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INTRCDUCTION

In rebuttal to a prediction by Chief Forester F. A, Silcox
that Fend, Cregon, would be a ghost town in ten years due to
overcutting, F. Hosmer made this staterment in 1939:

what we're going to do is first, start a crusade
urging the mill companies to speed up production as
fast as they can, and cut out 2ll the pine by 19L6.
That'll get all the <round cleared off and make it easy
to put our plan into effect; second, we're going to
take one lousy looking little shoot off a roplar tree
and plant it richt in the middle of the cut over area.
e probabtly won't even take the trouble to plant it -
we'll just drop it out there. It'll ecrow all right.

Lir. Hosmer's mock naivete probably has elicited a bitter
chuckle from many an eastern forester since then, as he viewed
the results of this progosal come true in his own back yard.
Northern black cottonwood was probably the species referred to,
but the capabilities described are equally as aprlicnble, if
not more so, to the coumon aspens, which have shown astonishing
agzressiveness in occupyin~ millions of acres of forest land
logwed off in the lumterman's p=2th.

The vast are2as of low-value or worthless aspen lands in
¥orth America have presented a2 tremendous economic problem to
those people depenient upon them, ani the cuestion of restoring
their productivity has becore ever more urcent to the lation, as

supplies of hish-gualits timber shrink 2nd lumher needs expand.

With the advent of world V¥iar II interest in the availatility =and



supply, properties and uses, and management of aspem took a sudden
rise due to the greatly increased lumber requirements for the war
offort. Since then many new uses have been discovered for this erst-
while despised species and, faced with the realization that con- |
version would not be possible for many years to come, foresters
have been atudﬁng cultural practices for increasing the quality
and quantity of aspen yields.

Since a considerable amount of literature has accumulated
during the last forty years on many widely varying aspects of
this species! growth and management it seemed that gathering all
of this material together and presenting it, in substance, in a
single publication would be of some valus to workers actively
engaged in solving the problem of increasing the utilization of
aspen. This thesis is intended to serve that purpose.

To the best of the author's knowledge the bibliography,
which is the basis of this w;arl-c, contains virtually all exis-
ting, published, technical literature on the growth and man-
agement of North American espen. In additi;m, a few unpublished
papers which came to the author's attention and some publica-
tions on European aspen which are frominantly mentioned by
investigators here have been included. Nearly all of the pub-
lished literature was personally reviewed by the author in
preparation for the thesis. | |

No attempt has been made to present information in great



detail for obvious reasons, but a large proportion of the listed
publications are cited in the body of the text to facilitate
easy and quick reference on specific topics. Aspen utilization
has been briefly discussed, although this is not strictly withiﬁ
the confines of the subject, because of its direct bearing on
managesment. On the other hand, conversion of aspen lands is not
covered , even though all references on this subject specifically
concerning aspen itself are listed, because it requires separate
treatment due to its scope end complexity.

The author, in conclusion, offers same suggestions for
handling aspen lands to increase their contribution to the forest
economy of the regions where they occur, but it is pointed out
that his opinions do not reflect an intimate familiarity with the

practical aspects of the situation from first-hand observation.



“l-

SILVICS AND wCOLOGY UF ASroNN

The Species and ranzes of Aspen

North American aspen properly refers only to two species of the

genus Populus, Fopulus tremloides Lichx. and Fopulus grandidentsta lichx.,

which are similar in their silvical characteristics, and which, wherg
associated, are considered one species for management purposes. Their
designated common names are quaking aspen and bigtooth aspen respectively,
but they are also known locally by a variety of modifications of the
names aspen and poplar, such as quaking asp, American popple, and large-

toothed poplar. The closest relative of the American aspens is European

aspen, Populus tremula Linnaeus., a species whose growth habits closely
resemble those of our own aspens. Forestérs in this country have fre-
guently drawn on the European exverience with this species to supplement
data accumulated through research on North American aspen.

Quaking aspen, which has a much wider range than bigtooth aspen,
being, in fact, the most widely distrituted tree in North America, and
which makes up the bulk of the aspen volume as well, is a somewhat variable
species. Botanically, three varieties, which are probably climatic races
(USDA, Forest Service, 15L8), are recognized (Sudworth, 1528), although

the literature generally distinguishes only a western form, Populus tremu=-

loides aurea Tidestrom, from the eastern form, Populus tremuloides kichx.

Sudworth (193L) said that silviculturally both of these forms may be con=-
sidered one species, and most dendrology books include the range of the

former with that of Populus tremuloides lichx., while noting that a western




variety exists. The evidence of the literature shows, however, that
there are some definite differences in the silvical characteristics of
the eastern and western forms which will be indicated later. Eaker (1921)

separated Populus tremuloides aurea into two altitudinal races, but

these have not been officially recognized. In this thesis, "aspen"
should bte understood to refer to both species and all of their varieties
or races, unless otherwise specified.

The range of quakin:' aspen extends from southern Labrador to the
southern shores of Hudson's Bay and northwesterly to the mouth of the
Lackenzie River and the valley of the Yukon River, Alaska, through the
northern states to the mountains of Pennsylvania, northwestern liissouri
and northwestern Nebraska, and through all of the mountain regions of
the west, often ascending to elevations of ten thousand feet above sea
level, to the sierras of central California, northern Arizona, and New
kexico, the high mountain ranges of Chihuchua and to lkount San Pedro.
Vartin in Lower California (Sargent, 1933).

Populus grandidentata iichx. occurs from Nova Scotia through New

Brunswick, southern Quebec and Ontario to northern linnesota, southward
through the northern states to northern Delaware, southern Indiana, and
Illinois, northeastern and central Iowa, and along the f£llegheny koun-
tains to North Carolina and westward to central Kentucky and Tennessee

(Sargent, 1933).






Sites

While not characteristic of the most extreme sites from the stand;
point of soil conditions or climate, aspen apparently occurs on a wider
variety of sites than any other North American tree. In contrast, however,
it is very sensitive to site cuality; its growth, form, vigor, and
maturity are larcely governed by the site on which it occurs.

Soils. Baker (1925) stated that aspen grows in practically every
variety of soil in the climatic belt to which it is suited from loamy
sands in parts of the western vellow-pine type to heavy clays charac-
teristic of parts of centrsl Utah, althouch stand development varies
considerably with soil differences. Kittredge (1938) reported that sampling
of aspen communities in northern kinnesota and .isconsin found it occurring
on fifty-four different soil types, and expressed the opinion thst it
probably occurs on as many more types which did not happen to be represen-
ted by any of the plots. Roe (1935) claimed that asren occurs on all
soil types, in the Lake States, althourh Kittredgze (1938) said it is
rarely found, ii at all, on dry sandy outwash formations, and less favor—
able peat deposits. Alberta aspen occurs over a wide rance of edaphic
conditions, including dry knolls, moist river flats, and such soils as
loam, clay and sandy (.oss, 1932). During investigations in the Lake
States, with a crouping of soils accordin- to surface weological forma-
tion, aspen was found on all except the cosrser sands of eglacial outwash
and the shallowest soils of the rock outcrops (Kittredge and Gevorkiantz,
1929). The only soil limitation discovered was in the deep, medium or

coarse sandy soils, which 2re least retentive of moisture and low in their



content of nitrogen, lime, and other nutrients. These sandy soils are
characterized by less than ten per cent of silt and clay, less than 0.03
per cent of nitrogen, less than 0.2 per cent of lime and a hygroscopic
coefficient of about two per cent or less. Organic matter was as low as
one per cent, and acidity varied from extremely acid with a pH as low

as 4.3, to slightly acid or neutral.

Despite aspens adaptability to a wide range of soil conditions, its
growth and develonment are very sensitive to soil quality. On good soils,
except near the limits of its ranre, aspen is a relatively tall, well-
formed, and thrifty tree, while poor soils cause it to be short, of
scrubby form, and to decay at an early age.

For its best growth, aquaking aspen reauires a deep, fertile, moist
but well-drained, loam soil. Farticularly, it prefers moist situations
with adequate drainace. In Utah, however, aspen will grow on average
sites where there are no water supplies except from rainfall and where
the annual precipitation is as low as 17 inches, of which only a little
more than five inches falls in the growing season (Baker, 1925). This may
indicate that the western variety is somewhat more drought resistant.
Stoeckeler (19L8) found that texture, which affects the aeration and mois-
ture relations of the surface soil, showed a good relation to site class
and growth rate optimum for quaking aspen being about 50 per cent of
silt-plus-clay. Permanent water tables at three to seven feet below the
surface of light sandy soils added about 15 feet to the site-index.
Studies in Connecticut (Lunt and Baltz, 19l):) showed that aspen excelled

in basal area on moister sites. On relatively sterile sandy soils in



Wisconsin, height growth of quaking aspen was significantly greater on
sites having a higher water table and content of organic matter (Wilde
and Pronin, 1950).

Bigtooth aspen seems to be less exacting, at least in respect to
moisture requirements. Robinove and Horton (1929) observed that in the

region about Douglas lLake, Michigan, Populus tremuloides was the domi-

nant tree in the lowlands containing a lot of organic matter, with very

few Populus grandidentata. The reverse was true on the sandy uplands.

Gates (1930) reported this same situation from ecological studies of the
aspen association in Michigan. Stoeckeler (1948) found bigtooth aspen
on plots ranging from é to L2 per cent of silt-plus-clay, but not on
heavier soils. Cuaking aspen, however, was found on soils ranging from
12 to 81 per cent of silt-plus-clay. These facts, and its occurrence

on the knolls and drier sites, led Stoeckeler to believe that bigtooth
aspen requires the better-drained, better-aerated soils.

That fertility, as well as suitable moisture relations, is necessary
for good growth was shown by Wwilde and Paul (1948), who found that in
spite of an accessible ground water table, growth, specific grovity, and
alpha cellulose content all were lower on impoverished soils in wWisconsin,
than on soils of reasonably high fertility. A high site index soil in
Wisconsin (site index 82) had abundant lime, phosphorous, potesh, and

magnesium in the B_ horizon and in the true parent material (horizon CZ)

2
(Stoeckeler, 1548). The average annual growth on this site was 55 cubic
feet per acre, contrasted with 11 cubic feet on the poorest site examined.

Abundant lime was characteristic of excellent aspen soils and evidently

contributes to greater longevity and soundness.



Conversely, #ilde, Buran, and Ualloway (1937) found that the fer-
tilizing value of Aspen-Birch duff developed on heavy, morainic or outwash
soils had a decidedly lower fertilizing value than the litter of hardwood-
hemlock types developed on better soils.

Stoeckeler (19L8) considered fertility less important for bigtooth
aspen. In wisconsin, bigtooth aspen, on similar sites, had a lower site
index than ouaking aspen, which wilde and faul (15L3) interpreted to mean
that the former is thus more exacting. However, bigtooth aspen is normally
a somewhat smaller, shorter-lived tree.

It should be pointed out thet information about the effect of soils,
or single soil factors on the growth of aspen, is still very limited.
Yoreover, specific studies of this phase of the aspen problem have been
undertaken only in the Lake States where aspen grows largely on podzolic

soils of glacial origin, developed under relatively uniform climate.

Clinate. In spite of the éreat extent of aspen's rance, in latitude
as well as longitude, the sites on which it is capable of forming con-
tinuous stands, are characterized by a cool, fairly moist clinate, with
long winters and short growing seesons.

The upper and northern limits of elevation and latitude, respectively,
of aspens occurrence are probably controlled by insufficient length of
growing season, low growing season temperatures, or both. The northern
limit approximates the July isotherm of 13 degrees Centigrade (Halliday,
15L3), while in the American rockies the upper limit has an average annual
temperature of less than two degrees Centigrade (Paker, 1925). In Alaska

it grows up to elevations in protected gulches of from 2,000 to 3,500
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feet. At these limits aspen is low, shrubby, and exists mostly in
protected situations and sites with a southern aspect.

The lower and southern limits of aspens rance indicate that they
are determined by insufficient water supply during the growing season.
Over most of its northern territory aspen receives 30 to LO inches of
rainfall annually, and thus even alony its southern limit in the Lake
States and the northeastern part of the United States, it comes down
to, or close to, sea level. In the drier, western part of the United
States, however, the aspen zone is elevated as the range extends south-
ward. where rainfall is low aspen forms stands only on sites which have
exceptidnal soil moisture, and here they are poorly developed and become
decadent at an early ace (faker, 1925). fspen does extend out into the
plains regions, but only along water courses where the water table is

always accessible to part of its root system.

Site classification. Aspen quality, yields, and rotations are so de-

pendent upon site quality that site classification is absolutely necessary
for intelligent management. The most accurate evaluation of site is,

of course, provided by the growth of aspen itself., Site index, the height
of the dominant stand at an arbitrarily chosen age, is the usual criterion
accepted. &svidence that this is a better criterion of habitat produc-
tivity than is volume growth has been presented bv Kittredge (1928).

Baker (1925) recoznized five site cualities in the Central Rocky iountain
region and described them as to soil, topograrhy, and elevation. Hhis

site indices are about twenty feet lower for each class at a given age

than are indices of corresponding classes prepared for the Lake States
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(Xittredge ani Gevorkiantz, 1929). weigle and Frothingham (1511)
decided on a division into three site quality classes but did not
descrive the sites for future reference.

Stands under about twenty years of age are too young for site
index to te accurately determined by direct mezsurement, however,
(Stoeckeler, 1543) and thus the method has only limited utility. In
order to establish some other basis for predicting the site index of
young aspen stands, which make up a large percentage of the aspen type
in the accessible regions, a number of investigators have attempted to
discover correlations between various site charzcteristics and site
quality. Uround vegetation species, or plant indicators, have been
classified by some as a scale of site cquality because of their general
confinement to a particular site or sites (Kittredge, 1938; Sisam,
1935; Lake States Forest Experiment Station, 1935; and Stoeckeler, 15L8).
A table of plant indicators has been compiled for the Lake States
according to climax associations, telling with whichqu these associa=-
tions each is found, and rating it according to its constancy (Rudolf,
1950). This will be of great assistance in planning conversion of aspen
lands to other species. Original cover types, revealed from records or
evidence on the land itself, such as relicts or adjacent types are
another guide (Kittredge and Gevorkiantz, 1929; Gates, 1930; Lake otates
Forest rxperiment Station, 1935; and Stoeckeler, 19L8).

Soil quality is the most logical indirect measure of site cuality
since it comprises a large proportion of the complex of factors contri-
buting to "site", tut forest soils are still an embryonic science, and

information on aspen soils in particular is very fragmentary. However,
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two valuable studies have been made by Kittredge (1933) and Stoeckeler
(1948), Kittredge made habitat classifications according to soil tex-
ture, surface geological formation, a cormbination of texture and surface
formation, and soil type and profile groups. 1ihis is a series which
comprises successively larger proportions of the total numher of edaphic
factors which influence the floristic composition and growth of plant
commmnities, Correlations between mean site index of aspen and the

80il elassifications become successively closer as larger proportions

of the growth factors were represented. Sfoil profile groups had a corre=
lation coefficient of 0,773, Stoeckeler concluded from his study that
soil class, as judzed by texture of the A and B horizons and pH of the
subsoil, and severity of fires (which markedly reduce soil productivity)
are the best bases for judgment, le set up five soil classes which
cover in a general way the ranye of site index classes for aspen as de=

fined by Kittredge and Gevorkiants (1929).
Tolerance

Aape;; extreme intolerance is well=known. There is no disagreement
that aspen is practically, if not the most, intolerant tree in KNorth
America (Weigle and Frothingham, 1911; Faker, 1925; Cheyney, 15L2; and
Toumey and Korstian, 19.7). Laker reserved judcment in the case of lum=

ber pine, Finus flexiles James, but regariless, aspen is less tolerant

than 1ts associates everywhere. It cannot reproduce itself under its
own shade, for this intolerance is true from the seedling or sucker stage

to old age. In a series of diameter limit cuttings in a L3 year old
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stand of aspen, the height growth of the resulting suckers was found
to bear a direct relation to the degree of cutting (Zehngraff, 19L7).
Weigle and Frothingham (1911) believed that root sprouts or suckers are
more intolerant than seedlings, although there is still no conclusive
proof of this.

Fortunately, aspen stands ouickly differentiate into crown classes,
dominance being expressed by the more vigorous individuals, and stagna-
tion rarely occurs. Young aspen stands are usually very dense, but
competition on the average site reduces the number of trees from 2,300
at twenty years to 295 at seventy years (Kittredge and Gevorkiantz, 1929).
On the other hand, the degree of dominance expressed in aspen stands seems
to vary with site quality, for yield tables show a considerably larger
number of trees per acre, at equal stand heights, on poorer sites.

Aspens intolerance means that it can be maintained as a pure type
for more than one or two rotations only by protecting it against compe-
tition. This fact, together with its singular reproductive features,
almost entirely determine the silvicultural methods used in aspen manage-

ment.

