






















































































































































































































































































































































































































































































































































PERCHED WATER TABLE - A water table, usually of limited area, maintained above 
the normal groundwater supply by the presence of an intervening, 
relatively impervious confining soil layer. 

PERCOLATION - The downward movement of water through soil. 

PESTICIDES - All materials, most chemicals, that are used for the control of 
undesirable insects, diseases vegetation, animals, or other forms of life. 

PERCOLATION - The downward movement of water through soil. 

PESTICIDES - All materials, mostly chemicals, that are used for the control of 
undesirable insects, diseases, vegetation, animals, or other forms of 
life. 

pH - A measure of the acidity of a substance, expressed as the logarithm of 
the reciprocal of the hydrogen ion concentration. 

PIONEER - A plant capable of invading bare sites (e.g., a newly exposed soil 
surface) and persisting there until supplanted by successor species. 

PROGRESSIVE STRIP CUTTING - Clearcutting progressing against the prevailing 
wind in strips. 

PRUNING - The removal of life or dead branches from standing trees. This may 
be done artifically or naturally. Natural pruning results from such 
causes as deficiency of light, decay, snow, ice, etc. 

RAINDROP EROSION - The spattering of small soil particles caused by the impact 
of raindrops on wet soils. The loosened and splattered particles may or 
may not be subsequently removed by surface runoff. 

RECREATION, dispersed - Scattered, individual outdoor recreation activities 
normally not identified with developed facilities or areas of group 
concentration. 

RECREATION, intensive - High-density recreational activities - (e.g., developed 
camp and picnic grounds, swimming beaches, hiking trails that are major 
access routes into wilderness areas, all-terrain vehicle areas (except 
sno'tlTlobile trails), etc.) 

REFORESTATION - The natural or artificial restocking of an area with forest 
trees; most commonly used in reference to the latter. (See 
Afforestation.) 

REGENERATION - See Reproduction. 

RELEASE - Freeing a tree or group of trees from competition by cutting or 
or otherwise eliminating growth that is overtopping or closely 
surrounding them. 
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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, limestone. 

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. 

StROTINOUS - 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 veget ion, 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 eeding or planting of the desired 
reproduction. 

SKIDDING - The transportation of logs from stumps to a collecting point by 
sliding 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 duririg 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-lived 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 production 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, lot thinning 
(thinning from below), selection thinning, and quality thinning. 

247 



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. Mechahical thinnin~. 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 STANO IMPROVEMENT (TSI) - All cuttings not a part of a major harvest 
felling, made during the life 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. 
B. 
c. 

perennial: 
intermittent: 
ephemeral: 

flows throughout the entire year. 
flow stops and starts at seasonal intervals. 
short-lived flow, usually occurring after large storms 
associated with flash floods; temporary. 

WATER EQUIVALENT - The depth of water that would result from melting 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 surf ace 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 is 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. 

EPA, 1973. 

Timber Management Guide for State Forested Lands 

Processes, Procedures and Methods to Control Pollution 
Resulting from Silvicultural Activities, EPA 430/9-73-010, 
Wash., o.c. 

Harrold, L.L.; G.O. 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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.woODLANTI SUITABILITY GROUPINGS 

Tech..."'1.ical Guide 
Section II-F-: 

Forest soils in :Minnesota a.re ordinated into Woodland sui.tability 

groupings. A three pa=t symbol is used to designate these groups, 

such as 2o2 or 2rl. The first pa.rt of the symboi, alwas-s 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 age. 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 wood.land use or manage~ent. 

The letter .Q. indicates that the soils have few limitations; r 

indicates slope steepness; Ji. indicates wetness; ~indicates 

sandiness; .£indicates clayiness and.£ indicates restricted 

rooting depth. 

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

the basis of species adaptability to soil conditions. 

In each ordinated woodland suitability g=oup the hazards and lir:tl-

tations are the same. However, when species or forest tYJ'eS are 

different the groups are refined. in tables by Land Resource Axeas. 
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'Technical Guide 
Section II-?-J 

:Jooil ~'1.i Suitability Group 2rl 

Description: This gToup consists of well d.rained and moderately well 
drained, moderately coarse to moderately fine textured soils. 
Slopes range fro~ 12 to 40 percent. In LRA's 103, 104 and 
105 these soils are dominantly in coves or on north and east 
slopes. Most soils have low to high natural fertility and 
moderate to ve-ry high available water capacity. 

Seedling mortality is slignt to moderate, plant competition 
is moderate to severe, equipment limitations a.re moderate 
to severe, and hazard of erosion is moderate to severe. 

Soils in this group a.re: 

L..Alffi 
3.ESOURCE 
AREA 

88,90,91 

lOJ, 104, 
105 

' 

WOODLAND SUITABILITY GROUP 2rl 

POMT!AL PRODuC·l'IVl11Y 
Important Av. Site Basis 

Wood Crops Index (No. of 
(Species) Plots) 

Red pine 60 EST 
Jack pine 60 
White pine 55 
White sp:ruce 60 
Basswood 50-60 
Red oak 50-60 
Sugar maple 50-55 
Aspen 70-80 
White birch 60-75 
Black walnut 50-65 EST 
Red oa..1<: 50-75 
White oak 50-70 . 
White birch 50-65 
Basswood 50-65 
White pine 55-65 
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SJ;J ..cJCIES S 0 ..L'J.11lJ3J.L..L'1· r 
To Favor in For 
Existing Planting 

Stands 

Red pine Red pine 
White pine White spruce 
White spruce Jack pine 
Red oa..'lc Red oak 
Jack pine Basswood 
Basswood 

Black walnut White oak 
White oak Red oak 
Red oak Black walnut 
Basswood White pine 
White pine Basswood 

USDA-SGS-Minnesota 
Juhe 1973 . 
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Technical Guide 
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Wooila.~d S...Utability Group 2cl 

~escription: This group consists of well dxained to somewhat poorly dxainsd 
soils with thin oedium textured surface layers over fine tex­
tured subsoils. Slopes ra~ge fro~ 0 to 25 percent. ¥.ost soils 
have medium to high natural fertility and o.oderate to high 
available water capacity. 

Seedling mortality is sli~t to noderate, plant cospetitio~ is 
severe, equi~ent limitations a:D.d hazard of erosion are sligb.t 
to severe. 

Soils in this group are: 

LAtm 
P..ESOURCE 
AP.EA 

88,90,91 

WOODL.AlID SUIT.ABILITY GROUP 2cl 

POTENTIAL PRODUCTIVITY 
Importa.."'lt Av. Site Basis 

Wood Crops Index (no. of 
(Species) Plots) 

Aspen 77 18 
Red pine 55 7 
White pine 49 8 
Jack pine 52 1 
'White spruce 52 4 
Red oa.1\: 57 1 
:Basswood 50 1 
Sugar maple 51 2 

.. 
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SPECIES SU.iT.6-.J3ILIG:Y 
To Favor in Fo:: 
Existing Plantir..g 
Stands 

Red pine Red pine 
'White pL"'le W'ni te Sp:.'""J.Ce 

White spr.ice White pine 
Red oak 

lIBDA-SCS-Hinneso-ta 
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S3c-:2.on. II-? 

vr::;:J,:22.!"'_i Suitability Group 3rl 

-9-

D~s~=iption: This group consis~s of well to so~erihat excessively c..ra;~ed 
soils with moderate available w3.te::- can:;.ci -br. !fost a.::-e 
moderately fine textured soils un~erlain by coarse te:cb~9d. 
materials or bedrock. Slopes r~~ge from 12 to over 25 per~ent. 
Most of these soils have nediu:!J. natural fertili -b.r. BeC.....--oc~ 

restricts rooting depth in so8e soils. 

Seedling mortality is slight on north and east slopes e..::d 
moderate to severe on south and west slopes, plant 
competition is moderate, equipment li!::litations are code=a~e to 
severs, and hazard of erosion is ~oderate to severe. 

