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Introduction

For a long time aspen was considered a weed species, or at best a soil-improv-
ing tree that quickly seeded burned-over forest lands and thus aided the process
of reforestation. The general trend of silviculture in the past has been to
restrict the spread of aspen by girdling and summer cuttings.

Enormous postwar demands for pulpwood, insulating material, and rough lumber,
however, have changed greatly the value of aspen as a timber crop. Many for-
esters are now anxious to obtain natural reproduction of aspen; some are even
considering the possibility of artificial propagation of either quaking or
large-toothed aspen. Recently, Zasada and Kluender (6) suggested that the qual-
ity and yields of aspen stands could be improved by early thinnings and partial
cuts. Private enterprise has shown increased interest in aspen because it is
a cash crop that can be managed on short rotations. A stick of pulpwood 6 inches
in diameter at 25 years may not be a great achievement from the standpoint of
forest management, but it has a definite attraction for a pulp and paper company.

1–Contribution from the Soils Department, University of Wisconsin, in cooperation
with the U. S. Forest Products Laboratory, maintained at Madison, Wis., in
cooperation with the University. Publication authorized by the Director of
the Wisconsin Agricultural Experiment Station. This work was supported in
part by the Wisconsin State Conservation Department. Report (No. SR-12)
originally issued July 26, 1948.

2
The authors are indebted to Mr. Arthur Koehler, Forest Products Laboratory, and

Dr. H. F. Lewis, Institute of Paper Chemistry, for their helpful suggestions.
G. K. Voigt, Ray Marler, and D. T. Pronin assisted in soil profile and men-
surational studies, and Lois E. Carpenter made the chemical analyses.
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The facts that aspen can be pulped by any of the standard processes and that
bleaching of aspen pulp presents no difficulties are further favorable features.

In Wisconsin alone, aspen occupies more than 6 million acres (2). It occurs
on practically all soil types of the State, with the exception of very dry sandy
soils and acid moss peats.

While several investigators have established definitely that soil conditions
affect the rate of aspen growth (3), no information has been obtained thus far
on the quality of aspen wood produced on different soil types. Such informa-
tion is desirable for two main reasons: (1) to verify whether or not the price
of pulpwood on a per cord basis is in proportion to the actual value of the
product; and (2) to obtain reasonable assurance that aspen perpetuated by
either natural or artificial silvicultural methods will produce pulpwood of
satisfactory quality on all soils capable of supporting this tree.

This report gives results of a preliminary investigation of specific gravity
and chemical composition of aspen wood produced on different soils.

Methods of  Investigation

The growth and the characteristics of quaking aspen wood (Populus tremuloides)
were studied on 2-acre sample plots located on representative soil types in
central and northern Wisconsin. The stands investigated varied in age from 38
to 56 years. The productivity of soils ranged between site indexes 45 and 80.
The soils were characterized by wide differences in their content of moisture,
aeration, and supply of available nutrients. Droughty outwash sands, fertile
morainic silt loams, and poorly drained soils were represented in the types
investigated.

The soils were examined to a depth of 72 inches, or, in the case of hardpan or
ground water, to the depth of the root penetration. The laboratory analyses of
the soils were limited to the surface 7-inch layer, since the composition of
this layer is representative of the fertility of investigated soils. The soils
were analyzed by the methods of the Wisconsin State Soils Laboratory and AOAC
methods (1).

The growth rate of aspen was established in the usual manner on the basis of
the entire population of each plot. The analysis of aspen wood, however, was
limited to five codominant trees, selected on each plot in accordance with
suggestions given by the staff of the Lake States Forest Experiment Station,
Bt. Paul, Minn. The sample trees were felled, and 1-foot sections between 5
and 6 feet above the ground were taken for study. Composite samples of wood
for chemical analysis were prepared from each lot of five sections. Wood in-
fected by decay was excluded from the samples. The samples were prepared and
analyzed by the Forest Products Laboratory according to standard TAPPI methods
(2), except for holocellulose and alpha cellulose (with the latter having been
determined on holocellulose). The nitrogen content of wood was determined in
the laboratory of the Soils Department of the University of Wisconsin. Deter-
minations of specific gravity were made on the ovendry weight and green-volume
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basis on each wood sample. At a later date, the results of specific gravity
determinations were supplemented by additional analyses of samples from 25-year-
old stands located on different soil types.

Results of the Study and Conclusions

The results of the soil analyses, given in table 1, show the composition of
the surface 7-inch layers (A0, Al, and portions of the deeper layers). The
average data assembled in this table were calculated on a basis of the thickness
of the individual layers, their volume weight, and the results of analyses. •
The growth characteristics of aspen stands and the results of specific gravity
determinations of aspen wood are presented in figure 1 and in tables 2 and 3.
The results of the chemical analyses of wood are summarized in table 4.

