


The New York Botanical Garden

LuEsther T. Mertz Library

Gift of

The Estate of

Henry Clay Frick, II

2007













Plate I.

BulleVn No U, DiviLO" nf Fnffstr

LONQLtAh Pif-t 'PlNU^ lALUiTRiS.



Bulletin No. 1 3.

U. S. DEPARTMENT OE AGRICULTURE.
DIVISION OF FORESTRY.

THE

TIMBER PINES OF THE SOETIIERN UNITED STATES.

By CHARLES MOHR, Ph. D.

TOGETHER WITH

A DISCUSSION OF THE STRUCTURE OF THEIR WOOD.

By FILIBERT ROTH.

PREPARED tINDER'THE DIRECTION OF B. E. KERNOW, CHIEF OF THE DIVISION OF FORESTRY.

WASHINGTON:
GOVERNMENT I'KINTING OFFICE.

l.SOG.



n

.p5

/1^
/->

.2-

HERTZ LIBR/NfY

NEW YORK
BOTANICA:

iri> GARDEN



The Tiinber Pinet-- Of The Southern United States

Charles Mohr

A Discussion Of The Structure Of Their Vvood

Filibert Roth

The White Pine V. !/. Sps-lding

Insect Enemies Of The White Pine

, ,
F . H . Chittenden

The Vlood Of The White Pine. . .Filibert Roth





LETTER OF TRANS-MITTAL.

United States Department of Agricultttre,

Division of Forestry,
Washington, I). C, May 26, 1896.

Sir: 1 have tbe honor to submit herewith for publication a series of monographs on the five

pines of economic importance in the Southern I'liited States, a result of many years' study by

Dr. Charles Mohr, the well-known authority on the botany of the Southern States and agent of

the Division of Forestry.

The first draft of these monographs was prepared several years ago, but it was then found

that in order to make them fully satisfactory and useful to the practitioner much additional infor-

mation was needed, especially regarding the rate of growth and other sylvicultural as well as

technological questions. This information has been gradually accumulated as our facilities have

l)crmitted. The extended investigations carried on in this division may be considered quite

exhaustive, especially in regard to the mechanical pro])erties of the wood of these pines. An
interesting chapter on the wood structure by ]\Ir. Filibert Eotli has been added, and a compar-

ative study of the economic, sylvicultural, and technical characteristics and value of the pines

under consideration—a resume, as it were, of the contents of the monographs—is to be found

in the introduction by the writer.

The pineries of the South furnish now, or will in the near future, the most imiiortant staples

of our lumber industry. According as thej- are treated, carefully or wastefully, they will continue

for a longer or shorter time to be a wealth-producing resource of the South. To aid in securing a
true conception of the extent, condition, and value of this resource, and of the nature, develoi)ment,

characteristics (botanical, sylvicultural, and technological) of these pines, these monograjjhs have
been written, with the hope of inducing rational forestry methods in their use aud rejjroduction.

Respectfully,

B. E. Fernow,
Chief of Division.

Hon. J. Stkuling Morton,
tiecretury of Agriculture.
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INTRODUCTION.

In ijrnorance of the nature and without appreciation of the economic value of their resources,

pioneers squander and destroy without regard to the future the riches they And. We have done

so in the United States and are continuing to do so although the pioneering stage should have

been passed, especially with our forest resources. We have exploited them as if they were mines,

instead of crops which can be harvested and reproduced continuously, and we have done so in a

most wasteful manner; nay, we have by irrational methods of exploitation, no doubt due in part

to tiie necessities of a rapidly developing country, in many cases destroyed the conditions for

natural reproduction of the more valuable timber species. Fire and indiscriminate pasturing have

also assisted in the process of deterioration.

We are just beginning to realize that our timber supplies are not unlimited; that our

magnificent forest resources have been despoiled and need at least more consideration; that

sooner or later forestry will become, nay, is now, a necessity.

Forestry is the artOf producing, managing, and harvesting wood crops. To be successful in

this art it is of course necessary to understand the nature of the crop—to be acquainted with the

life history, the conditions of development required by each species of tree composing the crop.

Sucli knowledge can be in part, at least, derived from observations made in the natural forests,

and from these observations the manner in which the different species should be treated and rules

of management may be determined.

The time for the application of forestry—that is, rational methods of treating the wood crop-

has not, as many seem to suppose, come only when the natural forest growths have been despoiled

and deteriorated. On the contrary, when the ax is for the first time applied, then is the time for

the application of forestry, for it is possible so to cut the original natural forest crop that it can

reproduce itself in a superior manner. The judicious and systematic use of the ax alone, in the

hands of the forester, will secure this result.

Hence these monographs on the life history of the Southern pines have been written primardy

to enable the owners of Southern pineries, who are now engaged in exploiting them, to so modify

theu' treatment of the same as to insure continued reproduction instead of complete exhaustion,

which is threatened under present methods.

The pines are the most important timber trees of the world. They attain this importance

from a combination of properties. In the first place, they possess such qualities of strength and

elasticity, combined with comparatively light weight and ease of working, as to fit them specially

for use in construction which requires the largest amount of wood; next, they occur as forests in

the temperate zones, often to the exclusion of every other species, so that their exploitation is

made easy and profitable; thirdly, they are readily reproduced and tolerably (luick growers: and,

lastly, they occupy the poorest soils, producing valuable crops from the dry sands, iind hence are

of the greatest value from the standpoint of national economy.

The Southern States abound in those sandy soils which are the home of the pine tribes and

were once covered with seemingly boundless forests of the same. There are still large areas

untouched, yet the greater portion of the primeval forest has not only been culled of its best

timber, but the repeated conflagrations which follow the lumbering, and, still more disastrously,

the turpentine gatherers' operations have destroyed not only the remainder of the original growth,

but the vegetable mold and the young aftergrowth, leaving thousands of square miles as blackened

wastes, devoid of usefulness, and reducing l)y so much the pottMitial wealth of the South.

There are, in general, four belts of pine forest of dittereiit types recognizable, their boundaries

running in general direction somewhat parallel to the coast line: (1) The coast plain, or pine-barren

flats, within the tidewater region, 10 to 30 miles wide, once occupied mainly by the most valuable

11



12 TIMUER PINKS or THE SOl'TIIKUN I'NITED STATES.

of Soutlii'iii timbiTs, till' Lt)U{j;lf;vr I'iiic. now bi-iiij; ii-pliiied by (iibau and Lul))olly Pines; (2) the

rollinjr i)ine hills, or pine barrens proper, with a width of 50 to 120 miles, the true home of the

l,(>n{;lf:if I'Inc. which oceiipics it almost by itself; (;!) the belt of mixed j^rowth iif 20 to <I0 mih-s in

width, in which tlio Longleaf I'iiie loses its i)rc<lominanco. the Shortleaf, tiie Loblolly, and the hard

woods associating and disputing territory with it; and (4) the Shortleaf Pine belt, where the

species jircdominatcson the sandy soils, the Lonj^leaf being entirely absent anil the Loblolly only a

feeble competitor, hard woods being inlersjiersed or occupying tiie better sites. Williin the terri-

tory the species that occur occupy diflerent situations. Thus tlie Cuban, which accompanies the

T,ongle;if. usually occui>ies the less well drained situations, together with the Loblolly, which,

although it can accommodate itself to all soils, reaches its best development in the rich lowlands

and is specially well developed in the tlat woods which border the coast marshes of eastern Texas,

where it associates with the Sliortleaf Pine it also seeks the moister situation.

The Longleat and Shortleaf jiines are, in quantity :uid ipuility comi)ined, the most important,

while the Loblolly or Oldtield Pine, as yet not fully api)reciated, comes next, occui)ying large areas.

The Cuban Pine, usually known as Slash Pine—always cut and solil without distinction with the

Longleaf Pine—a tree of as line (juality and of more rapid growth than Mie Longleaf Pine, is associ-

ated with the latter in the coast pine belt, scattered in single iudiviiluals or groups, but appears to

increase in greater i)roportiou in the young growth, being by its manner of development in early

life better fitted to escape the dangers to which the aftergrowth is exjjosed.

Besides these four most imi)<)rtant jiines. there are a nund)er of others of less significance.

The White Pine (/'ihm.v strohus) of the North extends its reign along the higher mountain regions

of North Carolina into Georgia, forming a valuable timber tree, but of small extent. The Sjjruce

Pine, to which a short clin])ter is devoted in this bulletin, develops into timber size, but is found

only in small quantities and mostly scattered, and has therefore as yet not received attention iu

lumber markets; but its qualitievS, and especially its forestal value, being a pine which endures

shade, will ])robably be appreciated in tlie future. The other four sjiecies of ]>iiie found in the

South, which appear in the table below, which gi\es their botanical distinctions, do not de\elop

into timber trees of value, excepting that the Scrub Pine, occupying large areas of abandoned

fields in Virginia, furnishes a considerable amount of firewood.

BOTAKICAI, DIAGNOSIS OF THE FOTR ri; INi'Il'Al, PINES OCC'UKKING IN THE SdlTIIEliN STATES.

Species. Pinitr pahigtrU Miller. Pinut heterophylla (EII.) Sadw.

Leaves Threoinabundle, 9tol2(cxcepUoDftny 14 to 15) inches long.

Cones (open) 6 to 9 inrlirs lon<r, 4^ to 5 inches in diann-ter

Scales Seveu-t'ighths lo 1 inch broad; tii)8 niiii-h wrinklt'il ; lij;ht

chestnnt brown: gray with ago.
Prickles Very short, delicate, incurved
Buds Tliree-fourtbs inch Iod;;, onebalf inch i n diameter ; silver

white.

Species.

Leaves

Cones (open)

.

Scales

Prickles

Ends

Two and three in a bundle: 7 to 13 (usuallr 9 to 10) inches
long.

4to(i.^ (usually 4 to 5) inches long: 3 to 4^ inches in ilijinieter.

Kleveu..>*i\teenths to seven-eighths inch broad: lips,

wrinkled; deep ru.sset brown; shiny.
Very short; straight; declined.
About one.haU' inch long; oue-fourtli inch in diameter;
brownish.

IHnut echiTuita Miller. J'iittu tada Linn.

Two .™d three in a bundle; Ig to 4 inches long; commonly
2^ to 4 inches.

1 J to *2 inches long; IJ to IJ inches in di:inietcr
i-'ive-sixteenths to three-i-igliths (exeeptionally about one-

hall') inch liroad ; ti)iH light yellow-brown.
Pixceeilingly short (on<'-lcuth" inch) ; delicate; straight; de-

I

ctined.
I Three-eighths to one-half inch long ; about onc-cigthth inch

in diameter; brownish.

Three iu a bmidle; 5 to 8 inches long.

2h to 4.J inclies long: 1^ to 3 inches in diameter.
Three-eight lis to three ronrthsineli britad : tips sniootli ;dull

yellow-brown.
Short ; stout ilt ba.se.

One h.ilf to three-fourths inch long; one-fourth inch in di-

ameter; brownish.

Tlie greatest confusion exists with regard to the vernacular names of these jiines, in conse-

quence of which information regarding them, given by the native poi)ulatiou, must always be

carefully scrutiniz.'d to determine exactly to what species it refers. l'>ven iu the lumber market

and among wood consumers, engineers, architects, and eariienters the same confusion exists;

Longleaf and Cuban pines are never distinguished ; Shortleaf and Loblolly pines are mixetl indis-

criminately, and often "Southern Pine," or "Yellow Simthern Pine,'' satisfies the specilieatiim of

the architect and may come from any of the four species.
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To assist ill cifariny' tliis confusiou the following syiioijsis of botanical and vernacular names

is here inserted:

NOMENCLATURE OF SOUTHERN PINES.

Botanical names
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It is t'li'iU' IVoin the iihovo dinfjiio.si.s that Loiigh-af I'iiie may be (listiiij^uished Iroin Cuban Pine

by its finer grain and small amount of sajiwood; also tliat both of these differ from tlu! Shortleaf

and Loblolly in their greater weight and the more resinous character of their wood, but tliat the

wood of the two last named s|)eeies is rarely distinguishable beyond doubt.

Technically the wood of tlie pines differs about as follows: The wood of the Longleaf and Cuban

I)ines are about eijual in sti-cngth, Longleaf excelling by its liner grain and smaller ai iiit of

sapwood. The same eomparison maybe made with regard to Loblolly and Shortleaf Tine. lieing

much more variable, however, in weight and grain, e.\eeptions to the general iiilc hcie arc very

numerous. Of the lastnamed species it may be said that the wood derived IVom more southern

localities is generally heavier and stronger than northern grown—a fact esjM-cially ai)parcnt in

the case of the Shortleaf Pine.

The extensive investigations carried on by the Division of Forestry during the last three to

four years mainly on these pines permit us to give the following rc'sunu' of their meclianical

l)roperties derived from not less thin :iO,OOCI tests and as many measurements and weighings.

Wc (juote this information from Circular 12 of the division:

MECHANICAL PHOPKRTIES.

In general the wood of all these pines is heavy for pine ('M to 40 pounds per cubic foot, when

dry), soft to moderately hard (hanl for pine), requiring about 1,()(H) jwunds per stpiare inch to indent

one-twentieth inch; still', the modulus of elasticity being from l,.")(i(),(>(»0 upward; strong, re<iuiiing

from 7,0(H» pounds per sipiare inch and upward to break in bending and over .5,(100 pounds in

compression when yard-dry.

The values given in this circular are averages based on a large number of tests from which

only defective pieces are excluded.

In all cases where the contrary is not stated the weight of the wood refers to kiln-dried

material and the strength to wood containing 15 per cent moisture, which may be conceived as

just on the border of air-dried condition. The first table gives fairly well the range of strength of

commercial timber.

Average atreni/ III of Smillirni I'iiie.

(Air-rtrv material (about 15 per ceut muisture).]
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Siuce, ill tlie detenuiiiiitioii of the specific gravity above given, wood of the same i)er cent of

moisture (as is tlie case of the values of strength) was not always involved, and also since the test

l»icces, owing to size and shape, can not perfectly represent the wood of the entire stem, the

loliowing results of a special in((uiry into the weight of the wood represents probably more

accurately the weight and with it the strength relations of the four species.

WEIGHT RELATIONS.

[Tlieae data refer to the average speoitic weight for all the wood of each tree, only treoB of approximately the aameage being iuvulved.]

Average age of trees years .

,

Number ot trees involved.
Specific gravity of dry wood
Weight ]ier cubic foot pounds.
Kelativft weight
( Transverse strength *)

Cuban.

171
6
0.63

39
100
(100)

Longloaf.

127
22
0.61
38
97

(91)

Loblolly.

137

U
0.53

33
81
(84)

Shortleaf.

131

10
0.51

32
81

(77)

*Tbe values of strength refer to all tests, and therefore involve trees of wide range of age and consequently of quality, especially those
of Longleaf; involve much wood of old trees, hence the relation of weight and strength appears less distinct.

From these results, although slightly at variance, we are justified in concluding that Cuban
and Longleaf Pine are nearly alike in strength and weight and excel Loblolly and Shortleaf by

about 20 per cent. Of these latter, contrary to common belief, tlie Loblolly is the heavier and

stronger.

The weakest material would differ from the average material in transverse strengtli by about

20 per cent, and in compression strength by about 30 to 35 per cent, e.\ce])t Cuban Pine, for which

the difference appears greater in transverse and smaller in compression strength. It must, of

course, not be overlooked that these figures are obtained from full-grown trees of the virgin forest,

that strength varies with physical conditions of the material, and tliat therefore an intelligent

inspection of the stick is always necessary before applying the values in practice. They can only

represent the average conditions for a large amount of material.

DISTKIBUTION OP WEIGHT AND STRENGTH THBOUGHOtTT THE TREE.

Weight and strength of wood at different lieights in the tree.
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Ill any oue tree the wood is lighter and weaker as we [lass Ironi ihe l)asc to the top. This is

true of every tree and of iiH four species. The decrease in weight and strength is most prouounced

in the first 20 feet from the stuni]) and },fr<iws snialhr npward. (See fig. 1.)

49.6

W 20 30 40

Feet from Stump.
Fio. 1.—Diat;riiin Mhnwiii^ variation c»r wL-ii;htwith lioight of free.

This great dilt'erence in weiglit and strength between butt and top linds exjdanatiou in the

relative width of the sunimerwood. Since the specific weight of the dark summerwood baud in

eaeli ring is in thrifty growth from 0.!tO to 1. wliile that of the springwood is oidy about M), the

relative amount of summerwood lurnislies altogether the most delieate and accurate measure of

these ditterences of weight as well as strength, and heiu'c is the surest criterion for ocular inspection

of (piality, especially since this relation is free from the disturbing influence of both resin and

moisture contents of the wood, so conspicuous in weigiit determinations.

The following figures .show the distribution of the summerwood in a single tree of Longleaf

Pine, as an example of this relation

:

At Ibc stump
32 feet from stiiiiiii

87 feet from stump

In tlielO."""'" rings Noa. 'Averaeefor Specific

o?fe'bTrk. 1«1'?.»« e""'"^"". weight.
from barl£.

Per cent.
\
Per cent.

37
'

52
25 38
16 37

Per cent.

50
33 '

0.73
.59
.55
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Logs from the top ciui usually be recognized by tlie lai-ger percentage <if sa[)\vood and tlie

smaller proportion and more regular outlines of tlie bands of suminerwood, which are uioie or less

wavy in the butt logs.

HotU weight and strength vary in the dilVerent

parts of the same cross section from center to periph-

eiy, and though th(( variations appear frequently

irregular in single individuals, a definite law of rela-

tion is nevertlieless discernible in large averages, aud

onci^ determined is readily observable iu every tree.

A separate in(iuiry, avoiding the many variables

which enter into the mechanical tests, pernnts the fol-

lowing deductions for the wood of these pines, and

especially for Longleaf; the data referring to weight,

but by infereuce also to strength :

1. The variation is greatest in the butt log (the

heaviest part) and least in the top logs.

'2. The variation in weight, hence also in strength,

from center to iieriphery depends on the rate of

growth, the heavier, stronger wood being formed dur-

ing the period of most rapid growth, lighter and

weaker wood in old age.

3. Aberrations from the normal growth, due to

unusual seasons and other disturbing causes, cloud

the uniformity of the law of variation, thus occasion-

ally leading to tlie formation of heavier, broad ringed

wood in old, and lighter narrow-ringed wood in young

trees.

4. Slow-growing trees (with narrow rings) do not

make less heavy, nor heavier wood than thriftily

grown trees (with wide rings) of the same age. (See

fig. 2.)

EFFECT OF AGE.

The interior of the butt log, representing the

young sapling of less than fifteen or twenty years of

age, aud the central portion of all logs containing

the pith and two to five rings adjoining, is always

light aud weak.

The heaviest wood in Longleaf and Cuban Pine is

formed between the ages of fifteen and one hundred

and twenty years, with a specific weight of over 0.00

and a maximum of 0.06 to 0.08, between the ages of

forty and sixty years. The wood formed at the age

of about one hundred years will have a specific

weight of 0.62 to 0.63, which is also the average

weight for the entire wood of old trees; the wood
formed after this age is lighter but does not fall below

0.50 up to the two hundredth year; the strength

varies in the same ratio.

In the shorter-lived Loblolly and Shortleaf the

period for the fonnation of th(^ heaviest wood is

between the ages of fifteen and eighty, the average weight being then over 0.50, with a maximum
of 0.57 at the age of thirty to forty. The average weight for old trees (0.51 to 0.52) lies about

the seventy-fifth year, the weight then falling off to about 0.45 at the age of one hundred and
forty, and continuing to decrease to below 0.38, as the trees grow older.

17433_No. 13 2
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FiQ. 2.—Schematic section tlirongh stem of Loniilenf Piue,

slinwinj; variiition of specitjc weight with height, diumet*T,

and ago at twenty {aba), sixty (dcd), one hundred aud twenty

Were), aud two hundred {////) years.
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That these statements refer only ti» the (-lear portions of each hjg, and are variably aflected

at eacli whorl of knots (every 10 to 30 inches) according to thfir size, and also by the variable

amounts of rosin (u|) to 20 per cent of the dry weiglit), must be self-evident.

Sapwood is not necessarily weaker than heart wood, only usually tlie sapwood of the large-

sized trees we are now using is represented by the narrow-ringed outer i)art, wiiicii was foi incd

during the old-age period of growth, when naturally lighter and weaker wood is made; but the

wood formed during the more thrifty diameter growth of the first eighty to one hundred years

—

sapwood at the time, changed into heartwood later—was eveu as 8ai>wood the heaviest and

strongest.
RANGE OF VALUES FOE WEKinT AND STKKNGTH.

Although the range of values for the individual tree of any given species varies from butt to

top, and from center to i)eriphery by 15 to -'5 per cent, and occasionally more, the deviation from

average values from one individual to aiKJther is not usually as great as has been believed; thus,

of 56 trees of Lougleaf Pine, 42 trees varied in their average strength by less than 10 per cent

from the average of all 50.

The following t;il)le of weight (which is a direct and fair indication of strength), rei)re8enting

all the wood of the stem and excluding knots and other defects, gives a more perfect idea of the

range of these \alues

:

Kaniji of spieijic iveighl uilli iKjr (hiln-ilrh'd wood).

[To avoid fractions tbe valuer are multiplied by 2U0.]
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INFLUENCE OF MOISTUUE.

TIlis iiiflueuce is among tlio most important, hence all tests have been made with due regard

to moisture contents. Seasoned wood is stronger than green and moist wood ; the difference between
green and seasoned wood may amount to 50 and even 100 per cent. The inlhience of seasoning

consists in (1) bringing by means of shrinkage about 10 per cent more libers into the same scjiiare

inch of cross section than are contained in the wet wood; (2) shrinking the cell wall itself by about
50 per cent of its cross section and thus hardening it, just as a eowskiu becomes thinner and
harder by drying.

In the following taldes aud diagram this is fully illustrated; the values presented in these

tables and diagrams are based on large numbers of tests and are fairly safe for ordinary use. They
still require further revision, since the relations to density, etc., have had to be neglected in this

study.

Influence of ntoiature on strength.

Bending strength:
Green
Half dry
Yard dry
Room dry

Crushing endwise:
Green
Half dry
Yard dry
Room dry

Mean of both bending and crushing strength
Green
Half dry
Yard dry
Room dry

Per
cent of
mois-
ture.

i3+
20
15

10

33+
20
15

10

33-1-

20
15
10

Average uf aU valid tests.

Cuban.

8,450
10. 050
11, 950
15, 300

5,000
6,600
7,850
9,200

Long-
leaf

7,060
8,900

10, 900
H, 000

4,450
5,450
6,850
9,200

Lob-
lolly.

7,370
8, 650

10, 100

12, 400

4,170
5,350
6,500
8,650

Short-
leaf

6,900
8,170
9,230
11,000

4,160
5,100
5,900
7,000

Relative values.

Cuban.

100
118
142
181

100
132
157
184

100
125
149

182

Long-
leaf
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Spt'cific gravity =

WEIGHT AND MOISTURE.

So far the woiplit of only the kiln-dry wood lias been eonsidered. In fresh as well as all yard

and air dried material there is contained a variable amount of water. The amonnt of water

contained in fresh wood of these pines forms more than lialf the weight of tlic fresh sapwood, and

about ont'-lifth to one fourth of the lioartwood. In yard-dry wood it falls to about lli to l.S per

cent, wiiile in wood kept in well-ventilated, and esi)eeially in heated rooms it is about 5 to 10

per cent, varying with .size of ])ieee, part of tree, .species, temperature, and humidity of air.

Ueated to loO^ F. (6^>" C), the wood loses all but about U to 2 per cent of its moisture, and if the

tem|)erature is rai.sed to 175° F. there remains less than 1 per cent, the wood dried at 212° F.

being assumed to be (though it is not really) jierfectly dry. Of course, large itieces are in ])ractice

never left long enougli ex|)0sed to become truly kiln dry, though in factories this state is often

approached.

As long as the water in the wood amounts to about .30 per cent or more of the dry weight of

the wood there is no slirinkage ' (the water coming from the cell lumen), and the density or specific

gravity change.^ simply in direct [iroportion to the loss of water. When the moisture per cent

falls below about 30, the water comes from the cell wall, and the loss of water and weight is accom-

])auied by a loss of vohiuu!, so

that both factfjrs of the frac-

tion

weight

volume

are affected, and the change
in the specific gravity no lon-

ger is simply i)roportional to

the loss of water or weight.

The lo.ss of weight and vol-

ume, however, lieiiig uneijual

and disproportionate, a marked
reduction of the si)ecifl(! grav-

ity takes place, amounting in

these pines to about 8 to in per

cent of the specific weight of

the dry wood.

SHRINKAGE.

The behavior of the wood of

the Southern pines in shrink-

age does not difler materially.

**^*^ ^u^o^r 'o eo 7, 33* Genei'ally tlie heavier wood
Fio. 4.—Dl.iirram nlmwirc Ina" "f w.itcr in kiln drvinc and rcabBorption in air, ulirinkinc and sliriuks the mOSt, aud sapWOod

'"'""'"'•'
shrinks about one-fourth more

than heartwood of the same siiccific weight. Very resinous ])ieces (''light wooil'') shrink much less

than other wood. In keeping with these general facts, the shrinkage of the wood of the ui)per

logs is usually l.'i to 20 i)er cent less than that of the butt pieces and the shrinkage of the heavy
heartwood of old trees is greater than that of the lighter peripheral i)arts of the same, while tin;

shriidiage of the heavy wood of saplings is greatest of all. On the whole, the wood of these jjines

shrinks about 10 per cent in its volume—3 Xa 4 per cent along the radius, and 6 to 7 per cent along

the tangent or along the yearly rings.

After leaving the kiln the wood at once begins to absorb moisture and to swell. In an

experiment with short pieces of loblolly and shortleaf, representing ordinary flooring or siding

'In onlin.irv liiiiil)er and all large size material tliu oxtorior jiarts coninionly dry so uiucli HciDnrr than tlic Imlk

of ihe stick that chucking often occnra thongh the nioisttirc jicr cent of the whole stick is still far above 30.
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sizes, tliese regained more tiiaii lialf the water aud underwent over half tlie total swelliDff during
the first ten days after leavinj;' the kiln (see flg. 4), Even in this less than air dry wood the

changes in weight far excel the changes in volume (sum of radial and tangential swelling), and,

tluT<'rore, the s])('ciHc gravity even at this low per cent of moisture was decreased by drying and
increased by subscfjuent absorption of moisture. Immersion and, still more readily, boiling cause

the wood to return to its original size, but temperatures even above the boiling point do not

prevent the wood from "woiking," or shriidving and swelling.

In fig. 4 are represented the results of experiments on the rate of loss of water in the dry
kiln and the reabsorption of water in the air. The wood used was of Loblolly and Shortleaf Pine

kei)t on a shelf in an ordinary room before aud after kiln drying. The measurements were made
with calijier.

EFFECT OF "BOXING," OR "BLEEDING."

" Bleeding" pine trees for their resin, to which only the Lougleaf and (Juban Pine are subjected,

has geiicr.ally been regarded as injurious to the timber. Both durability and strength, it was
claimed, were impaired by this process, and in the specitications of many architects and large con-

sumers, such as railway companies, "bled" timber was excluded. Since the utilization of resin is

one of the leading industries of the South, and since the process affects several millions of dollars'

worth of timber every year, a special investigation involving mechanical tests, physical and chem-

ical analyses of the wood of bled and unbled trees from the same locality were carried out by this

division. The results prove conclusively (1 ) that bled timber is as strong as unbled if of the same
weight; (2) that tlie weight and shrinkage of the wood is not affected by bleeding; (3) that bled

trees contain practically neither more nor less resin than unbled trees, the loss of resin referring

only to the sapwood, aud therefore the durability is not affected by the bleeding process.

Tlie following table shows the remarkable numerical similarity between the average results

for three groups of trees, the higher values of the bled material being readily explained by the

diftereuce in weight

:

Longleaf Pine.



22 TIMBER riNES OK THE SOUTHERN UNITED STATES.

Siiifo the custom of i)aiiitiii{,' and paining' woodwork has given way to natural grain witli oil

finish, the wood of tliosc hard jdncs is Ix'coniing very pojuilar for inside (inisli.

Kiln-drying is successfully jiraeticod with all four species, but especially wiLli tlie Shortlcal

and Loblolly pines which, if not artificially seasoned, an^ liable to "blue." Tlie wood can be dried

witliout great injury at high temperatures.

RATE OF GROWTH.

The s])eeies naturally develop somewhat diflerently, according to the soil conditions in whi(!h

they occur. Without going into a detailed discussion, which will be found in the body of this

work under each species, a comparison of the rate of growth of the lour species, based on a large

number of measurements, gave, for average trees and average conditions, the results shown in the

accompanying diagrams (figs. ."> to 7), which permit the determination of the rate of growth at

dill'erent i>eriods of their life.

110 ScA

100
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b«^hind for the next twenty-five to tliirty yesirs, then jnoceeds iit ahonf tlie same i;ite, but p(;rsistiiig

longer thiin the Loblolly. At the iige of fifty years tlie Oul):iii I'ine witli 4(i cubic feet has made
nearly twice the amount of the Loblolly and more than four times that of the Longleaf, but at oue
hundred years the difference is reduced, being then 115, 00, and .>.") cubic feet, respectively, for the

three si>ecies.

Both Loblolly and Shortleaf Pine reach their maximum growth sooner than the other two
species. While these still show a jiersistently ascending line at one hundred and twenty to one

hundred and forty years, the rate of growth in the Loblolly shows a decline after tli(^ one hundredth
year, and the Shortleaf has done its best by the eightieth year. These facts give indications as to

the rotation under which these various species may be managed.

22
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undertake, hut for which the incaiis at the disposal of the Division of Fore.stry have never been

sullieicut. Ivvcn the aniount of annual eoMsiun|(tioii can only lie apjiroxiniated, jiartly because

the siu'cies are not always kept separate and partl\ because iuformutiou is not always readily

given by the operators or shippers.

The statistics for Lon;,'leaf Pine can be nioie Tiearly aiiiiroxiniateil. for the majority of the mills

enj^a^red in its e.\i)loitation cut hardly any other timber; moreover, its {geographical limits are more

clearly defined, so that even the area of remaininp supplies is not entirely beyond our ken.

When it comes to using such statistics for a prognostication as regards available sn])|)lies,

another ditliculty arises in the change of standards of material recognized as marketable and the

change of demand or use, and hence consumption, of any of the varieties. P>ut we can now safely

assume that the standard of size and quality, which was high when the census figures of ISSO were

120 d*^

110
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more likely will fall far below L'()(>,()(»(),()()0,(i()() fcot, wliilc tlic lisure for present and lowest future

auiiual cousiiiiiiitioii may be ai)i)i()i;iiiiated at near 7,000,00(1, ()()() feet, board measure.'

There is nobody who knows or can know the actual condition of supi)lies, and whoever has an
opinion on the; subject will have to briiif,^ ut least as good a basis or a better one for such opinion
than the data furnished in the Ibllowing monographs.

Tiiere is no attempt to predict from the foregoing figures tlie absolute exhaustion of the pine
supplies of the South within forty or lifty years, although such a result would appear 7iot unlikely.

(U)mi)etition of other timbers, and substitutes for the use of wood (whi<'h, to be sure, never in the

history of the world have reduced wood consumptioTi), and especially changes in present methods
of exi)loitation, may lengthen out supplies for a shoit time; or, if we begin rational forestry now,
these forests may be kept a source of continuous supplies, even though reduced.

Those who rely upon the spontaneous natural reproduction of these pines to fill the gaps made
in the virgin timber will do well to read the chapters on natural reproduction and the incidental

remarks regarding the conditions for renewal and the appearance of the aftergrowth; or, better,

tramp through the vast region of culled pine woods and observe what the basis of their reliance

is, as the writer of these monographs has done through forty years of his life. If, in addition,

they study the chapt<'rs on conditions of developnient, they will realize that the Longlcaf Pine is

bound to disappear largely even in the regions where it reigned supreme; that the Cuban Pine, no

despicable substitute, will take its place in the lower i)ine belt, if allowed to propagate at all; but
on large burnt areas the growth of scrubby oaks and brush will forever exclude this species which
( minently needs light. Loblolly and Shortleaf, better flttetl for warfare with other species, will do
nnich in their respective habitats to recuperate, except in the mixed forest, where they are culled

and the hard woods are left to shade out the aftergrowth ; or where the continuous conflagrations

have destroyed the mold and aftergrowth and given over the soil to scrubby brushgrowth, which
for ages will either prevent the gradual return of the pines or impede their renewal and growth.

Considering that the timber on which we now rely and on which we base our standards comes from

trees usually from one hundred ami fifty to two hundred years or more old, and that none of these

pines nuikes respectable timlier in less tlian from sixty to one hundred and twenty-five years, the

necessity of timely attention to their renewal is further emphasized.

The owners of timber land and the oi)erators of mills are the only people who can improve

these conditions, and this by a more rational ti-eatment of their i)roperty. If they can be made to

realize now that what they own and hold as a temporary speculation will, in a short time, when
supplies have visibly decreased, become a first-class investment, and, by its revenues, become a

greater source of wealth undercompetent management with a view to reproduction than that which

they have derived from it by the mere robbing of the old timber, they might take steps at least

against the unnecessary damage done to it by fire and cattle. Permanency and continuity of

ownership api)ear to be the first condition to insure such results, and therefore corporations which

are not of an ephemeral character and men of large wealth are most desirable forest owners.

The monographs here presented will, it is hoped, aid in this realization, and the information

regarding the conditions of development of the different species will furnish suggestions as to the

forest management which, modilied according to local conditions and economic considerations, may
be employed to secure the jierpetuity of the Southern pineries.

B. E. Fernow.
Washington, D. C, June 5, 1896.

' The entire region within which these pines occur in merchautal)Ie condition eonii)iises about 230,000 squaro miles

or, in round numbers, 14 7,0(X),000 acres; for hmd in farms, etc., 10,000,000 acres must lie ilcducted, and alh)wini;as much
.as two-thirds of the remainder as representing ]>ine lands (the other to hardwoods), wo would have about 90,000,000

acres on which pine may occur. Au .averai;e growth of 3,000 feet ])er acre, an extravagant figure when referred to

such an area, would make the possible stand, 270,000,000,000 feet, provided it was in virgin condition and not mostly

culled or cut.







Plate II

Fir,. 1. LoNGLEAF Pine Forest in Louisiana Flats. Virgin. Scorched by Fire as Usual.

Fig 2. Lunqleaf Pine. Forest after Removal of Merchantable Timheh.
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XHE I^ONOI.E^\K IMNE.
(ri)iiin jinhmlrin Miller.)

Synonyms: I'iiiiis puliislris Milkr, (jaid. Diet. eil. x, No. II (1768).

I'inus lutca Walter, Kl. Cur. 237 (1788).

I'iniie amlraliH Micliaux f., Hist. Arli. Am. i. 64, t. 6 (1803).

riiiiin nerolina Ilort. I'f. lion .Janl. <I76 (1837) ex Autoiue, Conif. 23(1840-171, m.l Mi<li\. (1803).

I'inii.H rdliiiieniiiK Fr. (jaril. ex Gordon, I'inetum ed. 1, Snppl. 03 (1.S02).

I'iiiiiK I'almitri Manetti ex fiord., 1. c (1802).

LOCAL OR <;OMMON NAMES.

Longleaved Pine ( Del., N. C, S. C, Oa., Ala., Fl.i.. Miss.,

La., Tex.).

Sontliern Pine (N. C, Ala., Miss., La, ).

Yellow Pine (DeL, N. C, S. C, Ala.. I'la., La., Tex.).

Turi)eutini^ Pine (N. C).
Koscniary Pine (N. C).
Uniwn Pine (Tenn.).

Hard Pine (Ala.. Miss., I.,a.).

(;eor};ia Pine ( Del.).

Fat Pine {Southern States).

Sontliern Yellow Pino (general).

Southern Hard Pine (general).

Southern Heart Pine (general).

Southern Pitch Pine (general).

Heart Pine (N. C. and Southern Atl.antie region).
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Piteh Pine (Atlantic region).

Longleaved Yellow Pine (Atlantic regicm.)

Longleaved I'itch Pine (Atlantic region).

Ijong-straw Pine (Atlantic n'gion).

North Carolina Pitch Pine (Va., N. C).
(ieorgia Yellow Pine (.\tlantic region).

Georgia Pino (general).

Georgia Heart I'ine (general).

Georgia Longleaved Pine (.\tlantic region).

Geiirgia Pitch Pine (Atlantic region).

Florida Yellow Pine (Atlantic region).

Florida Pine (Atlantic region).

Florida Longleave<l Pino (Atlantic region).

Texas Y'ellow Pine (.\tlantic region).

Texas Longleaved Pine (Atlantic region).



THE LONGLEAF PINE.

By Charles Moiir, PU. D.

INTKODUOTORY.

The Longleaf Pino is the tree of widest distributiou and of greatest commercial importauce

in the Southern Atlantic forest region of eastern North America, covering, with scarcely any

interrui)tiou, areas to be measured by tens of thousands of square miles and furnishing useful

material.

The timber wealth of the forests of Longleaf Pine, much of which is still untouched, has given

rise to industries which involve the outlay of vast capital and an extensive employment of labor,

thus closely affecting the prosperity of a large part of the Southern States as well as the indus-

trial and commercial interests of the whole country.

With the impending exhaustion of the pine forests of the North, the lumber interests of the

country are steadily tending to center in the South, attracted chiefly by the forests of Longleaf Pine.

The Old World, which has heretofore depended almost entirely upon the pine forests of Canada

and of the Northern United States for timber for heavy construction, is already importing a large

amount of hewn and sawn square timber and of lumber from the Southern pine forests. Most of

the lumber used for ordinary building purposes in the West Indies, on the coast of Mexico, and

in many of the States of South America is furnished by the mills situated in the Longleaf Pine

region. The unprecedented increase, during the last (piarter of a century, of the population in

the timberless regions of the far West, as well as in the country at large, enormously augment

the drafts made upon these forests, threatening their eventual exhaustion and ultimate destruc-

tion unless measures are taken by which these supplies may be perpetuated. The solution of the

difficult problem of devising such measures can come only as a result of a study of the life history

of the Longleaf Pine, of the conditions required for its growth and best development, of the laws

regulating its distribution, and of the possibilities for its natural or artificial restoration.

HISTOEICAJL.

The economic importauce of the Longleaf Pine was well recognized in early times. Bartram,'

in the year 1777, in his wanderings along the western shore of Mobile Bay, had his attention

attracted by three very large iron pots, or kettles, each with a capacity of several hundred gallons,

near the remains of an old fort or settlement, which he was informed were used for the purpose of

boiling down the tar to pitch, there being vast forests of pine in the vicinity of this place. "In

Carolina," this writer proceeds, " t\n' inhabitants pursue a different method. When they are going

to make pitch they dig large holes in the ground, which they line with a thick coat of good clay,

into which they coiuluct a suflicient quantity of tar aiul set it on fire, sufleriug it to burn and

evaporate for some time, in order to convert it into pitch, and when cool, put it into barrels until

they have consumed all the tar and made a sufficient quantity of pitch for their purposes.''

Humphrey Marshall, one of the earliest writers on North American forest trees,^ mentions

the Longleaf Pine under the name of the "largest three-leaved marsh pine, as accounted equal to

any for its i-esinous produ<!ts." In North Carolina crude resin, tar, and pitch figured as important

and valuable exports during the later colonial times. During the period from 1766 to 1769, $130,000

' Bartram's Travels through North and South Carolina. Philadelphia, 1790.

-Humphrey Marshall: Arbustum Amerieanum, or the American Grove. Philadelphia, 1785.

29
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worth of these stores were exported yearly ; among tliein were 88,111 barrels of crude resin, valued

at •'i'll/itl.So. F. A. Micliaiix, in bis travels west of tbo All«'};baiiy Minuitaiiis, speaking of the

low country of the (Jarolinas, says:' "Seven-teutlis is covered with pine of one si)eeies, I'tnun

palustris, which, as the soil ia drier and lighter, grows loftier; these pines, encumbered with very

few branches and which split even, are j)referre(l to otlicr trees for building femes on plantations."

In his subseiiuent work Miclnuix gives fur the tirst time an accurate and (ietailed account of the

products of this tree and their industrial and commercial importance, as well as ot its distribution

and a description of its specific characters.'

XOTE.—In sketohiiig tlio topograpliical fcaluros of those rpRions of the I.ongloaf I'ine forests, which did not come

uniler the personal oltseivation of the writer, the physiographical descriptions of the Cotton States on the Atlantic

Coast and the Gnlf region pnblished in Professor llilgard's report ou cotton production in the fifth and sixth

volumes of the Census of ISXO were freely drawn upon, and these reports wore also consulted, togetlier with Table VII

in the statistics published in the census report on productions of agriculture in tlii^ coMi|iiilation of forest areas.

In the statements of tlie amount of Lougleaf I'ine standing in the several States in IKKO and of the cut during

the same year, the figures given in I'rof. Charles S. Sargenfs report, Vol. IX of the Tenth Census, were introduced,

and for those which relate to Alabama and Mississippi the writer is mostly responsible. No etVorts have been spared

to arrive at a correct estimate of the total amount and value of s(iuare timber, lumber, and naval stores produced

during the decade ending with tlie year 1S;)0 and <luring thi! business year ISi'H, in order to jilaee in a proper light

the economic importance of the tree and its bearings upon the industrial and commercial interests of the country,

and also to show the rapid increase of the industries dei)ending <Iirectly ui)on the rescuinu'S of this tree. The state-

nienta given .are, however, of necessity only approximations falling below the limits of truth, as it was impossible to

ascertain with any degree of accuracy the quantities entering into home consumption. Thus a factor of no little

importance had to be neglected.

The thanks of the writer are due to the gentlemen who kindly assisted him by their prompt replies to bis

imjuiries in his search for information, and who in other ways have aflorded him aid.

GEOGRAPHICAL DISTRIBUTION.

The LoDgleaf Pine is principally confined to a belt about 125 miles in width in the lower

parts of the Soutlieni States which border upon the Atlantic and the (riilf shores. Tlie nortliern

limit of the tree is found on the coast near the southern boundary of Virginia below Norfolk,

north latitude 36^ 30'. From here the forests of the Longleaf Pine e.xtend southward along the

coast region to Cape Canaveral, across the i)eniusula of Florida a short distance south of Tampa

Bay, westward along the Gulf Coast to the uplands which border upon the alluvial deposits of

the Mississippi. West of that river forests of this species continue to the Trinity Kiver iu Texas;

in that State its northern limit is found ti> reach hardly 32° north latitude, while in Louisiana and

Mississippi it extends hardly more than half a degree farther north, and in Alabama under 34^ 30'

the tree is found to ascend the extreme southern spurs of the Appalachian chain to an altitude of

between i)00 and l,0(tO feet. Thus the area of the distribution of the Longleaf Pine extends from

70° to 90^ west loiigitiuie and from 28 ^ 30' to 36^ 30' north latitude. (See PI. III.)

With reference to the distribution of this species as depending upon geological formation, it

may be said that its forests are chiefly confined to the sandy and gravelly deposits designated by

Professor Ililgard as the orange sand, or Lafayette strata of Post-Tertiary formation, whicli of late

isregarded as the most recent member of theTertiary formation. Thesesiliceous sands and pebbles,

which to such vast extent cover the lower part of the Southern States and form also more or less

tlie covering of the surface throughout the older Tertiary region, oiler the physical conditions most

suitable to the growth of this tree.

CnAEACTERISTICS OF DISTRIBUTION IN DIFFERENT REGIONS.

This great maritime pine belt east of the Mississippi lliver j)resents such differences in

toj)ogiaphical features and such diversity of i>liysical and mechanical conditions of the soil as to

permit a distinction of tliiee divisions going from the coast to the interior:

1. The coastal plain, orlowpinebarrens within the tide-water region, extends from the seashoic

inland for a distance of from 10 to 30 miles and over. The forests of the Lougleaf Pine which

'Travels West of the AUcghanies, by F. A. Michaus. Paris, 1803.

«F. A. Micbaux, llistoirc des Arbres forestiers do I'Amer., Sept. Paris, 1811. I'liihulolpliia Edition, 1852, Vol.

Ill, p. 10(J ct sell.
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owiipy the poorly dniiiied grassy flats of the plain are very open, intersected by numerous inlets

of the sea and by brackish marshes. They are also interrupted by swamps densely covered with

Cypress White Cedar, Wliiteaiid Ked Kay, Water Oak, Live Oak, ."Magnolia, Tupelo (ium, and Hlack

Gum and again by grassy savannas of greater or less extent. On the higher level, or wiiat might

be called the first terrace, with its better drained and more loamy soil, the Longleaf Pine ouce

prevailed, but almost everywhere in the coastal plain the original timber has been removed by

man and replaced by the Loblolly Pine and the Cuban Pine.

2. The rolling pine lands, pine hills, or pine barrens proper are the true home of the Long-

Leaf Pine. On the Atlantic Coast these uplands rise to hills ovei- 000 feet in height, while in the

Gulf region they form broad, gentle undulations rai-ely exceeding an elevation fif .'lUO feet. Thus
spreading out in extensive table-lands, these hills are covered exclusively with the forests of this

tree for many hundreds of s([uare miles without interruption. Here it reigns supreme. The

monotony of the pine forests on these table-lands is unbroken.

3. The up])er division, or region of mixed growth. With the appearance of the strata of the

Tertiary formation in the upper part of the pine belt, the pure forests of the Longleaf Pine are con-

fined to the ridges capped by the drifted sands and pebbles and to the rocky heights of siliceous

chert, alternating with open woods of oak (principally Post Oak), which occupy the richer lands of

the calcareous loams and marls. However, where these loams and marls, rich in plant food,

mingle with the drifted soils, we find again the Longleaf Pine, but associated with broad-leaved

trees and with the Loblolly and Shortleaf Pine. Here the Longleaf Pine attains a larger size and
the number of trees of maximum growth per acre is found almost double that on the lower

division.

TIMBER REGIONS—SUPPLY AND PRODUCTION.

The forests of Longleaf Pine can be conveniently discussed by referring to the following geo-

graphical and limited areas

:

The Atlantic i)ine region;

The maritime pine belt of the eastern Gulf States;

The central pine belt of Alabama;
The forests of Longleaf Pine of north Alabama (Coosa basin, etc.);

The regions of Longleaf Pine west of the Mississippi River.

THE ATLANTIC PINE REGION.

The Atlantic pine region iu its extent from the southern frontier of eastern Virginia to the

peninsula of Florida embraces the oldest and most populous States of the Longleaf Pine district,

and here the forests have suffered most severely by lumbering, the production of naval stores, and
clearing for purposes of agriculture.

Virginia.—The forests of the Longleaf Pine on the southeastern border of Virginia have almost

entirely disappeared, and are, to a great extent, replaced by a second growth of Loblolly IMne.

North Carolina.—In North Carolina the area over which this tree once prevailed nmy be

estimated at from 14,000 to 15,000 square miles, leaving out of (calculation the coastal plain with its

extensive swamps, wide estuaries, and numerous inlets. From the northern frontier of the State

southward, some distance beyond the Nense River, in the agricultural district, the forest growth

on the level or but slightly undulating pine land is of a mixed character, the Longleaf species being

largely superseded by the Loblolly Pine, together with widely scattered Shortleaf Pine and decid-

uous trees—White Oak, Red Oak, Post Oak, Black Oak, and more rarely Mockernut and Pignut

Hickory, and Dogwood. In this section the lumbering interests are chiefly dependent ui)on the

Loblolly Pine (Pinus twda), better known to the inhabitants as the Shortstraw, or Shortleaf Pine

(not to be confounded with the true Shortleaf Pine). The forests of Longleaf Pine begin at Rogue
Inlet, extend along the coast to the southern boundary of the State, and inland for a distance

varying between 50 and 135 miles.

The highly siliceous soil of these pine barrens offers but little inducement for its cultivati<ui;

the inhabitants, therefore, from the earliest time of the settlement of the State have chiefly been

engaged iu pursuits based on the products of the pine forests. Here the production of naval
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stores was fir.st carried oil ; ro.sin, tar, and pitcli fij^ured in early i-olonial times ainonjj tlii' most

important articles of export. In coMseijueiiee, tlie forests of tbe Louyleaf i'ine have been, wilii but

slight exceptions, invaded by turpentine orchardin}?, and at the i)resent time by far the {;:reater

part of the timber staiidiiiji' lias been tapped for its resin. The forests of the Lon^'-leaf Viw. in this

State cover tiie largest area in the basin of Cape Fear River, with Wilmington the main ])ort of

export for their jnoduets. The export from this port had increased from 21,<)O(),O0() feet of lumber
in ISSO, to nearly J(t,0(t(),(t(iO annnally, on the average, for the years 1S,S7 to ISOl.

The forests of the Longleaf i'ine on the, banks of the Neuse River, in .lohnstoii County and in

Wayne County, are almost exhausted; about 40 to 50 per cent of the timbi^i sawn at (Joldsboro

and Dover is Longh-af Pine timber from that section, and is invariably bled. A considerable

number of the trees from the old turpentine orchards, with the excoriated surface of the trunk

("chip") over 2.") feet in length and bled again after a lapse of years, show that they have been

worked for their resin for twenty to twenty-four years in succession, and after a longer or shorter

period of rest have been subjected to the same treatment continually for tins same number of years.

8ucliold martyrs of the turpentine orchard are untit for lumber, but, impregnated as they are with

resin, are used for iiiling and for posts of great durability.

Ivist of the Neuse River, from the upper part of .lohnston County, in an almost southern

direction to Newbern, no Longleaf I'ine has been observed. Single trees of the Sliortlcaf Rine

{l'i)ti(.s evhinain) have been tbuiid scattered among the growth of det-iduous trees whieh cover the

ridges between the Trent and Neu.se rivers, and isolated tracts of a tew a(!rea of the Longleaf species

are met with in the low tlats of the same section, which were in 1.S94 almost exclusively occiqiied

by the Loblolly I'ine.

As rei)orted for the Tenth Census, the amount of Longleaf Rine standing in North Carolina at

the beginning of the census year was estimated to be ."),i;i,".I.CO(l.()()0 feet, board measure. No reliable

information could be obtained as to the amount of timber cut since ISSO, consequently no data are

at hand from which to compute the amount now standing. The cut for the year 1880 is given in

the census report at 10S,I()((,0()0 feet, board nieasuie. In ISitO, eighteen mills were ennnieraled as

engaged in sawing exclusively Longleaf i'ine timber, almost all situated in the basin of Cape I't^ar

River, witli a daily aggregate capacity of 475,000 feet, board measure. Such capacity would point

to an aniinal cut of at least 05,000,000 feet, board measure.

statement of the ehipmcnte of nni-al atorea from Vilmwgfon, X. C.

[From J. L. Cantwell, uecretary Wilmington Prodnce Exchange.]

Tear.
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iSouth Carolina.—The forests of L()iij;ltiar I'iiic, in tliis State follow iiioiu closely the coast line,

witli an extension inland averaging 100 miles. The lower parts of the i)ine belt, or the Savannah
region, is low and tlat, rising but slowly above the braekish marshes and alluvial lands bordering

the sea. Traversed by eight large rivers with wide estuaries and bordert^d by extensive swamps
of Cypress, Magnolia, Hed and White Bay, Laurel Oak, etc., its area has been estimated to be 7,00(1

square miles, 4,5(10 s(|uare miles of which are occupied l)y swamp lands, inclnding the grassy
marshes on the coast. In the low, perfectly Icnel ])ine barrens, with a soil of line, conipacted,

almost impervious sand, covered with the Saw Palmetto, the Pond Pine, and a stunted growth of

the Cuban and Lol)lolly Pine, the Longleaf Pine is rarely seen, and always of dwarfed growth. In

the flat woods bordering the alluvial swainjis, heavily timbered with Loblolly and Cuban I'ine, the

Longleaf Pino makes its appearance more frequently, and finally prevails almost exclusively on
the broad, dry, sandy ridges, associated with the Barren or Turkey Oak {(Jiktcii.s raff.iha'i). stunted

Spanish Oak, and I'liland Willow Oak {Qiicrcus ciitcrra), trees of smaller size forming the under-

growth. The timber growth on these ridges is rather open and of good quality. As has been
observed near liidgeland, in the counties of Beaufort and Hampton, the forests have to a large

extent given way to the plow, and along the railroads they have been destroyed by turpentine
orcharding. Upon 1 acre, representing fairly the original timber growth of the forests on these
ridges, 48 trees of a diameter of from V2 to 24 inches at breast high, with a height of from 50 to 110

feet, were found. Of these, 4 yielded sticks of clear limber averaging 45 feet in length with mean
diameter of IS inches, equal to 2,000 feet, board mea.suie, of first-class lumber. These trees varied
in age from LSG to 145 years; 8 trees yielded sticks of timber free from limbs 40 feet iu length

with mean diameter of 17 inches, equal to 3,-00 feet, board measure, age on the average 140 years;

12 trees yielded 35 feet length of clear timber with mean diameter of IG inches, ciiual to 3,000

feet of merchantable lumber, age from 130 to 13(j years; 8 trees averaged 12 inches mean diameter,

length of timber 30 feet, equal to 950 feet, board measure, age from 110 to 118 years; 4 trees

averaged 10 inches mean diameter, length of clear timber 24 feet, wood sappy throughout, yielding

200 feet of lumber, age from 80 to 85 years.

The total yield of merchantable lumber of this acre would be 9,950 feet, board measure, repre-

senting the average of the better quality of these timber lands. As iu the adjoining States, the
forests along the railroad lines for a wide distance have been subjected to turpentine orcharding,

and but a small percentage of the timber standing has escaped the ax of the '-box" cutter. The
receipts of naval stores at Charleston during the ten years from 1880 to 1890 averaged annuallv

51,570 casks (50 gallons to a cask) of spirits of turpentine and 225,920 barrels of rosin, with the

largest receipts in 1880 of 60,000 casks of sjjirits of turpentine and 259,940 bariels of rosin, and
the .smallest of 40,253 casks of spirits in 1S88, and 170,000 barrels of rosin in 188(!.

Tabular statement of the «hipmcnt>s of naval stuns at ('harlestuii, .S. C.,fiom ihebeginnitig of ISSO to the clone of theijear 1S94.

[From the auuiial statementa of tho rommorce of Charleatoli, ,S. C, pubUt:hed iu the Charleston Courier.*]

Year.
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riiH' among tlio Sliortloar I'iiio and line upland oak.s, tlic latter larf,'ely pii'vailinfj. On tin; .south

iuul west tlieso hills mergi' into an idovatcd plateau with a loose .soil of eoarsc white .sand. Here

the Loiifjleaf I'ine is found in its full i)erfection and funiLslies timber of excellent quality.' About

lli per cent of these ])ineelad tablelands are under enltivation, and about "-'L' per cent of thi' hills,

with their generous red soil, are covered with a mixed growth of i)ine and oak; lx)th of these

divisions cover au area of not less than 4,000 .sipiare miles.'

The Longleaf I'ine timber standing in Souih Carolina in the census year ISSO was estimated

at 5,31ti,Ot)(>,0(lO feet, boaid measure.' with an annual cut of 12I,0(K),(MI() feet.

In 1890 forty mills sawing exclusively Longleaf I'liie timber have been rejiorled ' with an

aggregate daily capacity of about 510,(100 feet, taken at the lowest figure. This would indicate

for that year a cut of (!.S,0(M),000 feet, hoard measure, which may al.su be considered the average

annual cut for the last fifteen years.

The exiwrts of lumber from Charleston, the chief port, have since the year 1880 steadily

increa.sed, the excess in ISOO over the amount in 18S0 reaching over 100 per cent, as is exliibited

in the following statement:

Slttiemiiil nf tiimhcr tj-purliil fnini Chdrlislon, S. (., lo farriyn anil tinmiKtii- purls frnin llu hri)in)iiii(i iif ISfio lu Iht clu«e

of IS'.il.

[Iiicluilcscoimiilirablu Loblolly iinil ShiirtlCiif Pine.]

Tear.
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grade were found to niiike .sticks of from 40 to 45 feet long', in'ifcctly clear of limb knots, and l.S to

22 inches mean diameter, givinj,' from 450 to 750 feet of lumber, with the sapwood from U to 2

inches wide.

The following measurenienls of trees from a small tract of forest uutoucdied by the ax serve

as a fair average sample of its timber growth :

Number of tree.
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Tahular ulalemnil of rxpurli of liimbir from Sarininnh, Ihirien, JlntiiDwick, and St, Mari/a to foreii/n ami domotic portt

and ehipmeiilii by railroad lo inland markets from JSSSS-f to 18'J3-04.

Year.
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at ;i little, oviT -t(),00() s(iu;ue miles. It presents no materiiil difterences from the Atlantic, re-jioii,

i)f wbicli it is a direct continuation, bein;;- similar to it in both soil and climate.

This eastern Gulf region is unsiiri)asse(l in the advantages it ofters for the development of

the industries based on the products of the pine forests. Its fieiiial climate tlironj;li(mt the year
l)ermits the uninterrupted exploitation of its abundant re.sources of resinous ])roduct,s and of timber
of the best quality. The fine harbors and saffe road.steads on the Gulf Coast are reached by navi-

gable rivers, wliicli, with their tributaries, cross the lower division in every direction, and give

r,-ady and cheap tran.sportatioii to its ports, while great railway lines atl'ord ea.sy communication
with inland markets. This region thus presents inducements scarcely found elsewhere for the
investment of capital and lalior in the develojunent of the resources of its forests.

It is impossible to arrive at anything like an accurate estimate of the amount of timber

standing at itresent, or of the rate of its consumption, sinct^ in the returns of the annual lumber
[iroduct that needed for home consumption has not been included.

WcNfcni Florida.—Placing the eastern limit of that part of Florida to be considered as

belonging to the Gulf pine region at the lower course of the Suwanee River, the area included

comprises about 7,200 sijuare miles, exclusive of the swamjis and marshes of the coaf.t. The
forests of Longleaf Pine form a narrow strip along the course of the Suwanee Kiver and along

the coast to the Apjialachicola Kiver, covering about 1,280,0(10 acres. At their northern limit

they merge into the oak and hickory uplands of middle Florida. Along the coast they are sur-

rounded by marshes and swamps, rendering them difticult of access, consequently they have
remained untouched. The same may be said of tiie pine forests between the Appalacliicola and
the Choctawhatchee rivers. These have been in\aded to some extent along the banks of the

latter river to supply the small mills situated on the bay of the same name.

Th(> pine lands of western Florida rise slowly above the coastal plain and form avast expanse
of slightly undulating surface. Those surrounding Perdido, Pensacola, lUackwater, and Mary
St. Galves Bay, the oldest sites of active lumber industry in the Gu-lf region, were stripped of

their valuable timber more than thirty years ago, and since that time have been cut over again.

The largest tracts of finely timbered virgin forests of Longleaf Pine are found in the undulating

uplands from the Perdido and Escambia rivers along the Alabama State line to the banks of the

Choctawhatchee Eiver. East of this river, in the same direction, where the younger Tertiarj-

strata make their appearance, Longleaf Pine becomes associated with hard woods, with southi-rn

Spruce Pine added in the valleys. Since the opening of the Pensacola and Atlantic liailroad

considerable (luantities of sawn square timber find their way to Pensacola from these remoter
forests.

A large portion of the timber supplied to the mills along the coast having been derived from
Alabama, it is impossible to arrive at an exact estimate of the products of the forest of western

Florida.

Stalement of exjwrl of hewn Kiiiiarc limher, suirn square timher, and himlier to foreiipi and domexllr ports from Penaarola
Flu., from 1S79-SO to 1S93-0S.

' ' '

[From Hyer \. liro.'s aunual circulars.]

' Year.
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During tlifsc fourteen years the iirice of 8(iii;ii<- limlier and liiinbcr taken in tlic aggregate

averaged about $12.50 per 1,000 feet, board measure. On tlii.s basis tlic value ol' tlio mill products

for these jiarts of the forests of Longleaf Pine amounted to *.'>.
I.

").">.(iTO a year.

For the jiast forty years, during wliieli the lands of the peninsnla i)ait and in middle Florida

have ])assed mostly into possession of small projirietors, no naval stores have been prodiieed

in this section. In western I'lorida, however, in i)ioxiiuity to the Louisville and Nashville and
I'ensacola railroads, lai-ge areas have been subjected to the tapping of the trees, and the forests

close to these railroads having been exliaiisted, the jiroducts of the tni]>entiiie stills are hauled

for a distance often exceeding 10 miles and find their market mostly at Mobile.

Alabama.—Owing to the diversity in geological conditions and in topograidiieal leatures

jirevailiiig in this State, the distribution of the Longleaf IMin; inesents within its borders

lieculiarities not found el.sewhere. It ajijiears in three .separate regions—the maritime pine belt,

the central pine belt, and the pine forests of the Coosa Basin and other outlying forests in north

Alabama.

The coast pine belt extends from the Gulf shore inland lor a distance of from 90 to 100 miles,

and has been estimated to cover about 13,750 square miles, or 8,800,000 acres, outside of the swamjjs

and Hatwoods of the coast plain. Tlu^ latter, perfectly level or rising in gentle swells above the

tidewater marshes, is almost cdmiiletely stripi)ed of its original timber growth. After its removal

the Longleaf Pine has largely been replaced by Cuban Pine.

The rolling i)iiie ujilands rise to a height of from 200 to 350 feet above the lowlands of the

coast. In the lower i)art of this pine belt, where the sandy and gravelly dcjiosits of the latest

tertiary strata jirevail, the Longleaf Pine forms pure forests, with the exception of the narrow

strips of hardwood timber bordering the water courses. This lower division covers about 4,2.50,000

acres. In the extent and <iiiality of their timber resources these Longleaf Pine forests can be

considered e(|ual to tlio.se found in the adjoining ])arts of P^lorida and in IMissi.ssippi, and

unsurpassed by tho.se of tlie most favored sections of the Atlantic ])ine forest.

The following measurements of trees felled near Wallace, Escambia Couiitj', in collecting

the material for the United States timber tests, will servo to represent fairly tlie (|iiality of the

merchantable timber in conformity with the standard in vogue at the mills in 1880, and the relation

of age to growth:
MeaanremtnU of five trees.

Dinmeter,
Xnmber of tree. breast

higb.



TIMBER REGIONS—SUPPLY AND PRODUCTION. 39

Upon a third plat cxcoptionally licavily tirahered, 45 trees were counted, of wliicli ."> trees

were 25 inches in diameter at breast hiij,li, tlie clear timber averaging 50 feet in lengtli; 12 trees

22 inches in diameter at breast higii, length of timber 5i» feet, and 28 trees 1(> to IS inches in

diameter, average lengtli of timber estimated at 30 feet. Such a stand would indicate a yield of

ineichantable timber of at least 15,000 feet, board measure, to the acre. All over this lower
division boggy tracts are frequently met with, in which the sour, black soil is covered with
si)li;ignnm, or bog moss; these support only a few scattered jjiiics. On many of the steeper ridges

tlie soil is pure sand and the pine growth is small and inferior, being largely replaced by Barren
Oak, Sparkleberry, and the evergreen heather like shrub Ceratiola ericoides.

In this lower division of the maritime pine belt the manufacture of lumber and the produc-

tion of naval stores is carried on most actively. These products liud their outlet chiefly ;it Mobile,

while more than one-third of the lumber exported from Pensacola (to the amount of at least 100,-

000,000 feet annually for the past few years) is also derived from this division. In the upper half

of the maritime pine belt, with the appearance of the outcroi)S of limestones and limj- marls of the

Lower Tertiary (Eocene) formation, the country becomes more broken, with steeper hills and wider
valleys, and a change in the character of the Hora takes place, particularly manifest in the nature

and distribution of the tree growth. In the fertile valleys and on the lower flanks of the hills

broad-leaved trees, mostly Post Oak, Black Oak, Mockernnt, Bitternut, Pignut, and Magnolia
prevail, interspersed with Shortleaf Pine, Loblolly Pine, and Eed Cedar—the Longleaf Pine
occupying sporadic patches of drifted sands and pebbles. On tlie steep and frequently wide
ridges capped by these deposits, and on the rugged hills of the buhrstone and flinty cherts this

tree forms the principal growth, and is in the openings more or less associated with broad-leaved

trees. From this commingling of cone-bearing and deciduous trees and the alternations of pine

forest and oak woods, this upper division has been designated as the region of mixed growth,

which at a i-ough estimate can be said to cover about 5,000 ,s(juare miles.

In the deep soil of light loam and strong loamy sands the Longleaf Pine attains a splendid

growth and the number of large trees on a given area is greater than found in the lower division.

The following measurements of 5 trees felled for test logs fairly represent the average dimensions

of the timber from these hills in the vicinity of Thomasville, Clarke County:

Measurements offire trees.

Number of tree.



40 TIMIJIili I'INES OF THE SOUTilERN UNITED STATER.

liinihcr is ciirriLHloii extensively, tlic output going to Northern markets. Mucli of the lieavy hewn

timber that is exported from Mobile ami I'ensacola is furnished by this section.

Ill (•ollecting the statistics on the lumbering interest.s in the maritime i)ine belt of Alabama

the information kindly furnished by firms engaged in the sawmill busines.s or the lumber trade lias

chiefly been relied upon. The annual production was ariived at by multi|)lying the average daily

output repoited by 1!0(>, the assumed number of working days of the year. From these data it

appears that during the year ISlt.'J the daily output of the2.'> points reported from amounted in the

aggregate to about 7<iS,()()i) feet, or to 1!»2,<I0(I.(I(I(I feet, board measuic. for the year. This tigurecau

be sai<l to rei>resent the average of the annual production for the past tliree years. To this amount,

at a low estimate, S."),00(),()00 feet of round timber are to be ailded, eut in Alabama and sawn in

west<'iii I'Morida, including the hewn square timber shii)])e(l froui the State to I'ensacola, thus

swelling the present aniinal production of lumber and square timber in the maritime ])ine belt of

Alabama to a total of about UV7,(K)(t.(»(M) feet, board measure. The statemeut of the annual exports

of these ]>roducts from Mobile by water and by rail for the i)ast fourteen yeara will aptly illustrate

the steady inereas(^ of the lumbering interests during this period.

Slalrincnl of exports 0/ miuan' timber, hunt and ndini, and 0/ lumber shippid from Mobile In foreiijn and domestic porta from
the year 1879-SO to the end of the year 1894.

Year.
Square

I

timber, hewu
and Bawii. I

I

Total lumber
Lumber. and square

timoer.

IS79-SU
1880-81
I8»l-8.i

1882-83
I88:t-)<4

1HK4-85
188.1-80

lSlSIJ-87

1887-88
188«-8'J

1889-'.I0

1890-Hl
1891-U2
1892-03
1893-94

Ciihic feet.

745. 000
1, 72.'), (100

1. 074, 000
].GS2,g04
3,810,714
3, 121, 794
2, 973, 206
1. 863, 259
2,450.257
3, 04!l, 440
3,811,987
3, 592. 924
5, 072, 088
5 377,009
4,147,825

I

Feet
13.

18,

32.

26,

22,

22]

21,

29,

29,

48,

52,

50,

61,

79,

67,

,
li. M.

572. 000
101, 000
230. 000
753, 84:1

251.000
256, 000
435, 500
346,000
257, 000
284, 000
879, 0110

892, OliO

805, 805
304, 565
209. 745

Feet,

22.

:m.

53,

40,

07.

50.

50.

611.

50.

100.

111.

122

14l!

102,

120.

Value.

li.M.
.52.1. 000
872, 000
350, 000
588, 000
078. 000
045, 000
580, 000
723, 000
"10.0110

OOti, oco

050,810
000. 000
703, 700
006, 700
084, 500

$280. 825
400, 348
710,012
582, 000
801.000
630, 053
5H8, 148

641.215
077. 8('4

1.081.828
1,201. 034
1,415,000
1, 095. 000
1, 590. 900

1. 270, U(K)

The first statement of the production of naval stm-es in Alabama is that reiiorted to the census

of 18.10, mentioned in that year as of a value of '*17,.S00. In 1S70 the production had increased

to 8,2(H» casks of spirits of turpentine and .");5,17.") barrels of rosin, valued at .S2.SO,20;5. In 187;i the

re(;eipts in the market of Mobile had fully doubled, amounting to nearly liO.dOO casks of spirits of

turpentine and to from 7.''>,(t(»() to 1(»(),0I>0 barrels of rosin, besides 1,0110 barrels of tar and jiitih,

of a total value of •>i7.'>(),0l)0. The largest production was reached in 1875, when the rec^eipts reached

a value of .*1, 200,01)0, up to the iiresent only approximated in 1883 with 43,870 casks of spirits of

turpentine and 200,(12.") barrels ot rosin, valued at "*1,100,700. Since ISS.S a steady decline in the

receiiits of these products has taken place, due to the exhaustion of the supplies near the commer-

cial highways.

Table of exports of naval stores from Mobile during the period of 18S0-1S94.
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TIIR CKNIHAI. IMNI'. BKI.T l)K AI.AltAMA.

The middle portion (if the State is crossed from its eastern hoiimlary nearly to its western,
with iidei-iiled nortlicrn trend aloiiji' the western border, by ii belt of drifted hjuiny .sands, pebbles,

and liglit loauis eovered in the eastern and central parts with an almost eontinnons forest of Long-
leaf Pine, interrupted only by strips of hard Wood which occupy the bottom lands. In its eastern
extent the Lonj;ieaf Pine beeomes associated witli n|)Iand oaks, hickories, and Shortleaf Pine, the
I.onjileaf Pine beinj;- entirely rei)laced in the northern extension of tliis belt by the latter species.

This region of gravelly hills, as it is designated in the agricultural reports,' is 200 miles in

length, 5 to 35 miles in width, and extends over about 2,000 square miles. In the sections where
the forest consists almost exclusively of Longleaf Pine th(^ stand of timber is heavy and of line

(piality. Operators claim for these timber lands a yield of from 5,000 to 0,000 feet of merchantable
timber to the acre, excluding all tiees under 12 inches diameter.

Ever since the opening of the great railroad lines leading to Nortliern markets the manufacture
of lumber in this central pine belt has been carried on with unabated activity. In 1880 not less

than 80,000,000 feet, board measure, were transported by the Louisville and Nashville Railroad
alone, mostly to the great Northwestern centers of commerce. In ISSO the jtroduction declined to
5<i,ooo,()()() feet. At present most of the older mill sites have been abandoned and a few new ones
established in other localities. Colonel Wadsworth reports 12 mills in operation located along
the Louisville and Nashville Railroad, with an output of a little over 40,000,000 leet a year on the

average of the past few years. To this is to be added the ])roduction of the few mills on the Mobile
and Rirniingham Railroad, which will increase the present production in the central pine belt to

about 50,000,000 feet a year.

