



































































































































































































































































































































































































































































































































































































































































































































































































































REPRODUCTION - The process by which a forest or range is renewed.
Artificial: Renewal by direct seeding or planting. (See Reforestation.)
Natural:
1. Renewal by self-sown seeds, sprouts, rhizomes, etc. (Syn.
Regeneration. See Cutting, methods of.)
2. Seedlings or saplings of any origin. (Syn. Young growth.)

RILL EROSION - The process by which numerous small channels, at the most only
several inches deep, are formed on recently cultivated or exposed soils.

ROCK, igneous - Rocks formed by solidification from a molten or partially
molten state - e.g., various types of lava. Igneous rocks are subdivided
into those rocks that solidified below the surface (plutonic) and those
that solidified from molten materials that were extruded onto the surface
(volcanic). Examples: gabbro (plutonic), basalt (volcanic).

ROCK, metamorphic - Rocks which have been formed in the solid state under the
conditions of high pressure, high temperature, and the introduction of
new chemical substances that, in general occur at great depths within the
earth. Examples: slate, greenstone.

ROCK, sedimentary - Rocks that have been formed from deposits of sediment.
Examples: sandstone, shale, Timestone.

ROTATION - The period of years required to establish and grow timber crops to
a specified condition of maturity.

RUNOFF - The portion of precipitation or irrigation water which does not
infiltrate into the soil,, but moves over the surface.

SAMLING - A loose term for a young tree greater than a few feet tall and an
inch or so in diameter at breast height.

SCALE - The act of making volume measurements of cut timber.

SCALE, consumer, or MILL SCALE - Scaling done at the mill or by a broker.

SCALE, ground - Scaling done by a forester at the log landing.

SEDIMENT - Solid material, both mineral and organic, that is in suspension, is
being transported, or has been moved from its site or origin by air,
water, gravity, or ice and has come to rest on the earth's surface.

SEEPAGE - Movement of water into, through, or from soil.

SEROTINOUS - In botany, late ripening of fruits. In forestry, cones that
remain closed without allowing dissemination of the enclosed seeds long
beyond the time of maturing. In some species such as black spruce,
dissemination may occur over a period of two to five years. In others,

such as jack pine, the cones may remain closed on the tree unless
subjected to high temperatures.
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SHEET EROSION - The removal of a fairly uniform layer of soil from the land
surface by runoff water or wind.

SILVICS - The life history and general characteristics of forest trees and
stands, with particular reference to environmental factors. (See
Ecology.)

SILVICULTURE - That part of forest management which deals with the science and
art of cultivating forest crops through various treatments which are
applied to stands in order to maintain and enhance their productivity.
The term includes all activities related to this purpose from the
preparation of an area for restoration of forest vegetation, the
establishment, culture and protection of the growing crop, to that crops
harvest and transport from the production area.

SITE - An area considered in terms of its environment, particularly as this
determines the type and quality of the vegetation the aea can inherently
produce.

SITE INDEX - An expression of forest site quality based on the height of the
dominant stand at an arbitrarily chosen age, usually 50 years.

SITE PREPARATION - Chemical, prescribed burn, machine or hand methods of
preparing the harvested area for the seeding or planting of the desired
reproduction.

SKIDDING - The transportation of logs from stumps to a collecting point by
s1iding or dragging along the ground. The logs may slide wholly along
the ground or with their forward end supported.

SLASH - The residue left on the ground after timber cutting and accumulating
there as a result of storm, fire or other damage. It includes unutilized
logs, uprooted stumps, broken or uprooted stems, branches, twigs, leaves,
bark and chips.

SNAG - A standing dead tree from which the leaves and most of the branches have
fallen.

SOIL HORIZON - A layer of soil, approximately parallel to the soil surface,
with comparatively uniform characteristics produced by soil-forming
processes.

SOIL MOISTURE - Water stored in soils, usually expressed as a percentage by
dry weight or volume or as depth of water per foot of soil.

SOIL PREMEABILITY _ Capacity of the soil to transmit fluids.

SOIL PROFILE - The succession of soil horizons beginning at the surface that
have been altered by normal soil-forming processes, particularly by
leaching and oxidation.
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SOIL SERIES - A group of soils which have similar soil profile characteristics
and which are derived from similar parent materials. A soil series is
usually named for the locality where the typical soil was first recorded.

STAND - A contiguous group of trees sufficiently uniform in species
composition, arrangement of age classes, and condition to be a
homogeneous and distinguishable unit.

STEM FLOW - That portion of precipitation that is intercepted by the canopy
and subsequently flows down the stem of the intercepting trees.

STOCKING - A more or less subjective indication of the number of existing
trees as compared to the desirable number for maximum production of wood
or other resources.

STREAM - Any well defined channel which carries water during part or all of
the year. A stream may be perennial, intermittent, or ephemeral.
Perennial: Water flows throughout the entire year.

Intermittent: Flow of water stops and starts at seasonal intervals
(i.e., may only flow in spring or fall.)

Ephemeral: Short-Tived flow of water; usually associated with flash
floods resulting from heavy rainfalls; temporary.

STRUCTURE - The distribution and representation of age, size, crown, or other
tree classes in a stand or forest.

SUCCESSION - The gradual supplanting of one community of plants by another
until the climax community is reached.

SUCKER - A shoot from the lower portion of a stem or especially from the root. -
(Syn. Sprout.)

SUPPRESSED (or Overtopped) - Trees with crowns entirely below the general
level of the crown cover receiving no direct light either from above or
from the sides.

SURFACE EROSION - Erosion which removes materials from the surface of the land
as distinguished from gully or channel erosion. The two main types of
surface erosion are sheet erosion and rill erosion.

SUSTAINED YIELD MANAGEMENT - Continuous ﬁroduction so planned as to achieve, at
the earliest practical time, a balance between growth and harvest.

SURFACE WATER - Water stored on or flowing over the surface of the soil.

THINNING - Cutting in an immature stand to increase its rate of growth, to
foster quality growth, to improve composition, to promote sanitation, to
aid in litter decomposition, to obtain greater total yield, and so
recover and use material that would be lost otherwise. Four district
types of thinnings are recognized, each based on a different principle in
selecting trees to be removed. These are crown thinning, Tot thinning
(thinning from below), selection thinning, and quality thinning.
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1.  Crown thinning. Cutting is made principally in the upper crown
classes by the removal of codominant and dominant trees that are
competing strongly with the most promising individuals of these
classes. Cutting in the lower crown class is directed toward
removing trees that are competing strongly with the most promising
individuals of these classes. Cutting in the lower crown class is
directed toward removing trees that will die and be wasted before
the next cutting and is carried on only if such trees have a
positive net conversion value. (Syn. Thinning from above; High
thinning; Crop tree thinning.)

2. Low thinning. Anticipates natural thinning of stand through
competition, by working upward from overtopped to dominant trees, in
five recognized intensities of cutting, as follows: Grade A-light.
Removes the poorest overtopped trees. Grade B-moderate. Removes
all overtopped trees and the poorer intermediate trees. Grade
C-heavy. Removes all overtopped and intermediate trees and often a
few codominant trees. Grade D-very heavy. Removes all overtopped
and intermediate trees and many to most of the codominant trees.

3. Mechanical thinning. The stand is thinned to a predetermined
spacing by the removal of rows of trees or the removal of trees
within rows.

4. Selection thinning. The largest dominant trees and the poorest
overtopped trees if possessing a positive net conversion value are
cut, the former to remove potential wolf trees of relatively low
value and the latter to utilize these trees before they become a
total loss.

THINNING, NATURAL - Death of trees in a stand as a result of competition.

THERMAL POLLUTION - Altering the amount of energy available in the environment
by the addition of heat or cold.

THRIFTY - A condition applied to individual trees or forest types denoting a
health, growing condition.

THROUGH FALL - Precipitation reaching the ground beneath a forest canopy;
includes crown drip but not stem flow.

. TIMBER STAND IMPROVEMENT (TSI) - A1l cuttings not a part of a major harvest
felling, made during the 1ife of a forest stand for the general purpose
of improving the stand as regards composition, condition, or rate of
growth. (See Cutting, methods of; Thinning.)

TOLERANCE - The capacity of a tree to develop and grow in the shade of and in
competition with other trees.

TOPOGRAPHY - The configuration of a surface including its relief, elevation,
and the position of its natural and man-made features.
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TYPE, FOREST - A descriptive term used to group stands of similar character as
regards composition and development due to certain ecological factors, by
which they may be differentiated from other groups of stands. The term
suggests repetition of the same character under similar conditions. A
type is temporary if its character is due to passing influences such as
logging or fire; permanent if no appreciable change is expected and the
character is due to ecological factors alone; climax if it is the
ultimate stage of a succession of temporary types. A cover type is a
forest type now occupying the ground, no implication being conveyed as to
whether it is temporary or permanent.

UNDERSTORY - Generally, those trees and woody species growing under an
overstory.

UNEVEN-AGED - A class of forest or stand composed of intermingled trees or
groups of trees that differ markedly in age.