The results of the specific gravity determinations indicate that this character-
istic varies within a relatively small range. The greatest average difference
in specific gravity amounted to 10 percent. The determinations of specific
gravity in mature wood failed to show a clear-cut correlation with the composi-
tion of soil. On the other hand, determinations of specific gravity in young
stands, about 25 years of age, suggested that poorly drained soils produce
aspen of the lowest average specific gravity, whereas well-drained heavy soils
Produce aspen of the highest average specific gravity. The variation between
individual determinations, however, was not of any statistical significance to
average results.

From a practical standpoint, it may be encouraging to find that, in spite of a
great range in soil fertility and in site index, quaking aspen produces wood
of fairly uniform specific gravity. Even on the plots of low site index, the
quality of the wood on a specific gravity basis was well maintained. This in-
dicates that, other conditions being equal, the cord yields of pulp from the
poor sites compare favorably with yields of pulp from good sites.

The average results of chemical analyses of the wood also failed to show strik-
ing differences between sample plots, or a marked relationship of the chemical
composition of wood to soil fertility.

As is the case with specific gravity determinations, even poor sandy soils pro-
duce aspen wood of a reasonably high content of cellulose. Thus it appears that
the value of aspen stands for pulpwood is largely determined by their volume
and the amount of cull.

According to the results of this study, heavy soils do not necessarily produce
the highest yields. The yields of quaking aspen on morainic loams were below
those on partly assorted sandy loams. Moreover, aspen stands on heavy soils
of Wisconsin appear to show a high percentage of defects. These shortcomings
may be due to the fact that quaking aspen does not invade heavy soils unless
hardwood sprouts and other competing vegetation are eliminated by severe burn-
ing (4). Since forest fires destroy all or a considerable portion of organic
matter, the first generation of aspen develops on humus-deficient soils and
suffers from malnutrition.
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Summary 

The rate of growth and volume production of quaking aspen showed a wide varia-
tion on different types of soil. The best rate of growth, corresponding to
site indexes 70 and 80, was observed on well-drained sandy loans. Other soils
investigated, including loans, produced lower yields. Well-drained coarse sands
produced the lowest yields, corresponding to site index 45.

The variation in both specific gravity and chemical composition of wood grown
on different soils did not exceed 10 percent. The results suggest that wood
of the highest average specific gravity (about 0.40) is produced on well-drained,
fine-textured soils, and that wood of the lowest average specific gravity (about
0.35) is produced on poorly drained and nutrient-deficient soils. The compara-
tively small differences in specific gravity and the chemical composition of
aspen wood indicate that quaking aspen produces pulpwood of acceptable quality
even on soils of low fertility, and that yields of pulp from wood grown on
poor sites may compare favorably on a cord basis with yields from good sites.
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Table 1.--State of soil-fertility factors in the surface layer (0-7 inches) of
soils supporting quaking aspen 

Sam-:	 Soil	 :Reac-: Silt :Organic: Base :Avail-:Avail-:Exchange
pie :	 type	 :tion : and :matter :exchange:able :able : Ca and
plot:	 : pH : clay :	 :capacity:13205 :K20	 : Mg

• :Percent:Percent: ME per :Lb.per:Lb.per: ME per

: : : :
100 g. :

:
acre : acre : 100 g.

•
A :Well-drained outwash 	 : : : •

:sand (Plainfield sand) : 5.2 : 7.1 : 1.5 •. 2.7 : 40 : 125 : 1.7
: : : :

B :Well-drained outwash 	 : •. : •.

:sand (Plainfield sand) : 5.4 : 6.0 : 2.1 •. 3.1 : 75 : 160 : 2.3

C :Poorly-drained sili-	 : •

:ceous sand (Dunning 	 : : : :
:sand); ground-water 	 : : •. :

:table at 24 inches	 : 4.2 : 9.5 .• 3.7 : 5.8 •
. 55 : 64 : 2.1

: : : : •

D :Well-drained glacial	 : : : : :
:sandy loam with com-	 : : :
:pacted layer at 24	 : : :
:inches (Vilas sandy 	 • : : : :

:loam)	 : 5.4 : 18.4 . 2.7 : 5.2 : 178 •. 110 : 3.6
: :

E :Well-drained glacial : : : :
:sandy loam with com- : : :
:pacted layer at 34 : : : :
:inches (Vilas sandy : : •.