THE FORESTS OF I.ONOLEAF PINK IX NORTH ALABAMA.

Forests of Longleaf Pine prevail with more or less interruption in the basin of the Coosa River,

principally on the beds of flinty pebbles and light, .sandy loam which follow the upper course of

the river from the base of the Lookout JMountain range near Gadsden to a short distance beyond
the State line in Floyd County, Ga., where the Ijongleaf Pine tinds its northern limit in about 34°

north latitude, at an elevation above the sea of about COO feet. With the reapi)earance of the

above deposits south of Calhoun County the pine forests extend on the eastern side of the valley

south to Childersburg. On the isolated ridges of old Silurian sandstone (Potsdam), and the met-

amorphic region adjoining, the Longleaf I'iiie is scattered and stunted and is not found at a greater

height than 1,000 feet above the sea. In proxinuty to the mineral region the rugged hills and
mountain sides have been completely denuded, the pine having been cut for charcoal to supply the

blast furnaces. In the valleys the forests of Longleaf Pine are of average density and the timber

is considered of excellent (juality, particularly in the northern jjart of the valley in Etowah and
Cherokee counties. On the lower hills the timber is less abundant and somewhat inferior in size.

The measurements of five trees felled in the hills near Renfroe, Talladega County, can be said to

fairly represent the average quality of tliis iiine timber. The undergrowth in the open forest

covering the low ridges and the narrow valleys is dense, consisting of Blackjack, Spanish Oak,
Pignut, and Bitternut Hickory.

ileusunments of Jive Irtxs.

237.
•J38.
•2:)0

.

I

240.
I 241 .

Average.

Kings on
stump.

135
ISd
170

215
206

Diameter
breast high.

Inchet.
17

21

21
21
20

20

Mean
diameter.

Inches.
12

17
18
18
15

16

Length of
limber.

Feet.
50
35
45
45
50

Total
height of

trees.

45

Feet.
95
95
108
112
109

'E. A. Smith : Agricultural Resources of Al:ibaiu:i, Vol. V. Reports of Geological Survey of-Uabaiua.
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The extinction (if Longleaf Pine in the forests of noiili Alabama, as tar as crononiic valne is

••onccrned, iip|)ears to be certai n. The dense lunlersrowth oF decidnous trees sujjpresses completely

the second growtii of the Lonjileaf Pine in the closed forest as well as in the opcnin;;s. On tiic

mountain slopes a yoiinji pine is rarely seen, no tree bein^ left to serve for the future dissemination

of the species, and the few secdiinfjs sporadically spriuginn up aic invariably destroyed by the

firinir of the herbajre one year after another.

The output of the mills at Gadsden and the mills in Talladega County along the Birmingham

and Atlantic Railroad combined api)ears scarcely to exceed ")(),(»;)().(lOO feet, board measure, on the

average jier year. A line forest of Longleaf Pine is found in Walker (Jounty, stri<-tly conlined

within an isolated |)atch of silicious pebbles and saiuls, said to cover about 0(),()(Ml acres. Distant

about 10 miles from the nearest railroad this forest has been but slightly iuvaded, and that to serve

a small local demand.

Siimmanj Klatemcnt nf xliipmentu nf lumber <iiid square limber from chief cenlcrit of iirodiiiliou in Alnbnmti durinij Ihe i/iar

1S9.7.
Fcr-t,B.M.

Mobile exports to lbrei;;ii ports, coastwise, and sliipiiionta liy rail ' 1 13, SOU, 0(M1

Estiiiiiitcd cut in Alabama anil sawn in western I'lorida S."), 00(1, 000

Transportoil by rail, mostly to northern market.s^ il.'), JOO, 000

Central pine belt ' 51, OOii, 000

Coosa basin* 50,000,000

Total 125, 000, 000

Misni.istippi.—What has been said of the forests of the maritime pine belt in Alabama ai)i)lies in

general to the same region in Mississipi)i. The coastal plain above the extensive gras.sy marshes

lining the seashore and the wide estuaries of the streams covers a larger area, being from 10 to 20

miles in width and eml)i-acing, at a rough estimate, about 7l'S,0()(» acres of the H>, 110 sipiare miles

within the limits of the pine belt. The broad, scarcely percejitible swells, with a soil of sandy

loam and loamy sand, were originally well timbered, the widely spreading depressions with soil of

fine, compacted sand, poorly drained, bearing a sparse and inferior timber growth. The tind)er

produced on these tiat woods, or •• pine meadows," as they are ajjtly called in the adjoining section

of Alabama, being of slow growth, is hard and of fine grain, frequently with the filjers of the younger

wood contorted and of varied tints of color. This so-called (uuled pine is snscei)til)le of high finish

and is much appreciated for fine cabinet work. There is comparatively little valuable tind)cr left

in this coastal plain. The remainder serves largely for the making of charcoal and cord wood for

the Xew Orleans market.

The rolling pine lands, rising suddenly above the plain, almost exclusively covered by the Long-

leaf Pine, cover (roughly estimated) about 7,712,000 acres. The western limits of these forests are

ditticult to define, numerous outlying tracts being found to extend into or even be.yond the region

of the loamy hills. The region of mixed growth, characterizing the ujiper division of the maritime

pine belt in Alabama, enters the State in the shape of a triangle, with the base along the Alabama

State line from P>ucatunna to Lauderdale and its apex near Brandon, in Bankin County. The

generous soil of the arable lands in this legion is mostly nnd(rr cultivation. The forests of Ivongleaf

Pine covering the stec]) hills, rather remote from the high roads of commerce, have been as yet but

little ex]>loited. About 1L',000.0()(I feet, board measure, of lumber are shipped annually by the

way of the Jlobile and Ohio Railroad, mostly to Mobile, from this region of mixed growth.

Fiom the inlbrmatiiMi that conlil be obtaine<l, it appears that the cut of I.ongleaf Pine timber

in this State on the average for the past three years reached between 422,000,0(10 and 12."),000,UO0

feet. The chief center of the lumbering industry is located above the Pascagoula River, at Scran-

ton and Mossjioiiit. where it has made great progress during the past thirteen or fourteen years.

In 1880, G0,000,O(it) feet, board measure, were sliii)ped to foreign and domestic ports, which in the

Annnal statement of commerre of .Mobile. Mobile Hegister, September 1, 1892. Compiled from retnrns made
to the Mobile Hoard of Trade.

-Production of mills south of Montgomery, etc.

'Production of mills on Louisville and Xashvillc K'ailroad, nnitli (if Montgomery to Calcra. by Cojonrl Wads-

wortb.

- Prodactiou of miUa on Southern Hallway, north of Selma to Stauton, by M. lluusou.
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year 1S03 liad increased to 127,000,000. Comparatively iimeli larger iiK-rease is iioticcal)l(; in

the shipments by rail to inland markets. l!y tlie reports courteonsly furnished by the auditor of

the Illinois Central Hailroad in Chicago, in 1880, 12,000,000 feet, board measure, reached Northern

markets by this line, which in LSSS liad risen to 02,0110,000, with a falling oil' in the snccecding

year to 52,000,000. In 18'J2 the shipments increased again to 78,240,000, and reached in ]8!>3

181,424,000 feet, board measure.

With the opening of the New Orleans and Northeastern TJailroad, in 188."?, the lumbering

industry took an acitive start in the; virgin pineries. In 181)2 Iburteeu mills are on record, with a

daily capacity of not less than 400,000 feet; this amount corresponding fully to the iictual output

for 1891 as well as 1892. According to ^Ir. Rich, of Ilichburg, in consequence of the depression

during the year 1893, the outimt was reduced about one-half.

The following table of partial data regarding annual shipments, made during the thirteen years

ending with 189.'5, from the chief centers of production shows clearly the (constant increase of the

lumbering industry since the close of the year 1880:

Tabular slatcmeiit of lumber shipped aininalhi by water aud by rail from the centers of production in Mississippi, IS79-S0,

1SS3-93.

Year.
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In ISOO seven sawmills were rcporlcd, witli a daily cai)acity, in tlio a}^f;rct,M((', of ahont 120.000

feet, board measure. It can satVly !« assumed tliat tlieir annual output would not ex<-ffd l."),(i(Hl,(l(H)

feet, board measure. The products of these mills (ind tlitir market chietiy at New Orleans. In

former years a eonsidcrable (|uaiitity of naval stores was produced in St. Tammany Parish, while

at present only a few turpentine orchards are worked in the upper districts.

TMK UEC.ION or I.OXOLEAK I'INK WEST OF Till: MISSISSIPPI.

The importance of the pine forests in the western dull' rcjiion can not be overestimated,

considerinji the development of the immense timbciless area beyond their western limit. The

rapidly iucreasinjj |)opulation of the Westei'u plains dejiends chietiy upon them for the su])ply of

the material needed to build uj) the homes of civilization.

The forests of the Lonjfleaf Pine west of the Mississii)pi River, as in regions so far cfuisidered,

are geographically limited to the sands and gravels of the latest Tertiary formation. They

make their first ai)i)earance in Louisiana above the great alluvial ])laiu iu the uplands bordering

the valley of the Ouachita and follow its <;ourse for •")<• miles, then extend west, skirting Lake

Catahoula and the alluvial lauds of the lied IJiver. These pine forests to the north of this river

cover an area estimated at 1,025,000 acres, extending northward for a distance averaging 55

miles. Toward their northern limit tin; forests ])ass gradually into a mixcil growth of deciduous

trees and Shortleaf IMne. In the center of this region the i)in(! ridges alternate with tracts of

White Oak and Hickory. Tending toward the Red River, the pure forest of Loiigleaf I'inc which

covers the undulating uiilands is unbroken and has up to the present been but slightly invaded

by the ax. On the low hills of this noi-thern division of the pine belt of iiortliwester;i Louisiana

the forests are somewhat o[)eii, and are composed of trees of the tirst order as regards their

dimensions, the well drained, warm, and deep soil of sandy loam being highly favorable to their

development. This fact is clearly shown in the following statement of the ages and dimensions of

six trees felled for test logs

:

Meaaurcmenia of six trees.

Xmiiber of tree.
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these abaiuloued timber lands a yoiiii',' i)iiie is rarely seen, tiie s(!e(ls shed in the fall ])eiiiff apt

to rot in the water-soaked soil, or, it they happen to germinate, the seedlings are drowned during

the winter rains. On the lands rising gently above the flat woods, with the ridgi's still low and

wide and often more or less imperiectly drained, Longleaf Pine is found of an exceedinjily fine

growth. The trees in the dense forest are tall and slender, and their timber is equaled only by

the timber of the same class growing in the valley of tlie Neches Kiver, in Texas.

The following measurements of five trees felled for test logs in the forests in the upper part

of Calcasieu Parish, between Hickory and Beekwith creeks, will serve as a fair reprcseutatiou of

the timber growth on these low, broad ridges:

Measurements nf fire trees.

Number of tree.
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Angelina counties, ami include an area of about 2,8!)(),0(>() acres. In ainomii iiiid ((Uality of the

timber these forests are unsurpassed and are only ecjualed by the forest of the adjoininj; region

in liOiiislaiia. Toward their southern l)or(lers the country, liivC the i)ine Hats of southwestern

Louisiana, is perfectly level and jtooily drained, with the soil water soaked for a greater jiart of

the year. These Hats have been almost coini)letely stripped of their niercliantal)le limber. North

of Nona the surface rises gradually above the water level in broad, low swells, and, l)eiiig underlaid

by strata of stiff loams, is more or less deficient in drainage. The intervening wide Hats are

frequently covered with a dense growth of largo shrubs and small-sized trees, consisting of

various species of hawthorn (Cratwgiis eriixr/alU, C. riiidin, C. innUin, C. bcrbcridifoUa), the

Deciduous Holly [Ilex thridua), Dahoon Holly {Jlc.v carolin tana), Privet {Adelia acuminata), plane

trees, and magnolias. These im])enetiabli' thickets are common, and often eoxer many sciuare

miles, like the so-called Big Thicket in the lower part of Hardin County, said to be from 10 to 15

miles wide, either way. The growth of Longleaf Pino which covers the gentle, wide swells, is

dense, of line proportions, and of remarkably rapid development. The aver;ige age of live trees

foiled northwest of Nona, l."» to 25 inches in diameter, is but little over one hundred and titty

years, as the following measurements show

:

Measurements of fire trees.

Number of tree.
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The timber from tlu; dami) Hat woods of the coastal plain east of the Mississippi River, with

a soil of alTiiost puie, line, closely compaeted sand, is of slow growth and <;ei>«'i':illy of the liuest

firaiii, often exhibiting- in the sapwood that irregularity known as "eurly pine." In the pcri)etually

damp to wet soil of the pine Hats in southwestern Louisiana and in Texas, with a deep retentive

subsoil richer in nutritive elements, causing a better and (piicker development of the tree, the

wood is of a more open grain. Owing to the excellent qualities of the wooil of I.ongleaf Pine, its

use in the various mechanical arts and industries is as extensive as it is manifold. Its greatest

value rests in its adaptability for heavy constructions—in naval architecture, for masts and spars;

in civil engineering, for the building of bridges, viaducts, tresthiwork, and for supports in the

construction of buildings. Large quantities of long and heavy sticks of s(iuare timber sawn or

hewn fur such purposes are shipped to the British ports and to the dockyards of the European

continent, with a constantly increasing demand.

In the building of railroad cars, where great strength and elasticity is needed, the timber

of Long-leaf Pine is preferred to any other. For this purpose sticks Irom M) to 42 feet, 10 by 12

inches, are recpiired, free from blemish.

Enormous (luautities of the younger timber of this tree are cut every year to serve for cross-

ties, used by the railroads not only in the pine regions, but in other parts of the country. The

deniand for these ties forms a constant and increasing draft npon the forest. The ties delivered

are, on the average. Si feet long, 9 inches wide, and 7 inches thick, and must be all heartwood and

free from blemish. The trees selected for this purpose are from 15 to IG inches in diameter, and

preferably only the butt cuts are accepted. On an average 10 cross-ties are cut from 1 acre, each

tie representing a log which would make at least 75 superficial feet of lumber. Since such a tie,

ready for the roadbed, contains not more than 50 feet, board measure, it will be readily seen what

an enormous waste results from this practice.

On the damp, sandy tracts of the lower South, such ties will last five or six years, and 3,000

ties are needed for 1 mile of road. Hence, for the construction of the 3,240 miles of railroad

traversing the forest of Longleaf Pine east of the Mississippi River, nearly 10,0(10,0(10 ties have

been required, which being renewed every six years involves an annual cut of 116,000,000 feet,

board measure, to which must be added the amount exported to other regions.

In the Southern States, the West Indies, many places on the coast of Mexico, and Central and

South America the lumber of the Longleaf Pine forms the chief, if not the only, material in the

construction of houses. For similar purposes considerable (pian titles are of late years shipped to

northern markets. East and West, replacing in many cases, at least in parts of the buildings, the

lumber of the White Pine, on account of its increasing scarcity. The fine-grained and "curly"

varieties of LongleafPine lumber, by their beauty and the high polish of which they are susceptible,

begin, of late years, to take a place among the higher-priced kinds of wood for ornamental inside

work.

The importance and value of Longleaf Pine lumber as a material for constructions can not be

better evidenced than by the fact that little less than 1,.500,000,000 feet, board measure, or about

one-third of all the lumber manufactured in the South, is being exported from Southern ports annu-

ally to domestic and foreign ports, besides furnishing almost the only material used at home in the

construction of dwellings and all kinds of buildings. It also supplies material for furniture, as

well as fuel, both in the form of firewood and charcoal, and its exploitation affords the means of

subsistence to thousands.

Liflhtiraod.—Whenever the sapwood of the tree is laid bare copious exudation of resui takes

place and the surrouiuling wood becomes charged with it. Thus the wood of the trunks of the

trees tapped for the extraction of their resin soon becomes charged with this along the scarified

surface, and, as with the evaporation of water from the dead wood, the resinification proceeds and

the wood increases in weight and dural)ility. In low, damp places particularly this process takes

place more extensively. This resin cliarged wood is termed lightwood. The lightwood timber, con-

sidered very durable when exposed to alternating conditions of moisture and dryness, is much

preferred for posts, etc. Ueing highly inflammable, it serves for torches and kindling, and hence

its name. Of late years a profitable industry has been started to utilize the resinous stumps of

abandoned orchards as kindling material by cutting the same close to the ground and then, veneer
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fasliioii, into long, narrow strips three fourths ot an iiuMi thick, which :irc ,subsc(iii(Mitly .steamed

and rolled in small bundles to make a eouvenient package for shipment. The knots, limbs, roots

—

particularly "fat," i. c, Itighly charged with resin—arc^ used in the making of tar.

CliarciKil hxniiiiri.—Where a market is found the trees left staiidiTig, after the removal of the

larger timber fit for sawlogs, are huiiied for charcoal. Tliis industry is carried on to a greater or

less extent in the mineral ri'gions to su]ii)Iy tiie blast furnaces operated for the manufacture, of

charcoal iron. Large areas of the forests of the LoTigleaf, covering the hills in north Alabama,

have been entirely denuded of their tree covering to meet the demands for such purpose.

Furl mine.—The air-dry wood of the Ijongleaf Pine is much esteemed for fuel; containing but

a small percentage of ash—not over 0.1i."> per cent—with a small amount of water, antl a dense and

close liber, as indicated by its high specific gravity, its fuel value is necessarily high. Meiug also

easily inflammable, it is preferred where quick and intense heat is required, as, for instance, in

bakeries, brick kilns, potteries, etc., and in the raising of steam for stationary engines on steam-

boats and railroad locomotives throughout the pine region, where mineral coal can not be cheaply

obtained.
KKSI.VOUS rUOUUCTS Ol- TMK I.llXca.KAl- IMNE.

It can safely be asserted that among the trees of the same order there is found no other

equally rich in resin. The manufacture of naval stores from the resin of the Longleaf Pine forms

one of the most widely developed industries in the pine forests of the coast pine belt of the; South-

ern States, and is sc.arcely less important than the manufacture of its lumber. A full account

of these industries will be found in the accompanying app(!mli.\. Concerning the manufa('ture of

tar, 7»itch, tar oils, and other products of destructive distillation of the wood and of rosin oil, see

the Report of the Chief of Forestry, 18!»2, i)age 350, etc.

I'liODUCTS OHTAIXi:i> FUO.M TUIC I.KAVKS or I.ONCI.EAI' I'lXK.

The gi-een leaves of tiie tree furnish by distillation an essential oil of balsamic odor closely

resembling .spirits of turiientine. The so-called pine wool is made from their cellular tissue, being

treated with a strong alkaline solution at l)oiling heat, the remaining fiber being cleaned and

carded. This j)ine wool is used in ni)liolstery. and is said to be of value as an antiseptic diessing

for wounds. Of late j'ears it is niannfaitnred into various kinds of textile fabrics. Ont^ fabric

is a carpet which resembles cocoa matting somewhat, l)ut is closely woven an<l is naturally of a

!ich-brown color and very durable. This industry, only recently established, has aheaily met

such success thiit the manufacturers have added twenty nine looms to their work.

NOMENCLATURE ANU CLASSiriCATION.

This tree was first de.scribed by Midler in the year 17GS under the name of Pinxs jxduxtris.

The younger Michaux substituteil for it the more apjjropriate one ol' I'iiiiis iiiixtntli.s, under which

name it was described by succeeding writers and generally known to botanists of recent date.

To satisfy the law of priority, the name given by Michaux h is recently be(;n dropped aiul the old

one reinstated, in the (Catalogue of North American Forest Trees,' published in the ninth volume
of the census reports of ISSO. (See vernacular nomenclature in introduction.)

nOTANICAI, DESCUII'TION AMI) MOUrilOLOfJY.

Loaves tliree. in :i Imic light colored she.ath; commonly from 9 to V.i (sometinnis 11 to l.'j) inches lonj^; of ;i briglit

(jreen color an<l closely set in brnsh-like tlnsters .at the ends of the stout br.-inches. Cones largo, dark tan colored, fi to

sometimes H inches loiifj and 2 to L'i inches in diameter when closeil, '> to (! inches when open ; scales abont 2 inclii'S

long and one-half to 1 inch wide—rather uniform in width—somewhat thickened at tin' ends, and bearing a rather

delicate incnrvcd |)rickle; seed large, slightly triangular, three-eighths to seven sixteenths of an inch long and one-

fourth of an inch wiile; often with two or three longitudinal ridgi^s on one face; whitish, with few or al>undant

brown specks; wing I J to 2 inches long and of a glossy brownish to deep purple-brown color.

The most consi)icuous ami distinguishing feature of this species is the silvery thick terminal

bud, or rather the bud-like clusters of the young leaves inclosed in their finely fringed subtending

scales. Its branehi's are. rough, covered with the bases of the irid)ricated leaf scales, the elongated

silvery fringes having fallen otf.

'A catalogue of North American Forest Trees, exclusive of Mexico, by C. 8. Sargent.
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HOOT, STEM, AND IIRANCII SYSTEM.

The Longleaf Pine attains a height averaging 100 feet, rarely exceeding 110 feet, with a

diameter breast high, wlien fully grown, varying between L'O and .'!(> inches, rarely more. The
tall, straight, very gradually tapering trunk arises from a massive taproot which, iu favorable

situatious, penetrates the soil to a deptli of from 12 to l."> feet, and sometimes much more. It

has several stout, comparatively short lateral roots, which assist tiie tree in its hold by slant-

ing deeply into the ground, and some of greater length are placed more or less near the surface.

Its crown is open and elongated, of irregular shape, about one half to one third of its height.

The stout limbs are rarely over 20 feet in length, twisted and gnarled and S[)aring]y branched.

The trunk is covered with a reddish-brown bark, one-fourth to three- fourths of an imh thick,

lurrowed tlnoughout its full length, crossed horizontally by deep lissures, and scaiiug off in tliiu,

bluish, almost transparent rhombic flakes.

LEAVES AND THEIU MOniFICATIONS.

Like all the pines, this species produces during various stages of its growth seven difi'ereut

modifications of leaves as recognized by botanists, all more or less specific in character:

(1) Cotyledouary, or seed leaves (first leaves of the embryo), which soon wither and disappear

(PI. VII, «, b). (2) Primary leaves succeeding the former immediately on the main axis (PI. VII, c),

which either wither or later on are transformed into, or succeeded by, more or less permanent
bracts or scales covering the branches (PI. V, «)• (3) The secondary or foliage leaves rising from

the buds produced in the axils of the primarj' leaves or of the bud scales by which they are repre-

sented (PI. VII, d), permanent foliage of the tree, with three leaves in one sheath. (4) The bud
scales forming the slieaths of the foliage leaves (PI. IV, b, c, <1) at base. (5) Involucral bracts of

the male flower (PI. V,/). (0) Involucral scales of the female inflorescence (ament) (PI. V, c).

(7) The bracts which support the cari)ellary scale bearing the seed (PI. V, /t).'

The primary leaves, which succeed the cotyledons on the primary axis, are in form and structure

true leaves. They are softer than the final foliage leaves, have a broad base, are rounded on tlie

dorsal side and not channeled, the whitish transparent margins being finely but distinctly den-

ticulate. It is rare that secondary leaves i)roceed from the axils of these chlorophyll-bearing

primary leaves. Witii the more frequent appearance of the ordinary leaves, these primary leaves

wither and henceforth appear as triangular scale-like coriaceous persistent bracts, with broad,

hyaline, long-fringed edges, in the axils of which the undeveloped branchlets are produced bearing

the secondary or foliage leaves.

The chlorophyll-bearing primary leaves exhibit a simple structure. The flbro-vascular bundle

is single, embedded iu a wider ring of large cells free from chlorophyll, and the resinous ducts fewer

in number, one, or rarely more than two, being irregularly situated in the chlorophyll bearing

parenchymatous tissues, and mostly external, i. e., close to the thiclc epidermis. But few of these

leaves are formed after the appearance of the foliage leaves, and a few of them persist throughout

the first season.'^ The cataphyllary leaves forming the sheath of the foliage leaves are in this

species composed of eight successive pairs of bud scales; those of the first pair are blunt, flat,

deeply concave and coriaceous, with sharp edges; the others are more membranaceous and with

fringed edges, the closely interwoven edges entwining the base of the fascicle. In the secondary

leaves the very numerous stomata form, on both sides, regular longitudinal rows. Parallel with

these, at regular distances between them and embedded in the parenchymatous tissue, are found

bundles of numerous, elongated, thick- walled cells, the so-called hypodermal or strengthening cells.

The resin ducts, not over five in number, described by Engelmaua as internal, have been ftmnd in

the specimen examined rather parenchymatous, invariably so on the dorsal side.

Three of the secondary or true foliage leaves are united into one bundle, inclosed at the base

by a persistent sheath from one-half inch to an inch in length, formed by the bud scales or

cataphyllary leaves. On the older trees the leaves are rarely over S inches iu length, but during

the periods of most active growtii they are found 12 to IS inches long. They are finely serrulate,

rounded on the back, channeled, and obtusely triangular in cross section.

' George Engelmanu : Revision of the Geuiis Piuus. Transactions of the St. Louis Academy of Science, 1882.

^Eugelmauu: Rovision of Genus Pinus, Trans. St. Louis Academy of Science, 1882, p. 5.
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EXPLANATION oK PLATK IV.

Kij;. <i, hraiicli showiuj; the teriniiia! sprint; shoot of thu seasmi with chaiai'teristii-., larfio silvery white winter

biul; tlic buuilk'S of Icavrs arise from the axils of the leaf-braits of the last two seasous, the first leaves of the second

year already sheil ; />, detached bnndle of mature li'aves with sheath ; r. d, scales of the sheath, magiiilied three and

nine times; e, transverse section through base of leaf bundle showing imbrication of sheath scales, njagnilied JfO

diameters; ./', transverse section of au immature leaf, magnified 30 diameters; y, transverse section of a mature leaf,

magnified 45 diameters, showing the microscopic structure (as pointed out tor /*. echinata, f, /) ; li, longitudinal seo

tion of the dorsal side of a mature leaf showing two rows of stomata and the serrated edge, magnified 45 diameters.
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Owing to the slieddiug of the older leaves at the end of the second year aud to the short

annual growth of the axis, the leaves on tlie older trees are (:ons])icuously crowded into dense

tufts or tassels on the tips of the branchlets.

The high develo|inient of the organs of transpiration, as shown by the immense number of

breathing cells, clearly indicatps that forests of the Longleaf Pine, and in fact of most evergreens,

are not less important than forests of deciduous trees in inliuencing atmospheric conditions,

particularly when iu is considered that in the former, clothed with perpetual foliage, this function

suffers but little interruptiou of its activity.

FLORAL ORGANS.

The male aud female flowers are sometimes found on the same branch; they are, however,

more frequently situated on different branches, the male flowers mostly on the lower (PI. Y,h).

The male flowers consist of a slender axis, the staminodial column, around which the numerous
naked anthers are densely crowded, forming a cylindrical catkin-like flower from 2 to 2^- inches

and over in length, surrounded at the base by a calyx-like involucre consisting of twelve ovate

somewhat leathery bracts, of which the lowest pair or exterior ones are laterally compressed,

strongly keeled, and much smaller. The connective of the dark-rose purple anthers spreads out

in a semiorbicular denticulate crest: a number of these male flowers are crowded around the

base of this year's shoot, forming a dense whorl. After the discharge of the pollen the withered

flowers remain for sevei'al luontlis on the tree. The pollen remaining for a long time suspended

in the air is often wafted to widely distant localities. In the latitude of Mobile its discharge

takes place during or shortly after the second week of March,

The female flowers (see PI. V, a) are united in a subterminal oval, erect, short-stalked catkin,

which is also surrounded by an involucre, the bracts being more numerous, longer, moie acuminate,

and membranaceous than those of tlie male flower.

The carpellary scales bearing ovules are oblong oval, tipped with a strong reflexed point, and

are almost hidden by the thin flat scales by which they are subtended, which, however, they soon

surpass in size. During the tirst year the young cones make but slow progress in their growth.

On the opening of the second season they are scarcely over an inch long; during the summer they

increase rapidly and reach their full size during the latter part of the tall. The cones are placed

horizontally on the branches below the terminal bud (subterminal), sessile, slender, conical with a

slight curve and from 6 to 8 inches long; of a dull tan color; the thick scales are light to dark

chestnut brown on the inside, 2 inches or slightly over iu length, and bear on their exposed end,

or apojihysis, a small but xnominent tubercle armed with a short recurved prickle (see PI. VI).

Plate VI exhibits truly and fully the open cone and especially the fine markings on the apophysis

of the scale. The cones are shed iu the latter part of the winter of the second year, rarely

remaining to the following spring. On breaking from the branches they leave the lowest rows of

the scales behind.
SEEDS.

The seeds are strongly convex, oblong, oval, less than a- half inch long, and surrounded by the

long oblique wing (see PI. VI). The shell is whitish, at tiie front fiice marked by three promi-

nent ridges, flat, smooth, aud darkly spotted on the posterior side. It incloses au oily kernel,

covered by a white seed coat; rich in nutritious matter and palatable, the seeds furnish in fruitful

years au abundance of mast. They are shed before the fall of the cone during the dry weather,

most abundantly during the latter part of the fall (end of October or November the best time for

their collection) aud in a lesser degree during the winter. They germinate easily after reaching

maturity, and it often happens, in wet, sultry weather, that they begin to sprout before leaving the

cone, in which event the whole crop is destroyed. This, together with the killing of the flowers

by late frosts, seems to be one of the main causes of failure of the seed crop so frequently observed.

Prom the behavior of the seed just mentioned and from its oleaginous character it is to be inferred

that the period of time during which the seeds retain the power of germination under ordinary

circumstances is but a- short one, but as a matter of fact seeds a little over a year old have been

known to germinate.



EXPLANATION OF PLATES V AND VI.

Plate V. Fig. a. liranch with two fruiale ainents (second week <>( Maicli ), at the end of terminal young Rhoot

of the season densely lovered with linihriate silvery hraet subtending the leaf hnds which arc still hidden in their

axils; heloware two ininiatnrc com-s of one soason'.s growth and mature closed cone of two seasons' growtli (< ictober);

b, branch with the male inlloresccnce, the leaves cnt away to .show the dense clu.ster of niaio (lowers whicli closely

surround the apex of the yonng shoot; c, female anient with Vi.isal scales forming the calyx-like involucre; (/, (/, il,

carpellary or seed-bearing scales of female Howers more advanced, lateral, ventral, and dorsal views—magnilied 5

diameters; c, detached male flower with brisal involucral scales, before opening (dehiscence); /, male flower, after

discharge of the pollen; g, three detached anthers, lower sides showing longitudinal slits of the pollen sacs jnst

opening; lateral view of an efl'ete anther; another seen from upper side showing the transverse semilunar crest

—

all magnilied ,5 diameters; h, detached female flower seen from above: the cuspidate carpellary, or secil scale, bears

two strongly bitid naked ovules at its ba.se ; », female (lower viewed from below, dorsal side ; the bra<t almost covers

the carpellary scale, leaving only the tip of the latter and the cusps of the ovules vi.sible; magnilied •"> diameters.

Plate VI. Fig. a, mature open cone, after shedding seed: h, cone scale seen from lower or dorsal side showing

the apophysis with low umbo and sm.iU. weak prickle; c, cone scale seen from upper or ventral side with seed in

place; d, seed, upper siile; e, seed detached from c, lower side; /, seed detached from wing, upper side, and </ the

same seen from lower side.
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DESCKIPTION OF WOOD.

THE WOOD.'

The wood of the Loiifjloaf I'iiic is heavier and stioDK'ei' than th.at of any other pine offered in

the inarliet. The average weiglitof the kihj-dry wood is about ;>S pounds, tliat of the hiniber where

the outer lighter jjortion of the log is largely cut away about 40 pounds, per cubic foot. Tlie

kiln dry wood of the butt weighs about 45 pounds per cubic foot; that of a log .'50 to fiO feet from

the ground only about 'Mi pounds, a decrease of weight (and with it of strength) of about 2."» ])er

cent. Similarly the wood of inner portions of a log are 15 to 20 per cent heavier than those of the

outer portions; or, in other words, the wood laid on when the tree is young is heavier than that

laid on when it is old, quite contrary to the common l)elief wliich seems to associate the light

sapwood color of the young sa])ling with inferior material. The wood shrinks about 10 per cent of

its volume in drying, about to 7 per cent along the rings (tangentially) and 3 to 4 per cent along

the radius; seasons easily and without great injury. As iu other pines, the greatest amount of

water is contained in the sui)woo(l, varying from 30 to 50 per cent of the weight of the fresh wood,

while the heartwood contains but about 20 per cent.

In its stiffness and strength the wood is remarkable. The average of a great number of tests

indicates for the dry wood of Longleaf Pine au elasticity of 1,540,000 pounds per square inch;

strength in cross breaking, 10,000 pounds per square inch; strength in compression, 0,850 pounds

per square iuch; strength in tension, 15,200 pounds per square inch; strength iu shearing, 700

])Ounds per square inch.

In its structure the wood of the Longleaf Pine resembles that of the other Southern pines.

Sapwood and heartwood are well defined; on the fresh cross section the former is light yellowish

white, the latter a yellowish brown; drops of limpid resin ooze from every resin duct in the sap

wood, the surface of the heartwood remains dry (exceptions only in "lightwood"). The sapwood

contains much more water, but is far less resinous than the heartwood. This latter contains 5 to

10 per cent of resin (1 i)art turpentine to 15 to 20 parts resin), while in the former the resin

rarely exceeds 2 per cent. If not kiludried, fresh sapwood rapidly "blues" on exposure; heart-

wood does not, and iu general excels the sapwood in durability. On drying, the sapwood shrinks

more than the heartwood of the same weight. Contrary to common belief, the wood substance, or

cell wall, is not increased in the change from sapwood to heartwood, the walls do not grow thicker,

the cavities of the cells do not lill up with foreign matter, nor does the strength of the wood seem

to be increased by the cluiTige. In general the width of the sapwood is greatest iu young and

thrifty trees, grows smaller iu old and stunted trees, is greatest iu the lower parts of the stem and

smaller in the top and branches. In old logs the sapwood is made up of from 70 to 100 rings,

showing that the wood of any one ring remains iu older trees seventy to one hundred years in the

sapwood ciinditiou before it changes to heartwood. In young trees this period is much shorter,

twenty five to forty years commonly sufficing for thrifty trees at the age of sixty to seventy years,

but in stunted individuals it is materially prolonged. The share of the sapwood in the total volume

of the stem is always considerable; even in typical old trees of tliis species it forms 4(» per cent

and more, while thrifty stems under one hundred years are practically all sapwood.

The annual, or yearly, rings are clearly defined ; they are widest near the pith .and grow rather

unifoiiuly narrower toward the bark. In the inner part a width of one twelfth of an inch is quite

common ; the rings near the bark of old logs usually measure less than one twenty- fifth of an inch,

often scarcely one fiftieth of an inch. For old trees the average width for the entire stem may be

set at about one twentieth to one-twenty fifth of an inch. Each ring consists of two well-marked

parts, an inner, softer, whiter part, the springwood, and an outer, harder, and darker portion, the

sunimerwood, so called because formed during the latter part of the growing season.

The amount of the sunimerwood in each ring differs in dilfereut parts of the tree. It forms

about 45 per cent of the volume of all the wood of the stump, and only about 24 per cent of the

wood 00 feet from the butt. It is greater in the heavy inuer part of an old log than in the lighter

outer portions, and being of a darker color furnishes a convenient means of distinguishing lieavy

wood. In its finer anatomy (histology) the wood resembles that of the other pines of tlie Iwda

group. (For the details of structure see the comparative study by Mr. Koth appended to these

monographs.)

'This statement is furnished hy Mr. Filil)ert Roth, in charge of timber investigations in the Division of Forestry.



EXPLANATION OF PLATE VII.

[Figures natttrul sizi-. except wliore otherwise noie<l.]

Fi;;. n, {terminating soeil; h, youn;; 8(^e<UiMg (early 8i>ring) with the 8 cotyledons Just nnfoldid; c, seedling a

few weeks older, showing central fluster of primary leaves .jnst nuroUling; (/, seedling at the eiul of the first or

hegiiniing of the second siason, showing bnudlcs of true foliage (secondary) leaves sncceediug the primary leaves

which have disappeared; c, youug tree, 3 to 1 years old, with characteristic large root system; one-third n.itnral size.
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GKOWTII AND DKVEI.OPMKNT.

In ;i fiuitfiil yoar. bcfoic tlie close of tlie season, witli the advent of spring, a dry and sunny
state of the atniosplieie liivoiing- the fall of the seed, the seedlings are found to come up abun-
dantly in every opening of the forest where the rays of the sun strike the dry ground. The lower
(hypocotyledonary) part of the axis of the ])laiitIeL is close to the ground, with eight to t«n erect
colylcdons from 1 to lA inches in length, their tips inclosed in the shell of the seed, with the long
wing persistent and borne banner-like at the to]) of the plantlet (PI. VII, «). The elongation
of the ascending axis proceeds slowly, growth in length being retarded until a certain thickness
hius been attained, resembling in this respect the growth of the stem of endogenous trees.

Upon examination of a seedling in the latter i)art of April the cotyledons had disai)peared
and the canlicle was found -to be from one-eighth to one-fourth of an inch long, its length not
exceeding its diameter, hidden by a dense tuft of the needle-shaped primary leaves, which closely

invest the terminal bud. At this stage a few fascicles of secondary leaves are already showing
themselves, still inclosed in their sheaths.

During the tirst three or four years its energy of growth is mainly expended upon the
development of its powerful root system (see PI. VII, e). Before the first spring season has
passed, the stout spindle-shaped taproot of the seedling is found to be over '6 inches in lengtli and
provided with sevei'al tine lateral rootlets, sometimes nearly as long as the main root.

With the opening of Juiu; the primary leaves covering the axis are nearly all withered, only

a few remaining to the end of the season. With the development of the suppressed secondary
axes from which the foliage leaves proceed, the primary leaves are reduced to chaffy fimbriate

bracts. Only few of these primary leaves retain the needle shaped form and green color, namely,
those from which no leafbearing brauchlets were developed. During the first season many of the

fascicles of the foliage leaves contain only two leaves, and sheaths inclosing only one leaf are

frequently observed.

By the end of the first year the stem of the plantlet is rarely over three-fimrths of -sin inch in

length, the main root having attained a length of from 8 to 10 inches.

Having reached the end of the second year the taproot is found from il to 3 feet in length, the stem
scarcely li inches long, with an increase of diameter hardly perceptiljle. The conical termination

of the spring shoot is now densely covered with the delicately fringed bracts inclosing the buds of

the foliage leaves, which impart to it the appearance of a silvery white tuft, by which this species

is recognized at first sight.

During the following two years the growth proceeds but slowly, the length by the end of the

tburth year averaging not more than 5 inches with a thickness of three fourths to seven-eighths

of an inch. During the same time the taproot is found to gain constantly both in thickness and
length (see PI. VII, e). A few single branches now nuike their appearance on the main axis.

The increase of growth from one season to another up to the seventh or eighth year is difficult to

follow, since the difference in the api)earance of tlie spring and summer wood cells in the s})ongy

wood of young trees is hardly perceptible, and the rings of annual growth, even as seen in cross

sections prepared for micro ;copical examination, are mostly too indistinct to attbrd a safe criterion

of their age. As far as could be observed the growth proceeds equally slowly during the fifth and
sixth yeai-s, the plant at the end of that period being from 5 to 7 or 7i inches in length.

Stage of rapid growth.—With its seventh year the tree may be said to enter on its most
vigorous growth. Henceforth the stem (primary axis) increases rapidly in length, and the

development of branches (lateral axes) proceeds at an equal rate in regular whorls, to which the

symmetiy of the tree in that stage of its development is due. During the seventh year, generally,

the tree doubles its length, and during a number of successive years the rate of growth in that

direction varies between 10 and 20 inches annually, as is clearly shown by the length of the

internodes separating the whorls. As the branches increase in length they jiroduce, in the same
order mostly, two opposite secondary branches. With the rapid expansion of the leaf surface,

the formation of wood keeps pace. The rate of growth in diameter, as well as in height, during

this period, is of course variable according to differences in the physical condition of the soil

as well as in the available amount of plant food and moisture it contains, and no less upon

difl'erences in temperature and of exposure to light and air. These variations are clearly shown
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in tlic ;mm>\i'<l tiiblcs, fxliiliitiiin tlic rate oi' gniwtli of tlic trci' dniinj,^ its most active sfajre.

With the iiu'ieasinj^ accretion of wood the annual linys become shai|ily deliiied, h'aviny: no (hiubt

as to the age of the tree.

To make sure as to the rchition between (he annual linj^s and the ajfi! of the tree, the aj;e of

second jxrowih was ascertained by dose in(iuirii-s directed lo settlers who knew the time that lunl

elapsed since this second growth made its appearance in the abandoned fields or in theforest.

In every instance it was fonn<l that tlie ninid)er of rini;s accorded closely with the information

elicited.

To ascertain the ditlerence in rate of growth and (juality of wood between trees grown upon

ground oTice turned by the plow and those sjiruiig up in the oiiginal forest on the same soil,

several trees of nearly the same si/.e were f(dled in what clearly ajipeared to Ite tlu^ remnant of

virgin forest, and in a grf)ve grown u]) in a field abandonee! years ago.' It was made evident

tliat trees in the original forest reciuired almost double tin- length of time to attain the same
dimension.

A field covered with saplings (juite uniform in growth and known to have been thrown out of

cultivation during the years isd,'! and ISdl afforded a good opportunity for these investigations.

A nundier of trees, varying in diameter between 10.1 and 1 1 inches, and in height between 4r> and
."(() feet, showed from 30 to 3o rings of growth. The length of the si)ring shoots on the main stem

of these trees was found (June S) to be from 21 to 24 inches.

In another fine grove, covering a field which was known to have been cultivated f<ir the last

time during the years 1835 and 1S3(), a number of trees were cut down for measurement. The
number of rings was found not to exceed 48. These trees also showed great uniformity in size,

measuring near the base 11.1 to 12 inches in diameter and from OS to 72 feet in height. The wood
was sajijiN' throughout and useless, excei)t for fuel and for making charcoal. For this ]iurpose

the land is rented at $4 to $.5 per acre, lu this grove, ranking as best jjiue-woods land, the soil

of which was nearly level, well drained, and with a light, loani.\- subsoil, 110 trees of the above

dimensions were counted on 1 acre.

Among the trees taken from the forest for determining the difference between foicst growth

and field trees, one measuring 12 inches in diameter and 7(1 feet in height showed S.'i rings of

annual growth, Avith 9.^ inches of heartwood. Two others, 11 and !."> inches in diameter and 70

ami 71 feet high, sliowed 'M rings each. The shoots of the year (.lune »S) on the ])rimar\ and

lateral axes of these trees were found to be but little over 1 inch in length.

In a third grove, ui)on poor, sandy, undidating ground, a number of trees below nu'diuui size

were found cut down to serve for posts and logs. In 2;>of these trees thediameter varied between
7-{ and 8 in(!hes, with a nearly uniform height of <10 to 02 feet, the first lin 1) being IS to 20 feet above
the ground. The number of rings varied between IS and 50. Tlit^ forests in th(^ same vicinity were
stri]ipedof their more valuable timber a number of yeais before. The largest trees of the original

forest growth remaining were from 12 to 15 inches in diameter. Several were brought down for

measuicment and foiuul to bi' 73 feet in height by 11 inches in diameter, with 120 rings and inches

of heartwood: 7.3 feet in height by 13 inches in diameter, with !U rings and inches of heartwood^
and 80 feet in heiglit by 14 inches in diameter, with 107 rings and 8 inches of heartwood.

When the tree has reached its second decade it begins to inoducc Howers ami fruit. Having
during the course of the following ten to fifteen years reaclu-d a. length of from 40 to 45 feet, with
the main stem r'lcar of limbs, the giowth of branches does not ])roceed with the same regularity;

cousecpicutly, they are, no longer arranged in regular whorls, but a[ipear irregularly, and thus the

symmetry of the tree is lost.

On tlio rolling pine ii])1.iiiiIn iicur Spring Hill. M<iliik' County.
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.)feasiiremcnh uf ymtng Inm of l.iitujUdf Pine.
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Taiu.e lU.—yfeasiirements of Longleaf Pine—period of slowest growth from two hundred to two hundred and sixty-six years.
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Flo. 8—Growth of I.ongleaf Pino: Height, diameter. an<l riil)ir. ront«iiiH of avi^rage troea at 10, 20, etc., years of age.

CONDITIONS OF DEVELOl'MENT.

Demands upon noil and climate.—In it.s dcinaiul.s upon the soil this ])ineis to be counted anionji

the most frugal as far as mineral eonstituents, which are considered as ])lant food, are concerned,

if only the mechanical (lonilition.s wliicli inlhu^nce favorable soil moisture are not wautinj;. It

thrives best on a light .siliceous soil, loamy sand or pebbles or light sandy loam, with a slightly

daj'ej- subsoil sufficiently i)orous to insure at least a partial nndcrdrainage and to i)ermit unim-

peded devt^lopnient of the long taproot. Whenever the tree meets an ob.stacle to the development

of tliis root it renuiin.s more or less stunted.

The luxuriance of the growth and increase in size of the timber, however, i.s greatly intiu-

enced by the quantity of clay present, jjarticularly in the deep subsoil, which improves mechanical

and moisture cimditions. Tiiis is strikingly exhibited in tln^ timber of the level jiinc tlats west of

the -Mississijipi Kiver, although the surface drainage is almost wanting and the underdraiuage

through the loamy strata slow, so that the surface of the soil remains damj) or water-soaked for

the greater ])art of tlie year: the stand of timber of first class dimensions exceeds considerably

that of the rolling i)ine ui)lands on the Atlantic sloi)c and the lower jiart of the i)iiie belt in the

Eastern (lulf region, which are poorer in clay. Kvidently, although the underdraiuage is less

perfect, the moisture c<nulitions during the dry sea.son of the year, tlie time of most active growth,

must be most laNorable. Tlie same fact is apparent in the ujipcr part of the coast i>ine belt in

Alabama and Missi.saiititi, where upon the same area, with a smaller numix'r of trees, the crop of

timber may be considered almost twice as heavy as that found on the pine barrens jjrojicr farther

south. On the .soil of line, closely comj)acted sand, entiiely deficient in drainage as found in the

so-called pine meadows along the coast of western Florida, .Mabama, and Mississippi, as well as

on the siliceous rocky ridges of central and northern Alabama, the tree is .so stunted as to be of

little or no value for its timber.

"It is neither temperature alone, nor rainfall and moistuie conditions of the atmosphere alone,

that influence tree growth, bat the relation of these two climatic factors, which determines the
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amount of tiaiispinitioii to Iw ])ciforiiiea by tlic Ibliaf'e, and a.i,Miii with most species we must place
tliis traTispiratioii movement into relation with available soil )iioistuie, in order to determine what
the requirements and the most suitable habitat of the species are"

(
\i. E. Feriiow). Hence we find

that east of the ]Mississi])pi IJivcr the Loii-;]car I'iiie occurs in ;,m catost frequency alonf,^ the isotherm
of 00° F. ranging to tlie ;>4 ' north latitude, while west of the Mississippi it follows a line between
the isotherms of 63° aud C4^ F. and is scarcely found north of the thirty-second parallel of north
latitude. Within this area of its distribution it is exposed to wide variation of temperature aud
moisture conditions.

Under the influence of the vapor-laden breezes from the Mexican Gulf and an evenly distributed
rainfall ranging from 42 to (>?• inches during the year, the Longleaf Pine appears of the same thrift

and vigor of growth in the interior of Alabama under 'M^ to •i-'i'^ north latitiulc, witli the ther-

mometer falling as low as io 1<\ (10° O.) and a range of temperature of 93° (at Tuscaloosa), as it is

found in the subtropical belt of the coast with a maximum temperature of lOo^ F. ( IC C.) and a
range of temperature of 04° west of the .Alississippi IMver, although the temperature reaches
rarely a minimum of 15"' and 12'', respectively, at the nortliern limit of the tree in these States, the
diminished humidity of the atmosphere and lesser rainfall, particularly during the warmer season,

account for its absence. There can be no doubt that the greater exposure to the violeiue of the
siulden gusts of dry and cohl wiiul known in Texas as " dry ncu'thers" exercises also no small
influence in limiting the Longleaf Pine.

AtiSOCIATKl) SPKCIKS.

The Longleaf Pine is eminently a gregarious tree, covering areas of wide extent, to the almost
complete exclusion of any other S])ecies. In the Hat woods of the coastal plain, ])articularly near
its northern limit on the Atlantic Slope, it is not infrequently associated with the Loblolly Pine;

farther south aud along the Gulf Coast to the Mississippi River, more or less frequently with this

tree and the ( 'ubau Pine. In the up[)er part of the maritime pine belt it not rarely occurs together

with the Shortleaf Pine and the Loblolly Pine intermixed with the deciduous trees of the uplands,

viz, the Black Oak, Spanish Oak, Black-jack, Bitternut, Mockernut Hickories, and Black Gum.
It will be apparent, from what has been said regarding the demands for light, that the asso-

ciated si)ecies must be either slower growers or later comers, if the Longleaf Pine is to survive in

the mixture. As has been pointed out elsewhere, with the culling of the Longleaf Pine from the
mixed growths it must soon cease to play a part in them, since its renewal under the shade of

the remaining associates is imj>ossible.

ENEMIES.

The greatest danger threatening the existence of the forests of Longleaf Pine must be ascribe<l

to the agency of man, since their destruction is caused chiefly by the reckless manner in which
they are depleted without heed to recuperation. The right of ownershij) has been generally

acquired on such low terms that since no value has been attached to the land without the

timber, despoliation has been carried on with no other object than the quickest return of

momentary profits.

EXPLOITATION.

Such management could not but entail tremendous waste, a large pen'cntage of the body of

the trees felled being left on the ground to rotor to serve as fuel for the conflagrations which scour

these woods almost every year. Infinitely greater than the injuries inflicted upon the forest by
the logger and by getting out cross-ties and hewn square timber, wliic^h consist chiefly in the

accumulation of combustibl(^ waste, are those caused by the pi-oductiou of naval stores. When
the fact is considered that the production of the 40,(IU(( barrels of spirits of turpentine, which on
an average duiing the latter half of this decade annually reached the market of Mobile alone,

implies the devastation of about 70,000 acres of virgin forest, the destruction caused by this

industry appears in its full enormity. Under the management of the turpentine orchards

prevailing at i)resent, trees of such small size are tapped that they are unable to resist the force

of the winds, and in a few years are inevitably prostrated, while the larger trees, weakened by the

severe gashes on almost every side, become largely wind-shaken and the timber after a few years

almost worthless.
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While a jiuliciotis tapi)iii^ is not only justified, but demaiuled, by an economic system of

exploitation, the prevailinj; inetho<l8 of orcharding are unnecessarily destructive.

Tim tappin;,' of sajjpliiiK timber not yet ripe Cor the saw, and the destructive (ires started in

connection with this industry, annihiiatin}; all youu}; };ro\vtli, prevent any renewal of the forest,

while tlie working of large bodies of timber years before milling; facilities are available leads often

to 2(1 i)er cent and more of loss in botli quality and (puuitity of the merchantable iiroduct.

The greatest injury to which the pine forests are subject in consequence of turj)entina

orcharding arises from the tires which are started every spring for the purpose of getting rid of

the combustible matter raked from around the tapi)ed trees in order to ])rotect them from accidental

conflagrations while they are worked. These forest fires, si)reading far beyond their intended

limits, destroy entirely the youngest i)rogeny of the pines, stunt the growth of the more advanced

trees, and cause the ruin of a large number of older ones in the abandoned turpentine orchards.

Burning deeply into the gashes and other exposed surfaces of the ta7)i)ed tiees, these fires hasten

their prostration by the gales. Moreover, the fire causes cracks in tlie surfaces laid bare by the

ax and the puller occasions greater exposure to atmospheric action, thus inducing more or less

rajiid deeay. A test, made by sawing through twenty-two logs taken at random from a tur|)eiitine

orchard alter it had been abandofied for a period of sixteen to eighteen years, showed that about

one-half of the timber was i)artially decayed and shaky.

Hesides the production of naval stores as a cause of forest fires, there is another scarcely less

potent. This is the prai-tiee iirevailiiig among the settlers of burning the woods upon the approach

of every spring in order to hasten the growth of grass for their famished stock. Fires are al.so

frequently startcil through the carelessness of loggers and hunters, in the i)re|)aration of the ground

for tillage, and by s|)arks from locomotives. These fires, occurring at least once during every

year, cause the total destruction of the young growth of the Longleaf Pine. The danger to this

s]>ecies is much greater than to any other Southern wood, because of the greater length of tinu- it

re(|uires to reach a size at which it can otter some resistance to fire. In the open forests of Longleaf

Pine the fires are not so destru(rtive to the larger timber as in the dense forests of coniferous

trees farther north, trees of larger size being, with some exceptions, but slightly, if at all, directly

damaged.
Another serious damage, however, resulting from the frequent recurrence of fires is the

destruction of all vegetable matter in the soil. Deprived of the nuilching needed for the retention

of moisture, the naturally porous and dry soil, now rendered absolutely arid and barren, is no longer

capable of supporting any larger ti-ee growth or other useful vegetation.

LIVE STOCK.

Of no less danger to the existence of the forests of Longleaf Pine is the injury caused by live

stock. This agency, slow in its action, is sure to lead to their destruction unless restrii'ted to some

extent. Besides the damage due to the trampling down and nuUilation of the young growth by

herds of cattle roannng through the woods, the smaller domestic animals—goats and sheejt—eat

the tuffs of tlie tender fidiage of the seedlings, while hogs are seen digging uj) and chewing the

spongy and feiuler roots of the young i)lants. As a further agency in the way of the renewal of

this species, the destruction of the mature cones might be mentioned, caused ])rincipally by the

s<iuirrels, which peel ofl' the scales clean to the core iu search of the sweet, nutritious seed.

Full-grown trees are fre(|uently uprooted by the hurricanes which from time to time i>a,ss

tiirough tlie pine belt. Those having the taiuoot shortened by impenetrable layers of indurated

clay interposed in the subsoil at varying depths are invariably the first victims of the high winds.

In trees grown in .such places the taj)root is found with a tumid and round base as smooth as if

polished.
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Fre(iuently full-nrowu trees are found to show si^ns of rapid decay. These are recognized by
the gradually dyiny- of the smaller limbs and their falliiijc off, in consequence of the n.ttinp of the
wood surrounding their base; and alter having been cast olf a hole or diseased sj)ot remains iu
tlie trunk, which is infested by a large fungus of the genus Poh/porux (i)unk holes, ])unk stools).
The hcartwood of such trees is of a reddish color, soft, sappy, and full of small channels, caused'
by the breaking down of the walls of the wood cells, lilled with the mycelium, tin; so-called spawn
of the fungus, the threads of which also penetrate the medullary rays. Such punky or red-heart
timber is found mostly on the ridges in the poorest soil. Apparently superannuated trees are most
frequently found afflicted with this rot.

The Long-leaf Pine, throughout its existence, is expose<l to the danger of destruction by the
ravages of insects, hosts of which, belonging to various orders, are found to infest it from the
earliest stages of its development. I'pon the tufts of the tender primary leaves of the seedling
are often found feeding large numbers of a yellow, black-striped caterpillar, the larva- of a species
of sawfly [Lophyrus).

The cambium of trees felled iu the latter part of the summer is soon found swarming with the
larval brood of bark beetles, which after a short time infest the trees growing near by, causing as
has been again and again observed, the death particularly of the trees of younger giowtli over
extensive areas. Hence the necessity of stopping the practice of felling trees during the summer
season. A(;cording to information kindly furnished by Mr. Schwarz, of the Entomological Division
of the United States Department of Agriculture, most if not all the species of the bark beetles
the family Toiiiiridw have more than one annual generation, and iu the Southern States they have
iu all probability, three. The summer generation develops in a very short time, possibly within
four or live weeks, and the perfect beetles issuing from the trees felled iu August will in Septem-
ber attack the healthy trees near by for want of more suitable food. The ravages spoken of by
Michaux refer, no doubt, to these species of Tomicidw beetles which enter the solid wood of trees

e. g., Gnathotfichus materiarius and Xyleboni.s pubcHcens. The galleries of these timber beetles
or allied species are found to penetrate the wood to the heart. The grating noise made by the
larviT. of the large ceramboid beetle, the Moiiohamnni.s, while engaged in its work of destruction
frequently strikes the ear in the forest. That there is a large number of species belono-inc to
different orders preying on the Longleaf Pine and more or less destructive to the life of this tree is

apparent from the following communication from Jlr. Schwarz:

The number of insects to be found on the Longleaf Pine is very large and comprises species of most orders but
a complete list of them has never been published and the habits of most of them have never been carefully studied.
Only those which are really injurious to the tree need to be considered.

Order Hiimenoplera: Several species of sawtlies (Tenlhredinidie) , occasionally very injurious to the younger tress

the larvte defoliating the branches. The species thus far observed are Lophi/nts Abbotii, Leach: Lujihiiriit Leconlei,

Fitch, and three or four less common species.

Order Cohoptera, slip B : Kound-headed borers (larva' of Cernmbj/cidir) atfect the trees similarly to the llitpri'<tidiv

but their burrows are always cylindrical, and some species bore only under the bark. The most abundant ami
destructive is Monohammnx titiUalor, Fabr., but there are many other species, of which the following is a partial list:

Scaphinns avitaricollis, Lee. ; Ascmiim moextiim, Hald. ; CHoceplitihia niibiliis, Lee. ; F.iipoyoniiis tomeiito-iiia, Hald. ; Acantlio-

ciiiiia nodosiis, Fabr. In the family Cureidionidiv, the worst enemy of the pine tree iu the more Northern St.ites

Pianodea sirobi is rare in the region of the Longleaf Pine, but another species, Pachi/lohiiis jih-ivorus, Germ., the larva-

of which bore under the bark, is quite common and greatly injurious to the Longleaf Pine. Of its more dan-'erous

enemies the Scolytid beetles, which mostly bore their galleries under the bark, only a few species entering the solid

wood, the following are known to infest Pinus palimtriK: Piti/opltlhuriis pnlcariux, Zim. ; /'. (iiiiiectiiiii. Lee; Tomiciia

calliiirapliiix, (ier.; T. anihiia, Eich.; T. laeoijraphiia. Lee; Crypiunjua atoinux, Lee; Dcndroctonua lerebrana, Oliv.

;

D. froniaVis, Zim.; Uylnslea porculaa, Er. ; H. ejilh, t'hap.

The few species entering the solid wood are Plnli/piin (jiindrideiitntKx, Oliv.; (innthotrichiis mateyiiiriim. Fitch, and
Syloboriin ptibescenx, Zim. Most of these Scolvtida' are extremely numerous iu specimens, and .ilthough they usually
infest injured or diseased trees, yet iu cases of excessive multiplication or for want of proper food tUev often attack
healthy trees, which within one or two years succumb to their attacks.
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NATURAL REPRODUCTION.

Certain peculiaritii's inhcreiii to this sjjecies t'oriii a series of obstacles in the way of its

spontaneous reproduction. These are. lirst, the rare occurrence of seasons of abundant crops of

seed, and, second, its slow -zrowth durin}; the earliest part of its develoi)nient, renderinji tlie

youufj ort'spring of this pine liable to be sui)presse(l by <;onii)etin{i- sjjccies of (iui<'ker growth. To

these <-auses is to be further added its dependence upon the intluence of direct sunliglit, which is

required for its germination as well as during the subscMjueut stages of its growth to maturity,

and the sensitiveness of the seeds and seedlings to moisture; i)la(-ed in a wet, undrained soil, tlie

gerniimiting power of the first is <lcstroyed and the latttT will perish on exposure to tlie same

conditions. A study of the young growth of the Longleaf Pine over the ditferent regions of its

habitat leads unavoidably to the conclusion that the chances for tlie rei)roducti(in of its forests

left to the ordinary course of nature, are (juite limited, even if the adverse conditions arising

from human agencies are left out of consideration. On the lowlands of the Atlantic Coast toward

its northern limit tliis ))ine is almost invariably replaced by the Tjoblolly Pine, while fartlier south

and in the coastal plain of the Gulf States east of the Mississippi IMver, after its removal, it is

replaced partly by the Loblolly Pine and largely by the Cuban Pine. On the wide expanse of

ui)lands rising above the coastal jdain with their broad ridges of a soil of sandy loam, the young

trees of the Longleaf I'inc are met with in every stage of growth. Attaining, liowever, during tlie

first five or six years scarcely a greater height than the surrounding herbage, the seedlings are

irredeemibly ruined by the \arions destructive agencies to which they are exposed. On land liable

to iei)eated conllagiatioiis, a scrubby grow th, t'hielly of barren oak and otlier upland oaks already

mentioned, takes po.ssessiou and excludes by its shade the ])iiie. If upon the rolling pine lauds or

dry jiiiie barrens the removal of most of the original tree covering is follo\v(ul by a succession ol'

barren years, the ground will surely be invaded by the hard wood trees mentioned, which will letaiii

possession. Under the shade of these trees the Longleaf Pine can never again find a home. In the

Stronger .soil of the up])er division of the maritime piue belt, the region of mixed growth, where the

seedlings of the Longleaf Pine si)ring up siiuMltaueously with the hard wood trees and the .seedlings

of the Shortleaf Pine, these latter will eventually gain the supremacy and su])press those of the

Longleaf Piue; conseciueutly the latter is seldom observed in mixed forests of .second growth. Tn

the Hat woods, i)articularly in the pine flats of southwestern Louisiana and Texas, with a soil

water-.soaked during the winter and spring, the offsjuing of the Longleaf Pine is still more rarely

met with for the reasons stated. From these facts it is evident that, owing to natural causes,

combined with the unrestricted sway of the influences leading to its destruction by human agency,

the offspring of tin- Longleaf Pine is rarely seen to occupy the i)lace of the parent tree, even in the

region most favorable to its natural renewal, and that final extinction of the Ibrests of the Lougleaf

Piue is inevitable unless proper forest management is applied.

FOREST mana<;ement.

The time for the acquisition of timber lands or of the right of working them for their products

at i)rices far below what could be (considered as an ade(|uate return for their instrinsic value has

well-nigh i)assed away. The opportunities which existed during the last twenty-five years for

acquiring Longleaf Pine lands, which were oi)en to purchase by the hundreds of thousands of acres

have now in a great measure ceased to exist. The greater i)art of this kind of jjroperty has passed

into the possession of capitalists, and the rest will soon be similaily controlled. Lnder this new

order of tliiugs tlie price of these timber lands is gradually approaching figures more in i)io]>ortion

to their true value. The deiiredations committed unblushingly on the pulilic lands, and on the

lands of railroad corporations and private owners, aric lendered less easy every year under a mutinil

protection of interest. Keckless waste and devastation, heedless of the interests in the future,

are giving way to a more economical management of the timber resources in the logging camj) and

in the mill. No measures have been attempted to maintain these resources by sparing the younger

timber ill its best stage of growth from tlie ax. or to provide in any other way for the protection

and i)reservatiou of the younger growth.
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What has been said of the geograpliical distribution of this tree and its demands upon climate,

soil, and exposure, demonstrates that east of the Mississippi River it can be successfully grown all

over the maritime plain of tiie Southern States (Austro rijjarian zone) and in tlie interior of Ala-

bama, through a large region of the Carolinian and the extreme southern extension of the Appa-
lachian zone to an elevation above the sea falling little short of 1,00(» feet. And the sandy soils

of this region, largely too poor for agricultural use, are par excellence Longleaf pinelands. In the
renewal of the forests of Longleaf Pine, ui)()n areas denuded, tlie fact must be borne in mind that

to produce timber which is under present conditions considered of fair merchantable rjuality a

period of not less than one hundred and fifty years is required, and that to produce timber of the

strength, clearness, and durability for which it is held in such high esteem tlie slow growth under
the severe and hardening conditions involved in the struggle for light in the crowded forests is

necessary. Hence, economic reasons would point to the maintenance and conservative manage-
ment of the existing forests of Longleaf Pine and their renewal by natural reproduction, and
perhaps best the method of selection which under the pi'esent conditions appears the most practi-

cable, involving chiefly methods of protection.

P>y this method all or most of the mature trees, corresponding in their ](ro])ortions to the most
desirable quality of timber, are cut and the rest left to grow till they reacli similar dimensions, to

be in their turn replaced by the second growth, which in the openings from time to time springs

up. In fact, this method was followed in the earlier days of the timber industry in the several

regions of the Longleaf Pine, where the forests were being culled for the best sizes at intervals

of from fifteen to thirty years. But owing to the exhaustion of the mature pine from forests

within distance of railroad lines and water courses, which necessitates great outlays of capital

for constructing tramroads or waterways, the original practice of selection has been abandoned,

no tree being spared at present that will make a stick of timber, however small, as long as

it finds a sale in the market. Care should of course be taken to leave always enough seed

trees evenly distributed, and the chief care is to be directed to the protection of the seedlings

and other young growth from the destructive agencies mentioned— fire, cattle, and the encroach-

ment of invading species. A forest under such management would necessarily present a great

diversity in the growth of the trees, and the length of time between one cutting and the next

would be equally variable. It must be remarked that the demand of this species for the unhin-

dered access of direct sunlight during the time of germination and successive stages of growth

might prove a serious obstacle to the continued success of this method of selection ; and the "group

method," as described in the report of the chief of the Division of Forestry for 1894, might be sub-

stituted with advantage. Where it is desired to reestablish the growth of Longleaf Pine upon

denuded areas, the ground must be cleared of every obstacle in the way of free access of the rays

of the sun before the sowing. Owing to the ease with which the seeds germinate and the seed-

lings take root in the ground, but slight preparation of the same would be required, and there

would be no difficulty in procuring a good stand. If transplanting is to be resorted to, the seed-

lings should be taken up during the fall or winter su(!ceeding the first season of their growth,

before the further development of the rapidly growling taproot, the precaution always being taken

to prevent any injury to the rootlets and their drying out before their transfer to the ground.

Since the trees clear themselves easily of branches, the stand in the plantation in the earlier

stages does not need to be as dense as with other species. In order to secure improvement and

permanency of favorable soil conditions, the litter from the shedding of the leaves and gradual

decay of herbage should be left undisturbed on the ground.

There can be hardly any doubt that the introduction of other shady species would greatly

assist in improving soil conditions and producing more rapid development of the pine. Care

would have to be taken to bring in these species later, say between fifteen and twenty years, when

the pine has begun to make its rapid height growth and can escape the shade of its neighbors.

For the present, however, the economic conditions are hardly yet ripe for any artificial

reforestation, but the great importance of this valuable forest resource to the industrial and

commercial development and prosperity of the people living within its limits should be apparent

enough to keep them at least from preventing its natural reproduction. The growth of the j-oung

timber after the first few years is rapid enough, as may be seen from the table on page 57, and
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at'ter lil'tccii or twoiity yt'ars, when the trees liave reached a diameter of lli inches, they <'aii he

tapited for resin and will ;jive a continuous revenue. Tnder careful nianaj^enient, and i)y taiii)in}i

oidy tiie trees which should be removed in thiuninj^s to make lijjjlit for tlie rest, this revenue cau

be obtained without in any way inipairinj; the final harvest value.

CONCLUSION.

From the .soutbcru frontier of Virginia, throujjhout the lower i)art of the Southern States, to

the limits of liijjh and conii)act forest growth west of the Mississippi Kiver, sjjread over an area of

from ".K),0()(i to I0(»,()()0 square miles, the forests of the Longleaf Tine i)re.sent yet a stui)endous tim-

ber wealth. Yet, if we deduct the farm lands, and consider that large areas have been cidled or

entirely denuded of the original growth, we may estimate tiiat the amount of timber standing can

at best not exceed 1(M»,OU(),()()U,00{) feet, and is probably much less, while the cut, which at pre.sent

does not fall sliort of 3,70(l.(t(l(l,()(H) feet, board measure, is bound, as the Xoitliern pine is giving

out, to increase at even greater rate than in the past. Under such a strain, outstripping l)y far

the possibilities of their reproduction, the exhaustion of the resources of these forests within the

near future is inevitable, and if the devastation under present management by the na\ al store

industry and the destruction caused by tire and domestic animals is <-ontinued their extermi-

nation as far as practical purposes are concerned must be regarded as equally certain.
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THE NAVAL STORE INDUSTRY.

The resinous product of the Longleaf Pine furnishes the raw material for the production of

naval stores, one of the most important industries in connection with the resources of the

American forests. At present the bulk of these stores used in the world is derived from the

forests of Longleaf Pine, and hence this industry is almost entirely confined to the coast pine belt

of the Southern States, the proportion contributed by France, Austria, and other countries being

insignificant.

For the year 1892 the foreign export of spirits of turpentine alone amounted to over 260,000

casks and the total production exceeded 3.50,000 casks. To produce this amount of spirits at least

2,.500,000 acres must have been in orchard, and since over one-third of the total production is

furnished by orchards being worked for the first year, over 800,000 acres of virgin forest must be

attacked annually to supply present demands.

Under the name of naval stores are comprised the products derived directly or indirectly from

the resinous exudation of coue-bearing trees, mostly pines, including tar, the product of the

destructive distillation of the wood of pines highly charged with resinous matter. The name is

undoubtedly derived from their extensive consumption in the shipyards and on board of vessels.

These products are

:

KESIN, OR CRUDE TURPENTINK.

The resin of the Longleaf Pine recently exuded is almost colorless, or of a pale straw color, of

the consistency of honey, having a terebinthiuous odor and taste, and like all substances of the

same class is insoluble in water, but soluble in alcohol, ether, and spirits of turpentine. It con-

sists of a volatile oil and a solid resin held in solution partially suspended in the former. The best

quality is obtained during the first year the tree is worked, known as "virgin dip" or "soft white

gum," which is almost colorless and contains the largest quantity of volatile oil. In the following

year it is of a deeper yellowish color, the "yellow dip," which with each succeeding year becomes

darker in color, more viscid, and poorer in volatile oil.'

The resin toward the close of the season produced on the tree under the influence of a cooler

temperature is called hard gum, or scrape. This solidified resin of whitish to yellowish color

contains only half of the quantity of the spirits of turpentine obtained from the dip or soft gum.

By the distillation of the crude turpentine the naval stores of most importance to trade are

obtained.