VENEER - A thin sheet of wood cut on a'veneer machine. There are three kinds
of veneers: sawed, sliced and rotary cut.

VIGOR - The degree to which a forest tree is capable of producing sustained,
high quality, rapid growth in competition with surrounding vegetation.

VOLUME REGULATION - A method of planning for sustained yield which relies on
the volume harvested in a given time period under even-aged management.

- WATERCOURSE _ Term incluees artificial and natural watercourses: Any channel
having definable beds and banks capable of conducting generally confined
runoff from adjacent lands. During floods water may leave the confining
beds and banks bur under low and normal flows water is confined within

the channel. A watercourse may be perennial, intermittent or ephemeral.

A. perennial: flows throughout the entire year.
B. intermittent: flow stops and starts at seasonal intervals.
C. ephemeral: short-Tived flow, usually occurring after large storms

associated with flash floods; temporary.
WATER EQUIVALENT - The depth of water that would result from meiting snow.
WATER POLLUTION - A degradation of the quality of water for a specified use.

WATERSHED - Total land area above a given point on a stream or watercourse
that contributes water to the flow at that point.

WATER TABLE - The upper surface of the groundwater or that depth below which
the soil is saturated with water.

WINDTHROW - Uprooted by the wind. The strength and extent of a tree's root
system develops as a response to the forces of wind, snow, and ice that
the tree js subjected to. These forces may increase for a particular
tree if the surrounding trees are removed. If the tree does not have a
root system capable of absorbing the additional stress, it will be blown

. down. Trees with shallow root systems on wet sites are particularly
susceptible.
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Sources for this glossary were:

DNR, 1962. Timber Management Guide for State Forested Lands

EPA, 1973. Processes, Procedures and Methods to Control Pollution
Resulting from Silvicultural Activitjes, EPA 430/9-73-010,
Wash., D.C.

Harrold, L.L.; G.0. Schwab; and B.L. Bondurant, 1974. Agricultural and
Forest Hydrology, Ohio State University, Columbus, Ohio.

Schwartz, C.F., E.C. Thor, and G.H. Elgner, 1976. Wildland Planning
Glossary, USFS Glossary, USFS General Technical Report PSW - 13,
Wash., D.C.

Society of American Foresters, 1958. Forest Terminology, Wash., D.C.

USDA, 1973. Silvicultural Systems for the Major Forest Types of the
United States, Agricultural Handbook No. 445, Wash., D.C.
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Technical Guide
Section II-F-:

WOODLAND SUITABILITY GROUPINGS

Forest soils in Minnesota are ordinated into Woodland suitability
groupings. A three part symbol is used to designate these groups,
such as 202 or 2rl. The first part of the symbol, zlways a
number, indicates the site index or relative productivity for

a common forest type or specie. Site index is the average height
the larger (dominant and codominants) trees will reach at 50
years of ége. Average yields and other data have been developed
by site index for many species of trees based on normal or other

stocking rates.

The second part of the symbol is a lower case letter. This

_letter indicates the most important soil property that imposes

a hazard, restriction, or limitation for woodland use or management,
The letter o indicates that the soils have few limitations; r
indicates slope steepness;‘ﬁ indicates wetness; s indicates
sandiness; ¢ indicates clayiness and d indicates restricted

rooting depth.

The third part of the symbol, a number, subdivides a group on

the basis of species adaptability to soil conditions.

In each ordinated woodland suitability group the hazards and limi-
tations are the same, However, when species or forest types are

different the groups are refined in tables by Land Resource Areas.

USDA-SCS-Minnesota
July, 1973
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Woodland Suitability Group 2rl

Description:

6=

‘Technical Guide
Section II-#-1

This group consists of well drained and moderately well

drained, moderately coarse to moderately fine textured soils.
In LRA's 103, 104 and
105 these soils are dominantly in coves or on north and east

Slopes range from 12 to LO percent.

slopes.

moderate to very high available water capacity.

Most soils have low to high natural fertility and

Seedling mortality is slight to moderate, plant competition
is moderate to severe, equipment limitations are moderate
to severe, and hazard of erosion is modesrate to severe,

Soils in this group are:

WOODLAND SUITABILITY GROUP 2rl

POTRNTTIAL PrODUCTLVITY

pralliy DULTASILILY

LAND lmportant Av. Site Basis To Favor in TFor
RTSOURCE Wood Crops Index (No. of Existing Planting
ARRA (Species) Plots) Stands »
38,90,91 Red pine 60 EST Red pine Red vine
Jack pine 60 White pine White spruce
White pine 55 White spruce Jack pine
White spruce 60 Red oak Red o2k
Basswood 50-60 Jack pine Basswood
Red ocak 50-60 Basswood
Sugar maple 50-55
Aspen 70-80
White birch 60-75
103,104, Black walnut 50-65 EST Black walnut White oak
105 Red oak 50-75 White oak Red o=k
White oak 50-70 Red oak Black walnut
+  White birch 50-65 Basswood Wnite pine
Basswood 50-65 White pine Basswood
White pine 55-65
USDA-SCS-Minnesota
Juhe 1973
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Woodland Suitability Group 2¢1

Description:

Technical Guide
Section II-r-1

This group consists of well drzined to somewhat poorly drainsd
soils with thin pnedium textured surface layers over fine tex-

tured subsoils.

Slopes range froa O to 25 percent.

Most soils

have medium to high natural fertility and moderate to high

available water capacity.

Seedling mortality is slight to moderate, plant competition is
severe, equipment limitations arnd hazard of erosion are slight

to severe.

Soils in this group are:

WOODLAND SUITABILITY GROUP 2cl

POTENTIAL PRODUCTLVITY SPECIES SUITABILILTY

LAND Important Av. Site Basis Tc Favor in Fox
RESOURCE | Wood Crops Index (Mo. of|| Existing Planting
AREL (Species) Plots) Stands
88,90,91 Aspen 77 18 Red pine Red pine

Red pine 55 7 White pine Wnite spruce

White pine L9 8 White spruce White pine

Jack pine 52 1 Red oak

White spruce 52 L

Red ozk 57 1

Basswood 50 1

Sugar maple 51 2
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Woodland

(ORISR Y

Descxiption:

e b e

Suitability Group 3rl

This group consists of well to somawhat excessively cdrained

soils with moderate zvailable water capacitv. Most axs
moderately fine textured soils underlain by coarse texitured.
materials or bedrock. Slopes rzngs from 12 to over
Most of these soils have medium natural fertility.
restricts rooting depth in some soils,

Bedrocxk

Seedling mortality is slignt on north and east slcpes snd
moderate to severe on south and wsst slopes, plant

competition is moderate, equipment limitations are
severe, and hazard of erosion is —oderate to severe.

Soils in this group are:

WOODLAND SUITABTILITY GROU®R 3rl

25 percent.

POTENTIAL PRODUCTIVITY SPECIES SULTABILITY

LanD lmportant Av. Site| Basis 1o ravor 1n 2oz

RZSOURCE| Wood Crops Index |(No. of Existing Planting

ARTA (Species) Plots) Stands '

83,90,91 | Red pine 55-60 Est Red pine Red pine
White pine 55-60 White pine Red o2k
Jack pine 60-65 Red oak Waite spruce
White spruce 55-60
Aspen 70-80
Red oak 55-60

103,104 White pine 50-6Q White oak Wnite oak

105 Red oak 50-65 Red oak Red o2k

White oak 50-65 : Basswood Rasswood
Bur oak 50-60 Yonite pine
Basswood 50-65

USDA-SCS-Minnesota

June 1973
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Description:

Technical Cuiilz
-1L~ Section IZ-F

excessively drained, mediun to coarse textured s

lain by bedrock within 20 inckess. Slopes range fzroa 12 to
55 percent. Most of these kave low to medium natural Jex-
tility and low to very low zvzilable water cepacity.

N

Seedling mortality is moderate %o severe, plant ccopetition
slight, equipment limitatior is moderate = 27
of erosion is moderate severe.

Scils in this group are:

WOODLAND SUITABILTITZ GROUP L4l
POTENTTIAL PRODUCTIVITY )

Basis To rax

LAND Important Av. Site voT in
RESOURCE | Wood Crops Index | (No. of Existing Dianting
ARZA (Species) Plots) Stands
88,90,91 | White pine 50 Est White pine Red pine
Red pine 50 Red pine White ‘spruce
Jack pine 50 Jack pine
Aspen 55
White birch 50
103,104, { Bur oak 50 Est White pine Woite pine
105 White oak 50 White oek
Basswood . 50
White pine 50

USDA-SC3-Minmesota
June 1872
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Tesrmicel Guide
Seciion II-F -15-
2531213 Suitability Group Lsl

Dezcription: This group consists of well drained to excessively drained,
medium to coarse textured soils underlain by sand or sand and
gravel. Slopes range from 12 to over 25 percent. Most of
these soils have low natural fertility and low to very low
available water capacity.

