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CHARACTERISTIC APPEARANCE OF DENSE-FOLIAGED WHITE PINE ON THE
RIGHT, THIN-FOLIAGED JACK PINE IN THE CENTER, AND MEDIUM-FOLIAGED
NORWAY PINE ON THE LEFT.
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INTRODUCTION.

Jack pine! is a very frugal tree in its climatic and soil requirements,
The northern limit of its natural range is within 11 degrees of the
Arctic Circle and the southern is marked by the southern shores of
Lake Michigan. No other North American pine grows naturally so
far north and all the others grow farther south. It develops commer-
cial stands and reproduces itself on dry, barren, sandy ridges and
plains unsuited to other native trees. The seed germinafes more
quickly and grows more rapidly in its early vears on lumbered and
burned-over forest land and on idle, worn-out, cleared land than the
other pines oceurring within its range. On good goils or on poor soils

‘with a cover of moisture-conserving muleh resulting from forest
growth it gives way to longer lived species. The fires which are com-
mon on jack pine lands burn off the litter, keep the soil impoverished,

! Jack pine was described under the name of Pinus divericeia by Du Mont de Courset in 1802, and a yvear
later by Lambert as Pinusbonlsiena (Gamed after SirJoseph Banks). Fromtkelatterare derived the names
Banksian and Banks pine, by which names the tree is commorly known in Europe and in European
forestry literature. Lambert’s deseripiion of it was frorm a tree planted in England some time in the eigh-
teentheentury, The laftername is mrore widely nsed than the former, especially in Europe, but by the lsw
of priority in nomenclature P, divariceda is the correctnamme, The term divaricaie, meaning spreading apart
or forked, is egpeeially appropriate for jack pine irees growing in the open. The following common
names are applied 1o the trog in different parts of the country: Scrub pine, general; gray pine, Vermont,
Minnesotla, and Oniario; jack pine, Lake States and Canads; Prineess pine, New Brunswick and Nova
Scotia; black jack pine, Wisconsin; black pine, Minnesota; cypress, Quebee to Hudson Bay; Canada horn-
coe pine; ehock pine (probably a corruption of jeck pine); Sir Joscph Banks pine, England; juniper,
Canada; Banksian pine, European literature; Tabrador pine; and Hudsen Bay pine.

140205°—20—~Tull, 826—1
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and prolong the tenure of jack pine over extensive areas of sandy
ridges and plaina. There are large areas with poor goil and severs
climate, especially in Canada, on which jack pine is the permanent
-forest growth. It is, therefore, one of the characteristic forest types
of the North.

In the Lake States jack pine produces chiefly small-sized, knotty
" lumber, much inferior to that from the Norway and white pines which
grow withit. It has, however, good possibilities of profitable utiliza-
tion for pulpwood, box boards, mine timbers, and other low-grade
material. Its rapid growth when young, its good yields per acre on
poor land, and the ease which it reproduces itself make it suitable
for timber growing on a short rotation.

Jack pine is an important tree for forest management on poor, sandy
goils in the region of its natural distribution, and has been successfully
planted outside of its natural range in the sand hills of western Ne-
braska. In the Lake States there are hundreds of thousands of acres
of poor, sandy plains-land, imapoverished by fires, on which jack
pine is a pioneer tree; forming stands by natural reproduction where
white and Norway pine have not appeared. These two species come
in later with improved soil conditions and under the shelter of the
jack pine. Wherever good stands of jack pine can be secured without
expense by natural reproduction, that is usually preferable to plant~
ing the land with more valuable species at considerable expense and
with less certainty of success.

DISTINGUISHING CHARACTERISTICS.

Jack pine has leaves in bundles of two, from § to 14 inches long, flat,
or slightly concave on their inner surface, and surrounded by a short
sheath. The cones are from 1% to 2 inches long, oblique at the base,
sessile, erect, and strongly incurved, with thick, soft scales, armed with
minute, incurved prickles which usually fall away. (See Pls. I and I1.)

The only other two-leaved pine with which jack pine is likely to be
confused is the lodgepole (Pinus conforfa). The ranges of these two
species overlap slightly in cenfral western Alberta.? Their leaves are
about the same size, and their conesare verysimilar. Thecones of both
are curved, but those of jack pine are erect or pointing in the direction
of the end of the twig, while those of lodgepole are horizontal or declin-
ing, pointing upward or even backward. dJack pine is further dis-

1 The growth, yield, form, and volume tables which are the chief basis for this hulletin were gornpiled
mostly frem measurements faken in 1903 on pure, dense, even-aged stands of jack pine in Hubbard
" County, Minn., by Prof, B. I, Chapman, of the Yale Forest School. The biblicgraphy of data nsed and
reports consulted in the preparation of this bulletin is found on page 34 (appendix),
2¢The lodgepole is ordinarily confined to higher elevations in Alberta. The upper portions of river
slopes wifl be cceupled by lodgepote pine, while the lower slopes and bottom lands may be covered with pure
jack pine.  As the river is followed into the hills the lodgepele pine gradually replaces $he jack pine on the
Tower levels and finally ocoupies the whole river bottom and side slopes. ”—DExtrsct from a letter by R. B,
Camphell, Director of the Canadian Forestry Braneh.
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tinguished by absence of permanent prickles on the comes. Most
characteristic, however, is the position of the cones. In jack pine the
cones are subterminal; that is, they grow near the ends of the twigs.
- Inlodgepole pine the cones are lateral; that. is, they grow on the snles

of the larger twigs.
RANGE,

Jack pine vanges from. the southern shores of Lake Michigan to
latitnde 65° on the Mackenzie River, and from Nova Scotia to the
southeastern corner of Yukon Territory and northeastern British
Columbia, extending nearly to the foothills of the Canadian Rockies.
(See fig. 1).* Its range east and west is some 2,500 miles; its north
and south extension is 1,600 miles, and averages about 600 miles along
any meridan.

In the United States jack pine ranges from western Maine through
northern New Hampshire and northern New York, and extends north
from northwestern Indiana, northeastern Illinois, through most of
Michigan, Wisconsin, and Minnesota. It has also been extensively
and successfully planted in the sand hills of western Nebraska. TIts
oceurrencein commercial stands in the United States is limited to cer-
tain parts of the Lake States—the Northern Peninsula and the north-
ern half of the Southern Peninsula of Michigan, the northern half of
‘Wisconsin, and the northern half of Minnesota east of the ninty-sixth
meridian. In the eastern States it is always a small tree ocenrring in:
small, widely ecattered groups on sandy barrens,

InCanada jack pine has a much gredter rangs and is of more impor-
tance commercially than in the United States. It occurs most -
abundantly in northern Ontaric and Quebec, and in Manitoba, Sas-
katchewan, and Alberta. In the region west of Lake Winnipeg it
reaches a fine development. It is found north of the Saskatchewan
River asfarwest as Fort Assiniboine, and extends north into the valley
of the Mackenzie River. It is one of the most abundant trees in the
extensive but largely noncommercial forests which cover northern

Canada.
GEOLOGY AND CLIMATE OF THE JACE. PINE REGION.

The soil in which jack pine occurs in southern Canada, New Eng-
land, New York, and the Lske States is largely of glacial origin,
deposited and spread out by the waters of the melting ice sheet in
the last glacial period. To the north, including portions of northern
Minnesota and throughout most of its range in Canada, the country is
for the most part a region of crystalline rock (granite, gneisses, and
schists) severely glaciated and denuded of its mantle of orlgma,l |
alluvial soils a.nd only partially covered with thin, light soils of recent

i
1 Botanical range outlined by W. X Lamb, of the Section of Forest Distribution; commercial range in

Cansda furnished by R. F.-Campbell, Director of the Canadian Forestry Branch: and for the United
States by the aunthor,



4 BULLETIN 820, U. 8. DEPARTMENT OF AGRICULTURE.

origin developed by the weathering of the underlying rock. This is
the “Great Laurentian Shield,” which compriges over 50 per cent of
the area of Canada and extends from the northwest arm of the Lake of
the Woods, northwestward and northward to the mouth of the Mac-

FIGURE 1,
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renzie River, the Arctic QOcean, and the mouth of the Winnipeg River,
and eastward through Ontarie, Quebec, and Labrador. (See fig. 1.)
Lakes, rivers, and swamps alternate with low hills and plateaus, which
show a remarkably even sky Line. The network of waterways extends
throughout the region. The soil is found mostly along stream
villeys (alluvial), on the southern exposures of ridges (glacial sands
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F1G. |.—TYPICAL OCCURRENCE OF JACK PINE IN MIXTURE WITH NORWAY AND
WHITE PINE AND SCRUBBY SCARLET OAK ON EDGE OF PLAINS TYPE.

F—60914

FIG. 2—YOUNG STAND OF JACK PINE AND THE OLD SEED TREES WHICH
PRODUCED IT.
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and gravels), and collected in poekets.  There are 1mmense areag
-barren or valuable only for timber growing.

Jack pine is distinetly a tree of cold climates. Great va,ria tions of
temperature take place within its range, and it occurs, for instance,
where the winter temperature is often 60° F. below zero and the
summer heat sometimes over 105° F. above. The growing season
within its range varies from two to four months. '

The heaviest rainfall of the jack-pine belt is in parts of Nova Scotia
and New Brunswick, where it usually amounts to from 20 to 40 inches
annua,lly The precipitation in the western portions of its range
varies from 14 to 29 inches a year. Although essentially a dry-land
tree, jack pine demands a ciimate with a moderate rainfall and
produtces the best stands where the annuzl precipitation is about- 25
imches, Snowfall is ge'lerally abundant throughout its region of
distribution, and protection is thereby aﬁ'orded io the o‘lound and

the young growth. .
FOREST TYPES.

Jack pine occurs chiefly in the following forest types: (1) In pure
stands, on what i3 known as jack-pine land; (2) in mixture with
Norway pine, on Norway pine land; (3) in mixture with white pine
and other species, on white pine land; (4) in mixture with poplar
{aspen); (5) in coniferous swamps and muskegs. The first and the
last of these forest types occur throughout the range of the species,
while the second and third are limited to the United States and the
southern part of Canada. = In general, the types in which jack pine

oCeurs are relatwely transmnt ones, as this species perpetuatesitself in = -

nature largely through the acc:dental agency of fire. (See Pls: T,
IV, and V) :
JACK PINE LAND.

Land composed of poor, medium-to-coarse sands or land which is
impoverished by fire and on which Norway or white pine does not
readily spring up and thrive is the kind en which pure or nearly pure
stands of jack pine constitute one of the principal forest types of the
North. Even on this land, if for a number of years fires are exciuded,
s6il and humus conditions improve and jack pine gradually gives way
to the longer-lived and more persistent Norway pine, or in some cases
{0 spruce. In the Lake States this land is usually known as “jack
pine plain” because of its comparatively flat topography. In
Canada it is usually known as “jack-pine ridge,” although often it is
only a few feet in elevation above the level of the coniferous swamp or
muskeg. In the Lake States the “jack pine plain” in many cases
formerly supported a good gr'owth of Norway or white pine and the
process of reversion to these species is now going on. On.the border
of the prairie region in Minnesota and Manitoba, “]ack—pme prairies”
dceur which have only a scattering growth of smaﬂ jack pine trees,
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NORWAY PINE LAND.

Jack pine is found in mixture with Norway pine on fresh-to-dry
fats and ridges of fine sand, jack pine sometimes composing one-half
the stand.
. ‘ 'WEHITE PINE LAND. A

‘On moist flats of very fine sand and silt, where white pine thrives,
jack pine occurs sporadically as a subordinate tree. After lumbering
and burning on these lands, however, jack pine may take possession
and for a while form the dominant growth.

JACK PINE AND POPLAR (ASPEN).

Considerable areas bearing jack pine and poplar {aspen) are found
in the western part of the range of jack pine in Canada. The type
~varies “from jack pine scattered in poplar to poplar scattered in jack
pine. Tn these areas the jack pine is usually of very good growth,
since it occupies better soils than it usually does.™

CONIFEROUS SWAMPS AND MUSKEGS. .

- In the Lake States jack pine grows only occasionally in swamps,
but toward the north, as the number of tree species inhabiting
muskegs gradually decreases, the proportion of jack pine in them
becomes larger. Iowever, in this type the jack pine is seldom of
commercial importance.

Tables 29, 30, and 31 (appendix) show what species occur, more or
less abundantly, with jack pine in the Lake States and in Canada on
land where it is the prevailing tree. The appearance of tamarack
and ash in Table 29 indicates that the edge of a swamp was included
in some of the acres measured, as these species are not found in any -
of the jack-pine forest types.

SOIL, MOISTURE, AND LIGHT REQUIREMENTS.

Jack pine is primarily a tree of light, dry, medium to coarse,
thoroughly drained sands and gravels. Itis confined to geological
formations which contain ne limestone.? One of its important char-
acteristics is its ability to reproduce and grow fairly well on thin, dry,
sandy uplands where other species will not grow. Jack pine grows
best, however, on fairly deep upland flats, where the drainage is good
bué the water table fairly near the surface. This is really Norway
pine land, from which Norway pine usually crowds ont the jack pine
if fires are kept out.® (See Pls. V, VI, and VIL)

1 Extract from sletter by B, H, Camphbell, Director ¢f the Canadian Forestry Branch.

2 Sge B, Moore in Vol. XVIT, p. 887,of the Journal of Foresiry.

3 Table 17 (appendix) indicates that in northern Minmesota jack pine stands oecur-prevailingly on me-
dium tocosrse sands, Norway pinestands on finesand, and white.pine stands on very fine gands-and silts.
{Medium to coarse sands comprise in'a large degree the ¢“Soils of the Laurentisn conutrydn Canada, where
jack pine reaches its best developmens.” See Foresiry Quarterly, Vol. IX, Ne. 1, p, 7.}
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Most of the soil on which jack pine occurs has little or no accumula-
tion. of humus. Accumulation of humus would mean, in some cases,
improved soil conditions and the ousting of jack pine by more per-
sistent, longer—lived species..