Soils in this group are: 

WOODLJ.lrD SUITABILITY GROUP 3rl 
POTENTIAL PRODUCTIVITY SPECIES SUIT.AEILI·.::I 

1-f..:1..U .l.Illportant 
P.ZSODRCE Wood Crops 
AREA (Species) 

83,90,91 Red pine 
White pine 
Jack pine 
White spruce 
Aspen 
Red oak 

lOJ,104 'White pine 
105 Red oak 

White oak 
Bux oak 
Basswood 

US!>A-SCS-M.innesota 
June 1973 

AV. ~ite 

Index 

55-60 
55-60 
60-65 
55-60 
70-80 
55-60 

50-69 
50-65 
50-65 
50-60 
50-65 

.dasis ·110 b'avor in ~·o= 

(No. of Existing Pla.r.."t~!lg 

Plots) Stands 

Est Red pine Red pine 
Wh.i te pine Redo~ 
Red oak wci te s:pra 

White oak Wnite oak 
Red oak Red oak 
Basswood ::sa.s s·~ood 

-t;'.ni te pine 
.. 
.. 
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Tech!llcal Gu..i:..~ 
-14- Se~tior. I::-? _ 

Wocdland Suitability Group hdl 

Description: This group consists of shallo·,; to deep, well Cxai::ecl. -to 
excessively drained, med.itD. to coarse texh1red soils ~~e=­
lain by bedrock within 20 inc:: es. Slopes rano-e f::-o::i 12 to 
55 percent. Host of these b...a.79 low to oediu::i natu=a.l ~e::­
tili ty and low to ve'r'r lo-,., 2.72-i.le.ble water cana.ci -t:"r. 

' 
Seedling mortality is moderate to severe, plan.t cc==?etiticn is 
slight, equipment limitation is ~oderate to severe, c..:::.d h~ 7 a_-....Q. 

of erosion is moderate severe. 

Soils in this group axe: 

WOODLAlID SUITA3IL!::T GROUP udl 
POTENTIAL PRODUCTIVITY' SPECIES Su..!..:'2 · !.::;:7_: 

LAlill Important Av. Site 
RESOURCE Wood Crops Index 
AF2A (Species) 

88,90,91 White pine 50 
Red pine 50 
Jack pine 50 
Aspen 55 
White birch 50 

203,104, Bur oa.tc 50 
105 White oa.1.c 50 

Basswood 50 
White pine 50 

I 

.. 
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Basis 
(No. of 
Plots) 

Est 

Est 

To Favo:: i!l .::·or 
Existir_g Pla=!--:::~ 

Stands 

'White pine ?:.ed ~ina 
Red :pine 'White ·spr..l. 
Jack pine 

White pine w-,,; -te pine 
White oak 

USD.h-SCS-:·~:.esota 

June 1973 
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-,;::, :; ::.l:::..:.-id. Sui tabili "b.r Group hsl 

-15-

D2s~~iption: This group consists of wall ci=ai.ne~ to excessively drained~ 
medium to coarse textured soils u.r..derlain by sand or sand and 
gravel. Slopes range from 12 to over 25 percent. 11ost of 
these soils have low natural fertility a...11d low to verr 10'..r 
available water capacit-.r. 

Seed.ling mortality is severe, plant competition is slight, 
equipment limitation is moderate to severe, and hazard of 
erosion is ~oderate to severe. 

Soils in this group are: 

WOODLAND SUIT_6J3IL!TY GROUP hsl 
POTENTIAL -PRODUCTIVITY SPECIES SUIT.A.BIL To/[ ... - - --

LAl~ Import a...-ri t Av. Site Basis To Favor in 
?3SJ1JRCE Wood Cro)s Index (No. of Existing 
!R:2._~ (Species Plots) Stands 

88,90, Red pine 50-60 Est Red pine 
91 'White pine 50-60 It W'n.i te pine 

Jack pine 55-65" It 

White spruce 45-60 " 
103, 104, Bur oak 20-6011 Est Bur oak 

105 Hickory 20-60 Eickory 
Pine species 45-60 

1) Lower site index is predominantly on sou.th and west slopes. 

D'SI/_!.-SCS-Hi:nnesota 
Ju.;.: 197 3 
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FREQUENCY LEVEL SYMBOL LEGEND 

160 1.i~ ilifmi 040 - RED W IlU>-LACRE SCENT UPLANDS, STEEP 

'OOCOCQ 
CCCI CCC 

481 s. 3~ a DC!CIC!CCI 019 - TOWER•ELY GLACIAL DRIFT AND :BEDROCK COMPLEX CCCCC!CI 
gggggs 

63 0. 6~~ 3 • 021 - )(ASMWAUK-WARBA MORAINE, DR OW)( 

s 0.0% 4 ii 03D - MOR THOME MORAINE, LOAMY 
~ 

:13 2 3. 6% s ~~~ 003 - ALEXANDRIA MOJUt I ME COMPLEX 

·-· ;+;,~=4= 
t40 1 • SY. 6 *~~ 0 11 - ITASCA MORAINE COMPLEX, ROLLING 

;+;;+;;+: 

000 
61 0.'7Y. , 000 oaa - AURORA TILL PLAIN, RED CLAYEY, SLOP IN~ 

©00 

•@~ 
49 O.S% 8 ~0'.!P 016 - MESABI RANCE 

•@~ 

130 1. 4~ 9 , ........ 52A HICHLAMD MORAINE, LOAMY, ROLLING TO HILLY 
, ........ 

132 1 • 4.% 10 • 009 - ST. CROIX MORAINE COMPLEX, LOAMY~ ROLLING TO HILLY 

49 O.SY. 11 g OS3 - MEMAD.JI-DULUTH LACUSTlUNE PLA!}{, CLAY!:Y 

...... 
"1456 82.2% 12 ...... ALL OTHER CEOMORPHIC RECH OMS .. .. .. • .r 
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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 

Notrthern White Cedar 

Tamarack 

Lowland Hardwoods 

Lowland Conifers 

Upland Spruce-Fir 

Trembling Aspen 

Northern Hardwoods 

Oak 
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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 draughty 

than jack pine sites, but less fertile and more draughty than white pine sites 

( F owe 11 s , 196 5 ) . 

Management objectives for red pine are to "control establishment, 

composition, and growth of the stand so that intermediate thinnings will 

provide useful products (pulpwood, posts, poles, and small saw timber) and 

final harvest will yield high quality saw timber and veneer. 11 Management 

objectives also include considerations for recreation, wildlife, and water 

(Benzie, 1977). 

CLEARCUT 

Clearcutting followed by mechanical site preparation and seeding or 

planting, is the most corrmon 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) is 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. 

266 



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 IREE 

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). Mech~ical 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). 

Thinning 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 0 

Year 2 or 3 

Year 30 

Year 60 

Year 90 

Year 120 

Plantation establishment 

Examination of seedling survival and release needs 

followed by the required treatment 

Thin for pulpwood (row thinning) 

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

below 

Thin for small saw timber (thin from below) 

Clearcut 
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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 limbs, 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 

protects 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, rota 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 plantation is established. However, 

natural seeding is relied upon for shelterwood systems (Benzie, 1977). 
" Containerized seedlings may be used rather than conventional nur5ery 

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 (Benzie, 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 fo~ nesting 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 

paper 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 is 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. 11
) 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 quality, 2) cone 

habit, 3) available slash disposal methods, and 4) seed beds (Benzie, 1977). 

CLEARCUT 

Clear cutting is the best amd most co11111only used silvicultural system for 

jack pine (Ohmann et~., 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 q~ality 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 limited to stands where landscape and wildlife values are especially 

important (Ohmann, et~., 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 (Benzi~, 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 jack pine 

budworm and jack pine sawfly (DNR, 1977). Jack pine 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 

lately (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 pulpwood 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 equal 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 lessens susceptibility to dwarf 

mistletoe infection (Johnston, 1977). 

HAR VEST SY STEM 

Full tree harvest is well suited to black spruce management. If used· 

when temperatures are above 0 degrees F., the harvest area wi 11 be 1 eft 

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 0 degrees F., branches will snap off while 
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the tree is being skidded to the landing, thereby eliminating the job of 

limbing 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 burning. 