Seedling mortality is severe, plant competition is slight,
equipment limitation is moderate to severe, and hazerd of

erosion is moderzte to gsevere,

Soils in this group are:

:
1

WOODLAND SUITABILTITY GRCUP Lsl

POTERNTTIAL PRODCCTIVITY

SPECIES SUITABILITY

LAND Important Av., Site| Basis To Favor in - For
R3SOURCE | Wood Crops Index |(No. of Existing Planting
ARTE (Speciesg Plots) Stands
88,90, Red pine 50-60 Est Red pine Red pine
91 White pine 50-60 " Wnite pine Jack pine
Jack pine 55-65 "
White spruce L,5-60 "
103,104, | Bur oak 20-60 Y Est Bur oak White pine-
105 Hickory 20-60 Hickory Red pine
Pine species 1,5-60 Jack pine

1/ Lower site index is predominantly on squth and west slopes.

ol
Jur

USDi-3CS-Minnesota

2 1973

-
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FREQUENCY
160 1.7%
48”7 5.3%

63 0.6%

5 0.0%
332 3.6%
1490 1.5%
67 0.1%
49 0.5%
130 1.4%
132 1.4%
49 0.5%
7456 B82.2%

LEVEL SYMBOL

10

11

12

LEGEND

040

018

021

03B

852a

009

053

ALL

RED WING-LACRESCENT UPLANDS, STEEP
TOWER-ELY GLACIAL DRIFT AND BEDROCK COMPLEX
NASHWAUK-WARBA MORAINE, BROWN

NORTHOME MORAINE, LOAMY

ALEXANDRIA MORAINE COMPLEX

ITASCA MORAINE COMBPLEX, ROLLING

AUVRCRA TILL PLRIN. RED CLAYEY, SLOPING
MESABI RANGE

HIGHLAND MORAINE, LOAMY,., ROLLING TO HILLY

ST. CROIX MORAINE COMPLEX, LOAMY,; ROLLING TO HILLY

NEMADJI-DULUTH LACUSTRINE PLAIX, CLAYEY

OTHER CGEOMORPHIC REGIONS

e o

263







APPENDIX D

264






SILVICULTURAL GUIDES

The following section describes the silvicultural theory and guidelines
currently used by foresters in Minnesota. The guides are written for the
eleven major types of forest trees identified in Part A. The guidelines
explain the general theories and recommended practices for efficient and
successful harvest and regeneration of each type. Field personnel, however,
may occasionally use alternative methods when other factors necessitate. The
types discussed are the following:

Red Pine

Jack Pine

Black Spruce

No§rthern White Cedar

Tamarack

Lowland Hardwoods

Lowland Conifers

Upland Spruce-Fir

Trembling Aspen

Northern Hardwoods

Qak
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1. RED PINE (NORWAY PINE)

Red pine is a versatile species, yielding a variety of products from
even-aged pure stands. It is found in natural stands on sandy and gravelly
soils in the northern conifer region of Minnesota but red pine is planted
throughout the state. Red pine is sometimes found in mixed stands with jack

pine, white pine, or aspen (Fowells, 1965).

Red pine is intolerant of shade. Establishment of new stands usually
requires clearcutting and site preparation to expose a mineral seedbed. Sites
that are suitable for red pine are generally more fertile and less droughty
than jack pine sites, but less fertile and more droughty than white pine sites

(Fowells, 1965).

Management objectives for red pine are to "control establishment,
composition, and growth of the stand so that intermediate thinnings will
provide useful prbducts (pulpwood, posts, poles, and small saw timber) and
final harvest will yield high quality saw timber and veneer." Management
objectives also include considerations for recreation, wi]d]ife, and water
(8enzie, 1977).

CLEARCUT

Clearcutting followed by mechanical site preparation and seeding or
planting, is the most common method of regenerating red pine (Benzie, 1973).
Clearcutting:

1) removes all residual stems. Residual stems would otherwise provide

shade which slows seedling growth and favors shrub growth.

2) s economical. Harvest operations are more economical on clearcuts

of 40 acres and more. Clearcutting red pine is feasible for highly

mechanized systems unless the trees are very large.
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3) facilitates site preparation. Removal of all stems is usually

necessary for adequate exposure of mineral seed beds, or elimination
of slash and brush.
4) facilitates machine planting.
Disadvantages of clearcutting are reduced aesthetic appeal and the
possibility of increased runoff which may cause soil erosion.
STRIP CUT
Strip cuts may be employed where aesthetics are important. Advantages
and disadvantages of this system are the same as for clearcutting but are of a
lesser magnitude (USDA, 1973).
SEED TREE
Seed tree harvesting systems have not been effective due to the erratic
and undependable nature of red pine's seed production (Benzie, 1977).
SHELTERWOOD
Shelterwood systems are also hindered by infrequent seeding. However,
these systems are useful when mature trees are needed on the site to bridge
the gap from a fully stocked stand of mature trees to a full stocked stand of
seedlings (Benzie, 1977). Mechdnical site preparation and supplemental
seeding or planting are often required.
UNEVEN-AGED MANAGEMENT
Selection or group selection cuttings require close and continuous
attention. These methods can be used to maintain high forest cover in small

stands (Benzie, 1977).
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THINNING

Intermediate thinning of red pine is recommended due to the value and
long life of the crop. Intermediate thinning (Benzie, 1977):

1) puts the most growth on the best trees

2) maintains uniform growth rates for crop trees

3) removes diseased, injured, and suppressed trees

4) shortens the rotation

5) increases yields

6) provides cash returns before the end of the rotation

Thinning can be accomplished in either of two ways, thinning from below
or row thinning (Smith, 1962).

Tninning from below mainly involves the removal of smaller, slower
growing trees. High risk, poor quality, and damaged trees are also cut.
Trees of other species are cut when they are not needed to maintain full
stocking.

Row thinning is often used for the first thinning in plantations. It has
the advantage of being more economical but cannot be used to select the best
crop trees and remove poor stock. -

An ideal treatment schedule for red pine might be:

Year O Plantation establishment

Year 2 or 3 Examination of seedling survival and release needs

followed by the required treatment

Year 30 Thin for pulpwood (row thinning)

Year 60 Thin for poles, posts, and small saw timber (thin from
below

Year 90 Thin for small saw timber (thin from below)

Year 120 Clearcut



LOGGING SYSTEM
Red pine is harvested by all types of logging systems, the determining

factors being the logger's preference and equipment. However, tree length
logging would probably be ideally suited to the final harvest for two
reasons. Since mature red pine have few 1limbs, these could be removed at the
stump. Long logs may be graded higher than short logs, thereby, bringing
higher returns to the logger.

Full tree harvesting can also be used in clearcuts and shelterwood cuts
of mature trees. Advantages include: slash is removed, site preparation is
not needed, logging is done efficiently, and brush is set back (Benzie, 1971,
Harvesting for Red Pine).

SITE PREPARATION

Site preparation is used to prepare a mineral seedbed and/or to eliminate
competition for light, water, and nutrients. Three methods are commonly used
(Benzie, 1977):

1) preparation of seeding or planting spots (scalping). This method
pfotects the site from soil erosion and severe drying but may require
frequent follow-up release.

2) complete site preparation. This method may reduce the need for
follow-up release, but it may expose the site to erosion, severe
drying, and create an eye sore. This method is valuable where brush
is a problem or where mineral soil must‘be exposed.

3) full tree skidding. This logging system may adequately accomplish

site preparation in some situations.
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Complete Site preparation may be accomplished using (Benzie, 1977):
1) mechanical equipment, such as bulldozers, shearing blades, heavy duty
discs, roto tillers, plows, root rakes, rock rakes, or drum choppers
2) herbicides
3) prescribed burning
REGENERATION

Regeneration usually involves planting of nursery stock following site
preparation. Planting is done in the spring or fall. Planted seedlings have
a greater advantage over competing vegetation than natural seedlings do, since
they are 3 or 4 years older when the pIantation is established. However,
natural seeding is relied upon for shelterwood systems (Benzie, 1977).

Containerized seedlings may'be used rather than conventional nursery
stock. Containerized seedlings are grown for several months, usually in
plastic tubes, and can be planted anytime during growing season. Because of
their small size, their use may require additional release treatments (Benzie,
1977).

RELEASE

Release is often needed 2 or 3 years after planting to eliminate
competitive shrubs and hardwoods. Release can be done by hand or with
herbicides.

Hand release can be employed if competition is not too extensive.
Several cuttings may be required at intervals of 2-3 years (Benzie, 1977).
Hand release, under most circumstances, is not economically feasible.
However, government programs have supplied funds to hire crews for this work
in some areas.

Herbicide application during mid-August can eliminate hardwood and brush
competition without damaging red pine seedlings. In most cases, one treatment
is sufficient. Herbicide applications should comply with established

guidelines for safe use.
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DISEASE AND INSECT CONTROL

Red pine has relatively few serious insect and disease problems compared
to other native pines (Fowells, 1965).

Light infestations of pine root collar weevils and introduced pine
sawflies were reported in scattered plantations in northern Minnesota during
1977 (DNR, 1977).