Regeneration

Reproduction from seed. Aspens begin to bear seed when comparatively

young. Thrifty trees may begin to bear when only twenty years old, (weigle
and Frothingham, 1911) and aspen continues to bear seed throughout its
lifetime, with good crops coming every four to five years and light crops

during most of the intervening years (U.S.D.A., Forest Service, 19L8%).
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Optimum years for seed production are between the ages of 50 and 70.
Aspen is dioecious, as are all other willows and poplars. The flowers
are borne about ten days before leafing in April and kay, the exact time
depending upon region, site, and the beginning of the growing season,
and they mature from kay through June. It was found that there is prac-
tically no difference in the characteristics of the seeds of Populus

tremuloides and Populus grandidentata (Faust, 1936).

In the north and east sections of its ran-e, aspen produces its
almost minute, tufted seed in great abundance. At the height of dispersal,
masses of the white "cotton" may accumulate to depths of several inches
in depressions. Seed is distributed in effective cuantities for long
distances (Kittredge and Gevorkiantz, 1929) by air and water, and germi-
nation takes place within a day or two if suitable seedbeds are present.
Viability of fertile seed is high, averaging 99 per cent for Fopulus

grandidentata (U.S.D.A,, Forest Service, 19L8). Estimates of the length

of time over which seeds remain viable under natural conditions generally
agree on about two weeks to a month varying with local environmental
conditions (.eigle and Frothingham, 1911; Kittredge and Gevorkiantz, 1929;
Voss, 1938; Johnson, 19L6; and U.S.D.A. Forest Service, 1548). From
observations and repeated tests, it is evident that seeds of both species
of aspen will germinate under a varied rance of environmental conditions
as long as sufficient moisture is provided. Cermination will even con-
tinue unhampered when the seeds are totally submerged in water and can
occur after several weeks of freezing (Faust, 1936). raust said that

when there is sufficient rainfall, there are usually thousands of
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seedlings germinating on the old leaves or moist soil under or near the
mature trees.

SEALL of this would seem to indicate prolific reproduction of aspen
from seed while in actuality reproduction from seed plays a very minor
role in the establishment and maintenance of aspen stands. Seedlings
are usually only of importance in filling in occasional openings in
other forest types, although large areas, particularly fresh burms or
recently logged areas where the mineral soil is extensively exposed, are
sometimes invaded primarily by seedling reproduction. Trees of seedling
origin are ocuite rare in the Rocky liountains of the United States, where |

the western variety of aspen, Populus tremuloides aurea, grows. PRaker

(1925) made a search for seedlings in this region during the years 1913
through 1916, but could find none.’ Only two instances of the occurrence
of seedlings of western aspen have been reported since that time (zllison,
1943; Larson, 19Ll). Baker advanced two reasons for the rarity of seed-
lings: (1) Foor seed crops. The number of trees producing pistillate
flowers is small, and these bear only occasionally. OUnly about five per
cent at most of these succeed in producing and dispersing normal seed.
Staminate trees are more numerous than the pistillate trees, but even
these fail to cover any considerable percentace of the total aspen covered
area, and are usually a great distance from the flowering pistillate
trees. In addition many of the staminate catkins drop off before reaching
maturity, and a large portion of the remaining pollen crop is abortive.
(2) At the time of seed dispersal in the west, the surface soil is dry

and showers are infrequent, so that germination except in local wet places
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is extremely unlikely in the short period of viability the seeds are
known to have.

Weigle and Frothingham (1911) estimated that not more than half
of the trees, referring to the eastern variety of aspen, are seed pro-
ducers and contended that a large proportion of the seed are abortive.
Nevertheless, the production of viable seed eppears to be adequate when
conditions are propitious for seedling growth. Therefore, the scarcity
of seedling reproduction of eastern aspen is probably mainly due to in-
frequent occurrence of favorable germinating conditions and high mor-
tality after germination. Dbare soil is the first requisite for seedling
establishment. Weigle and Frothingham (1911) stated that unless the
seeds fall on mineral soil =~ on recently burned over or cleared land
or on other aspen spots not covered with vegetation or undecomposed leaf
litter — their chances for growth are very small. In a cut-over hard-
wood area in northern lMichigan which was reclothed by aspen, the young
trees were confined mostly to areas where the mineral soil was exposed
by acts of logging, such as skid rows, yarding sites, etc. (Buttrick,
1921).

A moist seedbed is a second requirement, if the seedlings are to
have any chance of survival. Kittredge and Gevorkiantz (1929) observed
that seedlings start abundantly only in the occasional year in which good
rains occur and the ground is thoroughly moist during the brief period
while the seeds are falling and retain their vitality. Noss (1533) found
evidence that estatlishment of aspen seedlings under natural conditions
occurs only when the surface layer of soil is continuously moist during

at least the first week of their growth.
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Even when these conditions are met, seedlings may be killed by fungi
or later by heat or drought (U.S.D.A., Forest Service, 1548). If the
seedlings do become established, there is a strong possibility of later
overtopping by brush or weeds (Zehngreff, 194S), since seedlings do
not have as rapid growth as suckers.

As a result of exposure to all these hazards, only a very small
percentage of aspen seedlings ever gets beyond a few inches in height.

Although seedlirg reproduction of aspen is of little consecuence
to the forest manager at present, there are some indications that it may
have some significance in the future. /s noted above, iieigle and
Frothingham (1911) believed that seedlings are less intolerant than
sprouts. They also stated that, "trees which sprout repeatedly, . . .
tend to 'run out' after a few generations, and it becomes necessary to
infuse 'new blood' by introducing seedlings". There has been conjecture
about both the European and American aspens as to whether trees of sprout
origin are less vigorous, shorter-lived, and susceptible to infection
through the parent root system. This will be discussed later. Barth
(19L2) contended that seedling European aspen have better form, thinner
branches, and better height growth, and are less susceptible to rot than
trees of sucker origin. On the other hand, Shirley (19L1) asserted that
there is no evidence to indicate that stands of sprout origin are any
less vigorous than those of seedling origin, and indeed it is true that
no concrete proof of seedling superiority in any respect has ever been

presented.



Aspen's root system. The root system of aspen is of particular

importance because of its dependence upon root suckers for reproduction.

A distinguishing feature of the aspen root system is the fact that the
many root suckers make it very difficult to distinguish individual root
systems except in the case of small seedlinss (Day, 19LL). Original parent
trees usually must be traced by age and size relations of the roots.

Day (19LL) and Béker (1925) both described aspens root system as
shallow and widespread with few or no taproots. Day found that sinkers
or vertical roots may descend to considerable depth under some conditions,
one having reached a depth of seven and one-half feet. These sinkers
generally descend in old root channels and their course and depth seem
to depend largely upon the location of the former roots.

Baker discovered the ultimate feeding roots in all levels down to
two or three feet, though most frecquently from six inches to two feet;
while Day observed practically the entire laterel root system to be con-
fined to the top foot of soil. In many cases nearly all of the lateral
roots were found in the top six inches of soil. Baker observed that sprouts
appear where the roots rise close to the surface (four inches or less,
according to Day), especially where two very shallow roots cross and
the upper is brought very near the top of the soil. bhe believed that
certain small roots are devoted primaerily to reproduction, since they
run for long distances in the shallower soil layers without much change
or furcation and with practically no feeding rootlets. Suckers arise
from the root collar of the parent trees and on the stumps, as well as

from the roots, but these comprise less then ten per cent of the total
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(Baker, 1925). Poth investicators found a thickening of the root at

its junction with the sucker. This was confined to or most pronounced
on the side away from the parent tree, which Day interpreted as an indi-
cation of translocation of food material produced in the leaves toward

the growing tip of the root rather than toward the parent tree.

Reproduction by suckers., The importance of sucker reproduction

cannot be stressed too much for it is their extremely prolific and

rapid production which accounts for the tremendous acreage and economic
significance of the aspen type in North America today. Aspens suckering
ability begins at a very early age. OSeedlings only two years old may
produce suckers, at which time the lateral roots are four to six feet
long (Day, 19LL). This sprouting ability remains sufficiently unimpaired
at the maximum ages reached by aspen to insure well-stocked stands.

Proof of this is supplied by an exgeriment conducted in Utah, in which
acre plots of 70, 90, and 110 year-old aspen stands were clear cut
(éaker, 1925). The 100 year-old plot, which had torne about one thousand
trees, produced more than 50,000 suckers under somewhat less favorable
conditions than the other two plots, which both yielded over 100,000
trees from about the same original stocking. Kittredge and uevorkiantz
(1929) confirmed this ability, citing the case of a 95 year-old uncut
stand in the Lake States (this is comparzble to a much older stand on

the Rocky lountains), which had 2,300 suckers of recent origin to the
acre., Both authorities found the age of maximum production to be 70

years. Since rotations of aspen under management should never exceed
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70, or at the maximum 80 years, age should have no significance under
normal conditions in obtaining adeauate reproduction. LKeither, apparently,
is the health of the parent tree involved, for vweigle and Frothingham
(1911) said that badly decayed aspens are also capable of producing sprouts
profusely. #According to ieim (1935), occurrence of sprouts of European
aspen is little affected by site differences.

A number of other factors can materially affect the production of
root suckers, however, most important of which are degree of cutting,
season of cutting, fire, and artificial stimulation by disking. Sprouting
occurs continually in aspen stands, but owing to intolerance, the sprouts
rarely live longer than a few years. In young stands sproqts are rare,
but as the stand breaks up with over maturity, they become numerous,
forming an understory, if light is sufficient (Baker, 1925). Kittredge
(1929) said that the relation of the number of suckers to the density of
the parent stand is less well-marked (meaning less consistent) than the
relation to age, but that the number of suckers decreases and rarely
exceeds 600 to the acre in stands that have more than 250 to the acre.
Actually, the production of suckers in natural stands is usually suffi-
cient to maintain adequate stocking, but the forest manager requires
fully stocked even-aged stands. A study in the Lake States, on the
possibility of converting aspen lands to conifers, revealed that clear—
cutting produced only a few more than an uncut plot. Zehngraff (1547
and 1949) reported that reproduction is not always adequate if cull trees
are left. In addition, the defective and undersized trees, which are

often left in cutting, and brush which thrives better in partial shade



than aspen, will suppress the younz aspen growth and produce low yield,
poor quality stands.

If logging or fire occurs during the growing season, particularly
the latter part, suckering is much less prolific than during the dormant
season (VWeigle and Frothingham, 1911; Baker, 1925; Zehngraff, 19L6;
Stoeckeler, 19L7; Zehngraff, 19L$). According to baker sprouting was
merely delayed for one or two years and ultimate stocking was eaual to
areas cut during the dormant season. Oeason of cuttinz did not aprear to
affect height growth, after the third year following cutting. In con-
trast, Stoeckeler obtained directly oprosite results. 4ehngraff (19L6)
found that on areas logged during the spring, suckers are not produced
until midsummer, and that some of them are winter killed as a consequence
of not being thoroughly hardened-cff by fall. Summer logged areas may
not produce suckers until mid-summer of the following year, by which
time brush provides severe competition.

Fire has long been recognized as the biggest single factor in the
tremendous spread of the aspen type. Shirley (1921) expressed the opinion
that stimulation of the growth of aspen suckers produced by light burning
is due to increased heat absorption of the blackened soil surface. The
soil, as a result, warms up earlier and remains warmer during the early
part of the growing season, and he speculated that the increased soil
temperature would stimulate chemical activity in old roots, thus making
stored food more rapidly available for suckers. The advantage in numbers
and growth of the suckers disappeared after the first year when the sur-
face was covered with leaves of first year suckers. Of course, fire first

makes this possible by thimning or removing the overhead stand on forested



land, and Weigle and Frothinghem (1911) said that fires severe enough
to kill full-grown trees may not destroy the sprout-producing capzcity
of the roots.

Recently, disking has been shown to be a cheap and effective treat-—
ment for increasing stocking of poorly stocked aspen lands (2illgitt,
1951). Increased stocking in one instance was due largely to natural
seeding, when the disking coincided with a bumper seed crop and abundant
rainfall in the first-year growing season.

Weigle and Frothingham (1911) said that experiments with European
aspen, which they felt were applicable to the American species, showed
that suckers are not produced from roots covered with more than six inches
of clay and sod, although they will develop abundantly if the soil above
the roots is loose and only two inches thick. This illustrates the

necessity of good soil aeration.

Nursery and field practice. Zasada reported in 1950 that regenera=-

tion by planting and seeding was still untried in this country, and,

insofar as the author knows, it has not been experimented with for other
than shade and ornamentzl plantines. If it should be found feasible to
utilize artificial methods of regeneration in the future, eerly attempts
will have to be based largely on practices used with the related fmerican
poplars, a summary of which is available in the Forest cervice's recently
published "iiocody Plant Seed Nanual" (U.S.D.A,, Forest Service, 19.8), and
on the very excellent work done with curopean aspen. Some of the references
on the latter are Yanchevsky (190L), Anonymous (1923), Reim (1935), tarth

(1942), and Grey (19L9).



Certain basic reouirements for successful cultivation of all species
of poplar seedlings are evident. Seed should be of local origin, and
preferably éollected from healthy well-formed trees producing a hich
percentage of large well-filled seed. Collection should be made as soon
as the pappus is visible and the seed immediately dried by spreading out
in a thin layer, if possible in a cool, dry room to avoid exposure to
strong wind and sunlight. .Prompt sowing after drying is necessary for
high germination, and cleaned seed or ripe catkins (inserted in the seed
bed) afford greater success than seed containing down.

Seed teds must have light, fresh, fertile soil, and the surface layer,
particularly, should te fine-textured. OStirip sowing facilitates weeding
and reduces cumpetition. Seel may ve firmed into the soil, but covering
is to re avoided. Seed beds must he keot constantly moist, but not
saturzted, for about two weeks after germinztion. 7Watering should te
frecuent and lisht, using 2 fine svpray to prevent disturvance of the se=d
ted. trotection from sun, rain and wind with some covering is necessary
at least until the first leaves appear, after which it should be ¢radually
reduced. Covering must be in such a manner as to incsure adeauate ventila-
tion, however. Immediate steps should be taken to protect the seedlings
from disease or insccts at the first sign of their appearance. rlanting
stock should be at least two years old, advisedly transplants, for forest
plantations.

f few basic studies have been carried out on the provlem of optimum
storage and eerminating conditions for seed of American aspen. [zust

obtained greatest lonrevity of stored seed when they were dried for three



to eight days, immediately upon collection, in a room at about 2I to 25
degrees Centigrade, and stored at a constant low temperature of about

5 degrees Centigrade. She observed that seeds germinate whenever there is
sufficient moisture (even when sutmergced) between O and 35 degrees Cen-
tigrade; sturdiest seedlin~s perminated at 5§ to 29 derrees Centigrade.
toss (1938) and Johnson (19L6) both found the relative humidity at which
seed is stored to be of paramount importance in longevity. Noss recom-
mended 10, and Johnson 20, per cent. ioss, in addition, experimented
with various storare temperatures and concluded that =5 degrees Centigrade
was optimum; seeds stored at this temperature showed "remarkable prolon-
gation of life." Johnson did not specify any storage temperature, but

seeds of Fopulus tremuloides and Fopulns crandidentata retained viability

for LSS and 555 days, respectively, at the recommended relative humidity
of 20 per cent.

Attempts at propagation of aspen by cuttings have generally achieved
such a low degree of success that its feasibility on a commercial scale
has never been credited. Snow (1938), however, succeeded in obtaining
rootings of dormant cuttings to an extent of'sixty-five per cent when
they were taken at the proper time, and given optimum chemical treatment.
Cuttings taken in January and early February were almost all negative,
while best results were obtained on those taken in the latter part of
harch just as the leaf buds were beginning to swell. Chemical treatment
was with indole-butyric acid; the most effective rance of treatment was

within 5 to 20 grams of acid for a period of 22 to 51 hours.



Aspen and Succession

Origin of aspen stands. Criginally, aspen was a relatively unim-

portant, secondary species, throughout almost its entire range. The only
region in which the aspen tyre (defined by the Forest Service in 1913

as: "A stand containing 60 per cent or more of aspen, often nearly pufe,
but also with various conifers in mixture.") formed extensive stands

was at the transition to grassland in the liddle west, a band of Populus
tremuloides some fifty miles wide (¥oss, 1932). In the forest formations
through which it grows, the boreal forest of Canada, Alaska, and the nor-
thern parts of the Lake States and iew mngland; the Rocky iountain forest
complex; and the northern section of the deciduous forest formation in
the southern parts of New England and the Lake States, aspen occurred as
scattered trees throughout the old-growth forest, with the excertion of
small patches where lightning or Indians had started fires. The creation
of the enormous acreages of aspen which now exist in much of these regions
paralled the development of the logging industry and the following land
settlement.

These were only indirect, or secondary, factors, however. Fire has
been called "the great introducing agent of aspens" (veigle and Frothing-
ham, 1911), and correctly so. Logging, and abandoned farm land certainly
offered opportunity for aspen to take over a great deal of land, but they
did not have the sweeping and lasting effects which the fires that inevi-

tably followed did.



A very clear and concise account of the story was given by Kittredge
and Gevorkiantz (1929) for the Lake States, where the largest acreages
of aspen exist. Cutting in the Lake States was at first only in the
valuable white pine type. As white pine became more scarce and other
species later became more valuable, the poorer stands of white pine,
mixtures of white and Norway pine, and of white pine and hardwood-hemlock
were successively cut over, many of them several times in repeated cullings.