:loam)	 : 4.8 : 28.3 4.3 : 7.4 : 340 : 130 : 4.4
:

F :Well-drained outwash 	 : : : :
:sand (Plainfield sand) : 5.9 : 7.0 : 1.8 : 4.2 : 224 108 : 2.7
:	 . : : : : •

0 :Well-drained morainic	 : : : : : :
:loam with compacted : : : :
:layer at 38 inches	 : : : •

:(Kerman loam)	 : 4.7 : 18.2 : 2.3 •. 8.10 : 35 : 110 : 4.3

H :Morainic silt loam with: •

:compacted layer at 17 	 : •. : : : :

:inches and ground-water: : : • :

:table at 45 inches	 •. •. : : ••

:(Kerman loam)	 : 4.9 : 27.0 •. 3.7 •
. 11.8 •

. 88 : 97 : 6.1

I :Well-drained glacial 	 : : : :
:sandy loam with com-	 : : : :
:pacted layer at 23	 : : :
:inches (Vilas sandy 	 : : :
:loam)	 : 5.0 : 14.1 : 3.6 : 7.7 : 90 : 96 : 4.9
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Table 4.--Percentage composition of wood of quaking aspen
grown on different types of soils 

:
..

:	 gen :	 :cellu- :Bevan	 : cellu- : soluble :benzene-
:	 .	 : lose	 :cellu- :	 lose	 : fraction:soluble

: •. : : :lose : . :fraction

: •

A : 0.4 : 0.09 : 18.8: 75.o : 66.6 : 49.2 : 0.7 : 2.5
: :

B :	 .5 : .15 : 18.1: 72.8 : 66.8 : 49.8 ; .3 : 1.9

c :	 .4 : .12 : 19.4	 : 73.0 : 66.3. 49.3 : .6 : 2.6
•. :

D :	 .3 : .12 : 17.3. 73.4. 67.5. 50.9 : 1.2 : 3.3

E .	 .4 : .10 : 17.2 . 73.9 : 68.8 : 51.9 • 1.1 : 3.4
: : : .

F :	 .3 : .10 : 17.7 : 73.2 : 67.7 : 60.3 : .8 .. 2.4
: : •. : •.

.

G •.	 .4 : .12 : 18.2: 74.8 : 66.7 : 50.1 : 1.3 : 5.2
•. :

H :	 .3 : .11 : 18.1 : 73.3 : 67.3 : 49.1 : 1.1 : 3.1
: •. •. •. :

I :	 .2 : .12 : 18.2. 72.4: 66.3 • 51.6 ; .6 : 2.4

Sample : Ash : Nitro-:Lignin :Holo- :Cross &: Alpha : Ether :Alcohol-
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Figure 1. --Wood sections of 25-year-old sample trees of quaking aspen illus-
trating the average diameter growth and condition of wood on five plots
located on the following soil types: 61-65, Spencer loam; 66-70, Spencer
silt loam; 71-75, Kerman loam; 76-80, Plainfield sand; and 86-90, Vilas
sandy loam.
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SUBJECT LISTS OF PUBLICATIONS ISSUED BY THE

FOREST PRODUCTS LABORATORY 

The following are obtainable free on request from the Director, Forest
Products Laboratory, Madison 5, Wisconsin:

List of publications on
Box and Crate Construction
and Packaging Data

List of publications on
Chemistry of Wood and
Derived Products

List of publications on
Fungus Defects in Forest
Products and Decay in Trees

List of publications on
Glue, Glued Products,
and Veneer

List of publications on
Growth, Structure, and
Identification of Wood

List of publications on
Mechanical Properties and
Structural Uses of Wood
and Wood Products

Partial list of publications for
Architects, Builders,
Engineers, and Retail
Lumbermen

List of publications on
Fire Protection

List of publications on
Logging, Milling, and
Utilization of Timber
Products

List of publications on
Pulp and Paper

List of publications on
Seasoning of Wood

List of publications on
Structural Sandwich, Plastic
Laminates, and Wood-Base
Aircraft Components

List of publications on
Wood Finishing

List of publications on
Wood Preservation

Partial list of publications for
Furniture Manufacturers,
Woodworkers and Teachers of
Woodshop Practice

Note: Since Forest Products Laboratory publications are so varied in
subject no single list is issued. Instead a list is made up
for each Laboratory division. Twice a year, December 31 and
June 30, a list is made up showing new reports for the previous
six months. This is the only item sent regularly to the Labora-
tory's mailing list. Anyone who has asked for and received the
proper subject lists and who has had his name placed on the
mailing list can keep up to date on Forest Products Laboratory
publications. Each subject list carries descriptions of all
other subject lists.
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