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Technicai Bulletin No. 563

Management of Jack Pine Stands in the
Lake States'

By F. H. Evae, senior silviewlfurisl, anid Russpnr K. LeBarrox? wssociule
stlviculturist, Lake Stales Forest Expertnent Station,? Forest Serviee
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INTRODUCTION

Jack pime (Piwus banksiana}, althongh the smallest and shortest
lived of the pines'native fo the Lake States, has long sinee censed to
be consiclered a weed tree, Partly because the more valuable pines
of the region have been almost exhausted. but also because of its own
merits. for the past L8 or 20 vears jack pine has been assuming greater
econonyc impottance. Attention has accovdingly been direeted toward
working out a satisfactory forest-muanagement practice tor the species.

Jack pine finds its chief use in the manufacture of paper pulp,
especially for high-grade kraft wrapping papers and lberboard (37).1
This use has expanded vather strilingly. i 1920, pulp mills in the
United States used about 40,000 cords * of juck pine; in 1937, about
300,000 cords (fLg. 1).

b Heeeived for publicntion Getobor 13, 1043

1 For somge of I:I]m dufa wsed the uthors are ndebtod to olher stafl memnbers of the Lake Sintes Forest Ex-

rimeent Station.  Mostaf the dats dealing with reprodustion on the Huron National Forest wore tnken by
*, 0. Rugdell and R, A, Farrington,; some of those on tinethorls of singh disposat were supplied by J. AL Ml
ctiell. "The lests on the Chippews Nalinoal Forest were conducted ehiofiy by Paul Zehoeeat and . L.
Shirley, in ceoperatipn with Porest Supervisor O, B, Konutzon,  The siatistieal magerinl on regional volume
amd grow th was enlleeted and compiled by the Forest Survey staff, undor the direction of B, X, Cunninghain,
The statistics on stand groweh and viedd were supplictd by 8. R, Gevorkiantz,  Assistanec in compulations
was furnished by personnel of the Work Projoets Administrasion, Oflieial Project (43-71-2-69, Sponsor Uni-
versity of Minncsetn, nnd Otllcial Projeet, t1-2-71-128, Sponger Lake Swates Forest Experimont Stntion.

3 AMaintained by the U, 8, Depurlment of Agriculture at Universily Farm, St. Pad, Minn., in cooperation
with the Upiversiry of Minnezoua,

< VItalic numbers in parentlieses refer (o Litevature Cited. p. 59,
* Wherever the cerd is ceferred fo in tlis bulletin I meang 125 culde Ceet of stacked wood.

355300°—44——1 1
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In strength jack pine occupies an intermediate position among the
softwoods common to the Lake States (7). TLumber munufactured
from it is somewhat variable in working quality and frequently
kmnotty ; hence it cannot compare with Inmber from the highly prized
old-growth eastern white pine (Pinus strobus). Yet for rough con-
struction on favns, the building of resort cabing, and other uses not
requiring fineness of texture or great strength. jack pine lumber is
entirely satisfactory and is widely used. It serves equally well jor
mine timbers nnd piling (fig. 2, 4), railroad ties, posts, cabin logs,
and fuel. TIn recent years the cut of jack pine for lumber and nns-
cellaneous products hax approximately equaled that for pulpwood.

Jucle pine forests in the Lake States (Minnesota. Wisconsin, and
Michigan} are estimated to contain 2678000 M feet. bourd measure
(International Vi-inch rale} of saw timber and 8.038.000 cords of
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Freukg L-—annuni consemption of jack pine pnipwrod in the Lnited States,
1037, Compiled from Burean of (e Gensus dala. Sate of the data fncinde
small quienities of imporied jack pine; so far as posgible, the so-ezlled dnck
pine reported from Alaryland and Norlh Garveliva I hien exciuded,

pulpwood.® In cubic volume, jack pine now ranks above all other
comifers in the Lidie Slates except eastern hemnlock (Tsugae canadensis).
The existing stands of merchantable jack pine timber in the Lake
States have particular economic sighificance becanse the vegion’s old-
growlh forests have nearly all been cut. They will go far
toward supplying the existing timber industries of the region under
the stress of emergency demands and maintaining them until the
young forests have grown to usable size.

Silvically, jack pine has exceptions] merits. It can maintain it-
self on the puorest of sundy soils, where other conifers can searcely
survive, thus malking it possible to utilize Jand otherwise worthless.
Tt grows rapidly, produecing merchantable material at an early age.
Tt Tends itselt readily to artificial propagation; for this reason and be-
cause much of the 2,661,000 acres of deforesred pine land in the region
meets its requirements, it is highly favored in reforestation. Jack
pine has ulso 2 remarkable capacity for reproducing itself after fire,
and because of this charncteristic it has helped immeasurably to cover
the sears left by destructive logging and fire.  But this quality cannot
be taken for granted. Jack pine does not always reproduce abun-

A0UNNeNGUAM, N N., aml Mosgr, 1L (. FOREST ATEAS AND T1MRNR VOLUMES 1N THE

LARE 8TaTRS. UL R Porest Service Take States Forest Bxpl, $ta. Keon, Notes 10, 81 pp.,
illus, 1958, [Erovessed,]
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Fiouke 2.-—Fack pine reaches ils best development in Minnesota. A, Jack pine
loggiug operation In the novthenstec part of e Boite; <rinbiers"™ and Cpoles™
for use in local iron nines, #. This gootquality stand on (he Chippews
National Torest, ngel 70 yeals, bas o voliung of abow 10,000 bord Fewl per gore

ine oas over 7.5 inches in dinmeter.

duntly after fire; on some burned areas it hus not come back at all.
On many logged but unburmed aveas, also, jack pine has failed to
reproduce.  In order to gain information needed as a basls for man-
agement of juck pine, the Lake States Forest xperiment Station has
for the past 14 years been studying factors governing natural repro-
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duction of the species. Careful attention has been given to seed pro-
-tluction, the conditions essentinl to the opening of the cones, and char-
acteristics as_to seed dispersal and germination. Repeated trials
have been made of various degrees of cutting, slash-disposal methods
caleulated to encourage reproduction, and seedbed-improvement
methods such as scarification of the forest floor. This publication
presents the results of these studies, together with results of related
research and forest administrative experience baving to do with the
management of juck pine.

DISTRIBUTION AND SUCCESSION

RancE Anp Existing STanps

Jack pine is adapted to a cool climate and vecurs further north than
any other pine of the North American confinent. Its natural range
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Fraure 3.—Generalized putanical range of juek pioe (46}, This Species gocurs
farther north than any olher American pine, It is capable of enduring low
precipitation and wide ranges in temperntore, typical of an iniand ciimate.

extends across Canunda almost from coast to coast and in the United
States includes northern New Englind and the greater part of Mich-
igan, Wisconsin, and Minnesota (27) (fig. 8). Although found along
sections of the eastern const of North America, it is charactervisticn Ly
an inland species tolerating a wide range of growing conditions.
Even within {he Lake States portion of its range, climate varies strik-
ingly. The frost-free period averages 163 days in places in south-
western Michigan (£7), as low as 96 days in northern Minnesota
{29}, and less thun 80 days in parts of the Upper Peninsula of Mich-
1gan {J0). Annual preapitation averages as much as 83.67 inches at
South Haven in southern Michigan {45) and as little as 21.95 inches
{9%) at Cuass Lake in novthers Minnesota.
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Commercial stands of jack pine within the United States are lim-
ited to the Lake States. In the Lake States the jack pine type covers
G percent of the total arex now forested, being outranked in this re-
spect by the aspen-bireh, northern hardwood, cak, and spruce-fir
types. A field survey (citation in foolnote 8) has shown that the
Lake States now contain some 2,700,000 acres of juck pine forest,
nearly half of which is merchantable. The merchantable stands in-
clude 326,500 acres of saw timber (of which 4,400 acres is old growth)
and 929.800 acres of cordwood-size timber; aveas c¢lassed ns restocking
comprise 149,700 acres. Moreover, much of the region’s deforested
land has potential value for growing jack pine.

Nearly hatf the avea and three-fourths of the present volume of
jack pine forests in the region are located in Minnesota. the greatest
concentration of mature tnuber being within the Superior National
Fovest, in the northeastern part of the State. Michigan has the
second largest area: Wisconsin is second in volume. Figure 4 and
table 1 indicate in sume detail the location of the principal stands.

LIKIT OF JACH gy

FINE RANGE Ly

—— s

. —

MICHIGAN
Frgurni 4 —Location of principai pine foreses in ihe Lake States. Mosc of the
stnnds are of the jack ping fypr. Nmwerals indicate the Forest Survey units,
as listed iu table 1,

According to somewhat rough computations of carrent growth and
drain. the cobic-foot growth of jack pine timber in the Take States
s approximately offset hy the loss thvough nse and waste. It is
estimated that during the next few years the annual drain upon mer-
chantable stands of jnck pine in the Luke Stutes by cutting, fives, in-
sects, and diseases will average 50,400,000 cubic feet. Annunal growth
in the decade 193544 is expected to average 59.100.000 cubic feet, or
about 17 percent more thau the estimated drain; hence for the time
being there is no absolute shortage of jack pine in the region.
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. "'ﬂ.‘m"l.—;.ﬁistr!bﬂtfon of jack gine limbey in. the:Lake Riates, by Forest Survey
: s units

State and unit @ Areg Volume

‘Minnesote: eres AMeu ft. |Prereent

1. Clogquet. E f.4

. 2. Central Pine . . .- X . 17.8

8. Rainy Rlver.._....._. . X 5.1
4.-8uperior. .. e E 3 7 45,

5. Bardwood . 1,750 .

" 6. Prairie

Totale . e e X . 1, €34, 430

- Wlsoonain:
1. Northeastern - 3, . 33, 008

2. Northwestern. .. .. 24, X 77,000

3. Central____ . . __._. . .. X N &7, 000

£, HoMEBWOROII. . e imnmm—————————— e . . 4, 000

B U . 181, 000

Mlchipan: : i
1. Ewst. Bolf Upper Peninsula . ..., e - X s 34, D00
2. Woest Haif Upper Penfnssla ... .. 4, . 12, (%)
3. North Half Lower Peninsuls. . e L 3 102,%
. 1,

149, 060
1,384, 430

 For location of units, see e, 4.

However, stocking, distribution of age classes, and geographic lo-
cation of merchantable timber are all somewhat faulty from the point
of view of sustained-yield production. Some of the remaining mer-

!

chantable timber is situated in the less accessible distriets (table 1},
where it may be out of rench economically. The volume of mature
timber that will be veady for cutting during the next few decades un-
;der a conservative form of management in the region as a whole is
-roughly calculated, with allowance for losses from natural causes, at
42 500,000 cubic feet per year.

Local distribution of jack pine is strongly influenced by the char-
‘geter of the soil.  Apparently eapable of getting along on & minimum
of nutrients and moisture, jack pine tends to occupy t%e sandiest soils
of the region. Often it is found on the driest, poorest sands, Al-
though logging and fire have enabled it to spread to some of the better
soils, it characteristieally cccurs on sand plains whose soils ave de-
cide_&ly acid in reaction, usually of glacial-outwash origin, and level
.or slightly rolling. These lands are popularly known as jack pine
-plains or pine barrens.

Typical of the poorer sandy soils is the Grayling sand of Michigan,
the distinguishing characteristics of which are its loose consistency,
single-grained texture, and perviousness to moisture {34)}. To a
depth of 3 to 4 feet or more moisture content averages very low, and

fertility is correspondingly low. The originat tree growth on this
soil probably consisted mainly of jack pine, with some red pine {Pinus
resinose), n scattering of enstern white pine, and mixtures of scarlet
.onk (Quercus coccinea), black oak (. welutina), northern pin oak
(Q. ellipsoidalis), and northern red oak {@. borealis). The present
_stands consist mainly of jack pine, in thickets or scattered in assocla-
tion with small onks or quaking aspen ( Populus tremuloides). Some-
what better from a timber-producing standpoint are two other very '
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MANAGEMENT OF JACK PINE STANDS IN THE LAKE STATES 7

sandy soils on which jack pine commonly oceurs, the Roselawn sand
in Michigan and the Plainfield sand in Wisconsin. The original
forest -growth on the Plainfield sand consisted largely of red pine
and jack pine, often of large size, with some eastern white pine (7}.

The best jack pine in the Lake States occurs in Minnesota & g.2,B),
despite the fact that rainfall is less abundant there than in Wisconsin
and Michignn. An explanation of thix is that the soils supporting
jack pine in Minnesota are generally more fertile than those farther
east. Bxamples of Minnesota soils on which jack pine grows ave the
Menahgs sand, the Cass Lake fine sand, and the Kinghurst loamy
sand. Red pine is at present associated with jack pine more com-
monly in Minnesota than in Wisconsin or Michigan, another fact indi-
cative of a better soil.  Ouks are less frequent associates of jack pine
in Minnesota. '

Although commonly a tree of the sund plains, jack pine occurs also
on the heavier rock-outerop soils that spread over a fairly wide area
on the Superior National Forest. These soils. thin but moderately
fertile. mantle the geological formation known as the Laurentian or
Canadian Shield. Chief among the associnted species on these soils
ave aspen, bluck spruce (Ficea marviana). paper bireh (Betule papri-
fera), balsam fiv (dbies balsamea), and white spruce (Picea glauea).
Jack pine is notably absent from the deep fertile loams typically
occupied by the novthern hardwood forest.

Roie oF TIRE AND oF LoGGING

Fire has had more influence than any other factor on distribution of
jack pine both in the original and in the present forests of the Lake
States. It was mainly due to fire that jack pine, although a shorter-
lived, smaller species than red pine and eastern white pine, nevertheless
maintained a position of importance in the dense virgin forests of the
region. Fire running through mature uncut stands of jack pine, or
of jack pine mixed with red pine and other trees, encourages reproduc-
tion of the jack pine at the expense of nssociated species because of the
former’s peculiar seeding habits. Like lodgepole pine (Pinus contorie
latifolic) {2), but unlike most other forest trees, juck pine does not
shed much of its seed at the time of seed ripening (fig. 5). By far the
greater part of the seed remains sealed in the closed cones, which
persist on the branches for many years, usually until opened hy fire.
Although a five sweeping through a juck pine stund kills nearly all the
vegetation, the insulation afforded by the thiek cone scales preserves
much of the seed unharned. ‘The heat of the flames, usually of too
brief duration to destroy the cones, apens the seales and releases the
seed onto soil that is practicaily bare (71). The fire thus simulta-
neously prepares o favorable seedbed, reduces piant competition, and
releases an immense number of seed.

When a hot fire passes through a stand, seed begins to fall almost
immediately. A pole stand 40 to 45 feet tall on the Huron National
Forest in Michigan (fig. 6) may be cited asan example. In May 1937,
seed dissemination began after a hot fire had burned through most of
the crowns, and was practically completed within 4 days.

Even a light fire may suffice (o start the opening of the cones, al-
though after such a fire the opening probably does not proceed so fast
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PistrRe Je—Inek pine branch bearing eones of several anvual erepgs, all 2odi
Pightly elosed,  Usiddy on o livieg braneh Uie conox venvin elosed anless 2ub-
Jeetoyd {o High tempoerniuris, a< by a Forest five,  "Thos great guantities of sewed

icenmulale.

Finaz

Ficure §.—Wihen a young stand of jnck pine b= destroyed by fire, the coarse litler
and nearly all competing vegetation B2 rned and o Gaversble geedhed resiirs,
as ix evideol In this pale sind of Jack pine oo the Huron Nationad Porest, just

alier o five i day UET,
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as after 2 hol fire. It has been found that the resinous seal of the
cone seales can be broken, without damage to the seed, by mimersing
the cones in boiling water for 30 seconds, and that if the cone seales
ara then exposed to modewntely dry aiv they open within o fow days
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1M6eRE T——Afrer g five the porsisient cones (8001 plaindy vizible on the Isnches
in fhis I8-year-abil tand 3, oqenet by (e head, reseeded the area, with (he ro-

Aull thatl 2-yoatr-odd geedlings (oo sidl o show i the plintograph) nuniber
G A08 poer nere,

sufliciently to release seed. I suituble tempernture and moisture
comditions prevuil after seed dispersal, germination takes place
promptly; and if favorable weather continues duving the st prowing
season the stand of jaek pine may be suecesstully regenerated,

IEI5MS o -2
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A second fire following within a few years may kill all seedlings
that came in after the first fire and reduce the area to 2 waste of brush
or grass. However, if & longer period intervenes the gecond fire may
result in a second and perhups more sbundunt rvestocking of the area
through seeding from cones produced on the young growth (fig. 7).
Jack pines produce viable seed when ns young as 4 years and in appre-
ciable quantities when only 6 or 8 years old. A fire cccurring in
crowth of the Intter age may do nothing more disastrous than set the
stand back a few years. This chavaeteristic has greutly assisted jack
pine in maintaining its place in the forest (fg. 8).

Fziz3s
FicurE 8.—aA {ense stnul of jack pine seedlings that orviginated after p fovest
Hre in northern Minnesoty.