Two diseases may be important in red pine management. The Lake States
strain of Scleroderris canker has infected some northeastern Minnesota
plantations. Diplodia tip blight, together with Ips pini bark beetles, is
causing some mortality in north central Minnesota. These diseases were still
in the observation stage in 1977 (DNR, 1977).

OTHER RESOURCES

Red pine can be managed for recreation. Minimum stocking levels can be
used to promote fast growth. If new stands are established regularly,
continuous stands of old growth trees will be provided for the future.
Rotations can be extended up to 200 years in aesthetic interest areas, and
cultural operations can be confined to the off-season (Bénzie, 1977).

Water resources can be affected by manipulation of stocking levels, low
levels yielding more water. Site preparations, clearcuts, and herbicide
treatments have the potential to affect water quality (Benzie, 1977).

Red pine is generally poor wildlife habitat, but is used for-nésting by
American bald eagles and other birds. Lack of forage species can be improved
at the cost of timber production by use of minimum stocking levels and
prescribed burning (Benzie, 1977).

Aesthetics are improved by making clearcut boundaries follow natural

physiographic or forest type lines, and by slash disposal.
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2. JACK PINE

Jack pine is a pulpwood species that is found in even-aged pure stands on
sandy soils in the northern conifer region of Minnesota (Fowells, 1965). It
is sometimes found in mixed stands with black spruce, trembling aspen, or
naper birch.

Jack pine is one of the most shade intolerant species, and is therefore
dependent on disturbances such as logging and fire for regeneration. It tends
to be a temporary forest type on the better sites (loamy sands), but more
permanent on poor sites (deep, dry outwash sands), (Benzie, 1977).

On sites for which jack pine is the best suited species, the management
objective is to maintain jack pine. This objective can be accomplished
through use of clearcut, seed tree, or shelterwood systems depending on tree
and site characteristics. (Benzie, 1977)

On sites for which another species 1is better suited, the management
objective is to convert to that species at the end of the rotation. In some
cases, these sites may be the best jack pine sites, but conversion to red pine
is more desirable. (See "Insect and Disease Control.") Rotations for jack
pine occur when trees are 40-70 years old, trees are 8-12 inches in diameter,
and are 50-80 feet tall (Benzie, 1977).

Choice of silvicultural system depends on 1) seed tree gquality, 2) cone
habit, 3) available slash disposal methods, and 4) seed beds (Benzie, 1977).

CLEARCUT

Clear cutting is the best amd most commonly used silvicultural system for
jack pine (Ohmann et al., 1978). It is particularly useful when no desirable
seed trees are present or when the stand has serotinous cones; Clearcutting
provides an opening where shade intolerant jack pine seedings can develop.

Most jack pine cones are serotinous. They remain closed until exposed to

intense heat, as from a fire. This makes jack pine ideally suited to
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revegetating burned areas. - The cones may also open if scattered on the ground

and exposed to direct sunlight on a 80 degree day (Fowells, 1965). Therefore,
prescribed burning or scattering of cones is usually done after harvest if
seeding of jack is desired.
SEED TREE METHOD

The seed tree method is employed when good quality seed trees with
serotinous cones are present. Seed trees should be windfirm, hold a good crop
of cones, be of desirable form and vigor, and be well distributed throughout
the stand. These trees are left standing on the site after the rest of the
stand is harvested. Prescribed burning follows soon after harvest to provide
heat to open the cones (Benzie, 1977).

SHELTERWOOD

Shelterwood harvests can be used where non-serotinous cones are
prevalent. However, this situation is not too common and use of this system
is Timited to stands where landscape and wildlife values are especially
important (Ohmann, et al., 1977).

SITE PREPARATION

Site preparation is required to expose mineral soil if natural seeding is
the planned means of regeneration, and to eliminate competitive vegetation and
slash. Site preparation treatments may involve prescribed burning, full-tree
skidding, or mechanical treatments (Benzie, 1977). Good jack pine sites,
especially, tend to be brushy and require treatment (USDA, 1973).

| REGENERATION

‘Regeneration is accomplished through seeding or planting. Seeding can be
done by using a seed tree or shelterwood harvest, by scattering branches
containing cones over the site, or by sowing repellent-treated cones.
(Benzie, 1977) Planting of nursery stock or containerized seedlings may be

done by hand or by machine.
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RELEASE

Release may be required 2 or 3 years after regeneration to control
competing vegetation. This may be accomplished using herbicides or hand tools
as described for red pine.

THINNING

Thinning may be done around age 30 if the stand has a high site index and
is being managed for poles and small saw timber (Benzie, 1977). Thinnings may
increase yields up to 90 percent (Fowells, 1965). No thinning is usually done
in pulpwood stands.

INSECT AND DISEASE CONTROL

Jack pine is susceptible to more diseases and insect attacks than is red
pine. This and the fact that more management alternatives and a greater
variety of products exist for red pine points to red pine's greater popularity
for timber production.

Insect pests of jack pine that are currently important are jéck pine
budworm and jack pine sawfly (DNR, 1977). Jack bine budworm has been a
problem in recent years, causing scattered mortality following defoliation of
stands in Roseau and Beltrami counties. Control of this pest has been
effected through harvest of infested merchantable stands and accelerated
rotations in the surrounding area. Jack pine sawfly has maintained low
populations and is primarily damaging only to open grown trees. No control is
currently needed. No outbreaks of disease of jack pine have been reported
Tately (DNR, 1977).

OTHER RESOURCES

Recreationists frequently look for jack pine standings during blueberry
season since blueberries are commonly found on the same sites. Aesthetics can
be managed by regulating clearcutting to make openings blend into the

landscape.
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Young jack pine are frequently browsed by white-tailed deer. Mature

stands are often brushy, which makes them good habitat. Most wildlife species
benefit from management efforts to provide a good distribution of age classes

in adjacent stands (Benzie, 1977).
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3. BLACK SPRUCE

Black spruce is a valuable pulpwood species that is found in extensive,
even-aged, pure stands on organic soils in the northern conifer region of
Minnesota. The species also grows on the mineral soils of the Laurentian
Shield in northeastern Minnesota. On mineral soils, black spruce generally
occurs in mixed stands with white spruce, jack pine, balsam fir, aspen, or
tamarack (Fowells, 1965).

Black spruce is tolerant of shade, but seedling development is superior
in openings. Establishment of new stands is most successful where a seedbed
of slow growing sphagnum is present or where the surface layer has been
removed by fire or compacted by skidding (Fowells, 1965).

The best sites for black spruce typically have a regional water table,
have excessive brush, and are periodically ravaged by fire (USDA, 1973). On
these sites, management objectives generally are "production of a high
sustained yield of pulpwooa as efficiently as possible without adversely
affecting other forest values," (Johnston, 1977). This objective is met

through management of fairly large, even-aged stands, similar to virgin

stands, resulting in efficiency for cultural operations and mechanical harvest

(Johnston, 1977).
CLEARCUT
The best method for harvest and reproduction of black spruce is
clearcutting (Johnston, 1977). Clearcutting:
1) reduces windthrow. Black spruce has a shallow root system and, on
upland sites, is susceptible to butt rot when 70-100 years old which
increases its susceptibility to wind breakage. Partial cutting and

strip cutting increase the risks of windthrow (USDA, 1973).
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2) is economical. Harvest operations on clearcuts of 40 acres or more

become increasingly more economical (Johnston, 1977). Clearcuts in
black spruce readily lend themselves to highly mechanized logging
systems (Benzie, 1971, Silvicultural Interpretations).

3) facilitates broadcast burning. Broadcast burning is often required
in order to regenerate black spruce (Johnston, 1977). This will be
discussed later.

4) controls dwarf mistletoe infection (Johnston, 1977).

The disadvantage of clearcutting is that direct seeding will often be
required. Natural seeding cannot be depended on to regenerate the center of a
large clearcut; its effectiveness is limited to a distance équa] to 3-5 times
the tree height (Smith, 1962).

PROGRESSIVE STRIP CUT

Progressive strip cuts may be employed in large stands that are windfirm
and do not require broadcast burning. Strips should be perpendicular to, and
progress towards, the prevailing wind direction to maximize natural seeding
and minimize windthrow (Johnston, 1977). The strips can be up to 400 feet
wide.

THINNING

No thinning is recommended for black spruce. Thinning cannot be
justified economically and it increases the stand's susceptibility to wind
damage. Maintenance of a dense stand 1essené susceptibility to dwarf
mistletoe infection (Johnston, 1977).

| HARVEST SYSTEM

Full tree harvest is well suited to black spruce management. If used:
when temperatures are above O degrees F., the harvest area will be left
slash-free. If skidding is not confined to trails, much of the brush and
residual stems will be killed, thereby reducing competition. If this system

is used when temperatures are below O degrees F.; branches will snap off while
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the tree is being skidded to the landing, thereby eliminating the job of
1imbing and distributing slash for thorough broadcast burning.