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 ve~y 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 reconmended (Johnston, 1977). 

S) removes slash. SJash 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 b1ack 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. Non-commercial 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 follow natural 

physiographic or forest type lines, and by slash disposal. 
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4. NORTHERN WHITE CEDAR 

This forest type is found in extensive even and uneven-aged stands in the 

northern region of Minnesota. Most corrmercial 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 little water movement except during snowrnelt; 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 s 1 ash to ensure reproduction 

(Johnston, ·1977). 

Clearcutting 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 i111Tiediate 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 , 

(Verrne, 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 t~e 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 effective 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~ 

lb. 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). Moose use the species for browse and red-backed voles will 

cut the termi na 1 1 eaders ( 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 aspects 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 cuts not larger than 40 acres, and by making cuts a small 

proportion of the watershed area (Johnston, 1977). 

Aesthetics can be improve.d 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 largest 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 species 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 followed by burning (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, mechanical 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 lowland 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 

susceptibility to windthrow. American elm that is infected, or may 

be expected to contract Dutch elm disease, should be removed. 

2) 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. 

3) Shelterwood 

WILDLIFE 

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 elms. 

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 list. 
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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 draughty 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 pulpwood 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~., 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). In 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 

Wildlife 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) 

Trembling 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 range 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 (Fawell, 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. Thus, trembling 

aspen is able to become the dominant species 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. 11 

(DNR, 1962). 

CLEARCUT 

Clearcutting 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 

·.;eneer at age 50 or 60. On the best sites, a precornmercial 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-tenn economic returns and minimized harvesting efficiency. It ~ay 

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 shelterwood 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 from 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 specifi~d 

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 cione 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 elm disease 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 diseases. 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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OAKS 

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 adopted 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 management 

(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, 1978). 

SELECTION CUT 

Selection cutting speeds the rate of succession and results in a 

maple-basswood type in a shorter time. Openings made through selective 

harvests 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 

All undesirable trees should be killed during harvest. Oak 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 kill 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 light 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 untn 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 pine, or white pine with site indexes of 

95-100 (DNR, 1978). 
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APPENDIX E 





[ l l I I 

FIG. CEOMORPHIC RECIOHS 

~A CEOMORPHIC REGIOK IS A BROAD PHYSIO­
G~APHIC FEATURE DETERMIKED PRIMARILY 
BY THE COKTOUR OR RELIEF ALOKC WITH 
THE SOIL PAREHT MATIRIAL. 

SOURCE INFORMATION: CEOMORPHIC RECIO)($ 
WERE COMPILED FOR THE MIKKESOTA SOILS 
ATLAS BY THE UKIVERSITY or MIKKESOTA 
CEOLOCY DEPT, AKD THE U.S. CEOLOCICAL 
SURVEY. SOILS ATLAS PREPARED COOPERA­
TIVELY BY THE UNIVERSITY OF MIKKESOTA 
SOILS DEPT. AKD THE U.S. SOIL COKSER­
VATIOH SERVICE. PUBLISHED BY ACRICUL· 
TURAL EXPERIMENT STATIOK, UKIVERSITY or 
MIKKISOTA, 1971-1977. 

LJ 

GEOMORPHIC REGIONS 

5 KILOMETER DATA FILE 

MAP PRODUCED BY 
MIKKESOTA LAKD MAKACEMEKT 

IKFORMATIOK ~YSTEM -· -25. ·~20 18 
KILOMETERS 

t 
t t 

t t 
t t 

KORTH 

M 
L 
M 
I 
s 

eo 

MIKKESOTA STATE PLAKKIKC ACEKCY 
LAKD MAKACEMEKT IKFORMATIOH CEKTER 
15 CAPITOL SQUARE BUILDl)(C 
550 CEDAR STREET 
ST. PAUL, MK. 115101 

-





[ [ 

1.;ac· 

.qu.i. 

r:;; • 
. ,.., ... ·e 

. :~ 
.. ,..,. 

. . . . I . 

· · :cati:G.riwao<l · · ~iu.rray 
.. wa.tonwan. ·Blue. Ear·th· ... Li~e l:tioJge • 

FI O. 2 RAMOES OF K-FACTOR ESTIMATES 
ASSICKED TO SOIL LAKDSCAPE 
UMIT I CEOXORPHIC RECIO)(S 

EACH FIVE KILOMETER ~QUARE DATA CELL 
HAI AM ASSICMED SOIL LAKDSCAPE UKIT 
AKD OEOMORPHIC RECIOK. THE VALUES OF 
K CODED FOR EACH COXlllMATIOM AKD 
EMTERED IKTO THE MLMIS IS READ BY A 
COMPUTER AKD ASSIOKED TO THE 
APPROPRIATE RAMOE CK-FACTOR IS A SOIL 
PARAMETER TMAT REFLECTS IKHEREKT 
ERODllllLITY>. 

S KILOMETER DATA FILE 

MAP PRODUCED BY 
KIKKESOTA LAKD MAMACEMEMT 

IMFORMATIOK SYSTEM -· -l!S~·~JO 
KILOMETERS 

t 
t t 

t t 
t t 

KORTH i~ 
110 

MIMKESOTA STATE PLAKKIKC ACEil'.CY 
LAKD MAMAOEMEKT IKFORMATIOK CEKTER 
IB CAPITOL SQUARE llUILDIKC 
11150 CEDAR STREET 
IT. PAUL, MK. 15&101 

-
=.__J 

K - FACTOR 

LEVEL SYMBOL LECEKD 

9.6X 0-. O I K-FACTOR 

0.2X 
... ... .OS-.06 K-FACTOR ... 

I .'IX . I 0-. 14 K-FACTOR 

1S.4X .1s-.20 K-FACTOR 

20.4X HllH . 21 - . 3 0 K-FACTOR 

'I. ox Ill .31-.43 K-FACTOR 

OUTSIDE PROJECT AREA 





'k 

ortn'!lr) 

:j 
:~ 

·~>:::~: 
1111r:ray: . co:tt:on~o:o?: '!a:tb~<ln ip;u:e: ~<!.I'.tP: . .: :~ s:r!"~l., ~O:dJ'~: 

FI 0. 3 

Nob:te:s: · 
Jac-kson · 

RAKOES OF AVERAOE SLOPE 
ESTIMATES ASCIOKED TD SOIL 
LAKDSCAPE UKIT I OEOMORPKIC 
REIHOKS 

~~-------------------------------------
EACH FIVE KILOMETER SQUARE DATA CELl. 
HAS AK ASSICKED SOIL LAKDSCAPE UKIT AKD 
DEOKORPHIC RECIOK. THE VALUES OF 
AVERACE SLOPE CODED FOil EACH COKllIKA­
TIOK AKD EKTERED IKTO THE Ml.MIC II READ 
llY A COMPUTER AKD ASSIOKED TO THE 
APPROPRIATE RAKCE. 

DATA SOURCES: IKFORKATIOH PJlDVIDED JIY 
UKIVERSITY OF KIKHEIOTA IOil. ICIEKTISTS 
AFFILIATED WITH SOil. ATl.AS PROCRAK. 

I KILOMETER DATA FILE 

KAP PRODUCED JIY 
KIKKEIDTA LAKD MAKAOEKJ:KT 

IKFORKATIOK SYITEK -· u• • g 
t 

t t 
t t 

t t 
HOJlTH 

20 h 
KILOMETERS 

i~ 
80 

KIHHEIDTA ITATE PLAHHIHO AOEHCY 
LAHD MAHAOEMEKT IKFDRMATIDH CEHTER 
ll CAPITOL IOUARE llUILDIKC 
11110 CEDAR ITRJ:ET 
IT. PAUl., MK. 11101 

-
;___J ~.J LJ :_ __ J 

AVERAGE SLOPE 

l.EVEL SYKllOL LEOEKD 

13.6% PEil CE MT 

24.BY. l-6 PEil CE MT 

l IS. 2% Ull i-u PERCE MT 

0. 9% II 20 PERCEMT 

45. 2% OUTSIDE PROJECT AREA 





l { 

)<H~s:o):l: : : . ·~· 

FlO. 4 

-~~ 

I;ai::· 

:c;u:i: i>~r.1~: · 

RAKOIS or MAXIMUM ILDPE 
llTIMATEI AllIO){ED TO IOIL 
LAKDICAPE UKIT I OEDKDRPHIC 
RIOIDKI 

IACK FIVE KILOMETER ~DVARI DATA CELL 
KAI AK AllIOKID IOIL LAKDICAPE VKIT 
AKD OIOMORPHIC lllOIOK. TKE VALVES or 
MAXIMUM ILDPE CDDID FOil EACH COMJII­
KATIOK AKD IKTIRID IKTD THI MLMII II 
READ IY A CDMPVTIR AKD AlllOKID TO TKI 
APPROPRIATE RAKOI. 