SPIRITS OF TURPENTINE, OR OIL OF TURPENTINE.

Spirits of turpentine, or oil of turpentine, is the volatile constituent of the resin. This liquid

when freshly prepared is colorless, of a peculiar odor and taste, of a density varying between

0.85 and 0.87, volatile at ordinary temperatures, boiling between 304° and ;!20^ F. It turns polar-

ized light to the right, a characteristic feature of the American spirits of tur])entine, most of the

spirits from other sources polarizing the light to the left. In its pure state this volatile oil is free

from oxygen, being a hydrocarbon of the composition of CioHi6. It is highly inflammable and

' It is still ail opeu iiuestioii whether this deterioratiou is necessary or only owing to faulty m.iiiipnlation.

Experiments to settle this nuestiou are now iu progress in the Forestry Division.
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burns with a s()r>ty flaiiic. It is a iinod solvent for many resins, wax, fats, caontcliouc, suli>linr,

and pliosplioius, and is used in the arts anil industries tor tlie preparation of varnislies, in paints,

tbe rul>ber industry, ete. Before the introduction of kerosene oil it was used extensively for an

iliuininator; it is also used in medicine internally and externally and often as an adulterant of

various essential oils.

HOSIN, OR COLOl'lIOXV.

The solid eonstitnent of the crude tnrpentiiu', which forms the residue remaining after its dis-

tillation. It is of ditlcrent degrees of heaviness, according to the (juantities of volatile oil retained

after distillation, is brittle, easily ])owdered, of a glassy luster, and of the specific gravity of 1.07,

almost without taste, of a faint terel)inthinous odor. It l)ecomes soil at about 17(r^ F., melts

between 194- and 212^ F,, and is soluble in the same .solvents as crude resin. According to the

nature of the crude turpentine, depending upon the number of seasons the trees have been worked,

it shows ditlerent jiroiiertics in regard to the ti-ansmission of light, and in color. It is either

perfectly transparent, translucent, or almost opa(jue and almost colorless, or a pale straw color to

golden yellow, reddish yellow, through all shades to dark brown and almost black. The market

value of this article is entirely rcgidated by these pioperties. In the American market the follow-

ing grades an; distinguished: WW (Water White) and W(l (Window (llass), the lightest and
highest-priced grades, obtained from the "virgin dip;'' N (Extra Pale), M (Pale), K (Low Pale),

I (dood 'So. 1), IT (No. 1), F (fiood No. 2), E (No. 2), I) (Good Strain), C (Strain), B (Common
Strain), and A (IJlack).

PINE TAK.

This is not exa(;tly a by-])rodnct of the turpentine orchard, but is produced by the destructive

distillation of the wood itself. It is chiefly produced in North Carolina, where this industry has

been carried on since the earliest colonial times. Small quantities are produced in other sections

of the Southern ])inebelt, mostly for hoiiu; consum])tion. Perfectly dry wood of the Longleaf l*ine,

dead limbs and trunks seasoned on the stump, from which the sapwood has rotted, are cut in

suitable billets, piled into a conical stack, in a circular pit, lined with clay, the center communi-
cating by a dejjressed channel with a receptacle—a hole in the ground—at a distance of 3 to 4

feet from the pile. The pile is covered with sod and earth, and otherwise treated and managed
like a charcoal pit, being fired from apertures at the base, giving only enough draft to maintain

slow smoldering <;ombustion. Aftei- the ninth day the tar l)egiiis to How and continues for several

weeks. It is dipped from the; i)it into barrels of 32(t pounds, the standard weight. One cord of

dry '• fat" or " liglitwood " furnishes from 40 to 50 gallons of tar. The price of pine tar is quoted

as low as ^\.().> a bai lel. Since <H)nsiderable quantities of tar are produced incidentally in the

destructive; distillation of wood in iron retorts for charcoal and other products, the price has

been greatly depressed.

COMMON PITOn.

The best quality is obtained by boiling down tar until it has lost about one-third or more of

its weight. The naval jtitcli of commerce has more or less rosin of the lowest grade addc(l to it.

Pitch is also obtained as the residue remaining from the dry distillation of rosin for rosin oil.

niSTOUICAI. ItKMAKKS.

The tapping of the trees for the crude turpentine and the manufacture of tar and jiitch was
first resorted to by the earliest settlers of North Carolina, and in later colonial times these jiroducts

furnished the largest i)art of the exports of the colony. In the three years from 17(>8 to 1770

the exports of crude turix-ntine, tar, and pitch ie])resented on the average for ca(^h year a value of

$215,000 of our ])resent (jurrency. Most of the crude turpentine was shipped to England. Later

the distillation of spirits of turi)entine was carried on in clumsy iron retorts in North Carolina

and in Xorfhern cities. The introduction of the copper still in 1S;U resulted in a largely

increased yield of spirits of tur])entine, and the industry re(;eived a great impetus. With the new
demand for spirits of turi)entin(! in the manufacture of rubber goods, and its increased use as an

illuminator, the number of stills increased greatly, and turi)entinc oicharding was rajjidly

extended south and west beyond its original limit. The large consumption of spirits of turpentine
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ciuised such an iiicircase in its production that the residuary product, rosin, became hirgely in

excess of the demand, and, in consc(iuence, much depreciated. This reduction of ])ro(its in the

business caused the transfer of tlie stills from the leading- markets to th<; source of the raw
material, the forest. From that tinu^ 1844, dates the great progress made in the extension of this

industry. Up to that time more than half of the crude turjientine was distilled in North Carolina,

but thenceforth the industry spread into the States of South Carolina, (ieorgia, Florida, and the

Gulf States to the Mississippi River.

At the close of the war the demand for spirits of turpentine was not so great as before,

petroleum products of several kinds having been found to take its place not oidy for illuminating,

but also for other purposes. With the general extension of arts and manufactures all over the

world, tiiere has siuce been an increasing demand for spirits of turpentine and rosin. The exports

of these articles in the year 1890 amounted to 18,135,339 in value.

TURPENTINE ORCHARDING IN TUK I'DRESTS OF LONGLKAF I'l.NE.

In the establishment of a turpentine orchard and a still, two points must be considered,

namely, proper facilities of transportation to shipping points and a sullicient supply of water for

the condenser connected with the still. The copper stills generally in use have a capacity of about

800 gallons, or a charge of 20 to 25 barrels of crude turpentine. For such a still to be charged

twice in twenty-four hours during the working season, 4,(100 acres of jtine land of a good average

stand of timber are required. This area is divided into twenty parcels each of 10,000 boxes, as the

recei)tacles are called, which are cut into the tree to receive the exuding resin. Such a parcel is

termed a croj), constituting the allotment to one laborer for the task of chipping. The work in a

turpentine orchard is started in the earlier i)art of the winter witli the cutting of the boxes. Until

some years past no trees were boxed of a diameter less than 14 inches; of late, however, saplings

under 10 inches in diameter are boxed. Trees of full growth, according to their circumference,

receive from two to four boxes, so that the 10,000 boxes are distributed among 4,000 to 5,000 trees

on an area of 200 acres.

The boxes are cut (see PI. VIII) from 8 to 12 inches above the base of the tree, 7 inches deep

and slanting from the outside to the interior, with an angle of aljout 35°. In the adult trees tliey

are 14 inches in greatest diameter and 4 inches in greatest width, of a (-apacity of about •'{ ]>ints.

The cut above this reservoir forms a gash of the same depth and about 7 inches of greatest height.

In the meantime the ground is laid bare around the tree for a distance of 2i to 3 feet, and all com-

bustiljle material loose on the ground is raked in heaps to be burned, in order to protect the trees

against danger of catching Are during the conflagrations which are freiiuently started in the pine

forests by design or carelessness. The employment of Are for the protection of the turpentine

orchard against the same destructive agency necessarily involves the total destruction of the

smaller tree growth, and if left to spread without control beyond the proper limit, often carries

ruin to the adjoining forests.

During the first days of spring tlie turpentine begins to flow and chipping is begun, as the

work of scarilicatiou is termed, by which the surface of the tree above the box is laid bare beyond

the youngest layers of the wood to a depth of about an inch from the outside of the bark. The

removal of the bark and of the outermost layers of the wood—the "chipping" or "hacking"—is

done with a peculiar tool, the "hacker" (rtg. 9, e, /), a strong knife witli a curved edge, fastened

to the end of a handle bearing on its lower end an iron ball about 4 pounds in weight, to give

increased force to the stroke inflicted on the tree, and thus to lighten the labor of chipjung. As
soon as the scarified surface ceases to discharge turpentine freely, fresh incisions are made with

the hacker. The chipping is repeated every week from March to October or November, extending

generally over thirty-two weeks, and the height of the chi]) is increased about Ih to 2 inches every

montii. The resin accumulated in the boxes is dipped into a i)ail by a flat trowel-shaped dipper

(fig. 9, a) and then transferred to a barrel for transportation to the still. In the first season from

six to eight dippings are made. The 10,000 boxes yield at each dip 40 barrels of "dip" or "soft

gum," as it is reckoned in Alabama, to be of 240 pounds net weight. The flow is most copious

during the height of the summer (July and August), diminishes with the a<lvent of the cooler

season, and ceases in October or November. As soon as the exudation of the resin is arrested and
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the resin begins to liardeu under the influence of a lower temjierature it is carefully scraped from

the scarified surface and the boxes with a narrow, keen-edged knife attached to a long wooden

liandle (fig. 0. h, <•). In the first season the average yield of (lij) amounts to 280 l>arrels and

of the hard gum or scrajie to 7(i barrels. The first yields V>.\ gallons si)irits of turiientine to tJie

barrel of 240 pounds net, and the latter 31 pounds to the barrel, resulting in the i)roduetion of

2,100 gallons spirits of tnri)entine and 2<«0 jionnds of rosin of higher and highest grades. The

dipi)ings of the first season are called '-virgin dip," I'rom whi<-li the finest (juality of rosin is obtained,

graded in the market as Water White (WW) and Window Glass (WG). In the second year from

five to six dippings are made, the crop averaging 22.'> barrels of soft turpentine and IL'O barrels of

scrajie, making altogether about l,(tO0 gallons spirits of turpentine.

The rosin, of which about 200 barrels are produced, is of a lighter or dee])er amber color, and

perfectly transparent, of medium (piality graded as I, II, and G. In the third and fourth years

the number of dippings is reduced to three. With the flow over a more extended surface, the

turi)entine thickens nndei' i)roloiige(l exposure to the air and loses some of its volatile oil, jjartly

by evaporation and partly by o.vidation. In the third season the dip amounts to about 120

f

J
I

Fio. 9.—Tools used in tarpentino orch.'irdin;;: a, dipper; 6. pusher; c. open pnUer; d, olosed imller: **./. liacker (front and rear view).

barrels and the 8ciaj)e to about 100 barrels, yielding about 1,100 gallons spirits of turpentine and

100 barrels of rosin of a more or less dark color, less transparent, and graded as I', 1'], and 1).

In the fourth and last year three dippings of a somewhat smaller (|uantity of soft tur])entine

than that obtained the season before and 100 barrels of scrape are obtained, with a yield scarcely

realizing .'500 gallons of spirits of tiiri»entine and Hid barrels of rosin •)f lowest quality, classed as

C, B, and A. After the fourth year the turpentine orchard is generally abandoned. Owing to the

reduction in cpiantity and (|uality of the raw product, it is not considered profitable by the larger

operators to work the trees for a longer time. It is only in North Carolina that the smaller

landowners work their trees for ten or more successive seasons, protect the trees against fire, and
after giving them rest for a series of 5'ears, apply new boxes on spaces left between the old chips

—

"reboxing."
IlISTILLATION.

The process of distillation is carried on in the ordinary way, and re(|uires care and exi)erienee

to obtain largest <iuantities of rosin of highest grade and to guard against overiieatmg. .After

heating the still, somewhat above the melting of the crude turpentine, a small stream of tejiid

water from the top of the condenser is coiulncted into the still and allowed to run until the <mu1

of the process. A large tiuantity of water runs over with the spirits of turpentine, which is
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collectpfl in a barrel, where it separates from tlie water and is then inmiediately transferred into

barrels. After the oil has ceased to run freely the heatinjij of the still and the intiux of water has

to be carefully regulated. After all the spirits of turpentine has been <listilled over, the fire is

removed and the contents of the still are drawn oft' by a taj) connected with tlie bottom. This

residuum, molten rosin, is at first allowed to run through a wire cloth and is immediately strained

again through coarse cotton cloth or cotton batting, made for the purpose, into a large trough,

from which it is ladled into ])arrels. The legal standard weight of the commercial package is

L'S(» pounds gross. A turpentine distillery on the basis of twenty crops i)roduces on the average

during the four years that the boxes are worked 2,400 casks or 120,000 gallons of spirits of

turpentine and about 12,000 barrels of rosin or 2,800,000 pounds, the lowest grades, P> and A,

excluded, a total value of about $(iO,000 at average j)rices. The prices of spirits vary at jireseut

from 28 to 40 cents a gallon, even through the same season, according to supply and demanil in

the market. The average quotations on December .30, 1S92, at Wilmington were 28 cents for

spirits and $1.91 for a barrel of rosin down to grade C.

COST OF ESTABLISHING A PLANT AND WORKING THE CROPS.

Timber lands with the privilege of boxing the timber for a term of four years are rented at the

rate of §50 per crop of 10,(»0(» boxes, or 200 acres. The establishment of a plant for the working of

twenty crops, or 4,000 acres of timber land, requires an

investment of about .§5,000, including the buildings, stills,

machinery for pumping water, tools, and teams. Accord-

ing to the statements of an experienced operator, the cost

of working the trees of one crop during the four years,

which is mostly done by the job^—that is, the making and

cornering of the boxes, inspecting the same, raking

around the trees, chipping, dipping, scraping, hauling the

crude turpentine to the still, including cost of barrels for

spirits of turpentine, and for the rosin and superintending

the crop—amounts to about $2,.300 i)er crop, or -$46,000 for

the twenty crops. If to this amount the interest, C per

cent per annum, on the capital invested and the deprecia-

tion in the value of the plant during the four years is

added, with s me other incidental expenses (taxes, etc.),

the cost of the production of the 120,000 gallons of spirits

of turpentine and 12,000 barrels of merchantable rosin'

foots up to not less than 850,000.

A method of improving on the present practice by
employing an earthen pot instead of the injuricras "box''

has been patented and practically introduced by J. C.

Schuler, of West Lake, La. The arrangement is repre-

sented in tig. l(t, its main feature being an eaithen i)ot

which can be moved as the scar is lengthened, thus reducing the distance over which the resin

has to flow, and with this the amount of volatilization and loss of spirits of turpentine. The
method resembles that employed in France (see Eejiort of Chief of Forestry, United States

Department of Agriculture, 1S!»2, page 347), and, though its general application in this country is

not yet secured, it is certainly a step in the right direction.

llr. Schuler admits that the first cost for providing the cups, putting them up, and removing

them the second season raises the exi)ense of working a crop of 10,000 cups for two sea.sons to •^4t>l),

against $190 for cutting 10,000 boxes expended under the old system in working one crop for two

seasons, all other expenses connected with the work being considered e(|ual. On the other baud,

Schuler claims tliat the difference is vastly overbalanced by the incieascd yield of crude turpentine

obtained by liis cup methods, amounting for one crop worked two years to 195 barrels, at -$3.50 per

barrel; after deducting the extra ex]>ense involved by his method, this would leave a net balance

of $410 per crop in favor of the cup system. He also claims that this amount is still further

augmented if the larger quantity of spirits of turpeutiue aud the higher quality of resiu obtaiued

Fio. 10,—Improved method of turpcatiot orcharding.
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IroiM the dipijings under liis system are taken into acconut. On the liist jjoint lie says tbat I'ully

one-eighth of the eriide turpentine brought to the still from the boxes consists of chips, sand, and

othci' foreign matter, eontaniinations from wliich the proilnct of tlie (•ni>s is entirely free. On tlu;

seeond point he refers to the liigh grades of rosin resulting from the flistiliation of the crude

turpentine from the cups, which almost eutirely classes with the highest and higher grades.

EFFECTS OF THE PKODUCTION Ol NAVAl. STOKES UPON THE TIMIIKK, THK LIFK (IF THE TREE, ANli THE CONDITIONS
OF THE FUKEST.

In the ])reseiit maiiagenient of tlie tnriientinc orchards in the Soutliern i>ine forests a great

deal of crude turpentine is wastetl, mncli of the valuabh' sjjirits of turpentine is lost by vojatili/.ation

in passing over the long chip face on its way to the box, and much of the resin is lowered in its

grade and value by oxidation consequent to exposure and by admixture of foreign substances

—

bark, coal, dust, etc.

Concerning the ettect of the tapping of the trees upon the timber, there exists no reason on

l)hysiological or anatoniical grounds for eon.sidering it injurious, and the opinion held by many,

that the qualities of timber are inijiaired by bleeding, tiiids no su|)port when it is considered that

the hcartwood remains unaftected. The resinous contents of the heartwood being solidified and

the formation of the resin taking place only in the newly formed wood, the heartwood can not

])arti<'ipate in tlie flow of the resin, the discharge being necessarily conlined to the sapwood.

This fact has been fully substantiated by the work of the Division of I'^orestry. by which it has not

only been shown that the strength of the heaitwood, the most important if not the only part of the

tree u.sed for lumber, has in no wise been diminished, but also that the durability of the timber, as

far as it depends ui)on its resinous contents, can not be impaired by bleeding. It is only in that ])art

of the butt log around the chip that the quality of the timber becomes somewhat imi)aired—the

wood becoming highly charged with resin is rendered more brittle and harder to work, with a ten-

dency to gum uj) the tools. Indirectly, however, a considerable proportion of the boxed timber

becomes damaged if not utilized shortly after having been bled. It is often left standing for a

number of years, expo.sed to various destructive agencies, such as insects and fire, followed by
parasitic fungoid growth. Large (•aprieorn beetles bore their way thi-ough the callus suiroiinding

the chip and through and beyond the sapwood. Through the innumerable fissun^s which are

caused by fires, air and water charged with the spores of parasitic fungi find entrance to the body
of the tree, causing disease and decay. The damag<' from these causes increases every year, so that

from them alone the timber from a turpentine orchard aliahdoned for a dozen years was found

damaged to the extent of fully 20 per cent. Although the loss of its resin by bleeding results

jihysiologically in no direct injury to the tree, the wound inflicted by tapjiing, like any other wound,
interferes with its healthy growth and,i)articularly in the case of trees of smaller size, causes their

early decay. While the exuded resin covering the excoriated surface of the tree acts as an etlicient

antiseptic, affording a firm protection against the access of the spores of fungi, it endangers the

life of the tree, if exposed to fire, by its greater inflanimability, the heat produced by its flame

being capable of killing the trees outright. Under the crude and inconsiderate manner of cutting

the boxes, all of the trees of smaller size and many of the larger trees are blown down, and a

considerable number of those remaining with their excoriated surfaces out of proportion to the

recuperative power of the trees are doomed to perish sooner or later in consequence of such

treatment.

These injuries inflicted U]>on the individual trees, in connection with the fires started with the

oi)ening of the season one year after another, cause such damage to the forests as to effect finally

their total destruction. Fire being allowed to sweep over large areas, its force increased in the
turpentine orchards by the exposed resinous surfaces of the trees, and by trees blown down and
the di'bris covering the ground, an immense amount of timber is destroyed. Trees wliich have not

been killed outright by the fire, or have altogether escaped the danger, are doomed to speedy
destruction by bark beetles and pine borers, which find a breeding place in the living trees

prostrated by the winds during the summer, the broods of wliich rapidly infest the standing trees,

which invariably succiiml) to the pest the same season. In coiiseiinence, the forests invaded by
turpentine orcharding ineseiit, in five or six years after they have been abandoned, a picture of

ruin and desolation iiainfiil to behold, and in view of the destruction of the .seedlings and tiie

younger growth all hope of the restoration of these magnificent forests is excluded.
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THE CUBAN IMNE.
{Piiiitfi lielcrnpkt/lld 1 1011.) Sudw.)

Synonyms: I'iiik.s hvila var. hetcrophiiUd F.lliott, Sk. ii, 636 (1824).

/•;««» nibensin (irisfibarli in Mem. Am. Ai:ul., viii, pt. 2, .530 (1863), not Ilort. ex Gonl. (1858).

PhiiiK riihenaix var. lerllirocarpa Wri<;lit in Griseliach, Cat. PI. C'libeii., 217 ^lH(iR).

I'inus cUioltii Kufji'Imann ex Vassey, Cat. Torost Trees, 30; in Rep. Com. Ag. IST'i, 17H (1876).

I'itmx (Uiollii Kni;i'lmaun in Trans. St. Lonis Acail., iv, 186, t. 1, 2, 3 (1879).

I'inii^ hctcrophijlla (Ell. ) .Snilworth in Hull. Torr. liot. CI. XX, 45 (1893).

COMMON Olt LOCAL NAMES.
Slash Pine (Ala., Miss., Ga., I-Ta.).

_
Pitch Pine (Fla.).

Swamp Pino (Fla.. Miss., Ala.), in part. She Pitch Pin(^ (Ga.).

Tiastaril Pine ( Al.i. Inmhennen, Fla.). She Pine (Ga. anil Fla.).

Meadow Pine (Cal., Fla.,K. Miss.), in part. Sprnce Pine fSo. Ala.).
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THE CUBAN PINE.

By (!iiAitLES Mdiiit. I'll. D.

INTRODUCTOllY.

Coiilined withiu narrow limits along the coast of tlic extreme Southern States east of the

Mississippi River, little known and mostly confounded witli its allied species, the value of the Cuban
rine has been scarcely recognized. A closer investigation of tlie inopertiesof its wood, of its life

history, and of the part it plays among the forest growtli soon discloses its economic importance.

Convinced that to meet proper appreciation the merits possessed by this pine need only to be

made more generally known, their consideration in this place among the biologii^al investigations

of the more important timber trees of the coniferous order will explain itself.

This tree was not known to the earlier American botanists. Elliott first' took notice of it as

a distinct form, and he regarded it as a variety of the Loblolly Pine. It remained still practically

unknown as a separate species for another half century, until near the beginning of the past

decade, when it was again brought to notice of botanists by Dr. Millishamj), of Bluftton, S. C;
Dr. Engelmanu exhibited clearly its specific characters, and for the first time directed attention

to the economic value of this ])ine by discussing the development of the tree and the ([ualities of

its timber.'- On account of the coarser grain of its wood and the large amount of sapwood, this

timber was held to be of little value, and the tree received little or no attention by the lumberman.

It is only very lately, especially since kiln-drying has become more general, that its value is being

recognized and appreciated, and under the name of "Slash Pine" it is cut and sold Mithont

discrimiuation with the Longleaf Pine, witli which it is usually associated.

aEOaKAPHICAL DISTRIBUTION.

The Cuban Pine is a tree of the coast region in the subtropical region of North America east of

the ^Mississippi River, and also of the neighboring tro])ics, being found in Honduras and Cuba
(see PI. III). In the United States the tree is coutiued to the eastern belt of the Austroriparian

or Louisiauiau life zone of American biologists, from 33° north latitude in South Carolina along

the coast to the extremity of the peninsula of Florida. Toward the west the tree extends

along the coast of the Gulf to the I'earl River Valley. It is principally restricted to the coast

plain, but on the Gixlf Coast and along the water courses it extends inland to a distance of fully

(50 miles from the sea. On the Atlantic Coast it penetrates the interior nearly to the limit of the

coast i)ine belt, as has been observed in (ieorgia in the valley of the Ocmulgee River, over 100

miles distant from tide water. Groves of the Cuban pine slvirt the low shores of the numerous

inlets and estuaries of tliese coasts, and cover the outlying islands. More or less associated with

the Loblolly and the Longleaf Pine, it forms a part of the timber growth of the open pine forests

which in unbroken monotony cover the liats for long distances. It is only in the lower part of

Florida, where the tree extends from the Atlantic across to the Gulf of Mexico, south of ("ape

Canaveral and Biscayne Bay, that, as the only pine there, the Cuban pine forms forests by itself.

Toward thi^ interior it occurs scattered among the varied growth of broad-leafed evergreens and

cone-bearing trees which cover the swamps along the streams. Since it is invariably cut and sold

' Elliott, sketch 2, page 26.3.

-Engelmanu: Reviaion of the genus /'imct auil (U'S( riptiou of I'imis eUiollii. Traasactious St. l^ouis Acad. Sci.,

vol. i, 1880.
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witliDiit (listiiictiiiii, no lifjures can be jijiveii of its annual con.suitipliDn, nor is it possible to t'orm

eviMi an a|)i)ro.\iinate estimate of the standing supplies. The old tind)er ffoes, of our.se, as fast

as that of the Longleaf Pine, but in its rei)roilu(;tion it outstrijis the latter. Wliercver in the

coast plain the original growth of the Longleaf Pine has been removed, the Cuban J'ine takes, in a

great measure, jjossession of the ground, in some localities associated with the Loblolly Pine.

Young forests in every stage of grf>wth are seen covering tra<'ts of greater or lesser extent,

promising important supplies of resinous products, timber, and fuel.

As a timber tree the Cuban PiTie is little interior to the Longleaf Pine. It furnishes sticks of

largt' dimensions free from blemish, rivaling in that res[>ect that superior variety of tiie Loblolly

Pine called llo.semary Pine, and there is no doubt that it was often confounded with this tree in

the shipments of masts and long si)ars made in former years from the southern Atlantic and eastern

(lulf ports. In the lumber mills on the Atlantic Coast the timljcr of this tree is indiscriminately

sawn and shipped with that of the Longleaf Pii.e.

It remains yet to be proved whether the coarser structure of the wood of the (Jiiban I'ine

would render it less durable. It is certain, however, that this v(!ry cause, which iriiglit interfere

with its resistance to atmospheric, influences or to contact with the soil, will be found an advantage

if the preservation of the timber is to bo secure<l by its imi)regnation with antisei)fic solutions,

mor<' open structure perndtting readier infiltration.

HfHinons products.—This pine abounds in resinous matter. The oleoresin, resin, or ci-ude

turpentine, when freshly exuded, is perfectly limpid, of honey-yellow color, less viscid than the

resinous product of the Longleaf Pine, and to all appearances richer in volatile oil or spirits of

tnriieiitine. Judging bythe smaller amouiitof hard gum or scrape formed on the tree. A sanijileof

the dip of the first year from South Carolina was to all appearance exposed for a short time in the

box to atmospheric influences. Exanuued by Prof. E. Kremers, University of AVisconsin, the resin

showed an emulsion-like appearance and separated upon standing into heavier granules aii(l into a

lighter, transparent, yellowish liiiuid. Its specific gravity at 20^ C. was found 1.0253. D=32.42.'{o

(deternnned in 1G.2G per cent alcoholic solution). Distilled with water, the sample yielded KJ per

cent of oil of the s])ecific gravity O.SCj (2(P C). I)= 0.r,20.

In view of the rapiil destruction of the forests of Longleaf Pine, the iirincijial source of resin,

the future importance of the Cuban Pine in the production of naval stores becomes at once

apparent, especially when it is considered that it reprocbices itself so much more readily. I'lvini

now, on the (;oast of South Carolina and (ieorgia, a large proportion of resinous products is derived

from the young growth of this pine, which, after the removal of the original timber growth, took

possession of the ground. It is claimed by the turpentine gatherers in these States that at an age

of from thirty to fmty years the trees are sufficiently large for tapj)ing with advantage, and that

protected against fire a spontaneous renewal takes place, and after a period of forty years the new
crop is ready for profitable exploitation.

In Washington (bounty, Ala., on the more or less extensive flats that intervene between the

low ridges covered with Longleaf Pine, the Cuban Pine furnish(!S considerable supplies of crude

turi)entine of sujierior (luality. In this section the tree is known under the mime of Spruce Pine,

a misnomer, leading to its confusion with an entirely difJ'erent tree, the true Southern Spruce Pine

(I'inus glabra).

CLASSIFICATION AXU NOMEXCLATUUK.

rinus hrttrophyllii is closely allied t<» the Longleaf Pine, forming wit ii this and two other species

inhabiting the nearest troi)ical regions—Cuba and Mexico—under the subgenus pinaster, a natural

group of trees with heavy resinous wood, rigid long leaves from two to five in a sheath, and

snbterminalor lateral, horizontal or reflexed cones, designateil by Englemann as the grouj) of the

Euaustrales, or longleaf pines. First distinguished by Pilliott as rinits ttida xnv.hitcrophylhi and

remaining subsequently unknown for more than fifty years, the specifics characters of this jiine were

first recognized and fully described by Dr. I'iiigelmann, who in honor of its discoverer tlistingitished

the tree under the name of rinun clUottii, liudiug himself soon afterwards couviuced of the identity



BOTANICAL DESCRIPTION—CUBAN PINE. 77

of his species with I'inus cubensis of (rrisebiu-ii. Recently these various forms were found to be

the siime as Elliott's, to wliich they h;ive heeii i'efeir('(l with liis varietal iiaiuf heterophifJla raised

to si)eciflc. rank. The tree is little known among the inhabitants of the region of its growth; it is

generally regarded as a mere variety or bastard form of the Longleaf or the Loblolly Pine. In

Florida, where best known, it is distinguished as the Slash Pine, or Swamp Pine;; and in the flat

woods along the seashore in Alabama and Mississippi as Meadow I'ine. In a few localities in

Alabama it is generally called Spruce Pine.

DESCRIPTION AND MORPHOLOGICAL CHARACTERS.

The leaves, two or three in a bundle, are surrounded by a smooth sheath from one-half to

nearly an inch in length, which, close and smooth daring the first season, ])ecome loose and

shriveled in the second year (PI. X, d). The leaves are from S to 12, mostly !* inches in length

and three-fourths of a line wide, glossy, of a deep-green color and closely serrulate with a short,

rigid point, rounded on the back, the binary leaves deeply conclave and the ternate bluntly keeled.

They arise from the axils of fringed deciduous bracts, are densely crowded toward the end of the

branches, and are shed by the close of the second season. Bundles with two leaves are most

frequently observed in younger trees and almost invariablj* on the fertile branclilets.

The resin ducts are internal, variable in size, and in number fi-om four to six and over, close to

the thin-walled liundle sheaths, whicli inclose two closely approximate tibrovascular bundles, often

coalescing. The tibrovascular region, like the ducts, shows no hypodermal or strengthening cells.

The hypodermal cells underlying the epidermis are as large as the epidermal cells, in the angles

of one or several layers.

Flowers.—The catkin-like male flowers (PI. X, o, h), from U to 2 inches long, are of dark

purple (royal purple) color, supported on a short stalk and surrounded by about a dozen involucral

coriaceous bracts, of which the lowest pair is strongly keeled (PI. X, /;, slightly magnified), the

others being oblong with fringed edges. From ten to twenty of these cylindrical flowers are crowded

in dense clusters below the apex of the youngest shoots, and are shed almost immediately after the

discharge of their abundant pollen. The anthers are crowned with a purplish crescent-shaped

denticulate crest. The female flowers form an oval, piuk-coloreil ament borne on a stalk, from one-

half to 1 inch in length, which singly, more frequently several in number, are produced close to

the terminal bud of the shoot of the season (PI. X, d). First erect, they are, at the lapse of a

month, horizontally reflected, the shoot bearing them increasing rapidly in length during the same

time, long before the unfolding of its leaf buds. The involucral scales or bracts which surround

the female catkin are more numerous, narrower, longer, and more membranaceous than those form-

ing the involucra of the male flowers. The carpellary scales are round with a slender, erect tip,

their lower half covered by the broad refuse bract.

A tree discovered by Dr. Mellichamps near Bluttton, S. C, showed the remarkable anomaly

of producing androgynous flowers regularly every season. In most of the specimens examined

every one of the male flowers clustering around the base of the terminal bud of the very young

shoot had the upper part of the floral axis covered with female flowers, appearing like a distinct

inflorescence superimposed upon the staminodial column, occupying generally one-third of its

height. In one of the flowers they were seen to extend near to its base. In a single instance it

was observed that the female flowers extended on one side of the staminodial column in a narrow-

streak among the stamens.

In a specimen from the same locality the terminal shoot of the season, exceeding in length the

male flowers by wliich its base was surrounded, was bearing a normal subterininal female anient.

The short-stalked cones are ovate or conical, rather obtuse, horizontally retlexed, from i to ."i inches

long, about '2h inches greatest width, of glossy leather-brown or hazel color (PI. XI, a and /*);

scales about 2 inches long averaging five-eighths of an inch in width, somewhat flexible, the

prominent ridge of the pyramidal striated umbo with a short, mostly straight, strong jirickle

(PL XI, < and d). By the end of the lirst season the conelets are scarcely an inch long (PL X, d).

Before the close of the summer of the succeeding year, the cones have reached their full size,

maturing during the month of October. In the riite cones, already described, the apophyses of

the scales in the lower rows are almost pointless, becoming on the upper strongly nuicronate.

The cones remain on the tree until the ai)proach of the next summer, leaving on their separation

the lowest rows of the scales behind.



EXPLANATION OF PLATE X.

.Fiyiin-8 natural nizc, extrcpt wlit-rr (Hlierui^t- iiotid.]

Ei;;. a, branch with yoiiu.; shoot of tho season Iiuaring a cliistor of jualo llowurs; h, lualo llower detacheil

showing basal involucral bracts, niagiiilicd thrc'o dianioters; c, branch bearinii three siibterminal female llowers;

(l,d, characteristically refloxed iiuinaturo cones of one season's growth.
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PiNUS HETEROPHYLLA: MALE AND FEMALE FLOWERS.
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The triangular black rougliisli seeds 2^ to a little over 3 lines long, with a few faint ridges;

tlie biDwii, obtuse, and somewhat oblique wing (PI. XI, <>,/, g) abimt 1 inch in Icn-jth is deciduous
in germination. This species at all stages of growth can be distinguished from the Jjoblolly fine
by the deep-green foliage, the glaucous hue of the young, tender shoots, and varying number of
leaves in a bundle—from the Longleaf Pine by the thinner, almost smooth, terminal buds, and in

the adult state, from both of these species, with which it is found frequently associated, by its

cones.

THE WOOD.

As iu the Loblolly, the sapwood is wide in the young trees, measuring usually about 4 inches
and forming in thrifty trees fifty to seventy years old about 80 ]jer cent of the total volume. As
the trees grow older, however, this preponderance of sapwood ceases, and iu trees one hundred
and fifty to two hundred jcars old only 35 to 50 per cent of the total volume of the trunk was found

to be composed of sapwood. xVs iu the case of the pines already nuMitioned, the change from sap-

wood to heartwood begins when the tree (or disk) is about twenty-five to thirty years old, and the

process is retarded as the tree (or disk) grows older, so that when any fnie disk is sixty years old

the sapwood contains about forty rings, and reaches eighty rings or more by the time the tree (or

disk) is two hundred years of age. As a consequence the sapwood of the disks of the main part

of the trunk in old trees is formed of nearly the same number of rings, and only near the top a

marked diminution appears, while iu a tree sixty years old the sapwood of the stumji may liave

forty rings and that of a disk 40 feet from the ground only twenty- five rings. As in other pines,

the width of the sapwood is (juite variable and is always greatest in young and thrifty trees.

When green the wood of this species is too heavy to float well; its weight varies chiefly with

the amount of sapwood, and is therefore greatest in sapling timber. The sapwood itself is

frequently heavier than water, and where the water in the sapwood and a large amount of

resin in the heartwood combine, the weight of the entire disk frequently approaches 60 pounds to

the cubic foot.

Kiln-dried, the wood of trees one hundred to one hundred and fifty years old was found on an

average to weigh about 39 pounds per cubic foot, thus excelling in weight even the valuable Long-
leaf Pine. The wood of very young trees is decidedly lighter, as is also that of very old trees,

the heaviest wood being formed during the age of thriftiest growth or between the twentieth and
eightieth year. The presence of resin in the heartwood, as conspicuous in this species as in Long-

leaf Pine, materially adds to the weight of the wood, so that the heartwood of old trees is invari-

ably heavier than the same wood had been while in a sapwood condition. As in other pines, the

butt is heaviest and the toplog lightest; thus in trees over one hundred and fifty years of age the

wood at the butt weighs 44 pounds per cubic foot, 37 pounds at 38 feet, and only 32 pounds at 00

feet from the stump, a difference amounting to over 25 jier cent. This difl'erence is greatest in the

young sapling and is remarkably uniform for all adult trees examined.

In strength, as in weight, the wood of Cuban Pine excels. The following figures represent the

general average of a long series of experiments on wood especially collected:

Lbs. per sq. inch.

Modulus of elasticity 2, 300, 000

Transverse strength 11, 900

Compression endwise 7, 850

Slieariug 680

Tension 14,300

The average weight of the pieces tested was 49 pounds per cubic foot, the outer lighter part

of the old trees having largely been cut away iu shaping the pieces, so that only lieavy wood had

been tested. The above figures require, therefore, a reduction of about 20 per cent to represent

the true average strength of all the wood of entire trees.

The amount of water contained in the fresh wood depends on the proportion of sapwood. In

this latter it forms about 00 per cent of the weight of fresh wood; in the heartwood onlj' about 20

per cent. Accordingly, fresh logs of sapling timber seventy years old have about 45 per cent, logs

of trees over one hundred and fifty years old only about 30 per cent of water. The wood dries

easily and without great injury, even if seasoned iu the dry kiln.



EXPLANATION OK PLATE XI

Viii- o, section of a brunch bearing a maturi! closed cone (()ctol)ei) ; b, mature open cone after shciUIinj^ seed

;

f, c, c, tips of couc scales sliowing variation in form of apo])bjsi8 and stont prickle; rf, cone scale, outer or dorsal side;

e, inner or ventral side of cone scale with seed in |ilace; /, seed with wiuj; detaclcd; ;/, seed and winf; intact.
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The shrinkage during drying is very fousidenible for .supwood, iind therefore all young timbei,
but is not as great for old timber as might be expected on account of the great weiglit of the
wood. Young timber shrinks from 12 to 13 iier cent of its volume, the wood of old trees (over one
hundred and fifty years) only about 11 per cent, and in all trees the amount of shrinkage is

greatest in the heaviest disk of the butt and decreases upward very much in proportion of the
decrease in weight.

In its structure the wood resembles that of the Loblolly in every respect. Summerwood
and springwood aie sharjjly defined, giving rise to alternating bauds of light-colored, soft and
dark-colored hard bands of wood conspicuous in every section. For details of structure see the
comparative study by Mr. lloth apjicuded to these monographs.

PROGRESS OF DEVELOPMENT.

This is the earliest flowering of the Southern pines. The buds of the male flowers make their
appearance in tlie early part of December, and the flowers open during the last days of January
and during the first week of February. This species produces abundant crops of cones every year,

almost without failure; they ripen in the fall of the second year; the seeds are discharged through
the winter of the second year until spring. Germinating easily, their seedlings are found to come
up copiously from early in the spring to the beginning of the summer in old fields and on every
opening in the vicinity of the parent trees, wherever the rays of the sun reach the ground. The
plantlets bear six to seveu seed heaves (cotyledons). As soon as these have fairly expanded the
terminal bud develops rapidly, and the first interne 'e of the stem, increasing quickly in length, is

densely covered with the soft, narrow, linear, pointed, primary leaves, which are fully an inch long.

Before the end of the second mouth, in the axils of some of the leaves, the undeveloped branchlets,

bearing the fascicle of the foliage leaves, make their appearance. With the further deveh)pment
of the foliage leaves, increasing in number during the growing season, the primary leaves wither
away. I5y the close of the first season the plantlets are from 8 to 9 inches high, with a very
slender taproot and many lateral rootlets near its upper end. After the beginning of the second
season but few of the i)rimary leaves are found to support the buds of the foliage leaves. The
tendency to the production of secondary axes becomes manifest by the appearance of a single

branchlet; on having reached the end of their second year the plants are from lU to 15 inches high,

with a taproot not more than 4 inches long; at the end of their third year they average little less

than 2 feet in height, with the taproot 6 inches loug—the laterals being much longer. The crown
from this period develops in regular whorls for a long succession of years.

The Cuban Pine, in its rate of growth and when fully grown, exceeds in its dimensions the

Longleaf Pine. The taproot, less powerful than in its allies, is assisted by mighty lateral roots

running near the surface of the ground to support the tall, sturdy trunk, rising to a height of 110

or 115 feet, with a diameter of 2i, not unfrequently exceeding 3, feet, clear of limbs for a height of

from CO to 70 feet above the ground. The heavy limbs are horizontally spreading, from 22 to 2-t

feet at their greatest length, somewhat irregularly disposed ; they form in the trees of full growth
a rather dense crown of rounded outline. Trees of the diuiensious mentioned, having passed the

fullness of their growth, are found to be from one hundred to one hundred and forty years old,

according to the surrounding conditions. The thick bark is of a clear, reddish color, laminated,

and exfoliating in thin, broad, purplish flakes.

Seedlings of the Longleaf Pine, which those of the Oubau Pine somewhat resemble, can be

readily distinguished at this period by the disproportion of height and diameter and absence of

branch growth in the former. The rate of growth differs, of course, according to the conditions

of soil aud exposure.

Saplings showing five rings of annual growth were found from 4i to nearly 6 feet in height,

with a diameter of from three-fourths to seven-eighths of an inch; between the age of from ten

to twelve years the trees measure from 10 to IS feet in height, with the stem clear for over half

its length—eveu when grown in the open—and from 2 up to 4 inches in diameter. From this

stage on the rate of growth proceeds most rajjidly. At eighteen and twenty years heights of 40

to 50 feet and over, and diameters from 9 to 10 inches across the stumi), cut close to the ground,

are attained.'
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Tlie trees of tlii' extensive jiioves of Culciii I'iiic in tiie vicinity of Mobile njion tlie loamy

lauds of the coast plain, wliicli have sitning up since ls(>l. when these hinds were completfdy

stripped of all arboreal growtb, average at present between "id mid fin irei in lieight by a diameter

of from It to 1(> inches breast high. Trees of second growtli, lorniing open groves on lands of

similar character, and also more or less deficient in drainage, forty-li\e to si.\tyli\e years old,

measure from 05 to 8") feet in height and from \'> to -0 inches in diameter breast high.

At the edge of a heavily wooded swamp, in a perjietnally wet, sandy, and niiieky soil and

skirted by large Longleaf I'ines occiqiying tlie stcei) sloix; rising from the bottom, a tree ineasur

ing 114 feet in lieight, with a diameter of 24 inches breast high, the trunk clear of limbs for a

length of fully <>() feet, showed one hundred and thirty-five rings of annual growth. Another

tree felled deeper in the same swamp, of lank growth, with a poorly develoi)ed crown, rising to

a height of 88 feet and towering above the dense growth of black gums, swanij) maples, and white

bays, was found to measure only l."i.^ inches in diameter, with almost the same niiiaber of annual

rings. Trees of second growth which have si)rung up in clearings with a di'ier surface soil nixlcr-

laid by a clayey substratum, with free exposure to sunlight and air, reach in little over liall' the

time the full size of those produced in the forest-covered swam])s.

Table I.

—

Growth of Cuban Pine during fimt atagea of life, from fnnr Id tiienty i/eara.
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Tahle II.—Grotvlh of Cuban Vine during middle and lant etaye-i uf li/e, from forty to one hundred and forty-fivi: years.
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1JEQUIT5EMENTS EOK DEVKLdPMlCNT.

^Soil.—For its best ik'vel<)i)im.-iit the Cuban I'iiic ie(iuiies a ligbt, saiuly . but constantly daiiii)

soil, which is attained where the sandy surface is underlaid by a loamy subsoil retentive of

juoisturc but stillicicntly loose to ;;ivi! the roots unhindered access. Sncli conditions are found im

the lands risinjf above the ix'rpetually wet swamps. On the Hats, witli a soil of fine, conipact

saml, devoid of all drainage and underlaid by a liardpaii, where nothing but the Saw Palmetto

appears to thiive, the tree remains of low, stunted growth, scaicely ever reaching medinni size,

lu the depth of tlie swamp, with the soil wet and slushy throughout the year, where the tree is

commonly met with, closely surrounded by White Bay, lied Bay, Black Gum, Titi, and White

Cedar towering high above it, it is of slow growth and frequently affected by red heart or red rot,

l)articularly near its northern limit. It is never found in alluvial bottoms, and eschews the dry,

pine-barren hills, requiring a moderate but sure and even supply of soil moisture.

Climate.—The range of its distribution coincides with the area of gieatest rainfall in the

Southern States, which, evenly distributed through all seasons, amounts for the year, in the mean,

to CO and 64 inches.

The Cuban Pine demands a warm climatx', free from excesses in the range of temperature, as

is aflorded by the vicinity of the sea. It is found in greatest abundance and most perfect within

the isothermal lines of 04^ and 08^ !•'., with a minimum of but a few degrees l)elow the fieezing

point. The tree, as observed at ]\Iobile, has escaped uninjured the severe and unprecedented

long spell of ice and snow during the latter part of January and first week of February, 1895,

when the thermometer fell as low as 11'^ F., the flowers unfolding unimpaired by frost during the

succeeding first days of milder weather.

In its dei)endence on light it is less exacting than either the Longleaf Pine or the Loblolly

Pine. It api)ears to thrive, from the earliest stage of its develoiJinent, as well when jiartially

shaded as in the open, in this respect resembling the Southern Siiruce Pine. It is due to these

facts, combined with the rapid progress of its growth from the earliest stage, that the Cuban
Pine is gaining the upi)er hand over the offspring of the lightiequiring Tjongleaf Pine, which, on

the damp soil of the coast plain, is soon outstripped and finally almost completely suppressed by

the seedlings of this tree.

In the inherent capacity for natural reproduction, or in the advantages for the renewal of its

forests by man, the Cuban I'ine is not suri)assed by any other of the species with which it is found

associated. This tree commends itself strongly to the tree planter in the coast plain of the lower

South. Producing seeds in abundance regularly and with certainty, being less exacting in its

demands for direct sunlight, and hence successfully resisting the encroachment of competing

species, being less liable to succuuib to the destructive agencies of fire on account of its more

rai)id development in early life, it has greater promise of success than the others. If to this is

added the rai)id rate of growth, the great value of its timber, being equal to the Longleaf, if not

superior, and the abundant yield of its valuable resinous product, it becomes evident that in the

reforestation of the low pine lauds of the Southern coast region the Cuban i)ine is to be preferred

to any other, not only within its original boundaries, but as far beyond its range of natural

distribution as the climatic requirements of the tree will permit.
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Shortleaf Pine 'Pinus echinatai, Forest-grown Specimens in Missouri.
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THE SHORTLEAK PINE.

(I'inus echinata Miller.)

Synonyms: Piniis echinata Miller, Gard. Diet., ed. 8, No. 12 (1768).

J'iiiiis ririjiniana viir. cchiiuila ]>u Roi, Harbk., ii, 38 (1772).

I'iiius tdila y rarinbilis Alton, Hort. Kew., ed. 1, iii, 3(i8 (1789).

Pinux milis Michaux, ]"1. Bor. Am., ii, 204 (1803).

Pinim raritibili-i Lambert, riuus, ed. 1, i, 22, t. 1.5 (1803).

PinuH royUtnia Jamieson ex Lindley, in Jonni. Hort. Soc, ix, 52 (1855).

Pinus intermedia Fischer ex Gordon, Tinetum, ed. 1, 170 (18.58), not l)u Roi (1772).

Pinus rigkia Porcher, Resonrces S. States, 504 (1863), not Miller (1768).

Pinus Ultra l.oddiges ex Gordon, Pinetum, ed. 1, 170 (1858), not Walter (1788).

PinuH roi/lei Liudley ex Gord., 1. e.

COMMON OR LOCAL NAMKS.

Yellow Pine (N. Y., N. J., Pa., Del., Va., N. C, Ala., Miss.,

La., Ark., Mo., 111., lud., Kans. (scarce), Ohio).

Shortleaved Pine (N. C, S. C, Ga., Ala., Jli.ss., Flii., La.,

Tex., Ark.).

Sprnce Piuo (Del., Miss.. Ark.).

Bull Pino (Va.).

Short 8that Pino (Del.),

Pitch Pino (Mo.).

Poor Pino (Fla.).

86

Shortleaved Yellow Pine.

Yellow Pine (N. C, Va. ; Eng. lit.)

Virjrinia Yellow Pine (Va. ) in part.

North Carolina Yellow Pine (N. C, Va. ) in part.

North Carolina Pine (N. C, Va.) in part.

Carolina Pine (N. C, Va.) in part.

Slash Pine (N. C, Va.) in part.

Oldlield Pine (Ala., Miss.).
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Shortleaf Pine iPinus echinatai, a Roadside Specimen in North Carolina.
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THE SHORTLEAF PINE.

By Charles Mouii, Ph. T>.

INTKODUCTORY.

Among tlie timber trees of the Atlantic forest region tlie Shortleaf Pine ranks with the first

of those noted for their economic importance. Equally abundant, distributed o\ er a wider area,

and ill the quality of its wood but little inferior, it takes its place uext to the Longleaf Pine.

When maintenance of forest and production of timber under a rational system of forestry is

to become the rule, this species above all others of southerly distribution will claim attention,

for it can be safely asserted that of the coniferous trees adapted to the climatic conditions of

the Houthern Atlantic forest, no other can be found of better promise for the production of

valuable timber in the shortest time.

HISTORICAL.

The Shortleaf Pine, besides furnishing to the coloni.sts the supplies of jjine timber required

for the construction of their dwellings, formed in early colonial times an article of export to the

mother country and the West Indies. Michaux, the younger, writing in the first years of this

century, speaks of this timber tree as becoming scarce near the ports. It seems that the specific

characters of this tree were but imperfectly understood by the earlier investigators of our sylva.

They were first accurately defined by Michaux, the lather, who described this tree in his Flora

Americana Borealis II, 204 (1803), under the name of Piiivs mitis. A still more detailed descrip-

tion was soon afterwards given by ^Michaux, the son, in his work on American forest trees (Hist.

Arb. Amer., 1, 52, t. 3, 1810), with a full account of its value as a timber tree, the qualities and
uses of its wood, and all that was known in those days of its ])lace in the forest. Besides the

account given of the tree Ijy the liev. M. A. Curtis, of North Carolina, in his '-Trees of North
Carolina," little has been added to our knowledge of this pine until the publication in Professor

Sargent's report on the Forests of North America,' of the results of the investigation which the

writer had carried on in the Gulf States,- and Professor Harvey in Arkansas.^

For valuable information on the occurrence of this jiine on the Atlantic Coast and west of the

Alleghany Mountains, the writer is indebted to the kindness of correspondents active in the field

of botany. In regard to the area over which this species is found distributed in the Southern
States, the information contained in the physiographic descriptions of the several counties of the

cotton States, in Professor Hilgard's report on cotton production,^ were chiefly relied npon.

GEOGRAPHICAL DISTRIBUTION.

The Shortleaf Pine is widely distributed from the Atlantic Seaboard to the treeless plains of the

Indian Territory under 9.5^ west longitude over 23Jo from east to west and 10^ from south to north,

namely, from 31° north latitude to Long Island, New York, or 41° north latitude along the Atlantic

Coast, while in the interior it oidy reaches to 39° in western Virginia. According to F. A. Michaux,
the Shortleaf Pine extended originally as far north as Albany, N. Y. The tree is at present not

known in New York outside of Long Island, and its existence even in Pennsylvania is considered

> Forest of North America, Volume IX of Tenth Census. (C. S. Sargent, 1880.)

2 C. Mohr: ' Forest Trees of the Gulf Region '' (Am. Jour. Forestry, Vol. I. 1883).

' "Forest Trees of Arkansas." (H.arvoy : Am. .lour, of For., Vol. I.)

'Hilgard: Tenth Census Report, Vols. V and VI.
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at i)rcspiit (loiibtlul. Its iiortlierii limit west of the Alli'{;li;iiiic.s ciiii In" (li'sciihcil liy a line drawn

from the lower part of Wood County, iii West Virginia, to Jlenifec County, eastern Kcntuc-ky.

Ik'yond tlie wide ;;ai) covered Ity tlie deci<hious foiests of the lower Ohio Valley and the flood

plain of the ^lississipjii the tree appears on the southeastern spur of theO/ark Hills in ("ape

(lirardeau County, Mo., latitude 37° 30', and on the opposite side of the river on the hluHs in

Union and Jaekson counties, III., the line dropping gradually half a degree southward to the

western limit of its range. (I'l. XIV.)

TheShortleaf Pine is a tree of the plain and the foothills, in the South rarely ascending to an

elevation over L'.'iOO feet, and at its northern conlines not over ],(KU) feet (in the Ozark Hills). East

of the Mississippi Kiver the tree appears sparsely scattered among the haid wood trees; along the

border of the Carolinian and within the Austro rii)arian zone it becomes more frequent, and often

the i)red()niinatiiig tree. West of the Mississippi River the Shortleaf Tine finds its region of

greatest profusion, forming forests of vast extent on the uplands of the undnlating jdain and the

tabledandsof the hill country, which in their timber wealth and economic ini]iortance rival the

great lumbering regions farthiT south.

CUARACTKRISTICS OF DISTRIBUTION IN DIFFERENT REGIONS.

On the Atlantic Coast, from southern New York to Virginia, Judging from the statements

of earlier writers, this tree must have formed originally a considerable \)iiii of the forests of

coniferous evergreens covering the belt of light silicious soils of the Tertiary strata. A. Michaux

mentions this species "as not found beyond certain districts in C<tnnecticnt, it being multii>lied in

the lower i)art of Kew dersey, and still more on the eastern shore of .Maryland and the lower part

of Virginia." From the leniarks of this writer on the extensive use of the timber of the Yellow

Pine (Shortleaf) it apjiears that at the time of his writing—the beginning of this century— it must

have been quite abundant in those parts.

This appears clearly by his statement that "in the Northern and Middle .States (of tlie Atlan-

tic, Seaboard) and in Virginia, where, to a distance of l.JO miles from the sea, all houses are built

of wood, the lloors, casings of doors, wainsciots, and sashes are made of this species, as being

more solid and lasting than any other indigenous wood. In tln^ ui)per part of the Carolinas the

houses are constructed wholly of Yellow Pine, and are covered with it." Further on we learn

that immense (luantities were used in the dockyards of New York, Philadelphia, and Baltimore,

and that Yellow Pine lumber formed a considerable part of the exports to Creat Mritain and

the West Indies. Since that time this tree has in the region mentioned not only long ceased to

bo a source of tind)er, but has generally become quite scarce. According to the inforniation of

Dr. N. L. Britton, "it grows on the coast of New York naturally only on Staten Island, and

oidy about twenty-five trees are to be found in Richmond County. It is fairly abundant in the

portion of New Jersey from the Karitan River to Delaware Bay, forming forests, on a tract not

more than .Smiles, and it is also found in Delaware on the same formation outcrop of (Ireen Sand."

With the appearance of the Longleaf Pine soutli of Virginia the Shortleaf Pine recedes from

the coast and is found chietlyin the upper (interior) partof the Southern coast iiine lielt, scattered

among the mixed growth of coniferous and deciduous trees. Above tln^ upper limitof the Longleaf

I'iiie belt the Shortleaf Pine extends, in the Southern Atlantic States, throughout the interior to

the lower ranges of the mountain region.

West of the Alleghany Mountains, in western Virginia and eastern Tennessee, it occurs only

widely .scattered, and hence is practically of no importance to the lumbering industry.

In North Carolina the Shortleaf Pine is found from the coast to the mountains, though in the

lower districts enters more rarely into the composition of the upland forests. According to Dale's

report on the woods of North (.'arolina the tree is found in the majority of counties of the State,

but is most abundant in the middle district, Avhere, with upland oaks and hickories, it is the

prevailing tree. It is found about Asheville, at an altitude of 2,.5(K» feet. The Shortleaf Pine used

to form L'.l per cent or more of the forest growth in many places, but such areas are not now

frequent anywhere. In the latest report on the forests of North Carolina' it is stated that there

|\V. W.Ashe: The Forests, Forest Lands, imd Forest Resources of Easteru North Carolina. Bulletin 5, Geol.

Survey, N. C, 1894, page 41.
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are, possibly 300,000,000 feet, board measure, Sliortleaf Pine standiii'; in the counties bordering the

oak nplands in the eastern part of the State.

In South Carolina tlii.s pine is similarly distributed sparinjfly in tlie coast region and more
frequent in tlic luidland country to the htwer mountain ranges.

In Georgia, in the lower part of the coast; pine belt, the Shortleaf Pine is rarely met with. On
the sandhills in the center of the State, forming the northern border of the pine belt, it occurs

mixed with the Longle;if Pine among the inferior hard wood timber. In the region of crystalline

rocks, which embraces the mori; or less monntainous ni)])ei' half of tlie State, covering over 10,00(t

square miles, at an average elevation of about 2,500 feet, this tree is most frequent, in many parts

predominating.

In the three States last nnnied the Shortleaf Pine was originally most abundant in the regions

now most dcTisely populated, and lieuce their sup])lies of timljcr are more or less exhausted, much
of the so-called North Carolina Pine sent to market being Loblolly Pine. Young forests, however,

of this tree are seen everywhere on tlie hills and mountain slopes, where the original timber

growth has been removed, and on the worn-out lands abandoned by the cultivator.

In Florida the Shortleaf Pine is confined to the uplands along the northern border of the

State, scattered among the Longleaf Pine and hard wood trees. In the northwestern part, it

approaches the seashore witliin a distance of from 2.j to 30 miles on the isolated patches of red

loam lands, where, together with the Longleaf Pine, it is associated with the Southern Spruce

Pine {ri)tus filahra).

In Alabama and Mississippi the Shortleaf Pine is rarely seen in the lower part of the coast

])ine belt, but forms a more or less conspicuous part of the forest covering of the uplands in the

central and upper sections, and sometimes predominates to such an extent over the hard woods as

to impart to the woodlands the somber aspect of a pure pine forest. In the region of crystalline

rocks, with its arid ranges in Alabama, covering an area a little over 3,000 square miles, between

the Coosa Eiver and the southern tributaries of the Tallapoosa, the tree is less frequent than in

the region of the same formation in Cieorgia, the Longleaf here taking its place. In the northern

part of Alabama, on the table-land of the Warrior coal field over an area of fully 5,000 square

miles, mostly in forest, the Shortleaf Pine forms a more prominent feature of the growth. This is

the case particularly in the eastern part of this area, wliere the tree occupies mostly the summits

and steep declines with a thin, dry soil, while in the deeper and moister soils the Loblolly Pine

takes its place. In Cullman County, altitude 800 feet, wliere numerous acre nieasuremeuts have

been made, rarely over 2,000 feet, board measure, of this timber have been found upon one acre,

and it can safely be said that in the localities where it is more frequently met with the average

stand does not exceed 1,500 feet to the acre on this table-land. The supplies of Shortleaf Pine

timber are rapidly diminishing before the demands of a rapidly increasing population and of the

adjacent centers of the mining industry, and their total exhaustion is sure to be effected within a

short time.

Wherever the original timber growth has been removed on these njilands the young growth

of the Shortleaf Pine is rai)idly spreading and itredominates over t1ie deciduous trees. The timber

trees of full growth average on these table lauds about 22 inches in diameter breast high and !•."»

feet in height, furnishing clear sticks of from 35 to 45 feet in length. Such trees have been found

with from 90 to 1.15 rings of annual growth on the stump.

Four trees felled in the vicinity of Cullman showed the following dimensions:

Measuremitits of four trees.

Diameter
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rise to a considerable lninl)eriiig industry. Tliese forests are, however, rapidly decimated along

the Mempliis and Charleston Kailroad, where the products of the null (ind ready market

throughout nortli Mississippi and at Memiiliis. Through the northern half of Mississipjii, on the

divide which separates the waters flowing into the Mississippi Kiver from those of the Tombighee,

extends a region of undulating ui)lands of oak, hickory, and Shortleaf Pine over an area little

short of "),(»()() sipiarc miles; on this long, narrow belt the Shortleaf Pine can be said to form I'J to

1.") i)er cent of the tree covering. These forests furnish an ample supply of i)ine lumber for local

demands. It appears, however, that in the eastern Gulf States generally the existing .supplies of

Shortleaf Pine aic scarcely sullicient tocover home demand. On these uplanils the Shortleaf Pine

takes rapid ])ossession of tlie openings in the forest and the old lields. Here, as lias been

elsewhere observed in the central and northern i)arts of these States, this tree can truly be

considered the timber tree of the future. Since it is rarely found in compact bodies, but associated

with other trees widely s(;attered, any attemi)t at an estimate of the amount of the timber standing

in tlie.se States mu.st appear futile. The amount of timber cut can also hardly be approximated,

since it forms only a i>art of the cut of the mills in these States.

West of the .Mississipi)i Kiver, north of the region of the Longleaf Pine, the Shortleaf Pine

is found most abundant and in fullest perfection. It is in these Western forests that the Short-

leaf Pine liuds its best develoi)ment, and forms i)ure forests, extending over many hundreds of

sfjuare miles with but little interruption. The forests of Shortleaf Pine in northwestern Louisiana,

Aikansa.s, southern .Missouri, and northeastern Texas are scarcely surpassed in their timber wealth.

The Tenth (!ensus (sstimates the amount of merchantable timber of Shortleaf Pine standing in

l.SSO in these Western forests at 87, (1(1(1,(100,00(1 feet, board measure, exi;lusive of the forests in

.southern Missouri and the Indian Territory.

In Louisiana the Shortleaf Pine is unecpially distributed over the ui)lands north of the Longleaf

Pine region between the Ouachita Kiver and the eastern boundary of Texas, embracing an area of

a little over 8,000 scjuare miles. Along the northern extent of the Louisiana and Texas State line

this pine forms pure ftjrests, and also jirevails in many localities on the upland along the border of

Arkansas. The resources of pine timber in these mixed forests of oaks, hickorie.s, and Shortleaf

Pine, removed as tliey are from the highways of traflic, have been but slightly drawn upon.

In Arkansas, in the hilly and mountainous region on both sides of tlie Arkansas Kiver, over

10,000 square miles in extent, the Shortleaf Pine forms a large part of the tree covering of the

siliceous rocky .soil and frequently extensive forests on the wide table lands. On the uplands of

yellow loam south of the bills the tree |)rcdominates, especially on the low ridges of gravel and,

loam, the hard woods encroaching where the soil conditions become more favorable.

The low ridges rising above the Loblolly Pine forests of the flood plain of the ( )ua(hita and Little

Mis.souri rivers are covered with oiteii forests almost exclusively of Shortleaf Pine, intersi)ersed

with a few White Oaks, Post and Spanish Oaks, rarely above medium size. In the vicinity of

Gurdon, in (Jlark County, upon one acre representing average conditions, :.'- Shortleaf Pines

have been counted from 12 to 2') inches in diameter, with no pines of .smaller growth among the

scattered unilergrowth of dogwood, hiu'klcberrics, scrubby oaks, P.lack (lum, and hickories. Of

this number, 8 trees measured from 21 to 25 inches; (i trees from IS to 20 iiudies; (! trees from

15 to 17 inches and 2 trees 12 to 14 inches in diameter breast high, indicating a .stand per acre of

about 0,000 feet, board measure.

Five trees, representing the average timber growth of the forest selected for timber tests, were

found of the following dimensions:
ileaeiiremenla of five trees.

Diameter
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inches in diameter breast liigli and 75 leet iu bciyht, clear of limb lor the lenf^tli of about .'55 feet.

In a number of trees from 120 to 125 rings were counted on the stump. Tlie wood produced on

tbes(^ bills is of a liglitor color, less resinous, and of a fine grain. Specimens of linisbed lumber

from sucb timber resemble somewhat that of the White I 'inc. The hard-wood trees, mostly

Spanish Oak and Post Oak, scattered beneath the pines, are scrubby and of no value for their

timlier.

Along the railroad lines the forests have become exhausted for a distance of from 5 to 10 miles

on either side, and the timber from the virgin forests is conveyed to the mills on steam tramroads.

It appears that of late years about .5.50,000,000 to 500,000,000 feet, board measure, of pine timber

are sawn annually in Arkansas south of the Arkansas liiver. In this amount the Loblolly IMne

lumber is included, which is indiscriminately sawn and put with the Sliortleaf Pine on the market
as Arkansas Yellow Pine. The bulk of the product of the sawmills in this section is shipped by
rail to the markets of the Northwest.

In the northern part of Texas, east of the prairie I'egion, from the lied liiver A'alley to

the northern border of the Longleaf Pine region (under latitude '.'>2° X.), exteuds an area of

oak, hickory, and Sliortleaf Pine uplands, stated in the agricultural report as covering 35,000

square miles. In the southern extent of this area the districts where the Sliortleaf Pine prevails

are popularly known as the "Pineries." North of the Sabine liiver, from Longview through Cass

and Bowie counties, the Shortleaf Pine forms compact forests over many hundreds of square miles.

Near Beviiis, in Cass County, where the pine forests were more closely investigated, the moderately

dense timber growth covers the undulating country down to the lowlands of the I'ed River in

Louisiana. The sandy gray loam forming the rather compact soil of the surface is underlaid

by laminated stiff clayey marls, which at the depth of about 4 feet become quite impervious

to water. I>Iackjack, Spanish Oak, and Post Oak of stunted growth are scattered beneath the

pine. The pine appears to be of slower growth ; trees of full size—that is, from 20 to 24 inches

in diameter—were found to have reached an age of from 195 to 210 years. The upper ])art of

the timber of such old trees is frequently affected by rot, a defect undoubtedly to be ascribed

to the cold, impervious subsoil.

From 0,000 to 7,000 feet of merchantable timber are claimed as an average stand for these

timber lauds. Every tree above 10 inches in diameter at breast height is cut for the mills. After

the removal of the pine the hard woods gain rapidly in the rate of their growth, soon shading the

ground completely. Young pines are rarely seen in the natural openings, the seedlings being too

frequently destroyed by iire. In the clearings, where the original tree gTowth has been completely

removed and the pine takes quick possession of the ground, the second growth, if not killed

outright by the tires which again and again devour the surrounding tall weeds and broom grasses,

becomes too severely injured to be of any promise.

Four trees, selected as representing fairly the average merchantable timber of the Shortleaf

Pine forests of northeastern Texas, showed the following record

:

Mvaaurementa of four trees.

Biameter
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In .MissDiiri the niRfjeil liiUs iiiul table IuikIs of tlie soutlicni slojie of llic O/.ark Mouiitaiiis,

rising to an elevation of Jroin SOO to l,(tO(t feet, are covered wiiii toieKts of Sliortleaf Pine, wliicb,

ronglily estimated, extend over little more than ."i.OOd.OOO acres. In the eonnties honlerinj,' on the

Arkansas State liue (Terry, Ozark, and Doiifilas counties) the i)ine is said (o yield on the average

not over l.',000 feet of timber to the acre. The forests iu the basin of the Current and i'.lai 1< rivers

are heavily timbered, as observed at Orandii). The density of the timber Krowtli varies, however,

on these broken lands with the soil conditions, a fact demonstrated byaclual measurements on

several plats, upon which the amount per acre varied from .{,000 to iri,00() feet of limber. After

years of experience, the average yield of the timber lands of the Graiidin Lumber and Mining

Company is estimated at 0.000 feet of merchantable timber to the acre, including trees of 10 inches

in diameter.

The trees felled to serve as material for the Tnited States timber tests, and fairly representing

the average timber growth, showed the following record:

Atiasurements of five Ircea.

Dijimot^r
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Lave been shipped from jjoiuts in Texas, Arkansas, and southern Mi.ssoiiri to Northern markets.

This amount may bo swelled by the production east of the Mississippi to round numbers of

1,500,000,000 feet, board measure.

As stated before, an estimate of tlie timber of this species standing is impossible on account

of its scattered distribution and i)ri!valeut occurrence in mixed growths. lUit considering the

extent of the areas within which it occurs and the average cut on the same, or comparing with the

amounts of Longleaf Pine, which on account of the compact bodies in which it occurs, can l)e more
readily approximated, it is safe to assume that very much less tlian 100,000,000,000 feet remain

available, while the cut can be roughly estimated at 1,500,000,000 feet, board measure.

PRODUCTS.

Among the coniferous trees of eastern North America the Sliortleaf Pine stands next to

the Longleaf Pine in importance to the lumber industry and in the value of its timber. Freer

from resinous matter, softer, more easily worked, not less susceptible of a good finish, the

lumber of the Shortleaf Pine is often preferred by the cabinetmaker and the house carpenter to

that of the Longleaf Pine. Less tenacious, and of less power of resistance under strain, it is

principally used for the lighter framework in buildings, for weatherboardiug, flooring, ceiling,

wainscoting, cases for windows and doors, for frames and sashes of all kinds, and for shingles.

Most of the dwellings located within the districts where this tree prevails are built almost entirely

of Shortleaf Pine lumber, which bears ample testimony to its wide usefulness. It is also

extensively emjiloyed in car building, for cross-ties, and in the manufacture of furniture.

NOMENCLATURE AND CLASSIFICATION.

This species, like all of the same genus of a decidedly Southern distribution in the Atlantic

forest, belongs to the section Pinaster as defiued by I'higelmann, with cones of tougli, woody scales

their exposed ends thickened by an umbonate swelling (apophysis), which is armed with a weaker
or stronger deciduous or persistent prickle or mucro. It was first described by Miller in the year

1708 as Piiius evhhiata,^ and under that name recognized by the earliest writers on North American
forest trees;- it was subsequently named by an obscure writer Pinus virginiaiia, var. echinata,

Du Koi.^ Michaux described this tree in his North American Flora'' under the name of Pin ».s-,

initis, which received general recognition and by which it is known to botanists to the present

day. Piniis vuriabUin^ the name under which it was described at about the same time by Lam-
bert,^ was adopted by Wildenow, and following that author by Pursh, Nuttall, I'HIiott, and a few
others of the writers on the botany of this country. In following strictly the rule of priority, at

present most strongly ad\ ocated as the only measure to avoid further the confusion arising from

an endless number of synonyms, Pinus mitis, the name under which it is generally known, will

have to be abandoned, and the more obscure one, Pinus echinata, under which this sjiecies was
first published, restored.

Great confusion is caused by the various appellations this tree has received in the English ver-

nacular, being indiscriminately called Shortleaf Pine, Yellow Pine, and Spruce Pine, although most
widely known under the first of tliese names, and in the markets it is now somewhat doubtfully

established under the name of North C'aroliua Pine. In the States of the lower South it is fre-

quently confounded with the Loblolly Pine, as the timber of the two is often, if not mostly, mixed.