Shortwood harvest is a traditional method used with black spruce. Many
operators prefer this method because it involves lower investments in
equipment. Slash distribution is good for thorough broadcast burniﬁg.

BROADCAST BURNING

Broadcast burning is often necessary or desirable.

Broadcast burning:

1) kills residual stems. Residual stems are often trees of poor form
and slow growth. If these trees reproduce, the resulting stand may
inherit these undesirable characteristics. If residual stems are
abundant, their shade will retard seedling development (Johnston,
1977).

2) kills hardwoods. Hardwood competition is undesirable and should be
eliminated. Herbicides are more effective on species that reproduce
from stump sprouts or root suckers (Johnston, 1977).

3) kills brush. Without treatment, many of the best black spruce stands
will regenerate to brush. In addition to broadcast burning,
herbicide release is often required (Johnston, 1977).

4) improves seedbed. After clearcutting, feather mosses dry up and die,
making very poor seedbeds. If more than 40 percent of the area is
covered by feather mosses, removal of the surface layer by fire or by
machine is recommended (Johnston, 1977).

5) removes slash. Slash removal may be desired to aid reproduction,
reduce fire hazard, or increase aesthetic appeal (Johnston, 1977).

6) controls dwarf mistletoe infection. Clearcutting, followed by
broadcast burning to kill infected residual stems and slash, is the

prescribed treatment for control of dwarf mistletoe (USDA, 1973).
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REGENERATION

Natural seeding is the cheapest method of regeneration. It is most
reliable when progressive strip harvesting has been used. Heavy seed crops
are produced every four years, but since black spruce cones are often
serotinous, seed supplies are fairly constant (Fowells, 1965).

Direct seeding is the most frequently used method of regenerating black
spruce when natural seeding cannot be relied upon (no black spruce in
surrounding area, in the case of large clearcuts, or when genetically improved
stock is desired). Direct seeding is done between March and mid-May of the
first year following burning. Aircraft or snowmobiles may be used for direct
seeding (Johnston, 1977). Planting of seedlings is often done on upland sites
to establish pure upland stands and to use improved genetic stock.

The use of herbicides to release seedlings is often necessary on better
sites where brush and hardwoods are a problem. Spraying should be done in
early August when the new growth of black spruce has hardened off (Johnston,
1977). New stands should be examined 2 or 3 years after initiation to
determine whether release and/or additional seeding or planting are needed.

'"POOR' SITES

Poor black spruce sites are usually uneven-aged, have a perched water
table, have a site index less than 25, and have sparce brush cover. THe
management objective is Christmas tree production, accomplished by partial
cutting on a 10 year cycle (Johnston, 1977). These sites are also used for
spruce grouse management.

DISEASE AND INSECT CONTROL

Dwarf mistletoe is the major pest problem in black spruce management.
Dwarf mistletoe causes witches'-broom, stunts growth and eventually kills the
tree (Fowells, 1965)., Control is effected through clearcutting of the
infected area, followed by broadcast burning. Susceptibility to infection is
reduced by maintainance of dense stands. '

Butt rot is common on upland sites when black spruce reaches 70-100 years
old. Control is effected by shortening rotations on these sites to 70 years

(Johnston, 1977).
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OTHER RESOURCES

Wildlife habitat is enhanced by allowing some shrubs and hardwoods to be
mixed in. Noﬁ-commercia] clearcuts or strip cuts improve spruce grouse
habitat.

Water quality is affected very little by large clearcuts on organic soils
unless streams are located within or very near the harvest area (Johnston,
1977).

Aesthetics are improved by making clearcut boundaries fol]ow natural

physiographic or forest type lines, and by slash disposal.



4. NORTHERN WHITE CEDAR

This forest type is found in extensive even and uneven-aged stands in the
northern region of Minnesota. Most commercial stands are located in swamps
but stands established in old fields may exhibit superior growth (Fowells,
1965). Associated species are balsam fir, aspen, balsam poplar, paper birch,
and black ash (Johnston, 1977).

Although northern white cedar is tolerant to very tolerant of shade, it
grows best in the sun. Very dense, fire-originated stands may provide such a
tight canopy that seedlings cannot grow, resulting in an even-aged stand.

Management objectives are (Johnston, 1977):

Poor sites - manage extensively for small posts and deer browse;
Good sites - manage more intensively for logs, poles, deer shelter,
posts, and browse.

On average sites, 80 to 100 years are required to grow a 6 inch diameter
tree, 50 to 80 years to grow a post, 150 to 175 years to grow a tie, 200 years
to grow a 20 foot pole (Fowells, 1965).

Poor sites are characteristically defined by poorly decomposed, acidic
organic soil; by Tittle water movement except during snowmelt; and by their
long distance from drainageways. These sites have a site index less than 25.
The silvicultural prescription for these sites is to clearcut in strips at
rotation age (100-160 years) and dispose of slash to ensure reproduction
(Johnston, 1977).

C1éarcutting in strips will increase browse production on the cut strips
while retaining a seed source on the leave strips.

Good sites usually contain well decomposed organic soil derived from
woody plants or sedges, and have a neutral to slightly alkaline pH. They are

often near streams and have actively moving soil water. These sites produce
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optimum browse conditions at 25 to 40 years and best deer shelter after 60
years. They can be managed on rotations of 70 to 160 years, depending on
their rate of growth (Johnston, 1977).

Good sites justify more intensive silviculture to produce high quality
products and ensure regeneration. Intermediate treatments, treatments
preparatory to harvest, and site preparation may be warranted.

INTERMEDIATE TREATMENTS

The advantages of intermediate treatments are to improve stand
composition and to produce high quality timber and deer habitat on a short
rotation. The disadvantage is that they seldom yield an immediate financial
return (Johnston, 1977).

Intermediate treatments include:

1) removal of overtopping vegetation in young stands. The use of
herbicides is most economical for this work but the sensitivity of
northern white cedar to available herbicides is unknown and streams
are usually nearby (Johnston, 1977). Thus, release by hand may be
more practical.

2) thinning in older stands. Thinning may be done commercially or at
low cost. Thinning improves timber quality and deer habitat. If done in
winter, the slash will furnish browse for deer (Johnston, 1977).

TREATMENTS PREPARATORY TO HARVEST

These treatments may be necessary to ensure reproduction of northern
white cedar in the next stand. It can be justified financially only on the
best sites and is most valuable on sites where no intermediate treatment has
been done (Johnston, 1977).

Treatment preparatory to harvest involves the removal or killing of tree
species that are not desired in the next stand. Merchantable trees and trees

that will provide browse can be felled. Other trees may be girdled or
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herbicide may be applied to a frill at the tree's base. Care must be taken to

maintain heavy stocking to prevent seeding or sprouting of the undesirable
trees (Johnston, 1977).
HARVEST METHODS

Harvest should be made during winter, if possible, to provide browse for
deer (DNR, 1962). The best method of regenerating northern white cedar is to
make progressive strip cuts (Verme, 1965 and Johnston, 1977). The harvest
units should be large (40 to 160 acre blocks), composed of narrow strips (66
to 180 feet wide). Large blocks will exclude deer while regeneration is
established since deer avoid large open areas due to the deep snow and lack of
cover. The block shape minimizes edge effect to further discourage deer
(Verme, 1965).

Regeneration in clearcuts is hampered by a lack of seed sources.
Regeneration in selection cuts and shelterwood-clearcut strip cuts is
destroyed by over-browsing (Verme, 1965). Therefore, these methods are less
desirable.

SLASH DISPOSAL

Slash disposal should be delayed a few days if deer are in the vicinity
to allow them to browse on the cuttings. Disposal of slash is not needed if
the stand was poorly stocked and slash is evenly spread. Two disposal methods
are available on other sites:

1) Broadcast burn

This method eliminates most slash, kills residual conifers, discourages
residual hardwood and brush growth, and probably improves seedbeds (Johnston,
1977). Broadcast burning should not be done on narrow strip cuts due to the
risk of burning the leave strips.

2) Full tree skidding

This method may be as effecfi?e as broadcast burning if most stems are
merchantable. Full tree skidding may be used in narrow strip cuts (Johnston,

1977).
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REGENERATION

Seeds from the leave strips are wind-disseminated in the fall.
Reproduction should be checked after 4 years and, if adequate, the leave
strips should be harvested to prevent the new stand from becoming too dense
(Johnston, 1977).

DAMAGING AGENTS

White-tailed deer and snowshoe hare: Northern white cedar browse is
highly palatable and nutritious. It is the only species that can by itself
sustain deer through the winter (Verme, 1965). An average deer requires 4%
1b. of cedar browse per day, an amount equal to the browse within a deer's
reach on a tree of average size and 3 inches in diameter (Fowells, 1965).
However, trees are only damaged by browsing while they are seedlings and
saplings. Snowshow hares can cause at least as much damage as deer (Verme,
1961). Use of the progressive strip cut in large blocks discourage this type
of damage.