In the process, most of the aspen stems were broken off, and suckers
sprang up. The hazardous conditions of the slash-covered lands and the
lack of public regard for fire protection resulted in frequent widespread
fires, with aspen the beneficiary. Luch of the cut-over land burned
several times in the ten or twenty years following cutting. &tach fire
cleared the ground of shade-giving vegetation, exposed the mineral soil,
and facilitated spmuting by killing the tree trunks without killing the
roots, except in the case of severe ground fires. And so, with each fire
aspen sprouts became more abtundant, and the aspen type more extensive.

In the old-growth stands, white pine, spruce, or balsam fir seedlings
were usually on the ground as advance growth. Occasional areas and
patches of land escaped the fires and this advance growth became an under—
story in the sucker stands of aspen which ouickly overtopped it, by virtue
of their rapid growth. Some small, or defective trees of the original
type were left in the early loegging, providing a seed source, but most
of these trees were later destroyed by wind storms and fires. On the
whole, therefore, mixed stands of aspen and conifers are not commnon or

extensive,
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Baker (1925) described a process similar to this in the Rocky
Mountain region, with the exception that he telieves progressive drying
of the climate has hindered the reproduction of the conifers and made
them grow in open stands, thus helping to prevent the exclusion of aspen
by suppression, which at the same time is not subjected to the critical

period of germination and the seedling stage of life.,

Associates. As is true with most pioneer species, the factors which
establishbthe aspen type tend to exclude most other species of trees,
since they are characteristic of associations nearer the climax unless
they are themselves pioneer species. Thus there are few species of trees
which are typical associates of the aspen type, which technically should
probably be termed a consocistion. Paper birch is the most common of
the few typical associates (Kittredge and Gevorkiantz, 1929). In the
East, gray birch may occur in place of paper birch (Cheyney, 1942).

Weigle and Frothingham (1911) said that the most common companions of aspen
in restocking burned over lands in the Northeast are paper birch and pin
or "fire cherry."

The trees which actually are associated with aspen on a particular
site will depend upon a variety of factors, operating singly or in com=-
bination, among which are the quality of the site, former cover, degree
of logging, number of fires, length of time ensuing major disturbances,
seeding habits of the various species, and proximity of other types.
According to Kittredge and Gevorkiant, (1929) the other species associated
with aspen in the Lake States in order of their abundance are balsam fir,

white pine, white spruce, black spruce, sugar maple, red maple, Norway
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pine, jack pine, elm, red o2k, bur oak, black ash, green ash, yellow
birch, basswood, jack oak, pin cherry, ironwood, and tamarack. Of these
only balsam fir, pine, spruce, and sugar maple are sufficiently numerous
to have any importance. EFaker (1925) listed Douglas fir, white fir, and
lodgepole pine as the most common associates in the west. Alpine fir,
Engelmann spruce, and the conifers which seldom form stands, such as
limber pine and bristle-cone pine, are less freaouent associates.

There is quite a number of shrubs, grasses and herbs which are able
to thrive in the aspen understory, particularly in the lighter stands,
but these would be much too numerous to mention if all the sites which

aspen exempts throughout its range were to be embraced.

Succession on aspen lands. It is generally agreed now that the aspen

type is, without exception, a purely temporary one. In a few areas where
special conditions give it an essentailly subclimaX status, a few authori-
ties were formerly prompted to call aspen the permanent or climax type.
weigle and Frothingham (1911) believed that certain stands toward the
northern limit of aspen's range and at high altitudes in the wWest were,
because of their apparently static nature, permanent. They stated un-
qualifiedly that small stands about springs or other moist spots were
undoubtedly in many cases permanent, and asserted further that in parts
of Alaska and northermn Canada could often maintain itself almost indefi-
nitely among the more "shade-intolerant" species of the far North.
Fetherolf (1917) contended that a strip or belt of aspen existed in the

Rocky Mountains where no native conifer could replace it, because there



was, according to him, no conifer in the district with exactly the same
requirements and aualities as aspen.

Sampson (1916) and Baker (1918) flatly refuted clains of aspen
permanence in the Rocky lkountains. Sampson reported that investigations
in Utah to determine its stability indicated that the aspen type was a
temporary one, slowly but surely replaced by conifers. He noted, as evi-
dence, aspen's inability to shade out conifers in its understory. Faker
asserted that aspen's apparent permanence in certain areas was just a
case of lack of seed trees, and also cited the fact that conifers generally
seemed to do well when planted under aspen. He admitted, however, that
the seeding in of large areas by conifers was a slow process. Pearson
(191L) reported that Douglas-fir, white fir and &ngelmann spruce thrived
in the shade of aspen, eventually overtopping it.

Kittredge and Gevorkiantz (1929) found that lack of seed sources and
scarcity of young coniferous growth in aspen stands resulted in prolonging
the aspen association in the Lake States. Only fifteen per cent of the
area of the aspen type was found to bte actually in the process of converting
naturally to conifers. Of one and one-third million acres of good spruce
fir-lands which have been replaced by aspen in the Lake States, Bowman
(19LL) estimated that only about one-third of a million would likely be
eventually dispossessed by spruce and fir growing in the understory.
Shirley (19L1) pointed out that there is a number of factors involved
in the scarcity of seed supply. Not only are seed trees few, but they
are poorly distributed, and this obstacle is emphasized by the small

radius of seed distribution of most species. In addition, seed production
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of most Lake States conifers is characteristically irregular. [(inally,

a large portion of the seed crop is regularly consumed by birds and
rodents. Shirley concluded that irrespective of other conditions, in-
adequacy of seed supply is destined to prevent natural return of conifers
to aspen lands for many decades.

There is one region where aspen is actually extending its range with-
out the aid of fire or logging. This is in the grassland formation in
Alberta, around the northern and western borders of which there is a
heavy concentration of aspen and balsam poplar in open, park-like stands,
merging into the toreal forests on the north and nocky Lountain forest
complex on the west. loss said that the explanation for the advance
of the aspen association is the elimination of fire, the fire apparently
favoring the grasses in this case. Brink and Forstad (1949) indicated
that they did not consider this sufficient explanation, and speculated
as to whether there might be some significance to the coincidence of the
beginning of this advance and accelerated retreat of the glacier, during
which time the timberline has moved northward.

Moss claimed that there is evidence that white spruce is the chief
constituent of the climax vegetation over a considerable part of the
.region now dominated by aspen and porlar. Yet he claimed that there is
also evidence that aspen is the climax tree of the drier and gcenerally
more southern parts of the region, which seems rather inconsistent, since
there appears to be no logical place in this region to locate the boundary
between permanence and ron-permanence of aspen. Halliday and Brown (1943)

attributed the heavy concentration of aspen around the grassland partly
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to a function of adaptsbility to climate and lack of competition, but felt
that it might also bear a relation to the repopulation centers soutlwest
of the Great lLakes; extension of abundance northward might be connected
with the apparent immaturity, post-glacially, of much of the cover there,
Eventually, then, aspen lands will revert to the climax type — if
disturbing influences, such as fire, logging, and grazing, are eliminated.
For practical reasons, however, this can never te cormpletely achieved.
Fires, though much less numerous and rarely as widespread as formerly,
will always be more frecuent than they were in the virgin forest; logging
will continue, and the ability of the forest manager to influence stand
composition must be reckoned with. Certain species, such as white pine
and hemlock in the Lzke Stétes, have been so drastically reduced in num-
bers that they can hardly regain their former standing. Burning and
erosion have radically changed the site cuality of much land, thereby
indefinitely delaying the return to climax vegetation. Seed trees of the
original cover type may have been eliminated from an area so that other
types will take over the land from aspen first, and, in any case, the
change to a climax association may require intermediate steps regardless.
Gates (1930) made a study of the aspen association in Michigan. He
compiled a list of important invaders and their frequency according to
site, estimating how long replacement would take on each site. Fires
are still so frequent on aspen lands that they largely control succession.
Gates found that the frequency, severity of fires, the character of the
stand in which they occur, and the type of site on which they occur all

are important to the progress and direction of succession.



Success in conversion of aspen lands to other types either by planting
or cutting methods is so difficult to achieve, owing to aspen's a2z res-—
siveness, that it is of utmost imgortance for the forest manazer to te
thoroughly familiar with the potential natural succession on his lands

and to encourage or plant the species best z2dapted.

Enemies of ispen and Control ..essures

Too little is known about the numerous, in fact almost legion,
enemies of aspen to state unecuivocally that a particular one is the
most "irmportant." 1In the first place it is impossirle to evaluate separately
all of the effects of a prrticular enemy upon the growth and vield of
aspen. Fire, for instance, annually destroys large areas of aspen stands,
but is this loss as great as the reduction in growth and yield from
detilitated soils and the higher incidence of disease in fire=-scarred
stands? HKow much do leaf diseases and insects reduce growth in standing
aspen? Is the volume loss due to mortality csused ty canker diseases
greater than the cull produced in standing trees from wood rots? If
boring insects were eliminated from aspen stands, would the amount of °
disease be materially reduced?

There are no definite answers to any of these cuestions at present,
and if there were the protlem of defininz the term "imrortant"” would
still be an obstacle. For example it would have to e decided whether
all aspen stands at large should e included in estimates or whether thev
should be confined to aspen under management, and also whether losses

to the recreational and protective values of aspen cover should e assessed.
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Actually, the cuestion is a purely academic one, for the hich cost
and low effectiveness of direct control measures make it ridiculous to
contemplate any but the most limited kind of protection for unmanaged
stands. As for manared stands, it is necessarv only to know the approxi-
mate importance of the various destructive arents and what practical con-
trol measures can be apriied. Ffor these cuestions there are some ansvers,

althourh a ¢reat dezl remains to be learned.

Diseases

There are no disease or insect epidemics which threaten aspen's
existence, to the chazrin of manr foresters, and local epidemics are
sporadic, and generally unpredicta:le. Cf greatest concern to the
forest manarcer is the host of endemic diseases and insects which attack
these short-lived, ri:hly suscepti:le sgecies.

Aspen stands *ecome decadent so early, even on the rest sites, that
the pathological rotation is penerally the one which must e adopted in
management. &St=nd decadence is, in nost coses, dve prinarily to decay.
Jeinecke (1929) stated that the risk of infection, as well as the probability
that infection will develop into decay, is a function of time. FHe found
that the patholozicsl felling age (point of annu2l increment decline)
on a site tetween classazs I and II (see aker, 1925) in Ut2ah was between
eichty and ninety years. In contrast, however, studies in l'innesota
(Schmitz, 19¢27) revealed that, on averaze sites, svera~e annual growth
reaches its peak at about fifty years. 2Allowinz for the lag in culmi-
nation of average annual growth behind annual increment, and for the
fact that the site studied in Utah was somewhat atove averase, this still

points up a difference of about twenty years in potholocrical rotations.



Baker (1925) observed that growth is more rapid in New &ngland than

in the Rocky Mountains, but that, on the other hand, decay takes place
earlier, so that the maximum and average sizes are about the same in the
two regions and the stands are very similar. whether the greater longevity
of stands in the west is a reflection of a greater resistance to disease

inherent in Fopulus tremuloides aurea, or of some other factor such as

lesser risk of infection in the generally much drier climate of the fiest,
is not known.

The period of grace, for which cutting may be delayed beyond the
pathological rotation age without serious loss is relatively short.
Stoeckeler (19L8) estimated about fifteen to twenty years on the best
sites and only about ten on the poorer sites. Because of uncertain markets,
and the poor state of organization of most managed aspen lands, this
constitutes a major cause of loss of volume and of potential income
throughout the range of aspen. \eigle and Frothincham (1911) cited a
case of loss in a Laine stand described as having bteen "excellent."
Cutting was delayed for twenty years in this stand and they attributed
an estimated thirty-six per cent loss to the delay.

As indicsted above, it has been definitely established that the age
at which stand decadence begins is directly related to site ouality. In
the Kocky kountains, stands may be rendered worthless before they have
reached an age of forty years, whereas aspen will usually live to an
age of 120 years on good sites with little external appearance of de-

terioration (Eaker, 1925). Yield studies of aspen in wisconsin revealed
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that cull per cent is higher on poor sites (Anderson, 1936). Foor
site stands in MNinnesota may hegin to deteriorate rapidly at twenty-five
years of age (Schantz-Hansen, 1945), while maximum net volume on good
sites in Linnesota is produced between ages fifty and fifty-five
(Zehngraff, 19L7). Stoeckeler (19L48) found a direct correlation between
pathological rotation ages and soil classes.

Some evidence has also been presented that the incidence of cull
in individual trees within aspen stands is related to tree vigor. The
trees on an acre plot in Kinnesota were classified according to a recently
recommended system based on vigor, relation to surrounding trees, dominance,
and crown density (Gevorkiantz, S.R. et al, 19.3). The plot was then
clear-cut and the gross and net volumes recorded, and the figures seemed
to demonstrate clearly that trees with the lowest vigor are the most
defective and slowest growing (Zehngraff, 1947). Gther authorities had
previously expressed the opinion that some specific diseases of aspen
are related to tree vigor, but this is the first general claim supported
by statistics.

As mentioned before, the number of diseases and insects attacking
aspen is very large. Seymour (1929), for example, listed 133 diseases

as having been reported on Fopulus tremuloides and L8 on Populus gran-

didentata. The number of those which have real economic importance,
however, is relatively limited and many have only one listed occurrence
in the literature, although they may be more common than this would
ordinarily indicate. To mention and attempt to discuss all of these

would be both impractical and pointless, and the following discussion



~26-

is confined to those species which seem to te fairly common or most
severe.

Viood rots. Zekngraff (19L7) declared that wood rot is the greatest
single cause for cull in aspen. .einecke (1929) estimated that an 2llow-
ance of twenty-one rer cent must te made for cull in the west, of which
more than eizhteen per cent is due to rot. Schmitz (1927) estimated
that on average sites in *innesota total rot increases from arproximately
fifteen to thirty-one per cent from 33 to 70 years. 4nd an estimate of
nineteen per cent decay in all standin> aspen was made »y Eaxter (19L3).

Three diseases, Fomes irnierius (L.) Gill (including the variety

Fomes igniarius ni-ricans), Fomes applanatus (Fers.) wallr., and frnillaria

mellea (Vahl.) “uel., cause most of the decay in aspen, and of these Fomes
igniarius, or white heart rot, is by far the most important, according

to all authorities. It is found throuchout the ranve of aspen, and

while the canker diseases may te more important in many arsss because

of the mortality they cause, Fomes igniarius is apparently always respon-

gible for the greater portion of decay in standing aspen. As early as

1909, Schrenk and Spaulding reported that Fomes igniarius had been found

at such extreme points as lrine, western Canada, Cregon, southern New
l.exico and Colorado, and there have been many accounts of its preva-
lence and severity since then,

As the common name indicates, Fomes icniarius attacks the heartwood.

Trees must usually be old enough to have formed heartwood before infection

is possible, although occasionally the disease will attack "false heartwood"



formed under an oren wound (Spaulding, 1937). Crdinarily, decay is
confined to the heartwood and the older, changing sapwood, but it may
sometimes reach and kill the cambium (Hartley and Hahn, 1920). Rot is
most often centered in the main part of the trunk rather than in the butt
or top, but is not necessarily confined to any particular portion of
the bole (Boyce, 19.3). On the other hand, Horton and Hendee (193l)
found that it invariably extended farther down than it ran up. Although
the disease itself rarely is lethal to aspen, the trunk inevitably becomes
broken off bv wind when decay is sufficiently advanced.

Three stages of decay are recognized: incipient, intermediate,
and advanced (Schmitz, 1927). Incipient decay is apparently never culled
by wood=-using industries, and whether a deduction is made for intermediate
decay depends upon the use to be made of the wood. For those uses such
as excelsior, bax lumber, low grade construction lumber, and pulpwood this
stage of decay is not serious and therefore generally not culled (Zehngraff,
1947). For a few purposes even wood in the final stage of decay is not
re jected, but, obviously, trees cut for lumber or dimension stock must
not show evidence of decay past the incipient stage, since beyond this
point the wood becomes brittle and loses strength. In the past, the
tendency has been to overcull for lack of exact information about the
actual effect of specific stages of decay on utilization for various pur—
poses, but research is correcting this.

Another factor has often been involved in excessive allowance for
cull, this being the scaler's ignorance of the extent of the decay in
stumpage indicated by external signs. Studies have been made which

have partially obviated this difficulty. Horton and Hendee (193l), and
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Riley and Bier (1536) investigated the relation of the fruiting todies

of the fungus (or sporophores) to the progress of decay. 3oth concluded
that they were useful in estimating the maximum per cent of cull, and the
latter asserted that log-makers could guickly learn to estimate cull from
them with considerable accuracy. Horton and hendee stated that fruiting
bodies, if present, give a complete indication of the amount of defect

in a tree or log by their number, size, and distribution. Brown (193L),
however, contended that while the maximum height of fruiting bodies is
correlated with rot percentage, their number is not. ke found that another
measure, rot diameter which may be determined with an increment borer, is
as simple and accurate as any. Hirt and Hopp (19L2) rendered the age of
fruiting bodies useful by discovering that one tube layer is formed on
them each year, except when their growth is restricted by surrounding
callus or other adverse factors.