DATA IOVllCll: IKFORKATIDK PROVIDED JIY 
VKIVIRIITY or MIKKllOTA IOIL ICllKTllTI 
AFFILIATED VITH IOIL ATLAS PROOllAK. 

.) .J 

MAXIMUM SLOPE 

FREDUEKCY 

I KILDKITIR DATA PILI 

---------------------
KAP PRODUCED JIY 

KIKKllDTA LAKD KAKAOEKIKT 
IKFORMATIOK IYITEK -· --... • Fao 18 

KILOKETIRS 

' ' ' ' ' ' ' KORTH '~ 
110 

KIKKllOTA ITATI PLAKKIKO AOE:*CY 
LAKD KAKAOIKIKT IKFORMATIOK CIKTEll 
11 CAPITOL IDUARI JIUILDIKO 
110 CEDAR ITREET 
IT. PAUL, KK, 11101 

11. 4lf. 

9. 0% 

11.11% 

11.4% 

II, 3% 

45.2% 

LEVEL SYMBOL LEOEKD 

o-4 PERCEKT 

Q~Q 
QQQ 5-B PERCEKT 
QQQ 

9-12 PERCE KT 

4 RUH 13-20 PERCE){T 

II 25 PERCE){T OR 

OUTSIDE PRO.JECT 

--

GREATER 

AllEA 

l 





TIO. S 

Lac 
qui 

Rock No bl-es 
Jackson ··Martin 

RATI)(CS IKDICATIVE or 
RELATIVE ERDSIOK POTEKTIAL 
llASED O)( ESTIMATED AVERAOE 
SLOPE AKD SOIL ERODillILITY<AS 
MEASURED llY K-FACTOR) 

EACH FIVE KILOMETER SQUARE DATA CELL 
HAS A)( ASSICKED VALUE or AVERACE SLOPE 
GRADE AKD K-FACTOR. TKE COKllIKED 
EFFECTS or THESE PARAMETERS 0)( EROSIOK 
ARE EVALUATED AS IF THEY WERE IKSERTED 
IKTO THE U)(IVERSAL SOIL LOSS EQUATIO)(. 
TKE RATI)(CS 0)( THE KAP REPRESEKT 
CLASSES ASSOCIATED WITH RELATIVE 
EROSIO)( POTEKTIAL. 

DATA SOURCES: PUllLISHED SOIL ATLASES, 
VSDA-SCS SOIL IKTERPRETATIDK SHEETS, 
AHD UNIVERSITY or J'l'.l)()(ESOTA SOIL 
SCIEKTISTS. 

-
EROSION POTENTIAL INDICATORS 

AVERAGE SLOPE 

FJll:DUE)(CY 

14.4Y. 

31. OY. 

., • 3Y. 

0. 9Y. 

4&.2Y. 

· Fillme>re 

MAP PRODUCED llY 
MIKKESOTA LA)(D KAKAGEKEKT 

IKFORMATIO)( IYITEM -· as~• F20 11.v 
KILOMETERS 

t~ 
t 

t t 
t t 

t t 
KORTH 

110 

MIK)(EIOTA STATE PLAKHIHC ACl!.KCY 
LAKD MAKAOEKEKT IKFORMATIOK CEKTER 
IB CAPITOL SQUARE llUILDI)(C 
IJ&O CEDAR STREET 
ST. PAUL, KH. BBIOI 

LEVEL SYKllOL LEGE)(D 

CLASS I 

CLASS 2 

llHH CLASS 3 .gm 

Ill CLASS 5 

OUTSIDE 

(LOWEST POTE)(TIAL) 

()(!CKEST POTE)(TIAL) 

PROJECT STUDY AREA 

·1 





L 

Polk 

:.Orman 

FIO. G RATIKCS IKDICATIVE or 
RELATIVE EROSIOK POTEKTIAL 
BASED OK ESTIMATED KAXIKUK 
SLOPE AKD SOIL ERDDIBILITY 
(AS MEASURED BY K-tACTOR) 

---------------------~--~---------------
EACH FIVE KILOMETER SQUARE DATA CELL 
HAS AK ASSICKED VALUE OF KAXIKUK SLOPE 
CRADE AKD K-FACTOR. THE COXBIKED 
EFFECTS OF THESE PARAMETERS OK EROSIOK 
ARE EVALUATED AS IF THEY WERE IKIERTED 
IKTO THE UKIVERSAL SOIL LOSS EQUATIOK. 
THE RATIKCS DISPLAYED OK THE KAP REPRE• 
SEKT CLASSES ASSOCIATED WITH RELATIVE 
EROSIOK POTEKTIAL. 

DATA SOURCES: PUBLISHED SOIL ATLASES, 
USDA-SCS SOIL IKTERPRETATIOK SHEETS, 
~~~E~~1;~~~ITY OF KIKKEIOTA SOIL 

-
. j ;._ - - J ~.J __ J ____ J 

EROSION POTENTIAL INDICATORS 

MAXIMUM SLOPE 

LEVEL SYMBOL LEOEKD 

20.o:r. CLASS I <LOWEST POTEKTIAL) 

I 0. 9:'. CLASS 2 

ISl.IJ:r. CLASS 3 

o.e:r. Ill CLASS 4 <HIGHEST POTEKTIAL) 

S KILOMETER DATA FILE 

t 
t t 

t t 
t t 

KORTH 

RO l8 
KILOMETERS 

i~ 
eo 

KIKKEIOTA STATE PLAKKIHC ACE-MCY 
LAKD KAKADEKEKT IKFORKATIOH CEHTER 
IS CAPITOL IQUARE BUILDIKC 
SSO CEDAR ITREET 
IT, PAUL, KM. SSlOl 

OUTSIDE PROJECT STUDY AREA 

l 





Kittson 

'!arshal 1 

Polk 

'orm::in 

l. i.yon 

:t: " " '" II) 

ma. 

l 

WOODLAND SUIT ABILITY RA TINGS 

AVERAGE SLOPE 

FREQUEKCY LEVEL SYMBOL LEOEKD 

0. 9Y. 
... 
~~~ 2 R L <MOD. TO SEVERE> 

I . 2~: 2 C L (SLIOHT TO SEVERE) 

4. 4~~ 111m 4 D L <MOD. TO SEVERE, 

4 e. o:: HOT RATED 

4 s. 2Y. OUTSIDE PROJECT STUDY AREA 

Wat;nwan Bl~t~•e_·~Ea~r~t~ll-1..,,-----j_L_~_te_e_l_e+--Do_d_~_e~~.-:-~~..J.-_,;..,.__.,+:~""<r< ...... 

l' IC'. 1 

Nobles 
· ·J~ckson . Martin 

VOODLAKD SUITABILITY RATIKCS 
BASED OK AVERAGE SLOPE ESTI­
MATES AKD REPRESEKTATIVE 
SOIL SERIES 

EACH FIVE KILOMETER SQUARE DATA CELL 
HAS AK ASSIOKED SOIL LAKDSCAPE UKIT 
AKD OEOMORPHIC REOIOH. THE VOODLAKD 
SUITABILITY RATIKOS DISPLAYED OK THE 
MAP CORRESPOND TO THE REPRESENTATIVE 
IOIL SERIES, AKD IM SOME CASES AVERAGE 
SLOPE ORADE, ASSOCIATED VITH THE LAKD­
SCAPE UNIT I QEOKORPHIC REC'IOK COMBI­
KATIOKS. EACH RATIKO DISPLAYED IS 
ASSOCIATED VITH A POTEKTIAL EROSION 
HAZARD PROBLEM. 