Other wildlife: Porcupines girdle the stems of northern white cedar
(Johnston, 1977). Red squirrels eat flower buds and clip cone-bearing limbs
(Johnston, 1977). Mgose use the species for browse and red-backed voles will
cut the terminal leaders {(Verme, 1961). These types of damage are not as
extensive as that caused by deer and hares.

Impeded drainage and flooding caused by beaver dams and improper highway
construction cause mortality (Johnston, 1977).

Carpenter ants are the major insect pests, often invading trees that have
butt or heart rot (Johnston, 1977).

Major diseases of northern white cedar are butt and heart rots. These
are not of major economic importance (USDA, 1971).

Windthrow may occur, especially in uneven-aged stands, since northern
white cedar has shallow roots. However, extensive root grafting provides some

natural defense against windthrow.
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Northern white cedar is especially susceptible to damage by fire due to
its shaggy oily bark.
OTHER RESOURCES

Deer yards are an especially important feature of northern white cedar
stands. Management ;spects concerning production of browse and shelter have
been already mentioned.

Trout streams may originate in northern white cedar stands. These
streams may be protected by leaving a border of standing timber along the
stream, making éuts not larger than 40 acres, and by making cuts a small
proportion of the watershed area (Johnston, 1977).

Aesthetics can be improved by making harvest boundaries follow natural

lines and by removing slash.
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5. TAMARACK

Tamarack bears the distinction of being the only major timber species in
Minnesota that is a deciduous conifer. It is found mainly on organic soils
but will also grow on extremely dry sites. Its range in Minnesota is the
northern conifer region (Fowells, 1965).

Tamarack is the fastest growing swamp conifer in the state and it
comprises the fourth Targest timber type. Products made from tamarack include
poles, piling, mining timber, posts, and pulpwood (DNR, 1962).

Tamarack is very intolerant of shade. It is the first forest tree to
invade swamps. On poor sites, it is succeeded by the more shade tolerant
black spruce. On good sites, it is succeeded by shade tolerant sﬁécies such
as northern white cedar, balsam fir, and the swamp hardwoods (Fowells, 1965).

Regeneration of tamarack is a problem without a proven solution.
Clearcutting or seed tree cutting is required since seedlings require full
sunlight (Johnston, 1975). Research currently is directed towards the use of
seed tree cutting fol1owed’by burnihg (Johnston, 1973 and 1975). Rotations
are 90 to 120 years long (DNR, 1962).

SITE PREPARATION

Slash and brush are known to obstruct and retard the growth of
seedlings. However, broadcast burning has not been effective for site
preparation (Johnston, 1975).

Piling slash and burning may be an answer; full-tree skidding may also be
solution (Johnston, 1975).

REGENERATION

Regeneration is generally accomplished by natural seeding. Tamarack
seeds are small and are wind-dispersed for up to 200 feet. The best seedbeds
are of moist mineral or organic soil, free of brush but having a light cover

of herbs or grass (Fowells, 1965).
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As much as 40 percent of the seed crop is consumed by an undetermined

moth or butterfly. Seeds are also eaten by red squirrels and American red
crossbills. Of those seeds that fall, 50 percent may be eaten by rodents.
Fungi and bacteria will reduce the amount of seed capable of germination to 4
to 5 percent (Fowells, 1965).

Use of direct seeding would help regenerate stands but seed collection is
difficult (Johnston, 1975).

Nursery stock may be planted on upland sites with good results (Jeffers,
1975).

Follow-up treatments may be needed to ensure adequate stocking.
Herbicide release will likely be needed (Johnston, 1975). Seedling survival
may be affected by damping off, mechan{ca1 injury, drought, flooding, larch
sawfly, and snowshoe hares (Fowells, 1965). Reseeding or replanting may be
required.

INSECTS AND DISEASE

Larch sawfly is the principle insect pest of tamarack. Moderate to heavy
defoliation was reported in stands in Aitkin County in 1977 (DNR, 1977).
Trees are killed if defoliated 6 to 8 years in a row (Fowells, 1965).

Diseases of tamarack are few and relatively insignificant (USDA, 1971).
Tamarack is susceptible to fire on wet sites, flooding, windthrow, deer
browsing damage, and dwarf mistletoe infections, but these problems are not
severe (Fowells, 1965).

Few stands in Minnesota have not been affected by porcupines which feed

on the inner bark, strip the upper stems, or girdle the tree (Fowells, 1965).
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6. LOWLAND HARDWOODS

This forest type contains black ash, American elm, balm of Gilead (balsam

poplar),

and red maple in mixed stands. These species form a long-lived

subclimax type on wetter sites and may be the climax type on the wettest sites

(USDA, 1973). Lowland hardwood forests are found throughout most of the state.

Because this type is of low value for timber, harvest decisions will

depend largely on available markets (DNR, 1962). Several harvest systems are

available for use in Jowland hardwoods (USDA, 1973):

1)

Selection cutting

Selection cutting favors shade tolerant species (all species but

- balsam poplar). Too heavy a harvest may increase the stand's

3)

WILDLIFE

susceptibility to windthrow. American elm that is infected, or may
be expected to contract Dutch elm disease, should be removed.
Clearcut

Regeneration following clearcutting is uncertain. Grasses and shrubs
may invade and occupy the site for several decades before they are
succeeded by desirable tree species. Otherwise, the stand may be
regenerated by undesirable stump sprouts.

Shelterwood

This system may be used to favor more tolerant species which

establish themselves easily on undisturbed forest floors.

Wildlife habitat production may constitute the prime motivation for

management of the lowland hardwood type. Red maple and yellow birch are

favorite

browse species of white-tailed deer (USDA, 1973).
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INSECTS AND DISEASE

Dutch elm disease is the major insect-disease related problem in this
forest type (DNR, 1977). Control is effected through salvage of diseased eims.

Red maple is subject to numerous canker diseases, rots, and insect
pests. It is very sensitive to wounds that may occur during selection or
shelterwood cutting (Fowells, 1965).

Black ash is relatively free of insect and disease problems (Fowells,

1965).
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7. LOWLAND CONIFERS

* This type is a composite of black spruce, tamarack, northern white cedar,
balsam fir, and other minor species. Management of lowland conifers can

follow guidelines offered for the desired species of the above 1ist.
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8. UPLAND SPRUCE-FIR

Upland spruce-fir is the third most important forest type in Minnesota
(DNR, 1962). The major species in this forest type is balsam fir. A
substantial amount of white spruce and some black spruce may be present.
Even-aged stands as well as uneven-aged stands are common throughout the
northern conifer region of Minnesota. Other conifers and hardwoods may be
present in mixed stands.

Balsam fir is very shade tolerant; the spruces are tolerant (Fowells,
1965). Therefore, this type can reproduce in its own shade. It is the climax
forest type for many sites in Minnesota. It is found on a wide variety of
sites, but development is poor on extremely moist or droughty sites.

Management objectives for spruce-fir are:

Good sites: Develop well-stocked thrifty stands, managing for maximum
quantity and quality of balsam fir pulpwood and white spruce pu]pwpod and
sawtimber. Improve composition by increasing the proportion of spruce and
other desirable species (USFS, 1958).

Poor sites: Convert to red pine or jack pine. (USFS, 1958).

Management alternatives for spruce-fir are more diverse than for any
other forest type in Minnesota (Ohmann et al., 1978). Even-aged management
may utilize clearcutting or shelterwood systems. Uneven-aged management may
entail individual or group tree selection. The spruce-fir type can be managed
with aspen, using uneven-aged systems (Ohmann, et al., 1978).

Rotations for balsam fir range from 50 to 70 years. Rotations for white
spruce are longer, up to 90 years (Ohmann, et al, 1978).

CLEARCUT

Clearcutting is particularly well-suited to mature and overmature

even-aged stands. Clearcutting is done in narrow strips or small patches to

allow seeding. Large clearcuts should be avoided because they offer too harsh
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an environment for regeneration and the interior gets too little seed. Small
to medium sized clearcuts will improve the overall appearance of extensive
areas of spruce-fir (Ohmann, et al., 1978)
SHELTERWOOD

Shelterwood cutting allows larger areas to be harvested at a time. This
system involves a series of light cuts; too heavy a cut may increase the
trees' susceptibility to windthrow, (Ohmann, et al., 1978). The system
provides a seed source, protection for regeneration, and rapid quality growth
on the residual trees (Smith, 1962).

INDIVIDUAL OR GROUP TREE SELECTION

Individual or group tree selection in uneven-aged stands gives ideal
regeneration conditions. However, these systems yield lower economic returns
than even-aged management. Selection cutting improves the visual appeal of
stands that are not extensive (Ohmann, et al, 1978).

SITE PREPARATION

Removal of slash and scarification will help regeneration become

established (USFS, 1958).
REGENERATION

Regeneration of white spruce is generally accomplished by natural
seeding. The best seedbed for growth and survival of spruce seedlings is a
moist mineral soil (USFS, 1958). Wind dispersal of seed is good; white spruce
can disperse seed up to 1,000 yards but seeding may not be adequate at
distances farther than 5 times the tree height from surrounding stands (Smith,
1962). White spruce seedlings are being planted throughout the northern
conifer region of Minnesota to establish the type on good sites where a seed
source does not exist.

