthinned portions of Stand 7 can be done and 
thinning is effective in increasing growth in this stand. 

CHANGES IN STAND VOLUME 

Based on these results, permanent growth plots were established to measure current stand volume and 
future growth. Diameters were measured and basal area, total volume and merchantable volume ( 4 inch 
top pulpwood) were calculated for the largest 600 trees per acre. Crop trees are those trees that are 
expected to be harvested Comparisons of thinned and unthinned portions of Stand 3 show that 
merchantable volumes are significantly different. Average pulpwood volume at age 21 is 2.7 and 8.3 
cords per acre in unthinned and thinned areas, respectively. Using past growth rates of thinned stands, 
projections indicate that pulpwood volumes of 35 to 40 cords per acre would be attained at age 35 in 
thinned stands. This. volume would not normally be reached until age 45 (site index 80). 

Because of the relatively short time since thinning in Stand 7 (six years), changes in volume are not as 
apparent in the crop trees at this time. If this stand follows the same trend as Stand 3, growth 
differences will become more evident over time as the cumulative effect of thinning begins to be 
reflected in the overall stand volume. 

Destructive samples of crop trees were also taken (one-inch cross sections of trees at 4.5 feet 
aboveground) and annual diameter and basal area growth rates calculated. During the ten years since 
thinning in Stand 3, average annual diameter growth of crop trees in thinned areas has been 40 percent 
greater than unthinned areas. Basal area growth, an indicator of wood volume, is approximately 70 
percent over unthinned stands during the same period. Incremental growth rates between stands in all 
years after 1980 (two years after thinning) are significantly different. Figure 2 shows changes in stand 
diameter over time. 
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Figure 2.--Average stand diameter of crop trees in Stand 3 over time. 
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OTHER TREE CHARACTERISTICS 

Besides analyses to measure the effect of thinning on growth rates ( diameter and height), tree form 
(taper and branch/bole ratios), and wood density were studied. Trees removed from Stand 3 were 
individually weighed and wood samples collected. Bole and branch biomass were measured to 
determine changes in crown form due to thinning. Branch/bole ratios are important as they affect the 
amount of usable fiber in a tree. Wood density was studied because it gives an indication of properties 
important in the manufacture of paper and other forest products. 

Thinned trees were found to be larger in diameter but not significantly different in height. Therefore, 
taper increases in thinned stands. No significant difference in the ratio of branch to bole weight in 
thinned and unthinned stands was found. This indicates thinning does not significantly increase 
branchwood proportions at the expense of merchantable bolewood. No significant effect of thinning on 
wood density was found. 

TASK II. ESTABLISHMENT OF DESIGNED FIELD EXPERIMENTS 

A total of fourteen experiments were established to provide a foundation for the development of site-
specific managell)ent recommendations. These experiments occupy over 300 acres. This was done 
through the cooperation of many public and private land management agencies which contributed in-kind 
support in the form of land and equipment to the project. Study locations are shown in Figure 3. 
Table 1 gives cooperators, size of study sites, and thinning treatments. 

A variety of treatments were used for comparison purposes. Thinning treatments are randomized and 
replicated at each site with specific treatments varying across sites. Mechanical strip-thinning was done 
with cleared strips typically 8-feet wide and the width of remaining strips of trees being 4- and 7-feet 
wide. Hand thinning was done leaving only the largest trees at densities of 200 to 700 trees per acre. 
Combination treatments were done using strip-thinning followed by further hand thinning. Areas were 
left unthinned as controls. 

Figure 3.--Locations ofrecently-established aspen strip-thinning experiments 
(Site numbers correspond to Table I listing). 
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Table 1.--Description of established aspen strip-thinning study sites. 