As a result of the logging opevations of 30 to 0 years ago, and of
the fives that followed theny, the stand of juck pine today outnumbers
that in the original {forest, doubtless Invgely beeause the species was
50 little utilized in those big lumbering operations. Although jack
pine was in many eases cut and sold us red pine, it was utilized less
closely than red pine, and much that was too small to be merchant-
able remained stunding. The fives that subseynently burned through
the slashings killed both the advance veproduction and the few re-
maining seed trees of enstern white pine and red pine, at the same
time removing duff and vegetation from the surface of the ground.
Fire also killed the regidual jack pives, but caused their cones to open
angd thus brought abeut reseeding to jack pine.

Stands that existed as reproduction at the time of heavy exploiia-
tion and those that originated immediately thereafter have grown to
merchantable size.  This second-growth tunber has formed the bulk
of the jack pine cut during recent years. :
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Clear cutting with windrowing of slash, which is the usual method
of logging second-growth stands of jack pine, has not generally been
foliowed gby successtnl reproduction (fiz. 9). Many observations
throughout the region testify to this. Of nine represehtative areas
where definite surveys were made, only one had adequate reprodue-
tion. On one, reproduction was fair. On the seven others it was
poor. Logged areas on sandy land commonly come In to grass and
brush interspersed with patches of jack pine and oak. (%n loamy
soils in the roclk-outcrop region of northeastern Minnesota where
aspen is mixed with jack pine, aspen sprouts up thickly after o harvest
cut. Reproduction of jack pine was observed to be generally poover
in Michigan than in Minnesola. On esperimental areas and na-

1

i 5

T1euRE 9.—Chis privately owned trict in northwestern Wisconsin is shown us il
appenred 8 years after clear cimrting. Many similuy cominervinlly logged avens
sive failed 10 reproduce,

tional-forest timber-sale aveas cut over during the period 1926-34,
where both clear cutting und pactinl cutting were tried. reproduc-
tion lns lilewise been almost uniformly disappointing {(5). A
survey by Russell Watson’ of many commercral cuttings of all
Kinds nnd civemnstances in Michigan led to the conclusion that except
where fira happened to intervene In just the right way, jack pine has
failed almost completely to reproduce after catting.

Even where fice followed closely after logzing, few stands have
reproduced adequately. It may well be asked why the occurrence of
fire after cutting has not brought about as good reproduction in
later years as it did in the days of large-scale lumbering.  The answer
would appear to lie in the fact that at the time of the first logging

TWATS0N, B, JACK BIXE X amlciay, T 8 Foresl Sory., Nerlh Ceni, ieglon. 1837,
TProcesscil.




12 TECHNICAL BULLETIN S63, U. S, DEPT. OF AGRICULTURE

absolute clear cutting sas not practiced and many jack pines were
left standing. Today clear cutting is the riile, and Hre running

Fraume 10 —Umilerstory of budsam e in o TH-year-old
seperiar Nationul Povest, Frogieiibly,
daanty sails e invieded by ks fiv, Waek sproce, and white |prdee,

Sramd of jock pine on ghe
i ne fire oceurs, jack ploe stands on

throngh & cut-over aves does nof canse reseeding becanse practically
1o seed trees remain mud the unepened cones contained in the stush
are lareely consuned.
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SuccEssioN IN THE ABsEnce ofF FIRz anp CuTrine

Without the action of fire. juck pine does not readily succeed itself
in nature, but tends to give way to a different type of forest-—one
more tolerant of shade. On sandy soils, as was shown by Kittredge
(20) on Cuss Lake sand, the usual suecession after jack pine is frst
red pine, then eastern white pine, then a hardwood type composed of
sugr maple (eer saccharim). basswood (Lilia glabra) , and northern
red onk.  Move recent observations en the Chippewa National Forest,
Minn., indieate that the rved pine and white pine stages nre sometimes
absent. In such cuses jack pine is replaced first by alder (Afpas
ineane)  hazelnnt (Corylus @nericana}, beaked hazelnut (¢, rostrata),
paper biveh, and quaking aspen, which are then tollowed by cither the
sugar maple-basswood assoeintion or spruce-fic, even though the soil
may be too poer for good growth of the Intter. On the better sandy
soils the jack pine stage may last through only one natural retation
(100 to 120 years) ; on the poover, such as those of Michigan, it may
persist consderably longer becuuse of the inability of more exacting
species to vecupy the site,

In northeastern Minnesots on the lonmy soils covering the Lauren-
tian Shield, jnck pine that is tree of fire and cutting is in one rotation
almost completely replaced by more shade-tolerant species (fig. 10).
Certain areas on the Superior National Forest supported fairly heavy
stands of jack pine saw timber, mostly 80 to 120 yenrs old, when
cruised in 1922, A recruise of these arcas in 1936-38 indicated that
during the 14- to 16-year iuterval the jack pine saw timber had prac-
tically ceased to exist. Living trees vemained only heve and there,
surrounded by snags and fallen timber. The aveas ave being taken
over by black spruce. white spruce, balsam fir, and paper birch. The
composition of two fypical jack pine stands on the éllp@.l'iﬂl‘ National
Torest is shown in table 2. The preponderance of spruce and balsam
fir and the seareity of jacl pine wmong the trees 0.5 inch d. b. h.? or
less clearly indiente the trend of succession. These small trees are
seediings that have come in natirally under the overstory of jack pine.
If the stands remain uncut, the type will gradually change from jack
pine to spruce-fir.

Tanue 2—Compesition of 2 mature jack pine stapds with undersiory on loamy soil
on the Superior Nutional Foresl, in frees per acre !

TU-vonr stund 8&0-year stand

Specios .
0.5+ Inchio=0.5 Tueh D54 inehli(-0.5 ine
T l i hoh cdoboh. {"d.n. b

L Nuather !l Mumber . Number | Nonber
Jackpine ... L il fi44 15 1]
Aspen L LoD Ll oL n 13857
Paper birch. ... e . Al 145 2]
Balsam fir_. . 52 810 10
Shruee . . b 340 7 380
Others_..... 225 1} 17
Aerik Acres
} 0 ]

Basis, plol arcas LA Wil

113, b, h,=dnmeter ot hrenst. height, or 4.5 feet nlove average srounil level.
2 Suppressml suckers, wihich have little change of surviving,
1 dfasty Linek sproce.

ST, b, == dlameter il breast heleht, gr 414 Taot.
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.

- - On some jack pine areas; particularly on the better soils, broadleaved
-’ ghrubs, such as hazelnut, beaked hazelnut, mountain maple (Acer
spicatum), and green alder {Alnus crispa), form such a dense under-
story that even balsam fir, one of the most tolerant conifers in the
‘Lake ‘States, cannot easily become established. When the jack pine
" hes eventually died of old age, the hardwood shrubs are likely to oc-
cupy these sites for some time, later to be replaced very slowly by
balsam fir, white spruce, und black spruece. :

REPRODUCTIVE CAPACITY

SEED SvPPLY

A important fact in the consideration of the reproductive capacity
-of jack pine is that the cones are generally serotinous, the scales re-
maining closed for loug periods, sometimes for many years. Some
variation in this characteristic exists, however. In the southern part
of the range, and near the border of the prairie in Minuesota, cones
are ohserved to be largely nonserotinous; also occasional trees else-
‘where, even in the northern part of the Lake States, bear cones that
open without delay. In most instances scale closure persists, with a
_consequent accumulation of seed in unopened cones from season to
Season.

In order to obtain a definite measure of the accumulated supgly of
geed in a representative stand of jack pine, all cones were picked dur-
ing the fall of 1935 from an acre of well-stocked mature timber grow-
ing on a good site on the Chippews National Forest, Minn., and the
seed extracted. The yield was 12.9 pounds. A similar test the same

ear in well-stocked timber occupying a medium site on the Superior

aticnal Forest, Minn., indicated a seed yield of 13.5 pounds per
acre. An interesting feature of the data, which are presented in table
3, is the large proportion of seed that came from cones more than 4
years old. In a very poorly stocked stand growing on a low-quality
site on the Huron National Fovest, Mich,, a fairly analogous study
made in 1937 indicated a yield somewhat lower.

Taprrr 3.—Quentity of seed stored in cones on living jock pine irees® on 2
national forests in dfinnesota

Cancs per acre | Seed per acre

Year of conc ripening
Chip- | Bupe- | Chip- | Supe-
pewsa rior pewa rior

Bushels| Bushels| Pounds
2.92 2.78 1.04

1 As determined from cones collected in ¢he fall and wioter of 1835-34.

The large quantitg' of seed contained in the cones on living trees
is all the more si%ni cant because of the small size of the seed. Jack
pine has the smallest seed of any native North American pine. The
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number of seed per pound, according to tests of 99 collections made
over a period of several years at the Lnke States Forest Experiment
Station, ranges from 71,000 to 177,000 and averages 130.600. A mature.
stund thus may have an accumulated supply, in unopened cones, of
us many ns 2 million seed per acre.

Seed stored in cones on the tree remain viable in high proportion
for many years. Cavefully extracted and cleaned seed from cones
1 to wbout 15 years old collected on the Superior and Huron Forests
germinated 62 to 89 pevcent (table 4). The average run of seel
vollected and extracted under the mass-production methods of na-
tional-forest practice for use in artifieinl reforestation germinates in
somewhat lower proportion.

From the data presented in table 4 it is evident that few seed stored
in cones on the frees lose their viability in the first 3 to 10 years. The
seedd may remnain in fairly good condition for a much longer period.
One investigator veports having found that « lot of seed extracted
from cones 18 years old was 82 percent viable®

TABLE 4—Viability of 8 lots?® of seed dored in cares for differenl periods

!
Iime sinee eones nmlursd (yesrs) N VI l Lot 2 ‘ Lot 3
P 1

l..’—‘erceut!P&rccnt Percent
I 841! 99 8

a5 . I S Col oL TR T e
Sormoret . ... . e e e s . 1 62 L. .
i

! Viahiliky was deterinined by derminalion lests of LU secds to an aee class In lod 1, colleeted at Ely,
MMinn., and af 200 Lo anoage elnss o Jols 2and 3, colloeterl a3 Ruseomunon, Miel.
t The nge of the olduesk cones was estimated ol 15 yonrs, mid nwy have been wach Frealer.

SEED DISSEMINATION
SEED FALL FROM LIVE TREES

In the absence of five. only asmall portion ot the current evop of jack
pine seed. and an even smailer fraction of the aceumulated supply,
eseapes Trom the cones and falls to the gronnd in any year. The tall
Auring a j-year period as determined by use of seed traps (fig. 11) at
three locations in Minnesota and Michigan averaged from 2700 to
10,600 per acre (1able 5), or less than 0.5 percent of the fotal supply
commionly stored in the cones of well-stocked stands. Germination
tests of seed from the seed-trap collections indicated a viability of 56
percent, which checks rather closely with the results of tests of general
collections made for reforestation, The greatest recorded monthly
yield of seed from live trees was the 28,000 seeds per acre collected at
Roscommon, Mich., in October 1938. This unusual fall of seed took
place during a very dry period, under an open stand of scrubby but
full-crowned trees. Since il has been found that under natural con-
ditions ordinarily net more than one or two seeds in a thousand pro-
duce seedlings that survive to the age of 2 years, the average quantity
of seed annually disseminated is 1otally inadequate for satisfactory ve-
generation except under unusually favorable conditions as to soil and

o SnRy, T L. VIARILEIPY OF TIH SKED OF JTACK PINE WROM [(OXES RETSINED IN TITE TREES
FOR YARIGUS PERIODS OF TIME. 1986, {Uupublisted rhesis, University of Minnesota.)
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weather, It may be concluded, thevefore, thut jack pine is not depend-
able as a seed tree,

Fia1355

Fiorrs 11.—8eed {rap, 83 Ly 3.4 feot having an arexr of 0.00025 acre. Fhe

coarke =erecn Jets seeds in bul keeps out birds und redents; a fine screen he-
neath reting the seegls,

TABLE Se—Arcrage annnad foll poer aere of jack pine seed fram seed drees during
the J-yetr poeriod Augiust 1, (d-Jaly 3, 1938, b 3 differeni lncations

- . [ Roseum-
[ :
Frerio] ! Huran morn 1

EIHEC AT

Suather | Numiber | Nuaher

ASHHIN] . . .t it 3.0
sepleaher i Hi7 a5
tirtatnr Al [FE]] 4, 145 LA LY
M . ] Tl 4518
FUTHE . w50 ] Hth 4
Inly L i) T

sl . LTEN D R4 10,561

- Well-stocked pnegt stand (10 traps), Horog Xntonal Foresg, Mic .
s Openseruhiby stamd (24 trysl, Hoseomimon, 3Micl.

Mlesyy malre skidd B0 pertent eot (15 taps, of which 10 wereset ol for 3 yours only £, Superior Nndinngl
Frieest, Minng.

On warn, sites, however, pacticularly in the southern and south-
western extremities ol s range, jack pine wrees disperse seec freely.
In greneral. seed dissemination from cones on (he tree is most likely to
oeeur doving wirny, dey weather.  In rare instances cones huve been
kinown ta open and shed seed in midwinter., Open cones are fomnul
most frequentiy on =hort. open-grown trees on south slopes, where
exposure Lo lieat is grealesi,

DISPERSAL OF S£ED FROM SLASH AND DEAD TREES

Cones of jack pine eling persistently o (he branches iter the trees
wre Lelled and the stems cat into logs; only a few are knocked off in
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the process of logging. Thus cutting merely transfers the accumu-
lated seed supply—which. as has been shown, may be as much as 2
million seed per acre—from the treelops to the sinsh. Because the air
is warmer near the ground surfuce, the result is to raise the tempern-
ture of the cones and consequently to accelerate their opening, This
acceleration, however, varies greatly with conditions affecting degree
of exposure of the cones und with their preeise height above the ground.

Seed dispersed from opened cones in lopped and serttered skash nuLy
amount to half or even two-thirds of the total supply. Following u.
30-percent cutting of a well-stacked mature stand on the Superior
Nutional Forest. data were obtained through a test in which branches
bearing known numbers of cones were placed over seed traps.  Counts
of the seed shed from these cones were made at monthly intervals,
except in winter, over a period of 2 years. The data were then ad-
justed to a per-atre basis by the nuntber of cones in the slash on an
acre of the cut-over land as determined by counting the cones on 100
milacre quadrats.  The results were as follows:

Sevds per gere Seeds per acre
Febroary-Fuly 1035, . . Ol August 1080 _____ 60 100
August IN35 O Ll o 20,8001 Beptember 1930__ __ -— 7,000
September 1935 .. . __ - IO 20 0ctober MS-April 1OST L 4, 900
Ocroher 19305-Anpril 14034 - 170400 Muy 1937 E R Q

May 1036 © e 31,200 June 1087 U ¢ N 1 1
June 1036 .. __. __ PR S ] —_—
July 1983G_. . __. .. 8%, 000! Toral emma e __me D08, 300

400

8

8

THOUSAND SEEDS PER ACRE
[
8

sE&- AUG. SEPT, og;.— MAY  JUNE  JULY  AUG. SEPT. QCT- MAY JUNE
Ju APR. AFR,
1935 1936 1937

Fraure 12 —Dispersai of juek pine geed from slash afrer o H0-percent cutting of a
well-stocked muture stand in Februury 1945,

The compuaratively high rate of dissemination during 1936 may be ex-
plained by the fact that it wus an exceptionally warm, dry year. Dis-
persal of seed was greatest during the hottest months of the swmmer,
but it continued at a moderate rate in the fall and spring (fig. 12).

In another study. on the Huron National Forest. 12 seed traps were
placed on a series of cutting plots, The slash was lopped and scattered
uniformly. without reference to the traps, so thut the seed subsequently
caught represented directly a definite proportion of the total quantity

555080°—id~—3
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of seed disseminated. Several degrees of cutting weve tried. In the
first 25 months after logging, the seed fall recorded per acre wus as
follows: Clear cut, 1,152.000; two-thirds basal area removed, 884,000,
one-third basal area removed, 161.000; no cutting, 17,000 (fig. 13}.
Cutting tests indicated that 48 percent of the seed was sound.

Seed i dispersed freely from lopped and scattered slash, but if
slash is in piles or windrows only the cones around the edges and
af the top release their seed. the others usunally remaining tightly
closed. Only seed released from cones around the edges has any
chance of reaching a fayorable seedbed.

Cones on the branches of felled or standing dead trees do not shed
much seed. This was indicated in an investigation of comparative
seed dispersal from cones attuched to lopped und scattered slash,
felled trees. and girdled trees (72). The seeds relensed from a total

b

GHEGK, N0
CUTTING

ONE-THIRD BASAL
AREA REMOVED
)

TWG-THIRDS BASAL
AREL REMOVED
| 1

GLEAR GUT

= 200 400 800 800 1000 1,200
THOUSAND SEZD5S PER ACRE

Froune 13.—DHspersal of jack pine sced, ag refated (o degree of entting during the
25 months following 10gging, as indicated by collections in seed traps on the
Huron National Forest.

of 230 cones were counted. Seed was dispersed freely from lopped
and scuttered slash during the midsummers of the first two yeurs and
to a slight extent during that of the third year (fig. 14). The second
summer, when the greatest dispersul tool place, was by far the hottest
of the three. Little seed was distributed tfrom cones on the felled and
girdled trees during any of the three years. The reason for the differ-
ence ig that cone opening ordinarily results from exposure to high
temperature, whether sucTclenly in the brief period of a forest fire or
in the Jonger process of heating by the sun. The cones on the lopped
and seattered branches were situated 1 inch to L foot above the ground
surface, where aiv temperature was highest ; those on the felled frees
we;e 1 to 5 feet above the ground, and those on the girdled trees 20 to
40 teet.

