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FOREWORD

This is one of a series of manager’s handbooks for important forest
types in the north-central States. The purpose of this series is to present
the resource manager with the latest and best information available on
hundling these types. Timber production is dealt with more than other
forest values because it is usually a major management objective and
more is generally known about it. However, ways to modify manage-
ment practices to maintzin or enhance other values are included where
sound information is available.

The author has, in certain instances. drawn freely on unpublished
information provided by scientists and managers outside his specialty.
He is alse grateful 1o the several technical reviewers in the region who
made many helpful comiments,

The handbooks have a similuar format, highlighted by a “Key to
Recommendations”. Here the manager can {ind in logical sequence the
management practices recommended for various stand conditions.
These practices are based on reseurch, experience, and a general silvical
knowledge of the predominant tree species.

All stand conditions, of course, cannot be included in the hand-
books. Thercfore. the manager must use technical skill and sound
judgment in selecting the appropriate practice to achieve the desired
objective. The manager should also apply new research findings as they
become available so that the culture of these important forest types can
be continually improved,
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BLACK SPRUCE
IN THE NORTH-CENTRAL STATES'

William F. Johusten, Principal Silviculturise
(rrand Rapids, Minnesoty

SILVICAL HIGHLIGHTS

The black spruce? iype vecupies 2 millivg acres of
commercial forest land in the ourthern Luke Siates;
two-thirds ot this total occurs in Momesota, Blick
spruce grows mainly on argunic soil. where its growth
rate is related to the amount of nutvients received {rom
ground water or precipitation. Black sprace grows
mainly in pure stands but muy also be mixed with
tamarack, northemn  white-cedwn . and bulsam 11 on
organic soil and with other coniters und various hard-
woods on mineral soil. Black spruce stonds are brushy on
the best sites, especially on organic soil.

Black spruce stands 40 o more veuars old huve o neurly
continuous sced supply bevuuse the ponsistent cones
sited seed for at least 4 yeors wtter ripening and seed
crops seldom fuil. Seedling estublshiment requires u
moist seedbed trec from competing vegetatiog, BEstab-
lishment is generally successful on slow-growing sphag-
aum moss o where the surface Laver is removed by fire
or compacted us in skid roads. Vegetative reproduction

by lavering i commuoen on the poorer sites on organic
soil.

Mosl black spruce stunds in the Lake Stutes originated
after wikdfires und su ure, or onee were, even-aged. In
arcas having no major disturbance for o century or more,
biuck spruce stunds become uncven-iged because new
trees bepin to fll in as overstory trees die. However,
these new trees grow much taster in open areas than
under a living overstory.

The main dumoging agents of black spruce sre wind,
eastern dwart mistletoe. and impeded drainage. Uproot-
ing or breakage s a problent when older stands are
opened by purtial cutting because black spruce has a
shalow oot system and butt 1ot is common in older
irees. Mistletoe. which produces “witches™ brooms”, is
the most serious disease of bluck spruce. Other pests
seldom  cuuse serious dumage. Drainage impeded by
foads and beaver has killed bluck spruce or reduced its
growth on thousands ol scres of organic soil.

MANAGEMENT OBJECTIVES AND NEEDS

The usual objective in managing the black spruce type
is to produce a high sustained yield of pulpwood as
efficiently as possible without udversely affecting other
forest values. For this objective. the type con probably
be managed best in fairly large. even-uged stunds. similar
to wvirgin stands. Such munugement should produce
stands that are well suited for efficient cultural opera-
tions and mechanized harvesting. The pourest sites,
however, should be managed mainiy for Chrisumas trees,
Although limited. pructices to enhance wildlite habitat.

VThis handbook  supersedes Johnston, William F,
1971, Management Guide for the Black Spruce Type in
the Lake States. USDA Fur. Serv. Res, Pap. NC-64.

EFor scientific names of plants and animals, see
Appendix, p. 16.

water, and estheties should be applied to the cxtent they
have been developed.

The demand for black spruce pulpwood is expected to
remain high, so satisfactory stocking of reproduction
needs to be obtained promptly alier harvesting. This is
usually possible by carrying out the practices recom-
mended here. However. litde mformation cxists on the
costs and returns of these practices. Relutive costs are
given for a few alternatives, but most economic decisions
will have to be based on the particular situation and the
manager's experience and judgment. There is a special
need (o obtain reproduction after harvesting brushy
stands. which occur on the most productive sites. It not
stocked early with trees. these areas convert to lowland
brush and become difiicult and expensive to reforest.




KEY TO RECOMMENDATIONS

Recommendations for muanuging black spruce stands Starting with the {irst pair ol lixce-nimhered state-
are given in the foliowing key, which contains a series of ments, sclect the one stitement thai beiter describes the
alternative statements about various stand conditions, stand in question and obtuin o indd reconmnendation, a

The statements include references o the text where

these conditions are discussed. So, with accurate know-

partial recommendution plis ¢ nwnher. v @ nwnber
alone. 1f o number §s given. repeat the selection process
until o final recommendution is reached. The overall