SITE COUNTY 

1 ST. LOUIS 

2 ITASCA 

3 ST. LOUIS 

4 CASS 

5 ST. LOUIS 

6 KOOCHICHING 

7 KOOCHICHING 

8 CLEARWATER 

9 ITASCA 

10 ITASCA 

11 CASS 

12 CASS 

13 KOOCHICHING 

14 KOOCHICHING 

1Treatment Codes: 
0 Control 
1 4 ft leave 
2 7 ft leave 
3 4 ft leave/hand 
4 7 ft leave/hand 
5 hand 

OWNER YEAR 

ESTABLISHED 

ST. LOUIS CO. 1989 

BLANDIN 1989 

ST. LOUIS CO. 1989 

MINNESOTA DNR 1990 

ST. LOUIS CO. 1990 

KOOCHICHING CO. 1990 

KOOCHICHING CO. 1990 

CLEARWATER CO. 1990 

BLANDIN 1990 

BLANDIN 1990 

CASS CO. 1990 

CASS CO. 1990 

BOISE CASCADE 1990 

BOISE CASCADE 1990 

SIZE TREATMENT1 

(ACRES) 

54 0,1,2.4,5 

36 0,1,2 

24 0,5 

36 O,l,3 

12 0,1 

8 0,1 

12 0,1 

18 0,1 

8 0,1 

18 0,1 

24 0,1 

24 0,1 

12 0,1 

18 0,1 

Growth data for all experiments are collected at the time of thinning and annually each fall 
thereafter. A total of approximately 20,000 trees are measured each year and data are entered 
into databases to allow easy access and analysis. As most experiments were established in 1990, 
immediate changes in growth were not expected. However, analysis of data from the two studies 
established in 1989, have shown an increased diameter growth response as a result of thinning. 

ECONOMIC ANALYSIS 

During establishment of these studies, costs of mechanical and hand thinning were recorded. 
Cost information was obtained through project cooperators and on-site time studies. Mechanical 
thinning costs ranged from $8 to $20 per acre using skidders and bulldozers. A hydroax (rotary 
chopper) was also used on some sites at a cost of $50 per acre. Hand thinning costs are 
estimated to be $60 to $90 per acre. 
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Using this cost data and growth information from Task I, a preliminary economic analysis was 
done. The primary reason for beginning studies on mechanical strip-thinning was based on 
expected lower costs. Assuming similar growth responses are obtained through either method, 
mechanical thinning has an obvious economic advantage over hand thinning. 

This analysis compared net present values of stands with and without strip-thinning. Analyses 
were done using an average thinning cost of $15 per acre, a $10 per cord stumpage value and 
a 40 cord per acre harvest at age 35 and 45 for thinned and unthinned stands respectively. No 
up-front land costs were included for either stand as land was assumed to keep pace with 
inflation. 

Net present values for thinned stands range from two to three times unthinned stands depending 
on differing assumptions of wood price and reductions in transportation distances. Net present 
values of the unthinned stand are approximately $42 per acre. Analyses indicate that both stands 
achieve a positive financial return with returns from thinned ·stands greater than unthinned stands. 

Analyses were limited to the production of pulpwood. A more thorough description of 
assumptions and alternate management (sawlog production) is discussed in the detailed report. 

TASK III. DETERMINATION OF THE INITIAL EFFECTS ON WILDLIFE AND DISEASE 

An assessment of the effect of thinning on wildlife was done. This research, explained in an 
NRRI report entitled 0 An Assessment of Effects of Aspen Strip-Thinning on Breeding Birds in 
Northern Minnesota" was conducted by the NRRI Center for Water and the Environment. This 
report can be obtained by contacting the NRRI Library. 

Breeding birds were counted in northern Minnesota in recently thinned (past year) aspen stands, 
in stands that were thinned from seven to ten years ago, and in comparably aged unthinned stands 
(control). A total of thirteen species were counted. Fewer species and individuals were recorded 
in young thinned than young control stands. Four species that prefer deciduous forests for 
breeding (Rose-breasted Grosbeak, Ovenbird, Veery, Black-and-white Warbler) were more 
abundant in young control than in young thinned stands. One species that is common in early-
successional habitats (Mourning Warbler) was more abundant in young thinned than young 
control stands. More short and long-distance migrants were obseived in young control than 
young thinned stands and these areas also had more individuals that nest or feed on the ground. 
Two species (Nash ville Warbler and American Robin) were more abundant in old control than 
old thinned stands; one species (Veery) showed the opposite pattern. Differences in community 
or guild parameters were not as pronounced between old control and ·old thinned stands. 

