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STATEMENT
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cussed here have been registered. All uses of pesticides must be registered
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mended.
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TALL SHRUB LAYER BIOMASS IN CONIFER
PLANTATIONS
OF NORTHEASTERN MINNESOTA

Lewis F. Ohmann
Principal Plant Ecologist

Management for wildlife habitat on public land
occurs primarily through manipulation of forest stands
for timber management. Common examples of stand
manipulation are: regeneration of new stands via
harvesting followed by natural reproduction, seed-
ing, or-planting; release of regenerated stands from
competing vegetation; and later thinning or other
stand improvement treatments. Because good tim-
" ber management is not necessarily good wildlife hab-
itat management (Thomas et al. 1976), land man-
agers should know the impacts that silvicultural
practices might have on wildlife habitat. This kind
of information can help meet legislative and policy
requirements that land managed by the USDA For-
est Service support an abundance and dlver31ty of
‘wildlife.

© Large-scale planting programs in the Lake States
began with the Civilian Conservation Corps in 1933
(Krefting 1975). By 1966 more than 1 million acres
(404,700 ha) of conifers had been planted in Michi-
gan (Gysel 1966). The Superior National Forest of

" - northeastern Minnesota has established about 300,000

acres (121,410 ha) of conifer plantations. Conifer

plantations make up about 10 percent of the Forest’s
Isabella and Halfway (now part of the Kawishiwi)

Ranger Districts, where this study was conducted
- (Peek et al. 1976).

The aci'eage of conifer plantation in northeastern
‘Minnesota will probably increase in response to more
‘intensive forest management mandated by recent

- Federal legislation that restricts timber harvest in

the Boundary Waters Canoe Area Wilderness.

The principal vertebrate wildlife using these plan-
tations for browse (food) are moose (Alces alces), white-
~ tailed deer (Odocoileus virginianus), and snowshoe

hare (Lepus americanus) (Grigal and Moody 1980,
Mooty 1976, Peek et al. 1976).

This paper describes the impacts of some common
silvicultural practices on biomass production by tall
shrubs and small broadleaf trees in conifer planta-
tions successfully established between 1945 and 1974
near Isabella, Minnesota. Portions of this biomass—
the leaf and current annual woody twig growth—
serve as potential browse for wildlife.

METHODS

Study plantations on relatively uniform soils
(coarse loamy Dystric Eutrochrepts)' were selected
from within a 33-mi? (85.5 km?) area near Isabella,
Minnesota (lat. 47° 35°N, long. 91° 20'W). Parts of
the area had been logged for red pine (Pinus resinosa
Ait.) and white pine (Pinus strobus L.) during north-
ern Minnesota’s early logging period (ca. 1900-1920).
However, the sample was selected from plantations
established following the clearcut of natural stands
of pine (jack pine, Pinus banksiana Lamb.) or mixed
pine and spruce (usually black spruce, Picea mariana
(Mill.) B.S.P.) during the mid-1940’s through the
1970’s.

Sample selection was designed to represent a spec-
trum of plantation ages and the silvicultural tech-
niques practiced in the study area over the 30-year
period. These conditions were represented on a cover-
type map with overlays (Hagen and Meyer 1977)
that depicted plantation establishment dates, tree
species planted, and site preparation and plantation
release methods. Based on the overlays, plantations

1Personal communication with D. F. Grigal.



were arbitrarily classed by 5-year segments from
earliest available (1945-1949) to most recent (1970-
1974). The plantations were also categorized on the
basis of two silvicultural practices: (1) site prepa-
ration for planting; and (2) release from competing
vegetation; and on the species of trees planted.

Site preparation methods included: (1) no record
of a site preparation treatment applied; (2) mechan-
- ical disking of the ground surface, probably by an
Athens-type disk plow (Rudolf 1950); (3) dozer-blade
‘shearing of woody stems and scraping of at least
" some of the forest floor material and depositing it in
specific areas, generally windrows (rock-raking) (No-
" ble et al. 1977); and (4) chemical herbicide (usually
either 2,4-D, or a mixture -of 2,4-D and 2,4,5-T) to
the post-logging vegetation. Plantation release
methods included: (1) chemical (in more recent years
* usually 2,4-D herbicide applied by helicopter (Hagen
and Meyer 1977), but earlier could have included a
mixture of 2,4-D and 2,4,5-T applied less effectively
from fixed-wing aircraft); (2) manual (hand removal
. of competing vegetation one or more times); (3) man-
ual plus chemical (a combination of both types of
release, usually a manual release followed by a
chemical release several years later); and (4) un-
known (no record of release). Tree species planted
were categorized as: (1) pine (either red pine, jack
. pine, or a combination of both); (2) pine and spruce
(white spruce, Picea glauca (Moench) Voss); or (3)
spruce.

The plantations were randomly chosen on the cover-
.type map and overlays by use of random numbers
selected from right angle baselines drawn on the
map. Samples were drawn until at least 3 sites were
picked representing all categories of species planted,
site preparation, and plantation release practiced
within each of the 5-year establishment periods. Be-
- "cause silvicultural technology changed, not all of the

- listed practices were represented in each establish-

. ment period. For example, disking for site prepara-
tion was.not applied in plantations established after
- 1964, chemical site preparation was not practiced
before 1965, no plantations were established without
. site preparation later than 1965, and rock-raking
- was not used until 1960.

Diameters of shrubs and deciduous tree species
-under 1 inch (2.5 cm) diameter at breast height (d.b.h.)
were measured to the nearest one-tenth of an inch

(0.25 cm) at a point 6 inches (15 ¢cm) above ground
~ level in circular mil-acre (4.05 m?) plots. Shrub di-
ameters were tallied by species in 10 plots distrib-
uted systematically throughout a homogeneous por-
- tion of each plantation. For efficiency, stems were

2'.

tallied in only one-half of each mil-acre plot in plan-

tations where shrubs were especially abundant.

Diameters were used to estimate ovendry weight
of the leaves, current annual woody twigs, and total
aboveground stem wood through use of allometric
estimation equations previously developed for trees
and shrubs of this area (Grigal and Ohmann 1977,
Ohmann et al. 1976).

Biomass estimates for leaf (LEAF), current an-
nual wood twig (TWIGQ), and total aboveground stem
wood (WOOD) were summarized by plantation es-
tablishment period (YEAR), method of plantation
release (RELEASE), method of site preparation
(PREP), and tree species planted (SPECIES).