ledge of a stund. the resuurce manager can find out the recommendation s the sum of the partiad seconunenda-
recommended proctices. tions arrived at while going through the key .
1. Siteindexlessthan 25 . . . . . . . L L Lo GROW CHRISTMAS TREES
See “Chyisunas Trees”, p. 10
I Siteindex 25 ormore . . . . . L L. L e GROW PULPWOOD . .2
See “Site Productivity”, p. 3
2. Standimmature L L s 3
See "Rotation™, p. 3
2. Stand mature . . . . L. L L e CLEARCUT STAND . .6
See ““Cleaccutting Methods™. p. 5 and “Wind”, p. 9
3. Black spruce satisfactoriiy stocked . . . . . Lo oL 4
See "lntermediate Treatment™. p. 4
3. Black spruce understocked or gverstocked . . . .. . L 0L Lo 5
4. Spruce severely suppressed by shrubsfhardwoods . . . . . 0 . 0 000000 0L RELEASE . .5
See “Intermediate Treatment™. p. 4
4. Spruce not or slightly suppressed by shrubs/hardwoods . . . . . . . ... 00000 o000 00000 5
5. Witches’ breoms absent or inconspicuous . . . . .. .. L L L Lo CHLECK IN 10 YEARS
See “Dwarf Mistleioe™, p. 9
5. Wilches' brooms rendily noticeable . . . . . . . ... Lo TREAT INFECTED AREAS
6. Witches brooms absent or inconspicuous . . . . . ... oL Lo 7
See “Dwarl Mistletoe™, p. 9
6. Witches brooms readily noticeable . . . . . . .. ... .. BROADCAST BURN SLASH {scep.15). . 13
7. Residual stemsabundant . . . . . . L. L0 8
See “Residuat Stems™, p. 6
7. Residual stemsscarce . . . . . L. 10
8. Black spruce a major component . . . ... .. L. L Lo L 9
See “Residual Stems”, p. 6
8. Black spruce a minor component . . . . .. .., ... .. BROADCAST BURN SLASH {see p. 15) . . 13
9. Spruce less than 50 yearsold and ingood health . . . . . . . . ... ... .. SAVE RESIDUAL STEMS
See “Residual Stems”, p. 6
9. Spruce 50 or more vears old, orin poor health . . . . .. . . BROADCAST BURN SLASH (see p. 15} . . 13
10. Brush absent or inconspicuous . . . . . . . . L L L L L. Lo 11
See “Brush”. p. 6
10. Brush readily noticeable . . ., . . . ., ... .. ... .. BROADCAST BURN SLASH (sce p. 15}. . 13
1}, Sphagnum seedbeds well distributed . . . . . . . .00 Lo Lo 12
See “Seedbeds”. p. 7
i1. Sphagnum seedbeds poorly distributed . . . . . . .. . .. .. BROADCAST BURN SLASH (see p. 15}, . 13
12, Slashcoverbight .. . . . ... ... ... ... . SPREAD SLASH EVENLY. USE NATURAL SEEDING
See “Slash Cover”, p. 7
12, Slashcoverbeavy . . . . . . . . ... ... ... ... SKID FULL TRELS, USE NATURAL SEEDING; or
BROADCAST BURN SLASH (see p. 15). . 13
13, Seed seurce withinrange . . . . . . . . .. .. .. ... oL USE NATURAL SEEDRING
See “Clearcutting Methods™, p. § and “Natural Seeding”, p. 8
13, Seed sourceoutofrange . . . . ... L. L USE DIRECT SEEDING

See “Direct Seeding”. p. 9



TIMBER MANAGEMENT CONSIDERATIONS

Controlling Growth
Site Productiviry

The bluck spruce type is found mainiy on vrganic soil
in the Lake Stutes, but it also vccurs en miners! soil.
Growth rate varies greatly: height of dominant trees at
S0 years ranges from about 45 fest an the best sites to
less than 15 fect oo the poorest. Mature stunds on pood
sites commoniy vield 3000 cubic feet {eniire stem) o
30 cords per acre for trees 3.6 inches db.h. and lurger.
In contrast. many stands on poor sites never produce
merchantable quantities of puipwood. (See Appendix
for site index curves, yield. and net wnnual growth of
black spruce sunds.)

Most orgamie soil sites are extensive areas on gently
sloping glacial fake beds or smadler filled lakes associated
with the Laurentian Shicid, pitted outwush plains, and
moranic areas. On both luke-bed and filled-luke sites, the
growth rate of black spruce is related 1o the surtounding
ground water tiow system. The best sites occur where
the soil water 18 continuous with the regional ground
water system and thus is cariched by nutrients flowing
from mineral soil arcas. The poorest sites occur where
the soil water is “perched” above and thus is separated
from this regional system. The fertility ot these sites
depends mainly on precipitution, which is relatively low
in nutrients,

Degree of decomposition and botanical origin of the
upper horizons of organic soil are good guides to site

productivity. whereas total depth and ph are poor.

guides by themselves. The best sites have moderately
well decomposed organic soil that contains much partial-
ly decaved wood and is dark brown to blackish.
However, the upper 6 inches may be poorly decomposed
sphagnum or other mosses, especially in old stunds. The
poorest sites have poorly decomposed sphagnum, 2 to 5
feet or more thick, Lthat is yellowish brown.

The growth rate of black spruce could undoubtedly be
increased on organic soil sites in the Laske Stotes by
draining and fertilizing, but specific practices are pre-
sently lacking. They have not been developed muainly
because the region’s extensive upland forests produce
sufficient timber, and probably at a higher economic
return than lowland forests. However, with the increas-
ing value of black spruce pulpwood and the greater
demands on land use in upland forests. there may be a

need in the [uture to develop effective and envirou-
mentally acceptable ways 0 druin and fertilize organic
soil sites.

Thie black spruce type is comumnoen on mineral soil only
on the Laurentian Shield in northeastern Minnesota and
in a few isolated areas of upper Michigan. Here black
spruce grows on graveily and bouldery loam and on
shallow soil over bedrock, where it usually is mixed with
othee species, but occastonally forms a pure type.
Crowth is best where the siope is gentie and moisture is
plentilul, either from a shallow water table or seepage.
South of the Shield, black spruce is occasionally found
on sandy soil with a high water table.

Rotation

Biack spruce stands are usually considered mature and
ready to harvest for pulpwood when their meun annual
growlh iun cords peaks. The rotations at which this
occurs for trees 3.6 inches d.b.h. and larger can be
determined from figure 1 for various stand ages and
basal areas. These rotations apply to ail site indexes and
are similar for cubic feet.
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Figure 1. — Rotations for black spruce stands by stand
age und basal area. Adapted from Perain 1971

To determine the cordwood rotation for any stand,
locate the point where its present age and basai area
intersect in figure 1 and then use the following guide.
lines:



1. if the polntis Aelfeav the shaded zone. the stand has
not yet reeched the recommended roation, To deter-
mine this rotation, select the corve tearest the point and
find the rotution range listed for that curve in figure 1
Where the point is between two curves, the rotation
range can be determined more precisely by projecting
the point upwurd between the curves and noting at wht
ages it enters and leaves the shaded zone.