Jack pine requires atleast 10 per cent of water in the soil for its best
growth. On very dry soils young stands of jack pine may do well at
the outset, but the growih is not sustained, the trees do not reach
large size, and the stand becomes more open because of competition
for soil moisture. To a limited extent jack pine grows in. swamps
also, but in a stunted form.

Jack pine is intolerant of shade, somewhat more so than Norway,
and considerably more so than white pine. For this reason it is
unable to reproduce itself under the shade of mature trees. Jack pine
stands which are dense up to the age of from 30 to 50 years thin out
rapidly thereafter even on good sites. On lands suited to white or
Norway pine, but which become seeded up to dense stands of jack
pine following lumbering and fire, ‘these species, through their
superior tolerance and persistence in growth, gradually seed in and
push themselves up through the jack pine and kill it out entirely, not,
however, before the jack pine has reached merchantable size.

FORM AND DEVELOPMENT.

~ In dense stands jack pine is a tall, slender tree, with a short crown’
and a long bole. In .open stands it tends to develop a dome-shaped, '
wide-spreading crown and a short bole. The dead branches are very
persistent, normally remaining on the trunk from the live crown'
almost to the ground during most of the life of the tree.

The size of a mature jack pine tree wvaries greatly in different
‘portions of its range. In northern and western Minnesota, where
jack pine forests attain their best development in the United States,
dominant forest-grown trees which reach maturity when from 80 to.
100 years old are usually from 60 to 80 feet tall and from 10 to 135
inches in diameter at breast height. Older trees are frequently found
which are 85 feet high and 15 or 18 inches in diameter. Trees 90
feet in height and over 20 inches in diameter are sometimes found,
but these are the exception, and indicate better soil conditions than
usually obtain where jack pine grows. After reaching 80 years of
age, and sometimes sooner, jack pine deteriorates rapidly.

On the jack pine plains in the northern half of the Southern Penin-
sula of Michigan there are many miles of pure young jack pine forest
in which there are few, if any, trees over 75 feet in height or more than
14 inches in diameter. Frequent fires have thinned many of these
stands and as a result large numbers of the ireez are scrubby and
branchy. ' On the Michigan National Forest in the Lower Peninsula
jack pine averages from. 4 to 8 inches in diameter and from 30 to 40
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feet in height, and only infrequently is it found over.8 or 9 inches in
diameter and 50 feet in height. The small diameter of the frees is
explained by the fact that most of the stands are comparatively
young. In the Upper Peninsula of Michigan jack pine stands occur
on betier soils and arve favored with a heavier rainiall than are those
found in the lower peninsula. Therefore the average size of the
trees is larger and the quality is better. Trees have been found here
18 inches and over in diameter, 90 feet in height, and 150 years of
age. (See Pl VIIL) Most of the stands are, however, composed of
young and small trees. '

On the eastern outskirts of its range in New England where a few
jeck pine groves occur, the height of the trees is usually only from
15 to 20 feet. These groves are composed of comparatively young
trees. In Nova Scotia and eastern Canads also this species is of
small size, :

In the region north and west of Leke Superior and west of Lake
Winnipeg jack pine reaches its best development. Here it is occa-
sionally 90 foet in height and 20 inches in diameter. North of Lake
Winnipeg it seldom exceeds 8 inches in diameter and 50 feet in height.!

Tables 18 to 28 (appendix) indicate the form and growth of jack -
pine trees in regard to width of crown, thickness of bark, taper, and
volume expressed in different units of measure.

ROOT SYSTEM.

On deep, sandy soil where the water table is low, jack pine produces
a long characteristic taproot. On loose soil the lateral roots spread
cutward only a short distance and then descend parallel to the tap-
root. During the first year seedlings on this quality of soil send a
taproot down from 6 to 12 inches, and develop very few laterals.
(See fig. 2.) On better soils a widely branched, surface-feeding root
system is developed early because of the relatively large amount of
food and moisture near the surface. At the same time a2 more or
less pronounced taproot is sent down, though this does not develop
as rapidly as on sandy soil. On shallow and wet soils jack pine
develops only lateral roots.

RATE OF GROWTH.

Tables 1 to 8, inclusive, indicate the rate of increase in diameter
and height of single trees of jack pine growing in different regions
and under different conditions.

1 3ee Forestry Quargerly, December, 1916,



F—34361A

Fig. |.—NoRwWAY PINE REPRODUCTION COMING IN UNDER
A THICK STAND OF JAcK PINE IN WHICH THERE HAs
BEEN NO FIRE FOR A NUMBER OF YEARS.

F—25666A

Fi1G. 2—STAND OF JACK PINE 150 YEARS OLD ON SANDY RIDGE
BETWEEN SPRUCE-TAMARACK SWAMPS,

There has been no fire here for some timf, and a spruce understory has sprung up in
places.
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Fi1G. |.—TYPICAL JACK PINE PLAIN OF VERY SANDY SOIL.

F-75101

Fl6. 2—TYPICAL GROWTH OF JACK PINE ON JACK PINE PLAINS IN MICHIGAN,
STAND DENSE IN.SPOTS AND OPEN IN OTHERS.
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JACK PINE,
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Fi¢. 2,—Three-year-old jack pine 2 feet high showing well-developed root system with
Jong tap root.
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Tanste 1.—Rate of growth in digmeter and height of jock J)ine, in dense stands and of
solated or nearly isolated trees, in Hubbard County, Minn.

Jsclated or nearly iso-
Trecs in dense stands 18 fo 99 years old. lated treos 22 to 82
years old.
Age.
Average. Maximum, Average growth,
. b.h. Height, D, b, b Height. D.b.h, | IHeight.,

Years. Tnches, Feel, TInches, Feet, Faches. Feet,
1.2 9 1.3 19 1.7 12
2.3 16 3.5 26 3.5 22
3.3 22 55 33 5.1 20
4.0 23 6.9 38 6.6 33
4.6 33 7.9 42 7.9 39
5.F 33 8.8 46 9.1 42
5.6 42 0.5 50 10.2 44
6.1 45 10.2 53 1.1 16
6.5 18 10.9 56 11.8 EYil
6.9 51 L5 59 12.5 i
7.3 5t 12.1 62 13.1 43
7.6 57 12.7 i3] 13.7 49
8.0 59 13.3 14.2 19
2.3 62 13.9 70 14.8 i)
8.7 64 14.5 72 15.3 30

Based on 604 trees, 18 t0 99 years old. Measnrements by 1, H, Chapman.

Table 1 indicates a much faster diameter growth of isolated and
partly isolated trees than the average growth of trees in dense
stands—faster even than the average growth of predominant trees in
such stands. ‘

Tapre 2.—Rate of growth n digmeter and height of jack pine in Cass County, Minn.

Average. Maximum,. i Average. Maximum.
Age. lpsiameter Dismeter A8 {Diameter Diameter :
broast | Height. | Treast | Height. breast | Height. | breast | Height.
high. high. Ligh. high.

Feet. Tnches. Feec.m Inehes. Feet. 1"nc:hr:'.s:.1 Feer.

3 PP §-4 11. 2
0.6 10 1.4 8.8 65 11.8 74
1.5 16 2.8 9.2 68 i2.1 76
2.4 23 4.1 9.6 70 12.6 72
3.3 30 5.3 10.0 7L i3.9 80
4.2 35 6.3 10.4 73 13.4 82
5.0 40 7.2 10.8 74 13.8 83
5.7 15 8.1 11.2 75 14.2 85
5.3 30 8.8 11.8 76 i4.6 86
8.9 53 9.5 11.9 77 5.1
7.4 57 10.1 12.3 8 15.5 8%
7.9 60 10.6 12.4 7 15.9 40

I

Based on 52 trecs 69 Lo 124, averaging 83 years old, and 7 to 16 inches in diameter, the trees having heen
et for saw logs.  Measurements by J, $t. J, Benediet.
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Tanie 3.—Rate of growth in diameter of sccond-growth jack pine innorthern Minnesola,

| Dizmeter bréast high.

Idiameter hreas{ high.

Maximum.

Maximum,| Average. Average.
Inches, Imches. Inches.

............ 7.1 5.7

1.2 8.6 6.5

2.5 | 9.5 7.3

3.8 10.3 8.1

4.8 1L1 8.9

Note.—Basged on decade measurements on 46 1-foot stumps 32 40 51 years old. Measuremonis by J. 51, T,

Benediet, in Cass County, Minn.

Tasre 4.—Raie of growth in digmeler and height of dominant jack pine trees in Craw-
Jord and Roscommon Counties, Mich.

Average dominant : Averago dominant - N

%ﬁ, ;o Maximum grovwil. ggr caom Maximum growth.
A8 | Dismmoger Dismele A8 Diametes Diamete

IATROEE] yta) | RBIGIEN  mgpy) Imeken  mogay  fDIMeler o)
%‘;‘;;B]ft height. %‘gﬁ‘ height. ‘r:.:lrlegaﬁst height. kl):‘](\;sﬁst height.

Tnches. Feet. Tnches. Feet. Vears, | Inches. Feel. Inches. |  Feel,
.......... 2 Jeeremneann 4 remaa 8.4 55 11.0 o7
1.8 g 1.5 13 8.8 58 1.5 70

2.0 15 3.2 22 0.2 81 12.0 T2

31 22 4.8 | 31 9.6 63 12.4 74

4.2 28 6.3 39 0.0 64 2.8 K3

5.2 34 7.5 45 10.3 65 13.1 Th

6.0 39 8.4 51 10,7 86 13.5 w

6.7 44 4.3 56 11.1 67 13.9 i

7.3 48 8.9 61 1.5 87 14.3 Vil

7.9 52 10.5 64 i1 8 68 14.7 80

Dismeters hased on decade measurements on_ 122 I-foot stumrps 25 to 104 years old. Tt was assumed

that It would take 4 years to grow to a sturap height of 1 foot,

Feights hased on sectional age coumnts on 150 trees 25 to 104 years old.

Measurements by T, H. Sherrard, 1901.

TaBLe 5.— Measurements® on 18 frees in a dense young stand of Jack pine on sandy pine
plain in the Upper Peninsula of Michigan. :

[The trees were cut for pulpwood in 4-foot lengths and taken to a to
average of 122 pisces per cord. See PL X1

1; ]diamater of 4 inches, with an

Average. IMam‘mum. Minimum.
|
47 55 40
. 50.8 57 44
Diameter, breast bigl 6.9 9 5.5
¥ylume in hoard fect (po 23 60 15
Clearlength,...v..... e [ 0
Merchantable length 3%. 6 4; Zé
H

Number of 4-foot sticks

1 Measurements by Huber ¢, Hilien, 1915,
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TABLE 6.-— Measuremenis™ on 22 trees in o foirly dense, somewhat mature fo overmatiure
stand of jack pine in the Upper Peninsula of Michigan.
[The trees wers cut for saw logs. Stand located on a low sandy ridge, slightly elevated above g muékeg

swamp on one side, and above a lower area of spruce, tamarack, and some jack pine on the other.
Boil, coarse sand underlaid with elay subsoil. See P1. VIIL]

Average. { Maximure. | Miniraum.

" Agoe... 104 125 €8
Height. i2.5 88 61
Piameter, breasthigh . . .ooiii oo mmwamane 12.2 17 9.8
Volume in board feet, Seribner decimalrule. ... .ovieennant. 128 200 50
Volure in boeard feet (rnill scale of possible round-edge) .- ..-...... 175 430 o0
Clearlength . oo e iiiararere e .. 34 50
Merchantablelength. .. do... 46.4- 60 32
Number of 16-100F Jogs. st cvvunem o c e e

1 Measurements by Huber C. Hilton, 1918,

TanLe 7.—Rale of growth, én diameter and height, of jack pine, on good sites in western

Ontario,
Dijameter : Diameter
Apgo braast Height. Age. breast Height,
high. high,
TInches, Feet. Feet,
aae L5 64
0.8 8 67
2.0 17 70
4.0 28 72
5.8 36 74
7.1 42 bii]
8.1 46 77
8.9 50 79
9.6 5 80
10.3 58 81
1.0 6L 815

1 Trom an article by L, M, Ellis, in the Forestry Quarterly, for Mar, 1, 1911,
Based on 100 trees,

TasLe 8.—dverage rate of growth, in diameler, of 50 representative jack pune trecs, on
the Riding Mountain Reserve, Manitoba, Canada.?

B, - pungs,
reasthi Teas
Age. (outside Age. (cutside
barlk). ) bark),

Years. Tnches.

0.5

2.8

5.4

7.3

3.8

i From Sulletin 6, *“Wood-Using Industries of the Prairie Provinees,” of Cansdian Foresiry Branch.
This bulletin states that: ““Jack pine in closed stands on the Riding Mountain Reserve reaches 60 to 80
feot in height by 12 to 18 inches in diameter, with straight, clear frunks yielding a good grade of saw and
tietimber, But ‘where open grown they are a mass of limbs righé to'the ground, and of little value,
aven for firewood.

Table 3, relating to trees grown in Cass County, Minn., shows a
less rapid diameter growth than Table 2, which refers to other trees
grown in the same county, probably because those covered in Table

3 are comparatively open grown, thrifty second growth.
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Table 4 indicates the average dominant and the predominant
growth on jack-pine land of good quality in the northern part of the
Southern Peninsula of Michigan.

Tables 5 and 6 indicate the development of jack pine in dense
stands on good sites in the southern part of the Upper Peninsula of
Michigan.

Table 7 indicates the rate of growth on good sites in wedtern
Ontario, a region very favorable to the growth of jack pine.

Table 8 shows the growth on poorer soil in Manitoba.

Tables 9 and 10, which are not comparable with Table 1, being
based on different data, show the average growth and yield at dif-
ferent ages of dense, even-aged, vnmanaged stands of jack pine on
sandy soils in Hubbard County, Minn. These stands have been
more or less' damaged at one time or another by ground fires whick
were not sufficiently severe to kill many trees, but which without
doubt appreciably lessened the vitality and rate of growth of a large
number of them, :

 TasLe 9.—Rate of growth and yield per acre of gure, e'uen,-aged densely stocked stands of
Juek pine in Fubbord Counly, Minn.

SITE QUALITY “GOOD.”