Fomes igniarius, as well as the other decays, requires some wound

before infection takes place. The chance of infection depends upon the
surface exposed by wounds and the time of exposure, which involves the
character of the wound, and the age and vigor of the tree (Schrenk and
Spaulding, 1909; and keinecke, 1929). leinecke found that infections
are most common on wounds like fire scars and bruises from falling trees
having large surfaces, or those forming spore traps, like insrown stubs
and broken tops with a rough surface of splintered wood. That boring
insects are influential in producing avenues for infection has also been

pointed out (Schmitz, 1927; regnier, 1932; and Fier, 1940). Grazing or
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browsing animals, where plentiful, often provide ideal conditions for
the spread of fungus diseases by rarking trees (Fackard, 1942), and
heavy grazing causes root injury which can admit disease. Schrenk

and Spaulding (1909) decided that climate, character of the surround-
ing forest (except as it does or does not contz2in the host), and char-
acter of the soil have little or nothing to do with the virulence of

Fomes igniarius.

Verrall (1937) said that there seem to ‘e three forms of Fomes
igniarius, one of which is sprecific to aspen, and thus there is the
possibility that the presence of sporophores on other species may not
be a serious source of inoculum to aspen.

Fomes arplanatus (Fers.) #¥allr. and irmillaria rellea (Vahl.) Quel.

respectively cause white butt rot and shoestring root rot of aspen. Toth

are of wide distribution in orth Americs and next to Fomes isnin~rius

these seem to be the most rrevalent rots in asren, but the literature
presents no relia''le estimate as to which is responsitle for the greater
amount of decay, nor even what approximate percentage of decay they are

responsible for. Schmitz (1927) said that Fomes igniarius is so prevalent

as to usually mask or conceal rot caused %y frmillaria mellea and rfomes

applanatus. Trey are definitely less imrortant than Fomes iiniarius, how-

ever, and it is probably safe to estimate that they rar=ly cruse more
than four or five per cent of the decay in 2spen stands, and generally
less than that.

Foth are commonly present in asren stands A2s sarrophytes 2nd cain
entrance into living aspen throuch wounds at the base of the tree or on

the roots, caused most frecuently 'v fires and crozinz. ‘rmillaria mellea
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may be present in the roots of healthy trees (Boyce, 19L8), but

is virulent only on trees of poor vigor resulting from unfavorable
environmental conditions, such as drought or poor soil (Baxter, 19L3
and Boyce, 1948). Rotting of the wood, both heartwood and sarwood,
of the roots and root collar are caused and the death of the tree
follows.

Fomes applanatus is usually present mostly on dead timber,

tut when afforded an opportunity for entry into live trees through
wounds it will decay the heartwood in the butts, seldom extending
more than two feet up in the bole (Horton and Hendee, 193L), but
sometimes for twelve to fifteen feet or more (Boyce, 15.8). Ccca-
sionally it will attack the sapwood and kill the trees when decay
has progressed far enough. )
Young aspen stands which are primarily of root sucker origin
often contain a high percentage of defective and diseased stems,
posing the question of whether rot is transmitted through the roots
from the parent trees. Schmitz (1927) could find no evidence that
suckers are infected by the parent stump through the roots. He
reported studies by Ecklund and Wennmark (1925) on the same prob-

lem with Populus tremula, however, which led them to believe that

Armillaria mellea is transmitted through the roots after a certein

nurber of years. Zehngraff (15L€) presented evidence that whatever
the reason for the high percentage of diseased suckers enourh sound

stems are left to produce well-stocked mature stands.



Cankers. There are only two widespread canker diseases which

cause serious damage to aspen stands. These are Hypoxvlon pruina-

tum (Klotsche) Cke. and thospora chrysosperma (Pers.) Tr.

Hypoxylon pruinatum is widely distributed from Alberta east to

Nova Scotia, and south to linnesota and hassachusetts (Boyce, 15L8).
Hartley and Hahn (1920) described a canker disease in Colorado

which is probably Hvpoxylon pruinatum. Although first reported in

New York (Fovah, 192}) and lLaine (Schreiner, 1925), its greatest
prevalence is in the Lake States, and it has been called uncuestion-
atly the most serious disease of thst region (Christensen, Anderson,
and Lodson, 1951). Infection in Wisconsin was found to range from

0 to 53 per cent, with an average of 2L per cent (Gruenhagen, 19L5).
Data from different parts of aspen's principal commercial range in
the eastern United States and Canada indicated that about twenty
per cent of the trees were either infected at the time of investi-
gation, or had been killed by Hypoxylon canker previously (Christen-
sen, Anderson, and Hodson, 1951).

Artificial inoculations and field observations have definitely
demonstrated the disease to be a wound parasite (Bier, 1540), but
inoculation experiments also suggest that infection takes place
through cuts with difficulty (Gruenhagen, 1945). Infection occurs
easily through bruised and killed tissue and is commonly associated
with insect punctures, wind breakage, and branch nodes (tier, 19L0).

The disease does not appear to grow very deeply into the wood, but



is confined mostly to the bark and cambium. If infected below

the crown the trees are g¢irdled and killed, or the trunk may

become so weakened that it is broken off. OSmall trees may be

killed in two or three years, those up to four inches in diameter

in 5 to 7 years, and larger trees in 10 to 15 years (Christensen, et
al., 1951). BRier (19L0) found cankers on trees of all azes up to
sixty-five years. Trunk cankers were located in the upper part of
the bole in older trees, and since cankers were never found attacking
the thick corky bark in the basal region of older trees Pier con-
cluded that susceptibility is not dependent on the a:e of the trees,
but on the age of the bark. Fe also asserted that incidence of
Hypoxvlon canker is not related to individual tree vicor; that trees
of all crown classes are equally liable to infection.

Other observations have in some cases contrazdicted Bier's
findings, however. Several studies have indicated that smaller and
younger trees are more susceptible, althourh definite proof is still
lacking (Fovah, 192L; Schreiner, 1925; lorenz and Christensen, 1937;
Gruenhacen, 15L5; and Christensen et al., 1991). #lso, there is
some evidence that visor does affect susceptibility to some decree.
Iorenz and Christensen (1937) found fewer dominant trees infected
than those in lower crown classes. The question of vigor versus
incidence of Hypoxylon is really unsettled and will recuire further
research.

Zehngraff (1949) said Lypoxvlon appears to increase with stand

density. Investigators in Wisconsin (Gruenhagen, 1945 and wilde,



15L8) and in kinnesota (Zehngraff, 19L7) encountered less disease
on good sites than on poor and medium sites.

Cytospora chrysosperma, which is the imperfect or conidial

stage of Valsa sordida Nit., is, like H'rvoxylon pruinatum, a wound

parasite, and most frequently enters through dead twigs and small
branches which die naturally from shading. Cytospora is much less
virvlent, though, becoming parasitig and killing trees by girdling,
only if the hosts' vigor is definitely reduced by drought, poor site,
frost, or fire. Long (1913) reported that aspen growing at the lower
limits of its range is often attacked and the smaller trees killed
outrizht. In hew York vigorously growing trees inoculated with

Valsa sordida either healed the wound or a small canker formed and

was healed over. Trees on poor sites died, but some were transplanted
to a site favoring vigorous growth and these apparently recovered and
grew vigorously (Schreiner, 1931a).

It is prevalent throughout the ranrce of aspen in the United
States, but important only in the western part of the United States,
and the lew England area (including New York), (Long, 1913; Futert,
1920; Erown, 1922; Fovah, 192); and Schreiner, 1931b). GLZven here it
approximates the damace dore in the Lake States ty Hypoxylon canker
orly under abnormel conditiors. ieinecke (1929) described a canker,

which he helieved to be Cytcr-ora chrysosperme, co lhe .wst important,

hark disease of aspen in Utah, yet sstinoted that it was responsible

for a cull percentage of only =2hout 2.25., In contrast, Frown (1522)
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c2llzd Tytospors canker the most serious disease of porlars
(including aépen) in 4rizona &nd characterized it as "very
destructive," anrd i1 ilew York stands weakened by fire had over
sixty-eirht per cent infection, with thirty per cent morvality
(Povah, 192l;). Tre disease is a relatively minor one in the
Lake St2tes (Christensen, 19L0), though quite common as a sapro-
phyte.

Cne or more species of rectria causes a canker disease of
aspen. lLectria attacks hardwoods zenerally, and is particularly
abundant in the Lake States and in the northeastemrn section of
aspen's ronge. Factors affecting the severity of kectria are appar-
ently little understood, but seem to involve both variations in
susceptibility of the tree and environmental conditions. Very
slowly developing target—-type cankers are formed which rarely girdle
the tree and are primarily importsnt because they deform the bole
causing trees to be culled, or result in treakage. The fungus
enters through unprotected wounds and small injuries.

There are few specific references to the disease as occurring
on aspen. Lorenz and Christensen (1937) rate the disease as only
"occasional” in the Lake and Central States. A recent report from
the Lake States Forest Experiment Station (Christensen, et al.,
1951) said Nectria cankers "seldom are comnon on aspen and when they
do occur rarely kill the tree or expose the wood to invasion by

decay fungi..." and "... do not seem at present to be of much
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practical importance.." lteinecke (1929) found the disease in Utah,
and losses in a representative stand amounted to a little over
four per cent, due approximately eaually to direct losses and to
losses to decav entering the dead wood exposed by cankers.

A canker disease called leofabraea populi Thompson has been

reported from Ontario (Thospson, 1$39). Trees three to six years
0ld and not over 1.5 inches in diameter are affected. Cankers
are located near the base of the stem and occasion2lly kill the
trees.

leaf diseases. Ileaf diseases are not important enough to be

considered a factor affecting the management of aspen. Iﬂdividual
leaf disesses periodically become epidemic locally but few cause
more than a temporary slowdown of growth. It has been suggested

in one instance that the aggregate effect of leaf diseases cause
early deterioration of poplar stands on burned-over areas and aban-
doned farm lands in the East, but no evidence of this was produced
(Cornell Station Report, 193L).

Napicladium tremulae (Frank) Sacc. causes twig blight of

aspen, a drying out and death of young shoots and leaves during
the summer. LcCallum (1920) first reported its presence in North
America in 1920 and found it common in Cuebec and Ontario. Lorenz
and Christensen (1937) found it associated with the dying of the
leaves and leaders of young aspen reproduction throughout the Lake
States. Christensen et al (1951) said it occurs from kaine to

Minnesota, and that it is of wide distribution in aspen suckers,



=lio=-

but doubted that young sucker stands are excessively damaced by

it, larssonia populi (Lib.) Sacc. is an anthracnose of poplars

which kills small lateral twiess of aspen and the portion of the
main stem where these twigs join it (Halsted, 1397), and may
ruin trees in the advanced stage. It is widespread, but most
prevalent in the southern Rocky iountain region (Boyce, 15L3).

Sclerotinia whetzellii Seaver and Sclerotinia tifrons Seaver

and Shope cause ink spot disease of aspen leaves which are common
in the kast and iiest, respectively (Se-ver, 19.5). The disease
produces tlack sclerotia on the leaves during the summer which
drop out, leaving holes in the leaves; severelv infected leaves
die, and sometimes small trees are killed. Ink spot disease is
present in endemic form throughout most of the United States and
Canada, affecting only guaking aspen. Hartley and Hahn (1920)

considered Sclerotinia bifrons to be the most important leaf diseace

in the Fike's peak region of Colorado, but only one severe outbreak
of the disease over a large area has occurred, that being in Quebec,
neighboring provinces, and adjacent parts of the United States
(Pomerleau, 190). Pomerleau reported that phenological observations
indicate the fungus prefers fairlvy cold climates and requires a
rarely occurring combination of climatic factors to tecome epidemic.

Septoria musiva Fke and Septoria porulicola cause necrotic lesions

on the leaves of various poplars throughout the United States and
Canada (Thompson, 1941). Inoculations prove aspen's susceptibility,

but no serious damage resulting from these diseases has teen recorded.
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A leaf rust, _elewcsora albertensis Arth., is common on asgen

in the West, but of minor importance (Jackson, 1917; Hartley and
Hahn, 1920; and leinecke, 1929). Douglas-fir is the alternate host

of this rust. A powdery mildew, Uncinula salicis (Fr.) wint., is

common on aspen in the Southwest (iLeinecke, 192%), but of no conse-

quence,
Insects

As a group, insects protatly cause greater loss indirectly, bty
reducing tree vigor and growth rate, and *v cerrying disease and
providing avenues of infection, than as a result of direct jhysical
injury. Feriodically, some of ascten's insect enemies "ecome epi-
demic, and temporarily over localized areas cause damage exceeding
that resulting from diseazse or other enemies. (enerally speaking,
however, insects are not responsible for extensive cull or hirh
mortality.

Two insects have proved to *e »rimary destructive zgents
of aspen. Cne of these, and grobatly the most imvortant, is the

forest tent caterpillar, lalacosoma disstria [tn., which is a de-

foliator. iecords show that outbreaks of this insect have been
occurring at more or less regular intervels of ten years for at
least one hundred fifty vears ( aird, 1917). Thev occur simul-
taneously in 2 number of widely scettered areas throu~hout the
United States 2ndi 3-nnda, and, to jiud;e from the most recent =pi=-
demics, may te increasinc in durestion 2ni extent in response to the
tremendous expansion of the aspen tyre, the preferred food of the

forest tent caterpillar (Christensen et al., 1951).
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The most serious depradations during the last two outbreaks,
as far as is known, have been inflicted in the Lake States. OSeveral
surveys following the first of these found from twenty to eighty
per cent of the trees dead, the degree of dsmage depending upon the
site, number of complete defoliations, and age of the trees, The
last outbreak is currently in progress, having begun in 1949 at
the eastern end of the Upper Feninsula of kichigan, and appears to
be at least as severe as the previous one., Epidemics are terminated
naturally after several years by a number of environmental factors,
among which spring fronts, high summer temperature, parasites, disease,
and starvation are known to be operative. (Hodson, 1941). Between
outbreaks populations are very low.

The other important insect of aspen is the common poplar borer,

Saperda calcarata Say. This wood borer mines in the bark, sapwood,

and heartwood, excavating galleries which may exceed a foot in length,
Trees attacked severely by the poplar, and there is a tendency for

the insects to concentrate on those previously attacked, producing
so-called "brood trees" (Hofer, 1520), are greatly reduced in cuality
and may be weakened to the point of subseauent brezkage. Study of
affected trees showed that one of the reasons for the rapid deteriora-
tion of many attacked trees is heart rot which rapidly penetrates

the opening made by the insect; other insects too are commonly asso-

ciated with poplar borer injury (Hofer, 1920). FPoplar borer is very

widespread (Chrystal, 1919), but is not given to extreme population



gradations as is the forest tent caterpillar, being an ever-
present source of injury in aspen stands.

Hofer (1520) contended that the poplar borer attacks only
trees from two inches up, larger ones often close to the limbs and
the smaller ones from the base up, but later investigétions have
found the borer attacking trees as small as one inch in diameter
(Christensen et al., 1951). In Saskatchewan Feterson (1548) found
evidence that density of stands has a direct influence on the pattern
of borer infestations, the latter being concentrated around the
margins of stands and only penetrating into them where the trees
are scattered. A survey in kinnesota during 1947 revealed a strong
predilection of the borer for stands on poor sites (Christensen et
als, 1951). Infertility, climate, excessive sap flow, parasites,
disease, woodpeckers, and unsuitsble or insufficient food zll con-
tribute to keeping the poplar borer in check (Feterson, 15L8).

A number of other leaf-feeding and wood boring insects may
attack aspen, most of which cause serious damage only occasionally

or locally if at all. Agrilus liragus is a borer commonly found on

weakened and dying aspen. The flat-headed wood borer, Foecilonata
cyanipes Say, often deposits its egg masses in the scars of the aspen
borer and in axe marks and bruises, and extends its damage to the

heartwood. Flectrodera scalator Fabr., the cottonwood borer, has

been observed attacking younger aspen in the Lake States. It
is always found near the ground line and the larval mines extend

some distance below the ground into the roots. S~rerda concolor




lec., poplar-gall saperda, and Saperda moesta lec., poplar-twig

borer breed in the branches of aspen causing galls with ultimate

death of the branch. A carpenter moth, Prionoxystus rodiniae Peck,

is prevalent on aspen in certain aress of the Lake States, and a
different species in the Southwest is found in trees infested by
the poplar borer. The larvae of the carpenter moth burrow in the

wood of the trunk. A round-headed borer, Xylotrechus oblileratus

Llec., has been descrived as a chief predator of aspen in the South-
west. The flat-headed larvse of one or more species of the genus
Dicerca are common secondary invaders of dying and dead aspen.

Cryptorhynchus lapathi L., poplar and willow borer, occasionally

attacks isolated trees killing small branches and twigs. Carpenter

ants, Campanotus herculeanus L., frecuently take over old larval

galleries and extend the damage.
A variety of beetles are common defoliators of aspen trees.