Prompt and complete opening of cones is assured only if they ave
close to the ground. Under northern Minnesota conditions, cones
lying on the ground fully exposed to the sun open in about a week of
hot weather, and those suspended 6 inches above the ground open only
after 1 or 2 months of such weather. As distance above the ground
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incresses, opening becomes progressively slower, so that at a height
of 4 or 5 feet cones way open only after 2 or 3 yeurs or may
stay closed indefinitely (fig. 15).

Temperatures of 130° to 150° F. on the bare forest floor have been
recorded regularly during warm. dvy summer weather near Ely,
Minn. Observations that such heat is ample to open cones in the forest
substantialty agree with Rielz's statement (/&) that to obtain good
cone opening for artificinl extraction, temperatures must be 140° F.
or higher. Within a space of only 4 o 5 inches above the surface of
the ground, air temperature often diminishes by more than 30°: and

Y onm——
—

LOPPED BRANCHES

&

o
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&
Q
O
&
aQ
3
&
527

1]
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—
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Freueg 14—Cmmnualative mnmbers of secds relensed from cones on lopped slash,
on felled trees, and on girdled rrees. Basis: clispersal from 250 cones.

at g height of 1 foot, on warm, clear days, the difference may reach
35°.

In one observed instance, cones in slash prolrunding above snow
opened during « period of subzero weather that immediately followed
a relutively warm, wet period. Possibly frost action was responsible.

DesTrucTtoN oF SEEp By Birps anp Robents

Seed of jack pine is palatable to & number of common birds and
rodents, and this may a6 times have an important influence on repro-
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duction. Observations made immediately after the Welcome Lake
fire of May 1987 in a jack pine stand on the Huron National Forest
show how seriously birds can deplete a heavy full of seed. The very
hot fire left a bare, blackened ground surface, upon which freshly
fallen seeds were plainly visible because of their light brown wings,
Most of the jack pine seed fell within 4 days after the fire. Counts
at the end of that time showed from 11 to 36 seeds per square foot

Firiog
Figure 15—Cones from n ireshly felled tree exposed for 2 wonths, showing
that degree of opening varies inversely with distance from the ground.

(479,000 to 1,568,000 per acre). Immedintely great numbers of
grackles, biackbirds, robins, and other birds flocked onto the burn
und began to work it over, After a week, all the birds had left. The
small qhantity of seed later observed on the ground and the sparse
reproduction that followed gave evidence that the birds consumed
practically all the seed.

Pine squirrels (Seiurus hudsonicus) guther and store jack pine
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cones, but not in any great amount, it is believed, except when other
food is scare; otherwise, such large quantities of cones could hardly
accamulate on the trees. Jack pine cones ave hard and tough. and the
seeds are so small that the work of getting them out probably almost
offsets their food value to a squirrel.

‘The extent to which rodents may consume seed dispersed from
slash is illustrated by seed counts made in 1938 on a portion of the
Superior National Forest where a stand of mature jack pine had
been clean cut the previous winter and the slash lopped and scattered.
Opening of the cones proceeded rapidly during July, and most of the
seed was released enrly in Anugust. On September 5 a search was
made under the cones for seed. In the course of several hours, a total
of 1,500 seeds were found or were accounted for by the presence of
seed couts and wings or seedlings. - Of this number 75 percent had
been destroyed, within a month after they escaped from the cones.
In seed-sowing experiments on the Chippewn Nationat Forest rodents
have been observed to consume seed within 2 hours after it was placed
on the ground.

GERMINATION REQUIREMENTS

In the regeneration of most conifers, seed that fulls soon after ma-
turing usually germinates at some definite period, such as the spring
following ripening. Jack pine seed, which may fall at almost any
time during spring, summer, or autumn, will germinate quickly if
femperature and moisture are favorable—under best conditions, within
a week or 10 days after it is dispersed.

Under favorable moisture conditions, jack pine seed will germinate

rapidly whenever the 10-day mean maximum air_temperature is 65°
F. or higher, This was determined by sowing seed in the field at Ely.
in northeastern Minnesota, on 11 different dates over a iZ2-menth
peviod. Every lot of seed sown while the 10-day mean maximum
temperature was 65° F. or higher began to germinate within 20 days
and stopped germinating when the temperature drop yed lower. Every
lot sown during periods of lower temperature germinated the follow-
ing spring soon after the 10-duy mean maximum reached 65° F.
Throughout the Lake States, rains normally are commen during
the growing season,* so that adequate moisture for germination may
become available at any time during this pericd. In the study just
described, in which no artificial watering was done, germination oc-
curved in May, June, July, August, and September. The seed had
been sown on rather well decomposed litter, over which sticks were
then laid crisscross (simulating logging slash) to shade it and re-
tard drying. At the same time a parallel series of sowings was made
on coarse, poorly decomposed litter, which was left exposed to full
sunlight.  In the latter case the seed did not germinate in great num-
bers except in early spring, when the moisture content of the litter
was maintained at a high level by the very wet condition of the under-
lying soil and the high relative humidity. :
Germination of jack pine varies greatly according to character
of soil surface (6, 11). Clearly, for this species the best natural
10 UNpretr STATES FOREAT SHEVICE,  PROBABILTYY OF RAINFALL DODUING THE FIRE RBASGN

IN HE LAKD sTATRR aFoIoN. U, 5. Forest Serv. Lake Stalcs lixpt. Sta,, 21 charrs. 1036
[Processed,]
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germinating medium that can be provided in the forest is mineral
soil (table 6). Burned duff, such as that left by slush burning or a
forest fire, is somewhat less favorable. Dunff that has been torn up
mechanicaily and somewhat mixed with the underlying soil is better
than undisturbed duff. Wood in an advanced stage of decomposition
favors germination, but is scarce on jack pine land.

'TABLE €. —@erntination and swrcival of spring-soten jack pine on 4 kindg of soil
surface?

First-vonr survivai,
in terins of—
Kiud of soil sterfeed 0":;0“;"“'
Seedlings
Reriin- |
ated

Sced
sown

Percend | Percent | Percent
- H -

Eaebisturbed quet, . . o e \

Secarified ani) shaded soil el ? 7 41
Burned daff . manan R ; 70 |
Baro miuerai soil . M j

' Survivnis are sverages for 2 sepmriie vonrs of sowing, 17 and 1938, on the Xirperior Nutglongi Forest; rer-
mirstion tests indicated the seed Lo he 80 prreent svlrble hafore sowitg.

# Thy wilting coeflictents of tho 4 sofl Surfaees, ns determbyed by the centrifuging method, were ng follows:
Uuif.ifsmrbcd dutl, 76.0 perceut; senrified duff, 55.5 pureent; burned dusl, 54,2 percant; and bare ininera? 501,
.1 pereegt.

The fact that mineral soil gives better results as a germinatin
medium than partially decomposed organic materials i explaine
by (1) its lower wilting coeflicient, which malkes it easier for seeds to
ubsorh moisture, and (2) the far smailer size of the particles compos-
ing it and their greater miformity, which permit closer contact of the
soil and of the moisture il bears with the seeds, Mineral soil has a
much greater advantage over duff when precipitation is slight than
when 1t is abundant.

MorTarLity Amonc Younc SEEDLINGS

Young seedlings of juck pine, although Targer than those of some
northern conifers. are nevertheless small, tender plants. susceptible
to many destructive factors and having a rather high vate of mortal-
ity during the first year. Fire, heat, drought, frost heaving, winter
injury, insects, and disonse can and otten do cause severe losses, and
sometimes completely destroy years crop of seedlings.

It has been found that seil surtuce termperatures above 192° F., if
they continue for a period of © hours, endanger young conifer seed-
lings (28). Laboratory experiments have shown injury to tissue at
temperatures severa! degrees lower {(23). Within the tange of juck
pine, such temperatures colmmonly occur during a part of each sum-
mer. Figure 16, shmnuirizing surface temepratures recorded for
plots on the Snperior Nationa! Forest, a locality much cooler than
some parts of the Lake States, illustrates the trequency of such tem-
peratures in a year of normal rainfall (1987) and a moderately dry
year (1938). Soil surface temperainres up to 175° F. have been
recorded within the jack pine region {20). Undoubtedly high surface
temperatures cause heavy losses a mong the young seedlings, especially
if the plants do not have shade dnring part of the duy or the surface
sotl becomes dry and is not cooled by evaporation. Such conditions
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oceur much more frequently on sandy soils than on Joamy soils, which
usnally support more denge vegretation.

Temperalure varies consicerably with soil-surface material. The
maximum surface temperatnres of both burned and undisturbed duft,
for example, far exceed those of loamy mineral soil. according to the
data taken on the Superior National Fovest (fig. 16). The high tem-
perature of the natural duil sneface probably resulted from its char-
acteristically very dry condition. That of the burned duff surface
can be attributed to its almost equally dry condition plus its blackness,
which causes greater abzorption of heat.

In a study of forest plantations. ineluding jack pine on the Michi-
gran sand plains, Rudolf (2) fonnd dronght 1 primary cause of mor-
tality. The surlace layer of the Light sandy soils common in Michigan
dries out rapidly. subjecting younyg scedlings o drenght conditions

YEAR AND

SURFAGE NOT DANGEROUS DANGEROUS

1937

|
DUFF a5 W/yl 3574
BURN : 8 5}’{//257/’

MINERAL

1938
DUFE

BURN

MINERAL

ao
TOTAL NUMBER OF DAYS {PERCENT)

NOT DANGEROUS DANGEROUS TO SMALL CONIFER SEEDLINGS
noo-r or wess (277 or-1zoe B ar-raoe v+ on vore

Flavke 16.--Frequency of high temperatures on different soll surfuges ducing
o period nf aormal rainfall Ghone I0-August 31, I937) amd o drier season
{1833%), un an area on the Superior National Ferest from which jack pine
thmher waes eloae eat in Marvel 1947,

even though lurger plants nearby. with their deeper reots. may not
he affected at all. Xt may be inferved that drought is a mujor hazavd
to young natural reproduction of juck pine on cut-over areas of sandy
soils in the Lake Stutes.

Winter-killing sometimes wipes out virtually an entive stand of
seedlings. if because of late germinalion the seedllings have failed
to harden off. For example, on some uwreas of the Huron National
Yorest that had been cul over experimentally in August 1935, the
cones did not open until imidsammer of 1936, an exceedingly hot, dry
period when dispersal of seed was quite complete.  Rains in August
caused a highly abnndant germination—on scarified soil. 90.000 seed-
lings per acre. During the following winter the seediings had prac-
tically no pratective covering of snow wid more than 90 percent of
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them died. Similar results were obtained in experimental cuttings in
1936 on the Chippewa National Forest. A less important factor in
mottality is frost heaving, Although probably of little corsequence
on light, smuly soils, it canses cunsiﬁumblc lossex on loamy soils,

Ihighest survival follows early spring geriination, according to re-
sults of experimental sowings on different dates during 1937 and 1938
on the Superior National Forest.  Seedlings from seed sown October
1. November 15, and April 1. which germinated in early spring, lhiad
higher survival rates than those which began to grow later in the
season Trom other sowings (fig. 17).

Insects cause major losses” among young jack pine seedlings. at
lenst during sowe years and in some Jocalities,” White grubs (Phylio-
phaga spp.). according (o Lo W, Orr of the Burean of Entomology
and Plhant Quarantine, are probably the most important insect pests
ol the yonng seedlings and have been particularly destructive in the

DATE OF GEE%‘E{P“ SURVIVAL &T END OF FIRST
SOWING | compLETE GROWING SEASON
oLt 1 MaY 31
HOWV. 15 MaY I
APRIL | MRr 3
MAY 1 JUNE, 10
MEY 13 JUNE 20
JUNE 1 JUNE 30
JUBE 15 JULY 10
Sl 1 Juy zo
SULY 15 aus 1o
AUG. aUG. 20
BUG 15 OCT 0
s (R0 tesy
0 10 20 ) a0 £ &0 70
{ PERCENT )

Fraune. 17.—8urvival of juek pine sewdlings in relation fo tlaie of sowing sl
to periond of germination.  (OF (he seedlings resuiting from the September 1
sowing, whout 20 pereent geeminated in the Eall ang 60 percent in the spring)

lighter soils of pavts of the Upper Peninsula of Michizan and on the
Chippewa Nutienal Forest in Minnesota. Grusshoppers have been
very mjnrious inocertain areas., parvticilariy on the Manistee Natioual
Fovest in Michigan, where they have caused complete destenetion of
many acres of 1o and 2-year-old plantations.  Older seedlings ave
subject to attack by numetrons other insects, patticularly several
species of sawilies (Weodiprion spp.). The white pine weevil (Pis-
woedes strobi) will infest jack pine and is causing a considerable amount
of deformed growth in some arens. A variety of the spruce budworm
(Cucoesia fumiferana) will defolinte seedlings growing undernenth
seatltered mature trees, but seldom becomes abundaut it mature trees
are absent. The pine chafer beetle (Pachystethus oblivia) has se-
verely defoliated seedlings as well as older trees on parts of the
Manistee National Forest. Several S))euies of scale insects, particu-
Jarly the pine tortoise scale (7'oumeyelle numismatioum), are destyuc-
tive to young stands,  According to eeproduction survival studies
made during 1937-38 on the Superior National Farest, insects were
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responsible in both years for slightly more than 60 percent of the
losses, which were confined to newly germinated seedhngs. Most of
the destruction was caused by a species of grasshopper (Camnula
pellucida), a very small caterpillar (Halisidoie sp.}, a sawfly larva
(Emprie sp.)** and the spruce budworm. These insects killed the
tiny seedlings by eating the tops,

Nipping of terminal shoots or of whole small plants by the snow-
shoe hare (Zepus amaricanus phaconotus) and white-tailed deer
( Odocoileus virginianws borealis) is often an important hazard to jack
sine seedlings. The have is particularly destructive in northern
Minnesota, where juck pine lands are interspersed with swamps, the
margins of which offer the have a suitable environment. During
periods when the hare population is high. very few seedlings escape
injury if they are situated among or close to weeds or brush tall
encugh to furnish cover for the hares.

Decr cause less dangerous injury because they do not remaove such
a large proportion of the tree, eating onjy the terminal shoots of the
leader and upper laterul branches. However, a single browsing by
deer sets the nipped trees buck a year. Repeated annual browsing
stunts the growth and may ultimately vesnlt in death. In one plan-
tation on t-ﬁe Superior National Forest inspected 2 years after plant-
ing, Aldous (7} found that. of 1,196 jack pine trees examined, 73 per-
cent had been browsed by deer. .

Fungi frequently cause losses among young jack pine seedlings.
The studies madie in 1987-38 on the Superior forest indicated that on
foamy soils damping-off fungi caused mortalities of 26 and 9 percent,
respectively, in the two years. It seems probable, however, that on
lighter sandy soils mortality from this cause is less. The needle rust
fungus (Coleosporum solidaginus) has attacked youwng jack pine
seedlings in both natnral and planted stands in northeastern Minne-
sota in three recent yenrs. This fungus destroys needles that are
1 or more years old. Because of the conspicious orange-yellow spores
that cover the infected needles after the fruiting bodies break, it
has created considerable alarm, but according to ogservat.iuns during
several years when it was epidemic this fungus does not cause any
serious reduction in the growth rate of vigorous seedlings.

Mortality of seedlings due to physical and biological causes is
strongly influenced by character of scedbed. In the experiments con-
dncted on the Superior forest, survival, like germination, was best on
mineral soil and poorest on undisturbed duft (table 6). The mineral
soil, in this case a sandy loam highly retentive of moisture, did not dry
out rapidiy like the duff; consequently losses from drought and heat
were lighter. Burning the surface of the duff reduces its thickness and
also increases the proportion of fine material by adding ash and small
Eart-icles of charcoal; hence the burned surfaces were intermediate

etween the mineral soil and the duff in ability to hold moisture and
supply it to the seedlings.

osses caused by insects were consistently higher on the undisturbed
duff surfaces than on the burned or the mineral surfaces. Perhaps
insects preferred the undisturbed duff because the coarse organic mate-

1 Thy three nscets just nomed swers Mlentilled by A, G Ruggles, Stste entomologiat,
Minnesoia Departnient of Agriculture, Dairy, und Food,

5055300 v-—db——1
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rial provided some element of protection, such as cover, color, or suit-
able temperature, or perhaps overwintering eggs or larvae were
destroyed by removal and burning of the duff,

INITIAL GREOWTH OF SEEDLINGS

Under favorable conditions, jack pine grows more rapidly in the
seedling stage than any other conifer native to the Lake States, with
the possible exception of eastern larch (Lariz loricina). Best condi-
tions for its early growth are (1) full sunlight; (2) fertile, well-
drained soil; (3) water sufficient to keep the goil moist and it surface
cool; (4) moderate summer temperatures; and (5) freedom from
injurious insects, disenses, and plant competition.