Average.
Trees per acre, Bosal .
as
Age. ron . | D-b.h
ge axea Domi- | Yield
nant per
Totat 5inches |10inches | 5inches { 5inches helght. acre.!
© land over.|and ¢ver.|and over. |and over.

Fears. Number. | Number. | Number, | Sq.fi. | Fnches. Fect Cu, f1.
. 9 . 15 5.4 3 730
5.8 37 1,000
6.1 1,630
6.5 48 27,430
6.8 52 2,970
7.1 56 3,260
7.8 60 3,470
7.5 3,660
7 66 3,840
7.5 5% 4,010
8.0 71 4,180
5.1 29 660
8.4 38 930
5.7 40 1,250
5.9 44 1,590
6.1 48 1,900
8.3 51 2,180
6.5 54 2,430
6.7 58 2,660
6.9 58 2,870
7.1 [t} 3,080

i Total volume, including bark, of all trees 2 inches and over in diameter, breast high.
Based on 128 plots; area, 90.2 acres. Measurements by H. H. Chapman,
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TasLe 10.— Yield per acre of pure, even-aged, densely stocked stands of jack. pine in Hube
bard County, Munn., caleulated tn cubic fth, cords, and board feet.

SITE QUALITY “GO0D.*

Yield per acra.

Trees  tnches and Milltally.s  |Scribuer Decimal 0.6
Age. TFrees 8
inches
andover.| wrip Treess | Trees8 | Trees8 |Treeg 10
parks | Peeled.? ¢ inches | inches | inches | inches
* and over. | and over. | and over. {and over.
Years. Cu. ft.1 Cords, | Cords. |Bourd t{t. Board fi. | Board jt, | Board f1,
18 1.6 1.3 [0 I P PR RO,
6.5 5.3 3,200 TH 300 {..o.uiaaa
13.6 1.2 6,900 1,800 760 .
22.1 18.2 19,500 3,200 1,400 300
28.1 2.1 13,200 4,700 2,300 1,300
31.6 26.1 14, 900 8, 500 3,800 2,200
34.2 28.3 16,300 8,800 5,200 2,900
36.4 30.1 17,400 | 10,700 6,200 3,400
38.4 21.8 | 18,500 | 12500 6,900 "
40.1 35.3 ¢ 19,600 | 14,000 | 7,600 | 4,
41.8 34.7 | 20,000 | 15,300 8,200 4,300

SITE QUALITY “POOR.”

2 130 1.3 11
3 470 47 3.8
3 £70 8.7 7.1
4 1,300 13.0 10.6
4 1,670 16.7 3.7
5 1,990 19.¢ 18.3
5 2,280 2.8 18.7
60... 2 550 255 21,0
6. 2,790 1.9 23.0
70 3,010 30.1 24.9

{

L Total volume of stem, including bark.

2100 eubie feet equal 1 cord.

3 Per cent of bark in total volume, 18.9 down to 16.9, deereasing with increase in age.

1 Scaled by white-pine mill-cut table. See Tabla 27 in appendix.

8 Stump height, I foot; diameter inside bark st top, 5 5 inches, scaled by Table 25 {appendix).

Based on plots given in Tables 34 and 35 in the appendix.

In these tables ‘‘good’’ quality of site indicates the better classes
of soils which would be suitable for growing Norway pine, while
“poor” quality indicates those soils not so well adapted to Norway
pine.

Tables 34 and 35 (appendix) give the details of the field measure-
ments of the plots used as the basis of Tables 9 and 10, All of these
plots were used as a basis for determining the total cubie volume.
The items other than total cubic volume were based on selected plots
cdlassified as qualities ““good’ and “‘poor”” on the basis of their total
cubic yield, This classﬂﬁcatlon corresponds closely to a ¢lassifieation
based on the average dominant heights of the different plots. (See
fig. 3, facing p. 16.) The plots selected were those whose total cubic
volumes were close to the average curves for total cubic volumes.

Table 11 shows the growth and yield of six plots at different points
in northern Minnesota, the data having heen collected and computed
by State Forester Cox. TUnder the heading, ‘‘Quality of site,”
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these plots are compared as to cubic-foot yield with those in Hubbard
County {Table 9}, and the site quality averages ‘‘poor.’”” One plot
at Cloquet, Minn., ranks somewhat higher than thai given under
site quality “‘geod” in the Hubbard County yield table.

Tasre 11.— Yvield per acre of six sumple plots in dense, even-aged stands of jack pine on
sandy soil 1n northern Minnesota.*

Plt1, | Ptz | S | Piots, | Phts, | Pute
Cloguet, | Cloguet, {- Rapids Ferris, Bemidit, | Cass Lake,
age 13 | ages? agg e age 40 age 62 age 66
years, years. yoare FeArs, Yoars. years.
Total number of trees......... 10,464 586 1- 800 460 180 252
Average diameter breast high,
inches.... .. R 1.5 6.5 5.4 5 10 2
Averago totalh e - 16 48.5 44 48.5 47 70.5
Yield por agre..- . ..cubiefeet. . 282, 53 3,142.68 1,989 684. 4 2,481 8,102
Yield peracre..........cords.. 3.95 44 27.8 13.78 54,7 43, 43
Yield peracre......board feet. . 1,978 21,999 13,025 6, 891 17,367 21,715
Quality of site_.oee oo ] 2 Poor. 2 Good. 2 Toot. |* Very poot. 3 Poor. 2 Poor,
Averagp anuual increment, |
cubic feet- . ..... feiiieaas 21.6 85 511 . 248 40 47
Average annual inerement,
[ O 3 1.19 0.7 0.3¢ 0.56 0.66
Average aunual inerement, : .
board feet.. ....... [ 152 503 357 172 280 330

1 From data collected and computed by the Minnesota Forest Service in 1913.
% Compared with cubié-foot yields in Hubbard County, Minz. Sece Table 9,

‘Table 12 shows the growth and yield of 12 plots in typical stands
in Adams County, Wis., on sandy soils covered with pure stands of
jack pine, Under the heading, ‘‘Quality of site,” these plots are
compared as to cubic-foot yield with those in the Hubbard County
yield table (Table 9), and the site quality easily averages ‘‘good,”
some of the plots ranking much higher than the site designated as
“good” in Table 9,

Tasie 12-Stand and yield per acre of 12 sample plots in dense, even-aged stands of
Jack pine on sandy soil in Adams County, Wis.

Living trees per acre. Average.
Basal ares. .
Tack pine Other species. J@ 2 : g
pine. . £ 2 g E
Ageatplot. - T = PR RS - 8 | CQualityol
w ) g a8 Al 8 ] 1 Blle.
S8 |88 (2.8 8|8, 15,1 %
Eleg| B | 8 (881878 # 3881
ot 2| 3 1 & |E513%al € | 62 | 22 =
E o E° b il ge g g g2 = 3-) =
=3 8 hag 8 2 z SHE 8 h | - B
= PO - w e = =] ~ w B®
Feet, | 8o, ft. | 8¢, . | Cu. St
5.6 32 62 949 | Good.
5.9 42 114 88 | 2,337 | Very good +.
7.5 45 96 87| 1,995 | Good +-.
8.0 46 127 1257 2,97t Ver);)good.
7.5| 48] 1 127 | 3085 Ia.
7.5] 49 113 1094 2,550 ) Good +.
.3 50 lo1 96 | 2,465 | Good —.
7.9 50 113 1181 2,572 Good —,
7.3 53 119 104 | 2,686 | Good —.
6.4 38 73 591 1,352] Very poor. -
8.8 50 120 118 ¢ 2,834 ] Poor +.
8.6} 60 114 1131 3,310 § Good —,

t Compared with cublcfoot yieldsin Fubbard Countr, Mirn, Sec Table 9,
Measurements by the author, 1917,



16 BULLETIN 820, U, 5. DEPARTMENT OF AGRICULTURE.

It is interesting to compare the growth and yield of unmanaged
natural jack pine stands as shown in Tables 9 and 10, with the growth
and yield of well-managed Scotch pine stands in Europe, as shown in
Table 32 (appendix). In yield per acre the “good” quality site in
the Hubbard County table averages between site qualities II and IIT
for Scotch pine, and the “poor” quality site averages between IV
and V. In the matter of height, the Hubbard County trees on sites
whose quality is described as “good” and “poor” rank considerably
higher than the Scotch pine trees on the above-mentioned sites.
This may be partly accounted for by the fact that Table ¢ gives the
average dominant height, while Table 32 gives the average height
of the stand. In general, however, a comparison of the greater
heights and lesser yields of unmanaged jack pine stands with the
lesser heights and greater yields of managed Scotch pine suggests
the possibility of increasing the yield of jack pine by growing it
under management.,

Table 13 gives the average annual increment in cubic feet and
board feet of the stands of different ages computed on the basis of
" volumes given in Tables 9 and 10. '

TasLe 13.— Mean annual increment of pure, even-aged, densely stocked stands of jack
pine, figured in total cubic feet for trees 5 inches and over in digmeter, in board feet mill
scale for trees & inches and over and for trees 8 inches and over in diameter, and $n boar
feet by Seribner log rule for trees 8 wnches and over in dinmeter. :

Site quality geod. ' Hite quality poor.
y ’ Serib- : 3 Serib-
Mitl scale. Mill geale. - .
Age. | Total. Ber- | Tofal, ner.
&1nches | 5inches | 8 inches | 8 inches 5inches | 5inches | 8 inches | 8 inches
and and and and and and and snd
over, over. over. over. VoL OVRL. over. over.

S

44 26 128 28 12 2%
54 45 230 2 31
2} 63 300 114 40 26
74 70 330 155 58 4
72 70 331 180 84 42
69 68 326 192 104 44
67 66 316 198 113 44

€4 308 203 115 44
63 62 362 206 117 44
60 60 204 207 117 44

STANDARD SITES,

In figure 3 are exhibited all the available age-height data plotted
in accordance with Prof. Roth’s plan for site classification.! Accord-
ing to this plan all species whose dominant trees reach an average
height of only 90 feet in 100 years on the best sites (to be called Site
I for those species) are to be classified as standard C species, stand-

15ee Forestry Quarterly, Mareh, 1916,
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ards A and B being for higher-growing species. In a letter review-
ing the manuseript on which thiz bulletin is based Prof. Filibert
Roth says: :

I recommend that this standard of 90, 75, 60, and 45 feet for I, II, ITY, and IV sites
be made a regularly accepted or adopted standard and called standard C, and that
all species in the United States which have a growth near to jack pine have their
sites established and measured by this same standard C site classification on the basis
of height at 100 years, with values as given In figure 3, which works out well with
data here gathered.

Site I in older stands is represented sparingly in these studies (referring to the
manuscript), because in Minnesota jack pine does not get a chance on Site I, since
these run to Norway pine.

Site IV is also little represented, but is abundant in Wisconsin and Michigan.

It will be seen that the “good” site in Hubbard County is slightly
better than Roth’s Site I, while the “poor” site is halfway between

Sites IT and III.
REPRODUCTION.

SEED PRODUCTION.

Jack pine produces a great quantity of seed. In view of the com-
parative shortness of the life of jack pine and its intolerance of
shade, this characteristic is extremely important. As a matter of
fact, the fruitfulness of jack pine, combined with its ability to grow
on soils too poor, at the outset, for other species, is the means by
which it is able to maintain itself as one of the most widespread
and important forest types of the North. (See Pls. IX and X.)
Jack pine, like lodgepole, is a ‘“fire tree,” quickly seeding up bare-
burned spots or areas. It seeds well almost every year and heavily
. every two or three years, in contrast with Norway and white pines,
which do not seed every year and which seed in abundance only at
intervals of from five to seven years and three to five years, respec-
tively. Trees in the open or with abundant growing space are the
most prolific seeders and commence to bear seed when from 6 to 8
years old. Vigorous seed production continues up to 80 years of
age, but is most vigorous between 40 and 80 years.

A well-developed, vigorous tree produces from 1,000 to 1,200
cones in a year, or from one-fourth to one-half bushel, and these
cones contain from one-fourth to one-half pound of seed, each cone
having from 25 to 50 seeds.!  Very heavily loaded jack pines some-
times yield 1% bushels of cones. There are from 75,0600 to 100,000
seed per bushel of cones, and from 100,000 to 150,000 seed per pound.
The cone matures the second year. The seed is ripe about Septem-
ber 1 and dissemination commences soon afterwards. During dry
seasons many more cones open up than in wet. Nearly half of them

L Report of Cloquet, Minn, Experiment Station, October, 1917, gives an average of 30 jack pine seed
per cone as compared with 37 seeds per ¢one in Norwsay pine,
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persist on the tree for several years®! opening gradually under the
drying eflect of heat and wind. Many cones that are on the ground
‘do not open at all until scorched by fire. The process of seed dis-
semination of jack pine is thus almost continuous.

The small, light, jack pine seed with its relatively large wing is
readily disseminated to considerable distances. It is probable that
light winds, which are of frequent occurence in the range of jack
pine during the season of dissemination, carry some of the seeds. for
distances of a quarter of a mile or more; but most of the seeds un-
doubtedly fall within 100 yards of the parent tree. :

QUALITY OF SEED,

Freshly gathered samples of jack pine seed have shown .germi-
nating percentages of 95 or 100.2 Samples from cones that had
remained closed for some time indicated a germination of from 60 to
75 per cent. Seed in well-closed cones may retain its germinating
capacity many years. The great quantity of seed produced and
the high average percentage of germination explain to a degree the
widespread distribution of this hardy species and its rapid regenera-
tion on burned lands.

ESTABLISHMENT OF SEEDLINGS.

Under average natural conditions jack pine seed requires from
2 10 4 weeks for germination. Good seed, however, will germinate
in 8 days under very favorable conditions of heat and moisture. If
it is moist enough, the poorest sand will make a seed bed. After a
a few weeks development of the root system the seedling becomes
drought-resistant.