Among these are the leaf beetles, Chrysomela scripta Fobr. and

Chrysomela tremulae Fabr.; the American poplar beetle, Fhytodecta

americana Kby.; and the curculionid beetles, Tricolepis inornata hHorn,

in the Southwest. Occasional outbreaks of the large aspen tortrix,

Archips conflictana walker, in Canada and the Lake States, and the

early aspen-leaf curler, Froteopteryx oregona Vlshm., in Canada have

defoliated consider=ble areas of aspen. The white marked tussock

moth, Hemerocampa leucostigma S. and A., and the gvpsy moth, Forthetria
dispar L., sometimes attack aspen, although it is not a preferred
host. Isolated aspen trees are sometimes stripped by the poplar saw-

fly, Trichiocampus viminalis.
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tnimals

Aspen has an important plece in the diet of many animals throughout
its range, from “oth choice and necessity. Lxcept for the beaver, few
of these animals kill older trees directly, and teaver inm2:e is limited.
- vhere animals feeding on aspen become concentrated, however, aspen repro-
duction is seriously limited and sometimes virtually eliminated, at least
temporsrily. A secondary but important influence is the increased sus-
ceptibility of stands to insect and disease attack coused ty injuries
and retardation of growth.

Grazing and large trowsingz animals cause the greatest destruc-
tion. Tallies of rerroduction killed or injured in Utah (Sa-pson,

1919) by sheep averazed approximately 32 and 65 per cent respectively
for lishtly and heavily grazed plots. OCorresponding destruction

by cattle grazing was slightly less than half thot from sheep, btut,
on the other hand, cattle browse higher on the stems so that seed-
lings must be four to five years old before they are exempt from
serious damage, in contrast to abtout three years for sheep. Fearson
(151L) blamed grazing for keeping down suckers for many vears in
sections of frizona end New iexico. Curtis (1948) reported that no
aspen reproduction of any consecuence occurs where sheep and cattle
graze in Utah. Eark injury is heavy in the winter elk range of the
West (Packard, 191,2).

Aspen is not a preferred food species for deer. FHill (1946)
reported that deer in the :lack !lills eat little or no aspen except

during April throuch June, and Swift (1S)€) listed it as a poor



second chcice or even starvation winter food. In spite of this, in
areas where populations become too heavy for the normal food supply,
as is currently the case in the Lake States, there is heavy usa-~e of
aspen twigs and sprouts for winter forage. A recent survey in Wis-
consin showed that LO to 50 per cent of the aspen in the northern
and central portions of that state had been damaged. Aspen can
withstand a single heavy winter trowse, however, and come back with
a heavy crop of sofouts the following year. Contrariwise, moose
exhitit a hich preference for aspen as a winter browse (41ldous

and Krefting, 1SL6), but rarely attain a hish enoush population
concentration to cause extensive damage. when populations do become
high, as on Isle Royale, Michigan, they bark and often kill standing
trees '(Krefting and lee, 15.3).

Aspen is the favorite food species of beaver, and is used also
for building dams and lodres. Zeaver will forage as far as four
hundred feet or more from the shores of rivers and streams, and will
cut trees up to eleven inches in diameter, 2lthouch their preference
is for those zhout two inches in diameter (Sradt, 195L7). The tark
of mos% trees up to three inches in diameter is completely utilized
for food, but teavers cut many larger trees which are wasted because
they lodge in other trees, are too unwieldv, or are not considered
palatable. One study measured a2 waste of sixty-four per cent (Aldous,
1938). 4&n acre of aspen will support an averace colony of five
beavers for from 1 to 2.5 vears, depending on the character of the
stand and other factors (Brait, 19,7). when the available food
supply at their home site is exhausted, the beavers migrate to a new

loc~tion.
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The snowshoe hare feeds on aspen sprouts and will sometimes girdle
small trees. £ survey reported by Christensen et al. (1951) revealed
that five to ten per cent of the aspen reproduction in northern wis-
consin had teen browsed by hares. Eird (1930) alleged that in the park-
land region of Alberta aspen would advance much more quickly onto the
prairie if it were not for the rabbits. Cther animals known to feed on
aspen to some extent include red squirrels, tlack bears, porcupines,
goats, gophers, bighorn sheep, mule deer, and field mice,

Aspen is one of the staple foods of ruffed grouse the year around.
leaf buds, catkins, flower buds, and leaves are all eaten during various
seasons. Feeding is most intensive during the spring, and buds are the
most important part eaten (kdminster, 1947). Two srecies of sapsuckers

seriously scar trees by drilling.
Fire

While fire is a great aid to the estatlishment of aspen stands it
should not be inferred that burning after aspen is established is hene-
ficial. To the contrary, fire is very destructive to standing aspen.

These thin-bharked species are easily killed by fire, and all fires, whether
light or heavy, invariably reduce growth, cause fire scars which admit
disease, and deteriorate the site.

If fires are too frecuent, particularly when they are annual, aspen
is likely to be destroyed completely, and a meadow of grasses develops
(Gates, 1930). Fearson (191L) expressed the opinion that repeated

fires had undoubtedly in some instances entirely exterminated aspens



in Southwestern areas, despite its great c=;acity for propagation
by root suckers. iumerous investigators have further attested to
the connection tetween fire injury and decay. ieinecke (1929)
rated fire wounds as the most important factor in the spreading of
disease in aspen. Stoeckeler (19.8) investiszeted especially the
relation between fire and lowering of site ouality, which may amount
to 2 reduction of seventeen feet in site index from a single fire of
moderate severity. Found contrituting tc this deterioration were
consumption of the litter, F, and H layers of the soil, thus destroy-
ing much of the vast network of fine feeding rootlets in the lower
portions of the org=nic layer; loss of nitrogen for tree grovith; and
decreased infiltration and water holding carecity.

Rigid fire protection is therefore an absolute necessity in
management, and it is to te expected that with it aspen sites should

gradually rejuvenate themselves.
Clinatic factors

Aspen is well adapted to climate within its range, but severe weather
sometines causes consideratle demage. ‘Windstorms occasionally cause break-
aze and some windfall over extensive areas, especizlly of trees weakened
ty decay. *ispen is one of the more suscepti:le trees to glaze injury (-ax-
ter, 19:3) and hail bruises admit infection.

Drought very definitely lowers the vigor and growth rate of
trees, predisposing them to insect and disease injury. Aspen is
relatively susceptitle to sunscald of the holes from direct sunlight,

particularly after excessive thinning of stands (Pickerstaff, 1916,
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and Zehngraff, 19,,9). Fizh temperatures are extremely lethal to

aspen seedlings. Frost, on the other hand, retards or kills many aspen
sprouts (Baker, 1925), taking a high toll of those originating after fire
or logcing during the growing season, or not atpearing until the third

year after removal of the crown canopy.
Frotective leasures

The prevailing low value of aspen timber, because of poor guality
and limited demand, militates against elaborate and costly control
measures. The cost of most artificial or direct control measures for
diseases and insects is almost completely prohititive. Utilization stan-
dards are relatively low for most products into which aspen is converted,
and indirect methods of control are usually the most effective for keeping
loss at a reasona’ le level efficiently.

The forest service declared recently thst, "in the long run, healthy,
growing forests, well-suited to the site and atle to resist attack, will
bte the test defense against most insects and diseases, and more attention
should be given to testing and applying the indirect methods of control.”
(U.S.D.A., Forest Service, 15L47). Indirect control refers to the modifi-
cation of forest conditions, through silvicultural and forest management
practices, designed to make them less favorable for insect and disease
outbreaks.

Direct controls are justifiable only for the prevention of

fire and animal damage., Fire is pro“2+ly still responsible for



the greatest amount of destruction to aspen. Furthermore, it is
the major introducing agent of disease and seriously reduces growth
and vigor, thereby increasing the degree of loss from both diseases
and insects. Consequently, fire protection is the most important,
single control measure to be aprlied to aspen stands, and is, in
fact, the only active protective measure in force over most of the
aspen acreage today. The first step taken in putting any aspen land
under organized management should be increased fire protection, if
only to reduce the risk of carrying stands to maturity.

The problem of controlling animal damage is an important
one in the iest where a good part of the aspen type is usad as range-
land for domestic cattle and sheep. Grazin- on these lands should .
be strictly regulated, and is on the national forests. Samuson (1919)
recommended that sheep be coumpletely excluded for three years follow-
ing cutting to guarantee establishment of full stands, though licht
cattle grazing is permissible. In stands teing managed primarily
for timber production, anywhere, erazing should be strictly prohibited.
It has been suggested that regulated rrazing may help growth of
young stands by reducing competition, but the benefits, which are
subject to doubt, hardlvy seem to warrant the cost of supervision and
the risk of introducing excessive decay.

In regions where browsing animals are too numerous game control
laws should be revised to reduce their populations in the states con-

cerned. ©Small animals, such as rabbits and rodents, may sometines
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need to be trapred or poisoned on areas of young growth which are
particularly subject to injury.

When extensive management is practised, maximum net volume
production is best assured by selection of the proper rotation age
according to site cuality, since the rate of decay repidly increases
with ace. nemoval of the overhead canopy in logging nust be as
complete as poscsible, for leaving standing cull trees, or trees
below the merchantable diameter limit as in "diameter-limit" cutting,
invariably suppresses young growth and favors invasion of the site
by brush species which compete for water and nutrients. Trees which
cannot te felled should be girdled or poisoned.

Intensive management practices must bte concentrated on the
tetter sites. It has been demonstrzted that on such sites aspen
responds well to thinnings (Zebtngraff, 19L47). The most isportant
effect of thinnings is a shortening of the fotation by as much as
five or ten years if properly applied, allowing the stand to bte
removed before extensive decay can set in. Ly proper thinning
procedures growth czn be concentrated on selected, vigorous, healthy,
well-formed crop trees, thus mointainingz naximum resistonce to in-
sect and disease injury. Since stunmy: sprouts and root collsr sprouts
are poor risks bthezse shoull te Jiscriminated agzinst, while seed-
lings should bve favorel when tley are disui.guichoiles. Slhinninge
can «nd do L=ruially serve the functions of salvage and s nit-tion
cutiings by removing trees which have succumbeld bto insect or disease

attack, or appear to be poor risks.
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It is important for reproduction cuttings to bte made during
the dormant season to ensure prompt sprouting and full stecking.
Needless to say, care should be taken to avoid injury to standing

trees in all logcing and road-building operations.

Growth and Yield

ty the nature of their usual oririn because of the s-ecies'
extrere intolerance most zsmen stands z2re naturally verv even-
arzed, £fsren reproduction in thrifty stands is rere, 2lthouth
fires mav open un stands sufficiently to adrmit new srowth, riving
them a two-aged form. #As the stands decline and break up after
maturity, the new grovith may te relatively uneven-aged for several
years, tut tends toward even-aged form later on.

Under optimum conditions for reproduction, which is most com-
monly of sucker origin, extremely dense aspen stands orizinate.
Tallies of sprouts on completely clearcut sites in Utah totaled
as high as 0,000 per acre ( aker, 1925). <Clearcuttings during
the dormant season in Finnesota produced from 6,100 to 22,350
stems per acre within one to three years following cutting. (Zehn-
graff, 1546a). Initial stocking varies widely, of course, with
changes in the factors controlling reproduction. For example, in
contrast to the 40,000 sprouts per acre produced on clearcut areas
in Ut2h, mentioned above, only 2,73l sprouts to the acre were pro-

duced when a residual stand admitting only 0.5 to 0.6 full sunlichnt



was left. Natural mortality is very hich in voung stands, due
to intense competition for liglit, water, and nutrients, and at

twenty vears of aze in the Lake States only a‘out ;766 stéhgti6\f

the acre remain on the test sites and about:édbb on poor sites.)

Trese numbers are reduced to approximately 230 and L20, respectively,
at the age of sixty years (4inderson, 1936). zehngraff (19L7a)
recomnended that the number of trees be cut to between 200 and

250 per acre on good sites by age forty to forty-five for maxi-

mum growth in manaced stands. The small number of stems remaining
in mature aspen stands points up the fact that the most serious
result of improper cutting practices is not reduced reproduction

per se, but rather the pernicious effects which they have on

ensuing reproduction.

Incomplete cutting, and cutting during the growing season
particularly, delay reproduction and cause sprouts to be less
vigorous and slower growing. The poorlv stocked youns stands are
e2sily invaded by trush end weeds which further inhitit crowth, and
are more susceptible to hoth animate and inanimate injurious agen-
cies. Surviving trees have poor form and cuality and stand deca-
dence is hastened. Weiple and Frothingham (1911) found that a
sufficient number of thrifty, dominant sprouts for a pure stand
of aspen remained nine years after cutting only when the density
of the crown cover was no greater than O.1l. Thus the yields in

poorly managed stands are invariably lower, and the risk of carrying
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them to a given age is increased.

Data on the rate of growth of stands less than twenty years
of age is limited, but averages approximately 2 to 3 feet in
height per year, not being as dependent on site differences as
is mature growth (Weigle and Frothingham, 1911; Kittredge and
Gevorkiantz, 1929; Tunstell, 1945). This does not aprly to stands
in the rocky iountains, for here young sprouts average only slightly
over one foot in height increment per year even on the best sites
(Baker, 1925). Threse growth rates, comined with the prompt in-
ception of root sucker growth after fire or logiing, enatle aspen
to easily overtop any competitors, and not until the growth rate
has slackened with the a:proach of maturity, at the earliest, can
other species overtake and replace aspen. Gates (1930) found that
replacenent recuires a longer period of time on sandy pine soils
than on the better hardwood soils, and that fires as often as once
in twelve years favor zspen at the expense of the pines. =Efaker (1929)
reported that of the conifers associated with aspen in the Rocky
kountains only Alvine fir is capable of egualling the growth of
aspen during the average life of a stand. The height growth of
seedlings is not as rapid as that of sprouts for about the first
twenty years, but when seedlings btecome successfully established
in large numbers on tare areas they completely dominate the site
as do stands of sprout origin. weigle and Frothingham (1911)
assumed that aspen seedlings are longer-lived than sprouts in

conformance with the general rule for seedling and sprout growth,
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but no experimental evidence is available to confirm this.
Seedlings which happen to start within stands composed primarily
of root suckers, however, usually lose out in the strugcle for
dominance.

Height growth falls off markedly on good sites in the Lake
States after 50 vears, but diameter growth declines little up to
aces of 70 and 80 years. Zecause of sustained diameter increment
unmanaced stands on good sites continue to add volume until losces
due to natural mortality b2lance sta2nd growth tetween 55 and €0
vears (Lake States Forest ixperiment Station, 1%948a). Jcductions
for decay set the aze of nmaximum net merchantable volume at be-
tween 50 and 55 years.

The dominant trees in unmanaced stands do not generally ex-
ceed 10 inches d.b.h. and seventy-five feet in height at the are
of maximum yield (Anderson, 193€é; Zehngraff, 1927a). while in-
dividual trees may reach diameters of 12 to 1¢ inches d.b.h. and
heights of 80 to 90 feet if left to grow untii seventy to eighty-
years old, stands are heavily deteriorated by that time, and at
ninety years exist only as scattered cull trees.

Development of poor site stands is strikingly inferior to that of
stands on good sites. Feirht growth is most sesriously affected,
diameter growth somewhat less. Stoeckeler (19L3) c2lculated that
maximum net merchantable volume in cubic feet was reached at L5 years

or less on low cuality soils. un the poorest sites, termed 'off
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sites," aspen hss a scrubby form, and yields practically no mer-
chantable material under normal utilization standards, although
Schantz-Hansen (1945) showed that stands situated very close to
wood-conversion plants using small-size pulpwood can vield a
profit. Foor site stands generally bhecome decadent before they
reach the age of fifty years, at which enough trees would other-
wise attain the size necessary for appreciable pulpwood yields.
Cordwood for fuel, excelsior, etc. is usually the only product,
and it may have to be harvested before stands are 35 years old.

ronulus grandidentata is reported to re~ch optimum growth at

an earlier are and size than Fopulus tremuloiles, which would in-

dicate shorter rotations in areas where stands are predominantly
composed of this species, notably in part of iinnesota (iwbinove
and Horton, 1929).

oxcept for the ilocky iountains, asien yield tables have been
constructed only for the lake States, but they very probsbly are
all applicable, within the limits of accuracy they possess, to
southern Canada and northeastern United States as well. Littredge
and Gevorkiantz published the first set of yield tzbles for well
stocked lLake States stands in 1929. Tables were prepared for
yields in total cubic feet, board feet by both Scribner Decimal C
and International log rules, and cordwood. Yields were classified
according to five 10 foot site index classes from LO to 80. 1In

a publication by dJotnson, Fittredrse and Schmitz (1933) the t=bles
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for volumes in board feet and cordwood were partially repro-
duced (see Tatles 1, 2, and 3 in £ppendix). The yields for site
indices 1O and 80 were dropped from the tables and the site in-
dex classes 50, ¢0, and 70 were simply latelled poor, medium, and
good. These changes in form were probsbly psrtly for the reason
that the large majority of sites in the lake States fall into

one of the three classes retained, and partly in realization of
the fact that on a practical scale five classes were both un-
necessary and difficult to distinguish. Identification of these
site classes was later simplified by relating them to original
cover which can usually be ascertained easily (Lake “tates vorest
sxperiment Station, 1535d). The hizhest cuality class is des-
cribed as aspen of fresh or moist soils originally occupied by
hardwoods or white spruce, pure or in mixture with white pine or
balsam fir. Iedium site aspen is on fresh soils originally occu-
pied by Norway pine and white pine with some hardwoods of inferior
quality. Foor sites consist of dry sands capable of supporting
Jack pine and inferior lorway pine, sometimes interspersed with
an undergrowth and mixture of scrub oak.