Total plantation shrub layer biomass and biomass
of species that were represented in at least 15 of the
28 treatment categories were, after logarithmic
transformation, analyzed for difference among treat-
ments and treatment combinations through three-
way analyses of variance (ANOVAs).

The effect of treatment categories was also as- .
sessed through Multiple Classification Analysis
(MCA). MCA is a multivariate technique for exam-
ining the simultaneous interrelations between sev-
eral treatments and a dependent variable (Andrews
et al. 1973). It is especially useful when the treat-
ments are correlated to some degree and where the
attributes examined are not experimentally manip-
ulated (Nie et al. 1975), as in this study. A unique
feature of MCA is the ability to show the effect of
each treatment category on the dependent variable
(biomass) both before and after taking into account
the effects of the other treatment(s) being consid-
ered. The classification computes a grand mean for
the dependent variable (biomass) and for category

-means of each treatment, expressed as deviations

from the grand mean. These deviations indicate the
effect of each treatment category. The analysis also
provides values for each treatment category, ex-
pressed as deviations from the grand mean after ad-
justment for other treatments. These adjusted values
indicate the “true” effects of the treatment category
on the dependent variable—the effects remaining
after variation due to other treatments has been ac-
counted for.

RESULTS AND DISCUSSION

The sample consisted of nine or more plantations
for each of the establishment periods except for 1970-
1974 when not enough plantations were available
for sampling (table 1). Some of the PREP, RELEASE,



and SPECIES categories also had limited represen-
tation and only a minimum 3 samples were selected
from each of them because of their scarcity in the
plantation population (table 1).

Two of the independent variables, YEAR and PREP,
~ were significantly positively correlated. This prob-
ably reflects changes in site preparation practices.
YEAR and SPECIES, as well as PREP and SPECIES
were also slightly positively related. YEAR and RE-
LEASE, PREP and RELEASE, and SPECIES and
"RELEASE were weakly negatively related:

Independént Variable

Pearson’s R Probability

YEAR-PREP - 0.7134 0.000
YEAR-RELEASE -0.1100 .216
"YEAR-SPECIES .2022 .073
PREP-RELEASE -0.0691 312
PREP-SPECIES ' 1378 .162
-0.1569 131

RELEASE-SPECIES

It is important to recognize the degree of correlation
because positively related treatments, when consid-
ered together, will explain less of the variation than
the sum of them considered separately. On the other
hand, negatively related treatments that are posi-
tively related to the dependent variable will, when
- considered together, explain more of the variation in
the dependent variable than the sum of them con-
- sidered separately. The independent variables YEAR
‘and PREP are correlated sufficiently so that when
‘considered together in a.three-way ANOVA or MCA
the amount of variation explained is less than ac-
tually present.

None of the 28 woody species was found in the
sample plots within every plantation, and only 7
species were tallied in more than half (27) of the
plantations (table 2). However, these seven (the tall
shrubs Corylus, Amelanchier, Alnus, Prunus, and
Salix; and the trees under 1 inch d.b.h., Acer and
Populus) accounted for more than 80 percent of the

total estimated LEAF, TWIG, and WOOD biomass.
Although not as dominant, the smaller shrubs can
provide browse, especially because they tend to pro-
duce a higher proportion of their biomass as leaves
and twigs. For example, for the tall shrub and tree
species there was a generally consistent ratio of LEAF
to WOOD biomass of about 0.14, and TWIG to WOOD
biomass ratio of about 0.04. Many of the smaller
shrubs, however, had higher LEAF and TWIG TO
WOOD biomass ratios; for example, Rubus strigosus
0.66 and 0.17, Rubus parviflorus 0.79 and 1.0, Rosa
acicularis 0.38 and 0.16, Rosa blanda 0.29 and 0.17,
and most of the Lonicera species (L. oblongifolia 0.33
and 0.21, L. hirsuta 0.22 and 0.08, and L. dioica 0.40
and 0.15). Not only do these species have browse
potential but some, Rosa and Lonicera for example,
are highly preferred snowshoe hare and white-tailed
deer foods during some seasons (Grigal and Moody
19822),

In addition to total plantation biomass, 15 species
were represented by sufficient biomass in the various
categories to test for differences among treatments
through ANOVA. Three-way ANOVAs were con-
ducted to examine the combined effects of the sil-
vicultural practices on the estimated LEAF, TWIG,
and WOOD biomass values in addition to individual
treatment effects. Some ANOVAs could not be con-
ducted because the close relation between chemical
site preparation and spruce species planted (PREP
and SPECIES) resulted in a singular matrix. Of the
96 3-way ANOVAs conducted, 38 LEAF, TWIG, or
WOOD cases were significant at the p = = 0.10 level
for one or more sources of variation (see Appendix).

While ANOVA indicates the presence of differ-
ences among treatment categories, it does not indi-
cate which treatment categories differ from the oth-

2Personal communication with Lynn Rogers.

Table 1.--independent variable categories against which the biomass estimates of the tall shrub layer (LEAF),
current annual woody twig growth (TWIG), and total aboveground wood (WOOD) were tested from 53 conifer

- plantations near Isabella, Minnesota

Establishment period Site preparation PTantation reTease Species planted
YEAR  .Plantations PREP PTantations RELEASE Plantations SPECIES PTantations
. Number Number Number Number
1945-1949 - . 9 None 11 Chemical 17 Pine 38
1950-1954 9 Disk 21 Manual 21 Pine and Spruce 12
1955-1959 9 Rock-rake 18 Manual plus chemical 3 Spruce 3
-+ 1960-1964 13 Chemical 3 No record