M. A. Curtis, in his "Trees of North Carolina," selected for this tree the name of Yellow Pine,

strongly recommending its general adoption in order to introduce greater uniformity in th* desig-

nations of our forest trees. Unfortunately the same name is in many of the Southei-u lumbering-

districts bestowed upon the Longleaf Pine, particularly when the timber is spoken of. It is often

quite impossible to determine to which of the two species the timber is to be referred when under

that name it is quoted in the reports of the lumber markets.

' Miller's Dictionary, Stli eil., 176S: London.
- Marshall's Arboretum Americauum: Philadelphia, 1785.

^DuRolHb.
•A. Michaux's Flora Amer. boreal., Paris, 1803.

'* Description of the Genus Piuus : A. B. Lambert, 1803 and 1824.



EXPLANATION OF PLATE XV.

[Figur(!» naturjil Mizo, excupt where oIluTwi«o niitod.]

Fig. a, lirancli from a lower limb lieariiig iiialr inllorescencc with Mdwcih in a dense duster (first week of April,

southern Alaliama) ; b, c, branch with two subtcrniinal anients of female llowers b(Oow which are two immature cones

of one season's fjrowth ; <l, detaehed male llower sliowin;; basal involueral scales, mafjiiified 3 diameters; c, gernii-

nating seed (February); /, same seedling one month later (Marcli) witli 7 cotyledons in the midst of which the

terminal bud shows the jiriniary leaves apjiearing; g, seedling about the close of the iirst season with terminal

cluster of true (secondary) leaves, below which are seen the withered primary leaves; li, i, transverse section through

base of two and three leafed leaf bundle, magnilied 50 diameters, showing outer small hyjiodennal cells, the stomata

ajipcaring as marginal white sjjots; next a broad band of large in-walled parenchymatous cells bearing chlorophyll,

within which, at the angles of the leaf, resin ducts appear as largo openings; the dark areas in the center are tibro-

vascular bundles surrounded by a single row of tliin-walled cells (bundle sheath).
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Under tlic name of Spruce Pine, in the extreme Southern districts, it is invariably confounded

with the true Southeiii Spruce Pine {I'inus fihihrd], the species wliich in several points it closely

resembles and to which it is most closely related.

BOTANICAL BESCRIPTION.

Leaves mostly 2 (sometimes 3) in a short sheath, 3 to 5 inches long; cones lA to 2 inches lontr,

oval or somewhat conical; S(;ales with a. short, tender, straight, and linally incurved prickle, light

brown. Seeds rather small, two-flfths of an inch long, by one tenth to one-eighth ot an inch wide,

with dark, scattered or confluent specks; the wings are reddish brown and about one-half of an inch

long. The young shoots are of a glaucous violet color. The bark of mature trees is rather thick

and broken up in S(iuarish plates. The different general appearance of the tree will almost always

serve to (puckly distinguish it from the closely related Scrub Pine {I'inun rinjinidno) wliich is

distinguished by its shorter and more rigid leaves. Any doubt can be removed by trying the

twigs; those of the Scrub Pine are tough while those of the Shortleaf Pine snap oft" readily. The

bark is of a light reddish brown color, and on the lower part of the trunk iu full-grown trees

three-fourths to fully one inch thick crossed by deep furrows, and flaky.

The limbs are arranged in more or less regular whorls, under full exposure, forming a crown

with the outline of a truncated pyramid, by which the tree can be recognized from a distance and

distinguished from kindred species with which it happens to be associated. The oldest and stout-

est limbs are rarely over 20 to 25 feet in length, and are somewhat drooping.

It is indeed a beautiful tree, with its stately, gently tapering trunk and its finely shaped full

crown clothed in an abundance of foliage, bearing the stamp of thrifty and vigorous growth.

Xecfres.—The secondary or foliage leaves are found mostly 2 in a sheath, and on shoots of vig-

orous growth often 3 are found in a bundle; occasionally whole trees are seen with 3 leaves in a

sheath and in some rare instances on young trees even -1 have been counted (PL :S.Y1, {/, h). The

leaves vary from 3 to 4 inches and a little over in length; they are slender, about one-eighteenth

of an inch wide, strongly concave, slightly twisted, faintly serrulate, and abruptly sharp pointed,

while young of a yellowish and later on of a deeper green color. In the cross section (PI. XV, /(, i)

they present a semicircular outline; examined under the microscoiie they show on both sides about

ten rows of minute stomata (breathing pores) the small epidermal cells underlaid by a single layer

of rather thin-walled hypodermal or strengthening cells; in the specimens examined from 3 to -1

peripheral resin ducts were found, the bundle sheath consisting of a single row of cells. The sheath

invests the leaves closely and rarely exceeds at any stages of growth three-sixteenths of an inch:

the leaves are shed during the latter part of their second year.

The bract-like scales (PI. XV, h. c), modified primary leaves, which densely cover the young

shoots and in the axils of which the foliage leaves are produced, are while young of a grayish color,

closely appressed, lanceolate, acuminate, and fringed; with the subsequent development of the

foliage leaves and the increase of the shoot in length, their tips become dried and are cast ott.

As the tender shoots become hardened they assume a glaucous purplish color.

Flowers.—The flower buds make their appearance during the latter part of the winter and

begin, iu stations of southern latitudes, to opeu near the end of March (Baldwin County, Ala.,

March 26), and farther north from three to four weeks later (Cullman, Ala., April 28). The stami-

nate flowers are closelv sessile, to the number of fifteen to twenty surrounding the terminal bud

(PI XV, ft), which at the time has scarcely grown to the length of an eighth of an inch. The

staminal column, of a pale purplish color, does not exceed three-fourths of an inch in length,

is less than <.ne-eighth of an inch iu thickness, and is surrounded by eight or nine decussate

scales, those of the first pair being strongly keeled and scarcely half the size of the others (1 1.

XV d) The crest of the anthers is nearly circular and slightly denticulate. The male flowers

are shed immediately after the discharge of the pollen. The female flowers are united in an

oblong, obtuse, short-stalked catkin of a delicate rose-pink color, about one-fourth of an inch m
length. They are rarely single, but mostly from two to four, produced closely below the apex ot

the youngest shoot (PI. XV, b). The stipe of the catkin, not over three-eighths ot an inch m
length, is invested by twenty to twenty-four hyaline lanceolate, pointed, involucral scales, those

immediately surrounding the flowers being widely spreading. The bracts subtending the carpellary

scales cover the latter to the base of their long, subulate, erect tips.



EXPLANATION OK PLATE XVI.

rifj. "i lir;inili witli nialiiiU! closfil <iiiu\s (October of secoiid seuson); /', iiiatiiiv cone; c. cuiin scalr, oiitci' or

(lorHal vii!W showing ai>(>iilijsis; il, ventral view of the same with heeil in phieo; c, seed ilotaelied fruiii wiii^'; /, seed

with wing intact; <j, leaf forms, two and throo leafed bundles.
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After fertilization has taken place tlie shoots bearing the fertile (lowers increase rapidly in
length. Fertile catkins are frequently found on the older branches, produced on branchlets fioin
adventitious buds. The tree begins to pioduce flowers when from ten to twelve years old, according
to exposure; male tiowers have been observed one or two seasons earlier.

Cones.—Every season cones are produced in great abundance. The conelets of .the first year,
borne on a short, horizontal stalk, are oval in shnpo, scarcely one half an inch in length, the
sijuarrose tips of the scales giving them the echinate appearance from which the botanical name
first given to this species was undoubtedly derived (PL XV, c).

Fully matured by the end of the second year, the cones are nearly sessile, oval, of dull or
leather brown color, li to rarely 2 inches long, and when open, nearly as wide; they are fre(iuently
smooth (PI. XVI, a, h). The scales are hard, with a slightly swelled apophyses, devoid of or armed
with the weak, more or less deciduous piickle (PI. XVI c, d). The cones open early in the fall, and
remain, after the dischargeof their seeds, for several years on the branches. In conseciuence
the older trees are covered with them through all seasons.

Seed.—The Shortleaf Pine produces seeds in greatest abundance; its crops seem never to ftiil.

The seeds are small, triangular, three-sixteenths of an inch long by one-eighth of an inch wide, the
hard, roughish testa marked with thiee indistinct ridges and more or less with confluent specks-
the wing is of a light, reddish brown, half an inch in length and deciduous during germination
(PI. XV, e,f). The seeds retain their vitality tor several years; fresh, they will germinate in Irom
ten to fifteen days. The number of seeds to the ounce is about .5,000; wafte<l by the wind over
wide distances and germinating early during the first days of spring, their oli'spring are found to
take possession of every opening in the forest and of the old fields in localities favorable to their
growtlu

THE WOOD.

The wood of Shortleaf Pine resembles that of the Loblolly in almost every respect. The
sapwood is clearly defined, being quite broad, and even in very old trees forms fully one half of the
total volume of the trunk. In thirteen trees one hundred to one hundred and fifty years old, the
average width of sapwood was found to be about i inches, while even in trees over one hundred
and fifty years old its average width was 3 inches. In the former case, the sapwood formed Go to
70 per cent of the volume of the logs; in the latter, 50 to 55 per cent, while in a set of trees fifty

to one hundred years old it formed fully 80 per cent of all the wood. The change from sapwood to
hardwood proceeds much as in Loblolly Pine. It begins when the tree (or any disk) is about
twenty-five to thirty years old, and is retarded more and more with age, so that in old trees as
many as eighty or even one hundred rings are counted in the sapwood, while in young and thrifty

trees not more than thirty to forty may occur.

In keeping with the large amount of sapwood, the weight of green Shortleaf Pine is rather
great, varying, for entire logs, from 45 to 55 pounds per cubic foot, commonly approaching CO pounds
in the largely water filled outer portions of the sapwood.

When kiln dried, the wood of trees one hundred to one hundred and fifty years old weighs
on the average about 33 pounds per cubic foot. As in other pines, the butt is 15 to 20 per cent
heavier than the top, and the wood of the inner forty to fifty rings excels in weight and strength
the wood of the outer parts of old logs. As was stated for Loblolly, the sapwood may be light,

heavy, weak, or strong, according to the age of the tree from which it is obtained. As might be
expected from the great range of distribution of this tree, its wood, like that of Loblolly, varies

within very wide limits. Specimens from Missouri (near its northern limits) are generally lighter

and less resinous than those from farther south, and frecpiently resemble the wood of the Xorway
Pine, while many select specimens from the Gulf and South Atlantic States rival in weight and
strength the best grades of Lougleaf Pine. In its strength, as in its weight, the Shortleaf follows
Loblolly Pine.

The average of a large series of tests furnishes the following average values for dry pieces of
this species:

Lbs. per 8«i. inch.

Modulus of elasticity 1, GOO, 000
Transverse strmigth 9, 230
Compression endwise' .5, 900
Slie.aring along the liber 688

17433— No. 13 7
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As tbt' avera"0 weight of tliis scries was 3s jiimiids ])tf cubic foot, or about Id ]icr cent heavier

than the average weight involving all i)art8 of all (he trees, these (igurcs should be reduced by

that per cent to represent the true average for the wood of tiie species.

lu diving, HMI pounds of wood lose from 4(t to 50 ixmnds of water, tlie bulk of which conies

from the sapwooil, which contains (!(> per cent and more, while the heartwood, like that of most

pines, contains about -5 per cent.

The shrinkage in vohiine coiiseiiuent on drying amonnts to about 11 per cent. It is about 13

per cent in the wood of the butt and about 10 per cent in that of the ui)])er logs, varying in this

respect directly as the weight of the dry wood. Of the 11 per cent, alxjut s ],vr cent fall to the

tangent or occur along the rings and .3 to 5 per cent along the radius.

The structure ol the wood of Shortleaf Tine is essentially the same as that of Loblolly. Suin-

merwood and springwood arc sharply deliued. The jtroportion ol the former to the wood on the

whole varies, as in 1-oblolly, in the same manner as the weight of the wood, being greater in the

butt than top, greater in the wood of the inner rings than in the wood farther out, and greatly

reduced in all cases where the growth of the tree is suddenly retarded by unfavorable seasons,

but is otherwise ([uite iiidei>eudent of the width of the rings.

For details of structure, consult the comparative study of Mr. Eoth, appended to these

monographs.
PROGRESS OF J)EVEL01'MENT.

The seeds begin to swell and to germinate in the early days of spring. In Mobile County, on

the end of the first week of March, the plantlets had their cotyledons fully unfolded, which were

found to vary from six to seven in number, with the lower (hypocotyledonary) part of the axis from

1^ to 2 inches long, the rootlets being somewhat less in length (PI. W, c,;/). The development

of the upper part of the axis (caulicle) from the terminal budlet and of the primary acerose leaves

proceeds now rapidly. These primary leaves succeeding the cotyledons are stitf and spreading,

about three-fourths of an inch long and covering the stem densely (I'l. XV, </), remain during the

first season, withering from below during the warmer part of the season. By the close of the first

season the caulicle or first shoot has attained a length of from 3 to 4 inches. On the shoot of

the second .season (rarely before) the secondary leaves, which constitute the tbliage, make their

ajipearauce from the undeveloped branchlets in the axis of the primary leaves (PI. XV, g). At

the end of the second year the plants are 7 to 8 inches high, with a taproot 2 to 3 inches

long. During this season adventitious buds appear at the collar of the stem, which bring forth

vigorous sprouts, particularly if the stem has sustained the .slightest injury. These shoots are

covered with primary leaves, which are retained for one season. They are apt to form strong

branches before the tree has reached its fourth or fifth year; such branches, which are jtroduced

profusely from the stamps of larger trees, scarcely survive another season. It is rarely that

branches are produced in the second year, the first branches appearing generally in the third

season in whorls of three to four. In the third year foliage leaves alone are produced in the axils

of scales with their bases close to the stem. At tlu; clo.se of the third year the plants are from 12

to 18 inches high, ilow the developineut of the root system advances rapidly, the taproot being

by this time about 8 or 10 inches long, with strong lateral roots often double that length. Both

taproot and lateral roots are finally vigorously developed, penetrating deep into the ground, so

that trees of this s])ecies are rarely blown down by winds. At the end of the fourth year the

plants are from 2 to 3 feet high, with the stem at best from five-eighths to seven-eighths of an

inch thick.

The branches of the whorls begin now in their turn to develop branchlets in whorls of secondary

order. The development of the primary axis and its branch system proceeds henceforth in the

regular acropetal order. As in all pines, the shoot of the main axis takes the lead in rapidity and
vigor of growth. By a number of measurements made at (Jullman, north Alabania, of trees from

the openings in the forest, as well as iVom clearings, it was found that by the end of the fifth year

they had attained a height varying between 3 and 5 feet, rarely over, the stem being from five-eighths

to seven-eighths of an inch in thickness; by the end of the sixth year, from (> to 9 feet high and

from one half to 2 inches in diameter; and at the teuth yeai', from 10 to 16 feet high and from 2
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to 2i inches in iliaiueter. At the :igc of lit'teen to twenty years, with a total heiglit of from 20 to 30
feet and a diameter breast high of 4 to 5 inches, the crown of the tree occupies from one-half to

five-eighths of its heiglit. Henceforth throiighoiU the period of (piickest growth its rate is greatly
influenced by eonditious of light and soil. At the age of lifty years the height of the trees varies

between 40 and (!0 feet and the diameter breast high between 10 and 14 inches. About this age,

or perhaps a short time before, tlie height growtli begins to decline! and the brandies become
somewhat reclining below and spreading toward tlic top, and consequently the head of the tree

becomes more rounded in outline. Between the ages of sixty and seventy years the trees are from
50 to 70 feet high and from 12 to 15 inches in diameter, with the trunk clear of limbs for 30 to

rarely over 40 feet. From this period on the growth proceeds at a slower rate. On reaching its

one hundredth year the tree has attained a height between 90 and 95 feet and a diameter of
from 10 to 19 inches at most. Having now passed its period of vigorous life, the growth is

henceforth insignificant. Between the ages of one hundred and twenty and one hundred and
thirty years trees were found 90 to 110 feet high and from 18 to 24 inches in diameter. The oklest
tree encountered in the measurements, with two hundred and eight rings of annual growth in

the stump, scarcely exceeded 109 feet in height and measured 24 inches in diameter. The largest

tree felled was 117 feet higli and 25 inches in diameter, with one hundred and forty-three rings in

the stump. Occasionally trees are found of a diameter exceeding 3 feet, but such are exceptional.

Table I.

—

Grawth of Shorthaf Pine (Pinua ecUnata), from eight to fifty yeare.

Number of
tree.

1...

2...

3..

i...

5..

173
138
9...

137
6..

5...

7.

.

10.

8..

136
171
159
135
134
161
160
157
138
170
155

Rings
iu

stump.

10
10

12
11
12

12
12
13
13

13

15
15

18
19
19
20
19
22
27
24
25
41

Diame-
ter at
breast
high.

Inches.
2

2

li

2J
2*

2i
2
3

2
2

2i

3^

4
4
4
4
4
6
2J
3"

6i
34
4

11

Height
to

first

limb.

Feet.

12
10

15
22
10

14

8J
12

124
22
15
51

Total
height.

Feet.
11

11
11

17
11

11
11

20
16
19
16
17
20

24
20
36
37
20
26
25*
25
25i
33'

34
70

Locality.

Cullman,
do..
do...
do...
do...

Ala.

Bi\-ins, Tex.
Grandin, Mo.
Cullman, Ala
Graudin, Mo.
Culhiian, Ala

do
.do.
.do.

do.
Grandin, Mo.

Kemarks.

Clearing made in 1879 for pasture in dense pine thicket.
Do.
Do.

Rocky hillside, border of thicket.
Kocky liillside in dense thicket of vigorous growth; youngest shoot,

19 inches.
Kxposure free in opening of forest.
Kocky t.able-land: opening iu forest.
Hordcrof thicket; freel.v exposed.
Rocky table-land: partially exposed; in forest.
Exposed; border of woods.

Do.
In midst of thicket: old clearing.
Old pasture, cleared in 1879: most vigorous growth; young shoot 19
inches.
Do.

Rocky hills; open forest.
Uivins, Tex

;

Open forest.
Gurdou, Arlc

\
E.Kposure free ; open grove of second growth.
Oppressed in forest opening by oak scrub.
Rocky: open woods.
Open grove; closely oppressed.
Open grove of second growth.

Do!
Partiallv free : in forest.
Free ; old field.

,
Mo.Grandin

do
Gurdon, Ark...

do
do
do

Bivins, Tex . .

.

GurdoD, Ark..
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Taiii.k II.

—

C roll III nf Shoriha/ I'hif diiihuj hUkjc of liijorous growth, from JifIn In onv hnnihcil anil I wen Iy i/eart.



Age.

10

20
30
40
50
60
70
80
90
100

Length
Diameter, of lo^
with bark with uii-

(breaat per diain
high) . oter of 5

inches.

Jnches.
:i.

5,2
7.4
9.3

II.O
12.7

14.6
16.0
16.5
17.0

Total
height of

tree.

Feet.

BATE OF GKOWTH OK SIIORTLEAF PINE.

Table lY.—Rate „f ijrowUi i>f Shorthaf Vine.
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Volume.

Tree.

Cu.ft.
0.32
2.21

7. .15

14.06
22. 18

31.97
43.96
56.54
62.53
67.68

Log lip to
5 inches
diam-
eter.

Cu.ft.

Periodical growth by decades.

6.37
12.98
21. 18

31. 10

43. 32
55. 91
61.89
67.05

Decade.

First . .

.

Soconrt..
Third...
Fourth .

Fifth...
Sixth ...

-Seventh
Eighth .

Ninth ...

Tenth ...

Diam-
eter.

Inches.
2.2
2.3
2.2
1.6
I.G

1.6
1.6
1.5
.6

Height.

Feet.

Area of
cross

section.

AV/./(.

0.03
.07
.14
.13
.17
.21

.21

.23

.10

.07

Voliune.

Average
annual

accretion.

Cu.ft.
0.32
L8D
9.34
6.51
8.12
9.79
11.19
12.58
5.99
5.15

Cu.ft.
0.03

. .11
.25
.35
.44
.53
.62
.70

Current
aecretiou.

Ou.ft.
0.03
.19
.53
.85
.81
.98
L20
1.2*1

.60

.51

:3.0t5.2^7.4-*-9.3-t-|I.O

DIAMETERS
IN INCHES.

Flo. 11. -(irowHiof Shortlciif Tine: Heislit, diainc-ter, and cnbic contents of average trees at 10, 20, etc., years of age.

CONDITIONS OF nEVELOPMENT.

Soil and climate—ThG Sliortleaf Pine prefers ;i well-diained, lij^lit sandy or iiravelly clay soil
or warm loam, even if deficient in the elements of plant food. Soils of this character which are
found widely prevailing over the undulating or broken uplands, if only of sufficient depth, will
produce this tree in greatest perfection. It avoids the strongly calcareous and the rich alluvial
soils, as well as purely silicious, being dependent on the presence of a certain amount of clay by
which the mechanical condition of the soil is improved, rendering it more compact ami more
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ii'tiMitive of innisturo. That a purely siuuly and lii},'lily porous soil is not favorable to this tree

is shown l)y tlie stunted f,ao\vth of the waifs sometimes found in the openings of the fin-ests of

Longleaf Pine tui the sandy, arid uplands in the lower i)art of the coast pine belt.

Distributed in its ranges over 10 degrees of latitude ami exposed to wide differences of

temperature, it shows almost the same thrift of growth near its northern limits under the Isotlierm

of 50- r., and in regions where the thermometer falls to near 20' below zero, as in lower latitudes

with a mean annual temperature of G4'' F. It can, therefore, endure a considerable range of

temperature.

The conditions of atmospheric moisture evidently exei'<'ise a much more decided intbience

over its distribution, and, witliout doubt, upon its individual development. The tree is found in

greatest abundance and of best growth where, within the limits of its distribution, the annual

rainfall varies between 48 to 52 inches, it is less freciuent in the districts where tlie precipitation

exceeds 50 inches, still scarcer wheie tlie annual rainfall averages below 44 inches, and entirely

wanting where this is less than 40 inches. Hence it is found best developed in tlic u|)per part of

the Gulf States and west of the Mississippi liiver in ailjai'ent northern districts from the interior

of Georgia to northeastern Texas, where tiie most favorable conditions in regard to atmospheric

precipitation prevail. The tree seems to avoid the humid air of the coast along the Gulf, as well

as along the seashore of the Southern Atlantic States, nor does it ascend tlie mountains in these

States above an altitude of 2,5oo feet.

RELATKJN TO LIGHT AND ASSOCIATED .SPECIES.

The Shortleaf I'ine, like most pines, is a light needing species, being, however, less sensitive

to a deficiency in this direction than the Longleaf and Cuban pines, which latter succumb in

com])etition with the Shortleaf Pine. Originally the Shortleaf Pine is found moi-e or less asso-

ciated with various oalvs (Spanish Oak, lihick.jack, Scarlet Oak, Post Oak, and Black Oak), the

Mockernut and the Pignut Hickory, and more rarely with the Chestnut, the Jlountain Oak, and

the Scrub Pine. All of these species prefer the warm, lighter soils of th(^ ni)lands. These

companions of the Shortleaf Pine art; Joined in tln^ lower Southern States by the Loblolly anrl

Longleaf Pine. Wherever in these upland forests an opening is made the Shortleaf Pine gains

over its associates, linding its only successful rival in the Lol)lolly Pine. It is in the Southern

States proverbial that in the ujiland forests "the pine is crowding out the hard-wood timber,"

a fact early observed. The displacement is effected either gradually in the course of time, or

instantly when the removal of the original timber growth has been sudden. In the ujiper part

of the maritime piiu> belt, where it is associated with the Longleaf i'ine, the latter is sure to be

replaced by the Shortleaf species, often joined in the course of such invasion by the Loblolly Pine.

ENEMIES.

Little is known of the fungoid i)airasites and of the insects end.angering the life of the

Shortleaf Pine. Piom my own observation, it seems that this tree is less affected by the former

than the other jjiues of the same region. In the lumbering districts of Alabama a disease called

redheart or redrot, caused by the mycelium of a large species of Polyporus, which is so highly

destructive to the Longleaf Pine, is in this si)ecies almost unknown. In nortlicastcrn Texas this

disease was found to affect the supeiannuated timber trees, which were over two hundred years

old. According to A. S. Packard ' the hosts of insects affecting this pine seriously are scarcely less

in number than those infesting the Longleaf Pine; its enemies belong to the same or very nearly

related kinds. Among the borers the Momthumiiiis roii/Ksar and other speciiis of the same genus

dig burrows in the timber to the heart; the larva', of numerous Bupreittida', Gvrambicidir, and

('iircnlionifhr burrow under the bark, and the Tnmicns cuUUjraphus, rarofirapliiis, cHTlotHn, and
other sjjecies of Scolytkhv, at certain seasons arc in immense^ numbers carrying on their work

of destruction in the cambium layer, leaving in wonderful delineation on the inside of the bark

the marks of their pernicious activity and causing the speedy death of the tree.

-Mr. E. A. Schwarz, of the Division of Kntomology, Department of Agriculture, remarks in this

connectiou that of more thau usual interest is the remarkable and disastrous invasion of one of

' A. S. Packard : Insects in iiiriouH to forest and shade trees.
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these bark-boring Scolytid beetles [Dendroctonus frontalis), which in former years was universally
considered a rare species. This invasion started in ISSS from the monntainons regions of West
Virginia and within four years spread througiiout the Alleghany Mountains and adjaeent lowlands
from Pennsylvania to the Oarolinas. The amount of damage caused by tliis beetle within that time
to tlie Sliortleaf Pine and other i)ine trees lias been enormous. A cuntagious disease, i)r()bably of
a fungoid ciiaracter, terminated in 1892 this invasion just as suddenly as it had commenced, and
in 1893 not a single living beetle could be found throughout the infested region. Tlie white froth
hiding the larva of a tree jumper (Aphrophora p((r<tllel(i) is very common on the summits of the
twigs, the larva' of the sawtiies are seen at the same season to feed on the tender, young foliage,

which is also infested by a small white Gelechia depositing its eggs on the leaves, the larvie boring
into them to provide shelter for their pupa'; and according to jNIr. Sehwarz the leaves of the
Shortleaf I'ine are frequently found coini>letely covered by a scale insect (.l/'/'"'"-y"''>' pinifoUiv),

causing what is termed in New England the "white malady" of the pine. Of the flat-headed
borers, larvas of the Tiuprestidcv, the most injurious species are (Jhri/sohotliris deuilpcs (Germ.),
Calcopliora virglnknsis (Drnry); less common, Cnlcuphnra ycorgiana (Lee.) and Buprcntis lineata

Fab. (Sehwarz).

Exposed to the same dangers of destruction by forest tires and by live stock of every kind
which threaten the Lougleaf species witli extermination, the chances of this pine to resist them
and to escape such eventually are more favorable in consequence of the greater facilities for its

reproduction and of its rapidity of growth during the earliest stages of its existence.

The pernicious influences of the first of these agencies is, however, painfully visible near the
settlements where the forest is exposed to its effects one season after anotlier. In sucli localities

the pines are of stunted growth; in the middle stage—their very prime of life—they exhibit signs
of decay and early death. But few of the younger trees exposed to fire were found on close

examination to be free from defects and marks of im])en(ling disease.

Confined to tlie gentle slopes of the lowhill country, to rollinguplands, and to broad table-lands,

this tree is scarcely exposed to destruction by torrents and floods. Unsought for its resinous
juices, it is not subjected to the wholesale destruction caused by tlie prevalent methods employed
in the manufacture of naval stores. No other timber tree found in tlie soutliern portion of the
Atlantic forest region is more easy of natural reproduction than this species throughout the wide
range of its distribution. Tliis is readily accounted for by its great fecundity, the seeds produced
in great abundance almost without failure every year being profusely spread far and wide, and
germinating easily wherever the proper soil and a chance is ottered for tlieir reception. By their

thrifty growth the seedlings soon gain the upper hand over the contemporary growth of other

species.

Throughout the interior of the Atlantic aud the ( lulf States tracts of upland, originally covered
with fine oak forests, which had been cleared for cultivation and but little over half a century ago
abandoned, are found at present occupied by the Shortleaf Pine, forming dense groves of trees

05 feet and over in height, with a diameter of 10 to 12 inches, standing IS to 20 feet apart, with no
undergrowth whatever.' Such young forests, met with in every stage of growth, afford highly
instructive lessons of the ways taken by nature in the spontaneous restoration of the forest. In
such sjtuntaneous growths of tlie Shortleaf Pine the saplings form from the first mostly dense
thickets. Before having arrived at their tenth year the work of thinning has actively begun by
the death and speedy decay of the weakest. Thus favored by the access of light and air, the

surviving trees shoot rapidly upward, the most aspiring individuals spreading out their crown,

overshadowing those lagging behind, which being thus cut ofl'from the influences above all others

required for their existence, one after another die. Before the trees have reached the middle stage
of their growth the stand of timber in the young forest appears to be firmly established, and
during tlie following period, embracing less than half a century, they have attained tlie fullness

of tlieir growth, furnishing timber fully matured and of the dimensions and quality required by
the present standard. Unchecked by destructive influences the rotation of a crop of timber of the
Shortleaf Pine produced without the interference or assistance of man, can be said to be accom-
plished within a period of from eighty-five to ninety-five years.

'Charles Mohr: Proceedings of the Fourth Aiuuial .Meeting of the American Forestry Congress, Boston, Sep-
tember, 1885.
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FOREST MANAGEMENT.

From the place this species is taking among tlie second growth it tan be safely i)re(licted that

it is destined to be the timber tree of the future, as far as the Sotithern States (if the Atlautic

forest region nortli of the Longleaf I'ine belt are concerned. It is upon tills tree that iu this

section succeeding generations will have to depend for their supi)lies of pine tiinher of superior

quality, and in which the nearest substitute is to be found for the sui)plies furnished at present

by the Longleaf Pine. That the resources of the latter under the increasing strain to which it

is subjected will be completely exhausted before its restoration can be eflt'ected is too evident to

admit of any doubt.

Among the timber trees of the coniferous order found in the Atlantic forests, there is, then,

scarcely a si)ecies i)resenting stronger claims to the attention of the forester than the Shortleaf

Tine. As far as its demands upon climate and soil are concerned, it is capable of successfully

establishing itself over the immense territory reaching from 30° to 38° north latitude and from

the Atlantic Slope to the treeless jjlains of the West, embracing within these limits areas of wide

extent, with all the conditions required for the best development of this species, and in great

measure adapted to nothing better than the growth of timber. Of not less importance than its

value as a timber tree are its facilities for natural renewal, resulting from the abundant crops of

seed i)ro(luced almost with(jut failure every year and its aggressive behavior toward competing

species in the successful struggle for the possession of the soil.

From a closer obscrvati(m of the young forests of spontaneous growth at diflerent stages, it is

apparent that in the establishment and rearing of a forest of Shortleaf Pine, where mother trees

exist, nature requires comparatively little assistance from the hanils of the forester, and that the

efforts of the latter will be chiefly confined to measures of protection against destruction by

fire and against the injuiies caused Ity inroads of live stock during the earlier stages of growth.

That by thinning out, practiced after the first to the middle or end of the third decade, the forest

growth would be benefited, there can be but little doubt. To what extent, by .such interference,

the production of merchantable timber can be promoted and in quantity and (juality improved at

the least cost remains a matter of future experiment. In the total absence of facts, based on

experiment, no .suggestions can be ofiered on these points other than such as can be deduced from

the natural requirements of this species, as already discussed.

In conclusion, it can Ijc safely asserted that the Shortleaf Pine is destined to take a jiromineiit

place iu the forest management of the future througliout the regions favorable to its growth, not

only on account of its economic value in the natural forest, but aLso in holding out better pros-

l)ects to the forest planter for the ])ro(luction of timber of higher (piality in the shortest time

than any tree of the same order in the Southern .Vtlantic loiest regi(»n. That the methoils of a

rational forest management will have to be resorted to at no distant time can with certainty be

predicted, although the tindier wealth existing at i)resent in the vast territory of its growth may
appear enormous.

Of great importance in the reforestation of large areas, this tree is of no less significance to

the farmer who is aware of the advantages resulting from the restoi-ation of the tree-covering on

his denuded uplands, either originally unfit for piolitable tillage or thrown out of cultivation after

their exhaustion. By the facility of its natural renewal the Shortleaf Pine attbrds within a short time

a firm protection to the light soil, preventing it from being cirricd away by wind and rain, providing

a .shelter for the crops and for insectivorous birds, a lasting income of increasing supplies of timlier

and fuel on lands that yield no other profit whatever, and to the lands abandoned after their

exhaustion a chauce for their recuperation while resting under the cover of its shade.
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THE LOI 51.(^1^1.V IMXK.

(I'iiiui tiidu Liun.)

Synonyms: rinii>i hriin MiiUiiMis, Spec. I'l. oil. 1, ii, 1000, excl. habitat " ('imailii- jialiiiloHin" (1753).

Pimm tirda rnr. Icniiifolia Alton, Hort. Kew. ed. 1, ill, .S08 (1780).

I'inua heda KarineHquu, I'lor. Luilovic. 162 (1817), noiiun nudum.

COMMOX on I.OCAI, NWJfES.

I.oblolly rine (Del., Va., X. (-'., S. C. (ia., .U:i., Fla., ISiill riiie (Tex. ami Ciilf ru','lou).

Miss.. La., Tex., Arl(.). \ iiiiiiia I'iiie.

nidlielil rinclUel., Va.,N. C, S. ('., (;a.. Ala.. Kl.i.. Miss,, Sap I'ino (Va., N. C).
La.. Tex., Ark.). .Meadow I'iiie (Kla.).

Tmcli I'ini- iV.Ujr lit.). (,'oiiistalk I'ine (Va.).
Shoitleaf IMne { I,a.). HlacU I'iiio ( Va.).
I?ciscmary I'ino (\a., N. C). Foxtail Pine (Va., Md.).
.^lash I'ine (\'a., N. C), in p.ut. Indian Pine (Va., N. C).
I.oni; Seliat I'ino

i Del.). Spinie I'ino (Va. ), in part,
l.on^' .'^liMclis (.Md., Va.). liast.ird I'ino (\'a., N. C).
Mlaek Slash Pino ( S. C). Yellow I'ino (X. Ala., N. ('.).

Frankincense Pine (lit.). S\vani]> Pine (Va., N. C).
Shortleaf Pine (Va., N. C, S. C). Long.straw Pino (Va., N. C), in v-irt.
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THE LOBLOLLY PINE.

By Charles Mohr, Ph. D.

INTRODUCTION.

Among the trees remarkable for tlie part tbey take in the spontaneous renewal of the forests

in the Southern Atlantic region after the destructive interference by man, the Loblolly Pine is most
prominent. This readiness to occupy the ground lends to it a special economic signiiicance in

forest growth, aside from its value as a source of timber and as an abundant source of fuel.

There can be no doubt that in tlie future management of the forests of the lower Southern States

the Loblolly Pine will be assigned a highly important place. This view is coulirmed by the fact

that in the older of the States within the limits of its distribution, where the original timber

growth has suffered greatest reduction, as in North Carolina, the second growtli of this tree is

largely depended upon to furnish the timber supply for the existing lumbering industry.

Although knowil to have contributed to the necessities of the earliest settlers of these coasts,

and forming at present a large ]iart of the lumber supplies reaching the markets east and west ot

the Mississippi liiver, the merits of the Loblolly Pine and its economic bearings are generally but

little understood, wide differences of opinion about its value as a timber tree prevailing. Such
diversity of opinion is in itself a sufficient reason for a fuller investigation of its life history.

In the preparation of tliis monograph the writings of F. A. Michaux' and Itev. M. A. Curtis^

and the report of the Tenth Census^ have been consulted. To Prof. Lester Ward and Mr. Canby
thanks are due for valuable information on the distribution of the Loblolly Pine toward its

northern limits. Much information of practical value was elicited by the Division of Forestry

from numerous manufacturers of and dealers in lumber in the lower part of Virginia and in Xorth
Carolina, which has been largely quoted.

HISTORICAL.

The Loblolly Pine was recognized as a timber tree of value by the earliest settlers of lower

Virginia and North Carolina. Its timber was largely used in the construction of their dwellings.

Michaux states that three fourths of the houses in lower Virginia were built of Loblolly Pine, and
that its mighty trunks, furnishing shafts of clear timber of largest size, were in early days held

in high esteem for masts by the navies of the world. The distinctive characters of the tree were
clearly understood by the earliest writers on North American botany. F. A. Michaux defined

the northern limits of the tree and its distribution iu the southern xVtlautic States, and first

pointed to its economic value. The Eev. M. A. Curtis gives an account of its distribution in

North Carolina and recognized the form distinguished in that State as Slash Pine or Eosemary
Pine. Investigations of the forest growth by the writer, under the direcbion of Prof. Charles

S. Sargent, for the Tenth Census, and later investigations made in the transmississippi region,

under the direction of the Division of Forestry, have led to a more accurate knowledge of the

' Michaux, F. A. The North American Silva. Phihidelphia, 1856.

- Curtis, M. A. The Timber Trees of North Carolina. Geol. and Natural History Survey of North Carolina.

Part III, Botany. Raleigh, 1860.

' Volume 9 of the Tenth Census. Charles .S. Sargent.
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(listiihntioii nf tliis tree in tlie Southwestern States, to tlic establishment of its western and

nortlieni boundary lines, and to a more general ai)i)reciation ol' its economic importauce in its

eastern and western range.

GEOGRAPHICAL UISTRIBIITION AND ECONOMIC HISTORY.

The Loblolly Pine extends from the Delaware and Mar.vland i.cninsnla through lower Virginia

to Cape Malabar, in Florida, and all over the (Julf States and s.intiicrii Arkatisas to tiie Colorado

Kiver in Texas (see VI. XVIII). The northern limit of the Loblolly Pine ean be described by a

line drawn from the lower part of Newcastle County, Del., througli the District of Columbia, to

Petersburg, Va., thence toward middle North Carolina, following in its western course nearly the

thirty fifth degree of north latitude to the southern boundary of Tennessee, througii southern

Arkansas to the southeastern confines of the Indian Territory. Its most western station is an

isolated tract of small extent near Bastrop, Tex., the sole and last representative of the Atlantic

pines in the Southwest.

Micbaux the younger established the northern limit of the Loblolly Pine near Fredericks-

burg, Va., between the KaiJiialuinnock and Potomac rivers; M. A. Curtis placed it in or close

to the District of Columbia. Its o(;currence in tiie District was, however, considered doubtful, or

merely accidental, until in 1888 it was confirmed by Dr. (Jeorge Vasey, who discovered a group of

fullgrown trees in the wootls near the Reform School. Mr. William Canby states that he "found

in tlic lower part of Newcastle County, Del, a g0((d many Loblolly Pines, and from the iioint

mentioned it becomes more and more plentiful and widespread in the Delaware-Maryland

peninsula."'

( )ii the Atlantic Slope, near its northern limit, the Loblolly Pine occurs most fiequeutly in the

flat lands of the tidewater distri(;ts, forming rarely continuous forests, more frcHpiently less com-

pact bodies of timber, associated with the Shortleaf Pine, oaks, and other hard-wood trees.

In Virginia this tree is not found beyond the northern limitof the Tertiary strataof the coast

region, and is not met with west of Petersburg and llichmond.

In the lower part of this State, as in North Carolina, the Loblolly Pine was Ibrmerly found in

great perfection and abundance—broad forest belts of Loblolly alternating with forests of Shortleaf

i'l Michaux's time. The original forests have, however, in a great measure disappeared, and their

progeny, of second or third growth, is now depended upon as the principal source of lumber.

On the lands exhausted by the earlier planters, and which have been abandoned for several

generations, the timber of this Saj) Pine, or Oldfield Pine, has in many localities attained dimeiisions

and a degree of maturity littiug it for all purposes for which timber of the original growth is

employed. This important fact is confirmed by parties engaged in the lumber business in south-

eastern \'irginia and in eastern North Carolina.

From information received it is evident that in these parts the second growth of Loblolly Pine

is chiefly dei)ended upon for the manufacture of lumber. It is, however, to be jtresumed that the

Shortleaf Pine contributes not a small part of the timber siipi)ly. Poth of these trees are kncwn

by the inhabitants as Shortleaf, or Shortstraw, Pine, and tlieir tiinber is sawn indiscriminately; the

proportions of the lumber of either reaching the markets can therefore not be determined. Mr.

Joseph Allard, Jr., of Pichmond, reports that most of the Virginia Pine is Lobhdly Pine, and that

every fifty years will proilucc; trees large enough foi- sawlogs, three to each tree, averaging 16 feet

in length. Mr. Sparrow, of Brooke, Staflbrd County, states that the pine of this county, and in

Caroline County, is almost entirely of the Oldfield Pine (Loblolly Pine), and that in the lattei' from

thirty to forty sawmills are cutting this pine. iSIessrs. .1. E. and Edward Rogers, from SulVolk

County, each remarli that "large quantities of lumber are manufactured from Oldlield Pine, which

is fast taking tiie place of Yellow Pine (Pinus cchinata), the latter having been used up by tlie

sawmills in this section."' The young timber is, according to the same accounts, cut into Joists,

uprights, and other s(iuare stuff for framing: the best iiuality is seleeted foi- liooring, ceiling, and

other inside finish, the lumber being sold under the name of Virginia I'ine in the markets of

Washington, Baltimore, and Philadelphia.

On the coast of southern Virginia the Loblolly Pine forms about 7."> percent of the tindier

standing. According to all accounts the original growth is rapiiUy disappearing, but the ex(M;ed-
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iiifi'Iy large area of exhausted lands abandoued in that section by the cultivators during a Ions

period of time has been taken entire possession of by this tree.

In iSTorth Caroliuii the Loblolly- is the predouiinatiiig tree througliout the eastern coast plain and
in the lower part of the State, where it forms extensive forests, more or less frequently interspersed

with Longleaf Pine. South of Oajje Fear River, however, the latter prevails almost exclusively.

In the extensive i-cgion Wiittn'ed by numerous streams tlowing into Albemarle and I^imlico

sounds, in the rich, moist soil of the wide swamps above tide water, the Loblolly reaches its best

development, attaining dimensions which place this tree among the timber trees of first order.

The primeval forests of this ])ine have, however, .almost completely disappeared in this region,

and with them the gigantic trees of this species known by the ])eople as liosemarj' Pine, once so

highly prized and eagerly sought in shipbuilding. Farther south, in the low pine barrens, this

tree is largely superseded by the Longleaf Pine, and is principally contiued to the borders of the

swamps and to the bottoms along the water courses. Throughout th(; lower part of the coast pine

belt, after the removal of the original timber growth, the progeny of the Loblolly Pine immediately

takes possession of every opening, and particularly of the fields thrown out of cultivation.

'' The principal kinds of Loblolly recognized by the lumbermen under distinct names are:

" 1. Rosemary Pine, the best kind from the trees of best development, of a fine grain but heavy,

hard, durable, with but a small proportion of sapwood. At present scarcely known by name at

the mills in the section where half a century ago it abounded.
" 2. Swamp or Slash Pine, of a coarser grain, with about one-half of the diameter of the tree in

sapwood. This kind comprises most of the timber of original growth, and the oldest and best

matured second growth.

"3. Oldfleld Pine, by the rapidity of its growth, is very coarse-grained and for tlie greater i)art

sap, scarcely one-fourth of the diameter being heart. At present the principal source of the timber

supplies in the coast region."'

At the sawmills at Goldsboro, close to the border of the Longleaf Pine region, over 50 per cent

of the lumber sawn is Loblolly Pine. On a trip through the forests between the Xeuse and Trent

rivers it was observed that the Loblolly Pine forms over two-thirds of the tree covering, almost

entirely of second growth, of dimensions to furnish sawlogs of from 10 to IS inches mean diameter

by a length of from 15 to 30 feet. The sandy swells and knolls rising above the tlats originally

covered with the Longleaf Pine are not infrequently occupied by a young growth of Loblolly. The
mills at Newbern and vicinity are almost solely depending for their lumber supplies upon these

forests of second growth. The same conditions are prevailing in Duplin and in Pender County,

by the reports of operators. Mr. C. C. Williams, at Teacheys, in Duplin County, states that Gti

per cent of the timber sawn is Loblolly Pine, mostly of second growth, furnishing timber for

creosoting and lumber for building purjioses.

Mr. Bauman, at Burgaw, reports tliat the Oldfield Pine (Loblolly of second growth) is coming

more and more into use every year, and the demand for this kind of lumber is greatly increasing.

In a number of the Newbern journals of 1891 it is stated that over 00,000,000 feet of lumber,

board measure, were produced in 1S91 by the mills of that place and the vicinitj-. In the bulletin

quoted the output of the nine mills in operation during 1893 is given at 38,0()0,00{) feet, board meas-

ure. The timber delivered at the mills sells for about $5 per 1,000 feet, and the price of rough

lumber averages $12.

In the latest report on the forests of North Carolina the acreage of the Loblolly Pine, including

the land covered with the second growth, and where the Loblolly Pine is taking the place of the

Longleaf Pine, is stated as exceeding 4,000.000 acres. The standing merchantable timber can be

said to cover 1,150,000 acres. AHowing 4,000 feet, board measure, to the acre, this will make
4,600,000,000 feet of standing Loblolly I'ine in 1893. The total cut of Loblolly Pine for the same
year has been reported at 290,000,000 feet, board measure.^

In South Carolina and Georgia the Loblolly Pine is confined all over the coast pine belt to the

more or less swampy borders of the pine barrens scattered among the broad-leaf evergreens and

'The Forests, Forest Lauds, aud Forest Products of Eastern North Carolina. W. W. Ashe, p. 41, Bull. 5, N. C.

Geol. Survey.
•^ W. W. Ashe, liulletin No. n, North Carolina (ieol. Survey, Raleigh, 1894, p. 41.
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deciduous trees i)eculiar to tliesf latitudes

—

tlie IMa^riiolia, Sweet and Red Hay, I51a<-k Gum, and

Titi, as.soeiated with tiie Cuban I'ine. Tlie timber oltlic Loi>lolly I'iiie pniduced in tUese swamjjs

i.s of inferior (juality, with the .sapwood from i to 5 iuelies ou a radius of from 8 to 12 inches. It

has been noticed that ainonj,' tlie ori;iin;d ti'ee-coverin{^ Loblolly Pines above 2 feet in diameter

were frciiuently found alfected with dry or red lot.

On the diy rolliuj; pine uplands of these States to the foot of the mountain ranges, rising to an

elevation of son to ],(>(»() feet above .sea level, as well as of the Gulf States east of the Mississippi,

this pine is found more or less disperseil aiiLong the hard-wood timber, but is consideied of no value

except for fuel; the trees branch a short distance above the ground and the tind)er is too knotty to

be tit for lumber.

l'"ive tri-es from the damp, llat pine l)arrens bordering upon the swamps, felled for test logs in

Hampton County, S. C. showed the following dimeu-sions:



DISTRIBUTION OF LOIiLOLLY PINE. Ill

In Louisiana, west of the Mississippi bottom, the Loblolly I'iiie is found frequently scattered

in the level woods bonlering upon the grassy marshes of the coast. North of the region of the

Lougleaf I'ine on the pine flats with a poor, sandy, undrained soil, between Lake Beandean and
Bayou Dauchitt, extending to the Arkansas State line, this species forms the jirincipal tree

covering. The tree is cut only for local consumption in the absence of means of transportation.

In Arkansas heavily timbered forests of Loblolly Pine cover the thit woods in the southeastern

part of the State and the region of the Tertiary and Post-Tertiary formation. The lower levels in

the rolling uplands are covered with heavily timbered forests of the Loblolly Pine. It forms in this

State an important factor in the mannfacture of lumber. From observations made in the logging

camps in conuecticm with the principal points of production along the St. Louis and Iron Mountain

Eailroad south of Gurdon and on the St. Louis and Southwestern Eailroad it can be safely assumed
that about one-half of the lumber cut and shipped as "Yellow Pine" to Northern markets from

southwestern Arkansas is Loblolly Piue, the other half being Shortleaf. The Hood plain of tlie Little

Missouri River and the Ouachita Kiver is covered with extensive forests of this tree. The deep

soil, a stiff sandy loam, flooded after e\ery rainfall, produces a heavy and finely developeil timber

growth. Upon one acre, rei)resenting fairly the average of the merchantable timber standing, 30

trees were counted of from 12 to 4:8 inches in diameter at breast high; of this number were found

:

One tree 48 inches in diameter at breast high, length of timber estimated at 40 feet; one tree .'?G

inches in diameter at breast high, length of timber estimated at 35 feet; three trees 30 inches in

diameter at breast high, length of timber estimated at 35 feet; seven trees 23 inches in diameter

at breast high, length of timber estimated at 35 feet; three trees 15 inches in diameter at breast

high, length of timber estimated at 35 feet; fifteen trees 12 to 15 inches in diameter at breast high,

length of timber estimated at 24 feet.

Measurements of four trees.

Kings on
stump.
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uses by tlie house carptMiter, while the iiifcMior {irades are hufi'dy consumed for seeoiidary

purposes. Of late years the value of the luiubt-r even of lower grades has been uiuch enhanced

by the i)rocess of kiln-drying, now uuiversally introduced into the mills. After the removal of

the water from the sajiwood by exposure to a current of liciitcd air, tlic lumljcr loses its proneness

to yet discolored or to ''blue'' by the rai)i(l dc\elopuient of the niyctelium of a fungus and greatly

gaius iu its capability of a good finish, as well as in durability, and is thus rondered suitable for

many pur|)oses for which, without such treatment, it would be rejected.

Tlie c(Uisuniiition of L()l)Iolly I'ine hiiiiher is constantly on the increase in the markets of the

North, as the lumber of tlu' White Pine becomes scarce and more expensive. The sappy t imber of

.second gr,)wtli is every year coming moie iu demand, especially in foreign markets, wlu-re this

cheap timber is rendered durable by creosoting. In the highest state of iierfection, which is only

attained iu the regions most favorable to its development, no other i)iue was deemed of higher

value or was moi'e eagerly soiiglit after for masts and other heavy spars of ships. IJefore tiie

use of iron in na\al constru(;tion for these purposes, tlie Loblolly Pine timlier of largest size was
eagerly contracted for iu all the Southern ports by every one of the maritime i)owers of Europe.

In conseipience, the trees which could furnish timber of the dimensions and <iualities reijuired for

such i)urposesha\e beconu^ exceedingly scarce, andean be said to lia\e almost entiielydisai)peare(l.

The Rev. M. A.Curtis, in his account of the Loblolly I'ine,' quotes the following statement on

the habitat and the dimensions of this tree, from the pen of ilr. E. liullin, of Virginia, which,

illustrating a feature of the life of the Southern forest forever past, I can not refrain from intro-

ducing here:

This (Slash Pine) trpn grows only on low, moist lands, and is the liettiT for tinilier and yrows larger iu jiroportion

to till) richness ottho land. .Vinong other gigantic forest trees on the rich and wet Koaiioke swani[is, mostly ot oak,

poidar. gnm, etc., tlie few ]iiiies which yet remain tower al)o\e all others; I have visited several standing trees and

stiiiiips of others which have been cut <lowii and which measured 5 feet in diameter, anil were supposed to have been

froDi 1.50 to 170 feet high.

In evidence of the dinu'iisions of the trees, the writer gives tlie sizes of tlu; squared sticks cut

in Bertie County, made into a raft, and shipiied in 18.j(! by way of tlu^ Dismal Swamp Canal to New
York. These sticks varied from 50 to SO feet in length by a mean diameter of from 26 to 31 inches,

containing from ;U7 to 537 cubic feet each. Remarking further:

All of these sticks are nearly all heartwood; thence it follows vhat the jiroportion of lieartwood unist have

been very large, the timber must have been resinous or it would not lie good, and it must be durable or it would not

serve for masts and other long spars for ships exposed to the alternations of wetting and drying, and for which only

the best materials are jiermitted to be used.

The inferior growth of the Loblolly Pine furnishes vast sujiplies of cordwood. Immense
quantities are shijijied from the coast of Virginia and North Carolina to the large cities on the

Atlantic seaboard. It is chielly used where a brisk flame with a ipiick heat is required, viz, in

bakeries, Irickkilns, and the kilns of potteries. In its fuel value, the wood of this tree ranks with

the better class of resinous trees. Large (|uantities of the wood are also used for the burning of

charcoal.

RKSINOU.S PKODUCTS.

Regarding the production of resinous products from this pine there lias existed a. wide

divergence of statements. A. E. Jlichaux stiites that this tree affords turpentine in abundance,

but of a less fluidity than that of the Longleaf Pine, aiul suggests that as it contains more stipwood

a deeper incision woidd yield a larger product. Rev. M. A. Curtis follows ;\li(haux in this statenu'iit,

and the writer, relying upon the information from operators in south Alabama, was also led into

the error of suiiposing this tree to yield an abundance of resin for distilling, similar to the free-

flowing resin of the Cuban Pine, and jmblished a stiitemcnt to the etleet that this tree was tajqied

wherever found. A trial box made at tlui request of the writer seemed to coiilirm the o|)inioii as

to the character of there.siu. It appears now, however, that the free boxed (not inspected by the

writer) could not have been a Loblolly, for lately a number of true Loblolly Pines, tapped accident-

ally iu a turpentine orchard, were found in Washington County, Ala., and showed that the resin

' M. A. Curtis: Trees and Shrubs of North Carolina, Raleigh, 18G0, p. 23.
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of tbis pine does not flow freely and hardens so rapidly on exposure that it can not be profitably

worked. An experienced o])eiittor at the i)laoe con firmed thi.« to be the exi)eriiMice everywhere
with this kind of pine. The statements ref;;u(liiig' tlie use of tids tree for its resinous jjroduct can
therefore only be explained by a confusion of names applied to the different piiie.s, and it was
most likely the (Juban Pine to which the operators referred.

In a report lately ]iublislu'd by the State geoloj^ist of North Carolina the remark is made: " It

is said that the crude turpentine of the Loblolly IMne has so much water in it tliat it yields only
a poor spirits of turpentine."' This, to be sure, is a misconception; but the statement confirms

the fact that this species is not tapped for its resin, which had also been observed bj' tiie writer a
short time previously in the Loblolly Pine forests of North Carolina as well as South Carolina and
Georgia.

Froman extensive series of analyses of the resin offresh specimens of both Longleafand Loblolly

Pine collected in Georgia and South Carolina, it appears tliat the wood of Loblolly contains but
little less resin than that of Longleaf; that the distribution of resin in the log is practically the

same, and, what seems most remarkable, that the composition of the resin, as far as the relation

of spirits of turpentine and rosin is concerned, is nearly the same (being <|nite variable in both), so

that the absence of free " bleeding " or abundant resin exudation can not be due to a lack of liquid

oil, but must be caused by other physiological peculiarities.

NOMENCLATURE AND CLASSIFICATION.

The Loblolly and half a dozen other species, mostly Pacific and Mexican,^ form a natural group
of timber trees included in Englemann's Eutada; which might fitly be designated as the group
"torch pines," and can be characterized as embracing trees, mostly of larger size, with more or

less resinous, coarse grained wood, long leaves by threes in a fascicle, and witli lateral cones pro-

vided with thick, woody scales bearing a stout, sharp i>rickle. The distinctive characters of this

species have been early recognized by Pluckenet, one of the earliest writers on American plants'"

and Linuipus described the tree under the name of Finns twda* which was adopted subsequently

by all botanists. The name given to this pine by Linnanis in 175.3 has- never been changed. In

17S9 Aitan established a variety, P. Tada var. temtifol'm (Hort. Kew., Ill, 3G8), which, however,

has not received recognition.

BOTANICAL DESCRIPTION AND MORPHOLOGY.

Leaves three in the close, clougateil sheath, 6 to 9 inches long, slender, stiff, rigidly pointed, channeled, and
strongly keeled on the upper side, of a pale green color; couos nearly sessile, single, in twos or threes, ronndish-ovato

or ovate-oblong, aliont 3 inches long, with the scales hard and woody, the pyramidal aiiophysis with a strong,

recurved prickle; seeds small, their wing an inch or over long.

This Species is easily distinguished from its most frequent associates—the Longleaf and Short-

leaf Pine—by its slightly glaucous foliage at all seasons, and by its more slender and almost

smooth terminal buds; from the former and from the latter by the more robust shoots and buds;

and from both the species named, and also from the Cuban Pine, by its characteristic cones.

ROOT, STEM, AND BRANCH SYSTEM.

The stout taproot of this pine is assisted by powerful laterals which divide into numerous

branches and descend into the soil, usually at a short distance from the trunk ; but where a hard,

compact subsoil is encountered they are often seen to run for a greater or less distance near the

surface. In the localities most favorable to its growth, the massive trunk of the Loblolly Pine is in

its dimensions not surpassed by any other pine of the Atlantic forest region. In such cases tlie

tree attains a height of 120 to 150 feet and over, with a diameter of from 1 to 5 feet breast high,

and with the trunk clear of limbs for a length of from CO to 80 feet.

' The Forests, Forest Lands, and Forest Products of Eastern North Carolina, by W. W. Ashe. Bulletin 5 of the

Geological Survey of North Carolina, 1895.

'•' Engelmann's revision of the genus Piuus. Transactions of the St. Louis Academy of Sciences, 'vol. iv, p. 177.

'Pluckenet: Amalges turn hotanieum. London, 1(596.

*Linn:eus: Species plantarum, 1000, 1753.
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EXPLANATION OF PLATE XL\.

[Figures natural size, except when otherwiae uoted.]

V'lg. n, branch iMuiini; iiuili- intlorescenoe; 6, youii}; fascicle of leaves (spring); <•, il, foiiiis of matnre leaves; e,

transvirsi^ srction of liaf liundlc! sliowiiij; .structural characters of the leaf (as cxplainiMl for I'iiiux ediiiinta. /, /);

magnilicU 20 diameters.

XU
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Such trees, however, have at no time been plentiful and at i)resent are rarely met. In its

average growth the diameter of the trunk, breast high, measures from 20 to 24 inches, and the
height fioni 95 to 110 feet. In wet places, somewhat distended at its base, tlie trunk tapers very

gradually to the crown, which covers from one-third to one half of its height. The lowest limbs

are horizontally spreading, and toward tlie upper part of the tree they become gradually more erect.

The largest limbs are rarely found over 20 feet in length. The primary branches dividing in a

regular order of ramification into numerous branches and branchlcts, the crown becomes full and
compact toward the top. The bark of the full grow7i tree is, in the lower part of trunk, from 1 to

U inches thick, generally rough, of a grayish color, becoming smoother, llaky, and reddish browu
as the tree grows older.

LEAVES.

The leaves are united, to the number of three, in a smooth, close sheath, which in the young
foliage is about 1 inch long and in the next season scarcely half that length. (PI. XIX, c, h, d.)

In the bushy growth of less than ten years the leaves are scarcely 5 inches in length, resem-

bling closely the foliage of the Shortleaf Pine of equal age. Prof. L. Ward notes this resemblance

as a singular fact, which, as he very pointedly remarks, has the effect of obscuring the gradual

appearance of this species among the young growth of the Shortleaf Pine.' In the following

years tlie leaves are from 7 to 9 inches long, less densely crowded on the slender branches than in

the Longleaf and Cuban Pine, and persisting to the third year; the foliage is of a more open spray.

The leaves are stiff, slightly twisted, roughish on the finely serrulated edges and the prominent
midrib, channeled on the upper side, abruptly tipped by a rigid, sharp point (PL XIX, c, <l), and
of a pale green color. They are scarcely one-sixteenth of an inch wide, about half as thick, and
present in the cross section on the dorsal side a convex and on the ventral side a strongly trian-

gular outline. Examined under the microscope they show on both surfaces from 10 to 12 rows

of rather large breathing pores (stomata), alternating with rows of numerous hypodermal or

strengthening cells, in several layers. The cells of the bundle sheath are thin walled; the fibro-

vascular bundles are, on their ventral side, surrounded by a single row of small strengthening

cells. The rather large resinous ducts, from 3 to ."> in number, are peripheral, and placed irregu-

larly mostly about the angles (PI. XIX, e) ; sometimes smaller ducts are observed close to the

bundle sheath.
FLORAL ORGANS.

The staminate flowers are crowded, from 18 to 20 in nirmber, below the apex of the youngest

shoot. (PI. XIX, ft.) They are from three-fourths to one inch long, of sulphur-yellow color, and

surrounded at the base by from 8 to 10 ovate to lanceolate, leathery, involucral scales; the

lowest pair is much shorter than the others and strongly keeled; those of the uppermost row are

longest, narrow, lanceolate, and retiexed. The anthers are crowned with an erect orbicular crest.

After the discharge of the pollen the flowers are gradually shed. The pistillate flowers form an

oblong, erect catkin, borne on a short stalk, singly, in pairs, sometimes 3 to 4, below the apex

of the shoot (PI. XX, a) of the season, which by the time of blooming has already reached a

length of several inches and is covered with the well-advanced leaf buds. Including their stipe,

the female aments are about one-half to three-fourths of an inch long, surrounded by from 15 to

20 iiivolucral scales similar to those of the staminate flower. The carpellary scales are ovate,

lanceolate, tapering to a sharp, erect, and somewhat reflexed and twisted point. The small bracts

subtending the scales are orbicular, scarcely covering their base.

The flowers open, in the coast region of the lower Southern States, about the second week of

March (Mobile, Ala., March 15 to 20), and in the interior from four to five weeks later (Cullman,

Ala., April 25).

Immediately after pollination the female catkins increase rapidly in size; before ten days have

passed the carpellary scales have doubled in size, and their tips become stiflrty erect, the bracts

having remained stationary in their growth, and the fertile shoots having grown to the length of

8 inches and over. This period passed, the growth of the conelets during the rest of the season

l)roceeds very slowly.

' L. Ward : Botanical Gazette, February, 1886.



EXPLANATION OK I'LATE XX.

Fig. <i, brancli bearing two subterminal amenta of fiMii.ile (lowers at i-uil of shoot of the season: 6, inimatiiro

rone of one season's growth; c, mature flosed coiio of two si'.Tsons' growth: d, uiatiirc open eouc aitir slieilding

seed; e, cone scale, outer or ilorsal side, showing the broad umboiiate apopliyKis cud with its sharp transverse

ridges :ind the s'ont reflexed prickle; /, inner or ventral view of the same with the seed in place; g, seed and wing

detached.
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PiNus T^DA: Female Flowers, Cone, and Seed.
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At the begiiiuing of tlie second season the immature coues are scarcely one half inch wide and

less than an inch long (PI. XX, b), and from that time on increase in size and by the following

October have reached their inatnrity. The ripe cones are lateral, almost sessile, broadly conical or

ovate in shape, rarely over -i inches in length (PI. XX, c, il), when fully opened 1 i to 2 inches wide,

and of a light wood-brow)! color. The pyramidal, swelled, exposed ends (ajjophyses) of the hard,

woody scales with a sharp transversal ridge are armed with a stont, straight, or slightly reflexed

l)rickle. (PI. XX, e.) Having reached their maturity, the (;ones open slowly, the seeds being grad-

ually discharged during the fall and winter seasons. The cones are apt to remain on the tree till

the end of another year, and when they linally separate from the branch by the breaking loose of

their very short stalk, leave none of their basal scales Ijehind. The seeds are irregularly truncate

or rhomboid in outline, iiitlated, sharp-edged, with two to three more or less distinct ridges, rough-

ish, dark brown to almost black, and surrounded to the base by the narrow border of their delicate

wing (PL XX, g,/), which is over an inch long and from one-fourth to one-eighth of an inch wide.

THE WOOD.

Among the i^ines of the southern Atlantic forests noted for their economic importance the

Loblolly is held least in value as a timber tree. This opinion is chiefly founded on the lesser

durability of its wood, being more sjjeedily given to decay under the combined influences of

dampness and air, and also on the supposition of its being of less strength than the other pine

timbers. There is scarcely a timber tree existing that shows wider difi'erences in the quality

and value of the timber. This is strikingly demonstrated when the timber of a tree of full

average growth, grown on land broken by the plow, is compared with the timber of a tree in its

highest perfection taken from the ])rimeval forest. In the former case the wood is crossgrained,

sai)py, and quick to decay. In the latter it is finer grained, resinous, has less sapwood, and

approaches the timber of the Longleaf Pine.

In general, the well-marked, lighter-colored sapwood is quite broad, and usually about -t inches,

frequently 6 inches and more. It is wider in young, tlirifty trees, narrower in old and stunted or

slow-grown timber; forms about 60 to 70 per cent of the total volume of stems over one hundred

years of age, and SO to 90 per cent of trees sixty to one hundred years old. The formation of

heartwood does not begin before the age of twenty-five, the process being retarded as the tree, or

better the jiarticular part of the stem, grows older, so that while the innermost sapwood in a log

or disk with twenty-six rings is twenty-flve years old, the innermost sap ring is thirty-five years

old when the log attains the age of forty-tive; it is forty five years old when the log is sixty-five,

and about seventy or even more years old when the log reaches the age of one hundred and fifty

or two hundred. It follows that the sapwood is formed of fewer rings in young trees and in the

upper part of older stems, but owing to the greater rapidity of growth in these parts the width of

the sapwood does not always follow this same law. Since neither width of the ring, nor that of

the denser summerwood, the thickness of the cell walls, nor any other important structural feature

is changed when the wood of any ring changes from sap to heart wood, the prevalent notions

of sapwood being necessarily either coarse or fine grained, light, and weak, are erroneous. The

sapwood of a young, well-grown tree is coarse-grained, heavy, and strong; that of an old tree is

fine-grained, light, and weak. Since durability on exposure is not to be expected of the sapwood

of any pine, the prejudices against the sapwood, and therefore all young timber of this particular

kind, are unwarranted. With proper treatment, it will serve all purposes for which any pine wood

of its grain and weight can be employed.

Owing to the great amount of water soaked sapwood the weight of green Loblolly timber is

very great, varying chiefly between 50 and 55 pounds to the cubic foot, with the sapwood com-

monly approaching (50 pounds to the cubic foot. Kiln-dried, the wood of the entire trunk of trees

one hundred to one hundred and fifty years old weighs about .'?.'$ pounds per cubic foot. In such

trees the wood of the log 50 feet from the ground is about 20 per cent lighter (and weaker) than

that of the butt log, and the wood next to the bark in the butt log is 15 to 20 per cent lighter than

the wood of the inner fifty to sixty rings.

In strength the wood of the Loblolly varies chiefly with weight (the same degree of seasoning

always presumed), and keeping this in mind, compares favorably with that of any other conifer.
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For well seasoned wood, the followiiifj figures represent tlic avcriige of linndnuls of tests on

Bi)ecinieus specially collected for tbis jturpose:
LbH. per Bq. inch.

MoiliiIiiH of ilastirity 1 . 050, 000

Transverse .streiifjth 10, IflO

Coiiipre.sKiciii endwise (i, 500

.Sliiarinj; witli the liber (i!IO

Since tlu' average weight of tin- test i)i('c,cs was 4(1 iiomids per ctihic foot, being liea\ifr than

the average weight of tlie wood, these liguies must he taken about one sl.xtii lower than giscn

above to represent the true average for the wood of the 8i>ecles.

Like the wood of most conifers, that of Loblolly dries easily and rapidly. In doing so the

green lumber loses a large amount of water, dcix-iulcnt cliicily on the ])ro))ottii>n of sapwood.

Though (juite variable, the water in fresh sapwood commonly forms .">() toOO percent of the weight,

while in heartwood it little exceeds 25 per cent.

The shrinkage coiisecpieiit on di'ying amounts to 11 to 12 per ecMit of the volumes; is greater in

tlie lumljer of the butt than in that fnun the toi) logs, varying in this respect from I.'l per rent at

the butt to about 10 per cent in tlu^ top, a ditl'erenee wliiili appears due to the dill'erence in the

weight of the wood of the difl'ei'ent sections. As in othei' pine, about twothii'ds or sevi^n-eights

per cent of this shrinkag(! falls to the tangent (i.e., is along the rings) and about 1 to ~> per cent

to the radius.

In kilndrying, the wood may be taken fre.sh from the saw and behaves exti-emely well, suffering

no great injury, a- fact which has greatly eidianced its value by facilitating its exploitation.

For the details of wood structure, consult the comjiarative study by Mr. Eoth appended to

these monographs.

PROGRESS OF DEVELOPMENT.

The croi)s of seed are produced quite abundantly every year and co])iously disitersed over the

vicinity of the mother trees by the wind, the ottspriiig (juickly taking possession of old fields ;ind

clearings in the forest.

Tiie seeds germiinite in the early spring. The (mds of the cotyledons remain for a short time

after gernunation inclosed in the endosi)crm. I'lie 7iuurber of the germinal leaves (cotyledons) is

mostly six, rarely seven. At the time of the unfolding of the cotyledons tiie lower (hypocotyle-

donary) part of the axis of the plant is about 1 inch in length. The rootlets are half that length,

and are jnovided with several acropetal secondary rootlets. The caulich^ grows rapidly, and is

soon covered witii the stilf, needle shaped, and strongly serrulati^l primary leaves. Del'ore the

spring season has passed the bundles of secondary or foliage leaves make their ai)i)eaiance in

the axils of the forniei-. At the close of the summer season the ])Iantlet has attained a i)eight of

from G to S imdies, the npfier part of the stem coveied with foliage leaves, the acerose primary

leaves of the lower part having completely withered. In examining a large niind)er of young
plants never less than three leaves in a bundle have been found during this or any subse(|uent

stageof the growth. With the second year the i)rinniry leaves have all become reiluced to tlie

ordimiry form of the leaf bract—lanceolate, acuminate, with fimbriate white hyaline edges and tips.

In all the specimens eAannned it was found that the growth of the main axis ]>roceeded l(;ss

rapidly during the second session, but produced a regular whorl of from three to foui- lateral axes.

At the close of the .second year the main stem rarely exceeds 10 inches in height.

At the end of their third year the i)lants are from IS to L'O inches high, the stem being from

one-fourth to five-.sixteenths of an inch in thickness. The branches, forming regular whorls, are

erect and ])rodnce in their turn whorls of secondary order. The root system shows a correspond-

ing increase, the taproot being from G to 8 inches long, with numerous stout lateral roots.

RATE OF GROWTH.

With the fourth year the Loblolly I'iiie enters seemingly u])on the period of (piickest growth.

As ascertained by many measurements, the trees at the eml of their fourth year average .5 feet in

height and from one-half to seven-eighths of an inch in diameter, and at the end of the tilth year

measure nearly ."> feet and from 1 to LJ inches in diameter. At the beginning of the .seventh year
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tlie tree attains a lieiglit of 10 feet, and with the close of the fir.st decade trees are found 12 to IC

feet high and from 3} to 3 inches in diameter. Some trees begin to mature their first cones by the

tenth year.