Numbers of Ruffed Grouse did not differ between control or thinned stands of either age. W~ 
recommend that monitoring on these sites continue to identify the number of years post-thinning 
required to restore the bird community to a comparable unthinned stage. 

Iri addition to these analyses, brush biomass was measured as an indicator of the relative 
abundance of browse for whitetail deer and other herbivores. Shrub biomass was found to be 
approximately four ti~es higher in thinned stands than unthinned stands. This indicates that 
thinned stands may potentially support higher populations of some herbivores. Additional shrub 
biomass is a result of increased light penetration to the forest floor caused by ~binning. 
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DISEASE EFFECTS 

Disease incidence data were collected in the older strip-thinned stands by pathologists at the 
North Central Forest Experiment Station. The incidence of Hypoxylon canker on branch and 
main stem, Nectria, mechanical wounding, frost cracking, Saperda. wetwood and/or heartrot was 
recorded on the 600 crop trees per acre. No significant difference between unthinned and thinned 
stands was noted in Hypoxylon, Nectria, frost cracking, Saperda. wetwood or heartrot. 

A statistically significant increase in the incidence of mechanical wounding was found in the 
thinned stands. Mechanical wounds are defined as wounds that have no obvious sign of disease 
or insect origin. The cause of mechanical wounding may be scarring of trees during the thinning 
operation or animal browsing. The average percentage of mechanical wounding was 
approximately four percent in the thinned stand compared to nearly zero in the unthinned stands. 
The value of four percent agrees with mechanical wounding data from recently-established stands. 

CONCLUSIONS 

This research demonstrates the potential to significantly increase growth rates of aspen using 
mechanical strip-thinning without causing adverse changes in tree characteristics or major adverse 
impacts on wildlife. Research has shown: 

1. Increased tree growth rates from thinning 
2. Increased volume production over time permitting a potential reduction in rotation age 
3. No significant change in wood density or branch/bole ratios 
4. Potential for shifts in songbird species 
5. No change in incidence of disease 

Mechanical strip-thinning costs are low compared to other silvicultural treatments. Preliminary 
analyses indicate that mechanical thinning can be cost-effective. 

Growth information collected to date show a variation in growth response to thinning. Continued 
measurement and analysis is necessary to accurately explain variations in growth across a variety 
of sites and determine the most effective thinning treatments for specific sites. 

A significant reduction in pulpwood rotation age appears possible. At this time, data suggest that 
a reduction of ten years in rotation is feasible assuming that current growth rates of thinned 
stands continue up to the point of full stocking. 

RECOMMENDATIONS 

Measurements of older strip-thinned studies and experiments established recently should continue. 
A more thorough understanding of the duration of growth effects caused by thinning is necessary 
to accurately assess the potential to produce higher aspen volume and reduce rotation age. 
Continued collection of data from experiments established recently will provide sufficient 
information to formulate timely management recommendations. 
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In addition to growth measurements, research should continue to more accurately quantify the 
effects of strip-thinning on wildlife and disease over a longer time period. Future research should 
also be done to assess the effects of reducing harvest rotations on soil nutrient balance on 
recently-established experiments. Additional studies of wood characteristics are necessary to 
ensure any changes in wood structure or composition can be compensated for by the forest 
products industry. 

This project was funded with the recognition that most intensive forest management options 
require a 15 to 20 year lead-time before harvest and that to have a timely impact, new 
management options need to be reduced to practice in the next five years. The goal of this initial 
project was to provide data to decide whether to continue work towards the development of 
conclusive results and practical management recommendations. Our results indicate that this 
research work should continue. NRRI is seeking funding to maintain and expand studies started 
in this project. 
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