1965-1969 9
1970-1974 4




Table 2.--Mean and standard error estimates for leaf, current annual woody twig, and total
aboveground woody stem biomass (ovendry) of shrub layer species in conifer plantations

near Isabella, Minnesota

LEAF TWIG WOOD

Species Plantations X SE X SE X SE

Number = = = = - - 4 - - - Pounds/acre - = = = = = = = - -
Total (stand totals all

shrub layer species) 53 285.6  26.5 75.9 7.4 2,059.4 212.7
Rubus strigosus 51 20.2 4.0 5.1 .8 30.6 6.2
Corylus cornuta 50 110.4 15.0 26.0 3.3 841.7 110.1
Rosa acicularis 48 6.2 .9 2.7 .4 16.4 2.5
~ BmeTanchier spp. 43 20.6 3.1 5.7 .8 166.8 31.4
nus crispa 34 109.7 20.1 33.2 6.1 935.1 172.7
Populus tremuloides 34 43.0 12.9 5.2 1.4 252.6 72.0
Prunus pensylvanica 31 9.3 2.0 2.4 5 83.6 17.3
Lonicera canadensis 26 2.3 .4 .8 .1 13.6 2.5
Salix spp. 24 26.1 8.6 3.2 1.0 233.4 87.6
BetuTa papyrifera 19 2.0 .6 .8 4 18.2 8.2
Lonicera oblongifolia 18 .8 .4 .5 .3 2.5 1.3
- Acer spicatum 15 21.0 5.4 12.1 3.3 240.3 58.1
Prunus virginiana 15 12.4 2.5 2.7 .7 65.9 17.0
Cornus ru%osa 13 21.4 9.7 4.5 2.0 85.6 42,9
LConicera hirsuta 12 1.7 .4 .7 .2 7.8 3.7
Acer rubrum 8 26.8 15.9 21.7 9.8 200.9 118.7
Rosa blanda 6 2.4 .8 1.4 5 8.2 3.4
Ribes spp. 4 1.3 1.2 .6 5 11.7 11.3
Sorbus americana 3 2.5 1.5 .9 .6 19.4 13.6
Lonicera villosa 3 2.1 1.3 .4 .2 9.0 4.1

‘Lonicera dioica 2 .8 0 .3 0 1.9 0
Populus balsamea 2 2.8 2.8 .6 .6 25.2 24.1
Alnus rugosa 1 31.4 _ 29.7 _ 311.8 _
Cornus stoTlonifera 1 23.2 _ 3.5 _ 124.9 _
Rhamnus aTnifolia 1 15.1 _ 3.3 _ 86.9 _
Ribes hirsuta 1 .1 _ .1 _ .4 _
Rubus parviflorus 1 55.3 _ 70.2 _ 70.2 _
Viburnum rafinesquianum 1 8.3 _ 9 _ 32.3 _

ers. Means that were detected by the Student-
Newman-Keuls test as significantly different (p =
=0.05) included 10 categories of YEAR, four each of
PREP and SPECIES, and two of RELEASE (see Ap-
pendix).

“The relation of biomass to each treatment cate-
gory is difficult to interpret because of the complex
~ relation of treatments and categories and their in-
fluence on the resulting biomass values. The ANOVA
"~ and MCA analyses help to clarify these relations by
- making it possible to examine the influence of a

_treatment and its categories after adjustment for the

effect of the other treatments. Below, I present sum-

mary interpretations of these analyses. However, be-
" cause the interpretations are based on-adjusted val-
-ues, the summary does not in all cases conform to
. the influence levels depicted in Appendix figure 1.

Ecological landtypes for the Superior National
_ Forest have recently been described although they
have not been extensively mapped. The most prob-
able ELTs for the plantations in this study are: ELT-

11 (UDHD) Upland Deep Loamy over Sandy Dry,

-4

ELT-13 (UDLDC) Upland Deep Loamy Dry Coarse,
and ELT-14 (UDLDM) Upland Deep Medium Loamy
Dry. These ELTSs are estimated to occupy 10, 8, and
11 percent of the land area within the Superior Na-
tional Forest, respectively. The results presented here
would be most applicable to conifer plantations lo-
cated on these ELTs.

Plantation Total

The treatment PREP explains a statistically sig-
nificant amount of the variation in LEAF and WOOD
plantation biomass. Because total biomass is com-
prised of a combination of species for which greater
or lesser biomass for any one species in any treat-
ment category may balance out, it is not surprising
that the variation accounted for by a treatment may
be statistically significant, but not very high. For
LEAF and WOOD, the treatment PREP is most im-
portant, explaining 15 and 18 percent of the biomass
variation, respectively. The other statistically non-
significant variation trends for LEAF and WOOD
are SPECIES (12 and 14 percent), RELEASE (7 and



11 peréent), and YEAR (2 and 5 percent). For TWIG
the ranking is PREP 14 percent, RELEASE 10 per-
cent, SPECIES 9 percent, and YEAR 2 percent.

The most important treatment categories associ-
ated with above-average total plantation biomass
values were older plantations that had been pre-
pared by disking, planted to pine, and later released
from competing vegetation by manual methods. Cat-
egories associated with below-average biomass val-
ues were sites that had been prepared by chemical
methods for planting to spruce and later released by
chemical methods.

There were no statistical differences in total shrub
stratum biomass between 5-year establishment pe-
riods. Plantation shrub layer totals were lower than
those found in either 5-year-old post-logging or ma-
ture aspen stands on good sites, 5-year-old aspen
stands after fire, and mature stands of mixed pine-

_ aspen-birch (table 3). Plantation totals were higher

than shrub layer biomass in mature jack pine stands
on shallow soils over bedrock. They were about the
same as those found in similar conifer plantations
and mature stands in the Isabella area and in nat-
urally regenerating 5-year-old conifer stands after
fire (table 3).

Table 3.--Mean biomass estimates (ovendry) of tall shrub layers from various studies
in northeastern Minnesota

Stand age (years)

Source : 1-5 6-10 11-15  16-20 21-25 26-30 Mature
S e e T Pounds/acre - - -« - = - - - = = - -
. This studyl/ 2,035 2,332 2,035 2,086 2,914 2,631
3 ()& (9) (13)  (9) (9) (9)
Kernik</
Plantations 1,202 230 2,265 2,276 2,339
) (1) (1) (2) (3) (7)
White cedar 1,331
- (1)
Black spruce 2,747
(2)
Mixed red and white pine 4,943
With subcanopy of aspgn-birch (1)
_ Ohmann and Grigal (1979)%/
Jack. pine-fir 269§8
: 1
Jack pine-oak 5,705
(1)
Jack pine-black spruce 3E074
1)
Aspen-birch 15,387
(1)
Silkworth (1980)%/
Aspen on good sites 32,834 3,729
6 (2) (2)
Green (1979)2/
Jack pine on shallow soil 143
Jack pine on deep till 2,680
(15)

l/Plantation conifer stands after clearcut harvest of jack pine-black spruce.
Inc]uges deciduous tree species under 1-inch d.b.h. and tall shrubs.

3 Number of stands in_parentheses.
2/Personal communication.

Plantation conifer stands after clearcut harvest of jack

pine-black spruce, and mature uncut communities.

seed]ings under 1-inch d.b.h. and tall shrubs.
</Natural conifer (seed) and aspen (sucker) stands 5 years after fire.