Stands whose buasat arcas Gl well below curve B have
poorly stocked overstories that should probably be
harvested as saon as possible becuuse these stunds would
have rotations of 100 o 80 vears, Unfess o suitible
undersiory remains to form a pew stund. black spruce
should be rapidly reproduced to full stocking (see p. 2)

2. I the paint is /0 the shaded zone. the stund is
the recommended rotation and cen be harvested. The
range of this sotation by determined the same way as
explained in 1.

3. It the point is ghove the shaded zone, the stand is
already pust the recommended rotation and should be
harvested and reproduced as soon us pussible,

The rotations recommended here have 2 runge becuuse
the mean annusl growth has practically the sume
maximum for a number of years. Theretore, the ianager
has considerable tlexibility in selecting o suitable rota-
tion. at leust in terms of growth. Further, figure 1 shows
that the rotations are shorter for stands with high basal
areas than for those with low basal arcus. or that
rotations increase us basal area decreases. However,
except Tor exciuding trees stoaber tun 3.6 inches d.b.h.,
the rotations do not consider tree size. Therefore,
excessively dense stunds muy require longer rotulions
before yields trom merchantable trees are large enough
for efficient harvesting.

Of course, factors other than maximum niean annual
growth and tree size should be considered in selecting
a suitable rotation. The presence ot or risk involved
with, some of black spruce’s damuaging agents, especially
wind and dwarf mistletoe. wili tend 1o shorten the
rotation {see p. 9). Buil rot. which can lead to wind
breakage. becomes common after about 100 years in
stunnds on organic soil. This rot becomes serious enough
in stands on mineral seil that their rotation should
usually not exceed 70 years. To further help the
manager select a suitable rotation for a certain stand,
yield and growth at various ages are given in the
Appendix by sile index and basal area.

Intermediare Treatment

Little research or expericnee is svailable on managing
immature stands of bluck spruce. Desirable stand den-
sities fur varivus ages and sites ure not known for
optimum pulpwood growth under present utilization
standards. Thinning of overstocked stands in the sapling
and pole stage is not recommended for black spruce due
to the low economic returnt ond risk of increasing
wind-caused mnortality.

In secdling stands a milacre” stucking of 60 percent or
more is considered satistactory if the trees are estab-
fished {at least 6 inches tali and healthy). Practical
methods do not presently exist for establishing black
spruce in understocked stands, except to leave seed-bear-
ing trees so that sprecs can gradually reproduce by
natural  secding. Secedling stands are probably over-
stocked when they exceed 10,000 trees per acre. Such
stunds should be prevented by controlling natural or
direct seeding, as discussed on pages 8and 9.

Although it grows fuster in full sunlight, black spruce
is tolerznt of shade und on most organic soil sites jt will
eventually grow above competing shrubs or hardwoods.
However. slow growth and understocking result when
black spruce is severcly suppressed by such vegetation
for several ycars, as often happens on the best sites.
Under these conditions spruce should be released before
its growth and ability to respond are reduced too much.

Acrial herbicide spraying is prebably the most prac-
tical way to kill back uvertopping shrubs and hard-
woods. A low wvolatile ester of 2,4-D* is effective on
speckied alder, black ash, quaking aspen, papet birch,
and willow; whereas a 50-percent mixture with 24 5-T is
recommended if red maple and balsam popiar are the
main species to control. Use a total rate of 3 pounds acid
equivalent in at least 4 gallons of water per acre. Spray
in early August. or when the new growth of black spruce
has hardened off and yet shrubs and hardwoods are stiil
susceptible.

Herbicide spraying should be done carefully, following
all pertinent precautions and regulations. {t is particular-
ly important not to contaminate open water with
herbicide, so do not spray vegetation around the borders

3 4 milacre is 1/1,000 acre, usually 6.6 feet square.

3 See Pesticide Precautionary Statement, p. 17.



of ponds, lakes, and watercourses. These guidelines will
minimize the risk of adverse environmental effects on
organic soil sites,

Controlling Establishment
and Composition

Clearcurting Methods

For several reasons mentioned elsewhere in this
handbook, clearcutting, or felling of alf trees, is the best
method for harvesting and reproducing black spruce.
The shape and size of a clearcut area depend mainly on
whether broadcast burning of slash is recommended in
the key, size and windfirmness of stand, seed supply,
and economic considerations.

If broadeast burning js recommended, its cost per ucre
can be reduced substantially by clearcutting large patch-
es (40 acres or more) rather than progressive strips. Cost
of harvesting and later cultural operations also tends to
be lower on such patches than on strips. However,
clearcutting of large patches {or entire stands less than
40 acres} should usuvally be followed by direct seeding
(see p. 9), whose cost may offset the azbove savings.
Since it is sometimes difficult to obtain enough seed of
acceptable provenance at reasonable cost, the manager
should consider carefully whether to clearcut large
patches that require direct seeding® or progressive strips
that are seeded naturally (figs. 2 and 3).

Progressive strips can be applied best in large stands
that are windfirm and do not require broadcast burning.
The strips should probably be perpendicular to, and
progress toward, the prevailing wind direction to maxim-
ize seed dispersal and minimize wind damage.

Natural seeding of black spruce can be relied on up to
4 chains {1 chain = 66 feet) from the windward side of a
mature stand and up to 2 chains from the lecward side.
Thus a strip perpendicular to the prevailing wind
direction can be up to 6 chains wide with natural seeding
from both sides, or 4 chains wide with seeding only from
the windward side. Also, the outer portion of large
patches can often be reproduced by natural seeding, thus
importantly reducing the area requiring direct seeding.

3 Planting may be better on upland sites.
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Residual Stems

These are trees ot auy sive down to 6 inches tuli tha
are expected to or do survive vlearcutting. They may be
of any species or uge. and of seedling or vegetative
origin. Residual stems are “scarce”™ it they or theh
reproduction. especially by vegetative means, wili not
become dense envugh to severely suppress hlack sprace
reproduction. Although they can be easily overfooked. it
is important to realize thut a few mature trees per acre
of certain species sometimes produce muany  sceds,
suckers, or sprouts.