Seedlings grown naturally on the Superior National Forest on
freshly cut-over land kept free of competing vegetation averaged 2.7

FARA515

Fraugee 18.—I'he eficet of cotnpeting vegetation on 3-months-old jick pine seedings
coming in on burns. A, Sturdy, vigorous seedlings on a1 burned surfiice that
has been kept Tree of compeling vegetation, B, Spindly seedlings in competition
with sedge (Cares spp.) of the same age.

inches in height at the end of one growing season and 10.6 inches at the
end of two. In one recorded instance a seedling on a fresh burn
attnined a height of 27 inches in 2 years.

Although jack pine seedlings can grow on sterile, droughty soils,
they are very responsive to their environment. Unlike the seedlings
of most other conifers in the region, they do not during the first
growing season form definite terminal buds and cease height growth in
midsummer ; instead, they start and stop growth according to tempera-
ture and moisture conditions, sometimes continuing height growth
Inte into the fall. The seedlings are very sensitive to shade and to
root competition from nearby plants. Each of these factors can retard
their growth seriously, and often causes reproduction to fail. The
actual infiuence of plant competition and shade upon the growth of
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seedlings on good seoil in seasons of adequate rainfall is shown in
table 7 and figure 18. Ispecially noleworthy in table 7 is the much
better growth after clear cutting than after partinl entting. The
artificial shade values given do not by uny wmeans represent the maxi-
mum effect of slash in retarding scedling growth that may result
from an actunl cutting operation in jack pine.

On very dry sites, especially during drought, moderate shade from
trees or tall shrubs or even from stash may exerl a beneficial influence
by lowering temperatures and reduncing transpiration. Ow rather
exposed plantation sites in Michigan shacle has been fonnd to facilitate
establishment of red and jaclk pine plantations. the injurious effects
of root competition being more than oftxet by the benelicial effect of
shade on temperatuve and transpiration (72). Probably natural
seedlings are similarly benefited so far as enrly survival is concerned.

TaBLE T.—fuflucnce of plant compelition aud shade upon 2-year-old seediings
on 2 qreas, i forms of average green weight of seedbing tons?

Clear eutiing ’ Hlpereent cuiting 2
Treatment of shiruabivy and herbaceaus cover e — e s e
‘Uizs}nulud! Shaded |Unstinded| Shaded

Criwms | Groms Grams . Grams
Hemovenl . ! 9.3 ] 27 6.1
Lot . e . 2.8 LT B o4

! Smnple seedlings were bakean from 128 plots artifleinlly soeded on Superigr Nobloond Forost. Shade was
east by 3 Invers of stieks sbond §inch In dinmeter ivid crisseross on the seedbods,  "Phese sticks shaded up-
proxiinately 80 percent of the gronnd surfacy.  After the scedlings altained a Dwight of 2 to 3 inches, they
wers froe from shading by the steks bud stil had seie shade froass overhead gover on the S0-pereent cotting.
Here, the table shows, whers vegetation huud beed cemoved, (he shaded seedlivgs made smore growth Lhan
the lmsl]l’a{led. This is nol in conlormity with {he glher resnits pud is attriboted Lo socidenial varlation
iz sempling.

i '.l‘h-.{:) I!g?u intensity, as determined by use of peired black snd while Livingsion atmometer spheres,
was 43 percent of fail sunlight.

YIELD AND ROTATION

Compared with mosl conifers native to the Lake States, jack pine
is quick growing and fairly short-lived. It occurs chiefly in even-aged
stands {he. 18).  On the better sites it has been lmown to grow to a
height of 105 feet,’” and there are reports of trees as lurge as 28 inches
in diameter brenst high. Towever, heights grenter than 80 feet and
diameters greater thar 18 inches are uncommon, and mature trees
average mmuch smadler than this. Open-grown lrees, in particular,
tend to be very short and bushy, and on the poorest sites rescmble
apple trees in form. Juck pine has been known to reach an age of 175
years but ordinarily matures in less than half that time.

Jack pine makes especinlly rapid growth in the juvenile stage.  Un-
der good growing conditions, seedlings veach breast height in 4 to 6
years and a height of 20 feet in about 18 years. In well-stocked stands
merchantable trees {trees at least 5 inches d.b.h.} are produced in 30
years; some of the trees of that age are smaller than 5 inches but a
considerable number have diameters of 6 or 7 inches.  After the trees
pass the age of 50 years their growth in both diameter and height be-
comes progressively slower. On puoor sites, height growth may fall
off at un enrlier age.

1 Magsired by B, G, Cheyney jn Itagen [Park, MioR.
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YizLo oF WeLL-STOCKED STANDS

In well-stocked stands on good sites, pulpwood is produced in about
35 years and saw timber in 50 years. On poor sites these products
cannot be obtained without greater lapses of time. Table 8 gives the
yields that may be expected from wellstocked stands growing on sites
of good, medium, and poor quality. Where trees smaller than 9 inches
db.h. are utilized for saw timber, as they frequently are, much higher
yields may be expected.

According to the yield table (table 8), the number of trees in a
\veli-stocke(!l:jncl{ pine stand on an average-quality site should be about.

Fhwaz
Frauge 19.—Woll-stocked 40-year-old jack pine growing on medinm-quality site
in northern DMhannesota,

1,700 per acre at 20 years, 875 at 80 years, and should progressively
diminish to 280 at 80 yenrs. Densities are somewhat less on good sites
and considerably greater on poor sites. 1t should be noted, however,
that a stund may be understocked in number of trees {by the yield
table) and yet occupy the site completely, or actually be overstocked
in basal area and volume it the trees ave larger than average, There-
fore in any determination of stocking as a Dasis for thinning or im-
provement cutting botl number of trees and basal ares should be
considered.




MANAGEMENT OF JACK PINE STANDS IN THE LAKE STATES 20
Tanee 8-—Yields per acre of well-stocked standy of the jack pine type in lhe
Lake Stutes’

aooD SITE

Volunne ¥ of tregs—

A Basul‘ 3
verage | Average : BECA O : e
Main-gland ? heig_ht%:r diame!',zer Sl:f:::; trees | 78 "“:3;‘::!::1;‘,!" h. 6.0 ittches . b b
age {years) domiimnt)  mali 1,t-ineh - e

Lrees oF mere fan
trees stand 4, b b . 5
ot morh 4, 0-taeh el it

Heribmer . Inter- Lo
rale - onatioonl

Nuwwmber | 5S¢ fL. S Bl £t Cut. £ Clordx
1,320 i i 3
i) 144
135 156
32 152
255 Thl
290 144
184 144

AVERAGE SBITE

1,70 128
873 HU
570 jER]
425 144
340 142
280 139
230

3.0
4.4
6.4
6.2
&8
7.5
a0

1

1 Qevorkiantz, 8. R. and Duerr, W. A. METRODS OF PREDICTING (INOWTH OF FoREsT S1axpa.U. R
Forest Service, Lake Btates Forost Expt, Stn. Econ. Motes®, 59 pp. 998, [Processed.) Bite indiees {average
heights, in feet, of deminaat stand st 50 YLurs) representud_bg the 3 site classes nre as follows: Gootl site, &,
averuge site, 53; poor slte, 40. All diemeters are at breast beight (4.6 feet), Internstionad ruleallows bi-inch
kerd. 0.1 b.=dismeter inside bark., ) .

2 Phe main stand smbraces all trees that have originated during the fret few years of the life of the stand,
exctuding scattered restdurt troes and any anderstory of younger tiees.

s Board-foot voliime is et volume Lo a variable top diameler inside bark, the minirzamm of which ia 6 inchea.
It represents scale of werchantablo sawlogs enly, deductions heving been made for wopds cull and mill cull
and for enil trees (trees that do ot meet the standerds of merchantabllity for bousrd-foot volume and that
seemt to havo no prospects of doing 50y, Cubie-foat volume is gross volume, exelnding burk. Cord volume
i3 also gross volnme, but inciudes bark and represents the material as pilud in standard cotds 4 by 4 by & {uet.
P wompute pecled volume in cords, use values lor ge_eimg luss given in appendix table 16, The quantities
showa in cabie feet and cords are totals and are uot additional to board-foot volume,

In a well-stocked stand dominants and codominants® ordinarily
make up 50 to 80 percent of the trees, the percentage of course va rying
with age and site or with average diameter. The following tabulation
by 8. R. Gevorkiantz, based on data from several hundred plots
throughout the Lake States region, shows the proportion of dominant

u Trees ave ordipgrily clunsifted na “Ytonmpant,” “enfominant,” “interiedinte,” and
“guppresded,” depending npon tieir size in relution 1o neighbor Lrees.




30 TECHNICAL BULLETIN 863, U. S. DEPT. OF AGRICULTURE

and codominant trees in a well-stocked stand in relation to the aver-
age diameter of the stand:

Drominanty and Daomineanis twd
cotfaminunts cudgminanly

Diameter {inches) : {pervent) Lyiamelsyr {inches}—Con. {pervent)
o 51,2 B e e o 69. 0
N Tem - e T4 8
40, ¢ . 8.8
4. w— S1.4

This tabulation may be useful in identifying fully stocked stands.
Percentage valnes higher than those given would indieste that the
stind was understocked ; lower percentage values would tend to indi-
cate overstocking.

DeveEropmENT oF StAnps oF Various DeNsITIES

Many stands as they ocenr in nature are either understocked or over-
stocked. Twrees in stunds understocked but evenly spaced grow fuster
in diameter than those in well-stocked stands. Understocked stands
also have less mortality than fully stocked ones. These facts make
it possible for some understocked stunds eventually to become fully
stocked. Gevorkiantz and Duerr ¥ have called attention to & way of
estimating the rate of approach of understocked stands toward nor-
mality. By this method. growth rates for 10-year pericds were esti-
mated in percent of well-stocked stands as shown i table 5, for density
classes ranging from 10 (o 100 percent, as follows:

Grwieth rate, Growth rile,
FB-gear perimt W-pear period
(hereent) 1 Density olnss {porcent ) —{"6n. {percent)
- 30 {it) — i e T4
Zih 4 . ... . B2.8
426 8. .. o L . 83G
54 4 el eem . 95,4
— 430 W L L . 100.0

These growth rates may be applied divectly to all basal area and
volumie values for all siles represented in table 8.

The branches of jack pine make aggressive growth and are very
persistent (fig. 20).  Consequently, stands made up largely of open-
grown trees, known locally as the “orchard type,” have hittle commer-
cinl value. In stands thot are less severely understocked, the limb-
imess is not so pronounced but is still suflicient to make the trees de-
cidely objectionable for comn.ercial use. A few pulp-manufacturing
concerns do not object to knotty pulpwood, but the demand for higher-
quality pulp is causing some companies to expend much labor in chop-
ping out bluck knots and otherwise cleaning the jack pine wood before
chipping it for the digester, Hence it scems probable that in the
future high-quality pulpwood will command something of a preminm;
in facf, some companies now consider jack pine worth at least 50
cents more per cord, on the stump, if elean-boled than if limby.

HUEVORKGANYE, B K, amd [, W, A, MRVHODS 01 PREDTCFING GROWIT O0F PORRST

sraxps, 1% 8. Fovest Serv,, Lake States Forest Expi. Stn Meon. Notes 8, 59 pp.  [Proc-
esaedl,] 108,
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The quality of jack pine timber that can be expected from staris
of varions densities is obviously an important consideration. The
following tabulation, based on observation of numerous stands. may

- e g

Firatsa

Fraues 20—Mainre jack pine of chavacteristic form and ayvevige density an site

of average qualiiy, In northesstern Minuesoll The stand wayr ent pwiay from
1he (wo srees in 1he Toregrotd,

be helpful ag a vongh guide in estimating the future possibilities of
voung stads. It apphes only te average or hetter sies where trees
are nniformly well distributed.

gaannint 4 5
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I

‘Trees pet acre at 20 years: -Tltimate erop i
- ‘Lessthan 100._______ Orchard type. Trees mostly too limby to make metr-
: chgntable timber, but some extremeiy knotty, low-
vaite logs produced on better sites. Much waste,
due to rougl character of material and multiple
stems. Long live branches persisting aimost to
ground line unti! maturity.

100-400 ___ _______ — Trees limby, but majorvity yieiding rough merchantable

‘ logs and mine timbers. Some materinl objectionuble
for pulp on aceount of Lirge knots and difffenlty of
peeling. The denser sramls Iikely o reach full
stocking in basni nren at 5 years. Limbs decidedly
shorter than in orchard type. Limbs up to 25-30
feet dead but persisting until maturity.

400800 _________ — Stocking infermediire between poor amd good. Fairly
good-quatiity logs, mine timbers, and pulpwood pro-
duced, about Iuthf of all trees rescliing maturity.
Gand growth until marurity without thinning, buf
improvement thinnings for paipwood it 3540 years
desirable. Large dlinmeters reachied morve quickly
thutn in denser stunids, it some temdency toward
knottiness. Probably fully stocked in basal aren at
abuout 40 years.

8001500 . . ..______ Srocking close to ideal, about one-third being crop
trees.  Growth fairly good ; stocking probably full
af 30-35 yeurs. Yield increased and quality im-
nroved by puipwoeod thinnings ar about 33 years.
Ratural pruning fairly rapid; limbs dead up to
one-ldf height of tree,

Over 1500 . ___ — Merchantable materiul produced, but diameter growth
rate very slow, Blortality rate high. Commercial
thinnings for pulpwood not possible until staads
over 40 yeurs old. 'Thinuings nr 10-20 vears de-
sirnble. Very dense stumis (2500 and ap) some-
tiwes matere at nndersawlog size. Limbs small,
short, and timber clean.

After fire jack pine may come in very densely, sometimes 20,000
.» or more per acre. In such instances the trees are too crowded to
* make good development and the whip-like stems are very susceptible
to breakage by snow. Natural thinning takes place very slowly
-eXcept on the better sites; consequently stands containing as many
as 5,000 stems per acre at 20 years are not uncommon.  Although over-
-stocking vesults in the development of the straightest, cleanest-boled
‘trees, it is highly undesivable. Overstocked stands on poorer sites.
4 1f not thinned, may grow so slowly in dismmneter that they never get
“eyond the pulpwood stage, even at maturity. and because many of the
‘krees are undersized, may not yield much pulpwood.

Facrors-AFFECTING LONGEVITY

The great amount of logging done in the Lake States since about

1870 and the extensive fires that have swept the region’s pine lands

-have left very few groups of jack pine trees more than 90 or 100 years
old.

Jack pine begins to decline in vigor at 50 to 70 years, and this de-
cline 1s usually well advanced before the trees reach 80 years. Basal
aren in well-stocked stands begins to diminish at about 60 years on all
:Sites (table 8). In younger well-stocked stands the crowns of the
trees crowd closely together. but as age increases and the oppressed
trees die the openings thus left usually are not closed by the adjacent
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srowns and the roots.of the older trees occupy the'soil less fully. ‘Low
vegetation, both shrubby and herbaceous, increases greatly in density
on the better soils; stands 85 yeais old commonly have & luxuriant
undergrowth of hazelnut 6 feet or more in height (fig. 21). Ordin-
arily. except on the most favorable sites, jack pine may be considered
mature when 70 years of age.

As jack pine becomes mature it can be injured severely by various
destrietive agents,. including dronght. glaze, wind. defolinting insects,

FITAT

Freure 21.—The dense understory of hazelnut beneatl this 85-yvear-old stand
of jack pine, growing ou sondy loam, shows that the trees no longer fully
utilize the soil.

wood-boring and bark beetles, and decay organisms. Younger trees
are subject to attacks by the same agents, but excessive mortality is
not so likely to occur in stands less than 50 years old. Of course fire,
also, is a destructive agent; aside from its outright whysical effects,
which are not discussed here, it may exert a delayed but serious in-
fluence in conjunction with some of the other causes of loss.

Glaze -together with wind is particularly destructive, In early
April of 1940, a heavy glaze and the accompanying wind felled ap-
proximately 80 million feet of timber on the Chippewa National For-
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est, most of which was jack pine. Especially severe damage was done
in stands of slender poles on exposed slopes and ridges and on aveas
adjacent to lakes and swamps.

A severe July windstorm in 1932 destroyed some 300,000 cords of
timber, principally jack pine. on the Superior National Fovest, A
stmilar July storm on the Chippewa National Forest in 1940 caused
the windthrow of some 30 million buard feet of tintber much of which
was jack pine.