Reproductlon is most plentiful on bare soil in the open, where the
germinating sced. strikes quickly into the mineral seoil. Jack pine
reproduction is usually excluded by eother trees, weeds, and under-
brush from better classes of seed bed, such as have a layer of well-
decomposed humus. But a fire that destroys these and bares the
mineral soil gives jack pine an excellent chance. In fact, fire is
usually a necessary precursor of very dense jack pine reproduction,
especially on good sites, because it clears the seed bed and opens up
0ld cones. Where jack pine seeds in after a fire it is usually able to
hold its own against other species. In northern Minnesota, how-
ever, if birch or aspen seed In simultaneously with it on a better
class of soil, they usually crowd it out.

Jack pine seeding after a fire commonly produces an overstocked
stand. Such a stand when 6 feet high would have from 5,000 to
10,000 trées to the acre; but, on acecount of the intolerance of the
species, this number would rapidly diminish, so that the danger of

1 Inthe southern part of the range of jack pine in Wisconsin very few eones remain unopen on the trees.
2 State Forester Schaaf, of Michigan, reports & 58 per cent germination for good, fresh seed.
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stagnation is not very sorious.! - Under the shade of mature stands
few jack pine seedlings appear, for their establishment and growth
~depend on their obtaining abundant light.

The rate of growth of seedlings, especially seedlings of intolerant
species, has much to do with the success or failure of the species,
since it determines the amount of light they will receive in compe-

. tition with other vegetation. Compared with other northern pines,
jack pine grows rapidly, sometimes 6 inches or more the first year, 18
inches the first two years, and 3 feet the first three years.? On the
the average, l-year seedlings are 2 inches, 2-year-old seedlings 6
inches, and 4-year seedlings from 1 to 3 feet high. These last are
not always high enough, however, to compete successfully with
hardwood seedlings, brush, and weed growths of many kinds which
are abundant on good soils.

SUSCEPTIBILITY TO INJURY.
FIRE.

Up to the age of 60 or 70 years fire is the greatest source of dam-
age to jack-pine stands. These stands, occurring as they do on
dry, sandy soils, are especially liable to fire damage after leaf litter
and dead twigs have accumulated for several years. Fires in dense
young stands often become crown fires, which burn with great fierce-
ness and destroy the entire stand. In older and more open stands
ground fires occur, which kill a few of the trees and lessen the vitality
and resistance of those left.

Jack pine resists fire better than Norway and white pines because
it, grows more rapidly in diameter and height during its early years,
and the young trees of a given age have thicker bark.

WIND, FROST, AND SNOW.

- Jack pine trees do not often suffer from wind-throw where soil con-

_ ditions have helped to develop a deep-going root system. On shal-
low and wet soils, however, the root system is flat and the tree is very
susceptible to wind-throw. Where the trunks are tall and slender
or where the trees have been weakened by insects or disease, severe
storms cause considerable breakage.

Jack pine is not especially suscep‘tlble to damage from frost and
snow, but heavy snowfalls and ice storms cause some injury to young
slender saplings growing in dense stands. In the plantations of
Nebraska and Kansas jack pine sometimes suffers from those snow
and hail storms which come late in May and break off the leaders
or new terminal shoots.

t Supervisor H. C, Hilton, of the Michigan National Forest, reports a case of complete stagnation of jack
pine, a 20-year old stand containing from 50,900 to 100,000 trees per acre of an inch orless in dismeter. Suth
cases, however, are very exceptional.

2 Jack pine grows 2 to 3 whorls of branches each year (sec fig, 4), while white and Norway pines only grow
one.
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F—32806A

Fi1G. |.—JACK PINE MOTHER TREE (9 INCHES IN DIAMETER BY 25 FEET IN
HEIGHT) AND SEEDLINGS SPRUNG FROM IT (2 TO 8 FEET TALL).

F—32808A
F1G. 2—REPRODUCTION OF JACK PINE AND BUR AND BLACK OAK SPROUTS
IN A STRIP CLEAR CUT SIX YEARS AGO.
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F=31792

F1G. .—OVERMATURE JACK PINE ORIGINALLY GROWN IN DENSE STAND, BUT
NOW OPEN THROUGH NATURAL THINNING, AND JACK PINE REPRODUCTION
COMING UP UNDERNEATH. CROw WiNG COUNTY, MINN.

F—68122

Fia. 2—REPRODUCTION OF JACK PINE AFTER CLEARING AND FIRES ON
AN ABANDONED FARM IN THE JACK PLAINS REGION, MICHIGAN.
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DISEASES.!

Jack pine stinds are usually free of serious fungous diseases, but
when they reach an age of from 60 to 90 years many of the trees
become heart-rotted. The fungus that most offen causes this con-
dition is Polyporus schwmmtzm but Tmmetes ping is sometlmes re-
sponsible for it.

The most common disease in jack pine is the gall-forming rust,
Cronartium cercbrum (Peck) Hedge. & Long. The injury done fo
young and old trees alike by this fungus is such that, in any system of
forest management of jack pine, methods for its eradication should
be considered. ‘“It causes the death or early suppression of trees of |
. tender years and seriously interferes with the development of more
mature growth.” ! ,

The defect known as “witches” broom’ is frequently present in
jack pine crowns, especially in open stands on dry, sandy soils. This
is a bushy growth of fine twigs from an affected point on a terminal
shoot. The stimulus for this growth is probably furnished, in most
cases, by some perennial fungus. The ‘““witches’ broom’™ precludes
further development beyond the point of attack, and the increment
of a badly infected tree falls off mpldly The damage is not wide-
spread, however, and in the aggreoate is not serious.  Near the limits
of its northern range the jack pine is subject to attacks by mlstletoe
resulting also in the formation of “ witches’ brooms.”

Several fungous saprophytes attack jack pine wood left in the for-
est and cause its quick decay. Dead trees usually become unsound

within 2 or 3 Years.
INSECTS.

Jack pine is rarely damaged by insects, except where the stand
has been seriously weakened by fire, especially by fire occurring in
the summer. According tc Dr. A. D. Hopkins, of the Bureau of
Entomology, United States Department of Agriculture, the living
jack pine is often attacked and more or less seriously injured at the
base and on the stems of saplings by bark weevils and bark beetles,
‘on the buds and twigs by tip moths, and on the foliage by saw flies.
The tip moth has attacked most of the jack pine in the plantations
at Halsey, Nebr., reducing the height growth and causing minor
crooks. The bark and wood of weakened, dying, and felled trees are
subject to attack by the common wood-boring insects, which also
‘cause pinhole and wormhole defects in the crude products.?

1 For a full discussion of the discases of jack pine, see Bulletin No, 212, U. 8, Department of Agriculture,
o Obsorvation on the Pathology of the Jack Pine,” by Tames R, Weir, Forest Pathologist.

z Any evidence of scrious injury to living trees or their preducts, known or suppesed to be caused by
insects, should be reported to a Federal or State entomologist with a request for advice as fo the need of
adopting measures for prevention or contirel.
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SUPPLY OF JACK PINE TIMBER.

The largest supply of jack pine timber in the United States is in
Minnesota, north of 46° of latitude. State Forester Cox in July,
1916, roughly estimated thig supply at 5 billion board feet, with 10
million cords of material obtainable from trees under 8 inches in
diameter. He also stated it as his belief that jack pine in that State
is probably growing more rapidly than it is being cut, although fires
‘destroy annually a great deal of the young growth.

In 1898, Prof. Filibert Roth said ® of the supply of jack pine in
Wisconsin:

At present it iz not used to any extent, neither stumpage nor logs having real com-
mercial value, except where used as fuel and for farm purposes. The stand of this
pine, if taken down to 4 inches, is about 3 billion feet, of which about half might be
uged for dimenston stuff, while the rest could be employed as pulpwood.?

The supply of saw stuff has doubtless been considerably reduced
gince that time. With respect to frees svitable for cordwood and
pulpwood, however, new growth has probably equaled the amount
that has been cut in clearing and lumbering.

A recent compilation by the author of the Forest Resources of
Michigan places the stand of possible jack pine saw timber at 1-1/5
biflion board feet. There would be more than this much again of
pupwood. In New York and New England the stand of jack pine
is negligible.

Bulletin 50 of the Canadian Forestry Branch confains an estimate
for 1915 of from 7 to 8 billion board feet of jack pine timber in Mani-
toba, Saskatchewan, and Alberta. ‘

The supply of jack pine is more nearly keeping pace with the annual
cut than that of either Norway or white pine. On the one hand, the
market for it is more limited because of the small size of its timber;
and, on the other, it reproduces freely on cut-over or burned land
formerly occupled by these more valuable species.

CHARACTERISTICS OF THE WOOD.

Superficially the wood of jack pine is similar to that of Norway
and white pines. The sapwood is nearly white and the heartwood
light brown. to pale orange. In trees under 50 years of age the wood
is mostly sap, the proportion gradually decreasing with age. Even
in 100-year-old trees the sapwood often constitutes half the volume.

The wood is soft, light, a cubie foot of kiln-dried lumber weighing
about 30 pounds, not strong nor tough, straight and rather coarse-
grained, easily worked, easily split, and apt to warp and check in

1 A recent compilation by the author of the forest resources of Minnesota places the stand at 2% billion
board fest.

2 Bulletin 16, Division of Forestry, U. 8, Department of Agriculture,

% The stand of jack pine saw timber § mches and over in Wisconsin is placed in a recent compilation by
the author at 1} billion feet.
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seasoning unless care is exercised. It is more resinous than white
pine, but less so than the yellow pines of the South. The heartwood
is fairly durable in contact with the ground, but the sapwood rots
-quickly.

A eomparison of the mechanical properties of jack pine and other
species is shown in full in Bulletin 556, United States Department of
Agriculture.! That bulletin gives the results of tests which show
lower average values for jack pine than for Norway pine in cross
* bending, stiffness, and work to the maximum load perpendicular to
the grain, and higher values in compression parallel and perpendic-
vlar to the grain, in hardness, and in shearing strength. The differ-
ences, however, are not great. As compared with white pine, jack
pine shows somewhat higher average values in all the above proper-
ties except in stiffness and in cross bending, in which white pine
averages slightly higher.

The specific gravity of oven-dry jack pine wood, based on volume
when green, is 0.39, which is intermediate between Norway at 0.44
and white pine at 0.36. The weight of a cubic foot of air-dried wood
of jack pine is 29 pounds, that of Norway is 34, and that of white
pine is 27 pounds,

The structure of jack pine Wood in gross and n:ucroscopm charac-
teristics, is not conspicuously different from that of other hard pines.

UTILIZATION.

Jack pine is used for railway ties, lumber, slack cooperage, pulp-
wood, mine timbers, poles, fencing, and fuel. (Se¢ Pls. XI and
XIL.) ' o

) RAILWAY .FIES,

The greatest consumption of jack pine for railroad ties is in Canada,
where in 1911 jack pine ? replaced cedar as the leading species used,
and 5} million jack pine ties (38 per cent of all ties purchased) were
bought by consumers at an average price of 41 cenis. In 1914,
8,379,064 jack pine ties, comprising 43.2 per cent of all ties bought,
were purchased in Canada at an averdge price of 43 cents. In the
Lake States jack pine is used much less for ties than for lumber.

Ties can not be produced from trees under 10 inches in diameter
breast high. Therefore, the proportion of the total stand of jack
pine from which ties can be cut is relatively small and only the older
trees can be used. Table 28 (appendix) indicates the number of ties
it is possible to cut from trees of different sizes, and Table 9 shows the
number of trees 10 inches and over in diameter in fully stocked stands
of different ages.

1 Mechanical Properties of Woods Grown in the United States” by T. A, Newlin and Thomas R. C,
Wilsor, of the Forest Froducts Laboratory.
¢ Inciuding somelodgepole pine (I conforia) from Alberta and British Columbia,
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. Untreated jack pine ties last from 6 to 8 years because they are
cut from -comparatively old trees that have a large proportion of
durable heartwood. An increasing proportion of jack pine ties,
however, is being creosoted, and these treated ties last from 15 to 20
years if they are not sooner rendered unusable by frequent spiking.

LUMBER AND SLACK COOPERAGE

The chief use for the larger ]ack pine trees in the Lake States is for
lumber. Where jack pine occurs either with Norway or white pihe
it is always cut with these species just as it comes. The larger and
betier trees .are. utilized chiefly for construction material, hoards,
siding, and box and slack cooperage material.

In Minnesota ' most of the big mills cut at least a small quantity
of jack pine. Perhaps 200 small mills cut jack pine, and in some
cages nothing else, for use as box lumber and grain door boards. The
annual cut is perhaps 200 million feet, and the cost of lorrs at the
wills, from $7 to $9 per 1,000 board feet.. ‘

In Wisconsin ? all mllls, from the smallest to the Ia,rO'est cut jack
pine. . It would be very difficult to get a figure on the amount cut by
large mills, and impossible to get any estimate on the amount cut by
the small mills, because in many instances the good jack pine goes in
with Norway pine lumber.

The cost of jack pine at a sawmill varies from $10 to $15 per 1,000
board feet, depending on the location, business conditions, and size
of the timber. In 1917, No. 3 and better jack pine lumber sold for
$20 per 1, 000 f, 0. b. Duluth, Minn.

In Canada jack pine comprises about 1 per cent of the total annua,l
Jumber cut. Table 14 shows the cut of jack pine and the . 0. b. mill
value of the lumber in the different provinces for the years 1913 and
1914,

TaBLE 14—Xumber cut and [, o b. mill value of jack pine in Conada.®

No. of s Average value per
active Quzntisy. Mieet b, m.
Provinee. mills
report- B
ing. 1913 1914 1913 1914
Mft bom. | Mft.b.m, | Dollars. | Doliars.
Total ll PIOVINCES. - evnsraraneranssaneenn- 497 35, 404 44,000 14.37 14,23
Onmrm..............’ .............. [ 47 24, 297 17,830 14,51 15,00
QUEDRE, . e e e iciaanaecisiinarassannanana 400 1,160 13,727 16.00 14,00
Eri tlsh Columbig,. ..\ oo iivieiciraescnananaan 10 4,306 7,041 14.29 12.51
AlDEIta . oo iiiiiiientainaernaen————as 22 2,237 4,488 15,83 14.58
New BrunswioK. ..ocee.iocaciisanernnsananay 2 358 400 13.64 14,06
MamitoDa. o riniaain e ceinarenemamnaianaaas 8 2,78 201 11.71 14,05
Saskatchewan. .. ........ccvevecenvenecneaoan 4 208 146 12,00 12,00
Nove Seotif. . .ot ciieanema s 3 51 105 16. 20 14,95
Prince Edward Island... e eeeaieeaneaeeaa 1 [ 2 12, 50 20.00

" 1 Letterfrom State Foréstar Cox, of Minnesots, July 17, 1916,
2 L etter from State Forester Moody, of Wisconsin, July 31, 1916.
3 ¥rom Bulletin 50 of the Canadian 'Forestry Branch.
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PLATE XI.