A reserve of advance balsam fir reproduction is usually present in the

stands.
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THINNING

Stands may be thinned when the trees are large enough to make it
economically worthwhile (30-50 years) (USFS, 1958). 1In order to decrease the
amount of balsam fir in the stand, thinnings can take a larger percentage of
balsam fir than white spruce. Light thinnings can be made earlier to remove
Christmas trees.

STAND IMPROVEMENT
White spruce should be favored over balsam fir for the following reasons:
1) White spruce is more marketable.
2) White spruce can be managed on a longer rotation (Ohmann, et al.,
1978)) giving more management alternatives.

3) White spruce yields a larger variety of products (Wisconsin DNR,
1977).

4) White spruce is less susceptible to spruce budworm infestations and
to butt rot infection than is balsam fir (Fowells, 1965).

Increasing the amount of white spruce in a stand is a problem since
balsam fir is much more agressive in regeneration and growth.

DISEASE AND INSECT CONTROL

The spruce budworm is the most important deterrent to growth of the
spruce fir type (USFS, 1958). Despite its name, spruce budworm infests balsam
fir more readily than the spruces. It causes defoliation which is followed by
extensive root mortality and invasion of disease (USDA, 1971). Stands
attacked by spruce budworm are fire hazards (Sando and Haines, 1972). Control
is effected through salvaging of infested stands, harvesting prior to
overmaturity, and increasing the spruce component in the stand (USFS, 1958);

Butt rot is the second most serious problem for balsam fir, infecting
trees at advanced ages, especially on sandy dry sites (USDA, 1971). Control

is effected through maintaining rotations of 70 years (USDA, 1971).
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The yellow-headed spruce sawfly is a major pest of white spruce.
Infestations have defoliated stands in northeastern Minnesota. Control
methods include salvage of infested trees and the use of sawfly parasites
(DNR, 1977).

OTHER RESOURCES

Wild1ife benefits include good winter cover provided by the dense canopy
of fully stocked stands and forage available in the understory of lightly
stocked stands (Ohmann, et al., 1978).

As mentioned earlier, aesthetics can be managed by clearcutting in

extensive stands or by employing shelterwood cuts in small stands.
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9. TREMBLING ASPEN (QUAKING, ASPEN, POPPLE)

Trembiing aspen comprises the most common forest type in Minnesota. It
supplies half of the pulpwood produced in the state (Blyth & Hahn, 1977), and
is the species most often regenerated after harvest (Beckwith, 1978).
Trembling aspen is primarily a pulpwood species but is also used for
manufacture of studs, veneer, and plywood. Its rangé covers all of Minnesota
(Fowells, 1965).

The best soil for trembling aspen is porous, loamy, humic, and rich in
lime. Aspen is a soil improver, especially beneficial for recycling nitrogen
after fire (Fowell, 1965). It usually occurs in pure stands but may be found
in mixed stands with jack pine, spruce-fir, black spruce, or paper birch.

Aspen cannot reproduce in its own shade, and therefore, is replaced by
other species (Spruce-fir or maple-oak) when natural ecologic succession is
not interrupted by fires, logging or windstorms (Ohmann, 1978). However, when
a stand has been opened by some disturbance, thousands of aspen suckers per
acre will sprout from the shallow roots of the parent trees. Thds, trembling
aspen is able to become the dominant speciés on a site where it formerly had
been only a minor component (Fowells, 1965).

"Management objectives should provide for the conversion of poor and some
medium sites to higher value coniferous species were practicable. Good and
some medium sites should be managed for pulpwood and sawtimber products."
(DNR, 1962).

CLEARCUT

C1éarcutting is the only recommended means of harvesting and regenerating
aspen. For regeneration by suckering, a minimum of 50 aspen per acre must be
present in the parent stand. After harvesting all stems in the area, light
and heat reaching the forest floor will stimulate suckering, and a new stand

will develop (Perala, 1977).
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THINNING
Well-formed, disease-resistant stands on good sites should be thinned
once at age 30. These stands can yield significant amounts of sawtimber and
yeneer at age 50 or 60. On the best sites, a precommercial thinning at age 10
and a commercial thinning at age 30 will increase yields further (Perala,
1977). Thinning on poor and medium sites cannot be justified economically.
HARVEST SYSTEMS
Full-tree and tree-length systems are ideally suited to aspen harvest.
The trees are easily handled by highly mechanized systems. The site is
scarified during skidding, thereby reducing the need for site preparation
(Zasada, 1971).
SITE PREPARATION
When the shortwood logging system is used, or when full-tree length
skidding does not adequately destroy competitive brush, site preparation may
be required. Available site preparation methods are (Perala, 1977):

1) felling or girdling residual stems. This method is good only if
understory is not brushy and forest floor is not sodded.

2) shearing. This method is effective for eliminating residual stems
and brush, and for breaking sod.

3) crown herbicide (aerial). This method kills residual hardwoods and
some brush but does not kill residual conifers nor affect sod.

4) prescribed burning. This method eliminates residual trees and brush,
and weakens sod. The heat associated with burning warms the soil to
stimulate suckering.

REGENERATION
Suckering is the primary means of regenerating trembling aspen. Suckers
may grow several feet the first year after harvest. Natural seeding may
account for some regeneration but is not considered as important (Fowells,

1965).
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CONVERSION TO OTHER SPECIES

Stands with a site index of 60 or less should be considered for
conversion. Such sites will be more productive if managed for a less nutrient
or moisture demanding species, such as conifers (Perala, 1977).

DISEASE AND INSECT CONTROL

Three major diseases affect the growth of trembling aspen. Shepard's
crook is a disease of young aspen stands. Shepard's crook usually only
blackens and kills the terminal, allowing the new growth to recover the
following year (DNR, 1977).

Hypoxylon canker is the second most important disease of aspen in
Minnesota. The disease infects stands of all ages and kills 3 percent of all
trembling aspen annually. The only control is to maintain full stocking
throughout the rotation to assure an adequate final crop. Highly susceptible
stands should be converted to another species (Perala, 1977).

Heart rot is the main limiting Factor to growing aspen on rotations of
more than 50 years. Heart rot (Phellinus ignarius) causes the decay of the
heartwood of trembling aspen nearing maturity. In later stages, the desease
causes defects in lumber and eventually causes the log to be culled. A conk
on the trunk of the tree indicates that the final stage of the disease extends
2 to 5 feet above and below the conk. However, the absence of a conk does not
mean the absence of decay. Control is effected by using a rotation of about
50 years (Perala, 1977).

Trembling aspen has few serious insect pests, the most notorious of which
is the forest tent caterpillar. The forest tent caterpillar defoliates
pole-sized and mature stands but the main effect is only growth loss, not
mortality (Fowells, 1965).

OTHER RESOURCES
Water yield and nutrient loss may increase after clearcutting but rapid

vegetative regrowth causes these effects to diminish rapidly (Perala, 1977).
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Trembling aspen is an essential species for ruffed grouse, white-tailed
deer, moose, and beaver. Clearcutting benefits ruffed grouse, white-tailed
deer, and moose if harvest areas are limited to 10, 40, and 100 acres,
respectively. Other wildlife species for which aspen is important are the
American bald eagle, osprey, eastern timber wolf, and various song birds
(Perala, 1977).

Aesthetics can be enhanced by limiting the size of clearcuts, by making
clearcuts with irregular shapes that follow natural physiographic or forest

type lines, and by avoiding regular spacing of harvest areas (Perala, 1977).
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10. NORTHERN HARDWOODS

The predominant species in the northern hardwood type is sugar maple
(hard maple). Other associated species include American basswood, elm, red
maple, and ironwood. This type occurs in uneven-aged stands thorughout most
of Minnesota. This is the climax cover type for many sites in the state.

These species are moderate to very tolerate of shade and will respond to.
release at advanced ages. Sugar maple is the largest and longest lived of the
northern hardwoods, followed by elm and American basswood. Red maple and
ironwood are smaller trees, their crowns often being under the forest canopy
(Fowells, 1965).

Management ojectives for northern hardwoods are diverse. For each
management objective, a different silvicultural prescription may be made. The
following paragraphs will discuss these alternatives.

Management objectives:

1) timber production. Clearcutting can be performed in northern
hardwoods to obtain a maximum short run economic return from timber
and to maximize harvesting efficiency. However, clearcutting is the
least desirable harvesting method for regeneration of stands (Tubbs,
1977; Metzger and Tubbs, 1971). It should be used when the major
high-value tolerant species are inherently poorly formed, and the
only desirable species are intolerant (yellow birch, black cherry,
aspen, white ash) (Tubbs, 1977; USDA, 1973). Other impacts of
clearcutting include a maximization of wildlife habitat production
(Tubbs, 1977) and an extreme impact on visual appeal.