The 10-year drought in northeastern Minnesota that cubminated in
the almost unprecedentedly dey vear of 1936 was followed iy the death
of niany 60- to 80-year-old jack pines during the 3-yenr period 1937-
39.  Drought, aithough probably the most important. was anly one
of the factors believed to be responsible for these losses. A sudden
intense outhreak of the jack pine variety of spruce budworm. the
habits of which have been deseribed by Graham (8). taok place in 1936
on the Superior Nutional Forest. and more oxtensive althongh mod-
erate epidemics followed in 1937 and 1938, The budworm attacked
jack pine on the Chippewn forest also in {986, and by 1939 had spread
to abont 20,000 acres of T0-year-old timber chat had been wenkenoed by
the drought. Some 15 or 20 percent of the stand has died. amd ad-
ditional losses are expected.  Several species of sawflies were found
to be present along with the budwormn and may have contributed some-
what to the losses. Pine sawyer beetles { Wonochamus sppy and a
bark beetle (/ps pind) followed. It is impossible to say what pro-
portion of the losses in this instance should be assigmed 0 each of the
varions contributing agents. He attributed the losses primarily to
overmatnrity of the stand and to the effect of the drought.  clyoned-
laria mellea was found to be a minor factor.

Rot does not irequently progress to such an extent as to reduce the
scale of merchantable timber until the trees ave at least 60 veurs old,
‘according to the findings of Weir (J6). who stated that the two maost
mmportant rof-causing fungi in juck” pine are Trametos pind {(now
Fomes pint) and Polyporus sehareinitzii.  Weir observed that decay
occurs at an earlier age in the moist situations of northern Minnesota
and Canada than on “dry pine barrens.”  Owing to greater prevalence
of red rot, loggers commionly discriminate agtinst the older tinvber,
which they call “red jack™ because of the reddish color of ity rather
large-flaked bark, in favor of the younger or “black jack™ timber,
which has dark-gray or blackish bavk.

In a study made in 1938 Frank Kaufert found that of 143 trees
examined in an 80-yenr-old juck pine stand. 35 perceni contained de-
cay (practically all caused by Fomes pind), and that of 33 trees show-
ing fire scars, 79 percent contuined decay. After a siurvey of cutlings
Russell Watson ** concluded that light surtace fires have been respon-
sible for the high percentage of rot found in jack pine in the Lower
Peninsula of Michigan. Where such fires have been numerous, the
rotations have to be 10 t0 20 years shorter than where fire has never
run through the stand.  Results of increment borings made by Watson
in more than 2,000 jack pine trees ave presented in table 9. Trees of
advaneed age generally showed more evidence of decay than young
trees, but decay was very much greater amoung fire-scarred trees.

8 Bee footnnte 7, n, 11,
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maBLE G—Relation of past fires lo decay in juck pinc, in percent of treey showing
ey

Fire- Trees il Fire- Trpus
Age (years) searred not fire Ape (years) seanrred | not live
Lhees searred ! searroit

o

13

: 45 Al
4y G0 30

Percent | Pereent , Fereent | Percent
i II . ] i)

1

i

o @)
.- '_::i

From the pathological studies and from the other evidence presented
it may be concluded that except where fire has wealenaed the trees,
making them more subject to breakage by wind (fig. 22), rot hus less
influence on the length of the natuea) rotation thun the general deeline
in vigor that makes the trees susceptibie to drought and insect attack,

EcoxoMic Rorarion

The desirable time for cutting jack pine fimber depends on the
size and quality of the trees, market for the products. the prices
obtainable, growth rate. and total yield.

The mean annual growth of juck pine in cords reaches its highest
point at about 40 years on good siles. al about 43 years on medium
sites. and at about 30 years on poor sites (lable 10). However. the
avernge annual growth is not much lower for some years before and
aftor the culmination, so that the forest manager has considerable
Iatitude in choosing a fime fo cut.

In general, it is recommended that pulpwood rotations be about
50 years on good and medium sites and 55 years on poor siles, because
the somewhit heavier stand volumes resulling from the longer rota-
tiong tend to reduce loguing costs proportionately. Moreover, the
risk and expense of regenerating the stand recur less frequently. On
the other hand market conditions, operating costs, declining vigor
of the stand, or threatened losses from destructive agents. such as
inseets, may make it good buxiness practice to cut earlier. These
recommendations apply to unthinued stands only.

TauLr 10— eun annual fnerement of pulpicond ©per qere fnoweli-slocked stonds
of juek pine

Poor Age Gyl {l\ILt;n Pour
sile {ycars) site ;Y 0o site

{
Cords | Curdy  Cords
0.G8 a1 - 0. 36
g
35
e
A

| Unpeeled voinng of trees 5.0 inehwes J. b Boor more 1o 4.0-inehes tanr . 1. 1 (ingide bark).

Usunally it is advisable to hold stands to ages 60 or 70 yearvs, in ovder
to obtain trees of sawlog and mine-timber sizes, which command higher
prices than pulp timbher. Sometimes, if the timber remains thrifty,
the rotation should be extended to 80 years. This is risky, however,
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and is not recommended as a general practice. On the other hand,
the timber must not be cut too early ; when merchantable products fivst
become available value growth is usually at its peak.

For a number of years after the trees reach merchantable size, their
annual growth is likely to be more valuable than that of smaller trees,

Fiourr 22.—Such busal sears permit decay organisms to enter and so predustine
the tree to wind breakiige—nan indirect loss due primarily to five,

partly because the stems are free of branches. Softwood saw timber
that will cut out reasonably clear lumber should sell at a better price
for nmnufacture by local mills than smaller saw-timber material,
which yields knottier lumber and more of which s wasted in sawing.
Mine timbers, the principal requirements for which are relatively large
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diameter (814- to 16-inch top) and absence of rot, rather than straight-
ness or freedom from knots, command a particularly high price in
the iron-mining districts of northern Minnesota. In locaiities where
mine timbers can be marketed they are an excellent product to grow,
even though they require lunger rotations than pulpweod. Piling,
uisa, brings rvelatively high prices, but it too rvequires a comparatively
long growing period.

The prices of stumpage and unmanufactured products vary con-
siderably from place to place and time to thne. but a few representy-
tive figures showing currvent prices daring the period 1987 to 1940 will
serve to give some idea of the market value of jack pine. Juck pine
puipwood stumpage generally brings 75 ceuts to $2 per cord, the price
varying, of course, with distunce to mills, quatity of timber. ease of
logging, and general market conditions. Pulpwood delivered ut the
mill hrings $4.50 to $8 per cord if unpeeied. $5.50 to $10.50 per cord
if peeled. Saw-timber and mine-timber stumpage ordinarity brings
from $2 fo $5 per thousand teet b. m., although prices paid have gone
as high ns $7.85 per thousand board feet for mine timbers and $10 per
thousand for piling. The United Stutes Forest Service standard rate
for sawlogs is $3.50 per thousand. Jack pine lagging brings from
$7.50 to $8.50 per cord (192 cubic feet) delivered at the mines in north-
ern Minnesota, Sawlogs sell at $8 to $15 per theusnnd bourd feet de-
livered at the will.  Mine thnbers, the higlhest-])riced product usnally
utnde from jack pine. bring from $235 to $35 per thousand feet b. m. de-
livered at the mines.

INCREASING QUALITY AND YIELD THROUGH THINNING

Among the present young forests of juck pine in the Luke States
overstocking occurs Jless frequently than understocking™ but
crowded stands need to be thinned if they are to make the best possibie
growth. Even where the average density is not high there are likely
{o be many overstocked patches, Juck pine, though it needs full light
and does not develop properiy under the shade of other trees, is slow to
thin ttself naturally.  Tf overstocked stands are thinned intelligently,
they will be improved silviculturally and will increase appreciably
potential value. Periodic thinning, if confined to merchantable trees
that would die naturally, will substantially increase the yield during
a# rotation. '

Until recent years, despite the need, thinnings in juck pine have
scarcely been aitempted except on an experimental scale.  Since 1933,
however, through the use of Civilian Conservation Corps and other un-
employment, relief labor uvatlable for improvement of public forests,
some 20,000 acres of jack pine stunds in the Luake States have been
thinned {fig. 23, 4 and B).

NoncoMmMERCIAL OPERATIONS

If thinning is to be done before stlable products are available, work
in gmall saphng stunds—those up to 10 feet in height—offers the best
prospect of a return on the investment. Some inexpensive measure,
such as hacking the tops out of some of the saplings, is sufficient to

% Cupologham apd Moser, clted fn footnete 4, p. 2.
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release the more promising trees and to reduce the number of stems.
Any longer-lived species that may be present, such as red pine, can
easily be favored in this operation.

The record of a 90-acre tract of 10-year-old jack pine in northern
Minnesota thinned by the C. C. C. in 1933 serves to show the cheap-
ness and eflectiveness of thinning small saplings.  According to Bjorn
0. Vegheim, junior forester, C."C. C. Camp 5-54, Big Fork. Minn.,
the stand contained 3,000 to 5,000 trees per acre when the yroject was
undertaken, the taller trees avernging about 10 feet in llci;_z_lht. Tt was
thinned to a density of 2,700 trees per acre at a cost of 1.2 enrollee
man-days per acre.  8Six yeavs later the stand was thrifty, the crowns
had filled out, and the dominant trees had grown to an average height
of almost 18 feet.

Stands of lnrge saplings and small poles, trees 1 to 8 inches d. b. h.,
containing 1,500 to 5000 stems per acre, are of common oceurrence.
Tsually tﬂey range from 20 to 40 years in age. The thinning worls

Fieurk 28, —4A, Unthinned plot in a 20-yenr-old juck pine stand on a medium-
quadily sile on the Buperlor National Forest, Minu.; £, adjacent thinned plot.

of the C. C. C. on public lands has been done chiefly in stands of this
description,

Thinning in such stands where no market exists for small material
sheuld be done from below; that is, the smaller, weaker trees shonld
be removed rather than the larger dominant ones. since the latter are
likely soon to become merchantable.  The yield table for fnlly stoeked
stands of jack pine constructed by Wackerman, Zon, and Wilson (35)
has been successfnlly used as a guide by the C. C. C. in determining
how many stems per acre to leave in stands of various sizes and ages.
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The usual practice has been to thin to the number of trees per acre
shown by the yield table for an age 10 years in advance, av 5 years
ahead in localities where it seems likely that commercial thinning or
improvement cutting will soon become possible. A stand 30 years
of age on a medium-quality site would thus be thinned to the 850
stems per acre indicated by the yield table for a 40-year-old stand.
Examples showing results in two representntive stands thinned in
this manner are given in table 11. This method of determining how
many trees to leave is casy to apply and has the great advantage of
assuring uniform worl by relatively inexperienced men.

At times, however, the use of unadjusted yield-table values for num-
ber of trees may reduee the growing stuck too severcly, especiaily where
a stand is greatly overstocked in mumbers. In deciding how mnch
to thin. busa) aren shoukd always be cousidered along with number of
trees. For instance, the number of trees may be high but the basgal
area about average, in which case overthinning might result from
foliowing the table mechanically. Yield-table ~scales of densities
should consequently be used only as n guide te good jndgment. Na-
tional-forest thinning riles now restrict spacing to a maximum of 6
by ¢ fect for young pole stands. With such a stocking there should
be sufficient trees for a commercial pulpwood thinning later.

PaBLE T1—Ezempies of thinnings based on yicld-table values, on m edinm-irality
sites, Superior Naliowel Forest

Srandl per sere! Average
e - .- diani- | Total voluine

Tresg © Dasal aren eter i

! ]
: Per. | Squure | Per- Cubic  Per-
37-yvear-old stand: i Nwnberp cenl | feel cent | Tuchey | feel | czud
Refore thinning _. e - 4 1,6I8 100 153 108 2L R 13Dr L(¥}
After thinning .. . H (1] ar I 48 ; 4.7, LS g at
20-yrar-pid sinml:? H i : :
Before tnRing . cveoee oo oo o) $206 100 07 w; 251 0 |-~ .-
After thinning .. ....... ... .. . 1,208 35 64 i 3.1 [ ———

t Mnhinum do b e of trees tahadaned, s inch,
1 Vipws of this stand appenr ns Agure 24,
1 Not enleninted beeause of the small size of the trees.

Thinning is not snch a time-consnming vwndertaking if work done
to enhance nesthetic values and to dispose of slash is held to a reason-
able limit. Time spent in trimming tﬁle poles, felling dead and dying
trees. and burning tops and limbs usunlly equals and often greatly
exceeds that required in the thinning itself. Some work of this sort
may be necessary along roadsides; but the type of slash created s
not a very serious fire hazard and complete slash disposal by burning
cannot be justified economically.

In applying any method of thinning, it is important to remove trees
of poor form and thin crown, disensed trees, and injured trees that
have been weakened mechanically or may develop rot. ~The principal
things to watch for in jack pine are (1) the globose swellings of gall
rust caused by Cronartium cerebrum, (2) stem cankers of sweetfern
rust caused by . comptonias, (3) partial or complete givdling of the
upper bole by porcupines, and (4) basal scavs resulting from surface
fires or from barking by snowshoe hares.
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CommEeRcIAL OpeRATIONS

Althongh little has been done us yet toward adapting thinning
methods to commercial practice, there would seem to be many excellent
uppertunilies throtughout the region Tor getting stands of poles thinned
on a commercial or self-snpporting basis. 1 the pulpwood market
continues to inprove, such opportunities will inerease, The minimum
top diameter for pulpwood holts is 4 inches, which neans that trees
as small as 5 inches d. b, h. contain merchantable wond. There is
also w limited market for conversion wood, or low-grade pulpwood
used for fberboard and msalating material.  Conversion waood, which
sells al a lower price than ordinary pulpwood. is made from trees as
small as 4 inches . b. b, ntilized to a 3-inch . i. b, top.  Since it is
considered economically feasible to ent as lttle 5s 3 to 5 cords per acre,
it should be possible to thin overstocked jack pine stands two or more
times before the final cut.

Thinning pole stands trom helow {that is, taking the cut entively
from the smaller trees in the stands) could not be generally introcyces
inte commercial practice, hecause the trees thus removed would in
many instances be too sma)l to be merehantable. The type of thinning
nsed will necessarily vary with the number of trees perucre.  Instands
30 to L3 years old, well sfocked as to basal area but having 4 laege num-
ber of stems per acre. the thinning will have io be carried out mostly
from above (that is. among the larger, taller trees) if merchantable
trees are (o be cut.  Stands having 1 moderate number of stems muay
be thinued pactly from above ani partly from below. Stands having
still fewer but larger trees may be thinned entirely from below.

-\ series of experimental thinnings established in 1940 1n 3%-year-olel
jack pine serves to illnstvate how commercial thinning may be applied
to stands of various densitics (table 12). On plot 1, the trees being
of small average diuueter, thinning was chietly from ubove; but on
plot 2, with a slightly larger avernge diameter, thinning was both
from above and from below,  On plot 3, the trees being of relatively
buge size, thinning was more generally from below. In each stand
the thinnings produced about 4 cords of pulpwood per acre together
with a smaller quantity of fuel wood, which eame mostly from tops.
Basal arens were reduced to 99 square feet, 92 square feet, and 74
square feet respectively on plots 1.2, and 3. (Hven an available pulp-
woorl market, such thinnings could readily be carried out as commercial
eperntions,

Tanre 12 - Heateriel remaved per aere in thinning 3 f-pear-otd joek ine
f b J ¥

Iensity of stanr Pulpwoyd retitaved Fuel
R I . waorf
Flot o Busal | $tand- | © P
P 1L5H Stand- anver- § adddl-
Uroes aren el 1 sipn ® Total Liph
Syrenre
Ntiwitier feed Cords Coriz Cords Cardy
Lo._.... 1, 23 122 20a 2,00 440 2,60
ivimn . 1, 104 114 2.0 174 475 1.92
3. - 8 a3 .02 1.48 4.0 .25

1 To d-fneh wop Inside bark,
# T 3-inch Lop insido bark,
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On plot 1 another thinning for conversion pulpwood should be pos-
sible after 5 to 10 years. Plot 2 can probably be thinned again after
about 10 years for standard pulpwood. Plot 3 may not be ready for
another thinning until 15 years have elapsed, but at that time it
should be possibﬁa to take not ouly puplwood but also some mine tim-
bers—a much more valuable product. The trees on plot 3 were prac-
tically all of merchantable size; thervefore, if present commerciul
practice had been followed, this thrifty youug stand would huve been
clear cut, with consequent destruction similar to that shown in figure
24, Clear cutting should not be practiced except for stands that have
reached full maturity.

By carrying cut commercial thinnings it should he possible to in-
crease apprecinbly the total yield during the rotation und to develop

FR2Is

MouRe 24-—Renmant of a thrifty young stand of mixed juck and red pine in

northern Minnesota clenr eut just when mauking its best growth; the ungler-

sized trees left standing Lave been broken off Ly snow and wind, whereas 2

light thinning on 1t veunnercinl basis would have left enough for mntual
prutectlon.

stands eontaining larger and more valuable trees. Any financial re-
turns from the sale of material thus removed would help to defray
the cost of keeping the stand until maturity. Such thinnings are
therefore recommended as good forest management.

ErrecTs OF THINNING

Insufficient time has elapsed for accumulating extensive records of
results from the C. C. C. thinnings described above, but repeated
checks by many foresters have in most cases shown acceleration in
diameter growth of the renxtining trees,
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One such case may suffice to show what can be expected. The 37-
year-old stand represented in table 11 was examined 4 years after
thimming. Increment coves were taken from crop trees on both the
thinned and the unthinned plots. Compared with the rate for the
4 years prior to thinning, the diameter growth rate of the unthinned
trees was 17 percent greater, but that of the thinned trees wus 67 per-
cent greater.