Residual slems should be relied on lo reproduce a
stand only if relatively young and healthy black spruce

stems are o1 will be predontinunt (at least 30 perceni of

basal area). Such stemns ure arbitrurily defined as being
less than 50 yeurs old and having well-developed crowns.
In contrast, many of the black spruce stems renmining
after clearcutting are 50 or more yeurs old or have
poorly developed crowns. Old stems also tend to be of
layer origin, which often resufts in poor form. Some vid
or unhealthy trees may grow satisfactorily after cleus-
cutting, but young seedlings are preferred for repro-
ducing black spruce.

Therefore. residual stems should be saved to reproduce
a stand only if: (1) 60 percent or more of the milacres in
the clearcut area will contain at least one young und
healthy black spruce gfrer harvesting and (2 the cost of
saving such stems does not exceed the cost of obtaining
new spruce reproduction of cqual density end size.
Obviously, the stand must be harvested carefully and
slash removed where it covers needed stems.

Residual stems should be killed if suitable black spruce
are not present to torm 2 new stand. This is most
important where these stems are abundunt or will
reproduce abundantly atter clearcutting. Broadeast burn-
ing of slash is an efficient way to kill residual conifers,
especially where many are of seedling or sapling size.
Burning will also kill back hardwoods, but herbicides are
more effective on those that reproduce muainly trom
suckers or sprouts.

Aerial herbicide spraying should be used if there are
many residual hardwouds per acre. whereas scattered
trees and stumps should be treated individually. To
minimize suckering and sprouting, herbicide should be
applied to a frill girdle around the base of uncut
hardwoods immediately after full feaf development, An
effective herbicide is o tow volatile esier of 24,5-T at &
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Figure 5. Tids ponbrsbe sqaind of plack spruce is
tvpical of diene cecupivivg meditiet do ooy sites on
orRganic seid, Ay e fere peaericadle vooanderstory
B opresent oxeops for sone e stirels such oas
Labrador-icu.

Brush donsiy s
increases gresly uiner Gl
noticeable wher the heeos ww Therefore, brush
should be rited “efmont oo peovspicuoeus” unly after
inspecting the siand curvinily preferubty when the
Ieaves are on, Brish that s “readily nooceable™ should
be controlled beeutse it will probobly become dense

encugh w zuppiess bluck spruce reproduction,

Broadeast burning of shsh i reconniended on brushy
sites because w bas resulled in good it estunlishment
of black spruce. vspeciubly where antpic nuiurnl seeding
was avuilable, bven sol biash aind olber competing
vegetation, parlividarly grasses and sedges, evertop many
seedlings und reduce heir growth withat a few years on
burn areas. Therctore, black spruce reproduction on
brushy sites will usually need relezse as discussed snd
prescribed under “Intermediste Treatment” (p. 4).

Seedbeds

Seedling establishment requires & moist but unsatur-
ated seedbed free from competing vegetation. Establish-
ment is generally successful if the surface layer is: (1)
removed. either by fire or machine; (2) compacted, as in
a skid road; or {3) composed of living sphagnum moss.
Mest types of sphagnum moss are good seedbeds,
although some types outgrow black spruce seedlings and
smother them. Other mosses, particularly. the feather
mosses, dry up and die after clearcutting and become
extremely poor scedbeds {fig. 6). Thus seedbed condi-
tions are usually much improved by removing or
compacting such mosses.

Sphagnum seedbeds are “well distributed™ when ex-
posed patches of sphagnum moss occur in at least 6Q
percent of the milacres in the clearcut area, or at a
square spacing not exceeding about 10 feet.

Slash Cover

This 1s “heavy” when slash hinders satisfactory repro-
duction by burying either suitable residual sters or good
seedbeds such as sphagnum moss. Slash cover is also
heavy when it creates an important fire hazard. How-
ever, the risk of fire is {ow on most black spruce areas
because they do not dry up much and there is little
contact with human activities.

Slash should be broadcast burned for all conditions
where this is recommended in the key, including where a
heavy cover of slash is already on the ground. However,
if slash cover is the only problem expected, then full-tree
skidding can be used. This is because recent research
indicates that stands harvested by full-tree skidding, with
branches and tops intact, jeave only a light cover of slash
when felling and skidding are done with reascnable care.
All trees should be felled as the harvesting progresses,
leaving stumps as low zs possible to minimize obstacles
that would break off branches and tops during skidding.
Also, the trees should be felled inlo the open rather than
into the stand where more breakage would occur.

The overall cost of slash disposal should be less by
full-tree skidding than by broadcast burning if most trees
are merchantable. Skidding should be particularly ad-
vantagecus on small areas because they have the highest
burning cost per acre. Of course, slash disposal is usually
not needed in poorly stocked stands when the slash is
spread evenly,



Sphagiaan spp.

Lderannan pedysegion

Figure 6. - Thse urosses are contmen seedbeds in Black
sprace stunids, peridcidurly on nonbrushy sites. Al
except sphugiam wake poor seedbeds because they
dry up and die atics clearcuiting. The photos ol have
the same scale: the Dudividual plants arve about 3
inches rafl.

Natural Seeding

Black spruce is 2 dependuble sced producer. A mature
stand produces win average ol perhaps 200,000 seeds -
about 8 ounces - per acre per year. Although most of
this seed falls jn or near the stand. reproduction surveys
indicate that a sufficient wmount is dispersed far enough
to effectively reforest un adjucent clearcut area of
substantial size (sce p. 5).

Natura} seeding of black spruce. especially on non-
brushy sites, often results ju new stands that are too

i‘i! r! \1()‘5%{ S

Fivoeoninn spleadens

dense oy aptimum puipwoud growth under present
utilization staedirds, Too minhinize this problem, the
manager shouid survey the reproduction about 3 years
after site prepuoration wnd i sjocking ts satisfactory (see
p. 4). the sdivcent wrex (strip or stand} of mature
spruce should be clearcnt 1o eliminate further seeding
inte the new stind, When this cutting removes all mature
spruce within secding nnge (see p. 5), the drea can be
seeded wruiciniiy aller broadeast burning, or perhaps




naturafly by seed dispersed before and during full-tree
skidding.