Shrub layer includes deciduous tree

Shrub Tlayer

total includes deciduous trees and tall shrubs.

- —/Natural sucker stands after whole-tree harvest of aspen; uncut mature aspen stands
on good sites. ' Shrub layer data includes regenerating aspen and tall shrubs 5 years after
loggigy but includes tall shrubs only in the uncut stands.

Mature, uncut, even-age jack pine stands more than 50 years old on either shallow

soils over bedrock or on deep tills.
tree seedlings.

species.

However, tree seedlings com
maximum of 8.6 pounds//acres in any stand).

The tall shrub layer data includes tall shrubs and
prised a small proportion of the layer (a
Most of the seedlings were decidous tree



Acer spicatum

Mountain maple was recorded in only 15 plan-
tations, but was represented in all treatment cate-
gories. Probably because of its low occurrence, none
of the treatments or treatment combinations ex-
plained a statistically significant amount of the var-

"iation in mountain maple biomass. RELEASE ex-
plained from 25 to 35 percent of the biomass variation,
YEAR explained 9 to 16 percent, PREP explained 4
to 8 percent, and SPECIES explained 4 percent.

. Above-average biomass values were associated with
older plantations that had received only a disk treat-
" ment before planting; those that were planted to pine;
and those that were released manually. Below-av-
erage biomass values were associated with planta-
tions that had been prepared for planting by chem-
ical .methods or those that had been released from
competing vegetation through a combination of
manual plus chemical treatments.

Mountain maple is a prominent understory tall
shrub or small tree of northern forest types. It grows
in either sunlight or shade but does best where nei-
ther shade nor sunlight is extreme (Hosier 1974).
The species repr.\duces most commonly by sprouting
from undergrourd stems, but it can also reproduce

from seed, layered branches, and root suckers (Hos-
~ ier 1974). Ground surface disturbance can eradicate
mountain maple if the plants are uprooted and the
stems severed. However, if the stems are simply tipped
over or mashed down, or if they are just severed at
the ground surface, sprouting will be stimulated
(Hosier 1974). The species is resistant to foliar ap-
plication of 2,4-D and 2,4,5-T herbicides (Benzie 1977).
Herbicides can stimulate sprouting (Hosier 1974),
but the shrub can be controlled by severing the stem
and applying 2,4,5-T to the stump.

In a study of mature virgin forest communities of
the region, mountain maple was recorded in 18 per-
cent of jack pine-oak community-type stands, 29 per-
cent of jack pine-black spruce stands, 71 percent of
jack pine-fir stands, 77 percent of aspen-birch stands,
and 100 percent of the maple-aspen-birch stands

(Ohmann and Ream 1971). In this region, the species
is apparently more representative of mesic conifer
and hardwood communities than of dryer jack pine
community-types. Mountain maple’s minimal rep-
resentation makes it difficult to develop strong con-
clusions about the species’ response to silvicultural
treatments. The shrub’s biomass distribution is about
what would be expected based on its known growth

6

habits. Site preparation through chemical treatmen
and plantation release by manual plus chemics
treatment would normally be expected to enhanc
sprouting rather than result in less biomass as foun
here, unless the herbicides were applied shortly afte
the stems of mountain maple were severed.

Alnus crispa

Green alder was tallied in 34 plantations and wa
represented in all treatment categories except plar
tations prepared by chemical methods and plante
to spruce. The treatment YEAR was the dominar
influence on green alder biomass. Treatment con
binations YEAR-PREP-SPECIES, YEAR-PREF
RELEASE, and YEAR-SPECIES-RELEASE all e;
plained a significant amount of the variation in gree
alder biomass. YEAR explained 46 to 53 percent ¢
the variation in LEAF, TWIG, and STEM biomas:
The other treatments explained less than 2 percer
each.

Above-average biomass values were associated wit
5- to 15-year-old plantations, and to a minor degre:
those sites that had been prepared for planting t
pine by rock-raking and later manual release fror
competing vegetation. The most adverse treatmer
category was chemical site preparation: the specie
was not recorded in those plantations in spite of it
presence in other plantations of the same age cate

gory.

Green alder is a circumpolar species (Johnson 196!
common in the Lake Superior region (Rosendal
1955). It is a common dominant understory shrub c
conifer plantations in northeastern Minnesota (Pee
et al. 1976). After establishment by seed, alders ca
spread or persist by sprouting, layering, unde
ground stems, and suckers (Healy and Gill 1974
Alder is susceptible to both 2,4-D and 2,4,5-T he
bicides (Arend and Roe 1961). Green alder’s capacit
for reproducing by vegetative means after disturl
ance and its susceptibility to herbicides may explai
the biomass distribution found in this study. Mox
biomass was found in intermediate-age plantatior
that were mostly prepared for planting by rock-ral
ing (14 of 17 plantations in that time period) wher
alder could have responded to the disturbance b
producing more aerial stems vegetatively. Less b
omass was found in plantations subjected to chen
ical treatment.



Amelanchier spp.

Juneberry was sampled in 45 plantations and was
represented in all treatment categories. The treat-
ment combination YEAR-SPECIES-RELEASE ex-
plained a statistically significant amount of the var-
iation in juneberry biomass. YEAR explained 18 to
" 20 percent of the LEAF, TWIG, and STEM biomass
variation; SPECIES explained 14 percent; .RE-
LEASE explained 13 to 15 percent; and PREP ex-
plained 12 to 14 percent.

The treatment categories associated with above-
average biomass values were: (1) older plantations
that had been prepared for planting to pine by disk-
ing, (2) older plantations that had received no site
preparation before planting, (3) plantations that had
been manually released from competition, and (4)
plantations where no release activity was recorded.
The most important categories associated with less
biomass were the chemically treated plantations, es-
pecially those receiving both chemical site prepa-
ration for planting spruce and also later chemical
release. Shrubs of the genus Amelanchier grow most
frequently in moist soils (Larson 1974), but some
species of the genus are commonly found on upland
sandy soils and dry rocky ridges. Juneberry is a com-
mon understory shrub of conifer forests and plan-
tations in northeastern Minnesota (Lakela 1965, Peek
et al. 1976). Juneberry reproduces by seed and from
suckers. Although its growth and reproduction are

“best in full sunlight, it also tolerates shade (Larson
1974). Juneberry is resistant to 2,4-D herbicide but
is susceptible to 2,4,5-T herbicide (Benzie 1977).