DATA SOURCES: PUBLISHED SOIL ATLASES, 
UIDA-SCS SOIL IKTERPRETATIOK SHEETS, 
AKD TECHKICAL CUIDE II-P'-1 <VOODLAKD 
IUITABILITY CROUPIKOS) PUBLISHED BY 
UIDA-scs. 

F'a~ibauit :r-.reeborn Mower 

B KILOKETER DATA FILE 

KAP PRODUCED BY 
MIKKESOTA LAKD MAKACEMEKT 

IKP'ORMATIOK SYSTEM -· -211• ~h 
KILOMETERS 

t 
t t 

t t 
t t 

KORTH 

,_. 110 

MIKKESOTA STATE PLAKKIKO AOEKCY 
LAHD MAHAOEMEKT IKFDRMATIOK CEKTEi 
IB CAPITOL SQUARE BUILDIHO 
&SO CEDAR STREET 
ST. PAUL, MK. 55101 





-
WOODLAND SUITABILITY RATINGS 

MAXIMUM SLOPE 

"Kit (son 

Polk 

iorman 

LEVEL SYMBOL LECE)(ll 

<><><> 
6. 'IY. :~~ 2 JI. L <HOD. TO SEVERE) 

0. 'IY. 2 c L <SLICKT TO SEVERE> 

o. IY. 3 JI. L CKOD. TO SEVERE> 

5. 2Y. mm 4 D L CKDD. TO SEVERE) 

I • ~: II 4 s L CKOD. TO SEVERE) 

4 0. 6~~ )(OT RATED 

OUTSIDE PROJECT AREA 

.,, . 

. Ll. 

-~--"-'"l'-M~·u'-.rr~a~y~-'-+-G-;o...,tto~wood Wa·tonwan· . Bl-ue. Earth .. : .: :~ :s~~e1e :Dodge .. Qlmste;t,:~ 

FI C, 11 

Rock . · N~tl:.Os 
Jackson · Mar-tin 

WOODLAND SUITABILITY RATIMOS 
BASED OK KAXIKUK SLOPE ESTI­
MATES AKD REPRESENTATIVE 
SOIL SERIES 

EACH FIVE KILOMETER ~QUARE DATA CELL 
KAS AK ASSICKED SOIL LANDSCAPE UKIT 
AKD OEOMORPHIC REOIOK. TKE WOODLAND 
SUITABILITY RATIKCS DISPLAYED 0)( THE 
MAP CORRESPOKD TO TKE REPRESEKTATIVE 
SOIL SERIES, AKD IK SOME CASES KAXIMUM 
SLOPE cRADE, ASSOCIATED WITH TKE LAND­
SCAPE UKIT I OEOMORPHIC REcIOK COMBI­
KATIOMS. EACK RATIKC DISPLAYED IS 
ASSOCIATED WITH A POTEKTIAL EROSIOK 
HAZARD PROBLEM. 

DATA SOURCES: PUBLISKED SOIL ATLASES, 
USDA-SCS SOIL IKTERPRETATIOK SKEETS, 
AKD TECHKICAL CUIDE II-F-1 CWOODLAKD 
SUITABILITY OROUPIKOS> PUBLISHED BY 
USDA-scs. 

<>· .. () () .. () 

B KILOM•TER DATA FILE 

ftAP PRODUCED BY 
ftJKKEIOTA LAKD MAKAOEKIKT 

IKFORKATIOK IYITEH -· n• • g 
t 

t t 
t t 

t t 
KORTH 

-l!O JO 
KILOftETERS 

i~ 

<><> 
•(>()() 

F.illmo e . 

110 

ftIKKllDTA STATE PLAKKIKC AOl-HCY 
LAKD KAKAOEKIKT IKFDRKATIOK CEKTEJI. 
lB CAPITOL SQUARE BUILDIKC 
&BO CEDAR STREET 
IT. PAUL, ft)(. 1111101 





FI(). 9 SELECTED OEOKORPHIC REOIOKS 

~ CEOKORPHIC RECIO)( IS A BROAD PHYSIO­
~RAPHlC FEATURE DETERHIMED PRIMARILY 
BY THE COMTOUR OR RELIEF ALOKO WITH 
THE SOIL PAREMT HAT~RlAL. 

SOURCE J)(FORHATIO)(: OEOHORPHIC RECIO)(S 
WERE COMPILED FOR THE HI)()(ESOTA SOILS 
ATLAS BY THE U)(IVERSITY or Hl)()(ESOTA 
CEOLOCY DEPT. AMD THE U.S. OEOLOCICAL 
SURVEY. SOILS ATLAS PREPARED COOPERA­
TIVELY BY THE UMIVERSITY or HIK)(ESOTA 
SOILS DEPT. A)(D THE U.S. SOIL CO)(SER­
VATIO)( SERVICE. PUBLISHED BY ACRICUL­
TURAL EXPERIHEKT STATIO)(, UMIVERSITY or 
HIM)(ESOTA, l 9i l -l 9ii. 

SELECTED GEOMORPHIC REGIONS 

S KILOMETER DATA FILE 

HAP PRODUCED BY 
HIKKESDTA LAKD HAKACEKEMT 

IKFORKATIOK SYSTEM 

. -· -2S·~~20 lo 
KILOMETERS 

t 
t t 

t t 
t t 

KORTH i~ 
BO 

HIKKESOTA STATE PLANKIMC ACEJ<CY 
LAMD MAKACEHEKT IKFDRHATIOK CENTER 
IS CAPITOL SQUARE BUILDl)(C 
SSO CEDAR STREET 
IT. PAUL, HK. SSIOI 

.. 





0 0 • 

!>iartin 

FIO. 10 DISTRl!IUTIO)( OF FOREST MAMACE­
MEMT ACTIVITIES BASED O)( 
PUBLIC LA>IDOW)(ERS SURVEY 

EACH FIVE KILOMETER SQUARE DATA CELL 
HAS DEE)( ASS I CMED A 'FORE ST MA>IACEME >IT 
ACTIVITY. TKE ACTIVITIES DISPLAYED OK 
TKE MAP REPRESE>IT TKE FOREST MA>IAGEMEMT 
ACTIVITY WHICH OCCURS MOST FREQUEMTLY 
WITHIN THAT CELL. 

DATA SOURCES: 208 PROJECT PUBLIC 
LA)(DOWMERS SURVEY . DATA WAS TAKE)( FROM 
A OUESTIO)( RECARDIMC PURPOSE OF OPERA­
TIOM. IMCLUDES DATA RECEIVED FROM 
PRIVATE IMDUSTRY. REPRESENTS FISCAL 
YEAR I 911. 

-

809 

110 

11 

TD 

as 

12 

65 

1114 

Far i bdtil t F.r,.,;;born Ho<oier 

6 KILOMETER DATA FILE 

MAP PRODUCED !SY 
MIKMESOTA LAMD MAMAOEME)(T 

IMFORMATIOM SYSTEM -· -2s•~,.-ao lb 
KILOMETERS 

80 

Kl>IMESOTA STATE PLAMMIMO AO»>ICY 
LA)(D MAMACEMEMT l)(FORMATIOM CEMTER 
16 CAPITOL IQUARE !IUILDIMI 
550 CEDAR STREET 
ST. PAUL, MIL 55101 

LEVEL 

G ',~, 

0.611 

0. I Yo 

0 . 0 ~~ 

0.211 

0. IX 

o.sx 

90. 511 I 0 

--.... 