The above measurements were made in 1890 in tlic vic'iiiity of Culhnan, Ala., on trees taken

indiscriminately from the midst and near the border of a dense pine thicket covering a field plowed

for the last time in 18S2, and from an adjoining opening in the forest protected from fire and but

rarely used for pasture.

According to a number of measurements made of trees in the southern Atlantic States, the

Gulf region, and southern Arkansas, the Loblolly Pine reaches at the tenth year, on the average,

a height of 20 feet, doubling this height during the succeeding decade. During this period of

quickest growth the increase in height proceeds at the rate of 2 feet per annum, and trees twenty

years old average -ii inches in diameter breast high. At the age of fifty years the trees are from

05 to 75 feet in height (average about 70 feet) and 15 inches in diameter breast high. The annual

increase for this period of thirty years is about 1 fi)ot in height and 0..35 inch in diameter. From
numerous observations it appears that the Loblolly Pine attains the fullness of its growth at the

age of one hundred years, with a height, on the average, of 110 feet and a diameter breast high

of 2 feet, the length of merchantable timber varying between 50 and 00 feet. The annual rate of

height growth during the second half century is about eight-tenths of a foot, and the diameter

growth eighteen one-hundredths of an inch. Henceforth the growth in height remains almost

stationary. A dozen trees from one hundred to one hundred and fifty years old were found to

vary from 99 to 125 feet in height, with a length of trunk free from limbs of from GO to 08 feet and

from 19 to 27 inches in diameter at breast height.

From the annexed tabulated records of growth it becomes evident that under similar conditions

of soil and exposure the rate of increase for the various stages of growth show but slight differences

in localities widely distant from each other.

Table I.

—

Growth from fire to Jifti/ yenm.

No. of tree.
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Tahi.e II.

—

(Iroirlh of I.ohlolhj I'iur ( /'iiiiis tiidn
) J'rnm fij'tij In one hundred and fifty-nix yearg.
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Table 111.

—

lUite of iiroicth of I.nhhiUij I'inc.

Age.

Trs.
10
20
30
40
50
CO
70
80
90

100
110
120

Diuiiitjtt'T'

''/breast" "l'l'«''"-

'"gl")- Sinchea.

Length of
lo;; witli

Inches.
3.4
5.6
7.8
10.0
11.8
13.3
15.5
17.1
18.7
19.5
20.2
20.7

Feet.

Toliil

height of
tree.

Feet.
18
37
50
CI
70
78
85
90
95
98

luo
102

Volume.

Tree.

Cu. ft.
o.eo
3.05
8.72

16. 63
25. 30
35.65
49.02
02.44
78.02
89.41
96.00

102. 00

Cm. /(.

7.49
15. 45
24. 12

34. 47
47.88
61.44
77.10
88. ri9

95. 23
101. 23

Periodical accretion or growtlt per decade.

Decade.

First
Second . .

.

Third
Fourth ...

Fifth
Sixth
Seventh ..

Eiglith ...

Ninth
Tenth
Eleventh .

Twelfth ..

Diameter.
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Inllows c|iiitv rloscly the isotlierinal lino of "jCP F.; westward, in tlie. (liioction of tlic dull' Coast,

tin- isotlierinal line of (lO-'. Tiic mean t (Mil perat lire of the winter aloiifi the northern limit is about

45°, with tile lowest temperature only occasioually fallinj; below 10"' F, This tree aiiproaehes

the Apiialaihian zone only under the iiiHuciice of a ])eninsular eliiiie between the Delaware and

Clhesapeake bays.

The Lobhilly appears to be inditferent to the wide dilferenees in the amount of atmospheric

precipitation existin-,' within tlie vast ran{?e of its distribution. Kxteuding from Florida (isotherm.

74=) to the .'5!P of north latitude on the Atlantic Coast (isotherm. 5G0), it is fouLd of C(iual thrift

on the Gulf shore, with its damp air and annual rainfall execedin;; <il inches, and in the flat woods

of Texas, wliere the mean annual precipitation is only one half that amount, with a mean of

inches durin^j the winter mouths. In fact, the Loblolly I'iue is found most frequently and is more

widely distributed in the districts of lesser i)ieci[)itati(>ii. It is certainly more dependent on the

supplies of soil moisture than upon atmospheric humidity.

]!EI-ATH)N TO LIGHT AND ASSOCIATED SPECIES.

This species is less exacting,' in its demands for direct siinlij;lit than the kindred sjiecies witliin

its raufje. To this relation may be ascribed the success which it achieves in the stnig};le for the

])<)Ssession of the soil with the Shortleaf Pine. Observing this contest as it is going on between

the conipetinjr siiccies in the forest, the conditions of the soil bcin<,^ equally favoiable, the Loblolly

rine. uiuler the cover of shade, outstrips the Shortleaf Fine under the same cnnditions; and, on

the other hand, where the sunlight has had unhindered access, it gives way to its competitor,

being then sulijected to the disadvantage resulting from a speedier desiccation of the soil.

Through siieh iiiHuences it is that, under conditions seemingly equally favorable to cither one of

these pines, now the one and now the other is found to predominate.

In the deep forests covering the rich swampy lands of the coast regions, the Loblolly Pine

forms comparatively a small part ot the rich and varied growth consisting chielly of deciduous

trees, Black Gum, Sweet or Red Gum,^Vater Oak, and Moekcrnut.to which in the lower South the

Magnolia, Sweet Bay, Bed Bay, and Cuban Pine are to be added. Although rei|niring less sunlight

than most pines, in the gloomy impenetrable shade of these dense forests the jirogeny of the

Loblolly Pine has no future, especially as these lands once cleared are devoted to tillage, being of

great agricultural value.

On the lands of a poorer, more exposed soil in the maritime plain of the southern Atlantic

States, in Virginia and North Carolina, and in southwestern Texas, this pine forms more or less

comj)act Ibrests. In these forests the tree is always succeeded by its own progeny, either in the

cour.se of nature or after the artificial removal of the original forest growth. On the coast of

Georgia, in Florida, and in the coast ])lain of the eastern Gulf States, the Loblolly IMiie is scattered

am(mg the Cuban and the Longleaf Pine; there its second growth meets a formidable competitor

in the first named ol these species. In the flat woods, deprived of drainage, the Cuban Pine is

always found to vastly outnumber the Loblolly among the young forest growth. In the upper part

of tlie great maritime pine belt the Loblolly Pine is frei|uently found among the mixed growth of

JIagnolia, Spanish, Bed, Post, and Blackjack oaks, Mockernut and Pignut Hickory, Shortleaf

Pine, and Southern Spruce Pine. Throughout this region the tree takes almost undisimted

possession of the old lields.

In the interior, on the uplands of oaks and Shortleaf Pine, the Loblolly is sure to gain the

upper hand and to retain its hold among the young forest growth, giving way to its most aggressive

competitor, the Slnjrtlcaf Pine, only when under the disadvantage of a greater exposure and a

greater lack of moisture in the soil.

ENEMIES.

Principally conlined to low, ilamp localities, not easily liable to invasion by tlie frecpient

contlagratioiis which scour the Southern pine forests, the Loblolly Pine sulVers less from destruction

by fire than any other s])ecies. In virtue of the inherent facilities for its natural renewal resulting

from its fecundity and from the ra|)idity of its devehqunent IVom the earliest stages of growth,

any damages iullicted by that agency are more easily repaired. The .same causes atibrd it also
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greater proteetiou against iuciirsious of live stock. As also observed in the Sliortleaf Pine, tlie

rapidly growing seedlings form, after a few years, thickets of such den.sity as to be avoided by
tlie larger quailrni)eds, and by the time sn(^h tliickets, in the course of natural tiiinning out

have become more open, the trees have reached diiiieusions whicii place them beycmd the danger
of being tramped down or otherwise injured by live stock. The rapid spread and thrift of the
second growth, uniu'otected and uucared for, observed everywhere within the range of the

distribution of this i)ine, are witnesses to its greater immunity from such dangers.

Owing to the large amount of sapwood, the timber of the Loblolly is more liable to the attacks

of fungi and to the ravages of insects. The mycelium (spawn) of large polyporous fungi is found
frequently infesting the woody tissue of the living tree, the hypha- (lilaments) of the spawn
destroying the walls of the wood cells, causing the wood to assume a reddish color and rendering

it brittle in the same way as is observed in the living Longleaf Pine timber affected with the disease

called "red heart." It seims that the destruction caused by this disease in the Loblolly Pine is

from the start more rapid in consequence of the larger proportions of sapwood, and perhaps also

on account of the broader bands of soft springwood naturally accompanying wood of rapid growth.

Li a x)iece of wood examined in north Alabama, the lilaments of the si>awn of one of these

fungi crossing each other in every direction were found to form a dense tilm interi)osed between
the spring and summer wood, causing its easy separation in the direction of the concentric rings,

and, as the destruction of the wood j)roceeds, forming finally a compact hiyer of the nature of

amadou, or tinder. In the longitudinal section the rays were found full of ca\ities, caused by the

breaking down of the cell walls, and these cavities were filled with the white film of these

filaments, which similarly affected the adjoining tracheids of the resinous summerwood.
The felled timber left on the ground is soon infested by a host of fungi of the genera

Afjariciif!, Traniitrs, Lentinux, J'olyporus, and others, the nearer identification of which has not

been undertaken.

From the very limited observations that have been made it clearly appears that this pine

suffers ecjually as much, if not more than the other pines of Southern growth from insect enemies

of various kinds. The larvre of the same Capricorn beetles [Ceramhicuhi) burrow in the body of

the timber. Those of the round-headed borers [CaJeophnra) dig their channels in the sapwood,
as is indicated by the occurrence of several species of jumping beetles (Jhiprestiihr) whicli are

found clinging to the leaves and branches of this tree. The most fatal injury it sustains is caused
by the liark borers (Tomicid<v); this pest i)articularly affecting the trees during the formation of

the last cambium layer in the later summer months. Trees felled in August are immediately
infested by multitudes of these destroyers. Favored by a high temperature and an abundance
of nourishment, several generations of them succeed each other before the close of the season,

the countless broods soon infesting every tree in the vicinity and carrying their work of destruc-

tion over the full expanse of the young forest growth. Under this afHiction the forests often

present, by their drooping rusty-colored foliage, a sad picture of disease and decay. ^Veevils

(Gurculionkhvu) deposit their eggs in the youngest tender shoots; the larva' whicli hatch from
them eat their way into these shoots, causing their decay, and thus destroy the symmetry of the

tree and impair the usefulness of the resulting timber. Other species of the same family puncture

the older branches, lay their eggs in tho exuded resin, their larva' injuring the tree in a similar

way. The larviie of spittle insects injure the terminal buds, whicii are also found infested by the

larvae of Pitch-moths [lleilniw), causing them to wither. The foliage seems to be less frequently

attacked by sawflies {Laphyrus) than the tender young leaves of the Longleaf Pine, as by the

rapidity of their growth the young leaves sooner harden, and are therefore less relished by these

depredators. The evidences of the work of the pine-leaf miners (caterpillar of Gihrhid) have
been freequently observed in Alabama, and everywhere are seen the deformities caused by gall

flies and scale insects.

NATURAL REPRODUCTION.

If the Shortleaf Pine has been spoken of emphatically as the future timber tree of the light

rolling uplands of the interior, the Loblolly Pine might be fitly designated as the timber tree of

greatest promise in a large part of the coast i)lain from the middle Atlantic States to the limits of

compact forest growth beyond the Mississippi River. The promptness with which it colonizes the
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old lU'lds and otlicr clcarint^s, and the tenacity witli whicli it retains from one fieiiciaf ion to anotlicr

tlieyioiuid oiue taken possession of, (dearly point to the important part tiiis tree is to take when the

rutliless stripping of timlicr lauds practiced at present gives place to tbe inaiiageniunt of tlic forests

under a system of fosterinj; care, tending to their future maintenance and to the dis|)osal of their

resources on the principle of true economy with an eye to the future welfare of the country.

No timber tree will be found better adapted for forest planting in the southern i)art of the

Atlantic forest division. It is only in the narrow belt of flat woods along the shores of Florida,

(Jeorgia, and the eastern Gulf region that it is likely to lind its sujx'rior in the (Jui)an I'ine ( I'iniis

hi'tcrophyllu).

Besides the advantages of adaptability to varied soil and climate, it excels in raiiidity of

growth (luring the earliest stages, and the copious production of s(?e(ls, which, almost without fail,

are plentifully distributed every year over the vicinity of the parent trees. As an evidence of the

facility with which the rejiroduction of a compact forest by this pine is effected, it is only necessary

to point out the s|)ontane()us groves near the settlements, representing, as they do, every stage of

development.

lu the coast region the second growth, if not interfered with under proper soil conditions,

yields in fifty to sixty years timber of dimensions rendering it fit to be sawn into lumber well

adapted for various uses, as already mentioned.

CONCLUSION.

In this attempt at a sketch of the life history of this tree, the object was constantly kept in

view of placing its value among the products of the Southern forests in the proper light. From
the consideration of the structure of the wood and its pliysical properties it clearly a|)pears that

although inferior to the wood of the Longleaf and Cuban pines, the timber of this species fully

e(iuals that of Shortleaf Tine, and that the i)reseiit ])ractice of treating them as equivalent seems

therefore justitied.

As an abundant and cheap source of timber of inferior grades, and especially when the

rapidity of its growth is considered, the Loblolly i'ine is of no less economic im])ortance than the

other timber trees of the same section. At lueseut held in low esteem in the great lumbering

districts of the lower South, where the supplies of the superior timber of the Longleaf I'ine still

abound and receive the preference, the value of the timber of the Loblolly Pine is (juickly recog-

nized in other districts which, but a short while ago boasting of similar lesources, are now stripped

of them. Its physiological peculiarities make it an im])ortant factor in the future forestry of this

section. Its propagation is successful over a vast expanse in the southern section of the Atlantic

forest region, aiul by its productive cai)acities, mode of development, and behavior toward com-

peting species in the struggle for existence, the Loblolly Pine possesses great ail vantages for its

natural and artificial renewal, adapting it particularly for the restoration of the forests on the

lowlands of the maritime region.
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THE SFTiUCK l^INK.

{I'inua glahra Walt.)

Synonyms: Pinna i/lahra Walter, Fl. CaroHniana, 237 (1788).

/'i.iis milis ,1 (?) paiipera Wood, C'l. Book, ed. il, 660 (1855).

COMMON OR LOCAL NAMES.

Spruce Pine (S. C, Ala., Kla.). Walter's Pine (S. C).

Cedar Piiie (Miss.). Lowland .Spruce Pine CFla.).

White Pine (Kla.). Poor Pine (l"la.).
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THE SPRUCE PINE.

By Charles Mohr, Ph. D.

INTEODTJCTOKY.

The Spruce Pine is the least common of the pines found in the lower Southern States. The
tree is frequently confounded by the inhabitants with the Shortleaf Pine, to which it is closely

related. Its vernacular names are, in different sections of its range, applied to several other pines;

in Florida to the Sand Pine (Piimx claHsa), in north Alabama to the Scrub Pine (I'iuus i-irgiHuimt),

and in the southern jjart of this State even to the Cuban Pine. Although never forming extensive

bodies of timber, being for the most part widely scattered among the broadleaf evergi-eens and
deciduous trees with which it is associated, and in the quality of its wood of low rank, this little

known tree has been given a place here among the monographs of the timber pines of the South

Atlantic forest region in order to dispel for the future its confusion with some of these trees, and

at the same time to attract the attention of the tree planter to it as the only one of its kind which

thrives and propagates in the shade, keeping its ground closely surrounded by the luxuriant and

varied tree growth with which it is associated, and soon outstripping the same by the rapidity of

its growth. Considering that among all others of its kind in the same region it attains the fullness

of its growtli in the shortest time, with dimensions which render it valuable for many of the pur-

poses for which the softer and lighter kinds of timber are used, its economic imijortance can not

be ignored.
HISTORICAL.

The Spruce Pine was first recognized as a distinct species and described as Pinus glabra by

Walter, in his Flora Carolinensis in 1788, having since that time been known under this name
by the botanists. Hidden in the remote semiswampy dense forests, it escaped the attention of

later botanists. Neither the Michauxs, father and son, nor Nuttall were aware of its existence.

It was unknown for fully three-fourths of a century until rediscovered by Professor Eavenel in

the swamps of Berkeley County, S. C. Ten years later the tree was described in Chapman's Flora,

1860. It was recognized by Professor Hilgard in the Pearl River Valley, Mississippi. In 1880 its

distribution was traced by the writer through the Gulf region to its western limit in the eastern

parishes of Louisiana.
DISTRIBUTION.

The Spruce Pine is a tree of the southeastern Atlantic forest, confined to the subtropical

region or the Louisianiau zone of American botanists, within that part of the coastal plain of the

southern Atlantic and the Gulf States embraced between the thirty-first and thirty-third degrees

of north latitude; from South Carolina through middle and northwestern Florida to Louisiana,

with its western limit between the Pearl and Mississippi rivers. Tliis tree is mostly found single

or in groups on the low terraces with a fresh or damp soil rich in humus, rising above the swami)s

subject to frequent overflow. It is seldom seen to form compact bodies of timber; such have only

been observed between the Chattahoochee and Choctawhatchee rivers, in northwestern Florida,

where, to all appearances, this tree finds its best development on isolated tracts of fertile red loam

lands.
ECONOMIC IMPORTANCE.

Nowhere forming pure forests of any extent, this pine is of little importance to the lumlicring

interests of the present, and its timber has never become an article of commerce. Although ti)e

timber is of inferior quality, it farmishes lumber of dimeusious eciualiug the best of our timber
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I)ines. It is liglit, soft, easily worked, ami (ai)abli' ol' jioud liiiish, and is witliout doubt lit for

many uses of the house cari>enter aud cabinet makei- in tlie manufacture of furniture and other

purposes. Owing to tlie large percentage of ash and snialli'r (piantity of resinous matter, the

actual fuel value of the wood of the Sprucre Pine is lower than that of the other Southern pines;

for its resinous product the tree is considered of no value, since the resin does not run when it

is tapped.'

In its wood the Spruce Pine resembles Loblolly. Tiie sapwood is wide, and even in trees

seventy-five to eighty years old it forms more than three-fourths of all the wood. The change

from sap to heart wood begins as early as in the ])iiies mentioned, and as in these is retarded with

age and also with any snpi)ression of growth, so that iTi stunted young trees the change begins

later, and the sapwood of these, as well as old trees, is always composed of a greater number of

rings. While green, the wood is very heavy, weighing {> to .^O ])onnds jier cubic foot, varying in

this respect ehietly with the proportion of sapwood. When kihidried, the wood weighs about 27

pounds to the cubic foot; it is heavier at the butt, weighing about 31 pounds to the cubic foot,

and lightest near the top, where its weight falls as low as 2.5 pounds to the cubic foot. As in

other j)ines, the heaviest wood is produced by young trees. The amount of water contained in the

IVesh wood is quite variable—very great in the sapwood, and conseciuently in young timber—but

falls little below 50 per cent of the weight of green timber on the whole. Its behavior in drying

is the same as in liglit grades of Loblolly; it dries rai>idly and without miudi injury, shrinking

during this jjroeess, by about 10 per cent of its volume.

The strength of this wood is, as in other conifers, closely related to its weight. Accordingly,

the Spruce Pine is inferior to both Shortleaf aud Loblolly.

From careful experiment it ai>pears that its

—

Lba. i>er sq. im^h.

Modulus of eliisticity is about 900,000

Tiaiisverso strength G, 000

Coiiipression endwise I.OCK)

In its structure the wood resembles too closely that of the Loblolly to enable as yet any

identilicatiou ou this feature, aud tlie description for the wood of the Lolilolly answers perfectly for

the product of this species. As in Loblolly and other hard ])ines, summerwood and springwood

are always well defined, the summerwood forming from 1.") up to 40 per cent of the total V(dume?

ditl'eriug in this respect from the White I'ine which it has been claimed to resend)le. Thus while

decidedly softer on the whole than Loblolly it is by no means to be expected that the Spruce Pine

can hope to serve as a general substitute for the true White Pine.

BOTANICAL DESCRIPTION.

Leaves invariably in ]iairs, with short and close sheath; soft, slender, li to .3 inches long,

twi.sted; cones short-stalked, horizontal or retlexed, tli<! cone scales with a tiat apopiiysis, the

depressed uudio unarmed or with a minute weak erect prickle.

The Spruce Pine is readily distinguished by the close bark of its trunk which in the crown aud

the limbs is ])erfectly smooth and of a light gray color; in foliage and in cones it resenildes most

closely the Sand Pine {Phius clnnsn) of the coast region of Florida and the eastern (iulf States,

which however is distinguished by the more prominent apophysis of the cone scales, armed with a

short, stout, retlexed prickle. The Shortleaf Pine, to which it is next related, is distinguished by
the same characters and further by the fascicles of two and three, leaves and the riuid young shoots

of the season covered with slender, long, loosely fimbriated bud scales.

The leaves are concave, faintly serrulate, short pointed, and are shed during the latter part

of the second season or the beginning of the third.

In the details of their structure they dill'cr little from the leaves of the Shortleaf Pine; tiic

rows of breathing pores (stomata) are numerous on both surfaces; the strengthening cells of the

cortical tissue are smaller and less numerous; the resin ducts, two or three, are parenchyma-

tous, the cells of the bundle sheath thin walled. The two fibro-vascular bundles distant and
without strengthening cells.

' RaTenel: Proceed, of Elliott Society, Charloston, 1, 53.
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The male flowers are lateral, sessile, and about one-half to three-fourths of au inch long)

slender, surrounded by five to six pairs of short ovate, rather obtuse stiff scales, with a narrow,

membranaceous lacerated border. The crest of the anther is ellii)tica], with line deiiticulations.

The small female aments are mostly single, short stalked, the car[)ellary scales lauceshaped with

slender tips and subtended by the short infertile bract.

The cones are mostly single with a short stalk and of various shapes on the same tree, from
round to oblong ovate or more or less cone-shaped, from 1 j to 2 inches long, and, on the opening
of the scales from three-fourths to one inch wide, of a light tawny color. The scales are softer

and more flexible than in the Shortleaf Pine, the apophysis broader, with the umbo dejiressed,

unarmed, or with a minute, weak, erect, and deciduous i)ric,kle, the ridge faint, hazel-brown on
the inside. The somewhat triangular roughish seeds, black with brown specks, about three-

sixteenths of an inch long and one-eighth inch wide, separating easily from the wing which is

little over one- half inch long and surrounds the seed to the base.

PROGRESS OF DEVELOPMENT.

The Spruce Pine begins to flower and to produce perfect seeds at an age of twelve to fifteen

years, in greatest abaudance between twenty and forty years; the flowers appear during the

earliest part of March; shortly after pollination the female aments assume a horizontal position,

and finally become more or less reflected. At the end of the first season the conelets are of the

size of a large pea. The cones mature in the second year in the month of September; the seeds

are freely shed early in the fall. They germinate during the fall and early in the coming spring;

the plautlets, with eight to ten slender, soft cotyledons, are over an inch long. The terminal bud
develops rapidly, densely covered with the slender, soft primary leaves which are sharp pointed

and frequently over an inch in length. Early in April seedlings are found over one-half toot Jong,

later in the season fascicles of the foliage leaves appear in the axils of the upper primary leaves,

when the lower wither and disappear near the end of the season. At this stage the seedlings are

generally a foot high with the root system less developed than in its kindred species at the same
age; the tapmot scarcely 2 inches in length with a few short lateral roots.

With the twentieth year the trees are generally from oO to 35 feet high and -i to 4i inches in

diameter, the stem clear of limbs for the length of about 12 feet. They attain their full growth
at an age of from sixty to seventy-five years.

The trees for the United States timber tests from the border of the swamps on the banks of

the Tensaw Eiver in Baldwin County, Ala., showed the following dimensions and age:

Mcasiirevients offive trees.

No. of tree.
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Tlie Spruce Tiin- attains a lieij!;lit of from S.") to 110 fi'ot and over; tlie trunk is clear of limbs

for a Icnyth of from 4.'» to <>(• fe<-t, and it is from J to 2A feet in diameter lireast liigli, seldom

exceeding 3 feet. The largest trees observed were about 120 feet in height by a guth of fully 10

feet breast liigli.

The taproot appears to be less strongly (leveloi)ed than in the Shortleaf, the lower lateral roots

run for a short distance close to the surface before penetrating the ground; the bark is close, with

deep, narrow furrows, separating in narrow thin scales and of a reddish brown color. The lindis

are horizontal, dividing in rectangular spreading branches and branchlets. The leaves also

become in the latter part of the season widely spreading, the density of the foliage being reen-

forced by the leaves of the short branchlets produced on the older branches from adventitious

buds. To this spreading habit of the ultimate division of the branches and of the leaves is due

the peculiar sjjray of the foliage, similar to that of the true cedars.

ENEMIES.

No observations have been made of the injuries inflicted upon this tree by insects. Trees,

after having j)assed the period of full growth, at the age of about KK) years are very frequently

alVected with decay in the stump and with redheart in the top. In the damp hummock lands the

tree is rarely touched by fire. Where the underbrush and the vegetable matter of the soil covering

lias been destroyed by repeated conflagrations, however, the trees begin to sicken and soon die.

REQUIREMENTS OF DEVELOPMENT.

The Spruce Pine requires the warm climate of the subtropical zone, with a mean annual

tem]ierature of about OfP F. and a mean temperature of 49° F. in the winter months (in centi'al

Alabama the thermometer falls sometimes to an extreme of S'^ F.), and the huinid atmosiihere of

the coastal plain, with a mean annual rainfall of 54 inches, evenly distributed throughout the year.

This tree will endure, durijig the early stages of its growth, more shade than any other of the

pines of the Atlantic forest region, perhaps the White Pine (I'iinis strolms) excepted, lietarded

in its growth under severe ojjpression, it will finally force its way through its close surroundings,

and having gained a freer access to light, it i)ushes its crown rapidly above the broad-leaved

evergreens ami deciduous trees which luxuriate on the same ground. It demands a loose soil,

rich in humus, fresh to moist but not wet, with a deep porous subsoil, which in these lands is

frequently a light, sandy loam.

The S])ruce Pine is never found in the fore.st of the alluvial bottoms with their heavy soil, sub-

ject to frequent overflow, nor in the ilry, sandy ]iine forests. Where it tinds the soil conditions

most favorable to its growth, Magnolias, Cucumber trees, Sweet Gum, Mockernut Hickory, and

Beech are found of greatest thrift, not infrequently associated with the Shortleaf and the Loblolly

pines. The undergrowth on such lands is luxuriant, consisting of Dogwood, Holly, Summer Haw,
and a variety of shrubs. Bush Huckleberries

(
\'acci)iiu>ii rinjatum), Farkleberries ( l'. urbonum),

Storax Bushes {Htyrax grandifol)mn)^GovT\?i\s [Cornus ser/cea), and Blue Palmetto, forming dense

brush interlaced by numerous woody climbers ( Vitis, Ampchijisix, Wintdria).

As has been obser\ed in northwestern Florida, where it (inds the proper soil conditions, the

second growth of this pine soon occupies the clearings made in the original forest. Tracts of young
forests of much ])romise have been met with l)etween the Ohoctawhatchee and Chattahoochee

rivers. The hummock land, forming the home of the Spruce Pine, being with the increase of the

population rapidly claimed for cultivation, this beautiful pine will soon be .solely confined to the

most remote and inaccessible localities. Meing the only really soft ])ine of the Southern States,

and having by its shade enduiance a peculiar forest value, this tree will probably form an
important part in the future, when forestry has become an established business.
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NOTES ON THE STRUCTURE OF THE WOOD OF THE FIVE SOUTHERN PINES.

(Pinua iialuatria, Iteterojyhylla, echinaia, iivda, ijlabra.)

By FiLIIiERT ROTII,

In charge of Timber Phijsics, Division of Forestry.

Tlie wood of tliese pines is so much alike in appearance and even in minute structure that it

can be discussed largely without distinction of species. The distinctions, as far as there are any
have been pointed out in the introduction. Here it is proposed to give in more detail the char-
acteristics of the wood structure.

SAP AND HEART WOOD.

All five species have a distinct sap and heartwood, the sap being light yellow to whitish the
heart yellowish to reddish or orange brown. The line of demarcation between tlie two is well
defined, without any visible transition stage. The location of this line does not as a rule coincide
with the line of any annual ring, so that the wood of the same year's growth may be sap on one
side of the tree and heart on the other. The diflerence in this condition may amount to ten or
twenty rings, which on one side of the same section will be heart, on the other side sap.

There is considerable variation in the relative width of the two zones as well as the number
of rings involved in either and also in the age at which the transition from saj) to heartwood
begins. This age was rarely found to be below twenty years; as a rule the transformation begins
in young trees when the particular section of the tree is between twenty and twenty-five years old,

but the progress of heart formation does not keep pace with the annual growth, being more and
more retarded as the tree grows older, so that while in a section twenty-five years old twenty-two
rings may be sapwood, at thirty-five years the sapwood will comprise only thirty rings ; at forty-five

years, forty rings; at eighty years, fifty rings; and in sections two hundred years old the outer
eighty to one hundred rings will still be sap. A young tree of Longleaf Pine (No. 22) was, for

instance, found to show the following relations

:

Section.



134 TIMBER PINES OF THE SOUTHERN UNITED STATES.

sapwood. The width of the sapwood, on the other hand, stands in rchitioii to the rate of growth

ill an opjxisite manner: it is wider in younrf and thrifty tlian in old and stunted trees, and widest

aloiif; Ilif greatest radius of any seetion ; similarly, it is wider in the faster growing Loblolly, Cuban,

and Spruee pines than in the slow growing Longleaf.

ISesides being of a lighter color the sapwood differs from the heartwood in several respects.

Its resin is limpid and oozes out of the pores or resin duets of any fresh eut; that of the heartwood

does not flow, except in rare cases, Iroiii saturated pieces or "light wood." The sapwood coiitaius

much less rosin—both rosin and turpentine—than the lieart wood. Thus in a .section of Longleaf

the sai>wood containeil only 0.2 per cent of turpentine and 1 per cent of rosin, while the heart

contained from 2 to 4 ])er cent of turpentine and 12 to 24 per cent of rosin, and though this is an

extreme case the heart generally has three to tive times as much resinous matter as the sap. The

fresh sapwood contains three to five times as much free water as the heartwood and is, even when
seasoned, moie hygroscopic and subject to relatively greater sliriiikage than the heart. This

capacity for taking up water readily is probably one of the reasons why sai)wood decays more

readily. In addition, the parenchyma cells of the medullary rays and resin ducts (see further on)

contain, at least in the outer parts of the sapwood. living ])roto])lasm and reserve food materials

which are readily seized upon by fiuigi wliicli cause ''bluing'" and decay. Such living tissue does

not exist in the heartwood. The heartwood in old logs generally is heavier than the sapwood.

This is not due to any later thickening or growth of its cell walls, after their original formation,

but is due chiefly to two causes:

1. The heartwood of old logs was formed when the tree was younger, and iiia<l(', naturally,

heavier wood.

2. The accumulation of resin in the heart already referred to increases often very considerably

the weight of the heartwood.

In the same way the sapwood of old logs, such as supjdy the sawmills, is weaker than the

heartwood of the same logs, but this is not because the wood is in the sapwood condition, but

because it is lighter and its summerwood per cent smaller, being, as stated before, the jiroduct of

old age when heavy and strong wood is no longer formed. Chemically the wood substance of

sapwood is jiractically like that of heartwood; the coloring substances which permeate the cell

walls in heartwood appear to be infiltrations, i. e., deposited in the walls from solutions; they are

insigniticant in amount, and their true nature, especially the i)rocesses leading to their formation,

are not yet fully understood. The most modern views which consider these coloring bodies or

heartwood substances as products of oxidation of tannin still reiiuire confirmation.

ANNUAL RINGS.

The layers of growth, known and appearing on any cross section as animal rings, show very

distinctly in the wood of these iiines. In a section 8 or 10 feet from the ground the rings are

widest at the center, of considerable width for the first thirty to fifty rings, the ])eriod of most rapid

growth in height: then they grow more and more narrow toward the periphery. In the last sixty

to one huiidrtid rings of very old logs the decrease is very small, the rings remaining practically of

the same width. The same year's growth is usually wider in the upper i)art of the stem, both in

young and old trees, but the average width of the rings is naturally greater in the upper part only

of young trees; in old and also in stunted trees it is smaller, since in these the upjier portions do

not share in the more rajiid growth of the early years.

Kings over half an inch wide are frequently seen in Loblolly and occur in Spruce Pine; rings

one-fourth of an inch in width occur in very thrifty sa[)lings of all five species, but the average

width of the rings for sapling timber is usually less than one fourth of an iiicii, cominonlv one-eighth.

In trees over one hundred years old it drops to one-twelfth of an inch and even below. The average

width of the rings is normally smallest in Longleaf Pine, being onctwenty-tifth of an inch and less.

(See al.so tables and diagrams of rate of growth in the introduction, as well as in the sevei-al

monogra]ihs.)

The intiuence of orientation on the width of the rings is completely obscured by other, more

potent influences, so that sometimes the radms on the north side, other times that of some other
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side, is the greatest; aud it is a coinmou observation to see this relation vary within wide limits,

even in the trunk of the same tree.

Stnnted trees of Longleuf Pine over one hundred years old with an average width of ring of

one-fiftieth of an inch are frecineiitly met with in old timber; of llie other species no such trees

were observed. The decrease of the width of tlie rings from center to periphery is never i)erfectly

uniform. Not only do conscenitive rings difl'er within considerable limits, but frequently zones of

narrower rings, including thirty or more years' growth, disturb the general regularity. Where
these zones consist of very narrow rings, one-tiftieth of an inch or less, the wood is of distinctly

lighter color and weight. Since the value of this class of wood depends not only on its strength

and stiffness but also on the fineness of its rings (grain), in so far as the grain infiuences both the

ai>pearance and the ease of shaping as well as other mechanical properties, the width of the annual

ring is of great importance, from a technical point of view, the liner- ringed (grained) wood of the

same weight always deserving and mostly receiving preference.

The rings of the limbs are narrower than the corresponding rings of the stem. Moreover,

they are usually of ditt'ereut widths on the np))er and lower side of the same branch, those of the

latter excelling in width those of the former. Frequently the wider lower part of a ring of a branch

appears like a "lune'' on the cross section, quite wide (one-eighth of an inch and more) in its lower

median part, and scarcely visible, often entirely fading out, on the upper side. This dift'erence is com-

monly accentuated by the appearance of the wood itself. In the upper'part the wood of the ring is

normal and light colored, owing to a very small snmmerwood per cent; on the lower wide part,

the " lune," the wood is commonly of reddish color, either even throughout the entire width of the

ring, or else in several varicolored bands, which give the appearance of two or more separate

ill-defined rings. Sometimes the earliest formed springwood is included in this unusual colora-

tion, at other times only the median portion of the ring. This " red wood,'' as it has been termed

by the French and German writers, is composed of very thick walled cells and increases markedly

the weight of the wood, so that the wood of the side containing it is usually much the heaviest.

It is of interest that the several "lunes" in any cross section occur rarely, if ever, exactly one

above the other, but commonly the radius passing through the middle of one "lune'" makes an

angle of 20 to 40 degrees with the radius ^jassing through the middle of another '-lune." Often

successive " lunes " show considerable deviation in position and commonly differ in width or degree

of development. Accepting the most re(;ent explanation of this phenomenon as expressed by
Hartig and Gieslar,' it would appear that the formation of these broad "lunes" of especially

strong cells is due to pressure-stimulus on the growing cambium, caused by tln' weight of the limb

and its peculiar position, increased at all times by movements of the limb due to the wind. ^lore-

over it seems that the formation of one well-developed ' lune" relieves for a time the i)ressure,

and with it the necessity for a repetition of this formation. These "lunes" are most conspicuous

in the limbs of these pines near the trunk, and disappear at variable distances from the trunk and
with them disappears tiie eccentricity and the difference in appearance and weight of the wood
of the limbs. Immediately at the junction of limb and stem the pressure is constant, and the

result is the formation of almost uniformly thick- walled tissue in all ])arts of the ring, giving to

the " knot " its great weight and hardness.

Lunes similar to those of the limb are frtMiuently observed in the stems of small trees;

wherever this has been noted it was found on the underside of a leaning or curved porti(m.^

Occasionally such a "lune" extends for 12 and more feet up and down.
(^uite distinct from this modification of the annual ling is another modification frequently seen,

especially in young trees, giving rise to so-called " false" rings. It consists in the appearance of

one or more, rarely two, dark-colored lines, which precede the true summerwood baud of the ring.

These lines, resembling the summerwood in color and composed like it of thick-walletl cells, follow

the true springwood of the year and are separated from the summerwood and from each other

(if there are more than one), by a light-colored line resembling springwood. While occasionally

this is somewhat misleading in counting the rings, a moderate magnification usually suflSces to

'A. Cieslar, "Rotholz d. Fiehte," Centialblatt f. il. g.Forstweseu 189l!, p. Mil, ami Robert Ilartig "Das Rothbolz
derFichte" in Forstlich natiirwissenschal'tliilu^ /.citschrift, 1896, p. Ifw.

^Cieslar produced thoiii at will by Ipeiidiii_s;- young spruce saplings.
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distiii};ni.sh tlio real cliarjiclcr of tlic tissues, as described later on. A more serious didicnlty

aiises in very old, slowly j^rowing trees, where tlie ring sometimes is representcfi by only one to

three cells (see fig. 18) aud occasionally disappears, i. e., is entirely wanting in some parts of the

cross section. Clenerally these cases, due to various causes, are too ran^ to seiiously interfere in

the establishment of the age of a tree.

SPRING AND SUMMER WOOD.

The diflerence between si)ring and summer wood is strongly marked in these pines, the

transition from the former to the latter being normally abrupt and giving to the annual ring the

a)Pi)earanc,e of two sharply delined liands. (See figs. 1.'? and 18 B.) In wide rings the transition is

sometimes gradual. The sjiringwood is light colored, has a specific gravity of about 0.10, and thus

weighs somewhat less tlian half as much as the darker summerwood, with a sjjecific gravity of

about 0.!»0 to 1.05, so that the weight and with it the strength of the wood is greater, the larger

the amount of summerwood. (See diagram, fig. 14.

)

t-LAST S0-4-J!!!' 50 RiNGS.-i- 31° 50 RINGS.'

'RINGS OR 50

[yrs growth' I

iSUMMER WOOD.' SUMMCR WOOD. I

-J?X- \ iO%.
I

;j,
4TH 50 RiNc^, |-CENTRAL 28 RlNGsJ

SUMMER WOOD.

45/;.

SUMMCR WOOD.

52%.

SUMMCR WOOD.

16%.

Flu. 13.— \'ariation of summerwood pur cuut from pith to bark.

The absolute width of the summerwood varies generally with the width of the ring (see

diagram, fig. 15), i. e., the wider the ring the wider the summerwood l)aiid. It decreases in across
se(;tion of an old log from near the i)ith to the periphery, and in tlic same layer, from the stump
to the to)) of the tree. Where the giowth of the stem is ^•ery eccentric, the wood along the greater

radius has the greatest proportion of summerwood ; thus, in a disk of Longleaf, for instance, there

is on the north side a radius of 152 mm. with 27 per cent summerwood; on the south side a radius

of 98 mm. and a summerwood per cent of only 20 per cent. In the stuni)) section the great

irregularity in the contour of tiie rings is aecomi)aiiicd by a corresponding irregularity in the

outline of the summerwood.
The summerwood generally forms less than half of the total volume of the whole log (see flg.

13); it forms a greater i)art of the coarse grained wood which was grown while the tree was 3'oung

than in the fine-ringed outer parts of the log, grown in the old age])eriod. It also forms a greater

part in the volume of the butt than of the top log, and thus fully explains the well known difference

in the weight, strength, and value of the various i)arts of the tree. The following table serves to

illustrate this point. The nuiidjcrs in each line refer to the average values for the same ten annual
layers through three sections of the tree at varying height. The figures in itfilics below refer to

si)ecific gravity for the same hiyer. The values for specific gravity were calculated on the basis of
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allowing a specific gravity of 0.40 for springwood and 0,90 for summcrwood, the values for the

entire disks as actually observed being given below

:

Summerwood per cent and specific (jraritij in various partK of a tree of Longhaf Pine.

Rings from periphery.
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Ill tbe limt) tlio saininorwooil is most abuiuliuit in the knot (all wood practically i)art.aking

of the cliaracter of suininiTWDod, at least as far as the thickness of (rell walls is concerned) and

in the part next to the stem, decreasinj^ with the distance from the trunk. As niij,'lit he exjiceted,

it also forms a larger per cent of tbe wood of the underside of limbs and the concave portions of

bent trunks.

150
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Sriiioii I. ANallsiil' tlio ti'achcklH of tlic pith ray with ilentatc ])r<>joction8.

a. One to two lar^e, siiniile pits to each traoheid cm tlie radial wallH ol" tlic colls ot' the ]iith ray.

—

(iroiip 1.

Kepreseuted in this country by J', rcsiiiom.

b. Three to six simple pits to each trachcid on the walls of the cells of the pith ray.—Grouj) 2. /'. Imla,

paluatris, etc., inchidin;; most of our "hard'' and "yellow"
pines.

Sci'tiou II. Walls of tracheids of iiith ray smooth, witliout di'Utate

projections.

a. One or two large pits to each tracheid on the radial walls of

each cell of the ])ith ray.—Group 3. /'. utrobita, lamheri'mna,

and other true white pines.

h. Three to six small pits on the radial walls of each cell of the

pith ray.—Group 4. P. parrxjana, and other init pines, includ-

ing also 7'. batfonriana.

Fig. 16.—Schematic representation of conilerous wood
structure; wood of sjirucc— 1. natural size: 2. small

part of one ring ma^nilied 100 times. The vertical

tubes are wood fibers, in this case all "tracheids,"

VI, medullary or pith ray ; n, transverse tracheids of

pith ray; a, &, and c, bordered pits of the tracheids

more enlarged.

The general features of structure of coniferous woods ""^^g]

are represented in the accompanying cut (fig Ki). "i&Sfi

The structural elements, as in all pine, are few and
simple and consist of (a) tracheids, the common wood
fibers, forming over 90 per cent of the volume; (h) medul-

lary or jiith rays, minute cell aggregates composed of two

kinds of cells, scarcely visible without magnifier and then

only on the radial section, yet forming about 7 to 8 per

cent of the volume and weight of the wood in these spe-

cies; ((') resin ducts, small passages of irregular length

surrounded by resin- secreting cells, scattered through the

wood, but forming two more or less connected systems,

one running in the direction of the fibers, the other at

right angles to the first, the individual ducts of the latter system always occui)ying the middle
portion of medullary rays (see PL XX^'II).

The tracheids, or common wood fibers, are alike in all five species, and resemble those of

other pines: they are slender tubes, 4.5 to C mm. (about one-

fourth inch) long, forty to one hundred times as long as

thick, usually hexagonal in cross section, with sharp or more
or less rounded outlines (see PI. XXI), flattened in tangen-

tial direction at both ends (see PI. XXI, A/'), the diameter

in radial direction being 45 to 55 /( (about 0.002 inch) in tlie

springwood, and about half that, or 21 to 25 //, in the sum-
merwood, and in tangential direction about 40 /< on the average

in their middle. They are arranged in regular radial rows
(see PI. XXI), which are continuous through an indefinite

number of rings, but the number of rows increasing every

year to accommodate the increasing circumference of the

growing stem. (See PL XXI, C c.) The fibers of the same
row are practically conterminous, i. e., they all have about

the same length, though at tlieiv ends they are often bent,

slightly distorted, and usutilly separated (see PI. XXI, B c;

also fig. 17), their neighbors filling out the interspaces. There

is no constant ditference in the dimensions of these fibers

in the ditferent species here considered. In every tree the

fibers are shortest and smallest near the pith of any section, rapidly increasing in size from the

l)itli outward, and reacliing their full size in about the tenth to tweiititth ring from the pitli.

To illustrate: In a section of Longleaf Pine, 10 feet from the ground, the diameter of tracheids

in radiiil direction is in /(=0.0()1 mm:

l'"lG. 17.— Ci-ll endings in pine.
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As soon as the average width of the auuual rings gets above 0.5 mm. the dimeusions of the

elements approach the normal. Thus, in trees Nos. 1 and 2, with average width of annual rings

0.5 to O.C mm., the average diameter of the trucheids in liidial diicction is .'55 to 18 j.i.

Normally, the diameter in radial direction is greatest in the lirst/brmed or inner part of any
ring, and decreases even before the summerwood is reached. In narrow rings with an abrupt
beginning of the summerwood, so common in these Southern jiines, tlie diameter is <|uite con-

stant throughout the spvingwood, but changes, together with the thickness of the wall, quite

suddenly with the beginning of the summerwood, thus adding to the sharpness of the outlines of

the two parts. (See PI. XXI ; also fig. 18, B.) In nearly all sections there is an additional marked
decrease in radial diameter in the last 3 to 5 cells of each row, which helps to emphasize the limits

of the ring. In the so-called "false" rings, mentioned before, the cells of the false summerwood
part resemble those of the normal summerwood. The recognition of the false ring as such rests

upon the difference in shape and dimensions of the last cell rows in comparison with those adjoin-

ing. In the true summerwood the last cells are much Hatteued, with small lumen and somewhat
reduced walls making a sharp detinition toward the springwood of the next ring, which is still

further accentuated by the wide lumen and thin wall of the cells of the latter. In the "false"
summerwood, on the contrary, the end cells are not flattened, and the cells of the light-colored

adjoining zone of wood have but a moderately wide lumen and comparatively thick walls.

The fact that the outline is less regular and commonly incomplete—i. e., it does not extend
around the entire section—also aids in recognizing the false rings. In the "lunes" of both limb
and stem referred to above the libers are smaller, more rounded in cross section, and commonly
exhibit conspicuous intercellular spaces between them. The walls of these are often much thicker

than those of the summerwood of the same ring at this point. Since the radial diameter of the
fibers of the summerwood is only about half as great as that of the springwood, it is clear that
the number of fibers of the summerwood forms a much greater per cent of the total number of

fibers than is indicated in the per cent of summerwood given above and based upon its relative

width. Thus, in wood having 50 per cent of summerwood there are, in number, twice as many
tracheids in the summerwood as in the springwood.

The walls of the cells are generally about 3 to 3i /.i thick in the springwood, while in the
summerwood they are 6 to 7// thick on the tangential side and 8 to 11 /< thick on the radial side

of the fiber. Generally it may be said that the thickness varies inversely as the extent of

the wall, i. e., the greater any diameter the thinner the walls parallel to this diameter, which
gives the impression that each cell is furnished an equal quantum of material out of which
to construct its house and had the tendency of giving an equal amount to each of its four or

six sides.

Generally the absolute width of the ring does not affect the thickness of the cell walls, the
fibers of wide rings having no thicker walls than those of narrow rings; but when the growth of

a tree is unusually supi^ressed, so that the rings are less than 0.5 mm. (0.02 inch) wide and each
row consists of only a few fibers, the walls of the fibers of the summerwood, like those of the last-

formed 2 or 3 fibers of ncimal rings, are thinner, so that in these cases the wood is lighter in

color and weight not only because there is relatively less summerwood, but also because the
fibers of this summerwood have thinner walls. (See fig. 18, A and B.) In very stunted trees,

where the rings are all very narrow, the reduced thickness of the walls is counterbalanced by
the smaller size of the cells.

All tracheids communicate with each other by means of the characteristic "bordered" pits,

the structure of which is shown in fig. IG. These pits occur only on the radial walls of the fibers.

They are most abundant near the ends of each fiber, fewest in the middle, form broken rows,

single or occasionally double. (PI. XXIII, C.) As in other pines the pits of the summerwood differ

in appearance from those of the springwood. In the latter the pit appears in the cell lumen
(radial view) as a perforated saucer-like eminence; in the former as a mere cleft, elongated in the
direction of the longer axis of the fiber. (See PL XXI, B, d and c; PI. XXIY, D, d and E, a.) In
both the essential part of the pit is similar, a circular or oval cavity resembling a double convex
lens, with a tliin membrane dividing it into two equal plano-convex parts. (This membrane is

shown only in the drawings, PI. XXIV, D and E.) In keeping with the small radial diameter of
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thf fibers of the snnuneiwood, these pits are much smaller in the siiiiiiiierwood than sjtrintjwood,

anil usually are very nuieli fewer in number.

The simple pits are in sets and oceur only at the points where the iiber touches the cells

of a medullary ray. (See lig. 17, also PI. XXIV, E, .sji., and other figures of this plate and

PI. XXV.) Above and below these simple pits oceur very small bordered pits, communicatin}^

with those of the short transverse fibers or tracheids whicli form ])art of all medullary rays.

(See PI. XXII. I). />.;>.)

As in all jtines, the medullary or pith rays are of two kinds, the one small, 1 cell wide, and

1 to 10—in large averages ~> to 7—cells high; the other large, and each containing in the middle

part a transverse resin duct. (See Pis. XXII, XXIII, XXV, and XXVII.) Of the former there

occur about 21 to 27 on each si|uare millimeter (about 1.5,000 per square inch) of tangential

section. The second class are much less abuiidant and scattered very irregularly, so that

sometimes areas of several square millimeters are found without any of these rays. Generally

about one of these rays occurs to every 1..5 or 2 square millimeters, or about 300 to 400 per square

inch of tangential section. In all rays the cell rows forming the upper and lower edge (see

I'l. XXIII) are composed of short fibers or tracheids (transverse tracheids), while the inner rows

contain only parenchyma cells. Occasionally small rays occur which are composed of tracheids

only. (See PI. XXII, C.) Frequently the rows of i)arenchyma are separated by one, rarely by two,

series of tracheids (see PI. XXIV, D, and PI. XXV, D), giving rise to "double" or "triple" rays.

The number of cell rows in each medullary or pith ray varies from 2 to 10, on an average trom

5 to 7, and of these the rows of tracheids or fibers form more than lialf. (See PI. XXVI. where

the outer cells or tracheids are marked with dots.)

The tracheids of the rays have thick walls covered with point-and bar like projections, the

boldest of which are on the upper and lower walls and surround the bordered pits. (See Pis. XXII
and XXIII.) These short tracheids communicate with the common wood fibers, with each other,

as well as with the parenchyma cells, by means of small bordered pits, which in this last case are

bordered on one side (side of the tracheid) and simple on the other (half-bordered pits). The

parenchyma cells occupying the inner rows of each ray communicate in the springwood ])art of

the ring with each neighboring tracheid by 3 to 0, commonly 4 to .5, simple elliptical pits, in the

summerwood by a single narrow, elongated slit like pit (see Pis. XXII and XXIII), and with each

other by small, irregular, scattered simple pits.

The walls of these (;ells are generally smooth, but local thickenings, especially on the upper

and lower walls and surrouiuling the pits, occur quite frequently, though not regularly.

The parenchyma cells of the rays are usually somewhat broader and higher than the fibers,

the average height for both being about 21 to 27 //, the average width about 20 /<, while the length

of each cell and fib(u-. greater in springwood and least in the summerwood, is from two to ten times

as great as the height. Assuming 25 f.i and 20 n to represent the average height and width, and

allowing 25 rays of cell rows each to each square millimeter of tangential section, then the rays

form about 7.5 per cent of the total volume and weight of the wood of these species. An attempt

to utilize for purposes of identification the difference in the number, size, and distribution of

these rays, or the jtroportion between the number of rows of tracheids and those of parenchyma

cells, as was done by Dr. J. Schroeder,' has not betiu successful, and ajqiears of little i)romise.

The large rays with transverse resin ducts resemble the smaller rays described. On PI. XXV
at A such a ray is seen both in radial and tangential section. Series of tiansverse tracheids

occupy the upper and lower edge, but the interior, unlike that of common rays, is several

cells wide, and contains an open duct in its widest portion. (See PI. XXVll, r.fh) This duct

is commonly more or less filled with resin (see PI. XXVII, E); it is .surrounded by thin- walled

secreting cells, and, in the heart wood, often divided or filled up by thylosis, i. e., by very thin

walled, much puffed out cells, growing out of the surrounding secreting cells before the latter

perish.

The walls of the secreting cells are quite thin, those of the remainder of the jjarenchyma

vary to some extent in the different species. In the Longleaf and I^oblolly Pines the walls of the

Ijarenchyma composing the jirincipal part of the ray arc generally quite thick (see PI. XXVll, A-E),

' Dr. J alius Schroeder, Das Holz der Coniferen, Dresden, 1872.



RESIN DUCTS. 143

thicker tluin those of the cells of ordinary rays, aud esi)ccially thickened near the simple pits by

which these cells communicate with each other. In Cuban and Shortleaf this thickening- is much
less conspicuous, and absent entirely in many cases (see PI. XX^', A), while in tlie Spruce Pine it

seems wanting altogether.

These ducts exist even in the very first ring (next to the pith), are smaller and more numerous

near center, but have essentially the same structure in the wood of the fifth and later years.

The tracheids of the pith rays are wanting next to the pith, but occur in all rays in the outer

part of even the first ring. The rays in this ring are generally lower, composed of fewer cell rows,

but the cells are larger than in the rest of the wood.

Both shape and size of these medullary rays are very variable; an average of about 0.4 mm,
for the height of the ray and 00 /; for the width at the resin duct was observed. An attempt to

utilize tlie shape, especially the appearance of the two edges, as a means of sei)arating tlie wood
of these species has so far failed entirely.

The large resin ducts running lengthwise in the wood or parallel to the common wootl fibers

are much larger than the transverse ducts, measuring, inclusive of the secretive cells, on an
average about 0.2 mm. (0.008 inch) on their smaller radial diameter aud about 0.3 mm. on the

tangential. (See PI. XXI, A, r. d.) They are usually situated in the summerwoud of each ring,

often in narrow rings, causing an irregular outline. They are smaller and more numerous near

the pith, here usually forming several series in one annual ring, more numerous in wide rings

than in narrow ones, but their number per square inch of cross section as well as their dimensions

appear to be independent of the width of the rings. In their structure they resemble those of

other pines. They are surrounded by thin-walled resin-secreting parenchyma, jjart of which
often appears as if not directly connected with the duct. (See PI. XXI, A.) In many cases all

the tissue between two neighboring ducts is of this parenchyma. Longitudinal and transverse
ducts frequently meet and thus form a continuous network of ducts throughout the wood.



platj: XXI.—cross sections.

.4, PiNUS T.EDA, 'i*. r. rf., resin duct ; s. c, secreting cells; ni. )•., medullary rays; a, section of transverse tracheid of

ray ; b, the ray leaves the )>Iain of the section at this jioiut, small parts of it reappcarin;; further on ; e, simple

|iit» connectin-; parent liyiiia cells of the ray; d-e, part of a row of tracheids formed durin;; one season;

/, flattened terminal part of a traeheid.

Ji, PiNlis lIKTKKoi'iiYi.i.A, '-'!". tp. ic., sprin);«'ooil ; •<«. »., sunimerwood ; a-h, part of a row of traelieids formed

during one season; e. teniiitial pails i>f Iraeheids; d. lioidered pit in sprinjjwood; e, same in sumiiuTwood;

other letters as in ./.

C, Pixus GLABltA, J^". c, row of traelieids doubled; other letters as in li.

Originals, all ^V"-
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JU% m.r

m.r.

Typical Cross Sections of Pinus t/eda. heterophylla. and glabra.
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PLATE XXII.

A, PlXDS KClllN'ATA. Cross sectiou of two nugs; sp. w., springwood; «u. u., summerwood.
It, PiNUS I'ALUSTRis. Cross section of a very uarrow ring. Of the two mednllary rays one is out tlirongh a row »{

parenchyma, the othir through a row of trachcids.

C an<l J), PlNl"8 ULABiiA. Kadial sei-tions; m. r., iin-(lul!ary rays; tr., tracheids ol' tlie iiii'ilullary rays; p., parenchyma
of thr same; i- }>, simple pits leading from the parenchyma to the neighboring tracheids or common filn-rs

c. Ir.; b. p., bordered pit. The lay at <' is maile up of tracheids only.

A', Pixrs I'AHSTitis. Had ial section; lettering as in 1).

Ori'rinali magnified : A, ^';^, the rest ^f ; illustrations: A, ij', the rest ^2"-
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fti.ir. *- sp.v. •-

Typical Cross Sections of Pinus palustris and echinata, and Radial Sections of Pinus palustris and glabra.







PLATE XXIII.—RADIAL SECTIONS.

.( and /(, PiNUS kciiinata. m. r., medullary rays; p., parenrhyiiwi of saml^; Ir.. iTausvirsi^ traclniils of rays; ». ;).,

simple pits: h. p., bordered pits; c. Ir., common tracbeids.

C, PiNi'S iiETEnoi'iiYLLA. su. «'., summcrwood; other letters as iu J.

Originals magnilicd "f"; illustrations, 2^0.
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PLATK XXI\'.—RADIAL AND TANGENTIAL SKCTIONS.

A uikI />', PiNUS T^DA. Radial sections; m. r., niediillary r:iy8; tr., tniclieids; j)., ]iareiicliyiiia of tlio rays; «. p.,

simpli' pit ; b. }>., bordered pit; c. //•., comimiM traclieids.

('-/;, taiij;intial sections.

r, I'lNis I'Al.usTnis. Left-hand part in sprin^wnod, right-liand portion in snninifrwond.

D-£, I'lXUS ECHINATA. D, Section iu springwood ; «-c, medullary rays; a, a small ray comjiosicl of traclieids only;

c, a " triple" ray ; <f, bordered pit showing the membrane in place. 7^, Section in summerwood; a. bordired

pit, other letters as in .( and II.

Magnification of originals, ^''; of illustrations: A and Jt, -{"; C-E, ^'i'".
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K

Fig -4

Radial Sections of Pinus t>eda and tangential Sections of Pinus palustris and echinata.







PLATE XXV.

A, I'iXL'S llETKKOPHVLLiV.. ]\:i<lial anil taiigontial scctiona of a transverse resin duct; r. d., resin duct ; hi. r., nuihil-

lary ray; tr., tracheids of the medullary ray; p., parenchyma cells of the same; r. tr., common traclieids or

wood fibers.

B-fi, Pixus GLABRA. II, tangential section of a transverse resin duct and ]>arts of three fibers; h.p., bordered ]>it;

other letters as above; C~G, tangential soctioiis of mrdnllary r.ays, of which /' is made up of tracheitis only,

while D is a " triple " ray.

H, Pi.Nis TKDA. Tangential sections of medullary rays in spring and summer wood.

Original magnified 500 times, illustrations about
''-'l".
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Tangential Sections of Pinus t/eda, heterophylla, and glabra.







PLATE XXVI.—TANGENTIAL SECTIONS.

J-C and F, Pi.vr.s iiKTi;K(iriiYi.i..v. D, Pinus echisata. E, Pinus glauka.

A--C, sections of medullary rays; tr., tracbeids; ]>., parenchyma; C is a "double" ray.

In D-F, histological details are omitted; they are camera drawings showing number and distributicm of nicduUary

rays, and also the jiroportiou of the tracheids to parenchyma in each ray, the former being indicated by dots;

r. (I., transverse resin ducts; m. r., meiluUary rays,

Magnilii-atiou of originals: A-C, '^'l" ; D-F,^; of illustrations : A-C, ii','"
; D~F, ^.
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m.r:

r.d.-

in.rr

-in.r.

I -Vr.d

lA E

-p.

C
-r.d

Tangential Sections of Pinus echinata, heterophylla, and glabra, showing Number and Distribution of
Pith Ravs and Proportion of Pith-ray Cells.







PLATE XXVII.—TANGENTIAL SECTIONS OF TRANSVERSE RESIN DUCTS.

J-C, PiNUS T/EDA. n iiiid /•,', V. i'Ai,li.STKl8. /'', P. ECiiiNATA. <1, P. iiETKitoi'ii vi.i.A. r. (L, resin limits; Ir., trans-

verse trachcids; 2>t l>arrnchyiiia.

Magnilifiition of originals, ^'f; of illustrations, ^1"^.
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Transverse Resin Ducts Tangential Views.
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LETTER OF TRANSMITTAL.

U. S. Department of Agriculture,
Division of Forestry,

Washington, 1). €., March 15, 189S.

Sir: I have the honor to submit herewith for publication a monograph ou the White Pine of

the Northern United States.

The first draft of this monograph, like the one on "The Timber Pines of the Southern United

States" (Bulletin Xo. 13, Division of Forestry), by Dr. Charles Jlohr, was prepared more than ten

years ago by Prof. V. M. Spalding, of Ann Arbor, Mich.; but it was then found that much informa-

tion of practical value was still lacking, and hence publication was delayed until the deficiencies

could be supplied. I'rofessor Spalding, after having made several revisions, under the pressure

of other work had to abandon the idea of amplifying and perfecting the monograph itself, and
this was left to the undersigned, with the collaboration of the staff of the Division of Forestry.

The undersigned is responsible not only for the plan of the work, but especially for the

portions referring to forest conditions, forestal treatment, and for the discussion on the rate of

growth, to which Mr. Mlodziaiisky also contributed.

Mr. Filibert Eoth, of the Division, besides furnishing the study ou the wood of the species,

has also contributed the portions on the history of the lumbering operations, while the discussion

ou the injurious insects is by Mr. F. U. Chittenden, of the Division of Entomology.

A very comprehensive investigation into the rate of growth of the White Pine has been
carried on since 1892 as opportunity afforded and funds permitted. The results of this investiga-

tion, comprising the analysis of over seven hundred trees, in the form of tables and notes, will be
found in the Appendix. The measurements in the field were mainly executed by Mr. Austin Cary,

of Bangor, Me., and by Mr. A. K. Mlodziansky, of the Division. The latter also performed the

calculations and tabulations in the Division, and in this work developed a short and satisfactory

method of tabulating, analyzing, and using the large mass of data readily for the purpose of

summarizing, averaging, and generalization. This method is described in Bulletin No. 20,

Division of Forestry.

The situation regarding White Pine supplies has materially changed since this monograph
was first conceived, so that it might almost be charged that this publication comes too late. This
would be a misconception both as to the situation and the objects of the monograph. No
information of any kind could have arrested the decimation of our White Pine supplies, which
proceeds through the momentum of economic laws; and even now, when it is well known that a
few years will see their exhaustion, no change in the methods of milling with a view to length-

ening the sui)plies is contemplated by the manufticturer, who is only concerned in keeping his

mill running. Tlie manufacturer is a harvester, not a forest grower.

The object of this monograph is to lay the basis for an intelligent recuperation of the virgin

growth by the forest grower of tlie future, work which will surely be begun presently, but wliich

would not have been undertaken ten years ago.

In the preparation of this monograph use has been made of all available sources of informa-
tion. Ackiiowledgments are due to a large number of corrcsiwndents, named in the pioi>er

connection, who have rendered valuable aid by contributing notes ou distribution or have assisted

in other ways.
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4 LETTER OF TRANSMITTAL.

Tlic botanical illustrations showing external characters are by Mr. (ieorge B. Siulwortii; those

of the anatomy of the \vo(»il are by -Mr. N. B. Pierce and Mr. Filibert Koth, and those of parasitic

orfiiinisins and disease conditions are from Ilartig's "Lehrbuch der Baniiikrankheiten" and

'•Zersi'tzung8ers(;lieinungen des Holzes."' The illnstrations accompanying the section on injurious

insects were furnished by the Division of Entomology. The map of distribution was iirepared in

the Division of I'orestry.

The monograph is believed to be Just in time for tlie use for whicli it is intended, namely, to

prepare for the application of sylviculture to the remnant of our pineries.

Respectfully,
B. E. Fernow,

Chief of Division.

Hon. James Wilson,
Secretary of Agriculture.
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THE WHITE PINE.

(PINUS STROBUS Linnasus.)
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PinuH strohiis Liumi'us. Spec. PI. ed. 1, 1001 (1731).

I'inus tenuifolia Salisliury, Prodr. 3i;)9 (1796).

LOCAL oil COMMON N.\Mi;S.

White Pine (Maine, New Hampshire, Massachusetts, Rhode Island, Connecticut, New York, New .Jersey,

Pennsylvania, Delaware, Virginia, West Virginia, North Carolina, Georgia, Indiana, Illinois,'

Wisconsin, Michigan, Minnesota, Ohio, Ontario, Nebraska).

Weymouth Pine (Massachusetts, South Carolina, European literature).

Soft Pine (Pennsylvania).

Northern Pine (South Carolina).

Spruce Pine (Tennessee).
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THE V/HITE PINE.

INTRODUCTION.

For two centuries and a half the White Pine has been universally employed for purposes of

construction in the Northern United States. Its abundance and the combination of qualities

which adapts it to an almost unlimited number of uses have made it the most important and the

most highly prized of all the timber trees of the region to which it is indigenous. In several of

the Northern States it has been a more constant source of wealth and has yielded larger returns

than any other single product. Thus, for instance, in 1879, a fair year for comparison, the natural

products of the State of Michigan were estimated by Governor Jerome as follows :

'

Agricultural products $88,500,000

Timber 60,000,000

Copper 8,000,000

Iron 10,000,000

Salt 2, 000, 000

Fish - 1,000,000

According to this estimate the value of the timber products, chiefly White Pine, was at that

time, in round numbers, six times that of the iron, seven and one-half times that of the copper,

and thirty tunes that of the salt product of the State, and amounted to about S.") per cent of all tbe

products of the State combined; and if the value of the entire White Pine product of the present

year (1898), some 7 billion to S billion feet B. M., be taken into consideration, it will exceed in

value at first points of production the entire gold and silver output of the country, which is not

much less than $100,000,000.

Commercial interests of great magnitude, dependent upon the handling and transportation of

the White Pine product, have been built up in Chicago and other northern cities, and the diminu-

tion or failure of the supply must inevitably result in the transfer of the capital thus emijloyed to

other purposes or to other centers of distribution. In fact, such changes have already been and
are now being made with great rapidity, and much of the capital formerly invested in the pine

lands and mills of the northern lake region has been transferred to those of the Gulf States and
the I'aciflc coast.

A multitude of industries is dependent upon a continued and large production of jtine lumber,

and its failure, though perhaps not tlireatcning such a collapse of business interests as alarmists

have pictured, will nevertheless involve serious if not disastrous consequences to the communities

relying upon its continuance. The maintenance of an adequate future supply, especiallj' in view

of the well-known fact that the existing forests of White Pine can last but a few years longer, at

most, is therefore a matter of great economical importance and can not receive too prompt
attention.

GEOGRAPHICAL DISTRIBUTION.

The White Pine is a tree mainly of northern distribution, althougli it occurs along the

mountain ranges as far south as northern Georgia. It occupies in this distribution the Boreal

and Transition life zones, as defined by Dr. 0. Hart Merriam.

'Michigan and its Eesourees, Lansing, 1881.

11



12 THE WlllTK I'INE.

Tlie botanical range of the White IMnc may be circumscribed as follows: From Xewfouudlaud

and tlie Atlantic coast north of the (Inlf of St. Lawrence its northein limit iiiiis in a wavy
line between flie forty ninth and fifty-first (iegree of latitude, its most noitliern extension ocenr-

ring near its western limit, when, skirting the southeastern end of Lake Winnipeg, it turns

southward, following more or less closely the ninety-sixth meridian of longitude, and in a

southeastern (lirection the line wliieh demarcates the boundary between forest and prairie; to the

Ci'<lar lliver at tlie Iowa line, and along the .Mississi|(pi l{i\er, crossing it near Rock Kiver, when,

following this river for some time, it takes an easterly course to the head of Lake Michigan, then

in a northeasterly direction through Michigan to the sliores of Lake St. Clair and across Ontario,

skirting the southern shores of Lake Erie in the two most northeasterly (counties of (Jhio. then

turns southward through the eastern counties of tiiat State, and following into West Virginia

near the l,0((l»-fnot contour line along the foothills of the AUegheiiics through Kentucky and

Tennessee, gradually withdrawing to higher elevations (1,200 feet) into northeastern (Jeorgia; the

line then returning iioitliwai<l along the eastern slope and crossing u|)per Delaware, reaches the

Atlantic coast in soutliern ><'ew .Jersey.

The distribution of commercially valuable timber is, to be sure, very different and much
more confined. The norlliern parts of Minnesota, Wisconsin, and Michigan contained jnobably

the largest amount of White Pine, the broad belt of coininercial pine of these States continiiiiig

eastward through Ontario, northern New York, anil the northern New Kngland States to New
IJriinswick and Newfoundland, and following the New I'>iigland coast, while the higher elevations

of the New I'^ngland .States showed i)iepoiiderantly spruce with pine intermixed. The northern

counties of western Pennsylvania al-so contained a large amount of White Pine timber mixed with

Hemlock and hardwoods. The (diaracter of this distribution is exhibited by general outlines

and shadings on the accompanying map (PI. I). The extreme limits of its sporadic, occurrence

can not be fixed with absolute i)recision, and from the nature of the case must remain more or less

indefinite. Similarly, the limits of greater or less develo]iment can only be approximately stated.

The oeeurrenee of the White Pine was generally as a component of the mixed hardwood
forest of the Atlantic, even in the best developed jiortions of its range, and nnder such condi-

tions, tliat is, in mixture with other s[)ecies, it seems to attain its most [lerfect development.

The finest specimens of the highly esteemed "Cork Pine"' of Michigan grew among liard-

woo<l8 on a better quality of soils than those which ])roduced less value(l grades. On the lighter

sands true pinery i pureor nearly imre growth of Wliite Pine) oi'curs. Here its admixtures are

most frequently of Red Pine (Pinns rcsinosa) and in its iioitliein limits of .lack Pine [PinuH divar-

i(v»/rt), while on the bi-tter and cooler situations it accompanies the spruces (P/cf^f W(uvVnia and
I', en iiadeiitiiii) with iialsam l-'ir (Abiis lidhitinrin and Hemlock ( 'I'siif/K cuiKKlcusis).

CHARACTER OF DISTRIBUTION. BY REGIONS

The character of the occuirence of the White Pine in the forest within its field of distribution

will readily appear from the descriptions in the tables of acre yielil in tiie Apjiendix.