Consistent with the species’ growth habits and
response to management practices, more juneberry
- biomass was found in older plantations where it would
have had time to recover from site disturbance (disk
preparation for planting and manual plantation re-
lease). Juneberry biomass was also greater in those
.plantations that received no site preparation for
planting. Less biomass was associated with planta-
tions that received chemical treatment (assuming a

" mixture of D-T herbicide).

Betula papyrifera

White (paper) birch (<1 inch d.b.h.) was tallied
in 19 plantations and was represented in all treat-
‘ment categories except -plantations treated with
chemicals before planting spruce. The treatment
combinations YEAR-PREP-SPECIES and YEAR-
SPECIES-RELEASE explained a significant amount

of the variation in birch biomass. YEAR explained
from 48 to 55 percent of the variation, followed by
PREP (3 to 15 percent), RELEASE (3 to 6 percent),
and SPECIES (1 to 5 percent).

The most important treatment categories associ-
ated with above-average white birch biomass were
5- to 10-year-old plantations that had been prepared
for planting by rock-raking and then later chemi-
cally released. The most important treatment cate-
gories associated with below-average birch biomass
were older plantations that had received no site prep-
aration with no subsequent release recorded. Be-
cause white birch is a tree species, the low biomass
values associated with the older plantations proba-
bly show the growth of birch out of the 1-inch di-
ameter class.

White (paper) birch, a widespread tree species in
northern North America (Viereck and Little 1972),
is common throughout the Lake States (Folwells 1965).
It grows on a wide range of soils and soil moisture
conditions, reproducing from seed (given a suitable
seed bed) or from sprouts after cutting or fire (Fol-
wells 1965), especially if the stems are less than 60
years old (Tubbs 1977). White birch is a fast-growing
but short-lived tree that is normally replaced after
one generation. However, in the northern Lake States,
it may maintain itself through sprouting and gap
replacement to become a component of mature fir-
birch communities. White birch is susceptible to both
2,4-D and 2,4,5-T herbicides (Arend and Roe 1961).

More white birch biomass was found in planta-
tions where site preparation and herbicide release
were practiced; less biomass was found in planta-
tions where no site preparation and/or release treat-
ments were applied. These findings are consistent
with birch’s sprouting ability after disturbance and
its need for mineral soil seedbeds. Absence of white
birch in the three plantations chemically prepared
for planting to spruce in the 1965-1969 period is
consistent with the species’ susceptibility to herbi-
cides.

Cornus rugosa

Round-leaf dogwood was tallied in 13 plantations
and was not represented in the youngest establish-
ment period (1- to 5-year-old) or on sites prepared by
chemical treatment for planting spruce. None of the
treatment combinations explained a statistically sig-
nificant amount of the variation in dogwood biomass.
PREP explained 35 percent of the variation, followed
by RELEASE (28 to 29 percent), YEAR (17 to 18
percent), and SPECIES (2 percent).



.Older plantations that had been prepared for
_planting by a disk treatment and that later received
-a manual plus chemical or a chemical release con-
tained above-average dogwood biomass. Younger
plantations, sites prepared for planting by rock-rak-
" ing or chemicals and plantations with no recorded
" release or only a manual release contained the least
dogwood biomass. Thus, greater dogwood biomass is
associated with less intensive site preparation and
severe release; less dogwood biomass is associated
with younger plantations, intensive site prepara-
tion, and least release.

Round-leaf dogwood is an infrequent understory
" shrub of many northern forest types, mostly dry to
well-drained woodlands (Lesser and Wistendahl 1974)
and rocky wooded slopes (Rosendahl 1955, Lakela
1965). In a study of nearby mature virgin forests,
this species was recorded only in the more mesic
hardwood and nonpine coniferous types (Ohmann
and Ream 1971). In another study of 33-year-old post-
fire communities in the area, round-leaf dogwood
was recorded in the aspen-birch and birch commu-
nities but not in the jack pine-birch and jack pine
communities (Ohmann et al. 1973). The distribution
of dogwood biomass found here suggests that the
shrub is not very tolerant to site disturbance (rock-
raking) or canopy shade (less biomass in the plan-
- tations not released).

Corylus cornuta

Beaked hazel was tallied in 50 of the plantations
and was represented in all treatment categories. The
treatment PREP explained 15 percent of the biomass
variation, followed by YEAR (14 percent), SPECIES
(11 percent), and RELEASE (9 to 10 percent), for
LEAF, TWIG, and WOOD.

The most important treatment categories associ-

~ ated with above-average biomass values were older
plantations that had been prepared for planting to

_pine or a combination of pine and spruce by disking
and later released only by manual methods or for

. which no release was recorded. The most important
categories associated with below-average biomass
values were younger plantations that had been
chemically prepared for planting to spruce and/or
later chemically released from competition.

Beaked hazel is a common understory species of
conifer plantations in northeastern Minnesota (Peek
et al. 1976). After initial establishment in a stand
by seed, hazel can produce many aerial stems veg-
. etatively from underground stems (Stearns 1974).

Although it is a pioneer successional species tha
grows best where overhead shade allows more tha
30 percent of full sunlight, it will persist in matur
conifer stands on light soils (Stearns 1974), as i
these plantations. Hazel is susceptible to chemice
herbicides (Stearns 1974). Disk site preparation af

. plied in midsummer turns up the underground o

gans of shrubs, setting back their growth for severs
years (Eyre and Zehngraff 1948). More hazel bic
mass was present in older plantations where haze
would have had sufficient time to recover from th
disk site preparation treatment and where no chenr
icals were later applied for plantation release. Les
hazel biomass was found in plantations that had re
ceived a chemical treatment to prepare the site fc
planting and/or to release the conifers after estak
lishment.

Lonicera canadensis

_Fly-honeysuckle was measured in 26 plantatior
and was represented in all but one treatment cat
gory (manual plus chemical release). None of t}
treatment combinations explained a statistically si
nificant amount of the variation in honeysuckle b
omass. The most important treatment was YEAI
but it explained only 9, 13, and 12 percent of tk
variation in LEAF, TWIG, and WOOD, respectivel
RELEASE explained 6 to 8 percent, SPECIES 1 f
2 percent, and PREP 1 percent.

Treatment categories associated with above-a
erage biomass values were 10- to 15-year-old pla
tations that had been prepared for planting to pir
by rock-raking and that were manually released fro;
competing vegetation. Categories associated wit
below-average biomass values were: (1) plantatior
older than 15 years, (2) more recent plantations th:

-had been chemically prepared for planting to spruc

and (3) plantations chemically released from con
peting vegetation.