F—32823A

Flg. 1.—PORTABLE MILL OPERATION IN A 30 TOo 40 YEAR OLD JAcK PINE
STAND. LoGs MosTLY FROM 8 TO 10 FEET LONG BY FROM 4 TO 10 INCHES
(AVERAGE 6) IN DIAMETER AT ToP END. SIXTEEN HUNDRED L0OGS WERE
ESTIMATED TO CUT 20,000 FEET, OR 80 LoaGs PER 1,000 FEET. Loas CuTt
MOSTLY INTO 2 BY 4 AND INCH BOARDS.

F—82817A

F1G. 2—FORTY-YEAR-OLD STAND AFTER CLEAR CUT FOR PULPWOOD. SHOWS
TREES TOO SMALL FOR PROFITABLE PULPWOOD CUTTING LEFT STANDING,
BUT MoST oF WHICH WILL PROBABLY BE WIND-THROWN LATER ON.

Danger of fire here is great on account of the unpiled and unburned slash.

LUMBERING OF DENSE, EVEN-AGED, JACK PINE STANDS.
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F—34768A

Fia. |.—STAND BEFORE CUTTING.

F—33757A

Fia. 2—STAND BEING CUT.

DENSE, EVEN-AGED, 40 TO 50 YEAR OLD JACK PINE STANDS OF
PULPWOOD SIZE, TREES 3 TO 9 INCHES IN DIAMETER, WITH
20 TO 256 CORDS PER ACRE.
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In general, where Norway pine logs average from $12 to §14 per
1,000 board feet delivered at the mill, jack pine will average about
$8.2 In the winter of 1917, in Minnesota, jack pine logs sold as high .
as $12 and Norway pine at $17. The difference in price paid for
jack and Norway pine in the log may be due partly to the fact that
jack pine logs are smaller than the Norway pine, running sometimes
40 or 50 loga to the thousand. Many of the trees from the older
jack pine stands in Minnesota cut out better lumber than it is usually
supposed can be cut from this tree. In some cases at least 50 per
cent of the season’s run of jack pine goes into No. 2 and Ne. 3 boards
and No. 1 and No. 2 dimension stock. As such it brings the same
price as Norway pme and is, in fact, often graded as lower grades of
Norway and white pine. .

Young stands of jack pine, too small for saw logs, are utlllzed for
small slack cooperage, box boards, and crating. The cooperage
material is used for pails, kegs, barrel headings, and 2 small amount
forsilos. In Michigan jack pine is used to a limited extent for shingles.
Lath plants use the trees in the form of short bolts down to 3 or 4
inches in diameter at the top end. Young stands often yield large
returns both on account of the great number of trees per acre and
of this close utilization of small trees.

The number of board feet, mill scale, as given in Table 10, indicates
the possibility of close utilization of jack pine in producing round-
edge lumber for box and erating material. This method of utiliza-
tion is feasible where portable mills are employed in dense, even-
aged stands, and in this way a high. yield of low-grade material ig
obtained at & small cost.

PULP.

Jack pine is suitable for chemical pulps made by using alkaline
cooking liquors, either sulphate or soda. In this process it takes
2 cords of wood to produce a ton of sulphate pulp.

Jack pine is used for sulphate or kraft pulp in Michigan, Wisconsin,
Quebee, and Ontario. In Quebee, in 1914, 16,746 cords of jack pine,
ab an average cost of $6.20 delivered, were used by three sulphate
mills, while in Ontario in the same year 7,969 cords at $4 were used
by one mill. There are three sulphate plants in Wisconsin and one
in Michigan, and the outlook is good for additional plants of this
kind in Canada and the Lake States. These plants should open up
extensive markets for young second-growth jack pine trees too small

1 The following statement {from a January, 1920, report of thesupervisor of the Minnesota National Forest
indieates how greatly prices gnd costs have changed since the above was written:

A sale of standing jack pine timber on that Forest, made in 1919, brought $6.30 per 1,600 koard feet for
jive and $3.15 for dead timber. The cost oflogging this timber was about $20 per 1,000 feet, making a total
cost 0f$23.15 1o $26.30 for jack pine logs delivered on the landing, or double the cost of what white pine logs
were 10 years ago. A few years ago, when the jack pine timber could have been togged for 85 fo $8 per 1,000
fect, there was no sale for i6.”7
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for ties or Jumber. In Wisconsin $5 per cord is the usual price paid
for jack pine with bark left on delivered at the railroad. It costs
the pulp mills about $8 per cord, delivered.

Jack pine is used somewhat for ground wood palp. ‘When com-
bined with large proportions of sulphite jack pine ground wood pulp
produces a satisfactory manila of a color other than white.”! The
Forest Products Laboratory is confident, from its experiments, that
ground wood pulp from jack pine can be used in proportions well
worth while in the manufacture of newsprint.

One of the big problems in the pulp industry in the Lake States is
the obtaining of a supply of woods which can be converted at a
reasonable cost into sulphite and ground wood pulp for newsprint
paper, and which shall be accessible to the expensive plants already
established. If jack pine can be used, the problem will be solved to
a large extent for many of the established plants, because of the
large supply of this wood in sizes suitable for pulp, its prolific repro-
duction, and its rapid growth. If the present prices for newsprint
paper continue, methods will probably be developed which will make
jack pine and other pines available for newsprint.

FUEL.

In many parts of its range, jack pine is the principal fuel, coal
being scarce and its use limited. The estimated guantity of firewood
used annually in the Lake States on farms alone is over 6,500,000
cords, and of this amount jack pine forms a large percentage. In
many towns of 2,000 population and over the annual consumption
is 2,500 cords and upward. Many of the local light and power
companies use this species exclusively.

MINE TIMBER.

Jack pine in the round is used in considerable quantities in the
Lake States for mine props, posts; and lagging, In northern Minne-
sota, jack pine timbers bring $18 per 1,000 feet Seribner Decimal C
log scale, without cull for defects of any kind, £. 0. b. main-line rail-
roads.

POSTS AND POLES.

Considerable jack pine is used for posts, and, in the absence of
better species, quite a lttle for short poles, from 20 to 30 feet in
length. For these purposes it is particularly serviceable if it is well
seasoned and painted with creosote or some similar preservative..
The untreated timber does not last well in contaet with the soil.

L From Bulletin 343, U. B, Department of Agriculture, on *“Ground Wood Pulp,” by Thickens and
McNanghton,
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STUMPAGE VALUES;

Jack pine saw logs bring from $8 to $15 per 1,000 board feet de-
livered at the mills in the Lake States, and the stumpage is worth
from $2 to $8 per 1,000, depending on the distance from the mill
and the means of transportation. This is for logs 6 inches and over
in diameter at the small end, scaled by log-rule measurement, Jack
pine trees over 10 inches in diameter can often be most profitably
cut into railroad ties or into poles, for which purposes its stumpage
is worth from $5 to $10 per 1,000 board feet. Where close utiliza-
tion for lath, boxes and crating, slack staves, and slats is prac-
itced, jack pine stumpage is worth from §1 to $5 per 1,000 feet of
material actually cut out. For pulpwood, posts, and cordwood,
where there is a market, jack pine is worth from 50 cents to $2 per
cord, depending on-its location,

TasLg 15.-—Stumpage values per acre of dense, even-aged stands of jack pine on site

walities ““good” and “poor,” figured for different values per cord and per 1,600 board
eet. .
SITE QUALITY “GOOD.”
Stumpage value per 1,000 board {eet.
Stumpage value per cord * ofun-
poeled wWood. .
Age. - Mill scale.? | Beribner Decimal C.8
$0.50 | 100 SLEO| $2.00) $1.00| $3.00] 35.001 $4.00 $6.00] $8.00
¥
$2.40 | $3.20] $0.50 1 3L.50| €2.50 .. ... .. ... )il
2,75 13.09 3,20 9. 6l 16.00 | $L.20 | $1..80 $2.40
20,40 | 27.20 6,801 20.70} 3450 2,80 4,20 5
-833.15 1 44.20 | 1050 | 31.50¢ E2.50 5.60 8.40 11.20
42.00 ! 56,00 | 13.20 | 39.60{ 66.00 9,201 13.80 18. 40
47.40 1 63.20) 1490 ) 4470) 74501 15201 22,80 30 40
51301 68.40 | 16.30 | 48.90 | 81.50 | 20.801 31.20 41,60
54,60 | 7280 17.40 | B2.20} 87.00% 24.80 | 37.20 49.60
57.60 | 76.80 | 18.50 | 55503 92.50 | 27.60 | 41,40
60.15 | 80.20 | 19.80 | 58.80 | 98.00 | 30.40{ 4560 60. 80
62.70 | £3.60 | 20. y

SITE QUALITY “FOOR.”

1.95 2,50 .70 2.10

7.05 9.40 2.20 6.60
13,05 | 17.40 4.00| 12.00
19,50 | 26.00 6.20 1 18.40
25,08 | 33.40 810 24.30
29.85 [ 39.80 9.60 | 2880
34.20 | 45.60 | 10.90 [ 32.70
38,25 F 51.00 1 12.20( 36.60
41.85 1 55.8G 1 13.40 | 40.20
45,15 | 60.20 [ 14,50 43.50

The sturapage values assumed in the above caleylations are such as are being paid in the Lake States
to-dsy, oF may reasonably be expected to be p_a.xd. in the near Tutute.

' With bark. % All trees 5 inches and over. #Trees § inches and over.
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Tasre 16.—Cost per were of growing jack pine, figured for §2, 85, and $3 initial Snvest-
| ment, including cost of land and cost of planting, of any, ot compound interest,

AT § PER CENT COMPOUND INTEREST.

Cost per acre, 2t 6 per cent com- Cost. per acre, at 3 per cent com-
pound interest. pound interest,
Age.
$2. $5. %8. $2. . 8.
$8.98 £19.72 $30. 44 35.49 $, 72 $17.94
12 42 26, 95 41,47 6.74 14.12 21.42
17.02 36,63 56.23 8.18 15.90 25,66
23.17 49,57 75.98 9.86 20,12 30.37
31.40 66. 91 102,41 11,80 23,85 25.90
42,42 9,09 137.78 14,03 28.18 4230
'57.18 121,13 185.10 16.67 33.20 49,73
76.89 162.67 248,45 19,69 30.02 58.35
103.30 218,25 333.22 23.19 45.77 68.32
.138.63 292,64 446. 65 27.26 53.88 79.90
185.91 392.19 598. 43 31,98 62.65 93,32 .

The following is allpwed for annual expenses in the abeve calculations: Five cents per acre for admin.
istration and protoction, plus 1 per cent of initialeost for taxes, at 6 per cent or 3 per cend corapound inferest,
This amount is added,to the cost of the initialinvestment to date.

MANAGEMENT.

-SUITABILITY OF JACK PINE FOR MANAGEMENT.

Jack pine is well suited for forest management for three reasons:

(1) It thrives on poor soils; (2) it quickly reproduces itself after
Jumbering and fire, forming pure, densely stocked stands; and (3)
it grows rapidly in its early years and soon attains sizes suitable for
pulpwood, box boards, erating, small-dimension lumber, mine tim-
bers, and slack-cooperage staves and heading. Its good growth on
Jpoor soils, unsuited to agricultural crops or on which more valuable
kinds of tress do not readily seed up, suggests the possibility of
utilizing large tracts of land which would otherwise be unproductive.
The probability of this class of lands coming more and more under
State or Federal control increases the importance of jack pine as a
‘tree for forest management on a large scale.

Jack pine quickly seeds up poor soils and burned-over areas and
makes them productive much sooner than would otherwise be the
case. The more valuable Norway and white pines gradually seed
in under the shelter of jack pine stands when the soil condtions im-

prove. Wherever there is Norway or white pine reproduction

underneath it to take its place, the jack pine should be eliminated
after it reaches merchantable size. :

Where jack pine occurs in mixture with Norway pine or other more
valuable species on soils well suited to these latter, the natural
reduction of jack pine that takes place with the increasing age of
the stand should be allowed to go on. In some cases it may be

. advisable to reduce the proportion of jack pine by one or more
cuttings to encourage the more valuable Norway pine in restocking
the area and afterward to supplement the natural reproduction with
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F—38621A
Fig. l.—HiaH STUMPS CUT AS GUIDES IN LINING OUT FIRE LINE. THESE
ARE REMOVED LLATER sO THAT FURRowsS CAN BE PLOWED.

F—27413A

Fia. 2.—A COMPLETED FIRE LINE, SHOWING PLOWED FURROWS WITH THE
“ LIGHT, SANDY SOIL EXPOSED.

CONSTRUCTION OF FIRE LINES IN JACK PINE.
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a planting of Norway pine. - Similarly, it will often be advisable to
plant Norway or white pine on vacant areas where the soil is suitable,
which otherwise might become seeded up to jack pine by natural
reproduction, as is being done in parts of Michigan. On poorer soils,
however, where Norway or white pine has a poor chance of success,
natural jack pine reproduction should always be encouraged. -

The possible returns in growing jack pine may be estimated from
Table 15, which gives the stumpage value per acre at different ages,
figured for different values per cord and per 1,000 board feet, taken
in connection with Table 16, which gives the cost per acre of growing
such stands. Thus, on “good” quality jack pine land the stumpage
value per acre of a 40-year-old stand at $1 per cord amounts to $28,
as shown by Table 15. Reference to Table 16 shows that in 40 years,
with money at 6 per cent and with an original investment of only $2
per acre, at which cost it would very rarely be possible to secure
adequately stocked stands, the cost would be $31.40, or $3.40 more
than the stumpage value. On the other hand, money at 3 per cent
would admit of an original cost of $8 per acre and give a profit of
$2.10 per acre above the 3 per tent.interest earned on all money
invested. In general, raising jack pihe is at present a losing invest-
ment as compared with other investments at 6 per cent, but a
very good one as compared with others at 3 per cemt. At this
latter rate of interest the State or Federal government would be
fully justified in grow mg it on lands unsulted to agrlcultural crops
or to more valuable species of trees.