High-grading is also used to maximize short run financial returns
from northern hardwoods. High-grading is a harvesting method that "takes
the best and leaves the rest". Its use results in a high number of cull

trees and a depreciation of the value of the stand (Smith, 1962).
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Shelterwood harvesting may be a better system for delivering moderate
economic returns, and a good sustained yield from even-aged stands.
Visual appeal is heightened and wildlife habitat production is maximized
on a short-term basis. This system favors sugar maple, American
basswood, white ash, and yellow birch (Metzger and Tubbs, 1971).

Individual or group tree selection is the traditional system for
northern hardwoods management. However, this system yields the poorest
short-term economic returns and minimized harvesting efficiency. It may
be best suited to production of high-quality veneer and sawlogs and to
_other management objectives (USDA, 1973).

2) small woodlot management. Individual or group tree selection is
probably best suited to this objective. It will produce sustained
yields on a small acreage. Aesthetic and recreational values, and
environmental quality are maximized (USDA, 1973). This system is
well suited to shortwood logging which would usually suit the small
woodlot owner. Selection cutting may minimize wildlife habitat
production.

3) aesthetics and environmental quality. Individual or group tree
selection is best suited to this objective. This system should be
used in areas where aesthetics are of extreme importance, as in
parks, and in areas that are extremely sensitive to environmental
disturbances, such as along unstable slopes and near watercourses.
This system tends to favor sugar maple and American basswood (Metzger
and Tubbs, 1971).

4) wildlife habitat production. This objective is maximized through
clearcutting, since clearcutting will encourage brush and understory
vegetation which may persist and prevent establishment of tree
seedlings (Tubbs, 1977). Shelterwood provides good understory growth
for a short time, favoring wildlife until the young trees grow beyond

their reach.
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5) optimize all forest outputs. To obtain optimum outputs of timber,

wildlife habitat, species diversity, regeneration, aesthetics and
environmental quality, the she1§erwood system is a good compromise.
REGENERATION

If clearcutting is used to convert a stand to an intolerant species that
is better suited to the site, some site preparation should be used to
discourage maple regeneration. This can be done with scarification,
herbicides, or prescribed burning (Tubbs, 1977). Regeneration will then
result from suckering of existing roots and stumps or %rom planting of desired
species. If conifers are planted, a release treatment may be required within
the first 5 years (Tubbs, 1977).

Shelterwood harvests should be scheduled when advance'reproduction is
sufficient to restock the stand. Logging during both the initial and the
final cut must be done when the ground is snow-covered to protect seedlings
(Tubbs, 1977). The final cut may be made when the reproduction reaches 3 to 4
feet tall. If advance reproduction on a site is inadequate, a three-cut
shelterwood system.can be employed. In this system, the initial cut opens the
stand to encourage reproduction. The second cut is made when regeneration is
4 feet tall. The final cut comes before regeneration 15 feet in height
(Tubbs, 1977).

Regeneration of stands is a continous process when the selection cutting
system is used. Regeneration is encouraged by manipulation of age-classes and
crown closure (Tubbs, 1977).

THINNING

Thinning is important in even-aged silvicultural systems. (Clearcut and
shelterwood). The method that is used is to select crop trees at specified
intervals and then release them from surrounding competitive trees (Tubbs,
1977). Thinning is not necessary in the selection cutting system since this

purpose is accomplished during the harvest cuts.
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DAMAGING AGENTS

Logging damage can occur when selection cutting or shelterwood is
employed. Damage may be done to large trees as they are bumped by a skidder
or hit by a falling tree. Damage to reproduction may seem extensive after
uneven-aged harvests but this damage is silviculturally insignificant.
Logging must be :one during the winter to protect reproduction in the
shelterwood system (Tubbs, 1977).

Browsing by white-tailed deer and snowshoe hares is not significant in
managed stands. However, browsing by farm animals can be damaging and should
be avoided.

Diseases affecting northern hardwoods species include Dutch elm disease,
anthracnose, and shoestring root rot. Dutch e1mvdisease is now established
throughout the state. Control methods include cutting and removal of disease
trees. Anthracnose infests basswoods, maple, ash, and walnut, causing some
early leaf drop. Shoestring root rot infects most softwood and hardwood
species but damages and kills only trees that have been weakened by
unfavorable environment, injuries, insects, or other diseaseﬁ. Control is
effected through salvage of infected trees and maintainance of species that
are best suited to the site (DNR, 1977; USDA, 1971).

Other defects that have a serious impact on the grade of maple lumber are
(DNR, 1978):

1) sapstreak, a wilt disease caused by organisms that gain entry through

damaged roots, stems, and branches,

2) mineral stains,

3) frost cracks.

Insect problems in northern hardwoods are negligible.
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0AKS

The oak or oak-hickory forest type is primarily composed of white oak,
northern red oak, and hickory (bitternut and shagbark). This type is found
mostly in even-aged stands ranging through the deciduous forest region of the
southeastern part of the state.

The oaks are classified as intermediate in tolerance to intolerant of
shade (Fowells, 1965; USDA, 1973). The oak forests in Minnesota became
established in two ways. Some oak stands succeeded the retreating spruce-fir
type as a result of climatic change. Others succeeded the tall grass prairie
when Minnesota édopted a prairie fire suppression program early in this
century (Deters, 1940). On moist deep soils, the oak type is not permanent
and is now giving way to a maple-basswood forest. Oak stands are more
permanent on dry, shallow soils and narrow ridges (DNR, 1978).

Management objectives for oak-hickory are to maintain the type on average
sites where good oak currently dominates the stand. Clearcutting is practiced
on these sites to yield high quality sawtimber, veneer, and pulpwood. On the
best sites, where maple-basswood reproduction is abundant in the understory,
management objectives usually dictate selection cutting to create a mixed
oak-maple-basswood forest. On poor sites, where bur oak predominates,
objectives may be management for pulpwood, convert to pine, or no managemgnt
(DNR, 1978; Svien, 1978). |

CLEARCUT

Clearcutting is required for good regeneration of the oak-hickory type.
Advance reproduction should be present before harvest. Regeneration following
clearcutting consists of stump sprouts and sprouts from the roots of seedlings
that existed before harvest. These sprouts grow fast and are able to compete
with shrubs. Planting and artificial seeding have not been successful due to

competition from shrubs (Sander, 1977).
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If advance reproduction is inadequate, the overstory may be thinned in an
attempt to encourage natural seeding. Recommended rotations range from 90-120
years for poor sites to 60-75 years for good sites (Sander, 1977). Where
succession favors a maple-basswood type, only 1/2 to 2/3 of the resulting
stand may be oak. These sites are expected to be nearly pure maple-basswood
types in 150 years (2 rotations) (DNR, 1973).

SELECTION CUT

Selection cutting speeds the rate of succession and results in a
maple-basswood type in a shorter time. Openings made through selective
nharvests favor sugar maple and basswood reproduction since these species are
more shade tolerant than oak. Some oak will regenerate from stump sprouts
(Sander, 1977).

DIAMETER LIMIT

Diameter limit is loosely defined as an even-aged system which involves
harvest of all trees with diameters above a certain limit, often 12-14 inches
(DNR, 1978). It is also much like a selection cutting because its effect is
to encourage maple-basswood where those species exist in the understory.

HIGH-GRADING

High-grading is the practice of removing the biggest and best stems,
almost invariably leading to irregular stands composed largely of undesirable
trees (Smith, 1962). This practice is used in oak forests for the purpose of
obtaining high financial yields on a a short-term basis.

SITE PREPARATION

A1l undesirable trees should be killed during harvest. OQak forests in
Southern Minnesota tend to be brushy and some control, or set-back, of this
brush would be desirable (DNR, 1978). However, no site preparation methods

have proven effective. Scarification and the use of fire have been tried but
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have not been successful (Sander, 1977). Herbicides are not available for
broadcast spraying that will ki1l competing vegetation without killing the
desirable trees (DNR, 1978). Thus, brush control is a major obstacle to
management.
REGENERATION

Oaks and hickories sprout prolifically from stumps of young trees and
from the roots and root collars of seedlings. Sprouts compete for 1ight and
nutrients better than seedlings and are more likely to survive (Fowells,
1965). Planting of oaks has not been proven successful (Sander, 1977).
Adequate regeneration requires clearcutting to remove shade and competition.

Planting of other speices on oak sites is successful and is done to
create a high-value mixed stand. Currently, black walnut, American basswood,
and eastern white pine are being planted. However, the cost of planting on
steep hillsides may be prohibitive (DNR, 1978).

Sites that are succeeding to maple-basswood generally have adequate
advance reproduction of these species.

THINNING

Thinning of even-aged stands should start at age 10 or 20 and continue on
a 10 year cycle until age 40 or 50. Such a program will reduce the time
required for trees to reach’ a given diameter and increase yields (Sander,
1977). '

Thinning of uneven-aged stands is not needed since selection cutting
accomplishes this end.

CONVERSION

Stands with site index of 45 or lower may be converted to pine species.

Such sites may produce red pine, jack piné, or white pine with site indexes of

95-100 (DNR, 1978).
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