Fly-honeysuckle is an upright straggly shru
(Lakela 1965) found commonly throughout cool moi:
woods of the coniferous region (Rosendahl 1955).
is shade tolerant and can compete and persist unde
canopy shade, but it normally will not dominate
site (Jackson 1974). It can reproduce by seed and b
shoots from a spreading root system (Jackson 1974

Lonicera hirsuta

Hairy-climbing honeysuckle was tallied in 1
plantations and was not represented in the 197



1974 establishment period or in plantations released
by a manual plus chemical combination. None of the
treatment combinations explained a significant
amount of the variation in honeysuckle biomass.
PREP explained 32 to 41 percent of the variation in
biomass, followed-by YEAR (31 to 36 percent), SPE-
CIES (3 to 20 percent), and RELEASE (8 to 11 per-
cent).

The categories associated with greater biomass
were older plantations that had received only a disk
treatment or no site preparation before planting pine
and plantations that received no release or only a
manual release. The categories associated with less
biomass were younger plantations that had been rock-
raked (or chemical prepared before planting spruce),
and later chemically released from competing veg-
etation.

Hairy-climbing honeysuckle is a high twining vine
(Lakela 1965) that is common but not abundant in
cool, moist coniferous forests on dry, well-drained
soils (Grimm 1957, Van Dersal 1938). This shrub, a
strong competitor that can persist under forest shade,
can reproduce by seed or by shoots from a spreading
root system (Jackson 1974).

Lonicera oblongifolia

Swamp fly-honeysuckle was recorded in 18 plan-
tations and was represented in all treatment cate-
gories except the 1970-1974 establishment period and
manual plus chemical release category. None of the
treatments explained a significant amount of the
" variation in biomass. The lack of statistical signifi-
cance is probably the result of its occurrence in few
plantations. The most important treatment was
YEAR, which explained 32 to 33 percent of the var-
iation followed by PREP (18 to 19 percent), SPECIES
(16 to 17 percent), and RELEASE (2 percent).

" Above-average biomass was associated with 10-
to 20-year-old plantations that had received no prep-
aration or only a disk treatment before planting of

-pine and that were later chemically released from
competing vegetation. Below-average biomass was
associated with older plantations with plantations
where no release was recorded, and with plantations
that received only a manual release treatment.

Swamp fly-honeysuckle is a small, erect, some-
what straggly shrub that grows in moist habitats
(Van Dersal 1938). It is common but not abundant
in northern forests of this region (Rosendahl 1955).
Here it was recorded in 34 percent of the plantations.

It can reproduce from seed and by root suckers (Jack-
son 1974). '

Because none of these honeysuckles normally
dominate forest sites, little effort has been made to
control them through management practices (Jack-
son 1974). This study suggests that the biomass dis-
tribution of these shrubs is influenced primarily by
their susceptibility to chemical herbicides, and sec-
ondarily (at least for fly-honeysuckle and swamp fly-
honeysuckle) by reduced growth and vigor as the
plantation canopy closes and shade increases about
15 to 20 years after establishment.

Populus tremuloides

Quaking aspen (less than 1 inch d.b.h.) was rep-
resented in all treatment categories and recorded in
34 plantations. The treatment combinations YEAR-
PREP-RELEASE and YEAR-SPECIES-RELEASE
explained a significant amount of the variation in
aspen biomass. YEAR explained 45 to 50 percent of

" the biomass variation. PREP explained 14 to 16 per-

cent, RELEASE explained 6 to 9 percent, and SPE-
CIES explained less than 1 percent.

Treatment categories associated with above-av-
erage biomass values were younger plantations, and
to a lesser extent, those sites that had been prepared
by rock-raking or disking, planting to pine, and later
release by manual methods or for which no release
was recorded. These latter categories were associ-
ated with younger plantations but not the youngest
(1- to 5-year-old) plantation group. The most impor-
tant categories associated with less biomass were the
older plantations, plantations that had been chem-
ically prepared for planting spruce, and plantations
that had been chemically released from competing
vegetation. The negative influence of age on aspen

'is probably a result of aspen growing out of the size

class represented in this study. A separate analysis
indicated that about 20 percent of the basal area and
density of trees (greater than 1 inch d.b.h.) in the
older plantations was attributable to deciduous
hardwoods, mainly aspen and maple.

Aspen is a very common species and forest type
throughout the Lake States (Brinkman and Roe 1975)
and northeastern Minnesota (Grigal and Ohmann
1975, Ohmann and Ream 1971). It was recorded in
64 percent of the plantations studied here. Aspen is
unique in that almost all stands originate as suckers
that arise from existing root systems (Brinkman and
Roe 1975). Aspen is an intolerant pioneer species
that cannot reproduce successfully under its own
shade. However, if aspen trees are present in the



canopy, they can continue to produce suckers that
. serve as a reserve of aspen to regenerate a site after

fire or logging. Aspen grows on a wide range of sites,
from infertile sands to waterlogged mineral soils and
peats (Brinkman and Roe 1975). Aerially applied
* 2,4-D herbicide during mid-July to mid-August will
~ kill existing aspen trees and sprouts but will result
in excellent resuckering the following year (Perala
1977). Controlling aspen when establishing a conifer
plantation requires heavy mechanical disturbance
or-a herbicide site preparation, along with later suc-
cessive herbicide or manual plantation releases (Per-
- ala 1977).

Aspen biomass was negatively associated with
plantation age, with least biomass in the oldest plan-
tations. Several factors may account for this trend:
(1) the capability of aspen (a tree) to grow beyond
the size-class category in this study (=1 inch d.b.h.),
(2) aspen shaded out by the conifers in older plan-
tations, (3) fewer herbicide or release applications
applied to younger plantations, increasing likelihood
of resprouts, and (4) a positive association with rock-
rake site preparation which was not practiced until
'1960.

Prunus pensylvanica

Pin cherry was measured in 31 plantations and
represented in all treatment categories. None of the
treatment combinations was statistically signifi-
cant. PREP explained 22 to 23 percent of the vari-
ation in biomass, followed by YEAR (18 percent),
SPECIES (7 percent), and RELEASE (3 to 5 percent).

Above-average pin cherry biomass was associated
with plantations between 5 and 25 years old that
had been prepared for planting to pine by disk or
rock-rake methods and later manually released from
' competing vegetation. Treatment categories associ-
- ated with below-average pin cherry biomass were:
(1) the very young plantations; (2) the oldest plan-
tations that had undergone no site preparation be-
“fore planting and no later release from competing
vegetation; and (3) plantations where chemicals had
‘been used to prepare the site for planting spruce.