In Maine, the lower altitudes, along the coast and some of the river valleys, contained in their

hardwood forests the White Pine in tine develo|uiieiit, which gave to that State its cognomen of

the •' Pine Tree State." Reports of frees (! to 7 feet and over in diamefer and up to -'50 feet in height

testify to the capacity of the species in this region. The original stand of this jiine in the Statcis

practically entirely removed, while the young growth furnishes now again small quantities of

logging material. The higher altitudes, with their slate and granite .soils, are stocked entirely with

the spruce and hardwood forest in which the jiine occurs only as a .scattering mixture and of

inferior devclopmenf.

This same manner of distribution applies more or less to Xnr //rn»/).v/(/(v ami iioiihcin Xew
York. In the Ailirondacks tlie pine, now almost entirely remo\ed, fringes witii the Spruce and
Balsam Fir the many lakes and water courses and keeps to the lower altitudes; mixed in with the

Maples, Birches, Beech, and Si)ruce, it towers 50 to 60 feet above the general level of the woods,

with diameters of '.W to 10 inches. Its reproduction nnder the shade of its competitors, however,
is prevented, young pine being rarely seen exceiit on old abantloued opening.s in the forest. (See

ri. II.)
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In western Xeir Yuri: the White Pine was once quite aluuidant as a concoinitaiit of tlic hard-

wood forest. Young growth is now creeping into every wood h)t, whih' in I'ciiiiniilr(tHi(( the Wliite

Pine occurred undoubtedly in the lower eastern counties in conunercial <|uantities sis well as in the

adjoining counties of Xeic Jersci/, where it begins to be a tree of tlie mountains, the higher slopes,

ridges, and tops becoming its favorite habitat. It is liere largely associated with Hemlock, which

often becomes the preponderant tree, i'ure pine growtli is rare, but the mixed liardwood forest is

seldom without an admixture of White IMne to the extent, as a rule, of about 30 per cent numeri-

cally, tlie soils within the range of its orcurrence being seemingly everywhere quite favorable to

its grow til.

Besides tlie Hemlock, the coniferous species with which it is found associated are fitch Pine

(Pi)iKf! ri(/iiht) and Spruce, while lied Pine {PiuKs ri'sinosH), the most successful rival of the White
Pine in the lake region, is here rarely met, and then only in single individuals. The hardwoods

most frequently represented are Maple, Beech, and Birch, more rarely Oak and Chestnut, with

Basswood, Cucumber, Hickory, Cherry, etc., interspersed in single individuals.

The best develoi)ment of the White Pine is usually found along the water courses. Thus, in

Pennsylvania, in liUzerne Ctmnty the White Pine is situated along Bear Creek and its tributaries;

in Clinton County the pine is found on both branches of llyner Run and along Yonngwoniaus

Creek; in Clearfield County there were 20,000 acres along Sandy Creek and its tributaries heavily

timbered with White Pine, of which about 2,000 acres of priuieval timber are left, which would

cut about 100 million feet B. M. of White Pine. In Jefferson County a tract of Headock and
Wliite Pine forest of about 90 square miles, known as the Hay's tract, is traversed by the North

Fork and its tributaries. In Forest County the areas heavily covered with pine were situated

along Hickory and Tionesta creeks. There is as yet standing over 100 milliou feet B. M. of White
Pine along Hickory Creek and its tributaries.

The heavy cut of pine in Elk County came from Medix Eun, Dents Run, and their tributaries.

The courses of the streams follow the trend of the ridges, the substrata of which are usually of a

porous nature, consisting in most cases of slate or laminated shale, a soil very favorable to pine

situated on moderately elevated grounds and slopes along the hollows and gorges, which, on

account of the pervious substratum, offer most satisfactory soil-moisture coiulitions.

From Reic Jersey the White Pine has practically vanished long ago as a factor in lumber

production, and almost as a tree of common occurrence.

With the extension of the distribution southward, the White Pine becomes less frequent and

of inferior development; the climate forces it to higher and higher altitudes. It occurs in quantity

onlj' in islands or in small bodies on the crests aud along the slopes of the Allegheuies, both east

and west, usually accompanying water courses in broader or narrower belts.

Regarding the manner of occurrence of the White Pine in these southern regions, the remarks

of Mr. W. W. Ashe on the distribution in Xorth Carolina (Bulletin No. 0, North Carolina geological

survey, 1898) are more or less applicable

:

The woodlaud iu which White Pine is the dominaut coniferous tree is not extensive, but lies in isolated, small

bodies along the crest and southern and eastern slopes of the Blue Ridgo, or on the low hills on the west, • • •

extensive forests seldom being found above the higher limit (3,000 feet in Macon and Jackson counties), or perfect

individual development attained below the lower (2,800 feet). In a few places on the southern slope of the Blue

Ridge " ' the White Pino is as.oeiated with Yellow Pines as well as with deciduous trees, liut the trees are

generally short-boled, and neiiher so large nor tall as those growing at a higher elevation to the west of this range.

.Single specimens or smail groups of trees are locally .dispersed in the broad-leaf forests throughout the niouutain

counties between the limits of altituile given above.

It appears from these statements that in these latitudes below the 2,000-foot level this ])ine

can hardly be expected to be of coinuicrcial or forestal v'alue for the future.

The area of greatest quantitative development is found around the Great Lakes aud in the

basin of the St. Lawrence and its tributaries, in the very places most i)erfectly adapted to its

ready and economical exploitation and easy shipment to markets, the large number of streams

that are capabh^ of carrying logs, the accessibility of natural ports of distribution, aud favorable

climatic conditions inviting the lugger and lumberman. Michigan, Wisconsin, aud Minnesota

have thus become known as the great lumber region of the T'nited States.
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Ill Michitjitn the distribution of the species is entirely controlled by the character of the soil,

all sandy areas being pinery proper, with large areas of pure growth of several square miles in

extent containin^f only White Pine. Oceasionally, and e.s])ecially on tlie driest and jxjorest .sandy

gravels, the Keel Pine (I'iiiiin nsino.sa) associates and sometimes predominates, the Wiiite ]'ine

not representing more than 10 to 20 per cent of the number of trees. In tlie noitliein regions

Jack Pine (Pinus dintrlcdtd) takes the place of the IJed Pine.

The ty|)ica] jjine forest on fresh sandy soils consists of White Pine (45 to 5.5 i)er cent of the

dominant growth) mixed with Red Pine {'2'i to 4."» per cent) with scattering Ilenilock (10 to 1.5 i)er

cent) and o(-easional Fir and hardwoods. The undergrowth, usually moderately dense, consists

mainly of small Hemlock, Fir, and young hardwoods.

On inoister sand with loam or day subsoil Hemlock and hardwoods lejilace the jjiiies. the

lied Pine vanishing entirely and the White I'ine occurring only in large isolated individuals. Into

wet or swampy places the White Pine also iienetrates in single individuals among Arborvitie,

IIackm<itacl<, and Si)rn(!e.

As the loam in the com|)()sition of the soil increases, the hardwoods increase numerically, the

White Pine occurring only in single individuals and groups, and lied Pine and Hemlock only

occasionally. Finally, the heavy (-lay soils toward the southern range of the species give absolute

preponderance or exc-lusive possession to the hardwoods, mainly Sugar j\Iai)le, Yellow Uirch, and

Beech, although occasionally White Pine appears scattered, or even in smaller or larger groups.

Lumbering of White Pine in Michigan began about 1835, and was at its l)estin ISS.'J, but now
the virgin pine is nearly cut out. Iteproduction is satisfacttjry on the sandy areas wherever tires

are kept out, which is rare; on the clay-loam areas reproduction under the shade of the h aidwoods

is practically impossible.

In Wisconsin the same dependence on soil conditions in the distribution of the species prevails

as in ^lichigan. The accom])anyingmap of the forest areas of Wisconsin, taken from Bulletin No.

1(5, of the Division of Forestry, will serve to give an ic'.ea of the manner in which this distribution

ap])ears within the belt of best develoiimeiit. (See PI. III.) From this maj) it will be seen that

the distribution is to the largest extent dependent on soil conditions, the sandy soils i-e])reseuting

the pinery areas, in which merchantable hardwoods and Hemlocks are wanting; the loam and clay

areas are stocked with the hardwood forest, in which both Hemlock and Pine occur scattering or

in isolated gi-oves, repi-esented almost entirely by mature old timber. Sai)lings, bushy young

trees, and seedlings are comjiaratively scarce, an active reproduction of the pine evidently not

going on. Tiiis condition is found especially on the heaviest soils, where the hardwoods crowd out

the i)ine, while on the sandy or gravelly soils the ])ine holds its own and forms a fair proi)ortion of

the sapling timber. In the true pinery of the sandy soils the hardwoods are scantily representetl

by small White Birch, Aspen, and Maple. The Hemlock is entirely wanting. On the barrens

proper the White Pine is replaced by Jack Pine and Red Pine, one, or both together, forming

forests of considerable extent, usually with hardly any undergrowth or admixture save some'

scattering Scrub Oak.

In Minnesota climatic conditions again begin to assert themselves in iiilluencing the distribu-

tion of the White Pine.

The conifers become ])reponderant over the hardwoods everywhere. Pines, liotli Bed and

White, together with Tamarack (Lari.v laricinn) and Arborvita- (Cedar

—

Thuja occitJcntalis) and

some admixture of Spruce occupy those sites, both swamp and dry lands, which elsewhere would

be occu|)ied by hardwoods. With this change in composition goes a decrease in development;

the sizes both in diameter and height are reduced.

It is an interesting fact that both in Wisconsin and INIinnesota the i)ine area does not, as in

the eastern field of distribution, gradually fade out toward the ]>rairie, but the true i)iiie woods

cease abruptly within .JO or 4(t miles at most from the demarcation line of the i)rairie, leaving the

intervening ground to Birch and Aspen or Scrubby Oak and .lack Pine openings.

In the Canadian extension of the sjiecies ]inre pinery is very rare. The great bulk of the

most productive i)ine country lies northward and westward from the mouth of tiie Ottawa Biver

to (leorgian Bay in mixed growth, which consists mainly of hardwoods, with Hemlock, Spruce,

Arborvit;e (Cedar), and Balsam, while the lower tiers of Ontario are of the same character of

hardwoods, with little scattering pine, as in southeru INIichigan. The eastern extension of the
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field of commercial pine in Canada followed mainly the St. Lawrence TJiver as far as Quebec. On
Newfoundland the .siyecies is indigenous to nearly the whole of the ishmd, and in some parts pro-

duces considerable quantities of merchantable timber. At its northwestern limit the forest fades

out into prairie, the White Pine gradually disai)i)earing, while at tlie northern limit the change
is into Spruce forest.

NOTES ON GENERAL DISTRIBUTION.

Dr. N. L. Brittou, for some years counoctetl with the geological survey of New Jersey, writts of the occurrence

of White Pine iu that 8tate as follows:

Piue Brook (station and sparingly northward along the Southern Railroad of New Jersey (Britton); sparingly
3 miles south of Woodbury, (Jlouccster Couuty (f'anby), and fref]nent in the middle and northern portions of the
State. There are no White Pine forests in New Jersey, and tlie largest grove known to nie is of Imt a few acres iu

extent. It evidently prefers a heavier soil than does P. rir/iila, which forms the forests of the pine barrens. On
Staten Island, New York, there are a few scattered trees of 1'. slrobun.

Jlr. William M. Canby, of Wilmington, Del., reports the existence of a grove of White Pine trees in upper
Delaware, and Mr. Thomas Meehan, of Gerraantown, Pa., states that White Pine grows (or did recently) at the

Soapstone quarry, on the east side of the Schuylkill, some 8 or 10 miles above Philadelphia. Mr. Canby adds: "It

is a very difficult thing to define the limit of a species that is being so rapidly destroyed, and doubtless the southern

line is being rapidly effaced."

Prof. Lester F. Ward, of Washington, D. C, is of the opinion that Finns atrohiis is not indigenous around
Wa.shington, and that the few trees met with in wild situations in its vicinity grew from seeds blown from planted

trees. He has never met it iu his botanical excursions into southeastern Maryland and Virginia.

Mr. F. E. Boynton writes from Highlands, N. C.

:

I have seen some very fine specimens growing in Pickens and Oconee counties, S. C, but I have never seen it in
this part of the country except in high altitudes, say from 2,500 to 3.000 feet usually. I have never seen or heard of
its forming forests here. I have seen groves of a few acres where it might be said to predominate. As a rule, it is

found scattered among other forest trees. It nearly always grows in or ([uite near Rhododendron and Jlountain
Lani-el thickets, which indicate a moist soil. It often grows to be a very large tree here I measured a log in the
mill yard near here last night that was 37 inches through. Considerable lumber is cut from White Pine in this

mountain region, but, as a rule, the luuiher is of inferior iiuality, being very knotty and often shaky. Cultivated
specimens thrive aud grow very fast. It is usually found most common on southern exposures. The rock formation
is granite, and soil usually a sandy or gravelly loam wherever I have observed the White Pine in this region.

The following has been furnished by Prof. W. R. Lazenhy, of the State agricultural experiment station at

Columbus, Ohio:

From all the data in my possession, I should say that White Pine is rarely met with iu Ohio outside the borders
of two of our northeastern counties, viz, Ashtabula and Lake. Occasionally a sporadic ])atch has been noted along
the hanks of streams iu some of the eastern counties. I have never heard of its spontaneous occurrence anywhere
throughout the central or southern portions of the State. It appears to thrive well here at Columbus and submits
kindly to change of soil. Wherever I have seen it iu Ohio under artificial cultivation it has presented a thrifty

appearance, although the young plants do not make a very rapid growth for the first few years.

Concerning the occurrence of White Pine near the head of Lake Michigan, Prof. E. J. Hill, of Normal Park, 111.,

writes

:

It begins at Whiting Station, on the Jlichigan Southern Railroad, and extends eastward to Michigan City. I

came across a clump of White Piue once, about a mile north of Otis, where the Michigan Southern Railroad cro-sses

the New Albany road. - - ' You would be pretty safe in taking the Calumet River as the southern boundary.
* * ' I do not know of a single native tree in Cook County, 111.

Mr. M. S. Bebb, of Rockford, 111., communicates the following concerning the occurrence of White Pine in the

northern portion of that State:

In a few localities on Kents Creek and Rays Creek, in Winnebago County, and giving the name to Piue Creek
in Ogle, the county iunnediately north of this, the White Piue is certainly indigenous, but occurring only as a
sparse growth, cresting precipitous hanks, where it seems to have found a favorable environment.

To this Mr. S. B. Wadsworth, of Oregon, 111., adds:

The White Pine iu < >gle County grows in some cases to a height of 40 or 50 feet. * ' " Nearly all the small
streams iu Piue Rock township have some pines near the mouths of the streams if there are any rocks along the
hanks. » » » The White Pine prefers the St. Peters sandstime, but iu some cases grows on limestone rocks.

Mr. R. Williams, of Streator, 111., says:

"White Pine is without doubt a native of La Salle County. It occurs on the Vermilion and its little tributaries
wherever there is an exposure of carboniferous sandstone, and more frequently is seen close to the edge of the
highest blurt's, where the soil is largely composed of the disintegrated rock. 'I'o find one beyoud the inllnence of
the sand rock would be almost phenomenal. Tlie number is very small aud their situation does not permit them to
attain much size. I think that 10 feet is about the limit of height. Small thrifty ])lants from one to a few feet in

height occur here and there, aud are sometimes transplanted to the jir.iirie soil, where they make a vigorous growth,
outstripping Norwav Spruce. Scotch and Austrian Pine, Hemlock, and White Cedar. Pines planted here in 1854 or

1855 are now (1886) 'about 40 feet high.

The limiting line of the White Pine beyoud the Mississippi northwestward is traced substantially as iudicated

hy Mr. Warren Upham in the (Geological and Natural History Survey of Minnesota. Jlr. Upliam sends the lollowing:

The White Pine, wherever I have seen it m New Hampshire and other jiarts of Ne'W England and in the North-
west, prefers somewhat clayey laud. It does not thrive ou wholly sandy plains ("moditied drift" of glacialistsi,
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whioli are rtpnominnted "pine bnrrona," tho coiiftcnial (Uvilliii}; place in the East for the Pitch Pino (P. rigida), and
ill thi' Nortliwest for tln' Itanksinu or .l;ick Piuo (

/*. diraricdla i: nor ilnes tlio Whiti- Pini- in rithir ri'fiioii grow
plentifully iiml of laryrst size on very clayey land, wliiili is tlie favoritr lnration for Miiples. liasswooil. KIniH. and
other deciduous tires. The White Pine in this iiia*t4'r of its ihoire of soil follows the injiinrtion. Mvilio tiiliHuimiis

ihU. Tile li'ed Pine ( /'. riHinosa), so far as I liavo oliserved, can thrive heltiM- on the very sandy plains and "bar-
rens" th.iii the White I'iiii', being intermediate in this hetweon the White Pino and tho I'itch anil .laek ]>inef<.

Prof T. II. .Macbride, of the State I'uiversity of Iowa, says:

I have collected White Pine in the f<dIowinj; eouuti<« in this .State: Mitchell, Howard, Winneshiek, .Vllaniakee,

Clayton, Diilincine. Didaware, .lackson, ami Miisc.itine. It is, by others, reported from .Scott. It on;;ht tn bo found
also in Payette, but I have never run across it there.

[This would confine the White Pine in Iowa to the counties bordering the Mississippi Hiver and the Minnesota

State line os far west as the Cedar River Valley.]

CONCLUSIONS REGARDING NATURAL DISTRIBUTION.

The leading conclusions to be drawn from what lias liccii stated regardiii;,' the natural di.stri-

bution (if White TMiie seem to be the followiuo;

(1) LeaAMug out ofcon.sideratioii all the outlying jiortions of the region under di.scussion, there

is left an area of not less than 400,000 sijuare miles in the United States and Dominion of Canaila

within which the White Pine is in its home and surrounded by the conditions of its own choice,

throughout which its successful cultivation is fully assured.

(2) A much larger territory than this is included within the limits of extreme distribution as

defined above, and there is abundant evidence to show that over nearly the whole of this wide

area, and in some directions far beyond it, this species makes under cultivation a healthy and

rapid growth. There is apparently no species of eijual value indigenous to eastern North

America that is at the same time adapted to so wide an area.

(3) The habits of this species near the western limit of its natural occurrence, as well as

experimental jilanting, indicate plainly that its successful growth can not be depended upon much
beyond this limit.

THE WHITE PINE LUMBER INDUSTRY.

No species of American timber has been so nincli useil for lumber as the White Pine, and

the development of the lumber industry in this country is coincident with the exploitation of the

White Pine forests.

The commercial use of White Pine began with the first settlement of New England. The first

sawmills were established in tlie seventeentli century, and numerous small sawmills, which were

usually an attachment of the neighborhood gristmill, were in operation early in the eighteenth

century. Timber was exchanged for merchandise, and the collections thus made were floated to

ports of shipment, whence they were exported. This iirimitive industry, confined largely to White
Pine, was continued well into the third decade of the present century. In 1850, ,T. S. Sjiringer, of

Maine, wrote: "Thirty years ago it was unnecessary to search tor a locality for a lumber camp on

the Penobscot, for a man could step from his hou.se to his day's w-ork, the iiine, that forest king,

abounding on every side. Fitty years hence the vast jiine forests through which Ilie Penobscot

Hows will be on the eve of destruction.'" This prophecy has long since been verified, for the Spruce

has practically taken the place of the White Pine in the lumber outi>ut of Maine.

This early trade in White Pine, though invohiiig small cajiital and lintited operations on the

part of each dealer, was by no means unimportant in the aggit-gate, lumber being a leading

industry in New England from the first. The Bangor Weekly Register of March 2, 1810, noted

that between .300 and 40(t sleigh loads of lumber, etc., mmo. into IJelfast in one day. The Gazette

of July 10. 1S22, says that l.'i(!,OSl) feet of bimlier and .'{."i.OOO shingles were hauled in on one Saturday
V)y teams. In 182.5 twenty-five vessels were engaged in the lumber trade from Bangor to the West
Indies. The mills of those days were all small afl'airs, generally single sash saws, driven by water

jiower, with a capacity of 1,000 to .'3.000 feet per day. About 18.30 the construction of larger mills

began, and in 1890 a capital of nearly .Ml2,00O,(M)f> was invested in the sawmilling industry in the

State of Maine alone.

In general, it may be said that the White Pine of New Ihigland was cut by numerous small

concerns, and that the bulk of the supplies was (;ut before modern .sawmilling began.
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Although the great forests of White Pine in Maine have disappeared, a small amount of this

material is srill cut in the State every year, so that since ISSl, on the Penobscot, for instance, out

of a total cut of about loO million feet per year between lU and 30 niilliou feet have been pine, the

pine thus generally forming 15 to 20 per cent of the entire output.

In Pennsylvania the exploitation of White Pine likewise began <juite early. Pittsburg

furnished pine lumber to points along the Ohio and even to St. Louis, Mo. As late as 18.50

Philadelphia received its 150 million feet of lumber, largely White Pine, from the State, importing

but very little from Xew England and the South. At Williamsport, the center of White Pine

lumbering in Pennsylvania, the first large mills were erected about IS.jS, and the bulk of the piue

was cut ])rior to 1870.
,

In the forties the White Pine product marketed at Williamsport excelled in quantity all other

points of production. The highest production was reached in 1873, with nearly 300 million feet

B. ^I. in logs boomed, which in 1S1)3 had sunk to a little over one-tenth of that amount, ^^'llile

in 187.) the amount of timber standing was estimated as 3,300 million feet B. M., in 1800 the State

commissioner of forests places the remainder at 500 million feet B. M.
The only uncut White Pino forests of Pennsylvania now standing are isolated bodies in the

more inaccessible jiarts of Cleartield, Lycoming, and Tioga counties.

In the State of Xew York, too, which in the Adirondacks and in the western counties con-

tained considerable quantities of White I'ine, the species is largely cut out. Hardly more than 5

per cent of the cut is now of W^hite Pine, the output from the Adirondack mills being in the

neighborhood of 25 million feet B. M.
• The exploitation of White Pine in the Lake region began during the thirties, when small

mills were erected at various points, both in .Michigan and Wisconsin. The first steam sawmill at

Saginaw was built in 1834, and the first mill at Alpena was built two years later. Xeverthelesa

the lumber industry of both Michigan and Wisconsin remained insignificant until toward the close

of the fifties, when most of the present sites of manufacture had been established. Ten years

later (1870) the annual cut of White Pine in Michigan and Wisconsin amounted to nearly 4 billion

feet; Minnesota had scarcely begun to contribute to the output; and in the marketing the rail-

way was fast displacing the older method of rafting. The progress of lumbering is well illus-

trated in the following figures from the ^Northwestern Lumberman, representing the annual cut of

lumber alone from 1873 to 1897

:

AhiihuI ci(t of lumber (cecliisire of shim/h's and lallis) of the three Lake States, ilichiijan, Wisconsin,

and Minnesota, 1S73-1S97.

Feet B. M. i Feet B. M.

1873 3, 993, 780, 000 1 1886 7, 425. SlW, 443

1874 3,751,306,000 '• 1887 7,757,910,784

1875 3,968.553,000 1888 8,388,716,460

1876 3,879,046,000 1889 8,305,833,277

1877 5, 595, 333, 496 1890 8, 664. 504, 715

1878 3,699,472,759 1891 7,943,1.37,012

1879 4,806,943,000
|
1892 8.903,748,423

1880 5,651.295,006 1893 7,599,748,458

1881 6,768,856,749 1894 6,763,110,649

1882 7,552,150,744 1895 7,093,398,598

1883 7,624,789,786 1896 5,725,763,035

1884 7,935,033.034 1897 6.233,454,000

1885 7.053,094,5.55

Or, dividing the time into periods of five years each, the figures are as follows:

Cut of lumber (exclusive of shimjles and laths) in Michigan, n'isconsin, and Miniiesola, by periods of

five years.

Feet.

1876-1880 21, 562. 090. 361

1881-1885 36, 933, 924, 888

1886-1890 40,542,339,679

1891-1895 38.302.143.140

Total 137,340,498,068

20233—No. 22 2
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From the ligures. to which about JO per cent must be addeil for shiuglea, laths, etc., it appears

that the yearly output did not reach 4 billiou feet until IST'.t, and that the greatest increase in the

cut occurred between isTH anil 1SS2, when the Tbillion mark was reached. Tliis enormous cut

continued until the /general Inisiness depression of 1S94 called a temporary halt. In Minnesota,

pine lumbering began on the St. Groix and did not reach conspicuous dimensions until during the

eighties, when the regions along the upper Mississippi, as well as the 1 )uluth district, were opened.

This jirogress westward is well illustrated by the following figures, wliich show the percentage of

the total cut of lumber alone from period to period, by districts:

Percentage of total cut of himlur, 1S73 to ISUH, by diatricta.

Districts.

Lumber cut.

1873 1880

Sneinnw district ami mills nlong railways in soutbcrn
peiiinsiiln of Miclii^nn

Purls about Lake Michigan, including those of Green
j

Hav
District west of Chicago, that is, most of the mills in

|

Wisconsin and Minnesota

Per cent.

30

34

Per cent.

31

3'.'

37

1885 1800 1806

Per cent.

28

45

Per cent.

24

28

48

Per cenf.

16

26

58

In this connection the White Pine trade of St. Louis presents an interesting illustration. The

first pine lumber was received from Pittsburg in ISIO, and this point leiiiiiined the principal

source of supplies for years. In 184.3 a boom on the St. Croix Eiver broke and the liberated logs

were gathered antl rafted to St. Louis, where they were sawn. In 18.">() the first regular raft of

Wisconsin logs was brought to the city. In ]S.").3 Sdiuleiibeig and lioeckler built a large sawmill

on the St. Croix, and from this time on rafts of sawed White Pine were sent to St. Louis from the

northern rivers.

The receipts of White Pine at St. Louis were: In LS.J3, about 00 million feet: in ISSl'. about

102 million feet. Similarly the lumber trade of the city of Chicago, the greatest lumber market

in the United States, if not in the world, illustrates well the development of the White Pine

lumber industry. In LS47 only 32 million feet of White Pine lumber Mere received. The annual

receipts at intervals of ten vears since 18.5.5 to 189.5 were as follows:
Feet.

1855 .30(5,000,000

1865 647.145,734

1875 1,153,715,432

1885 1.744,892,000

1895 1, 637, 3«), 000

The receipts reached their maximum in 1892 with 2,203,874,000 feet, and the heavy diminution

since that date is not greater than would be accounted for by the general business depression

throughout the country.

In Canada, as in Xew England, the exploitation of White I'ine began almost with the first

settlement. Logs, hewn timbei's, and especially .ship spars, were exported in early days, and of

late years an extensive trade in .sawn lumber, as well as saw logs, has sprung up between that

country and the United States. Since reliable statistics of the lumber output of this region are

wanting, the following figures for the dues on crown timber in Ontario and Quebec must suffice to

illustrate the development of the indu.stry:

Jrtrayv annual dnea on croun timber for Untario and Quebec.

1826-1834 $24,000

18:i5-18.51 82,000

18.52-1857 122,000

1858-1866 168,000

1867-1881 450,000

The export into the United States for 1894, the heaviest year, was: Lumber, 1,15.5 million

feet (Pine and Spruce); i)ine logs, 277,917,000 feet, or less than 1.^ billion feet B. M.

Though scattering White Pine occurs in all provinces of ea.stern Canada, large bodies of

merchantable timber are only to be found on the upper waters of the Ottawa, and on the shores
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of Lake Huron (Georf,'iaii Bay district) and Lake Superior, and the White Pine lumbering is

practically confined to these districts. The output of White Pine in the Dominion is estimated

at IJ to 2 billion feet per year.

ORIGINAL STAND AND PRESENT SUPPLIES.

What the original stand of White Pine was is dillicult even to estimate. The amount of

White Pine cut in the New England States, New York, Pennsylvania, and the eastern Provinces

of Canada is not known, and the only reliable figures which give an indication of what has been
harvested are the figures for the Lake States above mentioned. For the Lake region alone the

estimated original stand for Wisconsin may serve as an illustration. For the pine-stocked area of

this State, a total stand of about 150 million feet per township (J.'5,(>00 acres) has been shown to be a

fair average. This would indicate a total of about 130 billion feet, of which about GO billion feet were

cut between 1S73 and 1807, and about 20 billion feet are supposed to have been cut prior to 1S73,

making a total of about 80 billion feet as actually harvested, while about 18 billion feet were
believed to be still standing in 1897. These figures are based upon a thorough canvass made by
Mr. Filibert lloth and published in detail iu Bulletin No. 16 of the Division of Forestry. On the

same basis, jMichigan possessed fully 150 billion feet and Minnesota may be assumed to have had
about 70 billion feet,, which would make an aggregate of about 350 billion feet of pine for the Lake
States. Of this about 170 billion feet were cut between 1873 and 1807. and about 50 billion feet

•were probably cut prior to this time, accounting for about 220 billion feet out of 350 billion feet.

While it must remain mere conjecture, it seems quite fair, nevertheless, to assume that the total

supplies of White Piue aggregated probably not less than 700 billion feet of standing timber

originally. Of this total, then, not less than 50 per cent was contained in Canada and the

Eastern States, the United States portion representing about two-thirds of this heritage, the

Canadian portion showing less than 20 jier cent of total supi>lies.

Of this large amount of virgin supplies, a little over 15 per cent, or 100 billion feet, may be
estimated as standing. These supplies may be approximately distributed as follows:

Canada is credited by the statistician of its department of agriculture with about 37 billion

feet of standing pine, an estimate probably far below the real truth. For the Lake States the

following estimates were made in 1897 by the best-informed man of the Lake region : ^linuesota, 36

billion feet; Wisconsin, IS billion feet: Michigan, 10 billion feet. These estimates are considered

quite high by many. The standing pine in Michigan is placed bj- a detail township canvass in

1890 at only about billion feet; the standing White Piue of Minnesota is estimated by the State

chief fire warden at only about 12,600 million feet, while an estimate for Wisconsin made in 1895

places the standing piue of that State at only 8 billion feet.

Eetaining the larger figures as probably the nearest correct, there exist to-day : In the Lake
States, about 61 billion feet; in Canada, over 40 billion feet; in New York and Pennsylvania, not

over 2 billion feet; in New England, not over 3 billion feet; in West Virginia and Tennessee, not

over 1 billion feet; making a total of about 110 billion feet, or about 22 per cent of what may fairly

be believed to have been standing originally. Of this standing supply-, about 100 billion feet are

so located that the present rate of exploitation (over 6 billion feet per year) can be, and probably

will be, continued until over 75 per cent of the present supply is cut, when, of course, a lack of

logs will lead to a reduction in output. This condition may be looked for before the end of the

next ten or twenty years, and from that time, unless recuperative measures are adopted. White
Pine will cease to be the great staple of our lumber markets.

In former years lumbering of all kinds was careless, and even in the White Pine forests the

prevailing "inexhaustible supply" notion led to enormous waste. Stumps were left 3 to 4 ffeet

high, all defective trees were left, and top logs burned up with the di-bris. .Many of these old

slashings have been logged for the second and even the third time, often yielding a greater profit

than when first culled.

At present this is no longer the case. High stumpage prices and a perfect market have led

to the closest economy in logging, milling, and shipi)ing of White Pine. The trees are felled with

the saw, the stumps are 18 inches and less, care is had iu the marking and sawing of logs, and
the top is utilized, irrespective of knots, just as far as it will make saw timber. Defective logs
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arc rarely lelt behind, and ''clean t,iUtinjit" "O"' means tin; removal of all lo}?s, however delective.

In lo<j;<rin}i, ice roads, improved by nijrhtly si)rinklinf;'. enable the transport of enormous loads

(."),()(KI feet and more) by sin;,'le or double teams. The lo^^'iiin railway is fast linding favor, and in

many places the lofrgin;; is thereby made continuous, being carried on at all seasons. (See I'l. IV.)

The yields in White Pine are, as might be expected, very variable.

A cut of 2 million feet T5. ^f. on a •• forty." or 50.(1(10 feet per acre, was not a rare one in the

pineries of southern Michigan, and ocasionally such cuts ai-c made in Wisconsin and Minnesota.

To yield such a result the entire "forty" must be well and evenly stocked. The best acre, then,

need not be far above the a\fragc, and, in I'act, rarely exceeds 75,000 feet.

A stand of 1 million feet on a •• forty," or 25,0(10 feet per acre, is a good one, but was of quite

common occurrence in all White Pine districts, and may still be found in many places, while whole

townshijis or counties have averaged 10,000 feet per acre.

These yieUls depend, of course, on the character of the forest growth, the greater or smaller

admixture of other species occasioning the diiferences. Thus, if any large territory of the pine

districts were taken into consideration, a yield of 150 million feet i)cr township would be found a

fair sratemeut for most parts of the pineries of Wisconsin and ^lichigan.

The best yields do not usually come from those tracts which contain the largest trees, but

where the pine is least mixed with other species and stands most dense.

Such areas, pineries proper, wiiere no merchantable hardwoods were mixed with the pine, are

usually tracts of loamy sand, and occur in extensive bodies in all three of the Lake States,

lienerally. White Pine cuts more wasteful than Norway or Red Pine, has a thicker bark, more

large dead limbs and knots, these latter often coming to within 20 feet of the ground, even on large

trees, and is (piite given to forking. This latter ]>ecnliarity seems natural to the tree, and has

been observed abroad as well as here. It seems independent of the character of the soil, as it

occurs on clay and sand alike, but it is often localized, so that on a small tract of 10 or I'O acres

nearly all trees are forked. Trees with three and four forks are not rare, and five forks occur. lu

addition, ANhitc Pine is extensively defective by decay, so much so that in .some localities 15 toi'O

per cent must be allowed for the loss from this source.

NATURAL HISTORY.

The oldest description of the White Pine appears to be that of Plukenet, i)ublished in 1700.

Its scientific name of 7*(7i((.s .s'^>'oi«s was given the species by Linna'us in 1753, and unlike most

trees but one other scientific name has been applied to it, the .synonym being J'inits Iciiuifolia Salis-

bury, 17'JG. Besides the generally accei)ted common name of White Pine, the species is locally

known in the United States as Soft Pine, Northern Pine, and Spruce Pine, and to a limited extent

by its usual European name of Weymouth TMne.

The species was first introduced in Europe at Badminton, England, and was soon after exten-

sively planted on the estate of Lord Weymouth, whence its common name abroad. It was also

extensively planted in Germany at the end of the last century under the same name, Weymuth-
kiefer.

BOTANICAL DESCRIPTION.

White Pine {Pinus strohtts L.) in its natural habitat is a tree of large size, 100 feet or more in

height (not unfrequcntly attaining a height of over 130 feet, even trees of 250 feet in height having

been reported), with smooth, thin, grayish bark (fig. 1), becoming at the base thick and deejily

furrowed v.ith age. The leaves are slender, straight, triangular in section, five in a sheath, 2.^ to

44 inches long; resin ducts, chiefiy two near the dorsal face; stomata in three to five rows on the

ventral faces; fibro-va.scular bundle, one. Cones, single or in groui)S of two to three, stalked and
pendulous, 4 to iiu'hes long. cyiiinlri<'al, slightly tapering and curved, fruit-scales oblong wedge-

shaped, the apophysis half pyramidal, with a triangular blunt point. Seeds, one-fifth to one-fourth

inch long, grayish-brown, with a thin membranaceous wing. Cotyledons, seven to eleven.

.\ number of varieties, more or less distinctly marked, are recognized in cultivation. Among
these are iitiiia,a, dwarf, bushy form, cultivated in gardens in the Old World; iiirea, viridis, and
aurea, named from the color of their leaves; brevi/olia, and several others {umhracuUfera, minima,
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FiQ. 1.- Transporting Logs over Ice Road in Michigan.

Fig. 2.— Lumber Camp in Michigan.
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fastiffiata, graciUfolia, rarieriatn, zthrlnn, and proslr((t(i}, some of whicli are propagated and sold as

special attractions in nurseries.

RELATIONSHIP.

The White J'ini' {Pinus strobus) is closely related to tlit; Uliotan I'ine {I'lnun e.rcclno) of India,

the Swiss Stoue Piue {Pinus cembra) of southern Europe, the White Pine (Finns Jie.vilis) of the

liocky Mountains, the Sugar Pine [Pitius Jamhertiana) of the Pacific coast, and a nnmhcr of others

less generally known, of which Finns monticola, P. nlbiraulis, P. strohiforinis, P. (jiuidri/olia, P.

parryana, and F. ccmbroides are natives of the T'nited

States.

The sjiecie.s belonging to this section of the pine genus

are distinguished by their slender, delicate leaves, five in

a sheath ; by the exceptionally soft and even texture of

their wood, ami by certain wclldertned botanical charac-

ters, by which they are marked as a natural and easily

recognized group.

Tlie group of species just named shows a preference,

generally characteristic of this section of pines, for ele-

vated, mountain regions, and a light rather than a heavy
soil, making, as a rule, a healthy growth ou sandy and
rocky places, and manifestly preferi'ing these to low and
heavy soil. All are handsome trees, symmetrical in form,

some of them, as the Sugar Pine (Pinus lanibertiana), of

rapid growth, and forming magnificent specimens from

150 to over 200 feet in height, wliile others are of slow

growth, as the Stoue Pine of the Alps, which produces,

however, a beautiful, fine-grained wood, extensively used

by the Swiss peasants for carving. The Bhotan Pine of

the Himalayas is the representative of the White Pine in

Asia, resembling it very closely in habit, size, structure

of wood, and various technical characters.

Admitting the common ancestry of these various species, a more extended comparative study
of their preferences and habits would be of much interest in relation to their cultivation beyond
their natural range, considering the fact that, whatever their environment, such ancestral traits

are certain to manifest themselves.

Fig. l._B.->rk of old White Pine.

MORPHOLOGICAL CHARACTERS.

ROOT, STEM, AND BRANCH SV.STEM.

In the natural forest, with a due amount of shade, the White I'inc has at maturity a straight

columnar trunk, destitute of branches for half to two-thirds of the distance from the ground to

the tip of the leader.

The branches are for many years disposed regularly in whorls, and during this early i)eriod

the tree retains a symmetrical, conical form, and is one of the most graceful of the pines for orna-

mental cultivation, but, as is the case with other conifers, the lower branches are short lived, and
ultimately, by their decay, the tree becomes unsightly. This fact, which renders thi.s species, in

common with all other conifers, undesirable during part of their lifetime for ornamental pirrposes,

gives it the greater value as a timber tree.

The crown, at first pyramidal, is fiimlly less regular, although rarely fiatteuing, and, owing to

the rapid and persistent growth of the tree, conspicuously overtops the surrounding forest of

deciduous trees. The root system is small compared with the size of the tree and spreads near the

surface of the ground; its comparatively slight development is in harmony with the less pro-

nounced dependence of this species on the soil and its greater dependence on the atmosphere.
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Xurscry seoillings produce ntimerous slender, fibrous roots, the delicate tissues of which are as iu

most couilers easily dried at the time of transplanting, resulting iu very serious injury or loss of

plant material. White IMiies planted iipou the dry sand along the Lake Michigan 8h(ne and

trimmed of their lower branches have been observed restoring these lower limbs and forming a

thick, green covering over the roots betbre making any height growth, suggesting iu a striking

manner the necessity of protecting the root system against too rapid evaporation and a too highly

heated soil. In the natural forest, and in artificial groves jjrojjcrly planted, tin- fallen leaves fulfill

this function by making a deep, thick coating over the roots.

LEAVES.

The leaves arise from greatly reduced short branchlets and are produced five together, sur-

rounded at the base by a thin deciduous sheath, and are further distinguished by being more

slender and delicate than those of our other native pines. (PI. V, 7, :>, .5, i.) The relative jiosition

of the five leaves inclosed in their common sheath is shown in PI. V, 5, and in PI. V, (i, is repre-

sented a cross section of a single leaf, magnified sufficiently to show the characteristic arrange-

ment of the tissues.

Without entering into a detailed account of its functions, which would here be irrelevant, it

may nevertheless be remarked that the leaf of the White Pine constitutes a highly coinjilicatcd

and delicate piece of apparatus. Like all foliage leaves, the leaf of the ^Vhite Pine fulfills the

important functions of respiration and the manufacture of starchy food, during which processes

large amounts of watery vapor are exhaled.

A healthy pine seedling, three years old, iu the air of a dry room, lost by evaporation in

twenty-four hours 81.1 per cent and iu the following twenty-five hours 90.7 per cent of its entire

dry weight.' The evaporation, chiefly through the leaves, is more rapid in the daytime than in

the night, in clear than in cloudy weather, and most rapid of all in a drying wind. It will readily

be seen that if a tree is planted on a clear, dry, and windy day, the conditions are the most

unfavorable that could possibly be chosen, the rapid evaporation carrying oft' the water of the

plant beyond the capacity of the roots, not yet adapted to their new place, to meet the demand,

which results in the drying ui) of the tissues and often in the death of the tree.

The various forms of modified leaves are chara(;terized by extreme delicacy. Winter buds

(PI. V, r\ with their thin and small scales, present a striking contrast to tho.se of Longleaf Pine, for

example, and other species tiiat produce large buds with relatively thick and coarse scales. The
very loose leaf sheaths and scale like leaves of the young shoots are early deciduous, a fact that

contributes to the growth of the smooth, clean bark characteristic of the branches of White Pine,

in which it differs in so marked a way from the sjjccies of the Yellow Pine group.

In PI. V, 1, the modified, scale like leaves that constitute the loose sheaths are conspicuously

shown. Separate fascicles, with their sheaths, are represented in PI. V at 2 and 5, while at / is an

older one as it aitpears at the end of the summer after the sheath has fallen.

EXPLANATION OK PLATE V.

/. .Shoot sliowiiif; foliaj;e and sc.ili' le.ives of different ages.

2. Voiuig fascicle with sheath.

S. Young fascicle further developed.

4. Still older fascicle from which the deciduous sheath has fallen.

5. Section of fascicle inclosed in sheath.

G. Section of leaf uiiignitied.

7. Wiuter hud.

FLORAL ORGANS.

Flowers and fruit are rarely produced to any considerable extent before the tree has attained

the age of fifteen or twenty years, though occasionally trees may bear fruit at ten to twelve years

of age.

The stamiuate and i)istillate flowers are .separate, but ])roduced on the same tree. They
appear in Jlay, the pollen ripening and pollination taking place (in the latitude of Ann Arbor,

' According to determinations made iu the botanical laboratory of the University of Michigan, November 18, 1886.
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Leaves and Bud of the White Pine.
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Plate VI.

Cones, Seeds, etc., of the White Pine.



SEEDS AND SEED SUPPLY. 23

Mich.) between the middle and the end of the mouth. The staminate tlower.s are borne Literally

on the shoots of the season (PI. VI, 1). They are extremely simple in structure, consisting of

numerous pollen sacs borne in pairs on the outer face of the scale like staminal leaves. The
pollen is produced in };reat abundance and is carried by the wind to great distances. Fertilization,

however, notwithstanding the profuse production of pollen, often fails to take place. In fact,

failure appears to be rather the rule than the exception, if we consider the frequency of "off

years," in which little, if any, good seed is produced. But doubtless other causes often combine

to prevent the production of a full crop of seeds.

The pistillate flowers occupy the apex of the young shoot (PI. VI, 2), finally forming a bunch of

cones pendent from the ends of the branches. At the time of pollination they are about one-

fourth of an inch in length and have the appearance of minute fleshy cones, which by the end of

the first summer's growth have attained the length of three-fourths of an inch to an inch, and
have the appearance represented in PI. VI, 3. They are not ripe until the fall of the succeeding

year, when the cones, having now attained their full size, as shown in PI. VI, 5 and f!, open and
allow the winged seeds to escape. In order to i)reveut loss of seeds it is necessary to gather the

cones a little before they riiicn, which occurs during early September in most localities of the

natural I'ange. Afterwards, if kept in a dry place, they will open readily themselves and allow

the seeds to fall out. The ripening is signalized by the change of color to a yellow brown and the

forming of a resin coat.

SEEDS.

The seeds are one-fourth of an inch in length by about half that measure in breadth, of an
oval form, grayish-brown in color, sprinkled with darker spots, and provided with a thin, delicate

wing, by means of which they are disseminated through the agency of the wind (PI. VI, s). The
seed coats consist of a hard outer shell, or testa, inside of which is a thinner membrane, the

eudopleura. Inside of the seed coats is the whitish endosijcrm, constituting the food of the

germinating plant, within which, occupying the center of the seed, is the small, straight embryo,
the three parts of which, stem, radicle, and cotyledons, are plainly distinguishable.

To get 1 pound of seed from - to 2.^ bushels of cones are necessary.

Concerning the production of seed, the experience in this country is but fragmentary. The
individual tree begins to bear qiiite early. Isolated specimens, or trees in open groves, bear cones
before they are twenty years old, and even trees in the dense forest seem to bear generally before

they are forty years of age. The capacity to bear abundantly is retained to old age, the oldest

trees seen still bearing heavily, and even mutilation by fire or otherwise does not prevent the trees

from bearing.

EXPLANATU)X OF PLATE VI.

1. Staminate llowers of Pinus strobiis jnst before sheddiiij;; of jiolleu.

2. Pistillate Mowers, terminating yonug shoot.

3. Young cones in autumn of first year.

4. Young cones early iu summer of second year.

.5. Cones at close of second year's growth before opening of scales.

6. Mature cone, the scales sejiarated to admit of dissemination of seeds.

7. Single scale, showing onter surface.

8. Single scale, showing inner surface with seeds iu place.

•SEED SUPPLY.

A full crop of seeds is usually produced by the same tree only at intervals of several years.

Cones may be formed year after year, but upon examination it is often found that many of the
seeds are abortive. Of a large number of cones gathered at Ann Arbor, Mich., in ISSG, not a
single one showed a perfect seed. Mr. John E. Hobbs states that the same year (ISSO) was a good
seed year in Maine, and that trees had not produced so largely before since 1S70. According to

Mr. J. Dawson, of the Arnold Arboretum, a crop of seed may be looked for about once in five

years, though others make intervals between seed years shorter. The frequency of seed years has
not been sufficiently noted as yet to warrant any general statement, but it is known that during
certain seasons the seed production is perfectly general over large areas, while in other years it

is not. Thus, in 1S97 the White Pine bore heavily in every pine county in northern Wi.seonsin.
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The frequency of seed years varies of course not only on account of more or less favorable seasons,

but according to locality and climatic couditions. lu Europe the White Pine is regarded as a

freijuent and heavy seet'.cr, one year out of thi-ee being gent-rally i)roductive. A grove of S acres

near Frankfort ou the ."Main ])roduced during twenty years, on an average, •'i' 10(1 worth of seed,

with a maximum yield of $500, and with but three "ott" or fail years in the twenty. Similarly

an area <>f about 40 acres in the I'ahUinate furnishes as high as 1,700 buslicls of cones, or about

1,300 pounds of seed, supplying all the nurseries of the I'ahitinate State forests with seed.

THE WOOD.

The structure and development of the wood of the White Pine may be studied to the best

advantage by beginning with a young shoot cut from a vigorous tree in early sunnncr. A cross

section of such a shoot in the first season of its growth (I'l. VII, /) shows three jdainly marked
zones—the pith (w) surrounded by the wood (.r) and the inner bark {i>h), which together form

the consjiicuous zone crossed by radiating bands, the so-called medullary rays, and outside of the

parts just described, a broad zone of cellular tissue, constituting the middle bark, which is bounded

externally by the epidermis.

The pith, medullary rays, and middle bark consist of simple cells, originally of an irregularly

roundeil form. Together they constitute the so-called ground tissue of the stem, as distinguished

from the tibro-vascular iiortion, wliieii includes the wood and inner bark.

Within the cortical portion of the ground tissue numerous large openings (PI. \'I1, 7, rdj are

seen, of difl'erent sizes and api)arently without definite arrangement. These are the resin ducts.

Each duct runs longitudinally through the stem, and consists of a central cavity tilled with resin,

around which is a single layer of secreting cells, easily distinguished by the nature ot their con-

tents from the surrounding cells of the cortex.. At this stage of development the resin ducts are

confined to the cortical parenchyn'.a, none having yet been formed in the woody ])ortion of the

stem; but later iu the season, as maybe seen in older sections, a number of ducts are formed,

arranged in a circle near the periphery of the wood. These have essentially the same structure

as those of the cortex, but are of smaller size and are surrounded by fewer secreting cells. In

cross sections of older stems the resin ducts are seen, arranged in an irregular circle, in each

annual ring. Their physiological significance is not fully understood, though there can be little

doubt that De Yries is correct in assuming that the abundant resin is of service to the growing

tree, when wounded, in i)reventing decay of the wood, and that its preservative intiuence is con-

tinued after the tree has been cut into lumber.

In such a young shoot as has been described the cells are vitally active, and are filled with

granular protoplasm, in addition to which several other substances are either produced or stored

u\) in them, i)articularly in the cells belonging to the ground tissue. t!hloro])hyll occurs in the

pith and medullary rays as well as iu the cortical ])ortiou. It is most abundant in the cells of the

cortical parenchyma, occurring iu the form of minute grains, irregular in shape and size. Starch,

in rounded granules, occurs abundantly throughout the ground tissue, the cells of the cortex con-

taining a larger proportion than those of the pith. Kesin, as already stated, fills the resin ducts

and the secreting cells around them, though starch is often found iu the latter.

Passing now to the woody portion immediately surrounding the ])ith, two characteristic fea-

tures at once attract attention. The elements composing the wood, .c ( PI, VII, 1 and .V), have a

much narrower lumen than those of thepith, and are regularly disposed iu radiating rows. These

elements, the tracheids, are elongated thick-walled cells, four to six sided, according to the number
of tracheids by which they arc^ surrounded. Their walls are lignilied and are marked by the

jjeculiar structures called b(udered jiits. Their structure, when fully developed, is shown iu PI.

VIII, 1,2, and J. In the economy of the tree the wood fulfills tlie function of mechanical support,

and serves as the conducting tissue through which the water, evaporated from the leaves, is carried

up from the roots.

The medullary rays are comjjosed of cells so llattcued by the jtressure of the tracheids that

on longitudinal sections they appear as represented iuPl. VIII, 5. They contain a con.spicuous

nucleus, are closely packed with granular food substances, and serve collectively as a storehouse
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of reserve materials. Communicatiou betweeu these and tlie tracbeids is effected by means of
simple pits on their radial walls.

The inner bark, or phloem, ph (PI. VII, 1 and .5), closely lesembles the young wood on
cross section, its elements being arranged in radiating rows and traversed in like manner by the
medullary rays. The cells composing it diH'er, however, in various important particulars from
those of the wood. Their walls are of cellulose, and although iinpnrtant as conducting tissue, they
contribute comjiaratively little to the rigidity of the stem.

Between the wood and inner bark is the cambium or formative tissue, re])resented in PL
VTl, 1, as a light band of extremely small and delicate cells, and in the same idate as a zone
of cells with thin walls and large lumen, contrasting strongly with the wood elements and those of

the inner bark between which they lie. It is from the cells of the cambium that those of the wood
are formed on the one hand and those of the bark on the other. The process is a gradual one, and
no absolute line of demarcation can be drawn betweeu the cambium and the tissues derived from
it. The cells of the cambium multiply by tangential division. The essential features of this

process, as regards the position of the cell walls, are represented in PI. VIII, /, in which the
lightest lines represent the youngest walls and the heavier onei those of greater age, successively.

It is by the constant repetition of this process of tangential division and the subsequent Thicken-

ing of the walls of the cells thus formed that the wood and inner bark make their j-early increase

iu thickness. In the spring the cells of the cambium are large and vigorous, and a rapid forma-

tion of wood elements with relatively thin walls and large cavities takes place, while later in the
season much smaller tracheids with thicker walls are formed. This results iu the strong contrast

between the wood last produced in any given year and that formed at the beginning of the next
season's growth, giving rise to the sharp distinction of annual rings so clearly brought out iu

PI. VIII. :?.

The histological characters thus briefly summarized hold true, in a general way, for other

conifers as well as the "White Pine. This species, however, presents a number of peculiarities

that are of both physiological and economical interest.

The resin ducts of the White Pine are larger and more numerous in the cortex than in the

wood, an arrangement well adapted to secure the protective action of the resin contained iu them
without introducing an element of weakness into the wood. Comparisons with other species bring
out this fact in a striking manner. Thus, upon comparing the distribution of the resin ducts in

stems of the White and Scotch pines, as nearly alike as possible, it was found that in the cortex

of White Pine stems of one year's growth the number of resin passages ranged from 20 to 47, the
average being about 3.3. The number in the wood was more uniform and averaged about 13. In

the Scotch Pine the average for the wood was found to be 33 and for the cortex 10. Taking the

second year's growth in the same way, the average number for cortex of White Pine in the

specimens examined was 28 and for wood 27; in Scotch Pine, for cortex and for wood 37.'

The small size of the resin ducts in the wood contrasts strongly with the very large ones of Scotch
Pine, which seriously interfere with the continuity of the wood and tend both to weaken it and to

give it an uneven texture.

The extremely small number of thick walled tracheids constituting the summer wood of the

White Pine is in marked contrast with the broad band of summer wood formed in various other

species. Comparing the annual rings of White Pine with those of Lougleaf Pine, for example,

it is seen that while the thick-walled tracheids of the former make hardly more thaii the

mere outer edge of each ring, those of the latter constitute one-third or more of its entire width.

Moreover, the gradual, almost imperceptible, transition from si)ring to summer wood in the

White Pine contrasts strongly with the abrupt line of demarcation seen in Longleaf Pine and all

other Yellow Pines. It is to this very gradual transition that the uniform texture of the wood
of White Pine is chiefly due. The medullary rays of the different groups of i)ines show certain

structural peculiarities that appear to be constant for the group of species in which they occur.

The writer is indebted to Mr. Filibert Itoth for the ftdlowing notes in regard to this feature:

In all iiines the medullary ray is made up of two kinds of cells which ditier iu their general form, and still

more in the configuration of the cell wall and pits. The one kind occupies the upper and lower rows of each ray,

' Ett;\ L. Kuiiwles, in Botanical Gazette. Aunust, 1886.
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null are therefore termed the outer cells: the other kind makes iij) llie iiitennediato rows .ind nre known as the

inner celU.

In the appoiiranoe of holh outer ami inner cells there is a marked and constant dillVrence in dill'ereut groaps

of jiiues. While the interior of the wall of the outer cells (transverse tracheids) is smooth in some gronps, it is

beset with numerous bohl proji'ctions in r)tliers. Similarly the inner cells (i)ari>nchyma) of the sprinj; wood of each

ray in some j;ronps have lint a siujjlo lar;j;e pit comniuiiiiatin;;; with the iiei;ililiorin}i tracheid, wliile in otiier ;;roiip8

this is brought about liy tliree to six smaller pits.

Kased upon these differences, the following classification of the wood of dift'erent species of pines is proposed

by Ur. J. Schroedor:'

Section I. Walls of the tracheids of the pith ray witli dentate prnjoctions.

a. One to two largo, simple pita to each tracheid ou the radial wallt* of the c«-lls ot the i)iili ray.—(Jroup 1. Itepn-aented in this country

only h> /'. rt'titiosa.

b. Xliree to six simple pits to each tracheid, on the walls of the cells of the pith ray.—tiroup 2. /'. taoda, palustrit, etc., including

most of our "hard" and "yellow" pines.

Section II. W.ills of tracheids of jtith ray smooth, without dentate jirojections.

o. One or two larije pits to each tracheid on tin- radial walU of each ci^U of the pith ray.—Group .'f. /'. xtrohug, Inmhcrtiana, am] other

true "White Pines.

6. Three to six small jilts on the r.adial walls of c;u:h cell of the jiitli ray—(Iroup 4. /'. parrtiana, and other nut jiines. includini; also

P. bal/ouriana.

Returning to the mednllarv ray of the White I'ine, it is observed that tlie walls of the outer cells are thin

(1.5 // to 2 fi); the round pits quite varialdo in nnmber and size, but always ,is small, and often smaller, tlian the

pits of the traclieids in tlie liummer wood; also tliat the walls of the inner cells are thin ( 1..5 ii to 3 /;), for the most

part very thin, being largely occupied by pits; that the pits are large ovals on the radial walls of the cells in the

spring wood, small erect ovals in tlio summer wood, and small and irregular in outline above and below where the

inner cells communicate with each other. The length of these cells varies, even in the same ray, between 50 /< and
300 // ; the widtli was found to be about 7 « for the outer and 12 // for the inner cells; the height, more variable in

the outer than in the inner cells, and less variable than either width or length, may be set at about 23 /i for outer

and inner cells. The average number of cell rows in one medullary ray, for the specimens studied, is 7..">, whereof

2.C I'all to the outer cells and 1.9 to the inner cells. The limits of the total number of cell rows were 2 and 16; the

height of the r,iy, tliercforo, 46 « to 368 /(, dimensions scarcely appreciable to the unaided eye. What is lost in size

is gained in number; on an average 21.3 meilullary rays were counted ou 1 sipiare millimeter, or 13,:fl2 to 1 siiuare

inch of tangential section.

A study of the wcxnl in its i)liysieal and niecbaiiical ])roperties, by Mr. Filibert Eotb, will be

found fiirtliiT on in tlii.s mouograpb.

EXPLANATION OF I'l-ATB VII.

/. Transverse section of fresh shoot, cut in summer of first year x 25. The zone of small cells surrounding the pith

includes the wood and inner bark, botli of which are traversed radially by the medullary rays. The tliick

cortical parenchyma outside of these is marked l)y the presence of a number of large resin ducts.

-'. Portion of epidermis, with appendages. ISeneath the epidermis a few cells of the cortical parenchyma conlaiuing

starch.

3. Highly magnified view of .i part of the transverse section, showing the structure of wood and inner bark, with the

thill-walled cells composing the cambium lying between them.

[rigs, 2 and 3 were drawn with great care with the camera, liut unfortunately no statement of the magnilication

was preserved with them.]

K.XPLANATIUN OF I'LATE VIII.

1. Cross section of wood x 175. The section includes parts of three medullary rays, the middle one of which is cut

partly througli tlur inner cells and partly through the cross tracheids. The gradual transition from spring to

summer wood is clearly shown. Part of a resin duct is seen on the riglit.

2. Radial longitudinal section of wood X 200, showing a few of the thick-walled trachi'ids of the summer wood
f(dlowed by the large thin-walled ones of the succeeding siiring. lioth crossed by a medullary ray. The
liordered pits of tlie outer cells of the ray, shown both in section and surface view, are in strong contrast with
the simple pits of the inner cells.

5. Tangential section of wood x 2(X(.

4. Cross section of jiart of twig collected May 20, l»8t), X 175, showing camliium and development of wood and bark.

The woody ring is about one-third its final thickness.

GROWTH AND DEVELOPMENT.

Tbe seed.s of tlic Wliite Pine retain tlieir vitality for a long period. Trustworthy observers

state that a fair percentage will grow after being kept live years or more. The conditions of

germination and successful growth are, iu general, the same as for other i)ine8, namely, a suitable

'Dr. J. .Schroeder, Das Holz der Conifcren, 1872.
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soil, moderately warm and moist (not wet), iu which the seeds are covered at a depth not

exceeding twice their own diameter, and, I'urthcr, protection of the young seedlings against the

hot sun and drying winds. Special attention is re([uired in the nursery to avoid undue moisture

when the seedlings appear above the ground, as they are often attacked by a destructive disease

very common in propagating beds, known as "dami>iiig olt." If, however, no adverse intiuences

have interfered with its normal development, the young plant presents itself after some mouths'

growth as a slender shoot, crowned by the persistent seed leaves, in the midst of which is the

terminal bud, the latter having already formed numerous short foliage leaves. No branches have
appeared, and the foliage leaves arise singly instead of in groups of tive. The whole plant, as

it appears at this time, with its slender stem and long taproot, is represented, natural size, in PI,

IX, drawn from a specimen obtained iu the pine woods of Michigan, in September, 1SS6. Earlier

and later stages of development of the seedlings are shown in the same plate (7, 2, .5, 7, .o, r>) drawn
from nursery specimens.

For the first two or three years the growth of tlie seedling is slow, and is so greatly intiuenced

by its surroundings as to make it impossible to give averages that will fairly represent the yearly

increase iu height and diameter.

Thus, a healthy seedling, three years old, from the nursery row, measured i.C inches, while a

self-sown specimen from Maine, four years old, measured only 2.7 inches iu height. But, if the

circumstances are favorable, after the third year a growth of one to several inches is made each

year, and from this time on the yearly increase in height is clearly defined by alternating nodes

and interuodes, a whorl of branches being formed at each node.

The leading shoot is from the first the most conspicuous and the most important i)art of the

plant, branches being manifestly subordinate, dying off in later years as in other conifers. The
rate of growth being of most important practical interest, much space has been devoted to this

part of the developmental history.

The tree rarely reaches a height of more than 160 feet and diameters of niore than 40 inches,

more usually 30 inches. Occasionally these dimensions are exceeded; trees of 200 feet in height

and of GO inches in diameter have been reported. The largest actually measured by the Division ot

Forestry was 48 inches in diameter breast high and 170 feet in height, with an age of about four

hundred and sixty years, containing 73."* cubic leet of wood, standing in a group of similarly old

and large pines in Michigan. Another tree of this group, with 47 inches diameter and 102 feet

in height, contained 855 cubic feet, being less tapered.

EXPLANATION OF PLATE IX.

1. Seedlicfj; a8 it first appears with seed coat attachrd to seed leaves.

2. Seedling with seed coat detached.

$. Seedling with seed leaves and primary foliage leaves disposed singly ou stem; five luontha old.

4. Seedling in its second year, showing primary leaves and secondary leaves (mature form), the latter in clusters

of five.

5 and o'. Seedlings three to five years old.

RATE OF GROWTH.

The following statements regarding the progress and rate of growth of White Pine are based

mainly upon the very comprehensive data collected by the Division of Forestry in Maine, New
Hampshire, Massachusetts, Penn.sylvania, Michigan, and Wisconsin. These data, involving meas-

urements and detailed aualyses of over seven hundred trees grown under varjiug conditions,

together with records of the conditions under which they grew, and the amounts of timber which

were produced uuder such conditions per acre, are presented fully in the tables, with accompanying
notes, in the Appendix to this monograph. It appeared, however, desirable to i)resent in the text

not only the generalizations and conclusions, but also some typical cases. Some other measure-

ments, made before this comprehensive investigation and recorded by the writer iu his original

manuscript, are also produced.

HEIGHT GROWTH.

SEEDLING STAGE.

The growth of the seedling is variable, according to the conditions under which it gi'ows. In

the forest it is much slower than under cultivation, as would naturally be expected. The common
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practice of iiiiiserymen is to sow tlic set-tl broadcast in <arefiilly i)repared beds, where the seed-

hiigs stand I'nuii two to lour years before transplanting. Standing very close, tiie trees do not

make as stocky growtii as they otherwise would. Under these conditions the average growth of

nntraiis])lanted seedlings, according to statements by the well-known nurserymen, Thomas
-Median \- Sous, is as follows: One year seedlings, 2 to 3 inches high; two years, 4 to inches;

three years, ll' to l."J inches; four years, 24 to M) inches.

The late Mr. Robert Douglas, the veteran nurseryman, of N\ aukegan. 111., wrote:

White Piiifi seedlings one year old arc 1 to 2 inches high and altogether too small and tender fur transplanting.

At two years old they are much stnniger, from 3 to 5 inches high, with line lilirons roots and in line cundition fur

transplanting. At three years olil they an- (J to !) inches high and shonld not lie allowed to stand amither year, as

they would add about 10 inches to their height during the next year ami would not be suitable tor ])lanting.

The first season after transplanting, the White Pine (like other trees) will not increase much in height, but

will establish itself, extending its roots and forming a strong terminal bud, so that when it is six years old it will

exceed in weight and bulk over one hundred times its ])roportions when transplanted, and thereafter will increase

in growth from 18 to 30 inches in height annually in gooil soil for many years.

Gardner \' Sons, whose nursery is about 00 miles west of the Mississippi Kiver, in Iowa, and

therefore outside of the natural range of the species, submit the following measurements, coincid-

ing with the above, as representing average growths at their nurseries before and after trans-

planting: One-year-old seedling, li inches high; twoyear-oid seedling, 4 inches high; three-year-

old seedling, 7 inches high. Tlie trees are transplanted at three years of age and thereafter the

average height for the three following seasons are: Four years old, 12 inches liigh; five years old,

10 inches liigh; six years old, 'S^i inches high. Another establishment reports as the average

height of two year-old trees in seed bed, 3i inches; of three-year seedlings, 7 inches.

Casual observations and mea.suremeuts of some forty-five seedlings in the forest jjermit the

following as to the height growth of seedlings in the forest:

Height growth of White Pine in the forest for the first $ix yeart.

Age of eeedlings.

Height of stem.

To-

j

Current
anDnal ac-

Arerage.
|

qretion.

1 year .

2 years
3 years
4 years
5 years
years

Incha.
1
2
3
6

10
30

Jnchet.
2

^
10
12
34

Jnchet.
U
3"

5

8

UJ
31

J

Inches.

2 i

2
I

20

These measurements show that the rapid height growth begins with the sixth year, when the

total growth of the first five years is almost doubled in one season. This, to be sure, holds only

for seedlings favorably situated. In those less favored the rapid stage of development comes more
gradually. This slow ])rogress in younger years is naturally reflected in a retardation of the year

of maximum height growth, which in dominant trees occurs about the twentieth year, while in

opjiressed trees it may not come before the fortieth year.

OKVKI.OI'MKNT IN (lI'EN SIAXO.

Trees on lawns and in jiastures, which grow up in full enjoyment of light, are somewhat dif-

ferent from trees in the forest. The slow seedling stage is followed by a very rapid increase in

the rate, which attains its maximum belbre the twentieth year and then dec^lines gradually.

Table I, on the next page, presents a complete record from year to year of the growth of eight

trees planted on a lawn at Ann Arbor. Mich., whicli were measured in ISSC. the anninil increase

being measured between the whorls of branches. These measiirenients also exhibit the great

variability of growth from season to season and from tree to tree, even under otherwise similar

conditions. In some of the trees, evidently, injuries or accidents retarded development. Such
apparent deficiencies have been left out of consideration in averaging the data.
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Table I.

—

Ileiijlit (/ruwlh of ll'hile fine pUniitil in luii-n at Ann Jrtior, Miih., hji i/rarx, in inrlien.
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Xii. 9. Level grounil. soil heavy Innm. somewlint sbaili'il.

Ko. 10. From olil pasture afliT one year's tillngi"; 5 feet from No. 6: bore conei.

No. 11. old pasture, mui shallo^v, gravelly loam on compact Hiihsoil of sand; jdne mixed with Hemlock, Oak, and Maple.

No. 12. On sligUt incline to north; soil nearly 3 inches from similar tree, with others quite near; crowded.

No. 13. Level gronnd, soil heiivy loam, somewhat shaded.

Noa. 14-10. Old pasture, soil shallow, gravelly loam on comjiact subsoil of saod; pine mixed with Hemlock, Oak, and Maple.

No. IT. Isolated; lost leailer six years previous, apparently through leader worm.

No. 18. Level ground, soil heavy loam, somewhat shaded.

Ko. 19. With No. 12; lost leader live years previous by leader worm: nearest neighbors 2. 5, and 10 feet, reepectlvely.

No. 20. Level ground, soil heavy loam, somewhat shaded.

No8. 21-2C. ( )ld pasture, Boil shallow, gravelly loam on compact subsoil of sand ; pine mixed with Bemlock, t!lak. and Maple ; ground

slopes to west; all six trees, besides four others, within circle of 24 feet diameter: crown about 20 feet long.

Concerning trees 1, 2, 5, <i, 7, 8, and 10 (Table II), -Mr. Uobbs sent the following interesting

comiuunicatiou, under date of .lauuary 11, 1887:

All these trees wen- foiiiul in an old ])astiire adjoiuiug my land on tlii' north and havinj; Himilar aspect and soil.

A fringe of tall White Pine tiinbiT surrounds it on three sides, north, east, and south. The distance across this o]ien

land from north to south is about GO rods. This land has been in pasture from llfty to one hundred ye.'trs. It was

formerly thickly covered with moss, sweet fern, and other low-growing bushes, in the shade of which animals found

some grass. Although thus surrounded by tall pines their seeds siUlom sprung up.

Not many years before tliese trees started a portion of this Ian<l was plowed and planted with ]iotatoes one year,

and then turned out to pasture again, wlieriui)"n young pines immediately sprung up. These were cut down first,

but they continued to come up so abundantly th;it they were allowed to grow, and now the patch that was planted

with potatoes is rjuite thickly covered, in many places too tliickly. with trees like those measured. This fact shows

the importance of turning up the soil so that the seeds that tail upon it may have a chance to taki' root. Only here

and there a seed will tind lodgment on land that is covered with moss and low-growing bushes, no matter how
abundantly seeds may be sown upon it.

How such trees continue to grow is shown in Tabic III. From the measurements it ajipeavs

that a steady growth continues, which, by the hundredth year has brought the tree to a height of

near 100 feet.

T.vliLK 111.

—

Miasitrements of llliitf Pint, yroirn on iiliandontd fields.

[Furnished by Mr. J. E. Uobbs, of North licrwick, Me.]

Number of .

tree. :

^S"-

I

Diam-
i

Biam- i t „.,«;.
eter eter ^"^"f*

I
breast below „«^„„
high,

i

crown.] "'"^°-

Length

leader
for last
five

years.

Total
height.

Height at —

10
I

SO 80
yrs, yrs. yrs.

40
yrs.

60 I 60
yrs. yrs.

1.

2.

3.

4.

5.

6.

7.

8.

9
10
U
12
13
14
15

16

I r«or«.' Inche*. Inchet. Ft. In. Inchex.
I

58
59
61

64
70
82
84
85
85
87
87
108
109
117
122
123

16

14i
12i

15J
15i
iij

;

204 I

23 ;

18
25

I

19J
32
31
29
23

13J
10}

n
10

llJ

8i
13

16}

12J
18

121

21

J

21

23
16

50
3U
33
28
43
38
38
45
39
49
40
52
61
57
55

24

Ft. In.
80 10
67
78
70 2
84 6
91 1

100 8
01 D
92 7

104 10
100 2
112 9
112 9
101 10
107 5
97 4

Feet.