The t=bles show possible vields of 37 peeled cords or 6,600
board feet per acre (by the more conservative Scribner uvecimal C
loz rule) on poor sites, whereas forest surveys made shortly af-
ter their preparation found that typical volumes even on medium

sites were only 3000 to 5000 bozrd feet ver =cre (inderson, 1$35).



Actual volumes in natural aspen stanis fell so consistently and

so far behind the normal yield tables thzt -‘nierson concluded that
"the usefulness of the latter is brourht into cuestion." :neasons
advanced for the great discrepancies were: (1) existence of fewer
merchantable trees per acre in the typical aspen stand than shown

in the normal yield tables (particularly if cull trees are omitted),
(2) lower averace volume per tree in forest stand than in a well=-
stocked stand because of poorer form, (3) volume of average forest
tree is less on account of crooks, rot, and other defects, and

(L) more exacting standards of utilizstion current a2t the time of
the survey with respect to top diameter and minimum size of mer-
chantable trees. Zehngraff(19L7a) attributed the over-cstimates

to failure to 2ccredit proper weight to: (a) the exceptionally
high natural mortality rate of the species; (b) the hirh cull per=-
centaze, especially in older stands; and (c) the natural slowdown

in growth with age.

The largest source of error is undoubtedly the hicl propor-
tion of aspen lands which are uniler-stocked. :tecent ficures from
the forest survey in the Lake States revealed that of the nearly
twenty million acres of aspen tyve, almost five million Aacres, or
a quarter of the total, are poorly stocked or denuded (Cunningham,
et al., 19Lh6). =22rly survey data disclosed that whereas normal
aspen stands at sixty years of age are supposed to have from 330

trees per acre on hardwood land to 122 trees per =cre on pine land,



the actual numbers of sound trees in averare stands were only 215
and 110, respectively (&nderson, 193¢). Lot only were there fewer
merchantable trees, but the open-grown trees were shorter and of
poorer form, and consequently contained less merchantable volume.
According to the yield tables a 1L" tree from a well-stocked stand
contains about 170 board feet, yet trees of the same diameter in
under-stocked stands contained only about 110 hoard feet.

Survey fisures on merchantable volume were in :eneral agree-—
ment with those of Schmitz and Jackson (1927), althouch showing
consideratle variation vith site and product. A later study of
heart rot in Canada in which the firures for all sites were
grouped together found an extraordinarily bhish r2te of decay
amounting to 50 per cent defective or cull volume between 70 and
80 years of age. +1lthough these figures are not appliczble to
the Lake States, and are not specific enouzh for general appli-
cation in any case, they serve to emphasize the important role
of decay in determininz yields in unmanaced stands.

‘A yield table constructed from early forest survey dats,
Anderson (1936), (see Table L in Appendix) gives empirical
yields in both gross and net volumes under the forest survey stan-
dards of utilization in force at that time. The site classifi-
cation adopted corresponids fairly closely to the system used by
Johnson, rittredce, and Schmitz (1930). Llhe sites were defined

by the natural cover tvpe and heichts were omitted, arparently



because of the reduced correlation between sit2 productivity and
site index in uniler-stocked stands. ‘:ields 2re revised downward
drastically from those given in the previous tables, tut, stran-ely,
follow the same trend of continued merchant ble volume increase
with are even duringz overmaturity. It seems extremely doubtful
whether the fisures for at least the 70- and 20-year ere classes
can be considered valid.

The most recent vield table for the Lake Statec, puodiished ty
Zehngraff (1947a) .=ee Table 5 in Appendix), agrees with the recog-
nized form of volume-over-age curves, showing maximum yields at

"

between 50 and 55 yeaers. The yield figures represent the zross

volume which may be expected in well-stocked, ;nmanaged stands.
Sufficiently detailed information on the relation of cull to age
on various sites in well-stocked stands was not available for
close estimation of theoretical net merchant=ble yields. Stoeckeler
(15L3) has constructed a set of vield curves, rowever, for five

soil classes correspondinz to the site-index classes of iittred:ze

and Uevorkiantz (192%), which show empirical merchantable vields
in cubic feet and cordwood from investications in !innesota and
iiisconsin.

Baker (1925) comgosed an empirical vield table for asren in
the Central :lccky :ountain region which sets forth ~ross yields in

cordwood and toard feet. It is meaningless to comrare vields on

a given site in this region with yields on sites of coordinate
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ouality in the Lake States tecause the growth rate of aspen in
the former rezion is much lower on all sites considered collec-
tively. OCbviously, therefore, productivity is correscondincly
hicher in the lake States. w<n the other hand, if the stricter
standards of utilization adopted in the yrepsration of :taker's
table are taken into consideration it appears that final yields may
equal those of the Lake ctates. This is because the rate of
volume increment does not fall ofi until aces of 30-%0 vears due
to greater stand loncevity (ieinecke, 1929), by which time indi-
vidual trees are aprroximately as larze as those in msture stronds
of the lake States.

Accurate prediction of yields under mancserent is impossible
at oresent, but it seems certain that some increase can be achieved
simply from the increased stockins which proper management can
effect. In addition, experimental evidence gives hizh promicse of
increased yields, improved cvality, and shortened rotations under

intensive mana ement on cood sites
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Lspen Supply and Utilization

Acrezres and volumes. The entire stand of asren saw timter

in the United States has been estimated verrs rousily 2t 2,320,000,200

board feet, in addition to which there are probatly 2tout 40,000,000

cords of wood suit2tle for fuelwood 2nd pulpwood (Zetts, 19LlL).

In the region of Canada made up of the provinces of lova Scotia,

l.ew Prunswick, uebec, (ntario, and ~anitoba, the volume of pop-

lar (including 2spen ard talsam voplar) was estimated at approxi-

mately 2,661,000,00) board feet and 53,257,000 cords (Crai~, 1927).
The stands of commercial esren saw timber in the United Ctates

are located yprincipgally in the Lake Ctates and the wiortheast, par-

ticularly in the forzer region. The combined stand of aspen,

cottonwood and halsam poplar of saw timher size in the eastern

part of the United States was ;laced at approxinmntely £3,000,000,000

toard feet in 1923 (U.S. Senate, 15L1). In the Central :ocky

Lountain region (Colorzio, Idaho, levada, New »exico, Utah, and

Wyoming) Faker (1925) estimated the stand of aspen at 12,658,000

cords on 4,000,000 scres. A survey made in the iacific northwest

during 1930, by the Facific lLorthvest rorest Lxperiment Station

as a part of the forest survey of the United States, showed less

than 5,000,000 board feet of saw timber and about 20,000 cords of

pulpwood in 'iashington snd Cregon.

As yet, detailed statistics on the areas by site class,



volumes by size cless, ;rovith, etc. have heen vublished only for
the Lake States. Eere, up to date information obtained from the
193h-36 survey, re-evaluated in 195, h2?s recentls teen comglied
and putlished (Cunnincham et al., 19.5; Chase, 1°L7; ‘orn, 19)8;
and U.S.0.A,, Forest Service, 1950).

The asven tre (Lands on which "asten 2ni zAcer hbirch, either
sinzly or torether, make up more than S0 caer cent of the stand"

were arbitrarily classified as aspen tyje. '"ispen," in the sur-

vey, included Fopulus "“2lsomifera L., and iojulus detloides .arsh.

zs well as the true aspens; roruluvs tremuloides wss estimated to

make up etout 30 to S0 per cent of the volume.) occupies 19,853,000
acres or 39 rer cent of the coumercial [forest ~rea in the izke
Stetes. lhis is slisntly more than twice the area of tre next
largest tyre, the northern hardwoods. uf the total =2spen acreare,
over half is to te found on sites of medium cuality (site index
€0-70), with one-third on poor sites (site index 59 or less)
and one-sixth in the goodl site classification (site index €8 or
greater). Arproximately 2! per cent of the aspen tyre falls in
the rerchantatble pole 2nd saw timter size clesses, qearly 2/3
teinc in the pole timber class. About 52 per cent is considered
as satisfactorily restocking to seedlin:s &nd saplin-s, while an
area a little greater than tha2t bearing merchantable timber is so
poorly stocked 2s to te practically deforested.

ts of 1945, aspen constituted 13 ger cent oi the saw tinbver

volume (Volume me=surements included all :orulus srecies, but not



raper birch) of all tree srecies in the lake ¢i2tis. this ecuals
aprroximately 6 1/3 billion board feet (kv Internationsl . -inch
rule), of which 70 per cent occurred in saw timber size stands,
the balance keinr scottered through pole size and unmerchantable
stands. The actual, usable saw timber volume, however, arter dis-
counting for inaccessibility, rot, and loss resulting from over-
maturity was almnost 20 per cent smaller. In contrast tc ths rela-
tively low aspen saw timber suprly, the total volume of asren
pulpwood was nearly =s great =s the collective total of all other
common pulping species combined, amounting to 17,300,000 cords of
standard pulpwood exclusive of saw log material. 1n addition, if
standards were lowered to permit the pulpin~ of all aspen sticks
over li inches d.i.b. with less than 50 per cent defect, the
utiliz~ble volume would be increased bv more than 25 million cords.

Although the tot2l volume of aspen in the vake States is
very larce, it is not all available for cuttine at any given
tire. It was estimated that onlvvsbout one-Lalf of the saw timber
size material and three-fourths of the tot2l cordwood volune
(including standard and sub-stenderd pulpwood and pulgwood in saw
loz material) is in stands with sufficient volume per acre to
rermit economic lozcing operations.

un the other hand, growth between 1925 and 19l wss far in
excess of drain due to cutting and all natural losses, and the

margin is expected to increase even more in the future. Growth
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for the ten year period 1$3Li=Lli was four times c¢reater in cubic
feet and 2% times sreater in toard feet than drain. Inzrowth of
aspen into the merchantable classes will be corparatively slow
until 1965 when, with continued and imgroved fire protection, the
vast areas of restocking aspen lands will "come of ase." It was
estimated that total cut for the region could, without over-
cutting, be increased almost three times, and the saw timber cut
atout twice, before 19€0, and increased thereafter. wsstimated
allowable anru2l cuts of saw timber for the period 1915-1959 and of
pulpwood for the period 194€-1965 are 300 million board feet

(International % inchk rule) and 2,0L0,000 cords respectively.
Ubstacles to Utilization

aspen was ucsed only in small cuantities until the large
demand for lumber during the war literally forced its use, rrin-
cipally in the Lake itates. Limited demand has teen primarily
due to the small size lumber yielded. Un many sites aspen never
attains saw loz size, and previous to the war trade prejudice and
supplies of larger, higher cvality timber species limited cutting
cf aspen. Combined with low stand density and high cull percen-
tage, small size £till restricts most aspen loszinz to operation on
a small, narrow margin scale (Garland, 1Sh7 and Zasada =nd Kleunder,
19,9). .ith the long established loz«ing 2nd savmilling methods

set up to handle larger species, like the northern hariwoods,
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costs are hicgh for the small-sized aspen locs obtaincble and are
increased by the uncertain availecbility of operatle supplies of
merchant2ble timber in manv areas, due to irregularity of aspen
stands and the mixed pattern of ownership.

Thg increased utilization of aspen during the war has led
to studies aimed at finding more economicz2l 2and efficient har-
vestinz methods. .ech2nic2l ecuipment,.such as yovier s2vs, mo-—
bile pulpwood harvesters, lo2ding machines, and mechanical barkers
and peelers, has been develo:ned, but most of it is still in the
exyerimental stace (Schantz-ilansen, 19,8). C‘ome of these machines
have demonstrated their efficiency, but the expense of powered
eocuirment requires a large operation in valuable timber, which
indicates that its use will generally be precluded for medium and
low guality aspen stands. Cf particular interest to growers of
pulrwood stands are methods of artificial peeling, because they
can lead to a wider market and hicher prices while allowing cut-
ting during the dormant season. Various systems of bucking,
skidding, and bunching and of manpower disposition are also being
tried, with the object of reducing the number of man hours of
work reruired to cet aspen timber from the sturp to the olant.
woods oreration of chipping machines, now teins studied, would
hely to accomplish this while leading to closer utilization.

Lost aspen is cut into a variety of rouzh products. In the
past a great deal of the timber has been improperly or wastefully

cut and often not seasoned. rurthermore, a larce proportion of



aspen lumber is manufactured by small, portable sawmills, and
much of it is poorly sawn and un<raded, producinr low suality
lumber at high cost. Zasada and Kleunder (19L$) have advocated
wider use of the "center split horizontal band re-sawvmill" for
the advantages of accurate sawing, larre volume vroduction, high
recovery (larce overrun), and low cost of operation.

Lack of information as to location and quantity of supplies
of aspen for specific products, and iznorance of the properties
of the wood, have shared responsibility with high costs of pro-
duction and poor utilization practices for creatin~ buyer pre-
judice 2rainst aspen. Garland (1%47) rointed out that forest
surveyv ficures are not detailed enouch to be useful as criteria
for utilization recommendations and asserted that a series of
type maps showinge species composition, aze of stand, condition
of stand, and site classification by areas =2s small as forty
acres is needed. (wmers and managers of aspen stands can help
to solve their own marketing vroblems by advertising the timber
they have to sell. In order to do this successfully, the forest
owner must have made a reasonably accurzte survey of his tim-
ber holdings. Furthermore, the owner should te familiar with
the specifications for all of the rroducts for which a possible
rarket is available. Ie must then decide what kind of operation
will most completelvy utilize the timber he has for disposal, with

greatest financial return. rinally, rrospective timber buyers



have to bte contacted and informed of the amount and kind of timber
for sale. Zasada (19L9) recommended that they be sunrlied the
following information: (1) The amount of timber in board feet or
cords, and the exact area involved. (2) The kind of timber, its
quality and size. (3) The loc~tion of the timber, distence from
towvn, railroad sidin:, 2nd wood-usins plant. (L) .eans of access
to the timber - hishways, woods roads, and trails which pass
throu~h or near the timber troct.

Lspen's poor sutstitution for many products of the oririnal,
dominant tinher srecies, ins/regions where it is now wides;re=d,
created a gen;ral rrejudice a~ainst ihe wood which has only rra-
dvally disrelled with more comzlete tnowled-e of its true charac-
teristics. ILike any other species, the wood of aspen has certain
definite use limitations. Un the other hand, it has distinctive
propertieé which make it particularly well-suited to some uses
(2asada, 19L7). In spite of the many retarding factors, the mar-
ket for aspen has expanded ccnsiderably during recent years, par-
ticularly in the lake ttates, because of its relative 2vailsbility
and some degree of conformance with the recuirements for a growins
list of products.

~spen wood is lisht colored, licht weirsht, uniform in texture,
str2izht srained, and free from staining or odorous materials.

It is fairly easy to work and finish, has a low tendency to sclit

in neilinz, forms stronz joints when glued, holds paint reasonably
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well, and can bte seasoned satisfactorily by air-dryingz and kiln-
drying. These properties are advanteceous for use of the wood as
boxes and crating, pulpwood, excelsior, core stock, veneer for
matches and food containers, toys 2ni novelties, and limited small
construction use where decay resisteonce and c<reat strenzth are not
necessary. The first three of these vroducts now rerresent a lsrge
procortion of the total aspen drazin, aznl the pulpwool market holds
particular promise for increased demand in the future.

ispen's low strength and decay resistance, poor nail holding
power, numerous knots, lack of attractive grain, and low density,
combined with the fact that only a limited amount of wide, clear
lurber can be obtained from the small locs, make it less desirable
than many other species for products such as construction lumber,
comnercial veneer, railroad ties, mine vrogs, fuelwood, fence
posts, high-grade furniture, and chemic=l wood. levertheless,
aspen satisfies the recuirements for several of these products
well enough to be used in consider-tle cuantities because of its
greater =2vailability. Lesser amounts of asnen are used for 2 rreat
variety of other thinrs, »nd a complets list of all products for
which asrpen is vused, to some extent, would nrot=bly total in the
hundreds.

Aspen's competitive rating in the lumber m2rket can probsbly
be raised, but it will require better handling from growth on

the stump to final manufacture. iesezrch must continue to try



to find new uses for small material which will lower the utiliza-
tion limit, forest manazers should aim for ;reater yields of larger-
sized, higher cuality lozs, improved lozzing systems are needed

to enable lumbermen to more fully utilize the timber in stands

and leave the land in better condition for future -rowth, and pro-
cessing and marketinz standards must be raised to command hizher

prices.
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Aspen Silviculture

The ap-.licrtion of correct silvicultural technicues to aspen
stands is essential for high productivity. Ileglectful cutting
practices are condiucive neither to thrifty aspen growth nor to
replacenent of the type with a healthy stond of other desiratle
species. The result of csreless cutting is almost invarisbly a
stand of defective, slow-rrowinz aspen mixed with other inferior
species and invaded by brush.