ROTATION.

- A short rotation for jack pine is the most practicable for securing
the best financial returns and the'reproduction of a new stand with
the least difficulty. A comparison of Tables 14 and 15 indicates the
financial advisability of a short rotation. Thus, with a stumpage
value of $5 per 1,000 board feet mill scale, and with $5 original
investment at 6 per cent on ““good” quality of jack pine land, the
best financial rotation appears to be around 35 years. When trees
are of this age the stumpage value would be $52.50 per acre, and
the cost, at 6 per cent interest on all money invested, only $49.57.

On lands under public control, where the financial return is sec-
ondary to the object of making otherwize waste land productive, a
rotation of 60 years may be advisable, which would allow the pro-
duction of ties and lumber as well as mine timbers, box boards, and
pulpwood. "

PROTECTION,

Since fires; even if not severe enough to Lill the trees outrlght
practically always damage stands by impoverishing the soil, injuring
~and weakening mdwldual trees, and reducing their resrstance to
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insects and fungi, the subject of fire protection is of prime impertance
in management. Reasonable assurance of protection is necessary
before any expense in planting or management is warranted. To be
adequate, the plan for fire protection should include provisions for
patrol during the seasons when fire is & menace, the establishment
and maintenance of fire lanes, the disposition of the slash resulting
from thinnings or logging, and, on large tracts, lookouts and tele-
phones. (See Pls. XIIT and XIV.) An accumulation of logging
slash is a menace to any live timber near it, not ouly because of its
inflammability, but also because it may harbor destructive insects.
Bruzh may best be disposed of by burning. Cutting in the fall and
winter and burning the slash in piles as the logging proceeds is an
effective preventive of insect infestation. Fire lanes, properly laid
out, could be used in many cases as a means of dividing the forest
into cutting series or blocks for utilization purposes and these lands
would make one block accessible without slashing into another
adjacent to it.

Danger from windfall may be lessened by cutting first on the lee
side and proceeding in the direction from which the prevailing winds
blow. In this way the interior of the stand is not opened to the
sweep of the wind. Also, a short rotation will involve less windfall
than g long one.

NATURAL REPRODUCTION.

The cutting of jack pine stands to encourage natural reproduc-
tion of the species may be accomplished in either one of two ways,
The first method is that of clean cutting the mature stand either in
strips or patches 100 yards or less in width. Reproduction would
then take place from seed already on the ground or blown from the
adjacent woods. The second method is that of a general clean cut- -
ting, leaving only from 5 to 10 scattered seed trees to the acre or,
preferably, 2 or 3 groups of from 3 to 5 trees each. (See PL IX.)

To make sure of getting jack pine reproduction on the National
Forests in northern Minnesota, it is sometimes considered necessary
to lop the tops of the trees that have been cut and scatter the brush,
which is burned in the spring as soon as it is dry enough. - This causes
cones on the ground to open and let out their seed. Also, the geed-
bed iz prepared by the partial exposure of the mineral soil. On
shallow soils with rock near the surface, brush should be burned in
winter while snow is on the ground, so that the soil covering will not
be disturbed. Fires should always be carefully controlled and be
kept away from seed trees and adjacent timber Where overstock-
ing of jack pine results, as is common after fires, the stand may be
thinned out at a minimum expense within the first five years after
the reproduction takes place. Natural reproduction and thinning
would be less expensive than planting,
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On. the Michigan National Forests fire is not considered necessary
in order to secure natural reproduction. This is because poorer soil
conditions are found here than in northern Minnesota, and there is
a much less vigorous growth of popple and white birch. The general
policy here is to cut all merchantable trees, pile and burn the brush,
and rely for reproduction on the seed that is already on the ground,
or that may come either from the trees left after eutting or from
trees on adjacent uncut areas,

PLANTING AND SOWING.

The cost of planting jack pine nearly equals that for white and
Norway pines, Therefore, the extensive planting of this species does
not seem warranted except on the poorest soils where these better
trees will not grow. Even here, the ease with which natural repro-
duction is secured makes planting unnecessary in the majority of
cases. For forest planting on relatively arid soils both inside and
outside its natural range, for windbreaks, and for the fixation of
moving sand, jack-pine may be the best tree to use. On severe
exposures in the sand hills of Nebraska, for example, jack pine
plantations have been eminently successful, while those of Scotch,
Norway, and western yellow pines, Douglas fir, and arborvite have
failed. (See PL. XV.) _ .

The recently adopted policy of the Public Domain Commission of
Michigan provides for the planting each year of from 4,000 to 5,000
acres of waste sandy-plains land to forest trees, of which the State
Forester * says from 20 to 33 per cent will probably be jack pine.
It is here to be used largely as a filler for Norway and white pines,
and planted from 5 to 6 feet apart in ploughed furrows, with 6 feet
between the furrows. The National Forests in Michigan and Minne-
sota contain large areas of jack pine land. Wherever jack pine re-
produces naturally, the Forest Service is glad to have it do so and
in. this way save the expense of planting. But the present Forest
Service practice is not to plant jack pine on vacant land on these
Forests, as it is believed none of this land is too poor to grow the much
superior Norway pine. (See P1. X1V, fig, 2,)

Nursery-grown stock is almost always used in planting out, wild
stock being only occasionally collected for this purpose. Experi-
mental planting of jack pine shows that on poor sites, such as those
found in the sand hills of Nebraska, the best results are obtained
from the use of 3-year-old stock which has been two years in the
seed bed and one year in the transplant bed. This material can be
raised at a cost of from $3.50 to $4 per thousand, including seed,
preparation of beds, and subsequent care, while the collected wild
stock costs about $5 per thousand. On Michigan State forests,
however, good success has been secured from planting 2-year seed-

L Mercus Schaaf.
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lings, and this was done at a total cost of $6 or less per acre for stock
and planting, The State Forester ! says:

‘Two-yea,r seedlings are so much cheaper than transplants, both as to material cost
and labor of planting, and the death rate in plantations made with them is so small
that we do not th_mk that the increased cest of transplants is justifiable in planting
on a large scale.

The most favorable time for planting in the spring is from the
middle of April to the middle of May, and in the fall during the months
of September and October.

The artificial establishment of jack pine stands by sowing the seed
broadeast over the proposed site has been attempted, but, although
the experiment was tried under many different eonditions, it never
met with much success.. These experiments included spring and fall
sowing and broadcasting on the show in late winfer. Some of the
seeds germinated and became quite thrifty plants early in the spring,
but were killed by the excessive heat during June and July.

The results of sowing and- planting experiments in the northern
half of the Liower Peninsula of Michigan indicate that planting home-
grown nursery stock, and, in exceptional cases, thrifty 2 to 3. year
old wild stock, promrses the most satisfactory results

An inexpensive méthod of reforesting barren lands, which in some
cases might give.good results, would be the scattering of from 500 to
1,000 jack pine cones per acre broadcast over the area to be forested.
One bushel of cones, containing usually from 2,500 to 5,000 cones,
is enough to sow from 8 to 5 acres by this method with from 25,000
t0 50,000 sceds per acre, of which one-quarter or more may germinate
and establish seedlings. If conditions are favorable, a light burning
of the ground after these cones have been scattered will facilitate
their opening and the distribution of the seed, and will also kill back
brushy vegetation and decrease the ‘early root competition. Other-
wise, the natural drying and moistening of the cones will open them
in time. - It costs about $1 per bushel to collect and, perhaps, 25
cents per acre to sow them broadcast, so that the total cost would
be in the neighborhood of 50 cents per acre.

THIN‘IINGS

The futurg value of dense young stands of jack pine may be greatly
increased by thinning out the less promising and releasing the large
"and promlsan' trecs” from competltlon for light and soil moisture,
and in this way concentrating the growth energy of the stand into a
smaller number and theé best trees. In many cases some of the better
trees should be cut, where these grow too close together, in order to
establish a uniformly thinned stand, with the crown of each tree
practically free on all sides, or barcly touching its neighbors.

1 Marcus Schaaf,
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Fi1G. |.—FIVE-YEAR-OLD JACK PINE PLANTATION TO RIGHT OF FIRE LINE,
AND 9 TO Il YEAR OLD YELLOW PINE PLANTATION TO THE LEFT OF
FIRE LINE, IN THE DISMAL RIVER DIVISION OF THE NEBRASKA NATIONAL
FOREST. )

Jack pine survived and grow on more severe exposures where Scotch, Norway, and western yellow
pines, Douglas fir, and arborvite failed.

F-22159

F1G6. 2.—FIFTEEN-YEAR-OLD PLANTATION IN HOLT CounTY, WHERE REAL
FOREST CONDITIONS HAVE BECOME ESTABLISHED.

PLANTATIONS OF JACK PINE IN THE SAND HILLS OF NEBRASKA.
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FlG. 1.—EXTERIOR VIEW. F1G. 2—INTERIOR VIEW.

DENSE 20-YEAR-OLD STAND OF JACK PINE ON CLAY SOiL. IN NEED OF THINNING. HUBBARD COUNTY, MINN.
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Table 31 (appendix) gives the yields obtained from thinnings of
well-managed stands of Scotch pine in Eu; A comparison of
these with the final yields given in Table”30 mdma,tes cumulative
intermediate returns, on quality ITI or average sites, of 5 to 40 per
cent on any rotation between the ages of 30 and 50 years, inclusive.
Similar results could probably be secured from the management of
jack pine where the market conditions were favorable for utilizing
the product of such cuttings.

-Instead of clean cutting young jack pine stands for cordwood, as
is often done, owners would do well to get their firewood by t}unmng
their stands and allow the better frees to remain and produce a crop
of timber valuable for purposes other than fuel.. Jack pine stands
should preferably be thinned as early as 20 years of age. (See Pl
XVI) Thinnings to be effective should be severe, leaving the
crowns of the trees fully isolated on all sides for a space of 5 to 10
feet. There would be considerably more danger from windfall and
windbreak to trees left after severe thinnings in older stands than in
younger—an important reason for thinning before the stand is 25
years old.

Very dense, overstocked sapling stands, from 6 to 8 feet high and
from 5 to 6 vears in age, such as are lable to staghate, ean be bene-
ficially thinned by clearing of parallel lanes about 6 feet wide at from
8 to 12 {foot intervals through the stand, and also thinning out trees
in the rows to be left, or the stand may be thinned in two series of
clear-cut parallel lanes at right angles to each other. From 800 to
1,200 trees to the acre, or 5 to 7 to the square rod, is a sufficient
number to leave after thinning; provided some trees are lelt on every . .
square rod of area and no large gaps are made in the stand. 'The
saplings cut should be dragged out of the thicket and burned as a
fire-protective measure and to prevent insects from breed.mg in the
slash.

Clearing of lanes in overstocked saphng stands from 3 to 5 feet in,
height could be accomplished with greater ease than in taller stands,
as brush scythes and brush hooks could be used, but would be inad-
visable on poor dry soils where the establishment of a soil cover and
" good humous conditions are important. Lanes cut in such stands
should, in general, be about the same width as the height of the
stand
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Prof. Filibert Roth, and others.

“Torestry Conditions in Wisconsin,”’ by Filibert Roth, Bulletin 16, Division of
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TABLES,

“Tagry 17.—Proportion of the oceurrence of jock, Norway, and white plne stands on
dijferent soils in northern Minnesota classified according to the prevailing size of thei
soil particles.! .

Jack Norway | White
Class of soil. . pine ping pine
stands. { stands. | stands.

Per c‘i’nt. Per cent. | Per cerét.

Ting gravel, 2.0 to 1 mm. . .4 i)
Coarss sand, T to 0.5 mum.. - 6L.0 3.7 3.3
Medium Sand, 0.5 10 0.25 m: 30.3 12.0 4.6
Fine sand, 0.25 (0 0.1 mm.. 3.3 62,9 |+ 16,2
Very fine sand, 0.1 10 0.05 m 3.7 11.5 43.4
Silt; 6,05 to 0.005 mm....... . 1.9 67 6.1
Clay, 0.005 mm 1.7 2.8 6.4

B 1 100.0 100. 0 100.0

1 From unpublished preliminary report on Norway pine in Minnesots by H. H, Chapman. Based on
mechanical analysis by the Bureall of Soils of a large number of soil samples from different jack, Norway,
end white pine stands.

TasLe 18.—Awverage width of crowns of dpmdom‘inant Jack-pine irecs of different oges
and diameters, with enough tght for good croun development, and grounng in compare-
tively dense, even-aged stands.

[Measurements by H. K. Chapman in Bubbard County, Mian., 1905.]

Bite quality ““good.” Bite guality ¢ poor.”

Ago, Average . Average 1 3e

& diamefer| ‘Width . |dlameter| Width ;
bresst of -Basis, hreast of Basis.
. P high. crown, hig CroWn.

Years. Trches. Fect, Trees., Inches, Feet. Trees.
e P 1.8 Tlevannnnnan 1.3 - 3 P,
Wi B. & 11 3.9 [ 3 P,
L 5.9 9 5
A0 e - . 7.4 il 19
) . 8.7 12 3
[ 9.9 14 35
0., . 10.9 15 13
8. 11.8 16 8
90.. 18 5

100.. 19 1
110 22 1. ‘.
120 4 .-
{1 R 27 2

70 a1
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TABLE 19.—Double burk thickness, at digmeter breast kigh, of jack pine in Minnesotq.