15

I 12

I 14J

Feet.
28
20
25
24
30

Feet.
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of light at the disposal of the crown the rate of growth differs, and there is found, therefore, in the

forest trees, though very nearly the same age, trees of ditterent heights, aceoiding to the success

of the struggle for light which they have had with their neighbors. At every stage of the devel-

opment of a forest growth, after its juvenile period, the trees can be classified into dominant, the

tallest, which grow with their entire crown in full enjoyment of light and space, overtopjiing their

neighbors; codominant, wliicli, although of same height, have their crowns narrowe<l in, but still

unimpeded at the top; while others (oi)pressed) are ])ressed in from sides and top, and tinally are

entirely suppressed and die. This relationship of individuals changes from time to time, some of

the codominant gradually falling into the class of oi)pressed, and of these a large number become
suppressed. Occasicjiially a codominant becomes dominant, or an oppressed one, by liberation of

its oppressors, through storms or accident, finds opportunity to push forward and make up for

lost time. Thus, a natural growth may start with a hundred thousand seedlings per acre; by the

twentieth year these will have been reduced by death to G,000, and by the hundredth year hardly

300 may be left, the rest having succumbed under the shade of the survivors.

It is owing to these changes that in analyzing tree growth we find great, often unaccountable,

variation in the rate of growth of even the same individual, and hence, in order to recognize the

average, a verj- large number must be measured to eveu out the deviations from the law.

For the same reason it is desirable to classify the trees as indicated above and ascertain the

I'ate of growth of trees grown under dift'erent light conditions. To be sure trees behave also

somewhat diflerently under varying conditions of soil, climate, and exposure; hence, a further

classification is necessary if it is desired to establish moie than the mere general law of progress

and also to ascertain the intiuence of these variable conditions.

In a general way, we find, as in the trees grown in the open, the slow seedling stage followed

by a verj' rapid increase in the annual rate of growth, beginning with the sixth year and reaching

a maximum of 16 inches with the tenth year in dominant trees. With trees which have not

enjoyed access to light to the same extent the maximum occurs later; hence, in codominant trees

it is reached, with 13 inches, in the twentieth year, while the ojjpressed trees reach their maximum
current accretion still later, namely at forty years, with less than 12 inches for the year. As soon

as this highest rate is reached decline takes place gradually in all classes, much faster in the

dominant trees than in the less-favored ones, which decline in the rate of annual height growth
much more slowly.

By the one hundreth year the annual height growth is reduced to from H to 7 inches, the

dominant trees showing the lower rate, which continues to decline until about the one hundred
and sixtieth to one hundred and seventieth year, when all tree classes have come to a rate of

about '2 inches, at which tLey continue to grow, slowly but evenly, for another century.

This persistence of the height growth, which makes old trees tower 40 to 50 feet above their

broad-leafed neighbors, influences also the shape of the crown, which does not flatten, as is the

case with most pines. Very old trees, four hundred years and over, rarely exceed a height of 100

feet, although exceptional individuals have been found of the unusual height of 200 feet.

It will thus appear that the principal height growth is made during the first century, the

second century noting a persistent but only slow progress.

If we take the average of all the yearly accretions at any one year of the life of the tree

(the average annual accretion at that year), the influences which have been at work during the

whole lifetime are of course reflected; therefore, since the juvenile period shows a slow growth,

the average accretion attains its maximum much later. This culmination of the average annual

accretion takes place much earlier in the more favored tree classes, namely, at about the twentieth

to fortieth year, after that declining, while in the oppressed it does not occur nntil the seventieth

year, maintaining itself afterwards for a long period.

This difference would also appear if we compared better and poorer sites. In other words,

when the annual rate of growth is slow it remains more persistent than when it is rapid. The
persistence noted in oppressed trees indicates also the shade endurance of the species. From
Table IV, which gives the accretions from decade to decade (periodic accretion), we see the

capacity of the species to thrive in spite of the shade, eveu in later stages of its life. Even after

ninety years of oppression, when the tree is given opportunity by increase of light, it is still able
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to luiilco as good an annual lieight growth as its more- favored neighbors, and can continue the

same to the second century. From the table of lici-ihts at various ages it is learned that the

success in the Juvenile stages after all tells on the total height growth.

Tablk IV.

—

I'triodic hviijht growth, hij decades, of dominant, codominani, and oppressed pine.

CInBs.
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among- the Beiulock, which stimulated the lieight growth ot the pine during all its lifetime. The

White Pine on site k (Jefferson County, I'a.) was mixed with Hemlock of a small unmerchantable

size. The i)ine here had started simultaneously with the Hemlock, which stimulated the height

growth of the i)ine only for a certain period, after which the Hcndock, being overtopjicd by the

pine, was out of the struggle and left in the capacity of nn underwood. The White Pine on site i,

which merged into site A', was mixed with hardwoods, which stimulated the height growth of the

pine for the first sixty years, when the hardwoods reached their maximum height and then with-

drew from the competition, leaving the pine to increase the height on its own account.

The influence of climate and soil on height growth will further appear from a study of the

tables in the Appendix. This intlueiice on height growth is not very great, if we confine our

inquiry to regions of best development, the difference rarely exceeding from 5 to 10 per cent.

/SO

Fig. 3.—Diagram show in;; height growth of White Pine in forest of varying compn^sitinu in Pfunsylvaniii : Site/, Clfariield t'ounl}'

k and i. Jetl'erson County.

Effect of localUt/ upon licif/ht f/roirth.

Comparing the growth in different localities, it appears that the trees from Pennsylvania

started at a lower rate than those in all other localities, but after the twentieth to the twenty-fifth

year they surpass all others. If this can be accepted as correct, the deduction of the development

in early youth from old trees being subject to errors, it may be exi)lained by the fact that these

trees grew in mixture with Hemlock and were kept back by the shade of their neighbors, but when

they had outgrown these they felt the stimulus exerted by them.

The trees from Maine and Wisconsin, also starting more vigorously than those from Michigan,

decline and sink below the ^lichigan trees between the eightieth and ninetieth year, which may for

Wisconsin be possibly explained by the retarding influence of winds after the pines have out-

grown the hardwoods, while in Maine the poorer soil may account for it. Michigan, with its

tempered lake climate, presents a most regular and persistent height curve, coming nearest to the

average of all locations.

In codominant and oppressed trees these difterences do not come to an expression, but since

the classification is somewhat doubtful and variations within wide ranges are possible, these data

are hardly to be used for comparison as to locality effects.

20233—No. 22 3
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GEO^yT^ in thickness.

The growth in thickness, or diameter accretion. althou<j;li remarkably rcfrular in this species, is

much more variable, but it is also more persistent, than the liei{;lit growth, as will aj/pear from the

following comparisons: Thus, in five groups of trees from Uitlerent sites, ninety-four to r»ne

huudreil and nine years old, the heights ditl'er only by a little over .S per cent, varying from 91 to

9SA feet, while the diameters ditl'eie<l by almost ."»<> per cent, varying from Hi to 23.7 inches. Again

the persistence is illustrated by the comparison of the height growtli of live groui>s from two

hundred and seven to two hundred and thirty-three years old, which showed an increase over the

group just men tioued of somewhat over 2(t per cent, while the diameters were by 30 per cent

greater; and if the poorest grou])S of the two sets had been compare<l the dillerence would have

been still more striking, namely, l'> per cent for the height as against 37 i)er cent for the diameters.

This is in part explained by the fact that, where the seedling springs up iu the virgin forest,

it is very apt to be sui)i)ressed for a longer or shorter period by the large mother trees and the

host of deciduous and other forms which make up the forest cover. While the height growth is

by this shade also impeded, this is not so to the same degree as the diameter, wliiih is a direct

function of the amount of foliage that is at work.

The sapling may thus remain a slender pole for many years, and not until it is able to lift its

head above its crowding neighbors, or until light has been admitted to its branches, does it begin

to expand its crown and conseciuently thicken its stem.

In managed forests, or in tracts where from any cause crowding has been prevented, the

growth in diameter progresses somewhat more in the manner of the height growth, namely, slowly

at first, then rapidly until the maximum is attained, when a slowly decreasing rate sets in. Iu

the seedling the diameter growth is exceedingly small, very rapid in the young trees, when the

annual ring is often one-sixth to one-half of an inch wide, but decreases with the slower rate of

height growth. When the tree is sixty to eighty years old, the yearly ring is commonly not more

than one-twelfth of an inch wide; it then gradually sinks to oue fifteenth of an inch, which is then

maintained throughout life, rarely falling to one twenty-fifth of an inch.

The average annual accretion reaches its maximum about the fiftieth t(j the sixtieth year

with somewhat over one-fifth of an inch on the diameter of dominant trees, which rate is nearly

maintained to the one hundred and fiftieth year.

Thrifty trees at forty years of age grown in the forest, measure from G to 9 inches iu diameter

breast high; at fifty years, from 10 to 12 inches; at eighty years, l") to 17 inches: and they reach

a diameter of IS to 20 inches by the time they are a hundred years old.

To attain a diameter of 30 to 40 inches, which represents the best merchantable material

of days now almost passed, more than two hundred years have been reijuired, while trees four

hundred to four hundred and fifty years old attain diameters of .30 to <)" inches and over. Trees

of 40 inches diameter at three hundred years were by no means rare.

To be sure, there are exceptional individuals which exceed these dimensions, and variation in

the rate of growth, due to soil, climate, and surrounding conditions, are naturally as frequent as

iu height growth.

Tiie ])rogress of diameter development of dominant, codominant, and oppressed tree classes,

and iu ditl'erent localities, is exhibited in the tables and diagrams iu the Appendix,

The usual method is to determine the diameters at 4.^ feet from the ground (breast highi, not

only because when me;isuring standing trees the measurement is most conveniently made at this

height, but because the lower diameters show much more irregularity. There is also more wood
deposited near the base at and above the loot collar, giving rise to the so-called root swelling (butt

swelling), undoubtedly a jirovisiou to strengthen the stability of the tree. Unfortunately for the

investigations here recorded, it was not practicable to have the trees cut and measured at breast

height, since the measurements were made on trees felled in regular lumhering ojieratious, exposing

ouly the cross sections at the height of the stump, mostly lih feet abo\e ground, and at log lengths.

Even at that height (2J feet above ground), a ditfercnce in the progress of diameter growth from
that on higher cross sections is noticeable and becomes especially jjrcuiounced in later life, as

is shown iu the curves representing the progress of diameter growth on cross sections at various

heights.

The diameters here given for tbe lowest section are, therefore, somewhat larger than those

usually employed, immely, breast high, especially in later years.
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The liigher sectiou.s exhibit not ouly ;i rejjuhir course, but an entirely siuiihir one, f'loni cro.ss

section to cross section. There is no reason to assume tliat the course at breast height would not

foHow tlie s;inie law: therefore there can be constructed a curve for tliis height similar to the

curves of higher sections, using for guide points the data obtained from a series ol measurements

made to establish the yield of pine in which trees were measured at breast height (compiled in

tables in the Appendix). This has been done on the diagram in the Appendix, which shows the

diameter development of ditt'erent cross sections for dominant trees. From this can be read

the following average dimensions as approximating the diameters of each decade, leaving out

the uncertain juvenile stage:

Diameter, breast liiyli, of IVhite Pine {averages appruximated), in inches.
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AREA ACCHETIliN.

Wliilo the (liiimeter arcnHioii decreases in rate coiitimionsly after the juvenile staire, the

growth i)t' the areas or layer of wood correspondiug to the iliaiiieter increments follows by no

means the same course.

After the Juvenile stajfe, wiiich is determined by the formation of a definite crown, and when

the diameter has attaineil at least <> inches the ciosssection area be{,nns to increase in arithmetical

progression; a constantly increasing rate jirevaila nntil a maximum is attained, whicii conies

between the sixtieth and one hundred and twentieth year, and then continues remarkalily uniform

for a long period. No decline is noticeal)le nntil alter tin; second century has begun. In codouiinant

anil opi)ressed trees tlie area as well as the diameter accretion move somewhat dillerently, the

maximum rate coming later and lasting a shorter time, the decline following .soon after the

maximum.
FOHM DKVKUJI'MEXT, UK TAI'KH.

Since size of crown and light conditions regulate the amount of diameter growth, it is evident

that trees with well-developed tree crowns form mine wood than those crowded, the dominant nuire

than the oppressed, and those on lawns more than those in the dense forest. Moreover, in these

latter the wood is ditlerently disposed along the trunk than in tlie former. Xot only do trees

grown in the open throw their energy into branch growth, but the accretion on the bole is laid on

in layers, increasing in width from top to base. Tlie result is a more rajiid taper than in forest-

grown trees, in which each annual layer is wider at the top than at the base of the tree, ])roducing

thereby a more cylindrical form.

The following talile exhibits in the measurements of six trees this variation in the widtli of

the same annual rings at different heights, and also in general the mode of diameter growth in

these trees, ^lore elaborate tables, showing the diameter growth of White Pine at various heights

from the ground for dominant, codomlnaiit, and opiiressed trees in various parts of its range,

together with diagrams, will be found in the Apixnulix:

IHamettr growth ii/J'oreet-gruwn treen at lurioua heiylitaj'rum ground.

I
Height

.

Width of I'iugs, in millimeters.
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> 115

105

185

From snch tabulations the taper, factor of shape, or form factor, may be derived (see Tables

II and V in Appendix;, which denotes the deviation of the shape of the tree from a cylinder.

This factor varies between 0.40 for the older trees and larger diameters to 0..J0 for younger and
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more slender trees, a factor of 0.45 being about the average for centenarians—tbat means the
volume of a Imndiedj ear-old tree is forty-five one-Iiundredths of a cylinder of tlie diameter,
measured at breast height and the height of the tree.

This factor varies, of course, according to the ratio between diameter and height, and since in

codominaut and oi)])ressed trees this ratio is a different one from that of dominant trees, as we have
seen, their factor of shape is also different from that for dominant trees, that is, their taper differs,

the former being more cylindrical than the latter. This will api)eai- from a comi)arison of the
taper of trees as recorded in Table II of the Appendix, in which small diameters with comjiara-

tively long shafts indicate the codominant and suppressed trees. Those with short lengths and
large diameters are trees grown in open stand.

From Table II, Appendix, we al.so see that the taper varies within wide limits from less than 1

inch to 5 inches for every IG feet, although in the majority of cases it lies between 2 and 3 inches.

The tops taper, to be sure, much faster than the middle portion; and, again, in older trees espe-

cially, the butt logs much faster than the upper pcn-tions, which are outside of the intiuence of the

root swelling.

In young trees which make three log lengths of 10 feet, it will be safe to allow 1.^ inches for

the first two logs and 2 inches for the last one as the average taper. In medium sized trees,

making four to five log lengths, an allowance of 2 inches on the whole will faiily represent the aver-

age taper, or one-eighth of an inch for every foot in length. In old trees which furnish five and six

or more logs, an allowance of 4 to 5 and even 7 to 8 inches must be made for the first log and 3 to

4 inches for the two top logs, while the middle ))ortious show a more regular and less variable

taper of about 2 inches, or one-eighth of an inch per foot.

GROWTH IN VOLUME.

During the juvenile stages the volume growth of the White Pine, as of most trees, is insig-

nificant, a dominant tree of twenty years measuring not more than 0..5 cubic foot, whicli means an
average accretion of 0.025 cubic foot per year. For the third decade the amount of wood formed
is over three times what it was during the first two decades, and at fifty years the bole of a domi-
nant tree may contain from 10 to 14 cubic feet and over, the average annual accretion having
come up to one-fourth of a cubic foot, or ten times what it was at twenty years.

Now, after the rapid height-growth period, with fully developed crowns, a rapid rate of

volume growth sets in, increasing with each year, in arithmetical progression, until at sixty to

seventy years the current accretion has become 1 cubic foot and over, and at one hundred years

as much as li cubic feet is attained. After the one hundred and twenty-fifth year the increase

in the rate abates, yet before the second century it has become 2 cubic feet, and remains then

practically stationary for another century at least.

Some of the oldest trees (four hundred and fifty years and over) measured contained 600 to

800 cubic feet of wood in the stem alone, the largest, with 855 cubic feet, indicating an average
annual accretion for this long life of over 1.8 cubic feet.

While the current annual accretion after the fiftieth year is rajjidly increasing, the average
annual accretion, affected by the earlier stages of t^low growth, increases naturally more slowly.

For the first one hundred years the average is about two-thirds to three-fourths of a cubic foot

for dominant jjine, making the volume about 70 cubic feet. It increases to 1 cubic foot at one
hundred and fifty years and 1^ cubic feet at two hundred years, and, as shown above, gains

gradually until old age.

The progress in volume growth naturally varies under different soil conditions and with tree

classes. In a general way, the oppressed trees and those on poorer sites do not begin the period

of rapid volume growth as early as the dominant classes, but just as in the height growth, which
is similarly delayed, the rate when once at its maximum persists with great uniformity until

about the one hundred and fortieth to one hundred and sixtieth year, when a decrease becomes
noticeable.

The tables and diagrams in the Appendix show, by figures and graphically, the i)rogress of

diameter, height, and volume accretion for dominant, codonunant, and ()i)pressed trees throughout
the range of the species. Comparing the growth from the several localities represented, a striking
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(lifl'ereiice is not observetl. It would appear that in similar soils the White Pine grows at about

thf same rate, with similar persistence, and to the same dimensions in all i>arts of its ranjie.

In Euroiif, too, as appears from a table on page Oil, its growth as well as its general behavior,

at least in the forests of (lennauy, is fully as favorable as at borne.

Besides dilleremes as result of soils, an intluenee of the composition of the forest is noticeable.

White IMne mixed with Hemlock (I'ennsylvaiiia stations) shows a more rapid growth lor the lirst

cue hundred and thirty years, while among hardwoods (Wisconsin stations) the next one hundred

years seem to (troduce the thriftiest growth. This is perhaps explained by the fact that in the

latter mixture the White Pine has after the lirst one hundred years its entire crown above the

shorter hardwoods, and hence is in full enjoyment of light.

Tlie so-called "second growth" i)ine develoiis somewhat differently, because, as a rule, it does

not start in a dense growth, enjoying the light conditions of the open stand, the single individuals

make a more rapid volume growth, until they liave closed uj), an<l forest conditions prevail. This

is fully exliibited in the measurements of young groves in Massachusetts and New llam])shire,

tabulated in the Appendix.

In managed woods, where the number of trees allowed to grow per acre is under control, the

volume accretion may also be accelerated; the growth energy of the site being then exerted on

fewer individuals, each one deposits larger amounts. What this increase can be may be inferred

from the table on page 09, which records the growth of White Pine in Germany.

CCHIC CONTEN'TS OF TKKES.

Raving ascertained by a large number of measurements the diameters, heights, and factors

of shape possessed by trees under all sorts of conditions, the cubic contents of such trees can

be calculated aiul recorded in a table for further use, by reference, in measuring contents of trees.

Such table for White Pine of different diameters and heights will be found in the Appendix, from

which the contents in cubic feet of the bole of a tree whose diameter at breast height has been

measured and whose height has been estimated or measured can at once be read off.

LIMHEK CONTENTS iiK TREES.

The total cubic contents, being based on mathematical considerations alone, is the only

rational measure of the volume. By stating contents in board measure we introduce at once a

number of uncertain factors, which are variable in the ])ractice, such as the lowest-size diameter

to which logs are taken; the size of the lumber that is cut, from one-half-iuch boards to square

beams; the saw used, which determines the loss in kerf, and the skill of the sawyer, who can

waste a large proportion in slabs and inconsiderate use of the logs.'

In these losses there is no allowance made for crooks or rot, which would reduce the results

still further, so that hardly one third of the total volume of the tree would seem to reappear in

the shape of Idmber, provided the log scales used are correct, which anticipate a loss of 44 per

cent (Scribner) to 50 per cent (Doyle) in sawdust, .slabs, and edgings for 14-inch logs, the average

size of logs in the northern pineries.

As a matter of fact, in good modern mill practice, not only does no such waste occur as is

indicated in these 'og scales, even if all logs were cut into inch boards, but in addition small logs

are worked into dimension material '2 by 4, 2 by (>, 4 by 4, etc., in which the loss is reduced to a

minimum; thus an 8-inch log may be cut to 6 by 6 inches. It then would make, if 10 feet long,

not IG to 25 feet B. 31., but 48 feet. Since the bulk of our pine material is now obtained from

small logs (over one-half below 14 inches diameter), these ditierences are of considerable practical

importance.

'A careful examination and measurement of one hundred trees of White Pine was made by Mr. Filibert RotU

to .iscert.iin what ratiounl allowance should he miidc on the cubic contents of tires when converted into lumber.

The average diameter of the trees measured was 2S inches, breast high witli liark, and the height lOl) feet, the factor

of shape 0.43, that is to say, they were ohl trees with a moderate taper. They averaged 4.2 logs of Ifi feet per tree,

which representeil 76 per cent of the total volume of the bole with bark, 21 jur cent being lost in tin- top and stump
and in the liark. The lumber contents of these logs, calculated by .Seriliner's log rule, represented only 39. .t per cent

of the total volume of the tree, that is to say, over 60 per cent of the whole tree is supposed imt to reappear in the

lumber, the saw waste representing 48 per cent of the lo;; volume and ,36 per cent of the total volume of the tree.
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Based upon a propei consideration oftliese practices, it will appear that an average allowance

of 30 per cent in saw waste on the volume of logs of all sizes is more than ample, and that the

lumber yield given in the following table and comjjuted on this assumption of waste, although
being for same sizes even 100 per cent above the log scales in use, remains still below the

practically obtainable results:

Lamher coittt'ntu in li>-foot Jiiijh,
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occurrence, its use for forestal purposes would seem to be circumscribed by conditions of liuinid

and cool atmospheres, sndi as are found in northern latitudes and hifjh altitudes. Its distribution

is niauit'estly more dependent on hiiiniility than on temperature, or rather, on a low transi)iration

factor, that is, such a relation of heat and moisture, both at the foot and at the top, that the thin

foliage can readily perform its functions; hence, its failure in cultivation in the trans-Missouri

States, the contraction of its southern field to the high altitudes, and its best development in

(luantity if not in ipiality within the influence of the Oreat Lakes and to the northward and

eastward.

While adapting itself readily to almost any variety of soil, the White Pine manifestly prefers

one with a fair admixture of sand, insuring a moderati-ly rajiid drainage. The ])ine tribe in

general occui)ies the sandy soils, to wliich it is better adapted than most of the deciduous tree

species; but the White IMne is capable of disputing possession witii its competitors even of tlie

fresh medium iieavy loam and clay soils, making here the best individual growth.

Its shallow root system, in which it resembles, as in many other respects, the spruces, i)crmits

it to accompany the latter to the thinner soils of the rocky slopes in tiie Adirondacks and New
England States, although here its development is naturally less thrifty. Its growth on the rocky

hills of Massacliusetts within the hardwoods of that region is, however, at least for the first .sixty

to eighty years not much less thrifty than in the better soils in the valleys. It does not shun even

the wetter and occasionally overllowed and swampy ground, and is here fouud, together with the

Fir, Arborvita-, and even Tamarack : yet, ou the dry, light sandy, coarse, and gravelly soil the

Red I'iue and Jack Pine seem to be able to outdo it.

ASSOCIATEI1 SPECIES.

The White Pine is less gregarious than any other pines of the Eastern United States. Although

it occurs in pure growths as true pinery ou the red clays and moister gravels, it more frequently

is an admixture in the hardwoods, sharing with them the compacter, heavier soils from which the

other pines are excluded.

Spruce, Hemlock, aud Arborvitie (,€edarj are most frecpient concomitants of the White Pine

in Canada; various species of Birch and Maple with Beech aud Spruce form the composition of

the forest in the Adirondacks, overtowered by the pines, and there is hardly any species of the

Northern Atlantic forest which in one or the other region of its distribution may not be found in

association with the White Pine.

Owing to the fact that the hardwoods as a rule occupy the better soils, the be.st individual

development of the White Pine is also found in these mixtures. In the pinery of the northwest

Red Pine and Jack Pine are the associates, while the Pitch Pine (P. rif/ida), and, in the southern

field, the Shortlcaf Pine (P. cchinata) are not unfrequently found in its company.

The samples of "acre yields" following will serve to illustrate more in detail the manner of

distribution, the associations, and the capacity of White Pine in the native forests in different

parts of its range. More extensive tabulation will be found in the Appendix.
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Table VI.

—

.Irre yield of While Vine on nites in Wixionsin, Michiijan, Pennsylvania, and Maine.

WISCONSIN

Site a Wasliburn County.
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Tahle VI.

—

Acre ijield ol' JVhite Pine on uiten in ll'isconuin, J/ic/i i.'/« ii , rtnnsiibania, and .l/niiii—C'Dntiiiiifil.

PEXXSTLTANIA.
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LIGHT UEljUIREMENTS.

The capacity of the White Pine to keep its i)lace in mixture with tlie liardwoods is probably

mainly due to its shade endurance. In this respect it excels all pines with which we are acriuainted.

Pines are, as a rule, rather light-needing species, and are usually at a disadvantage in the mixed

forest, unless compensating inriuences are in their favor. The White Pine is an exception. As a

consequence, it is capable of forming dense thickets, supporting a larger number of trees per acre

and producing a larger amount of material than the more light-needing species. Also, as a con-

sequence of its shade endurance, it does not clean itself of its branches as readily as other pines;

not only do the lower branches remain green for a long period in spite of the shade of the superior

tiers of foliage, but they persist after they are dead for many years.

As this shade endurance is, however, only relative, and as many of the associates possess it

in greater degree, the additional advantage of rapid height growth alone saves the pine from

being after all suppressed by its shadier companions. Yet, these succeed in keeping the young
progeny of the pine subdued, and hence the observation that in the dense virgin forest of hard-

woods the reproduction of White Pine is scanty.

The diliticalty of cleaning itself of dead branches seems to be overcome by association with

shadier comi>auions, for, as a rule, the best quality, cleaner boles, and absence of black knots,

which denotes earlier cleaning, are found iii such association. Yet, in these mixtures the trees are

apt to be shorter bodied, since the hardwood companions are shorter bodied and the stimulus to

height growth ceases sooner, lu the pinery proper the stimulus to height growth exerted by the

neighbors continues longer; hence, longer shafts are found here, other conditions being the same,

although the boles are less clean and less free of knots.

Its shade endurance is decidedly less than that of the Spruce, which maintains itself, but

not thriving under the dense shade of Maple, Birch, and Beech, where White Pine seedlings and
saplings are not to be found, although they sustain perfectly the shade of oaks. To be sure, this

shade endurance is to some extent dependent on moisture conditions of soil, beiBg less on the

drier than on the fresher soils.

This relatively high shade endurance permits ready natural reproduction of the pine, espe-

cial!}^ where the hardwoods have been thinned out to some extent, or wliere, after clearing, all

species start their race for reoccupation of the soil with equal chance. The pine then appears in

the young hardwood growth in single individuals at first, somewhat behind in height, but finally,

when it enters upon the period of rapid height growth, it outgrows its competitors and is assured

of its place.

More freriueutly does the reproduction take place in groups, smaller or larger, the many areas

of ''second growth" of several acres in extent, which are found throughout the hardwood coppice

of Massachusetts, showing that tendency toward gregariousuess so characteristic of the conifers.

A further discussion of the conditions of reproduction and the yield occurs in the portion devoted

to the discussion of forest management and of forest yield.

In these natural reproductions the trees grow close together, that is, close for unaided nat-

ural repi'oduction, as is apparent from the following table of acre yields of young growth taken

at various places in Xew England

:

Taulk VII.

—

Acre yield of ijOHUij pine groves.
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T.vriLK ^'II.

—

Acre yield of youmt pine ijroves—Continued.

Massacbnsetts

.

Soil.

Wbite Pine. SiH'Ciufl intermixed.

Age.
DinincttT

Nunit)er. (breast Leugtli of log.

Fresh, well-draiDed eamly
loaiu.

Tear
14

131!

177

Jnehet. I

14 to 18
I" toll
n to 10

. 3 to (i

3

'3fax.
40
40

Mm.
23
20

Volume
of logs.

Ou. fetl.
31.1.9

1.870.4

Xuinber.

1.13

204
10
!.•>

11

15

Total

Now Hampshire

.

362
,

. Dry, well-tlraiiif<l

sand.
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hundred years at least, approximate the capacity of our White Pine by reference to experieuoe

tables of the (lennaii Spruce.

As with all couifers, the rate of productiou at first is very slow, not more than 4(1 to 70 cubic

feet in the average per year for the first twenty years. With the better development of crowns

and the assertion of individual superiority iu the struggle of neighbors, which leads to the estab-

lishment of dominant classes, the production increases rai)idly, and by the tiftieth year, in fully

stocked areas, the average rate of 140 to ItiO cubic feet per acre may be attained, so that at that

age we may, with five hundred to six hundred trees to the acre, find 7,000 to S,000 cubi(! feet of

wood stored up in the boles of the trees. The current annual accretion, then, may readily be at

tlie rate of IGO to ISO cubic feet, keeping the average annual accretion of fully stocked acres very

nearly to those figures, so that at one hundred years we should find, under favorable conditions,

as much as 15,000 cubic feet of wood, of which at least 80,000 to 00,000 leet P.. 'SI. is saw material.

The persistency of growth seems to continue beyond that age, and the indications are that

the decrease of the current as well as average accretion per aci'e during the next century takes

place so gradually that at one hundred and fifty years it may still be over 100 cubic feet, and not

much below at two hundred years, when the burden of the acre may be near 20,000 cubic feet,

with over 120,000 feet B. M., and double the amount in the oldest growths of two hundred and

fifty or more years, which may possibly be the limit of production.

While these figures, which differ very materially from those proposed in the tables by Messrs.

Pinchot and Ciraves, may stand for the better soils, as ideally possible, practically, perhaps, rarely

attainable, especially in older stands, poorer soil sites will vary from them by from 20 to 40 per cent,

so that a yield of 9,000 cubic feet at a hundred years, or 50,000 feet of lumber, would still be quite

reasonable to expect on the jroorest soils on which White Pine can be satisfactorily grown. On
the sandy soils of Wisconsin whole forties are found to average 50,000 feet per acre of naturally

grown unattended forests of one hundred and fifty years of age.

Table VIII summarizes the measurements of sample areas, which are given in detail in tlie

Appendix.' It will serve to show what our native woods, without attention, stocked with partly

useless trees and in open stand, exhibiting much wastage in unoccupied ground, are capable of

producing.

If we assume that the areas might have been stocked with pine alone, that they would have

produced at only the same rate as thej- have under their present conditions, even though the acres

had been fully stocked and not in the fractional manner which is indicated by the decimal giv-

ing density of cover (all assumptions), and if in connection with the density factor we consider

the number of all trees jier acre and the percentage which the pine represents, we may, as a mere

matter of judgment not fit for tabulation, arrive at au indication as to what the acre might

possibly have produced. Such indication of possibility has been attempted in the last column of

the table, and has served in the above discussion in connection with all other data presented.

This is all that can be done in the absence of the measurements above indicated. These figures

are of no direct practical apiilication except to give a general notion of the productivity of White

Pine and the variability of yields.

An inspection of the table of yield in Germany, on page 69, will show that these approxi-

mations are not unreasonable. The lumber contents iu board feet may be approximated by

multii>jyiiig these figures by 4 or 5 in the younger growths and by G or 7 in the older. Assnining a

moderately careful practice of logger and sawyer, by no means mathematically tenable, the above

tentative propositions for normal yields might be even increased.

To assume, as is done by certain authorities, that tables of normal yield could be constructed

by using the density indicated by a decimal as a matliematical factor, using that factor as a divisor

of the actually measured yield in order to arrive at the normal, is to mistake the value of the

density factor. Not only would trees and whole acres have developed very differently when grown

under different density conditions during their life, but the estimate of the density is such a vague

and uncertain one, a mere opinion, that even if the greatest care were exercised, its use as a mathe-

matical fixctor would not be admissible. It is a mere indication of the present condition of the

growth, and its meaning at different i)eriods of life is veiy different in its physiological effects

as exi)ressed iu volume accretion.
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It may be of interest to reconl more espeeially tlie data of a small clumji of young "WLite

Pine siiruiig up nanually on an abandoned lield oF less tlian tlireelonrtlis of an acre in extent,

situated near Farmiugtou, N. II., which its owner (Mr. J. D. Lyman, of Exeter) bad from time to

time thinned out for the last twenty-two years, with a view of accelerating the growth of the

trees. Unfortunately, no record of previous conditions and freciuency and extent of oiierations

was attaiuable, but the preseut conditiou (three or four years ago) is exhibited in tlie following

table:

Jhtta of a vlHtnp of naturally (jritwn yonnij White Pine,

[Age: Forty-six to fiCtj'-ftix yuara; average, fifty-ono yeiira. Height: TiJloSOfeet. Area: 108 tKjiiare rodfl.]

^- >-"ftree,. '^^tQ^,.



Bulletin No, ??, Div of Forestry. U. S Dept- of AgticulTure. Plate X.

-.ssmL:^.

Fig. 1.—a thinned Pine Grove in New Hampshire (Trees 51 Years Old 18o i u ihl Acrei.

Fig. 2.—Yuung Pine in New HAMFbHiHL iTHEEb 20 Years Oldi.
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The White Pine is subject to ii cousklerable number of destructive intlueiices eveu when
growing spontaneously, but a large proportion ;of these might be avoided if properly understood
and guarded against, since they are in great part due to human agency.

INJURIES BY HUMAN AGENCY.

The subject of forest fires lias been so fully discussed that it is unnecessary here to treat it

in detail, although the pine forests of the Xortheru States have sutiered more irreparable injury

from this than from all other destructive agencies combined. From the numerous suggestions

that have been made respecting protection from fire and from ixunecessary injuries in general, the

most important appear to be:

(1) That a Avell-digested code of laws, capable of prompt enforcement, based upon the

recommendation of a nonpolitical forest commission, is of ]uiinary importance

Fig. 4.—Girdltrd "White Pine contiuaing to grew.

(2) That a correct public .sentiment, encouraged by a wider dissemination of information
concerning the value of forest products and the time required for their growth, will have more
iutiuence than all other means together iu preventing unnecessary destruction.

Unlike the Loblolly Tine of the Southern States, or the lied Tine with which it is commonly
associated, White Pine has a thin bark during the first thirty to fifty years, which affords bnt
slight protection from fire. Conse(iuently, the species sutlers much in young growths from surface
fires, which do little or no harm to the thick-barked pines and hardwoods. Iu the mature trees

the growing layer is much better protected, as the bark with age becomes proportionately thicker
than that of Red Pine.

Kelated to the foregoing, and properly x'laced under the head of injuries to be charged to
human responsibility, are wounds occasioned by cattle. A pine forest is less liable to injury
from the browsing of cattle than one comjiosed of deciduous trees, and in the Eastern States old
pastures commonly grow up to pine, the deciduous species being kept down by the cattle, lint in

2023.3—No. 22 i
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any case, wben tlic growth of timher is tlio i>iiiiiiiry object, (lomesiic aiiimnls slioiild l)e liKoroiisly

excliulcil, ;is tlicy arc ccilaiii to do more or less injury to the growing trees. A jiiue forest, or a

forest of auy kind, i.s no more proijerly a '•run" for cattle than a field of standing grain, and the

damage i.s likely to 1)p more extensive and less cajiahle of re])air in the former than in the latter

case.

The White I'iue .shows consiilerable lecuiierative power, which is exhibited in the ready

recstablishment of broken leader and the healing of wounds, in which the ])rolitic resin exudations

assist by keejjing out water and fungi.

The exjjeriences of Mr. iS'athaniel Jlorton, of I'lymouth. Mass., in trimming pines, recorded

in The Forester (.June, 180S), show the absolute safety of pruning live limbs of .'3 to 5 inches and
more in diameter, which are covered in a few years by new growth (PI. XI). An interesting case

of ])ortinacity of life and lecuperativc i)nwer, whic'h at the same time throws light on the much-

debated (picstion of food and water movement in trees, is also reported from the same source, and
represented in fig. 4.

A young ])iiie in the forest was, two years ago, not only girdled, but the bark peeled otf for

11 inches all around the tree. The tree has a perfectly healthy appearance, and has continued to

grow in length, although apparently about half as fast as before. The measurements of internodes

of this tree during the last six years follow. The diameter growth above tlie wound has continued,

while below the wound it has remained stationary, as will ai)pear from the measurements made
two years after the removal of the bark.

Indies.

Circumference near tho gronud 15

Cireiiiiifereiice just below the wound 11

Circiiiiit'erencc wlieic tiark in stripped >. y^

Circuiiii'erencr just ;iliove tirst row of lir.Tiiclies 14

Circumference .above secoud row of brandies 11

The wound is entirely covered by jiitch. The growth Just above the wound has a baggy
appearance, showing an accumulation of wood deposit, which shows the arrest of the food

materials due to the absence of the cambium layer and bark.

It would appear that the roots could either live without the food sui)ply from above (at least

for two years), or else that a sullicient amount can jiass through the dead wood of the trunk, and

at least the water necessary for the elaboration of food materials in the foliage can be supplied

tlirough the old wood. The writer inspected this tree, and can vouch for the truthfulness of the

descrii)tio7i. A similar case with a southern pine (species undetermined) came to his attention,

where the tree was older and had grown over twenty years above the wound; but as only a cut

was inspected the possibility of a cambial connection of the upjier and lower parts was not abso-

lutely excluded, as in the iire.scnt case.

INJURIES BY STORMS

Of injuries not within human control may be mentioned, first, those result itig from storms,

snow, ami ice. The soft texture of the wood and the short-lived branches of the White I'iue

would naturally suggest its being more liable to injury by storms than are deciduous trees. This,

however, is not the case. The angle which the branches make with the truidc admits of their

readily bending, and under such a weight it is found that ISIaples and other hardwood trees break

down much more frecpiently. ^Ir. B. V. Hoyt, of Manchester, Iowa, states that " a whole summer's
observation among the White Pines of Tennessee failed to reveal a single case in which a tree of

that species was injured by the wiiul." attributing the fact to the mechanical disposition and
structure of the trunk and branches.' In this respect, then, the White Pine stands at a decided

advantage as compared with nniny deciduous trees with which it is naturally associated.

lake the shallow-rooted Spruce, the White Pine is liable to be ui)rooted and thrown by storms,

although to a less degr<'t'.

While, however, the mechanical elfects of the wind and of storms of snow and ice are not
sufficient to rerpiire 8i)ecial consideration, the injurious consequences of drying winils are such as

' .\iuericau Naturalist, I'ecemlier, 1880.
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to become an important factor in determining the limits of the artificial cultivation of this species.

At the time of planting, deciduous trees are not in leaf, and accordingly there is but little evap-

oration of water, while the leaf surface of conifers is exposed then as nuidi as ever to the drying

elfects of the atniospliere, often resulting in their death before they arc iully established in the soil.

It is for this reason and because of the general lack of a sufficient amount of atmospheric mois-

ture that comparatively slight success has attended the cultivation of the ^'hite Pine on the

plains west of tlie ]\Iississippi. The raw winds from the Atlantic again have been found to be

much more injurious to this sjiecies than to the Pitch Pine {riiivx rifiidii). and tlie latter is there-

fore decidedly preferable for planting in the immediate vicinity of the coast.

DISEASES.

EFFECT OF HEAT AND DROUGHT.

In Germany, plantations of White Pine thirty-flve to forty years old have suttered much injury

from a disease which apjiears to be occasioned by unusual heat and drought, and which was par-

ticularly severe after the hot, dry summer of 1876.' The disease manifests itself externally by
dried up patches on the trunks, the spots being largest 3 to 6 feet from the ground, gradually

running out above and below this, and often reaching a height of 15 to 18 feet. The s^jots may be

only an inch or two wide, but frequently the bark is dead nearly around the entire trunk. As
a rule, these dead spots are on the south and west sides of the tree. The wood is often penetrated

by larvic of insects, but these are not the cause of the disease, since in many cases they are not

present.

Dr. R. Ilartig, from a comparison of specimens and study of the disease in question, concludes

that it is due to extreme dryness and that the White Pine can not be trusted to endure such

extremes. He further states that it suffers greatly from dry air even in the winter time.

PARASITIC DISEASES.

The White Pine is subject to a number of parasitic diseases, some of which attack it when
growing spontaneously in the forest, while others are highly destructive to the tree in cultivation,

especially in Europe under changed climatic conditions. A few only of the best known of these,

including several due to fungi, will be considered in detail.

(1) Agariciis melleiis Vahl.—This fungus, of common occurrence in the United States as well

as Europe, is exceedingly destructive to coniferous trees, the White Pine in particular suti'cring

gi'eatly from its attacks. It also fastens upon various deciduous species as a parasite, attacking

living trees of all ages, but li\ing as well upon dead roots ai'.d stumps and on wood that has

been cut and worked up, occurring frequently on bridges, railroad ties, and the like, and causing

prompt decay wherever it has effected an entrance. The most conspicuous part of the fungus is

found frequently in the summer and fall on the diseased parts of the tree or timber infested by it.

It is one of the common toadstools, this particular sjiecies being recognized by its yellowish color,

gills extending downward upon the stem, which is encircled a little lower down by a ring, and by
its habit of growing in tufts or little clumps of several or many individuals together (PI. XII,

1 and .5). It is also particularly distinguished by the formation of slender, dark-colored strings

(PI. XII, 3 and .3), consisting of compact mycelium, from which the fruiting parts just described

arise. These hard root-like strings (called rhizouiorphs) extend along just beneath the surface

of the ground, often for a distance of several feet, and penetrate the roots of sound trees. By
carefully removing the bark from a I'oot thus invaded the fungus is seen in the f(n-m of a dense,

nearly white, mass of mycelium (PI. XII, 3, c), which, as the parts around decay, gradually pro-

duces again the rhizouiorphs already described. These rhizonuu-phs are a characteristic part

of the fungus. Occirrring both in the decayed wood, from which they spread to the adjacent

parts, and extending in the soil from root to root, they constitute a most effective agency in the

extension of the disease.

The symptoms of the disease are marked, and, taken together, sutUciently characteristic to

admit of its ready recognition. External symptoms, to be observed especially in young si)ecimens

Hartig. I'utersuchiiugeu aus <lein Forstbotaniscben Institut zu Miinchen, 1883.
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recently attacked, consist in a change of tlie leaves to a i)ale sicUy color and often tlie ]irodiictioii

of short stunted shoots. A still more marked .symptom is tlie formation of urcat <|nantitics of

resin, which flow downward through the injured part.s and oat into the ground, resulting in the

sticking together of the root.s and masses of dirt that have been ])enetrated by the resin. Passing

up a little way into the trunk, the cau.se of this is seen in the active working of tlie fungus in the

medullary rays and around the resin canals, where apparently both cell walls and cell contents

undergo degeneration and partial conversion into resin. Tliis flows downward, as already stated,

and also works laterally into the cambium, producing great blisters in the younger jiart.s wliere

growth is going on. and also resulting in the formation of abnormally large resin canals.

As the di.sease advances the fungus continues to attack the tracheids of the sound wood and

.soon induces marked (dianges. Under its influence the walls lose their lignitied character, become
softer, and give the cellulose reaction, while the mycelium (jf the fungu.s penetrates and fills the

enlarged cavities of the tracheids. (IM. XII, J, 5, (J.)

The whole inside of the trunk may finally become hollow for .some distance above the stump,

its interior being filled with a loose rotting mass, i)enetrated by rhi/.omorpli strings, and only

becoming woi'se the longer it stands. Tlie disease having once reached this stage, there is of course

nothing to be done for the tree but to fell it as soon as possible and save whatever wood remains

unaffected.

{'2) PnJyiwruH (t)nwsi(.t Fries ( Trnmetes fatliciperda R. Hartig).—This is one of the most dangerous

parasites of coniferous trees, causing "red rot" and the dying out of plantations both of young

and old pines. In (iermauy it infests various species of pines, including I'inioi strol/un and I'iitii.s

sylrestris; also I'icca cxcelsa, Jiiniperus commuuis, ami others. It is more destructive to the White

Pine than to the Scotch Pine.

The disease apjiears in plantations of various ages, from five to one hundred years old, show-

ing it.self by single plants here and there becoming pale, tlieu yellow, and suddenly dying. These

external symptoms are altogether similar to those observed in trees infected by Agaricus inelleus.

Other trees are attacketl in the neighborhood of the infected ones, ami so the disease spreads

centrifugally.

The fruiting portion of the fungus (PI. XIII, 1 to 6) grows on the roots near the surface

of the grounil, forming yellowi.sh-white cushions (white on the spore-bearing surface) tlnit may
finally, though rarely, become a foot or more in diameter. lietween the wood and bark of the

affected tree are extremely thin layers of mycelium, distinguished from those of Ayaricns mcUcKS

by their softness and delicacy. The tissue of the roots and the inside of the stem is decayed to a

considerable height.

The disease is .spread by the spores, which are carried away by mice and other burrowing

animals and deposited on the roots of adjacent trees, where they germinate and penetrate the

living tissues of the bark, i)assing thence into the wood elements and growing in them toward the

stem. It is also communicated by the I'oots of infected trees crossing those of sound ones in the

ground (PI. XIII, ;), the fungus growing directly from one to the other.

A violet discoloration of the wood is the external symptom of beginning decomposition, in

wliich the contents of the i)arenchyma cells die and turn brown through the action of the mycelium.

This color disappears with the loss of the cell contents, and a dear brownish-yellow takes its jilace,

with scattering black spots here and tliere. These are surrounded at a later period with a white

zone (PI. XFI, S), and at the same time the wood becomes continually lighter and more spongy.

At last numerous openings ari.se, the wood is separated into its constituent libers, and becomes

watery and of a clear brownish-yellow color. The cell wall undergoes decomi)osition, giving the

cellulose reaction instead of remaining lignitieil, and finally even the entire middle lamella disap-

pears. Th(! jirocess may go on until the wood elements are isolated, so that they are easily jiicked

apart like threads of asbestos.

The parasite advances rapidly in the wood elements, de<omposition .soinetinies going on in this

way to the height of 2.> feet. In the bark it ]iroceeds more slowly, but is finally none the less

dangerous, since it causes the death of the corti(!al ])art of the root in wiiich it originates, and

when after reaching the trunk it passes into the other roots, their death finally resulting in the

death of the whole tree.
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In tlie Scotch Pine a great amount of resin is itroduccd, and this, acciinuihitinf,' in tlie lower
part of tlie stem, i)robably acts as a barrier to the growth of the mycelium npwanl. In the White
Pine the fungus extends much farther in the trunk.

PI. XII, 7, represents a stump of White Pine that has been attacked hy I'olypotKK amiosiis.

The heart is surrounded by decayed M'ood and spots tilled with masses of resin. PL XII, 9,

represents parts of adjacent wood elements of Xorway Spruce after they have been acted upon
by the fungus; the mycelium hyphai and spores, highly maguitied, are represented in JO of the

same plate.

(3) Coh'osporium sciiccioiiis Pers.—This fungus, under the name of "pine blister." infests

various species of pines, growing in the a'cidium stage on both leaves and bark, and sometimes
proving very destructive. When growing on the leaves it affects but little the vitality of the tree,

but is highly injurious when the bark is the place of attack. It penetrates the bark, apparently
through wounds occasioned by insects, woodpeckers, or other agencies, and its mycelium spreads

through the cortical parenchyma and bast, and into the wood to the depth of several inches,

passing through the medullary rays.

Under its influence the starch and other cell contents disappear and a resinous substance
collects in their stead, a mass of dead tissue soon taking the place of the living cells. This change
of the cell contents results in a great accumulation of resin, which often exudes in large quantities

from the diseased parts of the tree.

The mycelium is perennial, extending itself through the stem from year to year, particularly

in a longitudinal direction. Where it is present the growth of the stem is prevented and the

formative materials are diverted to the opposite side of the stem, causing there a greatly stimulated
and abnormal growth. The death of the leader often results, especially in dry summers, for the
reason that the wood, thus choked with resin, is unable to supply it with sufticient water.

The researches of Wolf lead to the conclusion that this parasite of the pine lives in the form
known as Goleonjwriuvi senecioniii on various species of Senecio, and that it is communicated to

pine shoots from them. He proposes the extermination of these hosts as a preventive measure.
Later investigations of Kleebahn go to show that a blister rust which he observed badly aftecting

the bark of rinits strobus, in the neighborhood of Bremen, is caused by a closely related parasite

form which he names Peridermium strobi, and considers to be the ;ecidium stage of Cronartium
ribicola.

All these fungi have probably caused far more destruction of timber than casual observation

would indicate, but the limited extent to which artificial cultivation of forests has thus far been
carried on in this country gives comparatively few exact data regarding them. The facts, as above
stated, have therefore been drawn largely from the works of Ilartig and other European authorities.

With increasing cultivation of timber and probable increase of such diseases, their investigation

and the employment of protective measures must necessarily receive far more attention.

Several diseases attributable to the action of fungi, but as yet imperfectly investigated, are of

frequent occurrence in this country. One of these, known as '-damping off,"' characterized by the
sudden decay of seedlings at the surface of the ground, is common in nurseries, and attacks yonng
plants of different kinds, the White Pine among them.

The disease is most prevalent in plants growing in a damp soil in a warm, moist atmosphere.
As observed in the Ann Arbor (Michigan) greenhouses for several years in various plants propa-
gated from slips, the disease appears a few days after the slijjs are set, giving the lower part of

the stem a wet, unhealthy appearance, which extends to the lower leaves, particularly where these

touch the sand in which they are growing. Upon taking up the specimens, the parts affected are
found to be in the early stages of decay, and penetrated throughout, even in the interior of the

epidermal appendages, by the branching filaments of a fungus. The fungus appears to live in the
sand in which the plants are jiropagated, and to run in it from one to another, resulting often in

the rapid destruction of the plants in the bed.

"Damping off" is due to the action of several different parasitic organisms, of which the
pottingbed fungus, I'l/thiiim ile Jxinjaniun Hesse, is one of the most common, though a number of
other species have been shown to be capable of producing the disease. The relief measures
recommended by those who have studied the disease are the use of fresh soil free from decaviug
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matter, as nmcli siinlif^lit as the plants will endure witliout wiltiii;:, a fairly low teini>crature, and

an abnndaiit siipjdy of fresh air. Jlr. .1. Dawson, of the Ai-nokl Ari)oretuni, suggests waterinjjr

the youii-j jjlants from below, so as to avoid wiltinj^- the leaves, as a means of i)reventif)n. Other

suggestions will be found in recent literature of the snbjeet, prai;tically in the rejiorts of varions

agricultural experiment stations.'

A disease whieli attacks the trunk of the tree, at various ages, is very i)revalent in i)ine

forests, and occasions the condition known among lumbermen as "punky pjiie." A di.seased tiee

can freijuently be recognized by its having one or more knots with a rough, irregular contour, at

a considerable height above the ground, commonly conspicuous l)y a considcriible outliow of resin.

These seem to result from the breaking utf of brancdies, followed by gradual decay at the place

where they have separated from the tree, in such a way as to admit water into tbe trunk, the

oi)ening being afterwards partially covered Ity subsequent growth of the tree while decay is going

(}n inside.

Upon examining the wood of such a tree, it is seen to be discolored and in various stages of

decay, the diseased condition extending inward from the knot hole, and both uiiward and
downward from it in the trunk. By inspecting logs cut from such trees, it will be noticed that

the decayed portion may have lilled up the center, making a rotten heart; or it may follow the

rings of growth for some distance, midway from the center to tbe periphery; or it maybe still

nearer to the surface, its i)0siti()n and extent being very variable and following no recognizable

rule. The parts diseased are utterly worthless, though boards containing a greater or less amount
of wood thus affected are common in the market. Microscopic examination shows that the wood
is penetrated by the filaments of a fungus, and that the elements of which the wood is made up
have been greatly altered, and to a considerable extent deconii)oscd bj- its action.

Continued observation in the pine woods of Michigan, iu different years, does not so far justify

the reference of this disease to any single si)ecies of the various fungi found growing upon the

truidvs and logs of decaying pine trees. Hut whatever the s))ecies, one or several, concerned in

producing or hastening the condition described, the general facts, as stated above, appear to be

that the disease finds its way where the separation and decay of a branch ])reseuts a favorable

idace for the entrance of water and the sjxjres of fungi, and that it spreads so extensively in the

trunk as to entirely ruin large and valuable trees.

In our natural forests there is, of course, neither remedy nor ijrevention, but in artificial culti-

vation careful and seasonable pruning would doubtless be the moNt effectual i)reventive, since, if

properly performed, the wounds left by the removal of branches would soon be grown over and
there would be no further danger from this source.

KXI'LAXATIo.N ol' I'l.ATl-: XII.

/. AgaririiK milieus, cluster of young .spompliorcs.

2. Agarii-iia mdienx, larger spoiopliore with root-like organ of attachiiieut.

3. J{oot of spruiT tree iiivadcil by inycelium of Aijariciia melhns; rliizoiuorph of s;inio fungus on the riglit.

i->). Fraguients of pine wood showing the destructive aetion of .Ir/ariruH mellciin.

7. Stuuip of White' I'ino attaeked by I'oliipi>niH aiiiioiiin ; the heart is still sound, but is siirniuniled by decayed
wood and spots filled with masses of resin.

S. Wood of Norway Spruio in early stages of decay occasioned by action of I'ohiporiia annoxua: the white areas

have become delignihcd, an<l the wood elements com)io8iug them are soft and easily sciiarable.

9. Wood elements of Norway .Spruce isolated and showing the mycelium of the Pohjporus aiinoaus.

10. Fruiting hyph.i- and spores of Poh/ponis unnosita.

KXI'I.ANATION oI- IM.AIK XIII.

/. .Slum]) of Norway .Spruce, with a siioroiihioc of I'oliijioriia (iinioana several ye.irs ohl; tlie inner jiortions of the

stump whcdiy decayed.

,.'. Roots of a diseased spruce tree, with iiiimrrous small sporophores of I'lilijiionia uiinoitiia .ittached.

J. Stuuip and jiait of root system of a young )iiui- tree killed by the action of I'olijporiia annoxua, the sporophor.-s of

whioh have grown entirely around the base of the trunk.

I. Mature sporophore of I'lili/ponix annoxua seen from below, showing the porous Sjioie-bearing surface.

.5. Mature sporophore of I'olijpnnix annoaua from above, showiu',;- the velvety upper surface and concentric^ bands.

6. Mature sporophore (){ J'olifpurnx annoana in secticm.

7. Mode of infection; where the smaller diseased root crosses the larger one, the mycelium of the I'ult/jiorua annoaua

has penetrated the latter and spread in both directions for some distance.

'Cf. Atkinson, Cornell Univ., Agr. Exp. .Sta. Bull. lU, 189.">,
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INSECT ENEMIES OF THE WHITE PINF

By F. H. CniTTKNDKN, Difhioii of Kiilomoloyy.

INTRODUCTION.

Of all coniferous plauts, perhaps noue are more subject to insect attacli than the White Pine.

Upward of a huiulred species are reported to affect this tree, and a careful compilation of all

known species would probably add many more to this list. The more important are found in the

order Coleoptera, and of these the cylindrical bark-beetles of the family Scolytidic hold the highest

rank. 'Slost of the Scolytida- live within the canil)ium of dead or dyinp;" trees, but a few penetrate

the solid wood, and several forms, when excessively abundant, d(} not hesitate to attack healthy

growth. Numerous other Coleoptera belonging to the families Cerambycidic and Buprcstidie

similarly infest the White Pine, but are for the most part secondary in the nature of their attack,

and will therefore require only passing mention. One species, however, the wliite-piue weevil

(l'issi)dc.s sfrobi Peck), is a pest of tlie most pernicious type. In addition to the bark-boring and
wood-boring insects, several species infest the roots, .some only the branches or twigs, some the

cones, and others injure growing trees by defoliation. The leaf-feeding species comprise the larvre

of several sawtiies, the caterpillars of numerous motlis, and a number of beetles. Various species

of plant-lice and scale insects also occur upon the leaves, and often the limbs and trunks of trees

are injured by them.

Most of our injurious forest insects are native to this country, in which respect they differ

markedly from those which affect field aud garden crops. Only such species as experience has

shown to be more or less injurious either to living trees or to cut timber will be considered in

this paper. Some few forms that have not been recorded on White Pine are mentioned, as it is

more than probable that they are cajiable of injury to this tree. The majority, however, have

been observed on White Pine.

In the preparation of the present paper the writer has drawn freely from the published works

of Packard, Fitch, and Hopkins, as well as from personal experience in pine forests, particularly

of New York.

THE DESTRUCTIVE PINE BARK-BEETLE.

The last decaxle witnessed very extensive destruction of pine and spruce forests iu portions of

the United States east of the Rocky Mountains. Tiie principal injury, which daces from about the

year 1SS8, has been attributed to the so-called destructive pine

hnv'k-heeUe (DendroctoiiKS frontalis Zimm.), one of a genus of six

described species, all of wide distribution and all de8tru(;tive to

the Couifera'. It is quite possible that some predisposing

agency had first caused a weakened condition of the trees in the

infested districts, but it is fairly certain that this species of beetle

was responsible for much injury. The infested area observed

comprised the pine and spruce forests from Maryland iu the

North to and including North Carolina in the South, an area u, , „ w , ^ , , i i
•

estimated at upward of 10,000 square miles in extent. In some of beetle; i. lateral view—eui.nrge<i about six

sections entire forests were killed.
times .^..^aa.euuu-grea.lyeularge.l (author's

The accompanying illustration of this species (fig. 5) will

enable its recognition. It ranges from reddish to dark brown in color, and measures about one-

eighth of an inch iu length, being the smallest species of its genus. Its credited distribution

includes Lake Superior to Georgia, and it is recorded also from Arizona aud California. The
adult beetle appears some time in May, the date dei)ending upon season aud locality, bores into

living trees and its larva- develop under the green sappy bark. Copious (piantities of turpentine

exude from the holes made by the beetles and dry iu masses upon the bark. The manner of work
of the larv;e in great numbers beneath the bark produces about the same effect as that of girdling,

thus cutting off' the How of sap, the natural supply of plant food and moisture, greatly weaken-
ing and eventually killing the trees. The first outward manifestation of injury is the accumu-
lated masses of pitch, followed by the leaves turning yellow and then red, as though scorched

by fire.
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A singular feature in connection with tin- imiption of tiiis species is that it was practicalJy

unknown save in the collections of specialists until its sudden appearance in 18SS, but still more
remarkable is its unaceountable. but almost entire, disappearance in 1893, not, however, before it

had done a great anioiint of damage, which has been estimated at upward of a million dollars.

The apparent extermination of this bark-beetle in the district where it was most destructive is

believed to have been due to a fungoid disease.

REMEDIES.

After boring insects of this class once gain access to a tree it is practically impossible to eject

them, and to save the tree recourse must be had to preventive measures. For this purjjose

various jirotective washes are in use. One of tliese consists of lime, to which has been added a

sufficient quautity of Paris green to give it a slight green color and enough glue to cause it to be
adhesive. Another wash consists of soft soaj) reduced to the consistency of a thick \KUut by the

addition of washing soda in water. A thick wash of soap, plaster of I'aris, and Paris green is

also of value. A carbolated wash, which is in successful use against the peach tree borer, is pre-

pared by mixing a pint of crude carbolic acid with a aaUon of soft soap in eight gallons of soft

water. Fish or train oil is valuable as a deterrent, but sliould

not be used except with the greatest caution upon young
trees. ^Yhatever wash is employed should be ajiplied to tlie

trees on the first appearance of the l^eetles in IMay, and should

be renewed if found necessary.

Better than any other measure, however, is the observ-

ance of clean cultural methods. Owners of jjine forests or

groves will do well to cut down all dead aud trim all injured

trees. For tlie protection of pines, dead spruces and other

coniferous trees, and sucli as are infested and too much weak-

ened to recuperate, should be cut down and destroyed by
burning. A great deal of good can be accomplished merely

by removing tlie bark of dead timber. Tlie i)rogeny of the

insects that have deposited their eggs in one season .so

loosen the bark that it is an easy matter to remove and huru

it before tlie following spring. IJy pursuing this metluxl mil-
Fio.6.

—

TuinUiis cacijiraphitu : beetlf.sliowinjid'ir- « , -
"

.,, , i ^^ i , /- , ,

eai vuw at lift, in profile ai right-. iiiarRtd lious of the lusccts Will be dcstioycd before they have an
about t.n liim-s; .inteuua abov,-, highly ma;;- opportunity to issuc and lay their cggs for the destruction of

(origiua).
other valuable trees. A practice known as "rossing" is in

use on borer- infested lumber in Canada. It consists in cutting a strip of bark along the full

length of the upper side of a log, which causes the bark to dry up and eventually drop away.

OTHER INJURIOUS BARK-BEETLES.

Of the other species of Dendroctonus, one has recently been reported as ravaging the spruce

forests of New Hampshire, It is the species at present known as T). rufipnutin Kby., and

although not known to afl'ect White Pine, it is not imi)0ssiblc that it might attack this tree in case

it extends its i)resent depredations. The species of Dendroctonus are peculiarly periodical in

their attacks. Tliere is, however, one exception, />. ttrchrann Ol.. which is usually common at all

times over a very wide area of the United States and Caiuula, infesting all the jiines. According

to information received in May, 1898, this or a related species is now ravaging the pine forests of

a portion of southern New Jersey.

The genus Tomicus contains jterhaps quite as dangerous forms as those which have just been

mentioned. The ajipearance of the beetles is somewhat similar, as is also their method of life. A
species that has been associated with the mortality of pines in the region about and south of the

District of Columbia is T. (««)//)«/)/(»« Lee, or southern i)ine bark-beetle, which is illustrated much
enlarged at tig. <>. It is reddish in color and may be readily separated from any of the preceding
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species by the structure of its aiiteuiiiu and by the toothed apex of the elytra or wiug-covers. Its

mine is shown as it appears ou the undei' side of the barlv of a tree at iig. 7.

Tomiciis 2>i>i> Say, tlie northern pine bark-beetle, is destructive to pine forests in the North in

a very similar manner to the preceding species, which it much resembles iu structure as in habit,

but is less injurious larthcr South. T. caUif/raphus Germ., a

similar species to the two preceding and about eipiiilly destruc

tive, abounds in tlie pine woods of both the North and South,

and 2'. calatus Zinim. and T.andsus Eich. also infest White Piue.

Among other well-known white-pine bark-beetles may be

mentioned Cryptur(iuf; j*m.s'(7/»s GylL, Ilnhiyi/ops (jlahralus Zett.,

and several species of Ilylastes and Dryocii-tes.

The remedies to be employed against these insects are prac-

tically the same as for the destructive pine bark-beetle.

TIMBER-BEETLES AND OTHER SCOLYTID^.

While the majority of the pine-infesting Scolytida' breed

between tlie bark and the wood, a considerable number, called

timber-beetles, live entirely within the sapwood; others,

the twig-beetles in the small twigs and branches, and a third

group, represented by Pityoplithorus conipei-ila Sz., inhabits the

cones.

The chief danger from the bark-beetles, as has been shown,

is from their attacks on living trees. They do comiiaratively

little damage to timber, except as they looseu the bark and thus

afford ready access to water and mold and to other destructive

insects. The timber-beetles, or ambrosia beetles, as they are

sometimes called, live almost exclusively in greenwood, pre-

ferring that which is slightly injured, of impaired vitality, or

such as has been newly felled, but they often attack and kill

healthy growth, and in the process of their work in timber cause

a staining or "bluing" which entails a still greater loss than

results from their direct attack to living trees. The presence of

these beetles in a tree is manifested by the little piles of white

sawdust which they eject from the " j)in-hole'' entrance to their

galleries.

Fig. 7.—Galleries of Tomicus caci»jraphug

on wootl uodc-r bark of piiie (original).

The pine tjmber-beetles are found in the genera Gnathotrichus. Xyloterus, Xylebo-
rus, and Platypus. GnaihoiridniH materiurins Fitch is the commonest of three species of the

genus, all of which attack pine. This species is shown greatly enlaiged

at fig. 8, and its characteristic galleries in the wood of pine are well illus-

trated at flg. 9.

The same remedies advised against bark-beetles will prove valuable

against the timber-beetles. Kerosene emulsion or a carbolated wash would
accomplish the destrui'tion of the timber-beetles even after they have
attained entrance to a tree, provided the application be made in time.

The twig beetles are represented by the genera Pityophthorus and
Hypothenemus. Of the former genus, P. sparsits Lee, cdrinici'jjs Lee. jyuUits

Lee, hiutiis TSi\ch.,ph(fiiatiis Lee, are all well-known pine species. The genus

Hypothenemus inhabits alike deciduous and coniferous trees.

Remedies are the same as for bark-beetles. Pruning and burning

infested twigs and branches and the clearing away and burning of brush

heaps during winter are indicated. For choice ornamental trees in i)rivate

grounds and in parks plugging the '-pin holes" with wire and stimulating the trees with manures
and fertilizers to assist them to recuperate from attack are advisable.

PINE SA'WYERS AND OTHER BORERS.

Of all the insects that occur in pine timber the Cerambycid, or long-horned beetles, of the

genus Monohammus, are the best known, and are credited with being the most destructive. If

Fig. 8

—

linathotrichus ma.
teriarhts; beetle, enlarged:

antenna, still more eu-

larsed ,Tt left (ilars del.).
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we exci'iit tlio losses occasiuiieil by tlio more or less sporiidii; attacks of certain species of tbe

Scolytida' already mentioned, probably this opinion is about correct. Five of these species liave

been described, all pine fccilcrs and beetles of tlio larijest size, with eloii^ato eyliiidiieal bodies

and extremely lonjj antenna', those of the male beiii^ two or three times as long as the remainder

of the insect. The pine sawyers are most troublesome in the mill yard, and their large white larvic

often do nmeli dainaj^e to lojjs by eatiii;^ };reat holes through their solid interior. While bnrrowinjj

in tlie wood tlielarv;e make a jjeenliar {iratiii;;- sound that may be heard on riuiet nights at a consid-

erable distance. This is a familiar soiiml in tlie lumber camps of the North, and has probably

Fia. 0.—(lallery (»(' (l»alh'ilrieliu.t matcriarius in ]iinM (adiiptiMl from a ilrawiii;; liy A. ]>. Hripkins),

given rise to the name of [line sawyers, by wliicli these insects are known, Monolimnnuis cun-

/uxor Kby, is a large gray species destructive in the lumbering distiicts of the Xorthern Unite<l

States and Canada; J/, litilhitor Fab,, a mottled brown beetle, replaces the above species in the

South, and ^f. macnlosuH Hald. occurs in the West; M. scutellatus Say. is widely distributed and

abundant from the Atlantic to the Pacilic, and .lA. iixirtimniior Kby. is a rather rare northern

form.

Among other borers Ijelongiug to tlie same family as the sawyers, the majority of wliieh infest

White Pine, may be mentioned Crioccphalus (KjrcKtia Xby., ('. oh.tolrtun IJand., Ascmiim mustuni

llald., OrtliosoiiKi briinnciiia l'"orst., Prionus 2)ocularin Dalm., Ilijlotriipi's hitjuUtH Linn., Culliilliim

anU-nnutum Newm., Rhagium Uneatum Ol., GraphisnritsimisUhts Kby., Acanthocinus

obsolctus Ol., ,1. uodnsiis Fab., and XcDch/fKS muriratiilns Kby.

In the Coleopterous family llupiestida' are many borers whicli infest piue.

These include five species of Chalcophora, one of which, C. virghiiensi.s Dru., is

figured (tig. 10); Diccrca puncUihtta Sch., I), iciwhrosa Kby., Bvprcstis striata

Fab., McUtnophila J'ultogHttnia Ilarr., ,1/. longipcx Say., Cliri/sobothrls ilrntipva

Germ., C. Jlorimla Cory, and ('. scahriixiitiis Ijap. and Gory. These beetles are

tirjiiifcnjij—uatiirni graccful iu fomi, hard of texture, and many are brilliantly metallic. Their larviii

8 ZB( ar.tie ).

.^^.^ slender, white grubs with very large, round Hat heads. Some of this family

attack living trees and do injury to the siipwood and to felled timber in the same manner as the

sawyers, but the majority of them ])iefer devitalized material, and their attacks are usually

secondary to some more injurious species.

Fio. 10.— Chaleojihoia

THE WHITE-PINE WEEVIL.

In the ^Vhite Pine forests of the ISorthern States, particularly in those of a second growth,

one's attention is often drawn to the great number of defornied trees. They sometimes occur

singly, but more often in groiqis. The insect that is resjionsible for this damage is tln^ white pine

weevil (J'tusailrs xliohi Peck). This beetle is a member of the family CnrcuIionid;e, and is about a

fourth of an inch in length, of oval form, red and brown in coh^r, with its elytra marked with white
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Fio. 11.

—

Pisiodee strobi: beetle at left; a.

larva; b, pupa—pnlarfjed about three

times {from Packartl).

spots, as sliowu in the accompanying illustration (fig. 11). It is iJiovided witli a latlier long

rostrum or snout to which are attached its elbowed antenna-. The larva, which is white and foot-

less, is illustrated at «, and the pupa, also white, is fi<,'ured at h.

This weevil is one of the lirst si)riiig visitants in the Xorth, occurring as early as ^Nfarch about

Washington City and in April or -\Iay farther north. Its eggs are deposited on the teiniinal shoots

of pine, particularly of young trees, but sometimes also iu the bark of old trees. The larva, when

hatched, bores into the pith or mines the sapwood. Toward the

end of summer it attains full growth, when it goes into hiberna-

tion until the uext spring, transforming to pupa and soou after-

ward to the mature or beetle form. The presence of this insect in

a tree is first manifested by the wilting of the leading shoots,which

becomes most evident toward the close of summer. The identity

of the species at work may be established at once from its iieculiar

cells beneath the bark. (See fig. 12.) These cells, which are

destined for its wiuter nest and for further transformation, are

sunk into the pith and covered over with long fibers of chipped

wood. When a terminal shoot of a small tree becomes filled in the summer with these larva-, to

the number sometimes of a score or more, the shoot, with its lateral branches, as well as the stock

below, wilt and gradually die, the bark becomes loosened, pitch oozes out, and by autumn the

shoot turns black, and the bark is covered with masses of iiitch, A tree thus damaged will fail

sometimes for several successive seasons to send out a new terminal shoot, with the result that

the lateral shoots continue to grow, and the tree becomes more or lesa

distorted.

Owners and overseers of pine groves will do well to make a i)ractice

of examining the young trees each year, say iu August, and when one

with a wilting terminal shoot is found to cut or break it off and commit

it to the flames. With every blighted twig thus treated from a dozeu to

fifty or more weevils will be destroyed, and thus the numbers of the

insects for the coming year will be greatly lessened. All dead growth

or such trees as have from any cause been injured beyond recovery

and which might serve as centers of infestation by harboring this weevil

or other injurious species should be similarly treated. What is most

needed is a preventive, and for this purpose a good thick fish-oil soap

mixed with Paris green and carbolic acid, in the proportion of about a

pound of the former and a quart of the latter to 100 gallons of the wash,

is recommended. It should be sprayed in April and ^lay on the terminal

shoots of the trees and repeated at the end of a month if necessary.