Assuming fzvor-btle marketins conditions and other economic
factors such 2s tax rates, the cuestion of profit in the manace-
ment of asyen as a permanent, rure crop devends upon site ~uality.
cccordin~ly, its determination is the firest preliminary to orgzn-
ized man2gemant of scpen londs. Stoeckeler (1943) has prerared a
t2ble indicating the recommnended choice of treatment for aspen
lands based on the two simcle criteria of soil texture and fire
history. .ezardless of the owner's decision, however, successful
management depvends upon planned cuts accoriinz to cle=arly defined
requirements.

Aspen silviculture nezed reouire only a minimum of techniczal
skill to aprly and can be varied in intensity in order to adjust
manacement costs with rotential yields from merely a jrorerly
applied reproduction cut 2t maturity to the inclusion of frecuent,

light thinnin=s begun early in the stand's life. =t present



intensive man2cement is possible only on the best sites, but
great improvements can be ma2de in the condition of nost aspen

stands with extensive management methods.

ceproduction Cuttin-s. It has alre=dy been made manifest

that aspen's silvic=l characteristics adart it to a clearcutting
system, and that because of the species' avidity for lir~ht this
literally means "clear" cuttinz. slso explained, in the section
on reproduction, was the effect which season-of-cutting has on
aspen's sprouting ability, and the stimulating effect of disking
the soil following removal of the mature stand. T[his knowledre
can insure immedi~te ani complete recenerstion of aspsn stands
if strictly applied.

Conversely, it helps to illustrate the most effective methods
of eliminating aspan to make way for other srecies. 1f economic
conditions or roor stand quality make conversion desirable trere
are several effective mnethods of rolding back or destroyiny aspen
sprouts. -ssically, all involve cuttin<, firdlin:, or voisoning.
Girdling has the adventages of economy if the st2nd is too poor
for comrercial cutting, reduced sprouting, and gredual release
of advance growth, but is not adapted to sapling-size stands.
Foisoning is effective in younc stands (vav, 19L7; orler, 1949;
and .ible, 191:9) 2nd rreferable to cuttinz from the standpoint
of reduced sproutinr, tut may he a hazard to wildlife and menaze-

ment.
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when the stand is to be held until maturity an excessively
heavy thinning about ten years before the final removal of the
overstory will stimulate the production of root suckers which
will be surprescsed by the remeininz trees and inhibit develop-
ment of later srrout crowth. virilin~ a year before the final
cut discours~es sprout rroduction and cuttinc hack srrouts a
vear ~fter their incertion on a clearcut area weawxzns t-exn ~nd
aids outstrinpin~ bv other species, but several such liveration
cuts are usually necess~ry (Ruiolf, 1950).

Slash disposal c2n be dispensed with in aspen stands. <©lash
does not interfere zi-nificantly with sprout production or growth,
ani its low flammatility and rapid decomjosition classify it as a
minor fire hrazard (Zoyce, 191:%; westveld, 19L¢). uUecomposition
is complete within four or five years.

Liniting the lensth of rotation is the most important sil-
vicultural tool that the forest ovner has for controllinz the
amount of defect in a stend. Studies in the Lake <t~tes have
demonstrated that rotations should not exceed 55 years on cood
sites, 15 vears on medium sites, 2nd tre winimum reriod necessary
to rroduce a commercial cror on poor sites (zehn-raff, 1%L7a).
Some owners mav wish to grow larrer, more veluztls trecs by
sacrificing volume, but sehncr:ff estimated that the lar-er

products must btrinc a stumpace vrice arvvroximately three times



hirsher than usual in order to corpensate for the loss in volume
and time. ire lerger class of products cheould therefors ke srown
only on the very bect sitss which, with intencive ranscerent,
will mroiuce them in a norual rotation or slichtly lonr-er without
involvinz serious ricsk.

It is obvious th=t heavy volume losses c2n e avoiled only
br cuttin~ 2sgen stands jprorgtly st sieturity. +he {irst ctep in

nanagement must tharefore be to classiiy tha arpyen lanlde according

try

to site and a~e clzsses than an orderly cuttins plan may te
adopted. arvestino com:letelvy and at the proner time will
usually be fully sufficient to restore and maintain the produc-

tivity of aspen lands at a reasonably hich level.

Intermediate “uttin-s. ror even hicher yields of larver,

sounder, and more valusble w~terials thinnin's must be resorted
to. 45 esrlr &s 1911 .eirle znd Frothin~h=m observed the desira-
bilitv of thinninvs, tut only within the l=st twenty-tfiva vears
has serious experinentation been corried on to mzasure their eftects
and discover how nest to emnly theme The results of studies con-
ducted on the iike cay _xperivent2l Zorest in . innesota have cen-
erally indicoted that M"asten resionls excestionallv well to thin=-
nirz, esnacially during eorly lire." (cenn-roif, 15h72). wvidence
is not comrlete encush to predict kow much thinninrs can increzse
the cuality and vields of 2spen stsnds but presently rronises at
least reduced defect #na larcer :.os~ible sizes, which =slone orpear

to justify non-commercial thinnin~s cn gool sites.



51~

in unfavorable report on the efiescts of thinnins was mede
after tricls on the retawawa rorest Sxperiment ctotion in Canada
(Pickerstaff, 1Sh€). A Ttasic d*fference existed retveen the
t;pe of thinninrs rsde in this study, hovever, 2nd those wrich
have been arrlied on bLake States samrle plots. Jomercial
thinnin's wers =.plied to four youn: asmen stands of verving are,
site, and density and remeasured ten years later. 1In order to
make them pey for tremszlves nnd on the crerise that only one
thinnine would be economicallv fe=sivle lurin~ the rotrtion, the
thinnin-s were very re-vy, rerovin~ 70-70. of the orizin~l stoni
in each cazse. [his necess~rily recoved the larcer, ore viiorous
trees, le=sving =2 drestic=1lly reduvced " rowin: stock of suwsller trees
from the lcvwer crown classes. The si-nificant feature of the
rereacsurerent dsta is that, 2lthou-h the yer -~cre wield -nl in-
crerent and yield of the thinned olots was ahout the snie as for
the unthinned plots 2and sunsceld d-mare =nd otlizr injuries were

hizh on the former, the volune increment -er trse-wns muct biher

Success witil thinrin s on tie like -~y wyyerimentsl Jorest
hag “emonstrated that such cvttin-s shouli e wmale Iroa 'elow, with
no attergt to mcle early onsrations p2y for thems=lves. Irses re-
moved were selected with » tree classific-iion rrsed on vivor,
souninzss, fori, ~ni utilitv to serve as 2 ~uide (“evorki-ntz,

€. 1. et 21, 1€M3). Iree vivor, rc exnres~ed by such external

N
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characteristics as (1) position in the st-ni an? relotion to
surroundine trees and (2) crown density, is the most incortant
basis for the clessificstion. irees of low vi-or are the most
defective #nd slowest ~rowin-, thus arcuin- tn2t trhinnins from
ebhove defq2ts its own Tur ose which is to concentr te - ro.th on
the most rromisin~s individvels in the strnd. Lthe trees removed
in thinnin-~s shouli he those which are losing out in the strurcle
for dominance, defective trees, 2an! trees which have wounls or
other 2venues of disensz entrv which malie them voor risks. In
addition, otrer low-velue or poor ~uality hardwoods which inter—
fere with tre ~rosth of ths nest asuzn should be removed on ~ood

sites wrere the latter ic or'ten supnerior to its fssociztes, Al-

thoush yromotin: more r-n»id ~rowth, thinninrs of this sort =lso

cerve partially as irprovement and salva-e cuttin-~s in olaer stands.

In 1926 a series of thinnin- rlots was estoblished in 2 13-
vear old st2nd of -cod-site msven =ni reme-sured in 1915 =2t tre
are of 23 (sehnrraft, 15h¢d). Accordin-~ to tre results voung

aspen resnonds to trinnine almost in Zirect relation to increased

smacinse un to

X
s
[0}

[}
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<
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fecet. Fracins of 7 tv 7 feet awx
8 feet bty 9 feet ofizr the best rossitilities for m=n>-srent.
If the plots thinned to these svacin's in thne experiment had teen
clezrcut for pulowood in 1315 edded -rowth 21lres i~ would rave
raid for the thinn’n-~ costs.

necent exrperimental, non-commercial thinnincs ia 1l-2nd 20-

year-old stands indicated that thinrnin~ costs are riuch lower



at 10 than at 20 vezrs (Laie Stetes lorest ~xperiment ttaotion,
1952a). .otwithstandin~ the t=ct tn~t in the older stond only
dominant end codoainant trees thzt were interferin: with selected
crop trees were removed while 211 cut €JJ to SUV of ike best trecs
per acre were lei't in the youn~er stand, thne earlier thinninz was
more economical because of crerter time recuired, even ailter jyro-

jection of the rrevailin~ ware rates at 5 por cent.

[
b4y

ter aspen stonds reach pulrwood size it anmnezrs that partial
cuttinzs of moderzte severity can te niclde to zivantoze from anove,
or et least without cerious detrimentzl »fter-ei_ects (.ehnsraff,
16h7a). wviemeter limit cuttin:s of 3, %, 2nd 10 inches were

tried in 2 L3-vear-cld stend on a 00d site on the riks .ev
Zxrerimentnl corest in 19235. ierzasurensnts six vesrs after
cuttine revealed tnat the 1l0-inch difreter-limit cuttine: h=l rro-
duced considersLly nore total volume then anvy of tre other cuttine

rlots »nd sli-htlvy more thon a check -lot. 4 9=inch lirmnzter-

[5)

limit cuttin~ wns ctulied on on optimwn stfe for ssren in /rizona.

o)

4 resildunl stond of 35L cubic iect/2cre in trzes four to eirht
incnes in diameter was left, anid rencasureiients five vears later
found that -rovwih exceeded uy one =nd one-half to two times that
of comparable stanis of pondlerosa rine.

Fovever, th:z oljcctions cited zbov

v

to this rorm of cuttinr

£

a

still aprly if the residuzl staad is too smrll or delective.



Zehneralf cautioned that cuitin s from above siould not exceed
1) per cent ol the merchant-hle sa.lo~ volume ani =hout 15 par cent
of the “ercrart=hle trees. wconomic coniitions rermittin- such
intermediste cuttin:s chouli also te made froxn telow, utilizin-

small merchantable trees and scme larcer trees of woor form,

cuality, or risk.



THS ASrzw ralclis. AWD COULSIS OfF ACTIcL

The aspen vroblem is a part of the much larger land use
problem left in the wake of the wave of destructive exploitation
which, in less than a century and a half, envelored most of the
great timberland regions of ths United States. with the end in
sight for the last of the hizh-grade, virgin timver, this country
is left with vast arezs of unproductive or partiallvy productive
lands still lantuishing from the effects of the economic tlirht
whiéh followed exhaustion of the orizinal timber suprvlies. for
the most part, these lands are fitted only for the production
of timber crops and, in lerge measure, the veople must look to a
regrowth of the lumbering industry for a bri-bter economic future.

nevival of the forest lends has been perticularly slow in
the Lortheast and the Lake States despite a hich concentration of
wood=-using industries, and it is in these regions that the aspen
type rezched its greatest exransion. #s an interim nrotective in-
fluence which lessened the deterioration of denuded lands, aspen
performed a valuzble service, but, with contemplation of 2ccelerated
forestry prorrams for restoring the forest lands to full produc-
tivity, aspen areas present a particularly difficult rroblem. So
great is the area of tﬁe aspen tvie that in syite of sn expanding
market for the species the demand will appsrently never equal the

surply; definitely not in the foreseecable future. .eanwhile, aspen



has not outgrown its unofficial classification as an inferior
species and discrimination against it continues. Inhough able to
out-produce other svecies in total cubic volume, it will never bte
able to compete in satisfying the Liation's great future reauire-
ments for high-zrade saw timber, needed both for reace 2nd as a
reserve supply in case of war. lor are the revenues derived from
aspen, on medium and low cuality sites. certa2inly,corpzrable vith
the rotential returns from other species.

In their present state, a large majority of the aspen-bearing
lands afford little or no income for their owners, and, in fact,
represent a real econcmic loss to the porulation at larze by
their idleness. lthe huze arees of land preernpted by the aspen
type could be growing rwuch more valunble ti bter crops ani halting
the decline of the lumbering industry in these regions, but in-
stead are generally only a financial burden to local and state
governments which must supply them with governmental services re-
gardless of their productivity.

Increased production from aspen lands is clearly vital to
the forest economy of the Lake States and the l.ortheast, and is
highly desirable in other regions where asren hes even less value.
A number of serious difficulties have, hovever, hindered progress
toward that end, most of wikich have srisen iroa the very fact that
these lands zre of low value. The rrest cuantities of asgzen in

corparison with the limited merket z2ni low wvalue, the poor ~uality



and low stoclin; of the large majority of stanis, costly and in-
efticient loccing methods, and low yields of merchantable sizz
material h~ve discouraged ownership of naspen lands, with the re-
sult that a majority of them has now become rublic ovmed throuzh
tax forfeiture or purchase. Lhese same factors,vlus lack of ex-
prerience and technical information,have been prohibitive to
planned m2nazement for sustained yield.

Those aspen lands which are publicly owned are largely of
the lower site and a-e classes, and these 2re divided amoncst
several levels of covernment. Frivate companies generally own
better aspen lands, but lack sufficient consolidated acreage and
a proper distribution of a-e classes for effective management, and
most small wooidlot owners are indifferent =bout maragement of
treir stands. Thus, "management" to date has consisted almost
exclusively of necessary fire protection, with the exception of
experimental work csrried on by the federal government. The
natural consequence has been continued ir.rorer cutting, resulting
in even rreater areas or defective and under-stocked stands.

It is obvious then that the nasnitude and conplexity of the
aspen problem will necessitate maximum cooperation and coordination
of effort between nrivate forestry and the public a~encies con-
cerned with land use for an effective solution. The recuired long

range nature of whatever formal measures viere adopted and the large



pgovernment ovnership of asven lands further iniic-te thaot the
public would h=ve to suprsly the initial impetus zni carry the
major part of the burden of execution for any prorram decided
upon. For obvious reasons, tihe initiators and directors of such
plans would have to ke tre states, specifically the state forezstry
a2gencies., Lowever, tre assistance of all covernment departuents
supervising land resources would te indispensable.

Three alternative courses of action for develoni:.g aspen lands
are acparent: (1) rlanned manazerent tor ssren, (2) conversion to
mere veluahle species in the near future, or (?) temzorary menage-
ment Ior aspen with conversion to other s;ecies z2fter one or more
rotations. <1he decision in the case of a particular stand re-
cuires consideration of a2 number of tactors, including site guality,
aze, density of stockinzs, amount of defect, charscter and density
of the understory, ownersnin status and condition of surrounding
forest lands, and marketing possibilities.

Cenerally sveakinz, the primary consideration must be site
quality. In view of the tremendous area of aspen, and its site
sensitivity, aspen management not only locically should but must
be concentrated largely on the most productive sites, or those having
a site index of sixty-five or hirher. :iedium 2nd low cuality sites
are usually characterized bty lizht soils oricinslly occuried by
conifers and best adapted for conifer ~rowth. (n the other hand,

medium sites alre~dy beinz successfully man=-ed for asnpen would



of course retain their status, at le=st temporarily, and some

of the ‘etter medium sites should te menozed for aspen where
marketing conditions are particularly favorohle for small-sized
material or in cases of need to exredite mansrenent over a wider
area.

Flanting on the bhest aséen sites, meaning usually those sites
orisinally occupied by hich-=cuality northern hardwoods, should be
very limited. aostahliskment of conifers on these sites is un-
desirable if fa2vored hardwood svecies can ke grown, =2nd the risk
involved in ~lantinc hardwoods is too great to justify such a
venture while much rre=2ter areas of asren land await planting of
conifers. wviven time, most aspen stands on thess sites will
revert naturally to more tolersnt hardwoods =and the indic=zted
method of handlin>, if conversion is the objective, is extensive
manacerent with cuttings favorinz sradusl ascendancy of these
srecies,

f£s a result of the recent, sreat end continuins strides mede
in the fields of utilization and silviculturil research, profitable
sustained-yield wmanacement now seems féasible for millions of
acres of aspen land. Zehncraff (19).9) has defined the objective of
aspen manacement as "cuvality production," pointing out that be-
cause of the creat weste in zspen every year, due to poor ~uality,
this would he tantamount to sreater ruantity rroduction as well.

Improved ounlity is the best remedy for many of the utilization
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ills still pleapuings asgen and if thes2 could 2 minimized the
obstrcles to aspen manz-ement would te no rezter than for other
srecies. In fact, asren's natural 2ttributes ad=z7t it to an
inexgensive and simglified form of mana eient. 1t crows in re-
markably regulcr and even-2 ed strsnlds under norial conditions,
21lows a short rotation, hrs little tendency to starnate serionsly
vet responds well to trinninz with added -rowth on rood sites,

and is surelv and prouprtly resroduced if cert2in precrutions are
observed.

Intensive mencement practices are not now przcticsble on a
large scale, but must be limited to sriell holdiness and the better
organized lands of a few private com-anies. [he immediate goal
must be to organizz the lands of indiviidual owners for more in-
tensive future prectices by segregatinz stands into seprrete
site and age classes, and to adopt a cutting policy which will
improve stockinz and establish an eaual distribution of a-e
classes while utilizin< the existin¢ mature tinber as comyletely
as rossivle. In this connection it is essential tliat fire cro-
tection be maintained, 2nd even increased in soue rreas, and
thet lozrinz practices be irproved to prevent the sprend of aspen
to new areas and the further deterioration of those sites on which
it is 2lre-dy rresent.