IYM!IOL LE CE>ID 

000 
HARVESTl)(C 000 

000 

mmm 
l II: THl)()(l)(C :1:: 

000 
RIGHTS OF WAY 000 

0(>0 

:x::x::x: 
F IRE!IREAKS :x::x::x: 

:x::x::x: 

F..tCREATf OH 

::: WlLDLlrt: HAnlTAT l KP R 0 Vt:l1t:KT ••• 
iDi SITE PREPARATIO)( 

'i.''i.'!l 
'i.''i.'!l TIMBER STA)(D IMPJlOVEMEKT 
'i.''i.''i.' • MISCELLA>IEOUS 

)(O ACTIVITY 





FJO, 11 l!ISTRIDUTIOH OF FDRCST MAHAOE­
MEHT ACTIVITIES llASEI! DH 
PRIVATE LAHl!OWMERS SURVEY. 

EACH FIVE KILOMETER SQUARE CELL HAS 
llEEH ASSIOHEll A FOREST MAMAOEMEMT ACT­
IVITY. THE ACTIVITIES DISPLAYED OM THE 
MAP REPRESEMT THE FOREST KAMAOEMEHT 
ACTIVITY WHICH OCCURS MOST FREQUEHTLY 
WITHlH THAT CELL. 

DATA SOURCES: 1!011 PROJECT PRIVATE 
LA)(I! OWHERS SURVEY , DATA WAS TAKE)( 
FROM THE QUESTIOH REOARllIMO THE TYPE 
OF ACTIVITY. 

l'Jlll:QUEKCY 

811 

24 

11184 

5 KILOMETER DATA FILE 

KAP PRODUCED llY 
KIHHESOTA LAKI! KAMAOEMEHT 

IHFDRMATIO)( SYSTEM -· -as•~!& 
t 

t t 
t t 

t t 
KOJlTH 

KILOMETERS 
80 

KIMMEIOTA STATE PLAMMIHO AOEMCY 
LA)(I! KAMAOEKEMT IKFORKATIOK CEMTER 
IS CAPITOL SQUARE llUILl!IMO 
11110 CEDAJl STREET 
ST. PAUL, KM. 1111101 

' 

0. OY. 

0. OY. 

0. SIY. 

0. OY. 

0. l!Y. 

0. OY. 

0. OY. 

0. OY. 

S111.:rn 

.. 
·~ J 

LEVEL IYKllDL LE OE Ml! 

~ HAJlVESTIHO 
000 

~~:~ llURKIHO 
.. :f.lf. 

000 
000 CHEM! CAL SPRAY I HO 
000 

:c:c:i: 
TIMllER STAHi! :c:c:i: IMPROVEMEHT 

:c:c:i: 

ORAZIHO 

··: ::. MECHAHICAL SITE PREPARATI 

im PLAHTIHO 

ll'i'i' 
ll'll'll' HARVEST 
ll'll'll' 

AHi! S !TE PJlEPARAT 

KO ACTIVITY 





I 

FIC, 12 FIREBREAK IMTEMSITY 

ALL FIVE KILOMETER CELLS WHERE A FIRE­
BREAK OPERATIOK WAS REPORTED HAI DEEM 
ASSIOKED A SYMBOL. THE SYMBOL REPRE­
SEHTS THE HUMBER OF TIMES THIS ACTIVITY 
OCCURRED WITHIK THAT CELL. 

DATA SOURCES: 2011 PROJECT PUBLIC 
LAHDOWHERS SURVEY , 

II KILOMETER DATA FILE 

MAP PRODUCED DY 
MIMMEIOTA LAKD MAHADEMEMT 

IKFORMATIOM IYITEM -· -n• •..-;JO 
KILOMETERS 

t 
t t 

t t 
t t 

MOR TH it' 
110 

MIMMEIOTA ITATE PLAMHIHO ADEMCY 
LAKD MAMADEMEMT IKFORMATIOK CEMTER 
Ill CAPITOL IQUARE DUILDIMO 
1110 CEDAR ITREET 
IT. PAUL, MM. 1111101 

-
J 

FREGUEMCY LEVEL IYMDOL LEOEMD 

1101111 Ill, DY. MO OCCURREMCE/CELL 

14 0. lY. 11111 OME OCCVRREMCE/CELL 





F IC. 13 

1 

DISTRIBUTIOH OF TEMPORARY 
FOREST ROADS COHSTRUCTED IH 
FISCAL YEAR 1111 IH COHHECTIOM 
WITH A FOREST MAHAOEMEKT 
ACTIVITY - BASED DK PUBLIC 
LAHDDWHERS SURVEY 

ALL FIVE KILOMETER IQUARE CELLI WHERE A 
TEMPORARY ROAD WAS COKITRUCTED IK 
FISCAL YEAR 1911 WERE ASIIOKED A 
IYMllOL. THE SYMBOL REPRISEKTS THE 
)(UMBER OF TIMES THIS ACTIVITY OCCURED 
WITH!)( THAT CELL. 

DATA SOURCES: 20D PROJECT PUBLIC 
LAHDDWHERS SURVEY . 

5 KILOMETER DATA FILE 

MIKKEIOTA ITATE PLAKKIKO ADEHCY 
LAHD MAKAOIMEKT IHFDRMATIOK CEKTIR 
Ill CAPITOL IGUARE llUILDIHD 
8110 CIDAR ITRIET 
IT. PAUL, MH. 1111101 

FJIJ:QUJ:KCY LIVIL 

11111 ID. llY. 

I 04 1.IY. 

R:I o.a:r. 

0. OY. 4 

o. o:r. 

o. o:r. 

0. OY. 

-

IYMllOL LIDIKD 

KO OCCURREKCES/CELL 

m OKE OCCURREKCE/CELL 

TWO OCCURREKCES/CELL 

Hi THREE OCCURREKCES/CELL 

FOUR OCCURREHCES/CELL 

Im HIHE OCCURREHCES/CELL 

• THIRTEEH DCCURREHCES I CELL 





1' IC. 14 DISTRIBUTIOM 01' ROOT RAKIMO 
AMD ROCK RAKIMC OPERATIOHS TOR 
SITE PREPARATIOM, WHICH OCCUR­
ED IH FISCAL YEAR lSl'T'T - BAIED 
OH ..PUDL IC LAHDOWHERS SURVEY. 

ALL FIVE KILOMETER SQUARE CELLS llHERE 
ROOT RAKIHC OR ROCK RAKIMO SITE PREPA­
RATI OH ACTIVITIES OCCURED VERE ASSIOKED 
A SYMBOL. THE SYMBOL REPRESEKTS THE 
HUMBER 01' TIMES THE ACTIVITY OCCURRED 
WITHIN THAT CELL. 

DATA SOURCES: 208 PROJECT PUBLIC LAKD­
OWHERS SURVEY . TAKEK FROM QUESTIOH 
REOARDIHC TYPE 01' SITE PREPARATIOH. 

FRIQUIMCY 

S KILOMETER DATA TILE 
--------------·------

MAP PRODUCED BY 
MIKKEIOTA LAKD MAKAOEMEKT 

IKFORMATIOH SYSTEM -· -21• • ,..20 18 
KILOMETERS 

t 
t t 

t t 
t t 
KORTH i~ 

11049 

111 

110 

KIKHEIOTA ITATE PLAKKIHO AOEHCY 
LAHD MAKAOIKIHT IHFORMATIOH CEHTER 
IS CAPITOL IQUARE BUILDIHO 
BIO CIDAR ITRllT 
IT. PAUL, KM. 11101 

9!1. 'TY. 

0. lY. 

0. OY. 

0. ox 

-
;__J 

LIVIL SYMBOL LI OE MD 

MO OCCURREMCES/CELL 

m OME OCCURREMCE/CELL 

lfl TWO OCCURREHCES/CELL 
g 

Im THREE OCCURREMCES/CELL 





L 

FIC. 15 DISTRillUTIOK OF PLDW'IKC DPIERA­
TIDKS FOR SITE PRIEPARATIDK 
W'HICH OCCURIED IK FISCAL YIEAR 
1977. llASIED DK PUBLIC LAKD­
DWKERS SURVEY. 

ALL FIVE KILDKETIER SQUARE CELLS VKIERIE 
PLOW'IKC OPERATIOKS FOR SITIE PRIEPARATIOK 
OCCURED WERE ASSICKED A SYKllDL. THIS 
SYKllDL REPRESEKTS THE KUKllER OF TIMES 
THE ACTIVITY OCCURED W'ITHIK THAT CELL. 