Many of the common tree associutes of black spruce
reproduce on clearcut areas, especially on siash-burned
seedbeds. Tamarack reproduces well after broadcast
burning on organic soil sites if even a few seed-bearing
trees are within 3 chains, Although it is usually
outnurbered by black spruce, tamarack grows faster
and so will probably be an important component of the
new stand. This means that managers who want pure
stands of black spruce should hurvest or otherwise kill all
seed-bearing tamaracks within 3 chains of clearcut arcas
before burning. Seeding from such trees could also be
avoided by clearcutting large aress whose interiors are
beyond the seeding range of tamarack.

Quaking aspen und paper birch not only reproduce
well on slash-burmed seedbeds on organic soil sites, hut
also fairly well on unburned scedbeds such as those
resufting from full-tree skidding. These trees have much
greater seeding runges than tamarack, so it is probuably
impractical to substantially reduce their natural seeding.
Fortunately, aspen and birch are not expected to
severely suppress black spruce except on the best sites.
Here herbicide spraying may be necessary to release the
spruce as discussed and prescribed under “Intermediate
Treatment™ (p. 4).

Direct Seeding

When deciding whether or not to clearcut large areas
that require direct seeding, the manager should find out
if he can obtain enough seed of acceptable provenance ut
reasonable cost.

Black spruce has generally been direct seeded ut a rate
of about 4 cunces (103,00¢ seeds) per acre to obtain &
milacre stocking of at least 60 percent. This has
sometimes resulted in overstocking, so 2 to 3 ounces of
seed per acre should be adequate on well-prepared sites.
However, the manager should check the resulting repro-
duction success before using this lower rate on a large
scale.

The seed need not be stratified but probably should be
treated with Arasan, an approved and effective bird
repellent and fungicide. Sowing should be done between
March and mid-May of the first year following burning.
A hand seeder with filler such as fine-textured vermi-
culite is efficient for seeding small areas. Aircraft or
snowmobiles are more efficient for seeding large areas.

Controlling Damaging Agents
Wind

Breakage and uptooting of trees by wind are two of
the most importand causes of atartaity o older stands
of black spruce. Wind bieuxuge is more frequent in
stands with buti rot. which becomes common after
zbout 100 years on arguic soil wind 7U vears on mineral
soil. Both breskape and nprovtiy ogeus mainly along
stand edges expuosed Lo the provaiiing wintd and in stands
opened up by purtul cutdiog, By using the rolations and
cutting methods recomiended i this hundbook, wing-
caused mortality shouid De st

Dwarf Mistletoe

Bastern dwart mistletoe i the nast serious disease of
biack spruce in the Luke Stutes. IVt iy prosent, trees will
have “witches' brovms”™ | which wre cavy o identify (fig.
71, Mistletoe signiticuoddy reducey volume growth and
sheatld b controiled, especial-
T e done by killing

eventually Kills trecs, so it

ly on the better siics

infected trees becnuse b svivay oy on liviag

trees and L spreads slowly.

r

!

- e

Figure 7. — These readify noifcvuble witches” brooms are
typical of those cocurring w black spruce srgnds that
are heavily infected with eastern dwarf mistetoe.



The tollowing genesul guidetines are recommended to
help the manager control mistletoe:

1. Reproduce and numintsin dense stunds because
infection spreads more stowly and causes fess damage in
them than in open stands.

2. Clearcut mature stands whether they have mistletoe
or not. However, it witches' brooms are readily notice-
able. clearcut not only the infected arca but also a
surrounding isolation ship of black spruce that appears
to be entirelv wnbifecied. This i to remove latent
infections that cannol be seen. The strip should be ut
least 1 chain (66 tect) wide and 2 chains urp preferable if
the murgins of the infected area are indistinet.

All infected teees, including advanee reproduction and
especially any tall unmerchantable stems, must be cut or
otherwise killed to preveut new reproduction from
becoming infected. Broadeast burning of slash on clear-
cut areas is highly recommended because it is an
effective and cconomical way to kili wl residual trees
angd to prepare the site for bluck spruce reproduction.
(See Appendix. p. 15, tor burning technigues.)

3. Small pockets (5 acres ot less) of infected trees can
arise in immature stands from misticloe seed carried
inadvertently by birds or small mammads. These pockets
should be controlled because they gradually enlarge and
are a source of seed for starting new pockets. which can
eventually merge with obder ones. As in mature stands,
all trees {including reproduction} should be killed in the
infected pocket and swrrounding I- to 2-chain-wide
isolation strip. This can be done by cutiing but it is
desirable to broadeast burn the slash where feasible.

4. Areas treated for mistletog und those where witch-
es’ brooms are inconspicuous or apparently absent
should be checked in 10 ycurs to make sure the disease is
under control.

Impeded Draingge

Poorly constructed or maintained roads have killed
black spruce or reduced its growth on thousands of acres
of organic soil in the Lake States by impeding the
normal movement ol water. Beaver damming of natural
watercourses or muan-made drainage ditches has similar
effects. Also, pipelines carrying natural gas and petro-
leum wili cause damage uniess cross drainage is provided.

Road-caused damage can be minimized by construct-
ing and maintaining adequate collector and discharge
ditches, and by using large culverts that are correctly
positioned and maintasined. Rermoval of beaver dams and
judicious controb of beaver cun avert damage to valuable
timber and the unsightliness of dying trecs. Pipelines
should have cross ditches about every 130 feet or less.
These ditches can be through the backfill for pipe buried
below ground or beneath pipe placed on the surface.

Other Agents

Fortunately. the other damaging agents of black
spruce seldom ate serious. Wildfire easily kills black
spruce trees but good fire protection now results in littie
loss. During very dry periods fires can burn deeply in
organic soil and become extremely difficult to put out.
Needle rusts may discolor and defoliate some trees
encugh to spoil them {or Christmas trees. Insects such as
the spruce budworm, eastern spruce beetle, and certain
sawflies occasionally attack black spruce. Snowshoe
hares sometimes debark and browse reproduction, and
red squirrels can spoil Christmas trees by clipping
cone-bearing branches. Black spruce is browsed occa-
sionally by moose but rarely by white-tailed deer.