Hubbard County, Minn, Cass County, Minn,
e : o -
Dismeter; 'FeeSM éi ense hml;lsg or
breast .
€ partly
high, “igo- Basis. | Bark. Basis.
lated”?
Berk. | Basis. | o6
Trches. | Imches.
2 0.23
' 3 .30
4 .38
5 .46 3
6 .54 8
7 .63 5 9 H
8 .72 57 W8 13 .56 4
9 .82 47 . 7 .6l 8
10 .92 43 1.05 5 .67 16
1L 1.03 22 1.15 7 .73 7
12 1.14 13 1.25 4 <830 10
13 1.26 6 1.34 1 BT 3
14 1.37 6 1.43 i .94 1
15 1.48 1 )9 R 1.02 1
16 1. 59 2 1.59 2 1.09 1
7 1.70 1.17
15 1.79 1.25
19 1,87 1.33
20 1.94 1.41
52

TABLE 20.--dverage thw?cness of bark at different heights above the ground in predominant
jack pine trees in Hubbard County, Minn.

[Trees 22 to 102 years old. Measurements by H. I Chapman, 1905.]

Diam- Height above ground (feet).
oter .
breast Basis.
high, 1 9 17 25 33 a | 8 57
Inches
0. €0 0.13 0.12
6 .23 .17
7 .70 .26 .19
8 i .39 W21
9 . .32 .
10 L9k .35 36
11 .96 .38 28
12 .01 W4 .3t
13 1.05 .44 34
14 109 .47 37
15 112 .5 .39
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Tasre 21.—Taper of juck pine trecs of different dinmeters and heights, showing diameter
' ingide bark ot different heights above the ground.

[Based on measurements by H. H. Chapman in Hubbard County, and a few by J. 8%. J, Benedict in
Cass County, Minn., of treés cut in dense, even-aged stands. casurements teken on jack pine in
Roseommon County, Mich,, indicated the same taper as given in this table for trees of different diameters

and heights.) .
20-FOOT TREES,
- Height above ground (feet).
Diam-
e b1 2 3 | 45 [ 91 | 13 | .45 | 3.6 | Basis.
high. .
' Diameter inside bark {inches).
TInehes.
2 2.4 L9 1.8 138 1.4 0.4
3 3.1 2.9 2.8 2.7 2.3 .7
1 4.1 3.9 2.8 3.6 3.1 11
5 51 4.9 4.7 1.6 3.9 4.1
6 6.1 5.9 5.7 5.5 4.7 1.7
7 7.2 6.9 6.6 6.4 55 2.0
8 8.2 7.8 7.6 7.3 6.3 2.3
0-FOOT TREES.
2 2.0 19 18) " 18 1.6 1.2
3 3.1 2.9 2.8 2.7 2.4 1.7
4 4.1 3.0 3.8 3.6 3.2 2.9
5 5.1 4.9 4.7 4.6 4.0 2.8
é 6.1 5.9 57| 5.5 4.8 3.3
7 7.2 6.9 6.6 6.4 56 3.9
8 2.2 .81 7.6 7.3 6.4 4.4
9 9.2 8.8 8.5 8.2 7.2 5.0
101 10.2 5.8 . 9.5 9.1 8.0 5.5
40-FOOT TREES. )
A—
2 2.0 1.9 1.8 1.8 iy 1.7 1.3 [0 B
3 3.1 2.9 2.8 27| 25 2.2 1.7 .8 2
4 4.1 3.9 2.8 3.6 3.3 2.8 2.1 1.0 41 .
5 5.1 4.9 4.7 1.6 4.2 3.4 2.5 1.2 31
é 6.1 5.9 5.7 5.5 50 4.1 2.9 1.4 25
7 7.2 6.9 6.6 6.4 5.8 4.7 3.3 1.6 2
8 8.2 7.8 7.6 7.3 6.6 5.3 3.7 1.7 2
9 9.2 8.8 8.5 8.2 7.4 5.9 4.1 1.9 14
0] 10.2 9.8 9.5 9.1 8.2 6.5 4.5 2.1 6
1| 1u-2i 1.8 04| 101 8.0 7.1 4.9 2.2
12| 122) 1L.7| 14| 1L0 4.3 7.7 5.3 2.4
13| 13.21 17| 12&| 1.6 106 8.3 5.7 2.6
4| 14.2] 13.6) 13.2| 1z8f 1L3 8.9 6.1 2.7 1.
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TABLE 22.—Average diameter outside bark at different heights above the ground for juck
pine trees of different diameters on quality “(ﬂom.” and guality ‘good ™ sites, in Hubbard
County, Minn., for trees grown mostly in dense, even-aged stands 18 to 78 years old on
guality ““ poor,” and 20 to 45 years old on quality ‘“good™ siies.

[Measuremoents byrﬂ‘. . Chapmsan, 1905.]
SITE QUALITY “POOR.”

Height above ground (feet).
Diam- - . :
eter - N .
Breast 1 9 17 . 25 33 41 49 57 Basis.
high.
Diameter outside bark {(inches).
Inches
1 1.7 6.9 0.4 . .......l.
2 2.8 1.8 L2 i
3 3.9 2.8 2.1 1.1
4 5.0 3.7 3.0 2.1 ..
5 6.2 4.6 3.9 3.1 1 55
6 7.3 55 4.8 4.0 3.2 43
7 8.4 6.4 5.7 4.9 4.1 . 2.9 €0
8 9.6 7.4 6.6 5.8 R R - B I . 37
9 10.7 8.3 7.4 6.6 5.8 4.7 3.1 .- 28
10 1.8 9.3 8.3 7.51° 6.6 5.4 3.8 2.2 25
1l 12.9 10.3 9.2 8.3 7.31 4.0 4.4 2.7 14
12 13.9 11.2 10. 1 9.1 8.0 6.6 5.0 3.2 9
13 14.9 12.2 11.0 10.0 8.7 7.2 5.6 2 PO,
14 15.9 13.1 11.9 10.7] - 9.4 7.7 6.1 42 3
15 16.9 14.1 12.8 1.5  10.0 8.3 6.6 4.6 1
16 18.0 15.0 13.7 12.3 0.7 4.8 7.0 5.0
17 19.0 16.0 14.6 13.0 11.3 9.4 .51 5.4 3
' 342
l
SITE QUALITY “GO0D.”
2 2.7 ) W AR SRS I
3 3.9 2.6 b 1 RN PR P
4 5.1 3.6 2.9 2.3 Ld|.......
5 6.3 4.8 3.8 3.0 2.0 |cciaann.
6 7.5 55 4.6 3.7 b A
7 8.6 5.4 5.4 4.4 3.2 1.9 (.
3 9.8 7.3 6.2 5.1 3.7 2.1 .
9 10.9 8.2 7.0 5.8 4.3 2.4
10 120 9.0 7.8 6.5 4.8 2.8 .
il 13.0 9.9 &6 7.2 5.4 3.3 1.
12 14.2 10.8 9.3 7.8 6.0 3.9
13 15.2 1.7 10.1 8.5 6.6 4.6 |,
i1 16.3 12.6 10. 9 9.2 7.3 5.3
15 17.3 13.5 1.7 9.8 7.9 6.1,
16 18.3 4.4 12.5 10.5 8.6 6.8
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Tarsnm 23.— Total volwme of stemwood in cubic feet of jack pine trees of different diameters
and heights in Minnesola. = -

[Based on taper curves.]

Total height of trees (fest).
Ditam- -
eter ] '
| breast | 20 0 44 50 60 70 %0 | Bark. | Basis.
high.
Total volume, including hark (cubic feet).
Per
Inches. cent. | Trees.
0.3 © 0.4 0.5 oo, . 8 15
3. .6 .8 1.¢ 1.3 21.3 28
4., 1.1 1.4 1.8 2.3 20.0 G
5. 1.7 a1 2.7 3.9 19.0 73
4,.. 2.5 31 3.9 5.9 6.1 7.1 ig 1 3
T... 3.4 4.2 5% 6.8 8.3 9.7 174 95
& 4.4 ‘5.4 6.7 8.7 10.7 12.5 14.8 16. 9 72
k¢ TR PR 5.9 £.5 10.8 13.3 15.8 18.7 16.4 62
10, 8.2 10.3 13.4 16.0 19,1 23.0 16.Q 64
L O 12,4 15.8 14 23.0 27.0 15. 8 36
12... 14.5 18.5 23.0 27.0 32.0 15.2 27
13.. 16.6 22.Q 28.0 31.0 38.0 14,7 10
14.. 19.2 25.0 36,0 36.0 43.0 14.2 8
b1 TS P SRR 28.9 34.0 40.0 49.0 13.6 2
6., 314 38.90 46,0 55.0 130 4
i7.. 35.9 43.0 51.0 61.0 | 12.3 3
18 38.0 47.0 §6.0. | 66.0 11. 5
¢ S PR PR IR S, 52.0 62.0 4.0 10,7
20 et e A R 56.0 87.0 80,0 8.8

TanrLy 24.— Merchantable volume of stcﬁw;ood in cubic feet of juck pine frees bf different
. digmeters and heights in Minnesota.

[Based on taper curves.  Stump height, I foof; top diameter cutside bark, 3 inches ]

Total height of trees (fees).
Diam-
eter | o 30 40 50 J 80 70 8 | Bark. | Basi
broas ‘ ark. asis.
Ligh. -
Merchantable volume, Including hark {cubic feet).

Inches.

4. 0.9 11 1.5 21 |..

S.... 1.4 1.8 25 3.3 .

B, 2.2 27 3.5 4.6 . X

7. 3.0 3.8 4.8 6.3 7.7 9.4 [........

8. 4.0 4.9 6.1 2.0 0.1 12,0 14,2

1 N S 6.2 7.8 10.2 2.5 15.2 18.0
10.. .7 9.0 12.3 15.4 18.3 22,0
1 N DR IR 11.4 14,8 18.2 22.0 26.0
12.... 13.5 17.3 22.0 26.0 3L0
13.... 15.5 20.0 25.0 20.0 36.0
... 18.0 23.0 20.0 34.0 41.0
15.... | 206.0 a0 3%.0 47.0
... 2.0 37.0 44.0 52.0
17.... 33.0 41,0 49.0 58.0
18.. 36.0 46,0 54.0 65.0
W e 50.0 59.0 72.0
- O [P PO N 55.0 66,0 79.0
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TapLe 25— Vohane in board feet of juck pine trees of different diameters and hetghts in
Minmesota.

[Sealed by Seribner Decimal Clog rule. Stump hei%ht, 1 foot: top diameterinside bark, 5.5inches. Based
on baper curves, scaled mostly as 16,3100t logs, with a few shorter logs where necessary, ]

Total height of trees {feet).

Diam-
ter 1 9 30 | 50 60 70 80 | Basis.
high,
Volume (board feet).
Inches. Trees.
8.... 9 10 11 13 23 36 50 72
9 3 34 50 63 62
] 87 64
59 81 108 36
3 98 130
38 116 152 12

TABLE 26.~— Volume in board feet of jack pine trees of different diameters, and number
of logs per free, tn Minnesota,

[Scaled by Seribmer Decimal! € log rule, Stump height, 1 feot; top diameter inside bark, 5.5inches. Based
on teper curves, scaled mostly as 16.3-foot logs, with a fow shorterlogs where necessary, ]

Number of 16-foot logs.
Diam-
| breass| 13 2 2} 3 34 & | Basis.
high.
Volume (board feet).
Taches. Trees.

8.... 14 24 39 L% S (R S 72
- 2
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TesLe 27.—Volume in board feet of white pine frees of different diameters and heighis,

[Based on mill cut of Tumber £rom 1,578 trees in seuthern New Hampshire, 60 per cent being roand-edged
Imehber, Measurements by L. Margolin, 1605.]

1 Trinmetar | Total heigpht of trees (feel).
breast ;
kigh. 30 40 £ ) 70 50

Taehes, [ Bourd, ;'erét.: Boord figf Boardject, |

This table was used in ealewlating Toifi-tally yieldsin Takle 0. Ttis given for comparisonwith Table 25
showing board-feet-centents of jack pine trees of different.dismeiersand heighisroaled by Seribner Penima’
< dog rule. A

Tasnm 28.—Number of dies per dree in jack pine trees of different diometers in western
Gatario,
From ¢n article by L. M. ERis in the Forestry Quarterly, March, 1911. Basis 100 trees. Eguivalentin
hoard {act added by the author.

Digmeler] Totai Wo.1, | No.2, | -Cull, ; | Bguiva-
breast | height .:(avé_geﬂe)-. T (x6r | 57 x b7 1 Total ]ﬁa(‘);;r?
high. | (average), ageld T x® | x® | xR | “reet

Inches, | Feet. | Fears.

ie 1 48 0.8 1.1 1.9 37
11 6L 55 2.0 10 33 74

£6 62 1.8 -8 - 3.8 | 94
E 70 70 15 5 45 119
1 14 80 1.5 4 51 145
15 77 91 1.3 - 5.4 158
16 8L 107 1.2 ] 2 B4l 180
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FasLe 23.—S8tand of trees on juck pine land, Roscommon and Crawford Cownties, Mich.

[Average of 100 asres, Moasurements by T. H. Saerrard, 1991.]

Biamcier breost high.

Jack
pine.

Searlet
oal,

Nor-
way
Dbine,

Bed
oak,

White

Agpen. pinc,

White
ok,

Tanra-
rack.

Spruce,

Whits

Total,

Inches,

Average diameter._....

Tanue 30.—Stand of trees on jack pine lund, site qualify ! dn western. Ontario—Average

af 11 acres.

[ Trom an article by L. M. Elis in the Forestry Quarterly, March, 1911.}

Diameter breast

Jack
pine.

White

birch. | ASpen.

Black
spruce.

Balsam.

igh.

Average number of trecs per acre.