Except for the lower biomass found in the 1- to 5-
year-old plantations (where pin cherry was encoun-
_tered in only one of the four plantations sampled)
" and the relatively high biomass with chemical re-
lease treatment, the distribution of pin cherry is con-
sistent with what is known of its growth habits and
response to management practices. Pin cherry is a
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common, fast-growing, short-lived, intolerant p:
oneer species of boreal forest ecosystems that d
clines about 25 to 35 years after disturbance (Mark
1974, Fulton 1974). Pin cherry usually becomes e
tablished after the logging of a mature forest. It grow
from buried seed remaining in the forest floor froi
prior colonization or from prior dissemination by birc
or small mammals (Marks 1974). Pin cherry is
common understory shrub in conifer plantations
northeastern Minnesota (Peek et al. 1976). It is ver
susceptible to 2,4-D or 2,4,5-T herbicides (Fulto
1974).

Prunus virginiana

Chokecherry was tallied in only 15 plantation
but was represented in all treatment categories. Non
of the treatment combinations explained a statist
cally significant amount of the variation in any
the biomass classes. YEAR explained from 28 to 3
percent of the variation in biomass, followed by SPF
CIES (25 to 28 percent), PREP (18 to 22 percent
and RELEASE (9 to 10 percent).

Above-average biomass was associated with 5- t
10-year-old plantations that had been prepared b
chemical treatment before planting spruce and olde
plantations that had received only manual releas
or where no release was recorded.

Chokecherry grows in a wide variety of soils an
habitats throughout much of North America (Vilk
itis 1974). It grows best in rich, well-drained, mois
soil with adequate sunlight, but it is competitive an
tolerant of shade and drought (Vilkitis 1974). Chc
kecherry is found commonly throughout northeast
ern Minnesota (Lakela 1965). The shrub was re
corded in only 28 percent of the plantations of thi
study, and in only 25 percent of 33-year-old post-fir
jack pine stands in an earlier study (Ohmann et a.
1973). Chokecherry reproduces by seed, but it als
can sprout prolifically (Vilkitis 1974). The shrub ma
be somewhat resistant to both D and T herbicide
(USDA 1961), but it is more susceptible to 2,4,5-
than to 2,4-D. For example, it was found in contrc
plots but not in aerially treated (2,4,5-T herbicide
hardwood plots in northern Michigan (Gysel 1957,

This intermediate susceptibility to herbicides ma
explain the ambiguous result of more chokecherr
biomass found in plantations prepared for plantin,
by herbicide treatment and in older plantations re
ceiving no herbicide release.



Rosa acicularis

Wild, priekly rose was represented in all treat-
ment categories and recorded in 48 plantations. The
treatment combinations YEAR-PREP-RELEASE and
YEAR-SPECIES-RELEASE explained a significant
. amount of the variation in rose biomass. YEAR ex-
- plained 17 to 19 percent of the variation in LEAF,

-TWIG, and STEM biomass; PREP explained 7 to 10
- percent; SPECIES explained 7 to 9 percent and RE-

LEASE explained 5 percent.

" Above-average biomass values were associated with

5- to 15-year-old plantations on sites that had been
prepared by rock-raking, planted to a combination
.- of pine and spruce, and later released from compe-
tition by manual plus chemical methods. Lower than
average biomass values were associated with both
the youngest and oldest plantations and with plan-
tations that had been chemically prepared for plant-
. ing to spruce.

Wild prickly rose is a circumboreal species that
grows on a broad range of sites. It is common in
conifer forests (Rosendahl 1955) and abundant as a
successional species on disturbed areas (Densmore
~ and Zasada 1977). After rose is established by seed,
it can spread over wide areas vegetatively by rhi-
zomes (Densmore and Zasada 1977). Because the de-
gree of disturbance is important, rose was more
abundant in nonscarified than in scarified conifer
‘regeneration plots in interior Alaska (Zasada and
Grigal 1978). In this case, the forest floor organic
layers were totally removed by scarification, while
there was rose vegetative reproduction from rhi-
zomes on the relatively undisturbed organic layers
- . of the nonscarified plots!. Rose is resistant to 2,4-D
" . herbicide (Benzie 1977) but is susceptible to 2,4,5-T
_herbicide applied in May or June (Smithberg and
- Gill 1974). Rose was absent from northern Michigan
- plantations where 2,4,5-T herbicide was aerially ap-
plied (Gysel 1957).

The results of this study are generally consistent
with known rose growth habits and response to man-
agement practices. More biomass was associated with
sites prepared by rock-raking and those plantations
treated by a manual plus chemical plantation re-
lease. If the herbicide was 2,4-D or if it was a D-T
. mixture but not effectively applied (applied in Au-

gust), more biomass would occur. Manual release
might involve severing some rose aerial stems that
- would produce more sprouts. More biomass following
rock-raking as a site preparation treatment would

not be likely unless the scraping did not remove all
of the organic forest floor. Lower biomass would be
associated with plantations prepared for planting by
chemical treatment if, as is probable for site prep-
aration purposes, the treatment was a 2,4-D and 2,4,5-
T herbicide mixture applied in early summer.

Rubus strigosus

Raspberry was represented in all treatment cat-
egories and recorded in 51 sample plantations.
The treatment combinations YEAR-SPECIES-RE-
LEASE, and YEAR-PREP-RELEASE explained a
significant amount of the variation in raspberry LEAF,
TWIG, and WOOD biomass. YEAR explained from
36 to 44 percent of the biomass variation, followed
by PREP (22 to 27 percent), RELEASE (16 to 17
percent), and SPECIES (7 to 8 percent).

Above-average biomass was associated with sites
that had been chemically prepared for planting to
spruce; and sites that were prepared by rock-raking
and later chemically released. Below-average values
were associated with older plantations with no site
preparation and no later plantation release record.