OTHER RESOURCE CONSIDERATIONS

Christmas Trees

Extensive stands of black spruce with a site index of
less than 25 have supported a sizable Christmas tree
industry for several decades, particularly in Minnesota.
These Christmas trees, which require special processing
to retain their needles. are the top 3 feet of old trees
about 20 to 35 feet tall. Since only some trees have
suitable tops, the stunds are partially cut. Many stands
have been cut more than once about 10 years apart
when other trees hiwve developed satisfactory tops.
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However, harvesting of black spruge Christmas trees
has declined greatly in recent yeurs und is now on a
limited scale. This is apparently because most of the
present stands are no longer producing suitable trees for
the market, which requires higher quality than it used
to. Therefore, the future of black spruce Christmas trees
and how to manage for them are uncertain, '

The best indications are that a limited market will
continue, but that there is considerable potential to



expund it by producing betier quudity riees. The specific
requirements for such tees weild have to be worked
out wiath industry. However, these trees could probably
be grown fuster and more efficiently it munagement is
concentrated on less extensive areus where the site is
somewhut better than i presenl stands, or is improved
by a limited amount of druinage and perhups tertiliz-
ation. It is also possible thut some of the stands that
weie cul carlier will produce wnother crop of Christinas
trees in the fuiure.

As in the pasi. stands thued e munoeged Do biack
spruce Christmas trees o the future shoeid he purtialty
cut about every 10 yeurs, I they we not hurvested
regularly some trees may become unmacketebie. For
example. red syuirrels can spoil {ree Torm by dlipping
cone-beuring branches dunng good seed years, Trees of
accepiable guelity will usually not be ubundant cnough
to result in overcutting the stund. Since susceeding crops
come from the romaining stund. 1t should be protectad
as much 35 possibie during each cuiting. Fortunately.
wind damage s rare because the vees are shorter und
more epen grown thun in pulpwouod stunds.

Wildlife Habitat

The black spruce type is utilized to some extent by
many wildlife species, o few ol which ure mentioned
elsewhere in this handbook., New hwrvest areas and
young stands certainly produce ditferent or more abun-
dant browse snd cther wildlite food thun matare black
spruce stands, Therefure, shrubs und hardwoods should
not be killed back witis herbicide spraying until black
spruce reproduction detinitely needs release (see p. 4).
And sven then, all douwood, witlow . guaking aspen, and
other hardwoods should aot be Killed because some
mixture of these shrubs and trees with bluck spruce
probably enhances wildlite habitut,

The spruce grouse Is of speciul interest becwuse it
depends on the black spruce type for most of its habitat
needs. Spruce grouse appurently use noucommercial
black spruce sites more thun commercial sites, so their
habitat muy be only moderaiely uffecied by tiumber
management. However, spruce groise habitat cun pro-
bably be maintained or cuhunced on commoercial sites by
having the following kinds of black spruce stunds within
compartments of 160 acres or less:

1. Mature stands with high busut arcas (more than 150
square feet per acre) are important as display habitat for
male grouse in late spring. These stands are chaructlerized

by litde or no undesgrowh and s ground cover of
feather moss.

2. Young stands of black spruce 10 te 19 feet tail
with dense shrub and herbuceous luyvers are used by
fomale grouse fur cover and teeding before and after
nesting, Labrador-tea und leatherleul are vsually the
dominant species of the undergrowth and sphagnum
moss of the ground cover.

3. Marure spruce stands with moederate basal areas (80
to 100 sguare feet per acre) and dittle or pe under-
growth. as well as voung spruce stands withl a dense

ghrdb cover, g s

4. Black spruce stunds wis

tirees 20 10 60 feet tall and
sbout 150 square fest of busal aren per acre are

important habitar for both sexes in fall and winter.

Therefuie, o provide the oversil habliar needs of
spruce grouse, harvesting of blawk spruce should be
plantied carefuily so that gsch comparument will have
the kinds of stunds jusi described. This can be done by
clearcutting in strins or putches that are well distributed
in the compartment and over time. Further, the object-
ive shouid be to break up extensive, pure stands of black
sprace because transition zones with other forest types
and some mixture of tamarack seesn to benefit spruce
grouse. Recording the kind and density of undergrowth
in spruce stunds during forest inventory would aid the
manager interested in coordinating timber and grouse
management.

Water

Current rescarch findings indicaie that clearcutting
black spruce in sirips or large patches, or broadeast
burping the slish changes the quantity of water little on
organic soil sites. However, if ¢ stream flows from or
through @ cleareut arca, the water will have a higher
coneentration of certain nutrients for a few years with
or without burning. Whether or not this increase in
nutrients will have an important cffect downstream,
cspecially iu'iakes, is still unkpown,

Esthetics

The maznager can minimize the bnpsct of hurvesiing on
the esthetic appeat of the bluck spruce type by: (1)
having harvest bounduries {ullow natural site or forest
type lines and {2} removing heavy slash cover and
otherwise leaving harvesi areas neat. Slash can gither be
broadeast burned or reracved by full-iree skidding and
burned at the landing.

11




APPENDIX

Yield and Growth

The information presented here enables the manager
to estimate the present yield and future growth of any
black spruce stand given its site index, age. and basal
area. Site index is obtained from the average age {fotal)
and average height (total) of dominant and codominant
trees (fig. 8). Yield and growth are given in fofal cubic
feet {gross peeled volume of entire stem) (tables 1 and 2)
and in cords {gross rough volume to 2 variable top d.ih.
of not less than 3.0 inches) (tables 3 and 4}. All values
are for trees 3.6 inches d.b.h. and larger. Growth is
periodic net annual increment, which takes into account
ingrowth and mortality.

The yield of any stand can be projected by adding
present yield and future growth. However, growth
should not be calculated for morte than a 1 0-year period.
The following example shows how to use the tables:
What is the estimated cubic-foot yield in 5 years of a
stand with site index 35, age 140 years, and basal area
110 square feet per acre? First, determine the present
yield from table 1; this requires interpolating between

the values for 100 and 120 square feet of basal area. So
present yield = (2,090 + 2.500) ~ 2 = 2,295, Second,
determine the net annuaf growth from table 2 and
multiply this by 5 to get the total growth for § years;
{SO + 46) ~ 2 = 4% and 48 x 5 = 240. Therefore, the
stand’s vield in § years = 2,295 + 240 = 2,535 cubic feet.