1.0 26.2 0.8 13.0 Jiviivinans
1.2 24.7 1.7 21.5 0.5
1.2 22.5 4.2 19.2 .25
§.0 25.0 2.7 15.2 .15
2.5 16.7 4.2 9.5 .7h
17.5 1.0 4.5 6.5 .50
12.5 2.5 3.7 2.5 .30
12.2 1.7 3.0 2.2 .25
11.2 1.2 2.5 1.7 .25
11.0 .5 1.7 .02 .25
6.0 T .
3.1
1.0
Total.. 93.0
Ter cenbe.eeenean 7.0
Traes 10 inches and over in diameter, breast high.
Total....... 57.0 50.0 i1.6 6.4 1.50
Tercenf.......... 42.0 4.0 8.4 4,9 i.0

Yield of jack pine onthess acres about 25 per cent hizher than the average for thistypein western Ontario,

1 Deep, well-drained soil on which jack pine produces its largest returns in sizes suitable for eross ties,
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TasLE 31.—Stand of trees on jock pine lond, site quality ! in western Ontario—Average
' of 10 acres. :

[From an article by L. M. Ellis in the Forestry Quarterly, March, 1811

Jack Black | Balsam i f
Diam(ﬂ:er breast pine. spruce, fie. Larch, Birch. ’ Aspen,
igh.
Average number of trees per aere. .

Irches.
4 and under...... 8.2 124,4 44.1 0.8
- PP, 2.8 51.7 2.2 1.3
6. 16.5 40.4 o4 1.8
7. 27.4 16.4 .3 2.¢
8. 32.8 14,5 W2 1.4
9... 16.8 12.3 .2 6
i0.. 9.5 . 3
1. 3.2 .2
12.... 1.6 1 1
L 5

Total......... | 195.4 8.3
T’ercent..........l 27.0 L3

Trees 10 inches and over in dlameter breast high,

Total........- 14.9 12.0 L.,........ 0.6 |ever.-s .3

Per Cenituarinans H.0 43,0 |ooooieaean 2 | T, 1.0

1Includes higher hills and ridges, with scanty soil and lowlands bordering muskegs. In northern
Manitoba and northern Ontario the largest pert of the inlerior regions is occupied by this type, on

which jack pine rarely reaches merchantablé sizes, and never in such bodies asto male commercial
explojtation profitable

TavLy 32.—Height and yield per acre of managed or normal stands of Scotch pine (Pinus
sylvestris) on different qualities of site at different ages. - ’
[From ¢ Yield Tables for the Scotch Pine,” by Wilhelm Weise, converted inte English measureand

arranged by William Schlich, 1880. Based on 351 Scotch pine woods in Alsace, Baden, Bevaria, Prussia,
and Saxony. Cubic feet redueed to eords by dividing by $0.]

Final yield per acre of wood 3 inches

Average height of stand. and over in dinmeter.

Age.

Quality ofsite. Quality of site.
I II, Ir. . V. L Ii. 111, v, V..
Yuars. | Feet Feet Feet Feet Feet. | Cords. | Cords. | Cords. | Cords, | Cords.
5 3 25 21 i8 15 | 16.22 5.56 3.78 1,89 156
30 33 31 26 22 19 | 24,56 ; 13.0 0,22 4,89 4,00
35 45 36 30 26 22 | 34.00 [23.78 |16.00 9. 89 6.78
40 3 £1 35 3 25 1 43.00 13144 ] 2089 11433 11000 |
45 58 46 30 34 28 50,00 | 38.56 | 26.22 | 18.78 | 18.00
50 64 51 43 37 31 |56.22 | 43.78 |30.00 |22.87 | 15.89
55 58 55 47 40 33 | 6L.56 | 48.22 133.44 | 26.00 | 18.44
60 72 60 51 42 35 166,88 | 52.11 |[36.67 | 20.00 ;20,78
65 76 64 54 45 37 | 7h.44 | 55.44 | 89.67 { 3L 3% | 23.00
0 67 57 47 39 | 75.44 | 58,33 | 42.44 | 34.11 | 24.89

TABLE 33.—Intermediate relurns frem thinnings in normal stands of Seoteh _’pinc on
different qualities of site at different ages.

[From same publicalion as Table 32.]

Yield per period of years. Cumulative intermediate yicld.
Teriod At%il(f)l[
of Quality of site. s Quality of site.
years. years., |
L Ir. 1§ IIL, Iv. V. 1. 1. 111, Iv. Y.

Cords. | Cords. 1 Cords. | Cords, | Cords. Cords, | Cords. | Cords. | Cords. | Cords.
20 to 25 1.41 0.08 0 (R PR 25 2,17 Q.08 0.03 o...oioelao.as
25 to 30 2.00 | . .56 .50 0,19 0.10 30 4,26 .63 L8B3 0.18 0.10
30t0 35 2,81 1.50 1,34 .52 .24 35 7.07 2.13 188 .71 .34
3510 40 2.28 2. 42 1. 87 .94 .36 40 | 10.34 4,56 3.74 1. 66 .70
40 to 45 3.49 2.81 2.19 1.16 |- .32 -45 | 13.83 7.37 5.93 2.81 1.22
45 to 50 3.51 3.01 2,29 1,27 .61 50 117,34 | 10,38 8,22 4.08 1.83
50 to 55 3.463 3.17 2.33 1,42 .88 55 120,98 113,54 | 10.56 5,50 2.51
55 to 60 3.47 3.11 2.26 1.42 .63 60 | 24.44 | 16.66 | 12,81 6,92 3.14
6 to 65 3.41 3.03 2,04 1,48 .03 65 | 27.86 | 19.60 | 14.85 8.40 3.78
65 to 70 3.30 2,92 1.99 1.40 63 70 1 3L.16 | 22,61 | 18.84 9.80 4,41
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Tasrr 34, —Summary of semple plots, site guality “good.”

[Total ares of plots, 42.322 acres; average area, 0.604 acre. Measurements by H. H, Chapman, Hubbard

County, Minn,, 1903,

Plot pumbers in parentheses indicate seleeted plofs used in construction of yield

table.]
Living trees per acre. Average. { Living trees.
Daend
e Other species.! 2%211-]1- tii)ee?rs’ Den.
ke 1
number,| 488 breast |y oo motay | Total .c%]flt "ot
5109 g e, | hasal Thet il R
: eight.| area, -
inc}?es. incheg| ™= acre. | pme,
and :
Over.
Sguare Cubie
Years Inches.| Feef, | Jeel. | feet.®
94, ..., 5.2 27 51 726 0.6 1.0
129..... 5.0 31 91 {1,347 17 1.0
T, 5.4 33 51 824 N 9
TB)emnns 5.3 36 56 041 .5 1.0
-3 . 5.6 32 60 911 |....... 1.0
Yh - 8.5 37 80 {1,457 | 1.4 .9
67. ..., 5.9 41 67 {1,280 .8 9
120. ... 6.5 47 109 | 2,403 1.4 1.0
51(}1)-.. 6.4 44 73] 1,616 2.4 .95
04, .. 6.0 33 74 11,378 1.2 85
110.... 6.2 41 751,421 1.1 .9
13%).... 6.3 43 94 12,0090 2.7 1.0
1213).... 6.7 50 102 2,523 1.0 .95
124).... 6.6 45 94 1 1,966 2.1 .95
100.. ... 6.0 41 87 | 1,591 .8 L0
123 ..., 5.2 44 92| 1,761 15 .9
41)..... 8.5 45 103 | 2,100 3.0 .95
1133....- 6.4 57 98 | 2,975 2.6 1.0
119}... 6.9 46 93 11,110 .9 .95
140. ... 6.5 43 90 | 1,805 1.7 .95
260, ..., 5.7 T 94 11,987 3.3 1.0
30..una. 6.1 43 99 11,959 3.1 .95
£6. ... 6.7 52 144 13 529 5.9 .95
A7 7.5 51 130 1 3,338 .1 .85
(54)..... 7.2 52 109§ 2,680 2.5 .95
£127).. 7.0 50 1017 2,411 2.5 .05
3B ... 6.9 49 8| 1,051 1.3 .9
(4)...- 8.0 46 10924617 72| 1.0
45, ... 6.3 49 126 | 2,977 3.9 .9
48 ... 6.9 55 110 2,898 2.9 .95
6l.....- 6.1 52 132 | 3,237 6.2 .9
52)acens 6.6 52 116 | 2,833 6.7 95
53} ... 6.4 50 107 | 2,838 4.6 -95
ES&S) ..... 6.1 51 111 1 2,844 5.5 .95
[, T 6.4 BEO{ 1071 2,690 5.8 .95
138..... 6.7 47 092 12,048 1.5 .95
10, ..... 7.9 62 83 12,435 | 14.8 .9
{130).... 8.7 531 104 2,667 | 6.1 .9
184 ... 6.5 46 84181} 1.8 .9
43, 6.1 50 146 | 3,633 7.2 1.0
(50)..... 6.8 49 118 2,835 | 12.1 .05
(135)... 6.9 51 113 | 2,805 5.3 .95
99, cannn 7.9 55 972,373 | 4.1 -85
131). 8.0 63 194 | 3,212 4.5 .9
28, ... 6.3 55 1314 3,620 | 12.3 1.0
1.0 Bl 100 1 2,729 7.3 9
(133).... 6.5 571 103]3,010| 4.3 .0
40, ... 7.4 56 114 | 3,560 3.1 .85
1320 ..., 1.4 581 1001 2,761 2.2 .95
Boeeeonn 7.4 61 9112725 5.1 .85
W0..... 7.1 68 97| 8,327 | 20.7 .9
{106)..-. 7.3 69 1143903 111 9
(112).... 6.3 63] 12313924 12.8 .95
.. ... 1.1 60] 1119|3472 10.8 .G
115..... [ 85 117 ] 3,214 | 11.3 1.9
{126)... 6.3 57 1221 3,580 | 15.0{ 1.9
7. ... 6.8 60| 116|3,55 | 13.6 1.0
(122 6.6 61 120 | 3,880 | 15.4 .95
[€10) TN 51 9 8.2 [ 91| 3,683 | 23.3 .8
7. ... 59 8.9 61 1121 8,408 [ 0.6 .9
[CH R ) 22 7.8 63 119 3,719 | 20.0 g

1Incledes Norway and some white pine.
% Alltrees 2 inches and over in diameter breast high. Tetal volums, including bark.
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TasLe 35.—Summary of sample plots, site quality ““ poor.”

[Total area of plots, 47.924 acras; average aren 0.715 acre. Measurements by H. H. Chapman, Hubbard
County, Minzl., 1505, Plot aumbers in parentheses indicate selected piots ased in construction of
yield tables.]

ivi rees Per agre, Average. | Living trees.
Livingt per ag: Jia ng trees. Dead
Jack pine. Other species.! %ife?_ tl;:rs’ Den-
Plot | Age, [Total. breast| Domid Totay | TOL | et | sity
Rumber. 5109 ingges 1tod|5t0 8 incl:lc')tes high, 8l nant § Dasal yrlg'd living | stand,
inches| and |inches.|inches.| and 1’;‘?1’.}355 height.| ared. | gope | vol-
over, | over. | ume.
) ver.
Square; Cubic '
Triches.] Feet. | feet. | feet.?
5.2 31 50 762 ... 0.85
5.3 36 57 975 1.0 .9
3.9 37 57 2993 -8 .95
5.6 38 64 1 1,139 L5 .9
6.5| 40| ez|vus! Ts! g5
G.1 39 69 | 1,287 3.1 95
57| 31| 69|l 6| .95
5.2 38 49 881 7.2 .95
5.6 39 561 1,048 1.9 .95
5.8 41 74 1 1,288 1.8 .9
5.4 33} e511.005| 32| 10
6.1 38 47 851 1.2 .9
5.8 42 75| 1,451 1.4 .95
5.7 41 81 | 1,530 3.7 1.9
6.4 43 84 | 1,637 3.6 .85
6.2 47 711 1,461 4.0 .95
54| 4| s1{UBE| 10.5] 1.0,
5.2 33 53 805 3.7 N
5.5 44 89 | 1,831 3.8 1.0
7.8 60 80| 2,056} 33.6 .75
6.6 46 80| 1,712 2.4 .93
6.6 33| 7s|20ss| 27 )
7.4 50 80 | 1,846 1 .75
7.1 48 78 | 1,769 1.8 .9
6.4 48 78 11,705 2.1 .9
55| 87| 7folL2s1| 106 L85
6.7 52 91 | 2,188 5.3 .9
55 36| es3aiLosz| 24! 9
6.4 48 76 1 1,679 1.4 .9
7.5 60 96 ) 2,823 21.9 .8
6.1 51 28 | 2,410 6.3 9
6.4] 53] 8|Zs01] 128] .85
T 38 772,207 12.4 .85
5.9 50 91 | 2,066 6.9 .9
5.9 53 78 1 1,804 5.6 .8
6.4 53 81 | 2,028 9.7 .9
6.6 54 113 | 2,859 8.9 L0
6.2 53| 106|2667| 9.91 .95
5.9 54 83| 2,002 20.7 .85
661 60| 80[2642| 16581 .8
7.3 561 o08|273| 145 5
6.2 57 74 [ 2,030 | 13.5 .8
6.2 54 92| 2,434 5.0 .95
58| 48 2414 | 601 .85
6.8 85 922,514 | 15.1 .9
6.7] G61] 311513345 12.4 .95
6.7 57 7712122 8.8 .8
5.8 50 76 | 1,669 15.7 .8
6.0 50 67 | 1,680 % 13.4 75
58l 59| 55 |1sse] s )
8.1 61 98 | 8,059 8.3 .9
59 55| 79|193| 1L.4] .8
8.7 62 93 | 2, 764 46.1 .85
6.3 52 101 | 2,562 13.8 .85
6.8 57 11,87 29.4 .85
6.3 57 93 | 2,488 8.4 .96
72| 61| 90| 2611| 16.8 9
7.6 652 92 | 2,743 40,2 .8
- 8.8 65 102 | 3,148 8.4 .9
7.5 63 105 | 3,110 | 16.4 .9
7.9 61 ol | 2,595 7.2 .8
7.5] 58| o9il2622] 6.9 9
8.8 62 90 | 2,887 3.1 .85
6.9 58 1G5 1 2,957 89 .9
7.2 58 112 3,223 14.9 .85
71| 60! g3i2e9r| 12| .8
240 8 30 F1¢ 1 DR .5 62 04 | 2,826 28.9 .8

1Includes Norway and some white pine, .
z Al trees 2inches and over in diameter breast high, Total voluize including bark.
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