Growth in total cubic volume may or may not be increased by
thinning, but the growth rate of merchantable wood is almost certain
to be increased if the thinning is done intelligently. In 27-year-old
jack pine in northern Minnesota, greatly overstocked in nuinber of
trees but not in basal aven, a heavy thinning reselted in an increase in
rate of volume wrowth of the remnining trees during the first 5 eurs,
whereas light tﬁinning was followed by 5-year growth at a rate Tower
than that of the check plot (27). At the end of 10 years both thinned
plots showed better growth in diameter and in volume thun the wxi-
thinned plot (22).

It js likely that the rates of growth of thinned jack pine will tend
to decrease gradually to those of fully stocked stands as the stands
approach full stocking in basal area. A knowledge of how soon the
thimned stands close in and fully occupy the soil would be an aid to
judgment in deciding how heavily to thin. The reaction of a slightly
overstocked 20-year-old stand on'the Chippewa forest to thinnings of
varying severity in 1929 is of special infevest in this connection.

Remeasurements of the experimental sample plots after 5-year and
10-year intervals indicated that the 20-percent thinning was back to
normal stocking in basal area in 5 years; the 34-percent thinning was
back to normal in 10 years (table 13) ; the 44-percent thinning was not.
quite back to normalin 10 years; and the 65-percent thinning will ap-
parently requive 20 years to re(arn to normal, The decision as to
which of these methods is best depends u pon mtensity of management.
For small farm woodlands or other areas where frequent light cut-
tings for fnel and poles are feasible, 20- to 30-percent thinnings are
best. Where a second thinuing must be delayed until a large cut of
pulpwood or other products can be made on a strictly commerecial
basis, vemoval of roughly half the trees seems about right. The
heavier thinnings, however, create some likelihood of an unsesirable
increase in the density of shrubby and herbaceous vegetation.

What causes growth to speed up after thinning? ™~ The ecological
changes following a thinning of 27-year-old jack pine that resulted in
acceleration of growth were studied by SchantzHansen (22). Al-
though the increase in rate of growth was vou ghly proportional to the
increase in light, Schantz-Hansen concluded that in all probability it
was caused not by the inerease in light but by changes in associated
factors. He noted that where the stand had been heavily thinned a
soll temperature permitting rapid root growth was reached somewhat
earlier in the season than where ne thinning had been done. This is
in agreement with the general observation of many foresters thut
snow disappears sooner in the spring under thinned than under un-
thinned stands of jack pine. In this study it was found that 10 years
nfter thinning the total leaf aren was 33.8 percent greater on the heavy-
ily thinned plot nnd 18.2 percent greater on the moderately thinned
plot than on the unthinned plot,
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Tanty 1B ~Growth in basel areq per gere of o 20-year-old stend of jack pine on
the Chippewa forest in the firsi 10 wears gfter thinnings of vurying severity
made in 1525

Basgl arep fn torms

Basal yrea after thinping of normal density

Original .
Plot No. hasal ares Thinnlng

hgme- | W0 years | Apnual | Daste- | 20 vears
diste inrgase dinte Tnter

Perreent Sy L. Sy i Hereent | Percent
1] LH b4} 3. 9 112
&2 Bi} e 106
3H 63 A . 103
44 5 . a5
] 35 3 T8

A scattering of trees usually die during the first year or two after
thinning, a few ave bent to the ground or broken by snow or glaze,
and others are snapped of or uprooted by windstorms. Some are
attacked and killed by /ps bark beetles—a few apparently sound trees
but mostly trees that have been severely scorched by the heat from
burning siash. In recent years, the weakening effect of droughts may
also have played a part in Ips infestations. The losses from all causes,
so far as present experience shows, are not severe enough tu justify
changing the thinning methods.

The ultimate results of thinning young jack pine cannot be satis-
factorily appraised until the timber crop is ready for harvest, but
the following benefits are at present indicated: (1) Larger and
straighter timber than in old-growth stands; (2) less rot; (3) greater
assurance that trees on poor sites will reach merchantable size betore
beceming decadent; {4} better species composition in the case of mixed
stands; (5) greater total yield, if the products of thinning ave util-
ized; {6) shortening of the rotation. Timber that has been thinned
while young should therefore be easier to market than dense un-
thinned stands, The beneficial effect of thinning should in the end
be reflected in better stumpage prices, greater latitude in choice of
time of cutting, and wider sele¢tion in kinds of product o cut.

HARVESTING THE CROP AND RENEWING THE STAND

Harvesting the timber crop in a manner that assures successful
regeneration is the erucial requirment in managing a jack pine forest.
Recommendations on methods of cutting, ground preparation, and
slash disposal for promoting prompt natural preproduction are
-based on the experimental findings and cbservations outlined i1 fore-
going sections. In brief, these indicate that (1} jack pine seedlings
usually grow best in full sunlight, (2) reproduction shouid huve an
even start with low vegetation, {3} mineral soil is the best seedbed,
(4) cones attached to slash contain the seed needed for reproduction,
and (5) cones must be placed on or close to the ground for prompt
opening and release of seed. Application of these findings must vary
with character of forest, density of undergrowth, and kind of topog-
raphy and soil.

CLear Curtine IN PURE STANDS

When a pure stand of jaék pine has reached maturity at about 70
years, the aim in management should be fo hurvest the timber and
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to obtain reproduction immediately. while seed from the slash is
available and before grass, herbs. and shrubs become frmiy estab-
hished: Little dependence can be placed on seed trees, for, exeept on
south siopes and in the southern and southwestern pertions of the
range of this species, only un insignificant proportion of the large
supply of seed stored in the cones of living jack pines (tuble 3) is
annually dispersed (table 5). If sufficient seed is to be dispersed
haturally, it mnst come from cones in the stash, and the heavier the
cut the greater will be the quantity of seed in the slash {fig. 13).

Alse. as was previonsly stated. jack pine secdlings usuadly must be
free of overhead shade if they are fo grow satisfuctorily (table 7) ; and
they must make s quick start if they are to outstrip rapidly encronch-
ing herbs und shrubs.  For these réasons clear cutting of mature tim-
ber (together with scattering of slush and searification of soil} is vec-
ominended as a general practice. The fact that promiscuous clear
cutting s practiced in the past did nof induce successful regeneration
is not sigmficant; it was largely due tu windrowing of the slash and
failure to prepaire a suitable seed bed.

Before the facts leading to a recommendation of clear cutting were
well understood, partiut cutting was advocated for pure stands of jack
pine. Tt was thought that the residunl stands wouldl respond £o te-
lease, thas increasing the yield, and that the partial cover might facili-
tate regeneration, particularly of more shade-tolerant spegies, such as
eastern white pine, red pine, nud white spruce,

Tu 1926, experimental plots to test three kinds of partial cuttings
were estublished on hoth the Clippews and Superior Nutional Forests
in 65— und 60-yeur-old jack pine timber. On all these plots cutting
fatled to accomplish & material incresse in reproduction of the more
tolerant conifers, and juek pine reproduction was ilistinetly unsuccess-
ful. From the standpoint of growth of the vesidial timber, also. the
vesults were chiefly negative: on all threee of the Chippewa plots and
on two of the three Boperior plots the subrequent 10-veur merchantable
growth proved to be less than in adjoining unent stands (table 14).

Measurements showed that diameter yrowth of individaal trees did
recelerate after partial cutting, but volume growth per aere in ail but
one of the partial entiings was less than in the uncut stands, primacity
becanse of the reduction in growing stock. The one instunce (the d1-
ameter-timit cutiing in the Superior series) in which partial cutting in-
creased the volume growth per acre can be explained by the fact that a
lnrge number of trees 4 and 5.inches d. b. h. were le¥t, These trees
grew to merchantable size (5.5 inches d. b, h) dhiring the 10 years after
cutting. Sixty-year-old jack pine having the density of this particu-
Jar stand (936 trees per acre) is not commen, so the method has little
possibility of extensive application in stands of this age class.  How-
ever. i could be successtully applied in thinning practice to stands 40
to 45 vears in age,

Although jack pine in some situations may root to a depth of ¢ or
8 feet. on the thin. rocky soils of northenstern Minnesota jte root sys-
tem is exceptionally shallow. A 60-percent experimental cutting
of 12 acres of N0-venr-old timber on shallow soils on the Superior
National Forest was followed within 2 vears by death of 30 percent
of the residual stand, chiefly through windfull, Under such cond;.
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tions clear cutting is nearly always desirable. In somewhat younger
stands experimental cnttings indicated that to vesist the onslanght
of the winds the residual stand must contain at least 50 percent of
the basal area: but such heavy stands would mean decidely too much
shade and voot competition for good development of jack pine
reproduction.

Taure 34 ~-HWerchantuble growith after partiol suwlog enid pripieood cullings in
wee sty watwere’ facls pine, 1926

Hasal . Pl
Cuetting method, uri ':'_rrml::ll_:, Cutthte methad, T
Chippews serfes pwr uere | 1152._.“‘. BUerwr seriss LR alers
o Al s Dot
! f

. {irowth
Tl HETe
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b Percend _
U

| Pereemt [Bourd feel
Cheek...oovee.. .. { 4, 15 Clieek ..o .
Light selection. | 2 3, M7 5. A-ineh dinmeter 1imil 45
Heavy selegtion_ ., . . al 2414 Thinning [ram helow 58
&inch dinmeter anit___. . 82 885 Heavy selection. . o .

t Ages in 1926 Chippews siand, 56 years; Superior stand, G yours,

1 The gruwih on the Chippewn plote isshawn in board feet {over 7.5 inches . b b)) moed that ot the Seperior
plots in cords [over 5,5 inches . L, ) Beembse the 2 stunds were best suited (or eutting inte sawlogs and
pilpwoad respectively.

Any scattering of better species, sueh as red pine and enstern white
pine 1if apparently windficm, or some of the oaks if sound, can well
be left to form a small nueleus of the new stand. in which a mixture
of species is always stivicutturally desirable. Such residual trees,
blocks of younger age classes, and patehes of other forest types that
may be mixed in with the jack pine tend to keep the cleav cuttings
to smull size. On hot, dry southerly or westerly exposures unid open
exposed flats in the warmer part of the range of jack pine a special
effort should be made to leave a partial stand of jack pme and other
species as a protective measure. The shade of these trees will limit
surface temperatuves and evaporation rates to points at which seed-
Jings can germinate and survive, and the trees will probably contri-
bite a small but continuing supply of seed for regeneration of the
forest,

CROUND SCARIFICATION

Providing a suitable seedbed is an essential feature of successful
natural regeneration of juck pine under the clear-cutting method. 1t
has been shown clearly by the experimental evidence (table 6) that
mineral soil may be four times as efficacious as duff in promoting
prompt gerinination and twice as effective in assuring satisfactory
early survival, Exposure of the mineral soil by seavification of the
forest floor, carried out either before or after clear cutting, appears
to have considerable advantage over burning. Burned duff is a fairly
good medium, but no dependable method of burning has been evolved
for use in preparing a seedbed, To run fire through a stand before
cutting would greatly reduce the valne of the timber for pulpwood,
since even small particles of charcoal in the wood are decidedly ob-
jectionable to the manufacturer of paper. Moreover, it has not been
demonstrated that fire can be used in this manner without excessive
expenditure for control. On the other hand. scarification is free of
the risks of fire, is highly beneficial in promoting veproduetion, and




46  TRCHNICAL BULLETIN 863, U. §. DEBT. OF AGRICULTURE

i most cases is necessary if adequate patiyal regenerativn is to be
obtained after cutting,

Scarification has the greatest potentialities on sreas of sundy soils
where the stand of jack pine is faivly dense. Good judgment must,
however, be used in deciding whether a site is suitable for this troat-
ment ; otherwise woney is likely o be wasted.  In occasional instanees
jack pine sites that have been cut over or otherwise deforested are
already partindly restocked with advance reproduction of juck pine
and other species, which searification would destray.  An old stand
where only a fow seatiered jacls pines remmin and an undergrowth of
shrubs has already claimed the site, is another instance ; the jack pine
seed supply is fimited and poorly distributed. and tree seeclings would
face a hard stenggle with the estabiished shrub growth,  Sueh a site
can be brought back to forest productivity most readily by planting
with good-sized stock.  Sites strewn with houlders are difficiit to troat
and are hard on equipment. and the surface that can be treated sue-
cesstully s teo smadl to insure proficable results.

A number of different scarifying implements have been used on
Jack pine lands with varying degrees of success. In the fret attempts
at searification (he dudl was stripped off with mattocks and rules and
piled. This led to the establishiment within 2 years of more than
10.000 seediings per acre (I7); but the cost of fhis hand work was
unreasonably high. Tn later tests of ground searification, trials
were mide of sueh cride implements us a limby log dragged by a
horse.  Makeshifts of this kind proved inefficient. The ordinary
spring-tooth hurvow was next used, under very favorable conditions.
Atthough the treaiment vesulted in establishing a lurge nnmber of
seedlings per acre. this implement wuas not satisfuctory where there
was niteh gromud cover,  The type of disk harrow contmonly used
fo, matntain firebresks does faivly good work in seavification, hut
it ot rugged enough to be entively satistrctory.

Plowing fuerows at intervals of 8 (o 12 feet with a double-moldboard
planting plow las been tried with a dual ohjective—if seedlings did
not immediately cateh in the plowed furrows the ground would at any
rate be prepared for planting. Bat the percentage ot ground area
exposerd l}y Furrawing was not great enough to encourage much natural
repraduetion, and most of the seedlings that germinuted wore smoth-
eredd by leaves of hardwood trees and shrubs that fodged in the
turrows.

The mest promising toal thns far used is the Athens-type disk
plow, reduced {o the width of » fractor {(fio. 23). In 1940, sacrifica-
fion triale with this equipment resulted in establishment of 7.900
well-distributed seedlings per uere on a new clenr eu ting.  Tested
for 5 years. the Athene plow has proved highiy eflicient in exposing
minernl soil and appears to be strong enough to stand up under hurd
1%e.

How thoroughly the disking should be carried out depends to some
extent on the charactor of the forest floor. In wome places o double
disking. the second at right angles to the first. although necessarily
cosling more, may be necesry Tor adequate exposure of mineral soil.
On the national forests in Minnesotn where Athens-type disk plows
powered with 3i-horsepower crawler-type tractors have heen in aper-
ation on rather brushy areas, satisfactory cross disking has reguired
ahout 2 tractor hours per acre, '
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Preliminary tests with two disks drawn tandem fashion have given
promising results. As more experience is gained doubtless other
modifications and improvements both in methods and in design of
equipment will be possible.

Scarification may be carried out before clear cutting or afterwards.
If done beforehand there is no stush to interfere with the operation
of equipment, but in well-stocked stands 1t is somewhat difficult to
dodge between trees with a crawler tractor. If not done shortly
before cutting, vegetation promptly sprouts back and the effectiveness
of scarification is decreased.

Experience thus far indicates that scarification can be more efli-
ciently conducted atter logging when the equipment can ride over

F3atal
Foure 25.—aAthens-type disk plow, drawn by crawler tructor, used lo prepare
soil for nutural reproduction; ufter clear cutting, if rhe slash ix lopped aund
scattered, seed from the quickly opening cones will find a favolrable seedbed.

stumps and better coverage of the arex Is possible. Reproduction
then has an even start with all weeds and brush. The main disac-
vantage is the burying of some cones by the disk.

The effectiveness of scarification may be judged by the degree of
exposure of mineral soil. Second-year vesults of scarification tests
on the Chippewa Forest indicate (lable 15} that, in general; the more
complete the scarification, the more seedlings per acre.

1§ there ave insufficient cones to provide adequate seed for natural
reproduction, work done in scarification is not lost sinee it puts soil
into excellent condition for supplemental seeding or planting. Prom-
ising early results have been obtained both by planting 200 to 400 red
pine nursery transplants per acre, and by dropping small pinches of
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Jack pine seed on exposed mineral soil and covering lightly with the
foot.  The use of red pine trees for such planting is particularly
desirable on the more fertile soils where there is an opportunity to
improve the composition of the futuve forest,

SCATIERING OF CONE-BEARING BRANCHES

Under the clear-cutting method as recommended for jack pine, the
key to reproduction is the proper distribution of the cone-bearing
brunches. often containing 500,000 to 20001000 seed per aere.  In order
to obtain prompt opening of cones and release of seed, the small cone-
bearing branches should be lopped and scattered (fig, 26,) over the
exposed mineral soil. The heavier Jimby usually have no cones at-
tached to them.