DATA SOURCES: 2oe PROJECT PUBLIC 
LAKDOW'KERS SURVEY . TAKEK FROM QUESTIOK 
RECARDIMC TYPE OF SITE PREPARATIOM. 

5 KILDKIETIER DATA FILIE 

KAP PRODUCED llY 
KIKKIEIOTA LA)(D KAKAOIEKIEKT 

IKFDRKATIDK IYSTIEK -· -n• •~ao h 
KILOKIETIERS 

t 
t t 

t t 
t t 

KORTH '~ 
eo 

KIKKEIOTA ITATIE PLAKKIKC AOIEKCY 
LAKD KAKAOIEKIEKT IKFORKATIOM CIEKTIER 
Ill CAPITOL IQUARIE llUILDIKC 
1150 CEDAR ITRIEIET 
IT. PAUL, MK. 1111101 

.. 
.1 J LJ Ll 

F'lJ:QUJ:KCY LJ:VIEL IYKllOL LIECEKD 

DOIS4 DD.DY. KO OCCURREKCES/CELL 

14 0. IY. m OKE OCCURRIEKCE/CELL 

0. OY. Ill TW'O OCCURRIEKCES/CELL 





F JG, 16 

ALL FIVE KILOMETER IQUARE CILLS VHIRE A 
GRAVEL-SURFACED PIRMAKIKT ROAD VAi COK­
STRUCTED WERE ASSIOKID A IYMllOL. THII 
SYMBOL REPRESEKTS THI KUMlllR or TIKll 
THE ACTIVITY OCCURRED VITHIK THAT CILL. 

DATA SOURCES: 2011 PROJICT PUllLIC 
LAKDOWKERS SURVEY , 

FlllDUIKCY 

rs KILOMITlll DATA FILI 

KAP PRODUCID llY 
KIKKllOTA LAKD KAKAOIKIKT 

IKFORKATIOK IYITIM -· -ars• .,..;:a 
KILOMITllll 

t 
t t 

t t 
t t 
KORTH '~ 

10:111 

Rll 

110 

MIKKllOTA ITATI PLAKKIMI AOIKCY 
LAKD MAKAOIKIKT IMFOllKATIOM CIKTIR 
lfS CAPITOL IDUAJll llUILDIMI 
BIO CIDAll ITllllT 
IT. PAUL, MK. 18101 

••• llY. 

0. 3Y. 

0, OY. 

0. OY. 

-

LIVIL IY1UIOL LIOIKD 

KO OCCURREKCES/CELL 

m OKI OCCURREKCE I CELL 

II TVO OCCURREKCES/CELL 

Im THREE OCCURREKCES/CELL 





FI;, 11 DISTRIBUTIO)( or KICHAKICAL 
SITE PRIPARATIO)( OPERATIOKI 0)( 
PRIVATE WOODLOTI. 

ALL FIVE KILOMETER IDUARI CILLI WHIRi 
ASSIOMED KECHAHICAL llTI PREPARATIO)( 
OPERATIOKS OCCURRED VIRI AllIOMID A 
SYMBOL. THIS SYMBOL RIPRllEHTI THI MUK­
BER OF TIMES THI ACTIVITY OCCURRED 
WITHIK THAT CELL. 

DATA SOURCES: 201 PROJECT PRIVATE 
LAHD OWKERS SURVEY . 

J'Jl.IDUIKCY LIVIL 

1010 II.IX 

o.ox 

o.ox 

............................................ 
·:M<iii.ei! :::!!!! :#µ~~i~:::::::~: ~~~~~~ 

I KILOKITIR DATA J'ILI 

KA• •11.DDUCID BY 
KIKMllOTA LAMD KAMAOIKIKT 

IKJ'OJl.KATIOK IYITIK -· -.~ •...-;u 
KILOKITIJl.1 

t 
t t 

t t 
t t 

MOii.TH t~ 
10 

KIKMllOTA ITATI •LAMHIHO ADIHCY 
LAMD KAHAOIKIHT IKFOJl.KATIOH CIKTIR 
II CA•ITOL IOUAJl.I BVILDIKO 
110 CIDAJI. ITJl.llT 
IT. •AVL, ft)(, 11101 

-
J [ _ _J 

IYJHOL LIOEKD 

)(O OCCURREKCES/CELL 

II OME OCCURRIMCI I CELL 

• TWO OCCURRIKCIS/CELL 





r ID, ti DIITRIIVTIOM or ROADI •VILT 
OK PRIVATE VOODLDTI 

ALL FIVE KILOMETER CSLLI vx1•• A ., •• 
WAI IVILT OM PRIVATE LAMD v II I'' •MID 
~v~~~ 0 5t ~¥Al,':rill 0 ictf~tl' 11 va la 
VITHIH THAT CELL. 

DATA IOVRCEI: 101 •ROJICT •RIYATI 
LAKDOVKERS IVRVIY 

:::::::::::::::::: 
:::::::::::::::::: 
:::::::::::::::::: 

::,E::::::::~::: 
:::::::::::::::::: 
:::::::::::::::::: 
::::::::::::::::: 

::::::: :::::::::: 
::::::::::::::::: 

LJ LJ 

FRSIVSMCY LSYSL IYKaOL.LSaSMD 

1011 11,llC 

I KILOKSTSR DATA FILI 

t 
t ' 

' ' t t 
MIRTH 

10 

ltKllilTA .T,TI •LAMHIM• AaSMCY • 11·· " UT IMFOIUCATIOM CSMTIR 
• ! ·L····t•• av1LDIM• 

T. J , MM. •tot 

0. llC 

HO OCCVRRIMCll/CELL 

Ill OMI OCCVRRIMCE/CELL 

-





FI 0, 19 INTENSITY OF FOREST KAKACEKEKT 
ACTIVITY IK CEOKORPKICS EXKID­
TIKC A KICK EROSION POTEKTIAL 
IKDICATOR CLASS FOR FISCAL 
YEAR 1977 • BASED OK PUBLIC 
LAKDOWKERS SURVEY. 

FIVE KILOMETER SQUARE CELL DATA KAVE 
BEEK SUKKARIZED DY CEOKORPKIC REOIOK 
FOR ALL FOREST KAKAOEKEKT ACTIVITIES. 
TKE KUKBER OF ACTIVITIES PER CEOKORPKIC 
RECIO)( VERE TALLIED. THE SYMBOLS DIS­
PLAYED REPRESEKT TKE IKTEKSITY OF FOR­
EST KAKACEKEKT ACTIVTIES WITKI)( EACH 
OF KIME CEOKORPHIC RECIOKS WHICH ARE IX 
THE KICK EROSIOK POTENTIAL IKDICATOR 
CLASS. 

DATA SOURCES: 200 PROJECT PUBLIC 
LAKDOWKERS SURVEY , PUBLISHED SOIL 
ATLASES AND USDA-SCS SOIL INTERPRETA­
TION SKEETS. 

lD 

114 

lllS 

14 0 

1110 

140 

1442 

6 KILOKETJ:R DATA FILE 

KAP PRODUCED DY 
KIKKESOTA LA)(D KAKACEKEKT 

IKFORKATIOK SYSTEM -· -2s~•in..-;5g 

t 
t t 

t t 
t t 

KORTH 

KILOMETERS 
110 

KIKKJCIOTA ITATE PLAKKIKO AOEKCY 
LAKD KAKADEKEKT IKFORKATIOK CEKTER 
111 CAPITOL IDUARJC BUILDIKO 
SISO CEDAR STREET 
ST. PA UL , KM . IS S l 0 l 

-· 

LJCVJCL IYKIDL LJCOJC)(D 

0. I" m 4 DCCURRJCKCEl/REO. 

0. II" 11-111 DCCURRJC)(CJC I /RE 0. 

I, a" Hi 11·2 I DCCURRICKCJCl/REO . 

l.ll:V. • a, .• , OCCURRICKCEl/RJ:O. 