These results are fully consistent with what is
known about raspberry growth habits and the spe-
cies’ response to management practices. Raspberry
is common in the forest types of this region (Rosen-
dahl 1955). The species can reproduce from seeds,
layers, sprouts, and underground stems (Core 1974).
It grows better in partial shade than in full sunlight
and can be rejuvenated by partial removal of over-
head shade or deep cultivation (Core 1974). Scari-
fication plots contained more raspberry than non-
scarified conifer regeneration plots in interior Alaska
(Zasada and Grigal 1978). Raspberry is resistant to
2,4-D herbicide (Benzie 1977). More raspberry bio-
mass was found in younger plantations where her-
bicide was used to prepare sites for planting to spruce,
where sites were rock-raked, and where it was used
to release planted conifers. These practices reduce
overhead shade but do not kill the resistant rasp-
berry unless a combination of 2,4-D and 2,4,5-T is
used. Management practices involving herbicides re-
sulted in an increase in raspberry cover in Itasca
State Park, Minnesota (Hansen et al. 1974). YEAR
was the most important treatment. There was less
raspberry biomass in older plantations where the
ground was not disturbed before planting and where
no release treatment was later applied to remove
overhead shade.
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Salix spp.

Willow was recorded in 24 plantations and was
represented in all treatment categories except the
youngest (1- to 5-year-old) plantations. None of the
treatments explained a significant amount of the
variation in biomass. In the case of LEAF and WOOD,
RELEASE explained 23 and 24 percent of the var-
iation in biomass, PREP 18 percent, YEAR 14 and
15 percent, and SPECIES 1 percent. In the case of
TWIG, YEAR explained 31 percent, RELEASE 18
percent, PREP 18 percent, and SPECIES 2 percent.

Above-average biomass was associated with the
oldest plantations that had received a disk treatment
‘or no preparation before planting pine and that were
later released by manual plus chemical or chemical
-methods. Below-average willow biomass was asso-
ciated with: (1) younger plantations, (2) plantations
that had received rock-rake or chemical site prepa-
ration (those planted to spruce), and (3) older plan-
tations that had been given a manual release or where
no release was recorded. To generalize, willow LEAF,
TWIG, and STEM biomass was greatest in planta-
tions receiving the least site preparation and the
most release; wi.low biomass was lowest in planta-
tions receiving the most site preparation and the
least release.

Willows comprise a widely distributed genus with
about 80 species throughout North America (Rosen-
dahl 1955). At least 3 willow species grow in the
study plantations: bebb willow (S. bebbiana), pussy
willow (S. discolor), and upland willow (S. humilis)
(Peek et al. 1976). Willows reproduce by seed, suck-
ers, sprouts, and root shoots; are short-lived; and do
best in good soils and full sunlight (Rawson 1974).
Bebb willow grows both in moist and dry places;
" pussy willow is comr.only found in swamps and other
wet places, but it also grows well on dry soils; and
upland willow is common on dry soils (Grimm 1957).
Willows are susceptible to foliage application of 2,4-
D and 2,4,5-T herbicides (Rawson 1974); however,
they may resprout from the roots and stem base the
season after treatment (USDA 1961). For example,
" Gysel (1957) found willow in both check and treat-

ment plots after 2,4,5-T herbicide was aerially ap-
~ plied in northern Michigan.

More willow biomass associated with plantations
receiving chemical release is consistent with the spe-
cies’ ability to reproduce vegetatively following such
treatment.
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CONCLUSIONS

Most of the responses to silvicultural practice
found through this study are consistent with the e
ological requirements of the species, at least to tl
extent that their requirements have been doc
mented. The silvicultural goal of successful esta
lishment and regeneration of conifer stands was m
for these plantations, yet the stands contained t:
shrub layers similar to those in conifer stands n¢
urally regenerated after disturbance. The shrub la
ers were also similar to those found in several m
ture conifer forest communities in the area. N
surprisingly, the study plantations contained le
shrub layer biomass than did either regenerating
mature aspen stands on better sites.

The effect of a persistent shrub layer on the lor
term growth and yield of the planted conifers is
relevant to the goal of successful re-establishme
of the stand (thinning was not included in the stud
The presence of a persistent shrub layer is, howev
very important to the suitability of these plantatic
as wildlife habitat. Because a persistent shrub la;
adds to both species and structural diversity, i
important not only to animals commonly though
as browsers (deer, moose, and hare), but to invei
brate browsers and to many birds as well (Pro
1979).
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APPENDIX

This Appendix presents the results of the ANO-
VAs and Multiple Classification Analysis (fig. 1). It
also includes more detailed tabular information on
- species biomass by treatment (Appendix tables 4-7).

"~ Of the 96 three-way ANOVAs conducted, 38 LEAF,
- TWIG, or WOOD cases were significant at the p =
~ = 0.10 level for one or more sources of variation:
model, main effect, independent variable 1, inde-
pendent variable 2, independent variable 3, overall
interaction, interaction between variable 1 and 2,
~ interaction between variables 1 and 3, and inter-
action between variables 2 and 3 (Appendix table 8).
ANOVA main effects were significant at p = = 0.10
most often for YEAR-SPECIES-RELEASE with 4
times each for LEAF, TWIG, and WOOD; for YEAR-
. RELEASE-PREP with 3 times each for LEAF, TWIG,
and WOOD; and for YEAR-PREP-SPECIES with 2

LEAF, 1 TWIG, and 2 WOOD instances (Appendix
table 8). The treatments as individual sources of sig-
nificant variation (as variables 1, 2, or 3 listed in the
combination) showed YEAR to be most important
with significant F-ratios for 9 LEAF, 11 TWIG, and
10 WOOD instances. PREP was significant once for
LEAF and WOOD; SPECIES was significant once
for TWIG and twice each for LEAF and WOOD; and
RELEASE was significant for 2 LEAF, 1 TWIG, and
2 WOOD instances. Overall interaction effect was
significant in YEAR-RELEASE-PREP twice each for
LEAF, TWIG, and WOOD; YEAR-SPECIES-RE-
LEASE was significant in 2 LEAF, 1 TWIG, and 3
WOOD instances; and YEAR-PREP-SPECIES was
significant once for LEAF and WOOD. Interaction
between YEAR and PREP was significant twice each
for LEAF and WOOD and once for TWIG; interaction
between YEAR and RELEASE was significant 7 times
for LEAF, 5 times for TWIG, and 6 times for WOOD.
PREP-RELEASE and YEAR-SPECIES interactions
were significant once each for LEAF and WOOD, and
SPECIES-RELEASE was significant once each for
LEAF, TWIG, and WOOD (Appendix table 8).
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Figure 1.—Diagrammatic representation of classification analysis results depicting the influ-
ence of silvicultural treatments on the major tall shrub and deciduous tree (under 1-inch
d.b.h.) species in conifer plantations near Isabella, Minnesota. Shaded circles represent a
negative influence and open circles represent a positive influence.
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