The states and federal -overnwent ani tte larrer industries
are rro-ressiny ~radually toward continuous lon:-ran-e mznarement

on their foresst holdinss, but, notwithstondinc technica2l a2ssistonce



available trrou~h the extension service and state forestrv azencies,

small owners heve lasped far behind in 27 17ins orconiced ranagenent

to their stands. the surll ovmer si2nds ir nsed of an exyanded
and more detailed prorram of assistonce, rarticularly from the
standpoint of marketing.
I'ew Jersey has made commerdsble yrcrress in this direction
throush a cooperative plan involving several putlic arencies and
rrivate enterprise. The step 105t instrumental in its success
has been the errloyment of private timber z7ents to arranze and
supervise marketing of timber crops, which has strengthened the
owner's brrz2ining nosition and resulted in irproved harvesting
rractices, thus le~ving stands in better ccndition for future

crowthe.

hacies seerns to he the

14
i

Sventusl conversion to coniierous &
best choice for treatuent of the majority of medium and low cvality
aspen stenis, o2nd is the course Izvored uy most professional
forecters os well as rrivate owvmers. Conifers are canatle of pro-
vidinz much creater returns on these sites, and trere is a present
compellin-~ need for softwood tim»er in the Lake States and the
lortreast. Shirley (1511) estimated that the total differential
between the vzlues created by products now zrown on all aspen and
brush lands in the Leke cSt3tes and tle vields which probsbly could
have been obtained from these lands, had they restocked with the

orizinal timker tvpes, amounts to 2hout 16,000,000,



Stands in which there is already stockin: oI other -lesirable
srecies, whether conil'erous or nardwood, in the understory should
naturzlly »e nana~ed in such 2 manner 3s to preserve this adv=nce
growth and insure natural conversion as soon as is reason=tly
possitle. Cutting of m2ture aspen should give nriority to release
of valvskle species from surorassion, and unmerchenteble stands
should be --irdled wherever vracticel., Infortunatzlyr the area of
asren land upon which there is adenuate recroduction of coniriers
for well=stocled stands is very limited tecause of the severe
conditions to which most sites heve been subjected. The provor-
tion of aspen lands bearinz an appreciable stockins of conifers
in the I~ke ttates was estinated 2t betwsen 10 a2nd 20 per cent,
with balszm fir, 2 low value species itself, comprisin- more than
half of the tot2l (lLittredre and uevorkiantz, 152%). rFurther-
more, field observations demonstrate thet conversion of aspen
lgnds in this region by natural succession must ke exvected to
feouire at lezst a hundred years under the most favorable con-
ditions (rudolf, 1950), and in the iocky .ountains one hundred
fifty to two bunired fifty vears (:2ker, 1925).

The situation in tre Lake States 2nd the worthezst is too
urzent for natural trancformation to be considered a satislactory
solution. In summerizinc the experience and findin-~s of Lake
States foresters and wei~hinz the rrobstly costs =and returns of

convertinc aspen lands, thirley (194:i1) called for 2 public
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planting procram. <Jalculations indicate that the costs of rlant-
in~ asren lands, thouvh hisk, coull te met by the returns in the
form of tinter rrowth durin< tre first rotestion. irofits, if any,
would not be sufficient to motivate large-sc2le private planting
projects but the potential, adled social and economic henefits

to be derived seem to fully ju-tify the expense of 2 rublic npro-
g£ram,

Actually, what is needad is a sincle rrocram desioned to
resolve the aspen cvroblem in its entirety. In nany states, covern-
ment and private enternrise are, and have been for some tive,
attacking the problem in as neny ways as possible, but their
efforts hsve only been jpartisliy cooriinnted and on too limited
a scale to make aprpreciable hendway. The zininistrative, tech-
nicel, and economic difficulties involved in formulating and
executing a definitive progsram for rejuvenation of the 2spen
lands are such that no sirn;le authority could undert-ke the
task albne. soreover, if maximum returns and efficiency were to
re achieved action could not be unilateral, for tre interests of
rezgions and communities as well as individual owners nwust be
served, particularly since ths pubrlic wiould have to underwrite a
larce share of the prorram.

o immediate larce-scale action could be tezken for severzal
years after a prooram were decided upon in princirle for time

would be recuired to suzplement the back~rouni of information



and experience alread;r ac uired in handlinz aspen lands and to
serve as a trial yeriod for tésting and improvins procedures.
nealization of the final :o0al would take a rreat many more vears,
and foresters should take zction now if manv of the rotential

henefits are not to Le lost.



CONCLUS IONS

l. Aspen is very oxat;ting in ite requirements for good growth.
Low . site quality markedly effects the spécies' susceptibility to
decay, form, and rate of growth. Knowledge of>s:lte quality is,
therefore, extremely important to intelligent handling of aspen
lands,

2+ There is a sound demand for good aspen in operable quantities.
Purthermore, it appears that the demand can be expected to increase
in the future, and value with it. Proper management can do much to
enhance the value of the species by increasing the supply of high-
qmiity material.

3. Only vigorous grow't.h.can hold damage from aspen's many natural
enemies to a minimum, and consequently management for aspen on e
permanent basis should be concentrated largely on good sites

where the healthiest stands naturally occur and where response to
management ie most pronounced.

4, Limiting rotation age is the most important measure applic-
able to individual stands for obtaining maximm yields of rot-
free material, and therefore ages, as well as site-quality,
determination is essential for instituting management of aspen.

5« Fall stocking and optimum growth of succeeding generations of
avlpen can be assured only by camplete removal of the overstory
during the final cut, either by cutting alone or some combina-

tion of cutting, girdling, and poisoning. Adequate regeneration



is also less certain following cutting during the growing season
than during the dormant season.

6. The effects of fire, even though light, may be disastrous to
plans for management. Fires directly damage and kill the thin-
barked aspens and increase the liability to disease and inssct
attackv by reducing vigor and providing points of entry, and,
finally, lower site-quality semi-permanently. An efficient fire
protection system should be an integral part of all management
plans.

T. Aspen is very adaptable to intensive silviculture on good sites.
The dominant and most vigorous individuals in a stand are quick to
take advantage of increased growing space provided by thimmings.
- Experiments to date have indicated that thimmings are best applied
early, frequently, and lightly, and should be from below.

8. On medium and poor sites aspen loses its advantage of high
volume production for a given period. Conifers are clearly superior
from the standpoints of both volume and value returns and should
supplant aspen as soon as is practicable. The condition of most
aspen lands is such that natural succession to more valuable
species will not occur naturally for an inordinately long period
of time, and the econmmic welfare of many forest industries de-

mands an expanded program of forest planting.



RECOMMENDAT IONS

The experience in cooperative organization and information
being gmined from various research projects and the National
forest survey are providing a useful springboard from which many
states could launch more ambitious programe of forest imﬁrove-
ment than wae ever before possible, 1f‘ and when public support
could be mustered. The exact knowledge of present condition and
p’ot'entid capabilities of the forest lands now becoming aveilable
provides the basis for the kind of well-founded, comprehensive
plans which make large-scale action possible.

. As forest survey work is being c;:nialetod the states should
take the initiative in directing detailed analysis of all public
lands to.determine the best possible Qefhod of handling them for
the long-range benefit of the public at minimum cost. The ob-
jective is, of course, to increase. and stabilize the flow of
forest products so that. forest inﬁuetriu, canmunities, and in-
dividuals who depend on them will be assured of a steady aﬂd
substantial income. Successful plamming of this task will re-
quire the assistance of all groups concerned with the problem.

ﬁm for the public lands should be designed partly to
complement and assiet the plans of private owners for the mutual
benefit of both. This implies the necessity for consultation

between public and private landowners to pramote integration of



future management plans, insofar as possible. State forestry
agencies should serve as a depository for and clearing house
for the exchange of information and plans.

Conversion of a large percentage of the publicly owned aspen
lends will doubtlessly be desirable and an accelerated program
of planting should be high on the agenda for public action.
Flanting should be on a firm basis of anticipated coverage of
the costs within one rotation. This would eliminate many of the
poor sites, at least temporarily, and relegate them to other uses
than the production of timber crops such as recreational and
wildlife areas. One consideration in locating areas for planting
should be the possibility of hastening natural conversion of
lands on which planting is not presently possible. |

Better management of aspen lands not slated for immediate
or eventual conversion can be achieved only b} continued re~
search and education combined with gradual improvement of the
physical and econamic conditions created by our former careless
treatment of the forest lands. A clear and thorough analysis of
the objectives and the required measures for the Leke States,
which has universal application, was presented in the report of
the forest resources for that region(U.S.D.A., Forest Service,
1950). The measures which are particularly important for stimu-
lating management of the aspen lands are those needed to stabil-
ize ownership and promote sustained yields, including consoli-

dation of holdings for better administration, integration of



nanagement plans, removal of legislative obstacles to grod marase-
ment, and employment of all available alds.

Two other measures which the anthor suggests for study are
a larger program of assistance to the small woodland owner and
cooperative manageanent arrangements for the pubhlic lands tetween the
goverrment and private enterprise. A large proportion of the
forest land, much of it capable of  rod cing gocd timber, is in
the hands of small private cwiers, largely far:ercs, who are
doing little to increase its productivity although such holdings
are ideally suited to intensive management. Technical assistance
has been supplied, tut the cwners need additiorgl aid in marketing
their crops to advantage and enforcing proper cutting regulations
to leave the lands in good condition,

Many forest industries reed to acquire adcitional areas of
land to balance age and site-class distributions for irstituting
sustained-yield management. Thece comparies often could not afford
to buy this land outright and sustais the additional costs which
might be recessary to plant or improve the condition of growing
stock on them, btut neither is the public atle to apply more than
the barest essentials of management to much of its land, Leasirg
arrangements which would defer the costs of purchase until profits
were forthcoming from the land or by which the public would
retain ownership and share income from the land until under

well organized management would seem to promlise benefit for

both parties.
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iEle I
Yield of Second=Growth :ispen, Irees Seven Inches and Uver,

Scribner vecimal C log iwle

Kind of Age Trees per Averare H“verace esal area Volume
Site Acre 7 Lhei~ht Uiaxeter, per per
inches breast acre acret#
and hich
more —
lears 1O, reet Inches Sq. feet oard ft.
Good.... 30 35. €9 7.2 10 500
1,0 167 70 7.6 52 2,100
50 297 72 8.1 103 9,600
60 29 77 9.3 135 17,300
70 235 82 10.9 150 23,600
80 130 36 12.6 1L 27,L00
iedium.. 1O 63 65 7.5 21 1,000
50 213 66 7.7 €9 1,300
60 300 €3 3.2 112 10,300
70 268 71 9.5 132 16,100
32 229 7 10.6 140 19,790
Foor.... 50 €3 53 7.h 20 1,000
€0 17L 59 7.6 55 3,200
70 21,0 60 3.0 3l 6.600

*Ctump heirht, 1 foot; top diemeter insile *=rk, 6 inches. iark
is not included in volume.
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Tazrw IT
Yield of tecond-irowth ispen, Trees £ix Inches and Over,

International Log l[les#

Kind of aze Trees per +~verage ..verare Casal area Volume
Site Lcre 6 heizht diameter, rer per
inches breast acre acrest#
and hizh
over
Years 0. beet Inches Sa. feet koard ft.
L0 319 66 6.7 30 9,200
50 403 70 7.6 12l 16,700
60 320 76 G.0 113 23,700
70 235 82 10.9 151 30,100
80 130 86 12.6 155 3,800
sedium.. 30 30 59 6.1 1L 1,100
L0 215 60 6.3 L5 5,000
50 358 62 6.9 96 10,700
€0 378 66 7.9 127 16,500
70 290 70 9.3 138 21,300
80 23L 70 10.6 13 211,800
Foor.... IO L 53 6.1 13 1,100
50 200 sl 6.4 12 11,500
60 306 55 7.0 31 3,200
70 327 59 7.6 102 11,500

# Fased on a 1/8-inch kerf.
#Stunp heicht, 1 foot; top diameter inside bark, 5 inches. Bark
is not inicluded in volume.
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T FLe III
Cordwood Yield for Wwell-Stocked fspen in Trees tour Inches

and Over in Liameter, freast Ligh

Kind of Age Average total <fverage  asal area leeled volume

Site height of diameter rer rer
dominant breast acre acre#
trees hirh
Years teet inches Sa. feet cords=
Goodeees 20 LO 2.9 53 5
30 51 .2 102 25
1,0 62 5L 120 L3
50 70 7.0 123 55
€0 76 5.0 1Lk é3
70 32 10.9 151 67
30 36 12.6 155 €9
ledium.. 30 LL 3.5 oL 12
1,0 3 L.S 110 30
50 60 5.9 122 Lk
€0 66 7.6 1332 51
70 70 9.3 139 55
30 7h 10.6 12 57
Foor.e.. 41O - L 3.5 53 11
50 50 L.6 93 26
¢0 55 5.8 105 33
70 59 7.1 109 37

#* Stump heisht, 1 foot; tor diameter inside bark, 2 inches.

wStandard cord, Iy by L by 8 feet. Close pilinz. Vvolumes in
cords were obtained by aprlving the factors used for conversion
of merchantable volumes in cubic feet to cords to corresponding
averaze diameters at breast heirht. 4ss a check, the same results
were obtained from curved distributions of stems of different
sizes per acre for a2 given aze. These latter curves were also
used for obtzining volumes in cords for stends with averare
diameter less than li inches.
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il IV
Aspen norinal Yield 1zble adjusted to rorest Survey

Stenderd of Utilization

D,
Ace  noe.  t2s2l fve.  Uross volet ret Volume~ rulpwood
Years Irees irea U:fH  5d. rte 4ic0tol tde rte .0tal Cords
rer _ &n, Scrib. Cords Scrib, Coris
terel it

seest Eardvood land

20 1,703 S0 3.1 ————== 3.5 - 2.7 1.6
30 1,05L 107 L.3 50  17.3 23 10.8 €.9
110 757 126 5.5 970  36.3 L1 20.6 11.3
50 Lh$S 137 7.1 3,730 52.1 1,720  21.7 1€.2
60 330 15 9.0 12,910 €1.1 £,600 L2 12.1
70 225 152 10.9 21,730 €&.5 10,150  50.3 5.2
20 130 156 12.6 25,790 €3.S 12,230  52.0 2.0
Spruce ralsan Land
20 1,399 S0 3.0 ————= LI R 2.7 0.2
20 1,211 103 3.9 =————=  12.5  eee——— 9.2 1.5
1,0 866 123 5.1 325 20.2 10¢  20.0 ):.9
50 570 13l 6.6 2,795  L6.9 927  30.9 11.3
60 376 12 8.2 9,020  55.7 3,130  37.7 15.1
70 265 1h6é 10.1 16,642  59.4 6,271 239.9 8.7
3 206 152 11.6 21,275  61.5 7,20  L0.5 .1
Pine Land
20 2,062 90 2.8 ——— S I 2.3 0.3
30 1,263 101 3.7 --———- 9.9  =m——ee 7.8 1.6
1.0 972 11h  L.6 165 22.2 8L 1€.2 L.l
50 6h3 125 6.0 1,295  33.2 5E5  2€.6 9.2
60 h22 135 7.7 5,515 L9, 1,973 21.2 11.5

1. Gross volume includes all livin~ trees
(a) “oard reet :tcribner - Irees 9.0" and over to 6" top
(b) uwotsl Coris = irees 5.0" and over to 2" top
2. et Volume includles only the uszble portiorns of merchentrtle trees.
(a) Toard izet tcritner to verinble top—siinimum €Y
(b) Coris - to L" top inside kark
(¢) rulvwood - includes rortions of trees suitrble for rulrwood
to S" top which have not teen vtilized for sawloc.
3, Trees 1" and over
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Tapls V

Yield 12ble of aspen by Ace and Site Classes

Site llasses

Standard Cords Board Foot Zcribner
Lge Classes Good iede Foor Good Led. Foor
20 8 - - - - -
25 19 7 - - - -
30 p) 16 5 1300 200 -
25 36 2L 13 1,000 1,00 -
10 12 30 17 7000 3000 1000
L5 . L6 32 18 6500 5000 21,00
50 L7 33 15 9000 6000 30600
55 L6 30 13 9100 6000 2900
€0 13 2€ 10 900 5200 2500
65 37 20 6 3h00 5230 1300
70 29 1 L 7ho0 1500 1,00
75 21 9 - €000 3200 700
6] 12 i - ;200 1500 -

These volumes ere hased on the followin: heiphts of dominant trees
at 50 ysars:

Good Site = 72 ft.

ved. Site - €L ft.

toor Site = 55 ft.

Cordwood volume is the rross volume in stendard cords of peeled wood
in 4" D.R.H. and larcer to a minirum top dizmeter of 3" inside bark.

Eoard foot volumes are cross volumes by the scribner rule of trees
TwD.3.E. and larger, the minimum top diameter beins 6" inside ovark.
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