I, 1:V. Im 42 DCCURRJCKCJ:S/RJ:C. 

I.BY. II Ill DCCURREKCES/RJ:O. 

SI~. OY. AREAi MDT IK KICK EROSIDK C 

/ 





FIO. 20 IKTEKSITY OF FOREST KAMAOEKEMT 
ACTIVITY OM PRIVATE WOODLOTS 
IK TKOSE OEOKORPHICS II( THE 
HIOH EROSION POTEKTIAL IKDICA• 
TOR CLASS, 

FIVE KILOMETER SQUARE CELL DATA FOR 
TOTAL FOREST KAKAOEKEKT ACTIVITIES OM 
PRIVATE WOODLOTS HAVE BEEK SUMMARIZED 
BY OEOKORPHIC REDIOMS. THE KUKBER OF 
ACTIVITIES PER OEOKORPKIC REOIOK WERE 
TALLIED. THE SYMBOLS DISPLAYED JlEPRE­
SEKT THE IKTEMSITY OF FOREST KAHAOEKEKT 
ACTIVITIES WITHIH EACH OF KIME OEOKOR­
PHI C REOIOKS WHICH ARE IM THE HIOH 
EROSIOK POTEKTIAL IKDICATOR CLASS, 

G KILOMETER DATA FILE 

KAP PRODUCED BY 
KIMKESOTA LAKD KAHAOEKEKT 

IHFORKATIOK IYITEK -· -as• .,...~JS 
KILOMETERS 

t 
t t 

t t 
t t 

HORTH 

00 

KIHKESOTA STATE PLAKHIHG AOEKCY 
LAKD KAKAOEKEKT IHFORKATIOH CICKTER 
lll CAPITOL IGUARE BUILDIHO 
1150 CEDAR ITJlEET 
IT. PAUL, KM. 1111101 

FJllCGUICMCY 

lU R. o:r. 

tl:I t. o:r. 

4R 0 ,4:r. 

l44 1.11:r. 

llO l.'l:r. 

1144R 1:1. o:r. 

LICVU. IYKBDL 

m 

Hi 
II 
Im 

-.;.. .. _J 

LICOICMD 

0 DCCUJlJllCMCICl /RIC D. 

l-1 DCCURJllCMCICl/RICO. 

II OCCURJllCMCICS/REO. 

l l-l :I OCCUJlJllCMCEl/REO. 

11'1 OCCURJlEMCICl/JlEO. 

AJlEAI MDT IM HIOH EROSIOM 

., 

-

I 
j 





r10. 21 IMTEMSITY or THOSE FOREST 
KAHADEKEMT ACTIVITIES IJIEKTIFIED AS 
HAVIMO A HIDH SITE DllTURBAHCE POTEH· 
TIAL, BY OEOKORPHIC REOIOM FOR FISCAL 
1~::sT 1 ~A~ADEKEKT ACTIVITIES WERE AKAL· 
YZED OK THE BASIS OF THREE SITE DIITUR­
BAKCE POTEHTIAL FACTORS. THOSE ACTIVI· 
TIES WHICH WERE IDEKTIFIED AS HAVIMO A 
HICH POTEHTIAL FOR SITE DISTURBAKCE 
WERE ASSICHED TO A FIVE KILOKETER 
SQUARE CELL. THESE DATA WERE THEM 
OROUPED IKTD CEOKORPHIC REOIOKS. THE 
IYKBOLS DISPLAYED REPRESEKT THE IKTEH• 
IITY OF THOSE FOREST KAMAOEKEKT ACTIVI· 
TIES WITH A HlOH SITE DISTURBAKCE POT­
EKTIAL BY HIOH EROSIOK POTEKTIAL OEOK· 
ORPHIC RECIOKS. 

140 

140 

11442 

S KILOKETER DATA FILE 

KAP PRODUCED BY 
KIKKEIOTA LAKD KAKACEKEKT 

IKFORKATIOK SYSTEK -· -25. • fllll~l& 

t 
t t 

t t 
t t 

KORTH 

KILOKETERS 
110 

KIKKEIOTA ITATE PLAKMIKD ADEKCY 
LAKD KAKAOEKEKT IKFORKATIOM CEKTER 
Ill CAPITOL IQUARE BUILDIKO 
11110 CEDAR ITREET 
IT. PAUL, KK. 1111101 

t • a>~ 

t .llY. 

t .llY. 

t .llY. 

113. OY. 

.. 
~- J J 

LJ:VJ:L IYK•DL LllOJ:KJI 

m l DCCVRRJ:KCE/REO. 

m 4• 'T DCCVRRJ:KCEl/RED. 

II 10 DCCVRRJ:KCEl/REO. 

1111 Ill DCCVRRJ:KCJ:t/REO. 

ARICA KOT IK HIOH ERDSIOM CL 





Fio: 22 IMTEHSITY or THOSE PRIVATE 
FOREST KAMACEKEHT ACTIVITIES 
IDENTIFIED AS HAVIHG A HICH 
SITE DISTURBANCE POTENTIAL, DY 
CEOKORPHIC REOIOHS. 

PRIVATE FOREST KAHACEKEHT ACTIVITIES 
WERE ANALYZED OH THE BASIS or THREE 
SITE DISTURBANCE POTEMTIAL FACTORS. 
THOSE ACTIVITIES WHICH WERE IDENTIFIED 
AS HAVIHC A HICH POTEHTIAL FDR SITE 
DISTVRDAHCE WERE ASSIGNED TO A FIVE 
KILOKETER SQUARE CELL. THESE DATA WERE 
THEM GROUPED IHTO GEOKORPHIC REGIONS. 
THE SYKDOLS DISPLAYED REPRESEHT THE 
IHTEHSITY or THOSE FOREST KAHAOEKEHT 
ACTIVITIES WITH A HIGH SITE DllTURDAHCE 
POTEHTIAL, WHICH OCCURRED IH HIGH 
EROSIOH POTEHTIAL CEOKORPHIC REOIOHS. 

DATA SOURCES: 200 PROJECT PRIVATE 
LAHDOWHERS SURVEY, PUBLISHED SOIL 
ATLASES, USDA/SC$ SOIL IHTERPRETATIOH 
SHEETS, AHD KIHH. FORESTRY RESEARCH 
HOT:ES. 

t:lll 

'l'I 

1110 

5 KILOKETER DATA FILE 

KAP PRODUCED DY 
KIHHESOTA LAHD KAHACEKEHT 

IHFORKATIOH IYSTEK -· -25. ~§8 
KILOKETERS 

t 
t t 

t t 
t t 

HORTH 

eo 

KIHHEIOTA STATE PLAHHIHG AGEHCY 
LAKD KAKAGEKEKT IKFORKATIOH CEKTER 
IS CAPITOL IQUARE DUILDIHO 
SSO CEDAR STREET 
IT. PAUL, MK. 158101 

2.eY. 

1 .4Y. 

o. eY. 

1.'IY. 

93. OY. 

LEVEL IYl'UIOL 

m -

m 
II 
Im 

LE OE MD 

0 OCCVRREMCEl/REC. 

1 DCCVRREMCE /REC. 

4 D CCVRREMCE S /REC. 

111 DCCVRREMCES/REC. 

AREAS MOT IM HIGH ERDSIOM CLAS 

I 
1 





FI 0. 23 OEDKORPHIC REOIONI WITH THE 
HIOHEST EROSION POTENTIAL 
IKDICATOR CLAIS 
<BASED OK MAXIMUM SLOPE) 

S KILOKITIR DATA FILE 

KAP PRODUCED DY 
KIKKllOTA LAMD KAMAOIKEKT 

IMFDRKATIDM SYSTEM -· -as• ~~JS 

t 
t t 

t t 
t t 

MOR TH 

KILDKITIRS 
BO 

KIMMllOTA ITATI PLAKNINO AOIMCY 
LAKD KAMAOIKIKT IKFDRKATIDK CIMTER 
lS CAPITOL IDUARI BUILDING 
SSO CIDAR ITRllT 
IT. PAUL, KM. BS10l 

'1 