The closer the cones are to the surface the better.  Temperutures

Fan

Friuwe 26 —"The jack pine has boen cleste et wind the slush lopped and seatfered :

s pemnnte reproduction sentlered red Pines haive been left to seed in with the
Jack pine,

at the ground surface are sufficiently high during warm weather to
calse cone opening. but the air only a foot above the surface is so
mueh cooler than even at such heights cone opening may be delayed,
resulting in undesirably late germination.

ince experimental tests show {fig. 17) that the earlier in the spring
the cones open and shed (heir seed, the more likely are {he seedlings
to survive, cone-bearing slash should be lopped anl scattered before
the warm geason (cone-opening thne) comes on.  With disposal thus
provided for, fall, winter, and early spring all appear to be satis-
Tactory seasons for cutting. If timber is cui in midsummer and the
slash 1s lopped and seattered immedately, seed dispersal may take
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‘Panng 15.—Nwmber of seedlings on plols with different pervenls af mineral soit
capused, counted 2 yeirs afler searifivation?

fasls Soedlings—

Expessure of winend soil {pereeul) Por
stocked | Per sere
quandrat

Miliere T Sroeked
widrats - gqurdrats

i . .. : A3 . 35
B .. 42 48, 5 1.4 4065
T T o . 42 5.5 22 1,385
A0 . P4 &0 4 3.7
70 or mre . S | & 108 3 58

Nuriber | Pervent | Number | Nuwiber
i ] i )

7, 20
5 835

L Dpta teken on #n area on the Clhippews National Forest searifhed y 1037,
7 Milnere means 10 qere,

place soon thereafter. but should stedlings as a result germinate in
late summer or early antwmn, they run the risk of winter-killing.
If cutting must be done in midsummer it would be advisable {o bunch
the slush and not scatter it until the hot weather has passed. Then
the cones will not open untit the following spring or early summer.

Witk close utilization of wood and thorough lopping and scattering
of slash, it is rather surprising how little debris is left. The fire
hazave is not high, but in some cases the slash is sufficiently heavy to
offer mechanical obstruction to young seedlings; care must then be
taken to place onlty the cone-benring slash over prepared soil,

Disposal of slash by burning is not only unnecessary in connection
with scattering but is aiso undesirable. since it destroys the seeds in
the cones attacgrled to the branches. Before the seeding characteristics
of jack pine were fully understood. however, burning was recom-
mended as a method of bringing abont reproduction,  Sterrett (23),
contmenting on nationnl-forest practices in 1920, said that in Minne-
sota it was sometimes considered necessary to lop and scatter the slash
and burn it in order that the cones wight open and let out the seed.
Some foresters still believe that the way to get jack pine reproduction
is Lo run a “light” fire through the slash to open the cones. A number”
of experimental attempis have been made to follow such recom-
mendations, but without success (6). The fre, if it runs at all, is hot
enrough to destroy most of the cones, and ulso any advance reprodug-
tion. The good reproduction that has sometimes followed broadeast
biirning of slush is probably due rather to seeding from residual trees,
the cones of which were opened by the fire, than to seeding fron: the
slash.

Par11al Curting IN MIXED SrTanps

Juck pine sometimes cceurs in imixture with one or more species
such as red pine, white pine, black spruce, aspen, paper birch, juck
oak. and red oak. In such cases partial cutting provides a way of
favoring more valuable species at the expense of others.

In forests of mixed rec and jack pine particularly, partial cuttings
have a real place in management. Red pine not only is more wind-
fivtn than jack pine, but also lives much longer. In such stands the
jack pine should be harvested in a series of partial cuttings, in which
some of the larger and rougher red pines may also be removed if
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the stand runs heavily to this species. The smoother red pines that
have been well pruned by natural processes should be left to develop
into high-quality saw timber. Neither slash disposal nor reproduc-
tion is an urgent consideration in such cutlings.

The money returns from partinl ents are good because only the
larger trees of comparatively high current value are handled. A
cutting of this type carried oul by Paul Zehngraff in a mixed ved und
Juck pine stand on the Chippews forest removed 2.945 board feet per
acre (almost all juck pine) or 13 percent of the basal aren. Since the
trees were rather large, l'ho.‘y were sold us mine timbers at $7.50 per
M board feet in contracls with the prevailing rate of $3.50 per M for
avernge jack pine sawlogs,  In the second or any later operation, i
ovder to mmintain a high yield, somewhat less volume should be cut

Fassace

Frevks 27.—A desivnble Hght partial cotting in g 70-renr-old stand of mixed Jack

pine and rid pine in which 3000 board Yeel per acre of large juck pines have
heut: removed.

than has been added by growth since the last previous cutting. This
practice has been followed suecessfully in recent vears on the Chip-
pewit forest, where market conditions male it feasible to cut as lightky
18 1,000 ro 2,000 feet b. mv. per acre (fig. 27).

In northeastern Minnesota biack sproce commonly oceurs in associn-
tion with jack pine.  Although this species is more valuable as timber,
favormg it in cutting has so far proved unsuccessful because of ox.
cessive windfall losses. In order to bring through black spruce in
sucl mixed stands it would be necossary to remove the jack pine in a
=eries of very Hght partial cuttings. This is probably not now eco-
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nomically feasible, Moreover, black spruce on upland soils is suscep-
tibie to butt rot, which lessens its wind-firmness.

The choice between jack pine and broudleaved species should be
based in part upon the character of the soil. If the svil is fertile, it 1s
almost impossible to maintain juck pine for more than one rotation in
competition with nspen or paper birch. On poor soils. most broad-
ieaved trees not only have little commercial value but offer less com-
petition to jack pine. They should be thinned out somewhat if the
material can be disposed of. but not to the extent of transforming the
stand into pure pine. Hardwoods, in genersl, are superior to pine as
soil builders. To some exient, they may act as insect retardants.
Ouks, of course, provide mast for deer.

Partial cutting must be conservatively applied. sinee excessive open-
ing up of the overstory enconrages the development of i minlerstory
of shrubby or herbaceous plants, which may make it difficull to obtuin
pine reproduction. When the time contes for the final cut and the
stand i to be regenerated, either naturally or artificially, low vegeta-
tion is a hindrance. in that it provides shelter for snowshoe hares and
seed-ealing rodents, interferes with germinution of tree seedlings, and
competes with the seedlings for water and light needed fur growth.

Jack PinE Svasn as A Fire ProeLeEas

Jack pine slash is greatly overrated as a fire menace.  Slash burning
on jack pine land is actunlly a wasteful and ineffective mensure (4).
At most, the breaking up of slash into small blucks has merit as an
acdvance meusure for suppressing fire.  In attacking a fire with hand
fools. it is helpful to have some previousty cleaved lines feom which
to work., Tor this purpose a few lines may be needed as supplements
to natural barciers and logging roads.

‘The current notion that jack pine slash is a great five hazard is
something that has been pussed down from a previous era.  During
the early days of logging in the Lake States, when extensive continu-
ous stands of enstern white pine and red pine timber were clear cut, 2
slash fire often started a conBagration that did untold danage.  Today
cutting arens are generally small, no wide expunse of slush exists,
and the pine slush present is mostly that of Jack pine, which is much
less dense than the slush from heavy stands of eastern white or red
pine, especiully after lopping.  Moveover, it has come to be recognized
that slash fires, although hot, do nol spread particularly fast. This
was brought out by an investigation made during 1938, by Russell
Watson under the direction of J. A. Mitehell of the Lake States Forest
Experiment Station. In the jack pine type il iz the lighter fuels, such
as grass, that carry fire rapidly. Quick action with heavy machinery
mukes it possible to control fires in jack pine slash and to construct
fire lines rapidly through the slash on a poing fire,

In any event, jack pine slash disintegrates rather vapidly and does
not remain a fire hazaved for long {fig. 28}, On the basis of observa-
tions on commercial cuttings in Wisconsin, Zon and Cunningham (38)
estimated nbout 7 years as the average time. It muy last that long
where it is bunched in large windrows, but it lopped and scattered it
is not likely to remain an important fire hazard for even 7 years. Slash
lopped and scattered on experimental cutting aveus on the Superior
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National Forest in 1927 practically disappeared within § years, Slash
treated similarly in 1981 at the Miclhigan Torest Fire Experiment
Station, Roscommon. Mich., broke down as quickly into a lnyer only
a few inches deep nuixed with the grass.

The slush-disposal policy for the national foresis™ of the Lake
Slates has as its primavy purpose reduction of the fire hazard. but
vecognizes that slash disposal can be so managed as to assist in
reproduction.

It ix obvious from the wounding of the Stafe slash-disposal laws in
Michigan (#). Wisconsin.™ aud Minnesota (/3 that they have been
designed te aid in fire protection ouly, with little realization of theiv
effect on natural reproduetion. For clean-up along highways piiing
and burning is the usial slash-disposal pravtice specified, although
swamper burning (hirning as the valting progresses) is loss expen-
<ive and more salisfuetory  From a o fire-protection standpoiut.'
Swanmper buening i o particularly safe method wlhen a‘p]:!iml wncler
such conditions thal five will not run, and it kills less advance repro-
duction than other methods of disposal by burning.

Even along highway o other rights-of-way. wheye it may tempo-
rarily improve appenrances. the efficacy of dispozal by burning is
open’ o question.  Slash burning never eliminates the highly inflam-
mable grnss and blucherries (Vaceinium spp.). and in many burn-
ing operations the muming together of the fives between piles favors
the further spread of these nnd other highly inflamable plants (fig.
29). Disposal by such methods destroys the seed needed for repro-
duetion and merely postpones the date when a desirable forest cover
will be restored.  Funds available for slash burning would Letter be
spent in infensifying fire protection until the slash digintegrates.

RESTORING DEFORESTED LANDS WITH JACK PINE®

Adverse weathor will somelimes canse natural reproduction fo fail
oven theugh the best known methods of cutting. ground searification,
andl slash scattering have been applied.  If reproduction does not
become estalsdished in 2 or 8 vears afier eutling, it will be necessary
(o resort to phnting in order to restock the area. Open or very poorly
stucked svens not only contribute nothing iu growth but wiso require
more than average outlay for protection. In the Lake States, pro-
teetion cosls per aere are nearly bvice as great for nontimbered uplland
as for lund forested with =econd-growth pine.®

Jack pine is a suitable species for restocking jack pine avens where
regencration hag not raken place promptly after cutling. and for the
artificial return of other deforested pine lands to productivity, It is
the best of the Lake States conifers for refovesting light sands and
soils badly depleted by fire. beeanse of its hardiness, rapid early
growth, and production of merchantable material in sithations where

¥ Outlined in 1he Administrative Section of he Plmber Manugement [Mandbook, . a.
Warest Secv., Noeth Cont, Beghpn, (TS pp. 1940, | Processiad. ]
B W SeoSSIN CONSERVATION COMMISSION,  WISUONSIN COXSERVATION Laws, 1580,

5 of publivation.]
NITER BraTHES FOREST SERVIOE.  SLASRH PISUOSAL-—IACK PIXF, 1. 8, Forest Sery.
Take Stnies Bgpt. Sta, Tech, Neie L[ p. [nedle Proeessed.]
= he pecomtendations made i1 this geclion reprosent essenlinily the stamdard reforestn-
tion methods I practice on (he mationss Toresis I (he Lake Stales
SUISIrED BPaT FOREST SEKVICE,  BELAVPIVE [TAZAND AND ENTTMATED COST OF PEOTECTION
WY MOUEST TYPES-~LAKE STACE G, 8. Vorest Serv. Lautke States Fovest Iixpt. Sta. Tech.
Nores 78, (11 p. 198, [Processwd.]
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growth of red pine is nncertain and eastern white pine grows pootly
{fig. 80). Use of jack pine on sites that are sufficiently fertile for
growing red pine, eastern white pine, or white spruce is rather ques-
fionulile, since all three of the latter species produce timber crops of
greater value. However. certain characteristics of jack pine tend to
encourage its use for reforestation even on such sites. Because cones
containing seed are always present, 1t is not necessary to foreeast re-
quirements of seed and store it in cxcess of enrrent needs. The seed
germinates promptly and vigorously in nuvsery beds. The seedlings
cun be planted successfully in the feld when only 1 or 2 years old,
wherens other northern conifers vequire 2 to 4 years in the nursery.
Consequently, it is possible to institute a reforestation program with
jack pine, either by direct seeding or by planting. much more quickly
than with other novthern conifers. Other advantages ave cheapness
of planting stock. snperior resistance to dronght. a nd greater eapucity
to outstrip brush and vther competing vegetation in height growth,
PramrinG

Practically all jack pine planting stock nsed in the Lake States con-
sists of 1- or 2-year-old seeclings. Transplants (1-1}* are better than
sither 1-0 or 9-0 seedlings; but they cost considerably more, and in
most cases the seedling stocks is satisfuctory. Seedlings 1 year old ave
planted extensively on the easicer sites. that is. those where vegetation
is light and moisture conditions ave velatively fnvorable, Seedlings
9 years old are used for the more difficnll situations, those with heavy
vegetation and those that are very open und subject to drought and
high temperatures.

Good-quality 1-0 seedlings for field planting have tops about 3
inches high and roots at least 6 inches long. In some nurseries it is
difficult to produce stock as lavge us this in one season.  Seedlings 2
yenrs oid should have 4- to T-inch tops and roots more than ¢ inches
Jong. The 2-0 stock has a strong tendency to become top-heavy and
spindly, and is likely to be too tal} rather than too short. These unde-
sirable tendencies ean be partly overcome by various methods, inelnd-
ing growing the seedlings at low densities. restricting the watfer supply,
and pruming the tops. Recently 134-0 seedlings, produced by sowing
seed in early summer and holding the plants in the seedbed until the
second fall. have been tried sunecesstully as a substitnte for 2-0 seed-
lings. Such stock has g better balance between top and roots than 2-0
stock.

The best method of preparing sites for planting is to furrow with
a heavy plow drawn by a cvawler-type tractor. On excessively rocky
ground or where machinery is unavailable. spots or “scalps” for plant-
ing can be prepared by cutting away 18-inch squares of the sod or litter
and vegetation with mattocks, grub hoes, or similar fools. Where
feasible, plowing is decidedly cheaper than hand methods and more
thorough, increases the speed of planting, and has the further advant-
age of greatly reducing plant competition. Almost mvariably, seed-
lings survive better in furrows than on “scalps.”

2 in ayinliols classifying noarsery stoel such as J=1, the firsi nwmeral inticetes mnnber

of yeurs in the seedhed, the second pnmeral muuber of years in the teangpiant bed. Thus
& 1-0 tree is 1 your old nad o 1=1 gr 2-0 trec s 2 yers oll. .
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Spacing must be rather close in order to prevent the frees from
becoming too limby. The practice regularly followed by the Forest
Service is to space the trees 6 by 6 feet (1210 trees per acre) on the
better sites and 4 by 6 (1,815 trees per ucre) on the poorer sites, where
trees nuturally grow more densely. In eifher case, the planting fur-
rows are plowed § feet apart; the spacing is varied by changing the
distance between trees nlong the furvow,  One pulp and paper com-
pany now catrying on a fair-sized reforestution program plants from
1,700 to 2,700 trees per acre.

Jack pine shouid not be pianted in pnre stands over extensive tracts,
because of the higher risk of insect and discase epidemics and the
probability that many sites. when they have recovered from the in-
jury caused by clear cutiing and fire, will become capable of support-
ing more valuable species. In site requirements red pine resembles
jack pine more closely than any of the other associates. and 18 the most
suitable species for extensive planting in mixture with it. especially
with natural reproduction of jack pine. Red pine is useful also for
restoring open areas to productivity. Very few phmting sites are
actually denuded of tree growth. and maost jack pine plantations con-
tain a sprinkling of associated species, including oaks, aspen, paper
birch, balsam fir. sproce. red pine, and eastern white pine.

In a reforestation project the trees may be planted in mixture by
blocks or strips, if the soil and vegetation arve uniform. or. if there are
pronounced variitions in site quality or cover conditions, by putting
each species on the more appropriate sites. The Litter methad 14 being
used extensively on the Nicolet National Forest. Wis.. m planting
various combinations of eastern white pine, red pine, juck pine. and
white spruce (74}. Row-by-row or tree-by-free mixtures are not
recommended, because of the danger that the jack pines will become
limby before the other trees grow large enough to erowd them. The
Hmby jack pines would then overtop the frees of the slow-growing
spocies. This outcome is parlieniarly probable on the poorer sites,
where red pine survives along with jack pine but is crowded and
suppressed by the more rapid-growing species.

Jack pine stock withstunds handig very well in the process of
transfer from nursery fofield if it is given reasonable eare during the
lifting, moving, and setting operations. It is. of course. subject to
attack by the same destructive agents as are natural seediings. Losses
in the fivst growing season after transplanting. however, should not
be more than about 10" percent if weather and soil conditions ave favor-
able. Spring planting is prefernble. Fail planting can lead to
considerable losses ()’33, attribatable partly to soil desiccation before
the dormant roots have Hime to establish a good contact with the soil,
partly to frost henving, and partly to the fuct that jack pine nursery
stock Fails to harden off adequately in time for fall planting.