The manager shouid use the yield and growth
information in this hundboeok with caution, especially on
minerai soil sites. The skte index curves (fig. 8) are based
on stands that presumably grew on mineral soil sites and
organic soil sites, so these curves should be satisfactory
for both kinds of sites. Also, the yields {tables 1 and 3)
should be reasonably accurate tor both kinds of sites
because various basal areas can be used to take care of
any differences in stand density. However. the values for
growth (tables 2 and 4} should be used with considerable
caution on mineral soil sites because these values are
based on duty from organic soil sites, which may have
somewhat different growth rates. For more complete
and detailed information on yield and growth, the
manager should consult the reference footnoted in the
tables.

80 /H_____________..._—--so
/ 40
E / /// 0 &
[y " [ 9
b /’4 3_
S 40 A / o
% / - n
I
/ .—-"’/
207///’"’//
0% 40 60 a0 100 120 140 160

AGE (YEARS)
Figure 8. - Site index curves for black spruce stands. Adapted from Perala 1971,
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Table \. - Cubic-frror vield of bluck sprice squnds by site index, age, und basa! area’

SITE INDEX 45

: Height of A
Age @ dominants :___ Bausal arca per acre (square feet)
(years) ° and co~ : : : : : :
! dominants @ &C : 8D oo s 1200 ¢ 14D ¢ 160
: (feet) : H : ;
- ~ -~ - Fotal cublc feet per acre - - - - -
60 51 1,360 1,800 2,230 2,660 3,080 -—
g0 60 1,420 1.67C 2,320 2,770 2,220 3,660
100 67 1,450 1,920  2,2R0 2,840 3,290 3,750
129 71 1,470 1,950 2,420 Z,880 3,350 3,810
140 74 1,490 1,970 2,440 2,910 3,380 3,850
160 77 1,500 1,950 2,460 2,940 3,410  3,BBO
SYTE INDEX 35
&0 ) 1,170 1,540 1,810 2,280 2,650 -
80 46 1,210 1,600 1,5%G 2,380 2,760 3,140
100 51 1,240 1,640 2,040 2,430 2,820 3,210
120 55 1.260 1,670 2,070 2,470 2,870 3,260
140 58 1,280 1,8%0 2,090 2,500 2,900 3,300
160 60 1,290 1,700 2,130 2,520 2,930 3,330
SITE INDEX 25 )
60 28 350 1,250 1,560 1,880 - -
80 32 899¢ 1,310 1,620 1.930 2,240 -
100 38 1,01C 1,340 1,660 1,083 2,300 2,610
120 38 1,030 1,350 1,690 2,310 2,330 2,660
140 40 1.040 1,370 L, 700 2,030 2,360 2,680
160 42 1,030 1,380 1,720 4,050 2,380 2,710

Walues are for trees 3.6 inches d.b.h. aod larger, Adapted
from Perala 1971,

Table 2. - Ner giming! cibic- oot growltdt of dlack sprice
stHbvwmnumgm&meMMawﬂ

SITE INDEX 45

Age : Basal atea per acre {(square feet)

{years) : 60 : B0 : 100 : 120 : 14G @ 150
- - Tetal cudic feet per acre - - -
60 92 85 68 G4 16 -
80 76 74 64 48 26 —
100 66 67 62 50 14 14
120 59 62 60 52 41 25
140 54 58 59 S& 46 34
160 50 36 57 55 50 43
SITE INDEX 35
60 78 73 58 38 14 -
80 65 B4 55 41 22 -
100 56 38 53 43 29 12
120 50 53 51 45 35 21
140 48 50 50 46 39 29
160 43 48 49 48 43 37
SITE INDEX 25

60 64 59 48 3 - -
80 53 52 45 33 18 -
100 46 47 43 35 pr 10
120 41 43 42 i6 28 17
140 37 41 41 38 32 24
160 35 39 40 39 35 30

i¥alues are foxr trees 3.6 inches d.b.h.
and larger. Adaptad from Perala 1971.
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ferde, g, o At

SITH INDEX &5

: Helght aof \
- lasal arez pev acre {squa fee
. dordnenrs : Rasal arez nea cre {square fect}

Age .
{(years) and eco- N : :
; dominants 1 6D Ao IG0 1 120 140 @ 16C
{fret) : : o :
w o = e Dordg par qers - - = - - =

1 18 9F 27 3 —
15 20 24 29 23 38
16 iy 25 30 35 40
16 2 26 11 16 41
14 2 23 a2 37 472
13 2z 27 a2 38 42
JEITE IR 35 e I
s A i7 20 23 -
80 5 13 s 1% 22 25 29
100 31 12 16 12 23 b 30
120 55 12 14 20 24 27 31
140 58 12 14 2% 24 28 32
160 50 13 17 2 5% 28 32
SITE_T¥DEY 2 o 1
60 28 3 o 12 T4 [ —
80 33 i 10 iz is 18 -—
100 1% 8 L i3 1% 18 21
120 33 £ g 14 16 18 22
14C 40 o 14 7 19 22
160 42 9 1 17 0

Ter,a
Yalues ave fuy freos
Adapted from Perala 1970,

Tebled.  Netannoet cordwosd g

wwhie of black sprice
sirids bvosite pacdeov wge. werd hasel wred’

§ . SITE IMDEX 45 .
Aze : Bacal atea pev acre (square feet) i
[ {ysars) * 6C : 80 ¢ 100 : 120 : 140 : 160

------ Coras nar aera -~ - = - = -

I 1.0 0.9 a.
80 .8 .8
100 .7 .7
129 .8
140 .5
160 &

60 0.7 8.7 0 0.4 0.2 --
80 6 L .2 -
100 .5 LA .3 0.1
120 .5 4 .3 .2
140 & ] L 3
| 160 4 .5 L4 LA

. ENDEX 25 .
C.4 0.3
L .3

LA .3
3

3

3

3
=

&0 3.5
80 4
100 N
3
3

e lelpalin Lnoin i O

120
140

156G

.3 .
.3 .
5 .3 .3 3
YWalues are for trees 3 .6 inches d.b.h.
and latger. Adapted from Terala 1971.
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Broadcast Burning Technigues

Research und experience in porthern Minnesota and
upper Michigan have shown that black spruce stash,
whether pure or mixed with slash of assouiated conifers.
can be brordcast burned safely. effectively, and cconom-
ically on orgamic soil sites. So burning on such sites
should be successtul throughout the Lake States after
resource managers gain some local experience.

if burning is a recommended practice (see p. 2}, the
area involved must be located and harvesied v such a
way that it can be burned safely und etficieady. The
main requirements for setting up und conducting a
successful broadcast burn are:

1. Locate burn area on undreined organic soil to avoeid
deep ground fires that are difficult and expensive to put
out. Uniess burning is essential for site preparation, slush
should e rermoved by full-tree skidding noar drsined
organic soi, suuh as along ditches, and neur upiand sites.
Burning near drafised organic soil should be done only
after the surface soil has been wet down thurovghly. A
minerai soil {irshreak should be constructed near upland
sitgs,

2. Make edges of bum ares smooth and reasonably
straight to avoid control problems resulting from sharp
angles.

3. Cut all vnmerchantable trces near the edge of the
burn area.

4. Plan cutting and skidding so as to distribute the
slash evenly, thus ensuring that the tire will spread over
the entire burn arez,

5. Leave a slash-rree alley about 1/2 chuin wide around
the perimeter of the bumn area,

6. Burn stask within a year sfier harvesting.

7. Burg when conditdons will cosure consumption of
sneiel isee below)

most siash Jess than 1 ioch o i

8. Buin witen the wind direction is away hrom adjacent
timber to gvoid serivus crowi scorch er mortaiity, If the
burn area is completely surrounded by timber or the
desirted wind direction iy uncommun, then use center
firing when the wind speed is only 0 12 5 ailes per hour.

Black spruce slash has been broadeast burned suceess-
fully under a wide range of conditons. However,
rasearch and expecence indicate that burning severe
enough to kill buck brush or bnprove nonsphugnum
seedbeds reguires drier und hotter conditions  than
burning to just consume slash or kil residual trees,
which sirnultancously eradicates dwart istletoe. Most
burning has been done under the following conditions:

{ime or weather

variabie Burns in general Suyere burns

Time of yveur May tu October July to August
Tirme since rain

> 0.4 inch
Minimum

relative hurmidity

Maximum ar

3to 10 duaws > 7 duys

30 40 60 percent <045 purcent

temperaure 60° 10 907F >0’y
Maximun wind
speed 5te 15 mph 580 15 mph

On mineral soil sites, broadeast burning must be severe
entough tu cipose mineral soil if natural or direct seeding
is planned. However, locai conditions and experience
may indicate that mechanical ground preparation such as
scarification is more eiticient than burning,
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Common and Scientific

MNames of Plants and Animals

Common rrme

Alder, speckled . . .
Ash, black . . . . . .
Aspen, quaking . . ., .
3irch, paper . .,

Dogwood, red-osier . .
Fiv, bLalsam . . . . .
Labrador-tea . . . . .
ieather-leaf . ., . . .
Maple, rad . . . . . .

Migtletne, eastern dwarf . .

Hozs:
Dicranmum . . . . .
Feather . . . ., .

Sphagnum . . . . . .
Poplar, balsam . . . .
Rust, needle . . . . .
Spruce, black . . . .
Tamatack . . . . . . .
White-cedar, northern
Willow . . . . . . . .

Beaver .+ . . . . . . .
fBeetle, eastern spruce
Budworm, spruce ., . .,
Deer, white-talled .
Growse, spruce . . .
Hare, snowshoe . . ., .
Moose . . . . . . .,
Squirrel, red . . .

PTants

Setentifle name

Alrnug rugoea
Fraxinue niara
Populus fremuloides

. Betulg papyrifera

Covme atolont fera
Abies bulaomeg

Ledwn greevilandicun
Chamaedaping culyoulata
Aoer pubren

. Avoeuwtholium pustilum

Dionmamer polyseten

Maln species are:
Hylocomiun aplendene
Fleuroziwm schrelamrd
Peiidum erieza-castrensis

Sphagrsm spp.

Populus Felearifar

Chrygomumn spp.

Pisag mariana

Larix laricina

Thuia ceoldentalis

Selix spp.

Cactop comadensis
Dendpoctoms obesue
Choristoneura fumiferana
Odoeoileus virginiomes
Caraehites canedersis
Lapxa armerteanus

Aloee alaeg

Tamiaseiuruy hudronicug



PESTICIDE PRECAUTIONARY STATEMENT

Pesticides used improperty cun be injurmus to nuny, animals, and plants. Follow the
directions and heed alf precavtions o the ibeds,

Store pestivides b original containers under jock and key  out of the reach of children
and unimals - and away rom food and teed.

Apply pesticides so thut they do pot endanger humans, livestock, crops. benetlcial
insects. tish, and wildlite. Do not apply pestivides when there is danger of drifts when
hoey hees or other pollinsiimg insects wre visiting plous, or in ways that may

conluminute waker o feave dlegal residues.

Avoid profouged zhalution of pestivide sprays or dusés: wear protective clothing und
equipment it specilied on the container.

H yuur hunds become conturinated with i pesticide. do not eat or drink untit you have
washed. [n case o pestcide is swallowed or gets in the eves, tollew the first-aid treatment
giver on the label, aod get prompt wedicul attetion. I8 a pesticide is spilled on yvour skin

or clothing, remove clothing hmnediately and wash skio thoroughly.

Do not clean sprav gquiipmient or dump exeess spray materiad newr ponds, streams. or
wells, Becawse it is dinnteuit te renvove ol totees of berbicides trom equipment, do not use
the sumie equipment tor insectivades or fupgicides that you use for herbicides.

Dispose of empty pesticide contuinors prompty. Have thom bocded wl o sunitury
and-tiil dump. o crushoand bury them in o fevell bolated place.

Neger Some States have rosivictions on the use of cortadn pesticides. Check your State und
loced reguiurttons. Also, bocause egistiatsons of pesticides are under constunt review by
the Federal Environmental Protection Agency . consult your county agricuitural agent or
Stute extension specialist to be sire the sitended use is sl regisiered.
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