DirectT SEEDINC

Juck pine is superior to any other Lake States conifer for direct
seeding (24). The seeds. being unusually small, ave less sibject to
destruction hy rodents than those of the other pines.  Other factors
m this superiority are prompt germination and rpid growth during
the firat year.
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The most efficient method of direct seeding is to sow with & garden
drill in plowed furrows, using about 4 ounces of seed per acre. This
method is less laborious than planting and, if a satisfactory cateh
results on the first attempt, costs only one-third to one-half as nnich,
For direct seeding, newly cut-over areas or fresh burns have certain
advantages over deforested areas of long standing,  On fresh burns
there is less plant competition and less danger of the seeds heing
eaten by rodents. A severely burned tract of approximately 300
acres on the Superior National Forest was sucessfully reede by lnoad-
cast sewing in 1937 In prepuration for seeding, the ground surface
was torn up with « toothed harvow. That the operation as & whole was
at least us expensive as pluanting with seedlings would have been was
due to the excessive quantity of seed nsed—2.5 pounds per acre. On a
consideruble portion of this area the restilting stand was mueh foe
dense-—over 15.000 trees per acre—and needed u heavy thinming when
only 3 yenrs old,

Many areas on the sandy outwash plains of Wisconsin and Michigan
have n permunent water table unly 2 to 5 feet helow the snrface. which
tends to keep the surtace soil nwois* and relatively cool. Such sites
are distinetly promising for reforestntion by direct seeding (26).

In general. dirveet seeding, although cheaper and less lnborious than
planting. is less relinble, becanse of the possibility o severe losses from
seed eaters. heat. und drought and also the inability of the young
seediings ro withstund pland competition as well as the farger planted
stock does.  Sites satisfactory for direct seeding are better-thun-
average “chances™ for tree planting. The opportunities for success-
ful direct sceding are therefe - somewhat limited. but as experience
and skill in application are pained. direet seeding will undoubtediy
be used more and more in reforesting suitable sites, with a considerable
reduction in cost,

SUMMARY

Jack pine. once regarded as a weed tree but now extensively used
for pulpwood and other forest products. has excellent possibilities
for silvicultural management. The great extent of its distribution in
the Lake Stutes, nearly 8 million acres. is die chiefly to fire and to
peculiar seeding habit of the tree. Closed cones accumulate on the
trees until a forest five, running through the stand, opens them and
pernits seed to full on the burued soil. & favorable seedbed. Because
In many eases jack pine has not regenerated successfully after logging
of second-growth stands, studies have been made of rf]e factors gov-
erning its reproduction,

These investigations, covering 14 years. indicate that in most places
where jack pine is found fow seed nve scuttered from standing {rees
but large quantities are stored on the trees in unopened cones. Log-
ging transfers this seed supply to the slash. If cones lie on or close
to the ground. they are opened by the heat of the sun angd disperse
much of the stored seed. In piles or windrows the cones fend to remain
closed. Mineral soil is the most favorable medium for germination
of the seed. although a burned duff surface is nearly as good. Young
seedlings survive best, ulso. on mineral soil. They make most rapi
growth in full sunlight. requiring little or no shade except In espe-
cially hol situations, In order to compete with herbaceous and otfler
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ground vegetation young seedlings should have at least an equal start
with it. Seadlings germinaling i the spring or early summer have a
better chance of surviving than those germinating in late summer or
autumn, s the latter are more subject to winter killing.

Jack pine grows quickly and ig relatively short-lived. It begins
to decline in growth rate after 50 years and ordinarily matures at
about 70 years. Pulpwoud is produced as early ax 30-33 years. Many
stands of this age could well be thinned for such products and then
Hermitted to arow into sawlogs and mine timbers. whieh command

igher prices. Dense younger stands benefit by thinning becuuse they
are slow to thin themselves naturally and tend to stugnute.

Clexr cutting with mechanical ground scarifieation and scattering
of cone-bearing branches is generally veconmmended for harvesting
pure stands of mature jack pine and obtaining natural regeneration.
On warm exposures. however. a partinl cover of forest should be left
#s a protective measuve. Scarification with an Athens-type disk plow
drawn by u tractor has proved successful.  Jack pine slagh is not con-
sidered fo be a serious fire hazard. so that the Jopping and scattering
is entirely practicable. Where growing in mixture with red pine,
jack pine may be removed in a series of partinl cuttings. In this man-
ner the longer-lived and more vatuable red pine may be perpetuated.

Much of the large ares of deforested pine land in the Lake States
is suitable for artificial rveforestation with jack pine. Essential re-
quirements of successful planting are gronnd preparation by plowing
furrows, sturdy stock. and aftercare to release seedlings from com-
peting vegetation. Direct seeding with jack pine has been found
successful on especially favorable sites
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APPENDIX

Taubles 16 (o 25 wil bhe fonnd wtefild o esiboniing the conteids of standing
trees of ek ploe, whether in hoard measure, enbic foel, cords, or picee produaets,

By theans of table 1 the aper iabie, volupe taldes ¢isa be constrgeted on the
basis of any desired standasts—board Feer v cubic feet, any specified top-
diameter )imir, tolnl beighl o merchantable height., It ix posgible, for example,
to determing how sy boeltg of different dinowelers or mine timbers and potes
of differcnr tengths can he enl, apder aoy utiliztion praciiee, from trees of var-
fony sives.  Tubie 17, derivesd feomn table U shows mnbir of picves of mine -
bers, poles, vl Mgping oo e basis of complete utilization froe a Yoot stumgp
to & op Qinmelor of 3 Tuches inside barle -in other words, on the asstnption that
the recs arce straight and sound and thai Dimhy poles aud laggiug aee usable
Ir chowdd be remetnbored that fables 3 and 17 make po allownner for the proseies
of vuil trees, rol, swoeop, crook, or exeessive hmbiness, D using fhe tabley it will
conmonuly be neces=ary Lo apply cull Jaclors caleulated for the partienlar staod
of thmber being extimaied,

Pirble 18 shows cabic-lfoot volimne of the onlive slem, inelnding hand, of trees of
Qifferent dinmeters nnd {ufal heighrs,  Table 10 shows volunge in standacd vords
of the stem feom o T-Pont stwng (o top digmeter of 3 inches outside bark, The
cordwond volunies represent fho anaterin) as stacked unpecled,  Peeling losses
are prosentod in (he st eolnon in oeder e the voluaie of peeled wood may be
compuied.  Actnal wtilization i (he pegion i setoewlg less eomnplete than to a
S-ineh 1ap disuneioy epizide bark; mure contmonly, juck pine is eut only to o 4
ineh top dinmoeter ingide bark.

fabio 20 shows the effect of different utilizntion standards on fhe volume of
puipwoeod obizined from jeck pine recos of different dinmeters; thatl is, it shows
ihe relnfive volumes of wood produced §f the frees are cut (o top dlameter lhnits
of 4, 5, or § inches inside bark instend of 3 inches oufside burk {which is the
wrifization standned ased in table 19}, Althonzh the gverage loss per aere de-
pends upon dinmeier-glass disiribntion, it is apparent that s slighi chaige in
utiligation Nimir may manke # considerable chinge in volume of pulpwood pro-
duced, particularly in stupids of <simall Fimber,

Pabies 21, 22, and 23 are bonrd-foot voalume fables of two kinds., Table 21
ghows yolwne betwoeen (he stonmg il G-inel top dinmeter inside bark, amd is
based on total helght of trec. Tables 22 and 23, on the olher hand, are based on
log height and show volume fo i vaviahbie {op. ‘Their use reguires muasurement
of tree height ro the Thnil of merchantability, delermined by branches, defect, or
the specificd minimum dianmeter

Table 24 gives the perceniage distribation ol (rees by brenst-high-dimmeter
cluss in normal stands, Table 23 gives (e percentige relation botween dinmeters
nnd foral heights of trees in normd sinnds, For exanple, g stand 6} vears
old having an average diuneter of § inches and an avernge height of 60 feet, the
hetght of 2 4-inch free is found by use of Lhis table (o average approximaiely 40
feet. Accurnte nse af {he fable requives plotting of the data and reading from
the enrves, DBy meians of these fables e puek pine yield Labic {(fable 8) can be
adapred to any requirgd standaed of nlibization and any usable product.
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TapLe 17.—Piece-product table for jack pine® (mine timbers, poles, and lagping)

. i S A i i3 3 .
Diameter ab breast | g, 0 Timbers Addltieani poles Adddition-

height outside bark {0 & lag-
i ght 1
{inches) l Sdoot | Infoot  12fool | Soot ‘ Jofoot | lzdoot | P

'

= . ! | :

i Feet ¢ Piecer | Plecer . Fleces Fieces Plecer | Plecey Pieces
: o

L
hin

paray
I

0 p e O

I =1 h e 00 I~ R A K S I e D DN S S O

P

L gngamaw
) [ARAR IO B Yo Lo R o

[

e e s b a TR ]

L

<R =R e R o]

S o Bt et i e 1 1

3
4.
2
3
1
3
3
i

! This tabie, prepared by 5, I Gevorkiznta (rem Lable 16, shiows coangdeke uthiizuiion from -foot stump
to Adneh Lp, withent allowsnes for call, erook, Bmbioess, or any other defeet,

2 g i onihiireein top dinmmeter of T hiclws fustde bark,

#Tg s minimum top dinincter of 4 fnches foskic bark,

¢ Loggiug G fort long to o Lop dinmeter of 3 inches inside bark.

PauLi 18- -Potal unpeeled voluwme of jock pine {35)

Ynpeclod volume, by tatal ieight i e~
Dismeter ai breast heighl
(inches}

i : ;
us jap . 35 40 45}5{::55 G085 I} Y6 BD

Cu, Cu.IC’u.IC‘r.-.. Cu | Cu Q. Cu.!Cn. A Gy Cie,
f g fl fe | L | .
M5 Ly L&
9| 2.4 2.7 % 0] i
2 a8 4l 483707 50
3] 4.0] 5.4 5.9 6.5 7.0
o
0
7

0.8 1.4] L2
L3 e Le
2.0 2a]| .8

I

. 2,
3.

132 0.8 4.
b
] 7
. 3.

6.3 6.09) 7.6 8.3 0.0
7.8| 8.7 0.0[40. 511, 3
] . TEIL BTLL Bk 014, L
_ LB UL 4|15 TR0

Aee.-|TBE17. 128, Bi20. 2
[ P T N 2!.?123.5 . .

24, 0;27.0[20. 1132, 2135, 236, 2]s7. 4

o, 31. 3,33, 7[36. 5138, B[ 7. B{33. 3
. Elas. 1';318'%]43. 2}a6. 0{48. 6
e e e B -n.u-iu‘a:@l.:a‘ 1|40, 2|52, 2}55.3
. I

1Dals collocted In Minnesota, Wicconsin, nnd Micligan In 102125, Fable prepared by furm-inclor
method by A. B, Wackerman i 1925, Volaine itenidys siumy, stem, top, aud bark,  Heavy Noes indicate
Hmits of basicdaly,

2 Totnl: 1,474,

6. )



http:2.2.2.41

64 TECHNICAL BULLKTIN 863, U. S. DEPT. OF AGHICULTURE

Tasck 19-—Merchantablie cord volume of jack ping (351

Unpeeiod wolunre, by {otal helgliz in feat— l

Diameter st breast m———— e - - Basis,  Pooling
helght {itiches) a0 R a0 | w0 0 se | 0 treps 2 lossd

T

Clurds | Coede Cards Cords Corids Cords ; Conde -~ No, Prreent
B, 602 Bos] 0.3 . 151 |
A2 | a0 b a2t ] 12.8
i T s Tesl e T B TR B T Y
i TR .08 N . R 1,5
7 .05 e Q. 24R i
i Nt ol . 125 o.n
% RTS R : 7 8.9
| i ooml o . St B
1] LT T . 8.0

.24 . A2
28 .32
1 L 8
D Ll 7 . 4
|

t Data collecticd in Minnesota, Wiseonsuy, and Micligen in (024 25 Tabhke projared by AL B, Wackerman
fromn s merchuntable cobde-fon) volume teble, by use afnonvor! ine faelors varsing with hrenst-high dbunetor,
Velume ineledes stei and bark above n -fook stanip to n o] dimneter of 4 inebes auisile bork, Lnil of
megsure s standurd cord, 4 by 4 by 8 feet. Eloavy nes indicale Hiits of basie dats.

2 Total; {, 404,

1 Data on loss in steeked volimue die ta peeling collectod ot Superior Natipnnl B

wrust i1 JEG-37 hy Lake
Btates Forest Fxperlmeul Sinfon.  Basis, 77 cords of woorl cnt into 100-inch bolts,

Pasrp ~Volume of stacked wood in vetalion to wminimum top dicmeter >

Volwmie t atillzed per free when
utilizatfon oxiends tn o top of—
Blameter at breast hwight, outside bark {inchos) -
Cddaches  duchos Sinches 8 inches
[IHE inskie ipsido inside
bark  hurk . bark . bark

! 5 . ]
A 3 261
. L X : 50,0

L e .5 775
w S e . . § SL6
1., . . e . a 02,0
[P Ce e [ - . X 89,0

b Preceat Pereent | Perceal | Percent
. I} (LNt}

! Example: In adle M6 wit] be foundd that = 5k 50-fot troe bas o velimme of 541 eord if atHlized to a
3-tuch top. outside bark (16 pereeat iy tabile M1, This mbde shows that He sniue e, If utitized Lo a 4-inch
l.o?a Insida hark, will yield 60 percent o 0.01 cors!, or 0.024 cord.  Husis, 155 eords,

Of IgiHinch bolts.
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"PaRLE 21 —Bon r‘d-foof. volume, Seribner Decimul © rule, of jack ping (35)

Hasis,

}
i Volume (to & G-ineh dismeter inside bark} hy total helght in feet—
' troes t

Dinmeler L brenst

Tiolght {inehes) \ \ :
| IR 1 I ki) 35 o : : 3 . Bb K

0 b bk 1 WL e, 10 Bd, 20 hal, 160 ind, 13 bd.gn’ﬂ i1 hd, WY ek
. A f L R Y O B A R [N

TR 4

L2TET

$ B6 TY ) S2 L
7.3 &0 &% OGTWOR[__...
P80 B0 s 1L I26] 13.0
Wi L rI12E 13510431 16T
(5 1a 151 162 ] IT.65 1506
154 1551 186 LD 2040

5,5 1 2003 © 2L% 2LE 0 .4

I P T e o s U R
.t Datn soltectet it 3 Inneoia, Wiseonsin, s Michigan in 1424 25, ‘Table prepared Iy AL B, Wagkeriunn
in 1025, 13[III)1|! hicight, 1 feel, [lenvy Hues indicate limits of busic dals.

1 Tolnl: ),

. L5 Ly 2l ' L
WA LA £ Ly 3% 48] L3 [P
J 4.7
&

PanLe 22 —Bomrd-foat polwse. Seritmer Deciant ¢ rule, of jack pine (31

: YValume (oo o varlable Lop diatterens hy '
snnber of 16-fpol logs- - finsis
- i

Dyinmoter al hireast efzht tinghes) - . - LIRS
i

bl ¢ 80 baarit 40 Doed . 19 dard Niabet
fect i) fest -

: 12

ia

1.5 zl

121" ]

.6 I bl

Lz

1
i

Rpsls (Lrees) oo P i J

1 Datn collvetrd in Minnesota, Wiseonsing, and Aichigan in 1024=2  Preliminary fuhle, prepared by 3. i,
Gevorkiantz [ron James W, Girard ‘s fonn-cluss taper tokiles T 103, Stummp heieht, | (oot T'op dinmeter
varinble, not loag than Glinehes,  Averoge dovintion, =114 perevni. Tfonvy Hnesindigsteinis of basit data.

g 25 ~RBoerd-fool volwme, Tnternulionat 1-inch rule, of jack pine?

Valume (toa varfahle 1op dhn.
eivr} by number of 16-foot logs—

Binmeter al brenst height inehes)

Bowrd ~ Bowrd
feed ¢ fert
o
114

L5%

Ly I
142 10
HS 2m

1 PP s

1 Prepared hy Russeli I, LeBarcgn ju 153 from Lablg 22, Samp hefghi, L pot, Top disimeter wvariable,
nok loss Lhen @ locbes,
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j{I‘mﬁ:- 24 —8tand lable for fully stocked, pure, even-aned forests of jack pine (3):

Distribution of Lrees in terms of LoLa), number of stems, by average

Diameter st breast height dinmeter of stand in nches—
{inciios, T - : 1

i
5 t+ 6
i ; : .
PercentiPereentiPercent| Percenti Percent, Percent) PercentiercentfPercent
S — W20 0 B0 . 108+.108 L4 00167 0,07 0. . L 1
PR o t] .42 480 . 865 : B3 06
B 13, 3 . LA 13,40 h 85 . L
h 24,30
26, 90

18.20
750
2.85

.
.14
.01

SBRTBRRBRN

100,00 . 10000 ¢ 100,00 | 200.50 110000 106, 00
R #0080 % 8,

: .}’“}“,mggfl“d in Minnesota, Wisconsin, and Michigan in 1024-40. Tabic prepared by S. R. Gevorkiants
olal: 2.

Taste 25.—Generalized diameler-height cures (31, jock pine, aspen, and white
pine!

F‘ ‘'oza! helght in terms of
i average height of
stand, by age class of

ThHumeter &t breast height in terms of average dismeier of sthirl {pereent) stanel-

W0, 41-80 T 811
years Years YoRrg

Percent| Percent, Percent
F 5 B0

88 %
104 100
14 12
15 18
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