MOTH CATERPILLARS AND PLANT-LICE ON TRUNKS AND LIMBS.

The trunks and limbs of i>ine are also subject to the attack of sev-

eral insects besides those iu the order Coleoptera that have been men-

tioned. Of these are three tortricid moths of the genus Eetinia, which

aflect the pitch and other pines. Two other moths of similar habits to

the above occur on White Tine, wounding the trunk below the insertion

of the branches and causing the resinous sap to exude. These are

the pitch drop worm {Piuipc.stis zimmermanni Grote) aud llurmonia

pinl Kell.

The same remedies advised for other boring species, aud particularly

those specified to be used against the white-pine weevil, are indicated for the present class of

insects.

Several species of plant-lice attect the White Pine. The white-pine aphis {Lavhnus strohi

Fitch) is very abundant iu the Northern States, living in colonies on tlie branches of trees and

puncturing and extracting their juices. The so-called "pine blight,'' Chermes innicorticis Fitch, is

sometimes very destructive, its pre.sence being manifested by large patches of a white, floccnlent

Fig. 12.

—

Fissodes itrobi : a, larval

mines under bark; 6, pupal

cells—natural size (from Riley).
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secTotioii, lu'iioatli wliicli covt-rin;: are concealed myriads of iiiiimto lice. Miizonnim pinicola

Tlios., feeds on tiie tender sliOdts of young Wliite I'ine.

Keroseue emulsiou applicil as a spray is the appropriate remedy for tbese plaut-liee.

LEAF-FEEDING INSECTS.

The most destrnetive insects of the foliage of pine are several species of sawflies of the genera

Lophyrus and Lyda, one of which is represented iu its several stages at fig. 13. It is called

Fio. K.—Lophiirut abl/otii : 1 female, i nlarsiil ; 2, 3,

pupa, enlar;ie(l; 4, 4, larva-, natural wizu; 5, cocoon,

natural size ; 6, male ant. nua, 7. i'.iiiale antenna, enlarged

(from Eilcy).

Kkj. 14 Tiil>es of luiie leaves made !)>* pine tiibe-huilder—natural size

(from Packard).

Abbot's white-pine sawlly (Lophyrus ahhotii Leach.), and is perhaps the most iiijiirious foliage

feeder which infests tlie pine woods of the North.

The caterpillar of a single species of butterlly, Thcchi niphon Ilbn., is known to feed luxm the

foliage of White Pine, but ainoug the larvie of moths of dilVerent families are innumerable piue-

Fio. 15.— r/iior.<i<)jij iiini/oli(T: 2, scales on White Pine, leaves stunted ; 2n, same leaves not stunted liy insects
:

2(-. 2c. female scale
;
2d, male

scale—2 and 2o natural size, 2i .and 2c much enlarged (from CouistocU Ann., Kepi. Uept. Agr., 1880).

feeding species. Prominent among them is the magnificent sulphur-yellow imperial moth (Eacles

imperialis Dm.), who.se larva attacks the leaves of various forest trees. Of other moths whose

caterpillars devour the foliage of White IMne may be mentioned : Ilarris's pine hawk moth
(
Kllona

harrisii Clem, i, 7:,". coi/i/mrn/w S. and A., ^. pincum Lint., Tohjpe larinn Fitch, the white-pine

tufted caterpillar (Plati/cenirttfurcUla Pack.), the redliead incbworm (Semiothim bisiffiiaUi Walk.),
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tlie sulphur leafrolliT moth {Dichclia sulphureana Clem.), Teras fcrrH<jana S. Y., and Amorhia
li II,Hcrosaiia Clem. An interesting- species is the piuo tnhe-hn'Mev (Lophoilenis pnlitana Haw.),

which, in its larval stay;e, lives within a tube formed by webbiuj;; together a number of pine needles

as shown in fig. 1-4.

A number of species of adult Coleoptera, whose larval habits are imperfectly understood, sub-

sist upou the leaves of White Pine. Of these are the Scarabicid, lUchtlonycha alhicoUis Burm.,

and the Chrysomelid, GhjptoHcelis ])iibescens Fab.

The best remedy fur the sawdy larva?,, caterpillars, and beetles is a spray of I'aris greeu,

applied upou the first appearance of tliese insects ou the trees.

The consideration of the insect enemies of the White Piue may conclude Avith the mention of

the pine-leaf scale insect {Chionaspis philfoliic Fitch), which forms its scales upou the leaves,

exhausting them of their juices and causing them to turn yeUow. This species is illustrated at

fig. lo.

A strong spray of kerosene emulsion will be fnuud an efticieut remedy against these scale

insects.

FOREST MANAGEMENT.

As regards forest management, we have, unfortunately, in this country no experiences whicli

would permit ns to form very positive ojiinions based on actual observation regarding this species

or any other. The study of the natural history of the species in its native occurrence permits us,

nevertheless, to dra^v conclusions which may at least serve as a basis for its future sylvicultural

treatment.

In the first place, it may be declared that the White Pine is the most important and promising

species upon which to exjiend attention in our coming forestry operations within the limits of its

natural occurrence. Its adaptation to a variety of soils and situations within these limits, its rapid

growth, its excellent form, its remarkable mass development i>cr acre, its shade endurance, its

all-round nseful wood product, and its propagation, both by natural and artificial reproduction,

give it a position among our timljer trees hardly approached by any other.

There are certain general princi]iles which are the result of experience in forest management
in Eui-ope aud elsewhere, apidying to this as to most species. The first is, that mixed growth is in

every respect superior to jiure growth ; it will therefore be proper policy to grow White Pine i^ref-

erably, if not altogether, in mixture witli other species. This advice is given in spite of the fact

that the White Pine grows rather well in pure stand, and th^it, owing to its shady crown during a

long period of its life and the density of stand in which it can develo^j, and the large <iuautity of

foliage which it sheds, the soil conditions are not in danger of deteriorating, as would be the case

with more light-needing species. But, as has been observed in its natural occurrence, its develop-

ment is more favorable in companionship, aud especially is this the case Mith regard to the

cleaning of the bole of its branches, which are peculiarly persistent. Whether it would pay to

substitute an artificial cleaning by pruning the young growths is still doubtful; meanwhile the

self-pruning performed by mixture with shady companions will have to be encouraged, especially

as thereby other valuable advantages are secured which attach to the mixed forest in general.

Unfortunately, our irrational exploitation has reduced the White Pine in the natural forest areas

often to such an extent that its reestablishment is possible only by artificial means. Wherever

the culling has not been too severe, and either young growth has developed or seedling trees have

been left, the natural reproduction should be encouraged by favoring the young growth and by
removing or thinning out other species which interfere with the starting of a young growth.

Fortunately, the White I'ine, owing to its shade endurance, is specially fitted for natural repro-

duction from the seed of mother trees, more so than most other pines, and the rapidity of its

growth, in which it excels most other shade-enduring species, is also favorable in this respect.

We are not yet prepared to determine the most profital)le rotation in which the species is to

be managed under varying conditions. The fact that it is not finly a very rapid but one of the

most persistent growers, trees making wood at the rate of li to 2 cubic feet per year up to the

one hundred and fortieth year, ])ermits a wide range of choice for rotations, and since its wood,

being rapidly changed into lieartwood, becomes serviceable very early, the rotations may be either

low or high, varying from fifty to one hundred aud fifty years, according to local economic and

soil conditions.
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NATURAL REPRODUCTION.

The White Piue reproduces itself readily in thu virgin forest on all sandy and loamy sand

soils where the hardwoods do not interfere. On these areas thickets of youuf; growth, sapling

timber, and dense groves of mature trees are scattered without regularity, and there is no indica-

tion that this piue forest has undergone material change for centuries. lu the hardwood districts

of the heavier soils of the Lake region, where the pine is met with chietiy as old. overrijje timber,

the reproduction of the i)ine seems, temporarily at least, to be interfered with by the associated

growth. Large, old trees occur, thiidy scattered or in clusters, but sapling timber and young
growth is often entirely wanting over considerable areas. .Similar conditions prevail, or have pre-

vailed, in the mountains of Pennsylvania, aud also in New England and in the Adirondacks.

Where the pine is cut and some seed trees are left the ground soon covers itself with young growth.

This, contrary to the common notion, is true even where lire has run over the slashings and the

ground for a time is stocked with Poi)lar and other brush. Such groves or thickets of young i)ine

occur in all i)arts of the pinery of the Lake region, and in tlie aggregate cover .several hundred

thousand acres. Cleuerally, however, the tire returns from time to time, the youug seedlings, as

well as the mother trees, are finally all destroyed, aud thus the reproduction is completely pre-

vented. On such lands, impoverished by tire and exposure to sun aud wind, not even the Poplar

returns. lu the hardwood, iSpruce, and llendock regions the cutting of the piue in the usual

manner simply assists its competitors, and its reproduction is seriously hampered ami frequently

prevented altogether. Where these clay and loam lands are completely cleared and then aban-

doned, as has been the case with thousands of acres of New I'higland forests, the White J'ine is

one of the tirst to return if any seed trees exist in the vicinity. Huudreds of groves have sprung
up in New England in this way.

NOTES ON NATURAL REPRODUCTION.

A case of the kind above referred to was observed in 1S8G in York County. Me., and the

following notes on the subject will, no doubt, prove of interest:

lu company with llr. John E. Hobbs, who is thoroughly familiar with the history of the various pieces of

fore8t>examiiied, a visit was maile to a number of places on which White Piue was growing, others ou which young
piue seedlings were coming iu, and still others in the immediate vicinity where none were to be seen, although the

general conditions of soil and situation were practically identical. Tlic soil, much of it, vas light aud saudy, with
a growth oi Comptonia, Plerix, Ciiiilllnria, ami other plants conminn on pine land.

A large number of trees had a crop of cones, the last year before this visit iu which there was a good crop

having been 1879, according to Mr. llobbs. Going first to an open field that was formerly covered with piue trees,

it was found to be very thickly covered with youug seedlings, from a few inches to 2 feet or more in height,

that had sprung up iu such abuudance that a bare spot was hardly to be .seen over the whole tract. This piece was
cut over in the winter of 1879-SO, the ground was not Imrned over, aud there being a good crop of seeds, these

had grown promptly and a young forest was rapidly coming ou to taUe the place of the one removed.
I In going to other |)ieces in the vicinity, from which the piue had been cut at dilVereut times since 1879, a most

striking contrast was observed. On these jiieces that seemed otherwi.so just like the lirst, aud with the conditions

just as favorable for a second growth, ouly a very few pine seedlings were to be seen. These few may have come
from seeds carried by wind from the neighboring forests, but evidently the ground had not been seeded as the first

piece ha<l, and it was impossible not to draw the conclusiou that the difference was due simply to the fact that the
first piece was fully seeded, while the others were not. Ke])eated observations of similar pieces of laud led further

to the conclusiou that no dependence can be placed upon the spriuging up of seeds that have lain dormant in the

ground for a term of years; or, iu other words, althongli the seeds of the White I'ine retain their vitality for a long
time if kept ill a dry jilace, there is a lack of evidence to show that this is the case iu the natural forest, where they
are alternately dry and wet.

Other iuteresting conditions of growth were noticed in the same region. In the vicinity of standing pine
forests, particularly on their leew.-ird side, seedlings of ditbreiit jiges were coming up, often very thickly, but upon
entering the forest, after the lirst 2 or 3 rods, no more of these were to lie seen, their growth having evidently been
prevented by the dense shade of the standing trees. In hanlwoods. on the other hand, where the surroundings were
a little more favorable, some youug pines were growing here aud there.

All observations reenforced the truth that there is no mysterious succession of forest growth, involving uecessary
alternations, and that the White I'im- does actually grow and flourish for an indefinite number of generations ou
the same laud, if only the necessary seeding has been insured.

In such regions as have Just been described reforesting with the White I'ine is a comparatively simple matter.
AA here nothing more is done than to take advantage of natural conditions by felling the tri'cs in seed years, or by
leaving seed trees here and there, an abundant crop of youug pines may often be secured. As a matter of fact, large
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tracts iu Maine and Massachusetts are coining up in this way to second-growth pine, and as the profit arising from

the protection of these youiiit forests is better uuileistood, there is no reason to doiiht that the whole matter will in

a gn-at measure regulate itself.

In the Adirondack region and iu the pine belt of Michigan, Wisconsin, and Minnesota the case is far dift'ereut.

Under the present system forest lircs are an almost necessary result of all lumbering operations. To start with, all

trees that are large enough arc cut, and if by chance here and there one has escaped that might jirodnce a crop

of seeds, it perishes in the tires that snon sweep over the ground, leaving hardly a living thing beliind them, and
burning the seeds that under other conditions might have sprung up to form a second growth of pine. (Jn all

such burned tracts pine seedlings arc rarely found in any number, and yet here and there they arc seen growing
where the fire had left a seed tree by the side of a stream or a piece of uuburned ground, thus giving the seed a

chance to grow.

After making a careful study of the pine lands of Michigan for several years the conclnsion seems plain that

here, exactly as in New England, everything practically depends upon reseeding. Here in the Northwest the seed

trees have been destroyed, the seels in the ground have been burned, and, as an inevitable consecjuence, the land

remains a wilderness and must remain so until some means are found of restoring the forests hy artificial sowing or

planting. There is nothing in the soil itself that prevents reforesting the pine lands of Michigan at once. It is

because seeds are, to a great extent, wanting, and the seedlings that do start arc not protected, that these pine lands

are left in their desolate and unproductive condition.'

The experience with White Piue in Europe fully confirms the correctness of the observations

above I'ecited. White Pine abroad reproduces well, seeds abundantly, and is .so particularly well

suited to natural reproduction that the most experienced and competent recent writers claim that

this tree fairly " demands'' this form of regeneration.

ARTIFICIAL REPRODUCTION.

Concerning the artificial reproduction by seeding or planting, the experience, both in this

country and Europe, is quite extensive. Not only has this species been planted frequentlj- and

for a long time in New England and in other parts of its natural range, even for forest i)urposes,

but thrifty groves have been established also in the Western prairies beyond the limits of natural

disti'iliution. In Germany larger or smaller plantations were made in many localities near the

beginning of the century.

The planting in this country has, however, not usually proceeded with a knowledge of proper

forestry practice. As a rule, jilants have been set out too old, and hence the planting has ijroved

expensive; usually, also, it has been too wide spaced to secure the most desirable result in form

development. Another point also usnallj- neglected is the admixture of other species to stimulate

the growth of the pines and possibly to reduce the expense of covering the ground.

In Euroj^e the majority of pine plantations made with Scotch Pine (Pim(s silvestns) is made
with one-year-old seedlings, which is done very cheaply and expeditiously, often on unprepared

ground, when one man may set 1,(I00 to 1,500 plants in a day.

For White Pine, especially under our conditions, where the young plants have much to contend

with in the way of climatic ills, weed growth, etc., this method is probably not applicable.

Two-year and even three-year old plants, grown in seed beds and once transplanted in nursery

rows, to produce a stocky root system and growth, will probably be more successful, being better

prepared to overcome adversities.

The seedlings, grown from seed sown either broadcast or in drills in the seed beds, must be

shaded during the first two years, as is usual with conifers in this country. After the second year

they will endure the hottest sun. The shade must be graduated according to the weather, as the

seedlings are liable to damp off the first season if too much shaded and to burn off if not shaded

enough.

As there are about 1,S0(» seeds to the ounce, it will take about 5 to (i ounces to the 100 feet of

drill, unless the seed be specially poor, when greater allowance will have to be made in proportion

' We are likely to repeat in the Northwest, on an extensive scale, the history of several of the Eastern States.

Under inducements held out to encourage immigration, many settlers have been leil to take up laud all through the

worst jjart of Michigan and Wisconsin, including the "barrens." They clear the land, seed it. if they can, with

clover, and jiut in other cro)is, work iu the adjacent pine woods for a living, and "develop the country,'' thus doing

for the .State exactly what needs to be done and what the .State has neglected to do for itself: but it is a disastrous

experiment for the settlers. The many farms kept up in this way for a while may finally be abandoned, but the

whole region will then bi' in a great measure secured against extensive fires, and the lands that have been plowed
and worked over will be in a better condition for reforesting.
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to the percentage of fjeriiiiiiatioii. In ordinary coUoftin^ the percentage of germinating seeds

may not exceed 7."» per cent, and, as is indicated in the di.scussion on seed supply ([lage li.'J), it may
fall far below this figure in some years. Even if liO,OOl) to 2."»,000 seeds should germinate per

pound, it would not be safe to count on more tliaii '>,(»») to S.diio seedlings that will grow to use,

and in the transplanting to nursery rows an allowance of at least '> to l(t per cent should be made
for losses, so that to secure l(t,(H)0 transplants at least 14 iiounds of seed is needed, to secure

which it nuiy take from -I to 4 bushels of cones.

Close planting is indicated on account of the ditViculty with which this j>iiie cleans itself of its

branches. It should be planted not more than 4 feet apart or, preferably, set out in mixture with

a shady, slower growing <()nipanion, the lUack S[>ruce (Pkcn. ni(/n() being an ideal choice within

its habitat, and of broad-leafed trees the Sugar .Mai)le {Acer xacckt(rini(m), which, for the sake of

economy, may be sown between the wider spaced (.S feet or more) plants of White Pine. The
ndxtiirc should not stop here, but other kinds chosen with circumspection from the nmny that are

found associated with the White I'ine in its natural habitat should be added, as Chestnut, Yellow,

and l!ed IJirch, Basswood, Hickories, and Oaks, and of conifers, the Ked J'ine, llendock, and
occasiomilly in some localities Arborvita'.

Dr. Pernow has for some time (since 1887) advocated a method of forest jilanting in wliidi tlie

main or "tinal harvest croi>'' is distinguished from the mere '-nurse crop" or "filler," wlien only

oOO or (JOO trees per acre, or even less, of the better kinds are set out with care as the main crop,

receiving due attention in their further development, and the nurse crop is introduced of the

cheapest kinds and in the <"lieapest manner to act as soil cover to check weed growth and stimu-

late height growth, straight form, and cleaning of the main crop. The White Pine would, of

course, be a most excellent main croi).

By the fiftieth year or so the pines, if set out at the rate of oOO, will have overtopjied the

uurse croi), except wliere trees of the latter have taken the place of a failing pine, and their

crowns will Lave closed up, their boles straight and clean, furnishing clear lumber, if the nurse

crop was properly chosen and has done its duty. The further management then would concern

itself mostly with gradual thinning out of the main crop to secure the diameter accretion due to

inci"eased crown development and light. I!y the one hnndiedth year it will be reasonable

to expect at least half the trees set out to have reached their highest value in maturity and size,

with l.-jjOOO to 20,(M)0 cubic feet to the acre, for the White Pine is not only a rapid grower, but a

large producer, its shade endurance permitting as large a number of trees to develop satisfactorily

per acre as tlie .Spruce, which it outgrows in height and diameter.

While planting nursery-grown seedlings as a rule furnishes better results, sowing the seeds

into permanent sites may, under ceitain conditions, especially on soils not too prone to weed growth

and in tlie more humid climate of the Northeastern .States, prove satistactory and cheaper.

Various methods can be employed according to circumstances. On light soils sowing broad-

cast on snow may furnish satisfactory results; on heavier soils ])rei)aration of the ground to receive

the seed will iirove indispensable. This may be done by plowing furrows or by hoeing plats of li

or 3 feet srpiare (the larger size where overgrowing by brushwood is to be feared) and sowing into

these iu drills or broadcast. Dr. Fernow devised sikjIi a method for reclothing cut-over lands on

slopes in Pennsylvania grown up with brush, where it would be too exi)ciisive to prepare the entire

ground. Here the plats were made larger, 4 or even G feet S([uare, and into these not only jiines were

either planted or sown but also a nurse crop surrounding the pines, expectation being that this

nurse croi) will protect the pines against the encroachment of the surronnding brush growth until

the i)ines are tall enough to light their own battle and finally kill out the Ijrush. A fuller descrip-

tiou of these iilantings is to be found in Bulletin 17, "Check list of the forest trees of the United

States," etc., of the Division of Forestry.

PLANTING NOTES.

The following notes on planted groves, their condition, growth, and results are given a place

here as recording individual experiences in various parts of the country, without intending to

recommend the practices of the planters, which, from the forester's jwiutof view, are faulty in some
directions, especially in the oi)en stand, which is advocated:

In Eastern Massachusetts, i>articiilarlv in Plymoutli and Bristol cnanties, there are nnmcrons small Uorlics of

White Pine that were si-t out I'roiii forty to titty years ago, and whose rapid growth and healthy conditions show that



PLANTIXG NOTES. 65

there the work of planting at least has beou suecessfal. The trees composiug them averagod at thirty to thirty-five

years from the time of plauting, not fur from 45 feet in height, ami measured approximately 2 feet (> inches in circum-
ference, breast high. These measurements vary for cliflcrent bodies of pine, but are believed to represent very closely

the average size at the age indicated, and in many cases the trees, aio considerably larger (see measurements of
growth on page 88). This growth of jiino is of su<'h value that according to competent judges of piupcrty in that
region, much of the land that without the pine would be worth only +3 to ^10 per acre, is worth with the standing
pine ^.'iO to $75 or more per acre according to location.

Upon visiting these ditterent groves and conversing with men who had planted some of them, it was found
that opinions and practice were ijuite variable, both as to time and manner of planting. Mr. S. E. Hall, of Rayn-
ham, who has had long experience, states that he has set the White I'ine successfully every month in the year.

The young trees, l to 6 inches, or even a, foot high, are taken up with a piece of sod on their roots and set out in a
wet time. These two conditions were particularly emphasized by Mr. Hall, who s.ays that if they are observed the
trees "will grow anywhere." He plants 10 feet apart each way and recommends this as the best distance, which
is, however, not good forestry practice. In a grove set by him forty years ago the trees were set in rows at the
above distance and had made a vigorous and healthy growth. In another grove, planted about the same time,

the trees stood 8 feet apart each w,ay and were apparently doing i^uito as well as in the first one. On the other
hand. Mr. Spencer Leon.ard, of Bridgewater, after many years of practical trial and observation, states that having
formerly set out pine trees 10 feet apart, he is now setting them at a distance of 15 feet, with a view to reduce the

expense of planting and because they soon became crowded if planted closer. He, too, sets out the trees with a
sod, simply plowing a furrow and setting the seedlings at tho right distance. Mr. Hall digs a hole for each tree,

but says that the work can be done very rapidly, and that he has himself set an acre a day.

One of the many plantations in southeastern Massachusetts known as "Leb. Pratt's grove," is within less

than a mile of the village of Xorth Jliddleboro. It was set out forty-two years ago. The trees were set in rows
10 feet apart each way. The grove twelve years ago even was practically impenetrable by reason of the dead
interlocking branches that had never been removed.

Four trees of average size were measured in 18.S6 and showed diameters of 7 to 9 inches. Some were of larger

and others of smaller size, though the growth was fairly even. The average height wa£ estimated at 40 feet; the

branches were dead three-quarters of the way to the top, the remaining one-fourth, say 10 feet, constituting the

crown, was green and healthy. The soil was poor, that passed over from tho road in reaching the grove being light

sand with some gravel.

Another grove, some 3 miles northward of Xorth Middleboro, was visited in 1886, and a greater number of

measurements made. According to Mr. S. Hayward, near whose farm it stamls, this grove was set out rather more
than thirty, not more than thirty-tive, years ago, but had not made i|uite as good a growth as some i>thers have.

The trees are in rows, 7i to 8 feet apart each way, and are quite uniform in size. Beginning with the third from
the north side, a fair average row, the following measurements were made of the trees taken in order as they stood.

The circumference, breast high, was:
" ' Ft. Ins.

No. 7 2 6

No.8 2 11

Xo.9 2 10

Xo. 1 . .

.
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pine. The history of the plat, as yiviii in Bulli'tin No. l'(i nf the I'liiversity Agriciiltaral Experiment .Station, is iia

follows:

White Piii(> seedlin;;8 were collocteil in thr sprln;; of ISiid. put in close unrsery rows and shaded with lath

frames. .\l>out X per i-ent ilied the first year. Of a U-w hujidrcd trees, )iiirposely left without shadinK. Ii2 j)er cent

died, .\ftcr having grown in the nnrsi-ry three year-, tlicy were dei-nied in jrood condition for transplanting. 'I'licy

were at this tinii' 12 to 1.5 inches high, will-fornicd, liealtliv trees.

The land, 1 acre, where thi' \\ liile I'iiic- are pl.inted. is i|iiite Hat. what slope there is being to the sonth; and
at least one-half of il is too Avet in sprini;. anil often in the early jiart of summer, for the hest results in tillage.

The soil is lilaik. ])art of it mucky, 1 to 2 feet in dejitli, and underlaid, for the most l)art, with a rather stiff, Idue
clay. The trees were planted May 4, 1ST2, 4 feet apart each way. The White Pine is a cotu]>aratively hard tree to

transplant successfully ( ?). The roots are soft, long aii<l naked, with very few small or fibrous roots mar the tree.

Knowing the necessity of careful handling, no ettort was spared, from digging in the nursery to setting in permanent
j)lace, to secure successful results.

riiroughout the season the ground was kept in a good state of tillage 1 y freiinent cultivation, hut it was
exceedingly dry; and of nearly three thousand trees planted, two-thirds died during the summer. Of Norway
Spruce, jilanted the same day, in the same manner, and on very similar soil, not more than 2 per cent diod. It is

difticnlt to explain this greater per cent of lo.ss in the pines, excejit as we take into account the comparative method
of development of the roots of the two sjiecies [and its high transpiration factor.— li. K. F.].

In the spring of ixl'.i the vacant spaces were lilleil from the nur.sery, and again in J874 tiees were set where
needed. The result of the three plantings was an alnmst perfeit stand of tries. The cultivation with borge and
hoe was kejit u]) thoroughly for three years. I luring the fimrtli, liftli, and sixth years the weeds were mowed. But
little cultivating was done, because the ground was too wet in the early part of the season.

For a number of years after the White Pines were fairly started they made admirable growth, and jiromised to

furnish very valuable timber for the prairie soil here, as well as for their native regions. In a rejiort made in ixsi]

the following statement is made :
" From the (irst the living trees have done exceedingly well. Very few trees have

died from any cause since they began their growth in their present position. They are now remarkably healthy and
vigorous, and the plantation vies with tliat of the European Larch in beauty and ))rospective value.'' At present
they are not maintaining the early jiniiiiise.

No thinning or pruning of any kind was done, excejit what nature does, until the winter of, 1889-90. During
that winter and the next tlio dead branches, to an average height of about 10 feet, weio trimmed olf, and the dead
trees (some more than three hundred and fifty) were cut out. During the winter of l><;il-!'2 sixty-eight more dead
trees were cut out. and there are at present lifty-two still standing that have died since the last were cut. The trees

cut out the first time had not all died recently. Snnie of them ga\ e evidence of having bein dead for a number of
years, while others had died so lately that they still carried dead leaves. Must of the trees that have died were the
smaller ones, such as were oviMgiown or badly crowded. A few only of the larger trees have died. ( >f the trees

still alive, -very fv\r have any live branches lower th;in 20 feet. Many of them have an nnthrifty look, cither in the
top or on the trunk, and the prospect is that there w ill be a very considerable number of trees to cut out year by
year for some time.

The princijial reason for so many trees dying is iirobably overcrowding [more likely owing to the stiff subsoil.

—

P.. K. F.]. As the trees now stand they occupy a space of less than 7 feet sijuare each. The trees have been il;iniaged

in other ways than ciowding, but not. so far as can be judged, until after they had already begnii to die. There is

continually a thick mat of leaves on the ground, and tlnse have been partially burned off twice, both times injuring
the treis more or less from the ground u)) 2 or 3 feet, but apparently not any higher. Hoys seem to delight to cut
their names or designs in the smooth bark of the trees. Occasionally a tree is entirely girdled. The girdling soon
kills the trees, but most of the smaller damage to bark soon grows over. A woolly plant louse (ChurniiK piniciirtiris

Fitch) has been very abundant nn many of the trees, attacking the trunks and larger branches for several years.
They are sometimes so abundant that the whole trunk has from a little distance a white or grayish-white Jippearance.

The White Pines do not cast so dense a shade now as they did ten years .ago. At that time there w.is no
undergrowth among them. At present there are small wooded jdants, such as lirajie. Has)iberry. Cherry. I!ox Elder,
etc., besides weeds, coming in, and there would likely be more of these were it not for the heavy mulch of leaves
that covers the ground.

In 1886 the average size of the better trees was: Height, 24 feet 9 inches, and a little less than (i inches in

diameter. .\t jinsent, ISS."), the better trees are 38 to 40 feet high, and 8 to !• inches in diameter. During the winter
of 18S2-83 the leaders of a considerable piii)iortion of the trees were broken down by the weight of sleet. This
was the cause of many trees being crooked at that point, and of others having more than om- leader. Kxcejit for the
trees deformed in this way nearly all have almost perfectly straight trunks. The trees are much more ne.irly uniform
in height than in diameter. The sizes of the trees in the ]ilat :ire as follows: Fifty-eight arc 3 inches in diameter;
one hundred and ninety-four, 4 inches; two hundred ami fifty-six, ."i inches; two hundred and thirty-six, G inches;
one hundred and forty-four, 7 inches; seventy. 8 inches: eleven. !• inches; five, 10 inches.

In the autumn of 1895 the thirty-nine trees constituting the central row of the jilantatiou were measured, and
the average diameter, breast high, was 5.9 inches, the range being from 4.1 inches to 8.6 itiches.

At the old Elgin nurseries, planted in ojien prairie about U miles west of the Fox Kiver, Iihick loam soil, from

4 to 5 feet to gravel. White Pines, forty to forty-five years old, with Norway .Spruce and Scotch Pine as neighbors,

measure 22 inches in diameter, breast high, and are 52 feet high. In a neighboring grove, twenty-five years from
seed, planted exclusively to White Pine, the trees average 11 inches in diameter ami J.' feet high. When planted

:ilteruately with European Larch 5 to 6 feet apart, the White Pines, thirty-five to thirty-six years old. ;ire perfectly

straight and average 13 inches in diameter and 7."> feet in height. The European L:irch ]>roves to be the best tree to

plant with White Pine as a nurse. When planted with Ifox Elder and Ash the growth of the pines is not so satis-

factoiy. Where Scotch Pine has been planted alternately with White Pine the latter has outgrown the .Scotch,

ne;irly all of which are killed out. In the groves where Larch is planted with White Pine the ground is completely
mulched from the foliage of the Larch: drought has never atVected the trees, and no grass or weeds can grow
among them.

Mr. Thomas Hunt, of Ridott, 111., set ont White Pine in a )ilantation of 10 acres twenty-two years ago. The
trees were 10 to 18 inches high when set, nmking their age iit time of meiisurement about twenty-seven years.

The grove is jdanted on a ridge with thin clay loam underlaiil with broken laminated limestone. Mr. Hunt found
the land un|irofitable under tillage after several years" trial. The trees of each variety are planted in solid rows,
hardwoods and conifers ;ilternating. In a i>lat of White and Scotch Pine. .Norway Spruce, Arborvita-. European
Larcii, White Elm, Pox Elder, Green Ash, and Willow, the conifers have almost shaded out the hardwoods. The
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Larch are tlie tallest anil the Arlmrvita' the lowest, the reiiiainiiif? conilers heiiig of ahout equal height, averaging

8.1 feet. Seventy White Pines were measured, taking all the trees as they eanie in the rowK, and ineliidiiij; the center

of the plantation. The average diameter, breast high, was 0.2 inches. The branches were dead, Init stiU persistent

to a height of 18 to 20 feet.

At the Bryant nurseries, Prineetou, 111., somewhat south of the natural limit of the White I'ine, trees that were
grown as ornamental nursery stock have been permitted to stand, giving some notion of the growth of the species

in the rich prairie loam of that region. The oldest specimens were set in 1858 and were imported seedlings. They
are now about forty-two years of age, and average about 6.5 feet in height. Measured trees range from 'J inches to

26 Indies in diameter. Norway Spruce of the same planting equal the pines in height, but the average diameter is

less. These trees stand iibi>ut 30 feet apart. On the margin of a natural hanUvood grove an acre of the richest

prairie land was planted to White and Scotch Pine seedlings about twenty-two years ago. The trees were set 3 by
4 feet, and have never been thinned. Each species was planted ]iure, and one of the tallest White Pines measured

33 feet high, the average height being estimated at 21) feet. Fifty White Pines, taken as they came in the rows, were
measured, breast high, the average diameter being li inches. Seoteh Pine showed about equal growth.

At the Iowa Agricultural College, Ames, Iowa, in the center county of the State, a piece of waste land of about

3 acres was planted to White Pine, European Larch, Box Elder, Green Ash, and Cottonwood in 187.5. The plat

occupies a gravelly knoll sloping to the north. The soil is a yellow clay, with much gravel, and of unknown depth.

The top of the kncdl forming the south side of the plantation is set with pure Larch. The Pine. Bos Elder, and Ash
are mi.\ed, evidently without order. The original planting was 3+ by 3J feet apart, and the trees now average

about 10 feet apart each way. The White Pines are estimated to average 30 feet high, and twenty-six measured
trees, taken as they came, ranged from 5 to 14 inches in diameter, the average being 8.7 inches. The jiines are now
the dominant trees of the mixture and are fully 10 feet higher than the Box Elder, which exceed the Ash 5 feet. The
following diameter measurements will serve as an additional basis of comparison

:

Inches.

White Pine, as above (26 trees) 8. 7

Box Elder, as above (23 trees) 4. 7

Creeu Ash, as above (21 trees) 3. 6

European Larch (planted pure on crest, 20 trees)

Cottonwood (same plat, base of knoll, 14 trees) 10. 5

It should lie added that the C'ottonwoods stand wider apart than the mixture of Pine, Box Elder, and Ash,

while the Larch stand closer together. All were set originally 31 by 3V feet, and the alternate rows have been

removed throughout the plantation.

At Windom, Minn., in the southwest part of the State, Jlr. E. Sevatsou has included two rows of White Pine

in a plantation covering 10 acres. These trees were set about thirteen years ago, when 8 to 12 inches high, and
are jjresumably not over eighteen years old. The two rows of pine are between rows of Arborvifce and Balsam Fir.

They are about 25 feet in height, and the average diameter, breast high, of seventeen trees, taken as they came in the

rows, was 5 inches. The soil is a stilt" clay loam, and the plantation is about 100 feet above the surface of a lake

which joins the farm. The entire country is treeless, excejit for groups of trees on the lake shore and groves along

the Lies Moines River, 3 miles distant. The White Pine in this location is less vigorous than Scotch Pine, European
Larch, or Norway Spruce.

Fine trees ot White Pine, set in single specimens about thirty years ago, are growing at Arbor Lodge. Nebraska

City, Nebr.. the home of Hon. J. Sterling Morton, ex- Secretary of Agriculture. These stand in bluft' soil (a fine loam)

about 2 miles west of the Missouri River. A few tine specimen.s may also be seen in the lawn at the homestead of

Hon. A. H. Whiting, at Whiting, Monona County. Iowa, in the deep black loam of the Missouri liottoms. At Brookings,

S. Dak., within 17 miles of the Minnesota line, repeated plantings of the White Pine have resulted in failure. At

Franklin, Nebr., aliout halfway across the State, near the Kansas line, this species has failed after extended trial.

Very few trees can be seen in Lincoln. Nebr., though it has been repeatedly tested there as an ornamental tree. The
diminished amount of atmospheric moisture will necessarily prevent general satisfactory cultivation beyond the

western boundary of Missouri, Iowa, and Minnesota.

A number of fine specimens of White Pine stand in the lawn of the Rollins homestead at Columbia, Jlo., about

10 miles north of the Missouri River and halfway between the east and west boundaries of the State. The soil is a

clay loam, underlaid with limestone, which outcrops at many places in the vicinity. These trees were planted in

1855, when two or three years old, by Col. J. H. Rollins. The largest is now (1897 ) 29 inches in diameter, breast high,

and 04 feet 9 inches in height. One of the smallest is about 50 feet high and 16 inches in diameter.

Adilitional notes of plantations in tlie West might be given, but the above is sufficient to show the White Pine

can be successfully grown somewhat beyond its natural range, but does not well endure the dry conditions of soil

and atmosphere which it must meet in the region west of thi- Missouri l.'iver.

THE WHITE PINE AS A FOREST TREE IN GERMANT.

Ai5 has been stated, the White Pine was introduced quite early into England, and from there

it found its way into various parts of the Continent. In England it remained largely a park tree.

In Germany it has been a forest tree proper for over a century, being used quite frequently, on

account of its hardiness and shade endurance, as '• gap cover'" to till fail places. It has also been

planted in many places on small areas as pure growth or mixture with the common European or

Scotch Pine {Pinus silvcsfrifi) and Spruce. For a long time this '' newcomer" was regarded with a
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I'eeliun of doubt ami even suspieiou, and long before anything definite could possibly be said about

flie matter tin' merits and faults of tiie Wliite Tine were extensively diseussed. Tlie "in-aetical"

man, and with him some scientilic men, were satisfied that such a light colored softwood could not

possibly be durable or otherwise desirable, and the small quantities ottered from time to time did

not always find ready market. Of late years this condition has changed. In a series of excel-

lent articles, Dr. L. Wappes. a Bavarian forester, records the experience had in one of the oldest

bodies of White Pine iu Germany, in which he shows that the tree in pure growth, and also as

mixture with pine, spruce, or hardwoods, has jjroven a most excellent lactor of the German forest;

that it seeds early and heavily, and as i)lant material is easily and cheaply secured : that it is readily

and even preferably re()roduced by natural seeding, a rapid grower, capable to withstand crowd-

ing and shading, and that it is a tree especially capable of producing a large amount of timber

even <m poor .soils, all of which coincides with the observations on its native habitat laid down iu

thismonograpli. He shows that besides the Fir (Balsam), the White Pine is the only tree which, in

the Palatinate and on poor .soils will, at the age of one hundred ami ten years, make timber of Class I

(according to (German notation, diameter at half length, 22 inches and better); that while the com-

mon pine at tliat age furnishes only 1.'? per cent of Class III and better (diameter 12 inches and

over), the White Piue furnishes 27 iier cent, or more than double this amount of these and more

valuable tliameter classes. Dr. Wappes emphatically states that White Pine, wherever known, is

eageily bought, and that the oi)inion of the consumers has ratlically changed. lie proves by the

figures of large sales from the State forests, that since 1SS2 the value of White Pine has nearly

doubled, while thatof Spruce and commou Scotch Pine has increased by only 20 percent, and that

of Fir and Lan'h has actually declined during this period. The foUowing figures give an idea of

the growth of White Piue abroad. The groves of the Palatinate are stocked on very inferior soil,

nearly all other groves cited being ou loamy sand. The figures for total volume are somewhat

mi.sleading, since they do not include the timber which has been removed from the older groves iu

thinnings, which would add probably from 10 to l."> ])er cent to make ui) whole production.

It will be of interest to give more in detail the conditions of the lastmeutioned plantation,

reported this year in Dr. Lorey's AUgemeine Forst unil Jagdzeituug:

The plantation of about 9 acres, ou fresh loamy sand, situated at au elevation of 2,200 feet

above sea level in Wurtemberg, consists of White Pine mixed with Scotch Pine, Spruce, and Fir

in single individuals or groups. The White Pine; represents, numerically, two-thirds of the total

number, Scotch Pine is found among the dominant growth in part, but the Sjiruce and the small

number of Firs show only codomiiutnt and oppressed trees.

The density of the growth was reported as satisfactory uutil in 1.S75, when a snowstorm broke

dowu much material, so that at present the density does not average over 0.7.

The stand, originating from seed, was several times thinned, and the last time, occasioned by

the snowstorm, 400 White I'ines were removed, with o\er 10,000 cnbii- feet of wood. The number

of trees averaged 183 per acre, of which 142 White Pines, with diameters varying from 7 to 24

iuches, and 10 inches in the average, yielded altogether 9,.510 cubic feet, while the other species

added only 1,290 cubic feet. Comparison with the other acre yiehls recorded shows that under

these conditions the product was less than in more favored situations, either the site or light

conditions reducing the growth.

The diameters represented ou a sample area were distributed as follows:

Diameters iucbes.

Xuinber of trees

X to 10 10 to 12

-'0

to 11

24

14 to 10

30

n; to IS

33

18 to 20 20 to 22

23 4

22 to 24

1

Of the Scotch Piues only four had reached diameters over IG iuches, and of the Spruces none

over 14 inches. The superiority of the White Pine also appears from the comparison of height

growth, which was established for every five years by the measurement of average sample trees,

as follows

:

Height ijrowth of White Pine, Scotch Fine, and Spruce, by years.

Sample treo«.
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The preceding table shows Low the slow growth of the fust five years which tlie White I'iiie

has ill conmiiiii witli the Norway SiJiuce is overeonic before the lifteeiith year, and hy the twen-

tieth year the White Pine has distanced the iScotch I'ine, gaining on it constantly until, by the

uiuetieth year, it has outgrown it 1- i)er cent. :

Jiiiiifiiiiioiis (iiul i/hlch of Wliiit I'ine in Geimun /oreatn.

Locality.

Palatinate I
Palatinatell
Palatinate III
Palatinate IV
Palatinate V
Palatinate VI
Prussia (Grafiurodcl.

Cliaracter of lorest.

Avcrajie
diameter

per ace., '^Vr'

Number
ot" trees

Do
Prussia (Rogelwitz)
Frankfort on the ilain .

Thuriiigia
Wurtember;!

Tears.
Pure growth 104

do 68
M'hite Pine wit h Spruce I 68
White Pine and Scotch Pine t 58 i

....do 40
1 do 25

I

! White Pine mixed with Scotch Pino (75 to 80)

!
and Spruce.

Pure growth (75 to 80)

do 95
.do.
-do .

While Pine mixed with Scotch Pine,
Spruce, and Fir.

250
660
650
330
COO

2.200
452

410
333
723
415
183

Inches.
15.6
9.1

,

10.4 !

10.3
7.4
4

(6 to 28)

(8 to 18)

15
9.7
11.7
16

Height.

Fett.
92
66
79
64
49
34

(72 to 87)

(80 to 87)
88
72

(79 to 89)
98

Volume 01
wooil ex-
clusive of
limbH and
stumps.

Cubic feet.

13.300
10.000
12 000
6. OdO
4.000
3,200

13, 224

13, 000
14 298
12. 024
13, 027
10,800

From these figures the capacity of the White Pine to produce large amounts of valuable stem-

wood is apparent. Thus, on soil on which the KM) year-old trees developed only a height of 92

feet, over 13,000 cubic feet of stemwood, corresponding to about tj(),()00 to 70,000 feet B. M.,

American scale, were cut per acre over and above about 1,200 cubic feet of material removed in

previous thinnings. In every case the "Wliite Pine excels the common pine, and even the Spruce

in this respect. It should be added that most of these plantations, made in the early part of this

century, were not executed according to present superior methods, the species being an exotic and

expensive was set out more in orchard fashion, as most planters in our country have been apt

to do, at distances of 8, 12, and more feet apart. Owing to this fact the development was prob-

ably not as satisfactory in the earlier years as it might have been had the method of close planting,

either pure or in mixture, prevailed.

The superiority of growth over the German Spruce and Pine is more fully illustrated in tiie

following table, which shows the distribution and proportion of trees of White Pine and Spruce

and of White Pine and Scotch Pine that are found in given diameter classes in two mixed planted

growths of these species

:

Distrihnlion and proporliou of While I'ine and .^jtrnct- and IVhiti T'ine and Scolcli Pine.

White Pine and Xorwaj Spruce,
.sixty-ei"lit years old.

[65 i)er ceut Pine: 35 per cent
Spruce.]
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most rapid j,'rowth, so that tlie dittVit-iife. in view of tlio steady grrowth of Wliite Pine and tlie

marked decrease in rate of growth in the Scotch Pine, wouhl be markedly greater if ohier timber

had been compared.

.Inst as in its native range, the White Pine is decidedly a heart pine, the sajiwood changing

early into the durable and more valuable heartwood. In tind)cr one bundled years old grown in

the Palatinate the sap in many cases is less than 1 inch thick, so that 7.5 per cent and more of

the entire stem is composed of heartwood.

In view of these facts it is ipiite safe to say that the M'hite Pine in the future will be one

of the ])romineiit forest trees of (lermany. and pcrhai)S of Europe, as it will always be the king of

woods in our Northern and Eastern States.
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THE V/OOD OF THE V^HITE PINE.
By FiLlliERT KoTil, invisiun of Forestry.

White Pine is a favorite material with the wood consumer in the Northeastern States on

account of the combination of qualities it possesses. It is a light, soft, uniform, straight-drained

timber, to be had in all markets in any quantity and in all dimensions, from the ship's mast to the

clapboard. It seasons well, shrinks and warps but little, is (juite durable, insect-proof, and takes

oil and paint and has a good color, is light to handle, easy to saw and plane, takes nails without

splitting, and is, in short, the ideal material for the carpenter and joiner, who handles the bulk

of the 30 to 40 billion feet (jf sawed timber and lumber aunuallj' used in this countrj', of which
White Pine furnishes over 30 per cent.

CHARACTER AND PHYSICAL PROPERTIES OF THE WOOD.

The structure of White Pine, like that of other pines, is simple. Ninety per cent and more
of the weight of the dry wood is formed by the common wood tibcrs, or traclieids, 0.12 to O.L'O

inches long, well suited lor pulp material. The spring wood of each annual ring passes gradually

into the summer wood and thus the sharply defined bands of hard, dark and soft, light-colored

material so conspicuous in the rings of all hard pine, especially Longleaf and Cuban Pine, are

absent in White Pine, making the cutting of the wood by either plane or saw much easier

than is the case with hard pines. Sapwood and heartwood are quite distinct—the former white,

the latter with a slightly brownish cast. The change from sapwood to heartwood takes place earlier

in the young tree and the younger portions of old trees than in older timber. Thus, in a thrifty

sapling thirty years old the sapwood shows about eighteen rings on the stump, but only ten rings

35 feet from the ground. In trees over one hundred years old the number of rings in the sapwood
is generally over thirty at the stump, decreasing often to flfteeu or twenty near the top. The
number of rings in the sap, as in other pines, is smaller in thrifty and greater in slow-growing

trees, while the width of the sapwood is generally least in slow-growing timber. Compared to

other pines. White Pine has a narrow sap at all periods of its growth. While in the hard pines,

like the Longleaf Pine, and still more in Loblolly and Sbortlcaf Pines, the sap forms generally

from 50 to 75 per cent of the log, it is generally less than 35 per cent of millsi/.ed timber in White
Pine. This highly valuable property of the White Pine is found in all localities, even in Europe,

where the tree has been widely planted.

SPECIFIC WEIGHT.

To determine specific the weight of the wood and other physical properties a collection of

seventy-three trees was made, including material from the New England States, Michigan, and
Wisconsin, and also from the mountains of North Carolina.

The specific weight of the greenwood varies chiefly with the amount of sapwood and conse-

quent abundance of moisture, since the heartwood contains but little water outside of its cell

walls (except in some cases where the heartwood near the stump also contains liquid water).

Generallj' the weight of the greenwood varies from about 40 to 50 pounds per cubic foot, and is

greater in young poles than in old timber, which latter on this account floats readily, rarely sink-

ing, even after years of immersion.

The specific weight of the kiln dry wood varies, generally from 0.33 to 0.40 (20 to 25 pounds
per cubic foot), is greater in the old tree than in the young sapling, is greater at the stump than

73



74 TIIK WlllTK I'INE.

further up in the same stem, is iiidepiMident of orientation (as great on the north side as on the

South siile). is no greater on chiy h\iid tlian f)n the sandy soils, and seems in tliese ])artieuhir8

(|uite indei)endent of locality. The wood from the swamp trees is no heavier nor lighter than the

wood from the nphmd trees, tlie trees from New I'^ngland iliti'eriug apparently in no way from those

of either the Lake region or North Carolina.

Leaving out of consideration the S])ecilic weight of the limlis and knots (these heing always

heavy, as in all pines), the average speeitic weight of the dry wood of the stem was found to be for

—

Sppcilic
itravity.

Fi vp trees 200 to 250 years old 0. m't

Five tries 125 to 160 years old ,38S

Five trees 100 to 125 years <il(l 383

Ten trees 75 to Oil years old 378

Ten trees 50 to 74 years old 366

Nineteen trees 40 to 49 years old 353

Nineteen trees 30 to 39 years old 351

From the above, and still more from the table following, in which the trees are grouped

according to age, it will be seen that A\'hite Pine displays a uniformity of specific weight, and other

properties dependent on weight, such as is entirely unknown in any other pine of the Eastern

United States.

Average weight (kiln dry and green), moisture content, and shrinkage per cent of ll'hite Vine.

I.—TREES 2110 TO 250 VEAltS OLD.

Localitv.

Lincoln Connty, Wifl. . ,.

Maratlion '.'(Hinty. Wis.
GrayliDg, Midi
Chippewa County, Wis

.

Average.

Original Approii-
numberof mate age

trees. of trees.

5
16
3

3
I

Yeart.
225
250
205
2U9
202
202

Diameter
breast high VTiiltb of
without I rings.
bark.

Inchet.
23.0
22.

19.0
27.0
19.4
20.5

Specific gravity X 100. Moisture as
per cent
of the

Green. weight of
dry wood.

Kiln dry.

1.1
.8

1.3
1.6
1.0
1.2

36.1
38.5
36.0
39.0
38.5
39.2

Shrinkage
in volume.

38.0

Per cent.
93
73
95
85
100
81

II.—TREES 125 TO 160 TEARS OLD.

Per cent.
7.6
8.6
8.5
8.1

8.0
7.9

8.1

Lincoln County, "Wis .

Do
Do
Do

Linvitlc.N.C
4

458

146
140
141
140
158

19.0
22.0
12.0
15.0
33.0

Average.

1.5
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Avcratu' wvight {kihi ih-if ami tjrecu), moitititn' cimUnl, timi nhrhikifi/e per ctiit of IVhitr I'ine— CoutiiiiH-d.

V TREES 50 TO 74 YEARS OLD.

Localitv.
Orit;)nal

utimber of
trees.

Approxi-
mate age
of trees.

l»iaraeter
breast bi<;b

without
bark.

Specific gravity

Width of
rings.

100. Moisture as

^^: 1 t „f I

in volume.
en. weiKlit of

drv wood.

Lincoln County, "Wis
Do ;

Uo
Chippewa County, Wis .

.

1)0

Do
Plymouth County, Mass

.

Do '.

"VTorcesterCountv. Mai*8.
Do ."

Do

Tears.
60
50
52
C5
73
07

50
52
54
65
60

Inches.
4.5
2.0
5.5
8.0
7.0
4.2
13.0
11.0
14.0
10.0
10.0

1.7

2.9
1.5
1.2
4.0
2.8
3.6
2.4
2.3

34.3
39.3
33.8
38.7
30.0
35.7
35.3
38.5
39.0
36. 5

35.5

Average

.

36.1

Per cent.
148

122
84

121
112
106
93
103

Per cent.

8.5
8.5
8.6
9.0
10.1
8.0
8.6
8.6
8.4
7.3
7.5

8.0

VI.—TREES 40 TO 49 TEARS OLD.

Lincoln County, "Wis
Do

Marathon County, Wis .

.

Do
Do
Do
Do

Plymouth County, Mass .

Do '.

Do.
Do.
Do.
Do.
Do.

Worcester County, Mass.
Do
Do

Merrimack County, N. H .

Do ,

2.3
6.0
6.0
6.0
2.0
2.8
4.0
8.5
9.2

13.7
9.5
12.5
10.3
10.2
10.0
12.8
9.1
10.3

0.6
2.0
2.2
2.3
1.1
1.0
1.4
2.6
3.0
3.9
2.8
3.6
3.1

2.9
2. 7

5! 8

2.6
3.4
3.1

Average .

43.3
31.3
33.5
34. S
33.7
35.0
33.8
36.2
36.2
35.0
38.0
34.5
39.0
37.2
35.0
35.5
37.7
33.0
31.7

35.3 70
1

102
162

173
149
124
105
158
76
95
93
81
108
89
104
103
106
118

8.5
8.9
9.0
8.6
8.3
8.4
7.9
8.4
8.5
8.4
8.1
9.3
9.3
7.0
8.1
8.6
9.4
7.9
8.4

8.4

VII.—TREES 30 TO 39 TEARS OLD.

Marathon County, "Wis . .

,

Plymouth County, Mass .

Do '.

Do
Middlesex <>ounty,Mass..

Do
Do

Worcester County, Mass.
Do
Do
Do
Do
Do

Merrimack County. N. H
Do
Do
Do
Do
Do
Do

Average

.

4.0
8.3
9.1
12.0
U.O
10.8
10. s

9.2
11.2
6.5
10.5
9.2
7.0
6.8
7.1
8.2
9.5
7.5
9.3
10.3

1.5
3.5
3.4
4.7
3.4
3.6
3.7
3.6
4.8
2.9
4.4
3.6
2.9
2.4
2.8
3.0
3.2
3.3
3.7
3.9

31.3
36.5
35.2
35.7
35.2
33.7
36.0
36.1
33.6
35.2
33.0
35.2
34.5
38.5
36.7
36.7
37.7
32.7
34.5
30.0

35.1

162
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Froiii the table it ai«poais tliat tlie sjiecitic woifrlit of the tiiiil)er is ijuite iiulepe'ideut of the

rate of {riowth.aml that tlie indiviilual vmiation {reiierally moves \vithiii voiy narrow limits. The
diagrams (figs. 16 aud 17) show the relation of weight for the different sections from the stump

so

^
^
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As in other i)ine.s, tliere is usually ;iti iucrease of weight iii the crown, apparently <lue to an

intiueni-e of the limbs, but us this iiilluence is local, so the ajiparent result is local, and the weight

is very irregular for the crown jiart of the stem; the pronounced increase is apparent only in the

immediate vicinity of the limbs. The absence of a pronounced or sharply defined summer wood
makes it ditlicult and impracticable to apply the niicroscoi>ic methods to determine the variation

of weight from pith to bark on any cross section. From tlie actual determinations of weight, it

appears that for the lower jiortious of any normally grown tree there is usually at first an increase

of weight from the pith outward, reaching a maximum somewhere l)etween the fiftieth and eightieth

ring, maintained for a long period and usually followed by a very shjw decrease in weight from

there on outward. This variation is generally small, and never reaches the proportions met in

sections of hard pine, such as Longleaf Pioe, where it commonly amounts to 75 to 100 per cent of

the weight of the lightest portion.

Tsnally about half the weight of a green log is water. The amount of moisture generally

varies in the sapwood from about IL'O to IGO per cent and from 40 to 00 per cent in the heartwood,

the amount for the entire log, therefore, varying with the proportion of sap and heart is greatest

in saplings and least in large mature trees, in the latter from about 00 to 120 per cent of the

weight of the timber after it is kiln-dried. The wood parts with its moisture as easily as any

wood in the market, dries rapidly, with little injury, and may safely be kilu-dried fresh from the

saw, though in actual practice this method is almost unknown in the White Pine regions, the

usual way of drying by carefully piling in immense piles, being the universal way of seasoning.

Well air-dried White Pine, as iu an ordinary room, still retains S to 9 per cent moisture, and if

unprotected by oil, paint, etc., is quite susceptible to changes of humidity, absorbing and giving

off moisture at every change of temperature and humidity of the air.

SHRINKAGE.

In keeping with its smaller specific weight, the shrinkage of White Pine is less than that of

other pines. It is greater for sap than heart, and therefore greater for sapling timber than for

older trees. From the table on page 74 it appears that the shrinkage iu volume varies for the

several groups of trees from S to 9 ])er cent, and, like the weight, is quite uniform for the difterent

individuals of each group.

The ease and rapidity with which White Pine seasons, and the manner of distribution of

White Pine lumber, encouraging pioper seasoning before use, have done much to earn for White

Pine the fame of being one of the woods which do "uot shrink" nor '-work," a virtue which is not

only iu part due to the small weight and consequent small shrinkage, but is largely the result of

proper handling.

STRENGTH.

Being the lightest. White Pine is also the weakest among the jjines of the Eastern United

States, as appears from the following general average:

Slrenijtlt nf While I'ine at IJ pir cent moisture.
Pounds per
sfjuart- inch.

Comin-cssion ciulwise :ui(l in liemliiig to true elastic limit 5, 200

ISeudiu^' to nipt lire V, 900

Jlotliilns of elasticity 1. 110, 000

Comiiressiiiu across the grain i 3 per cent deformation) 720

.shearing parallel to liber 3S0

Out of about seven hundred tests made by the Division of Forestry, about 55 per cent fall

within 10 per cent of this general average, and 90 x)er cent within L'5 per cent of the same. Though

the test series for White Pine was by no means as full as is desirable, the above average results

will probably be found fairly accurate and sutticient for general purposes. The table on the next

page presents the average results for the several trees.
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Averatje Hlrfnylh n/ the wood of While Vine of different treen at 12 per cent mointure.

Locality.
Original
number uf

tree*.

}b[oillllUHOf

I'lasticitT
I

(1.000 !

I [M>11U(1(»). :

Bendlug to—

Rupture.
Relative
elastic
limit.

Coinpnu.
sion I'lid-

wi»e.

I

Comprea-
{

Hioii acnws
gniin to :{

per cent de-

;
fomialion.

i

Sbearlnjr
paratli'l tii

liber.

A vcrage
BpeeiHr
weight.

\FtAtndtper
I

I Sfj.in, i

Wieconsiu Wl
j

1,300 8,100 '

Do
]

10-.; 1.520 ' 7.400 i

Do 104
\

1,:)5ll 7.800
Do

I

112 i.:i:iii S.30I)

Do 114 1.1911 (ili.SOO

Do I 110 1. 3.^)0 8,300
ilicliig.in

I
OOI 1.3T0 7.40(1

Do 802 1,470 7.800

Do 603 1,470 7,8riO

Wieconsin 0a7 1.380 8.000
Do 808 1.580 8.0IIU

!

Do 009 i 1,510 8,200 I

Average 1,410 7,900
|

6,300

Avenigc for trees 601 to 809 ' 1,400 8.000 6,700

Pouniltper Pmindt per
tq. in.

0, 200
f:, 300
8.000
6. 300
.'.. 000
5.000
0. 3110

6. 700
6. 050
0. 800
7.450
8.700

Hq, rn.

4.600
4,200
4.800
5,000
4.250
5. 000
5.500
5,700
5.400
5, 700
5,700
6,200

Poxtndn per
tq.in.

I

690
I

560
620

I

650
030
560
810
880
790
910
670
880

Poundn per
aq. in.

400
320
430
440
400
470
350
420
320
340
330
340

0.42
.36
.40
.39
.36
.383
.38
.37
.38
.39
.38.-.

.392

5.200 720 .384

(I Insnfticient datn lor a fair average.

In tbe above table the datii for trees 101 to 11(> are iiisufflcient. liotli material ami tests for

trees (iOl to 600 were satisfactory in every respect, ami tlie results, therefore, of far greater value

than tho.se for trees 101 to IIG.

Ill keeping' with its greater weight, the wood of the butt logs is slightly stronger tliaii that of

the toj) logs, and there is generally a regular dilfereiiee between ditfereiit ])arts of tlie same cross

section, the center, as appears usual iu pine, being the weakest, the heavier intermediate portion

the strongest, and the peripheral part lying between the two.

For a more careful study of this relation, tests were made of a set of L' by 2 inch sticlcs cut out

of one log from eaeli of three trees, in such a manner that the centers of the logs formed one set,

the part midway from center to bark another set, and the outer portion of the logs a third or outer

set, the latter two being all quarter-sawed pieces. The tests furnished the following average

results

:

filrenyth of ~.' hy 2 pieces ol ].': per cent moisture.

ICiml of 1e.«t. Tree No. 001. Tree ITo. 802. Tree No. 603.

I

Pounds per
'

Pounds per Pounds per
#</. III. iq. in. »q. in.

f.'omprission enilwi.ii- 0,710 0,800 6,340
I'.cnililiv' to rilalive elastie limit 7.960 7,970 7,800
ISoniliiit- to rupture 9,300 (i, 030 i 9.340
Modulus of clastiiitv (1.000 pnuiidsi 1.306 1,291 I 1,285

It is ai)paient from the abo\-e that the jierfeet i|uarter-sawed material conlirmed the other

test results in showing the great similarity of tiie wood of these three trees. It also shows, how-

ever, that the effect of defects in an iinselected lot reduces the strength values markedly in this

species.

Arranging the results acconiing to the position of the test pieces in the log, it is found that in

compression endwise the strength was: Center pieces, 5,520 pounds, or 78 per cent; intermediate,

7,000 pounds, or 100 per cent; outside pieces, C,O.SO jiounds, or !)•"> per cent; showing that the

heart pieces, as has been found in other conifers, are always the weakest, thus verifying the results

of the general series. The slight decrease from the intermediate to the outside pieces is in keeping

with the smaller weight of the latter and need not be ascribed to the fact that these jiieces con-

tained small jiroportioiis of sai)wood. As might be e.\i>ected, the uniformity of results in this

l)ropeily selected and i)repared material M-as greater than in the ordinary series. Of 58 tests, all

tell within -'> per cent of the average strength and 7(i per cent within 10 per cent of the average.

In connection with a general study into the maximum uniformity of wood, three scantlings of

AVhite IMiie. with an average s])ecilic gravity of aljout 0..'!l and an average com])ressive strength

at S per cent moisture of 4,1)00 pounds, were examined, two being tested air dry (8 per cent) and



SHHINKAUE AND STRENGTH OF WUOU. 79

tbe other after being soaked for three moutlis iu cold water. The results of these tests on White

Pine are embodied iu the following' table:

Kin Ill/Ill nf cn)iti(jiioii8 lilochs iif the same scaiitltii,;! of White Pine, edict material, in viimpreasicn endn'ise.

[Diniensious gwiefally, 2.76 by 2.7U \>y 2.70 iiiclies.J

a Dried .it ISOJ F. (to iibout 2 pc out moisture) before testing

It appears that iu the tests on dry material the greatest differeuce between any two contiguous

blocks of select quarter-sawed White'l'ine was 100 pounds per S(juare iueh, or 3.S i)er cent of the

total strength ; that generally it was less than 2 per cent, and several times only about O.i' i)er

cent, but that iu tests of this kind less then 200 pounds in the results can uot be regarded as any

difl'ereuce at all, this amount being due to indeterminable difterences found even in the best

material, and partly duo also to iini)erfections iu the means and methods of testing. It is also

clear that in the same scautliug, though select and of su)all dimension (only feet long) a

difterence of nearly 900 pounds per squai-e inch, or 18 per cent of the strength, in eomi>ressiou

endwise may be found, so that any inferences from scantling to scantling must be taken with

great caution, and any accurate relatious, such as the inllnence of seasoning, etc., can be made
only in a manner similar to that emploj'cd iu these uniformity tests.

From the general series of tests, also from the tests on the select 2 by 2 inch pieces, and in

way of indication also from some of the tests in maximum uniformity, it appears that seasoning

affects the wood of "White Pine to about the same degree as that of other pines. The strength of

greenwood, or wood soaked to a point where additional immersion no longer changes the volume,

is independent of differences in moisture. This is quite clear froni the test in uniformity of the

scantling immersed for three months. Though the blocks differed (especially near the ends)

within wide limits as to the amount of moisture they contained, yet the strength was found to be

as uniform as in evenly dried timber. By drying green or fully saturated wood to about 2 per cent

moisture (kiln-drying at 80^ C), the strength is more than doubled; and even if pieces well air-

dried are kiln-dried the strength is still increased by over -10 per cent. For timber to be used

under cover and kept xiroperly ventilated, it is safe to presume that the strength, once seasoned,

will be 50 per cent greater than when green, aiul if used in heated rooms, an increase of 100 \^ev

cent on the strength of the green timber may reasonably be expected. The diagram (lig. 18) well

illustrates this feature.
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DURABILITY.

With regard to it.s durability, White I'iiie i.s geneially luidcrratcd. The soft, light-colored

wood siiggest.s general frailty and a lack of resistance, iii which resistance to decay is iiichulcd.

lu the region where it grows the unusual great durability of the heartwood of White Pine is

well known; " the .stumps of White Pine last a lifetime:" old logs, covered with moss and often

with young Poplars and IJirch growing from their surface are uncovered and utilized as shingle

boltf?. White Pine shiugles wear out, but rarely decay, and a good sidewalk of White Pine is

con.sidered the best to be had. As in other pines, the .sapwood decays readily, but this being

narrow in good logs, more than half of all White Pine sawed is good durable heart, a wood which

is neither subject to decay nor to the boring insects anymore than the heavy resinous heart of

the Red Pine or of the Southern pines.

COMPARISON WITH OTHER WOODS.

Generally White Pine is logged and milleil on a large scale, cut mostly into boards and plank,

and there is today no common wood which is more economically handled and more carefully

selected.

Compared to other pines, the White Pine is ollereil mori' extensively and has a greater

influence on lumber markets than any other wood used. It is more uniform, lighter, softer, and
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.sbrinks less than auy other pine; it is durable, insect proof, and .suited to a much greater

uiimber of usi's than the wood of other pine.

.

The following table exhibits the position of White Pine as to weight and strength:

It'eiyht and strength of White Pine compared nith other pines.

Name of pines.
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resawing. The flooring, and even siding for the smaller markets, and for cheap coustructiou are

coiniuonly the selected i>arts of slieathiiig and other inferior grades, as classed at the mill, and it

is rare to find, in recent years, the best grades of White Pine in the smaller retaileis' yards.

In the classitication of White Pine a great degree of finesse has been introduced, and the

clo.sest attention is paid here, as well as in edging and trimming, to the probable future use of a

given piece of material.

From the enormous cousumi)tion of White Pine alone, and also from the great variety of ust-s

to which it is put, it is clear that any material diminution of supplies must attect extensively and

intimately the wood market and wood industries of this country. The common claim of 8ul)Sti-

tution of some other i)inc or conifer, and still more the belief in the use of liardw oods in tiie place of

White Pine, have but little in their favor. A shipping case of White Pine reipiires about half the

effort to make and onlj- 50 to 6.5 i)er cent of the effort to haul or handle as one made of Southern

Pine, its most natural substitute. Similarly, a White Pine lath nails with half the effort, shrinks

less, and thus is far more satisfactory than one made of hard pine. For a good door or for satis-

factory sash and blinds only the Cypress and White Cedar can enter as a substitute, and both

are too restricted in their occurrence, and the Cypress has too little chance of future regeneration

to deserve consideration as a general substitute. The transportation of Pacific coast timbers,

a small portion of which have the properties of White Pine, to tlie densely populated Eastern

United States is not likely to occur on a large scale, for the cost of hauling alone equals the

value of good grades of Eastern lumber.
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APPENDIX.

TABLES OF MEASUREMENTS.

The following tables record tlie detail investigations, lueasnrements, and tabulations which

have served as a basis for the diseussioii of the growth of the White Pine. The measurements

in the field were made by Mr. Austin Gary, of Bangor, Me., and by Mr. A. K. Mlodziauskj-, of

the Division of Forestry. Mr. Mlodziansky has also executed the laborious calculations, and is

responsible for tlieir accuracy.

The methods employed in this investigation have been described in general in Bulletin Xo. 20,

"Measuring the forest crop,"' of the Division of Forestry. They are in the main similar to those

practiced by European ibresters, with some minor and one important modification, which latter

Mr. .Mlodziansky has developed during the course of his work in collating the data. Tliis modifi-

cation, which refers to the analyzing of trees for ascertaining the rate of growth, consists in

grouping by age classes, and instead of analyzing each single-measured tree, as is usually done

in European jnactice, averages the data of measurement from a number of trees grouped and

then analyzes the growth of the average tree thus constructed of each age class or group. In

this way the work of collating is very considerably reduced and the measurements of a very much
larger number of trees can be expeditiously utilized for average statement. It is needful,

however, in order to be quite satisftictory, that tlie classification or grouping of trees be made
in the woods while measuring, a task which requires considerable judgment. When the classi-

fication is so done in the woods, the mechanical work is further simplified by entering the

measurements for each group in sets, the measurements of cross sections taken at the same height

being entered on the same sheet for all trees of the group, when the averaging of the measurements

can at once be performed on the same sheets.

The forms used in tlie investigation are also appended, and will serve to further elucidate the

methods pursued.

Since it was not expedient to fell trees specially for these measurements, it was not always

possible to secure all measurements in the most desirable form ; for instance, the desirable meas-

urement and correlation to age of diameters at breast height, and at short intervals of the height,

could not be obtained, because the work was performed on trees cut in regular lumbering opera-

tions; hence, the data had to be manipulated and interpolations nsed so as to secure satisfactory

approximations for the periodic growth. The number of trees analyzed (some TOO) is so large

that any deficiency of method may be considered as neutralized,

TABLES OF CUBIC AND BOARD CONTENTS OF WHITE PINE.

The tables of cubic and board contents of White Pine are based upon the measurements of

pine taken for analysis from the various sites described in the tabulations of acre yields.

The stem of each individual tree was calipered at intervals of 4 or 8 feet, and the volumes of

the portions between two successive diameter measurements were calculated separately, considering

them as frustrums of cones. From the volumes of stems of similar height and diameter, breast

high, the average volume was noted. Tlie volumes of stems of missing dimensions was calculated

by employing the corresponding factors of shape. The factor of shape is determined by dividing

the volume of a tree by that of a cylinder of the same height and diameter, breast high; it shows

the tai>er of the stem and is usually expressed in decimals, thus representing arithmetical!}' the

form of the stem. For determining the volume of a tree by means of the factor of shape, it is

necessary only to measure the diameter and height of the tree, find the volume of a cylinder of the

corresponding height and diameter, and multiply that volume by the factor of shape.

The lumber of stems in board feet was determined by employing Scribner's rule.

8.1
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TAiii.r II.

—

Actual tapcrintj and hoard conlinln of ilemn of While I'itv from ', to .il\ inches in diameter, bnast high.

35
45
40
55
45
60
50
55
55
45
70

55
70
45
55
65
55

80
60
45
60
75
80
95
VM
55
65
75
85
95
70
85
95

115
60
85
95
105
1-20

CO
125
75
85
95
110
75

85
00

105
IJO
80
65
85
95
105
125
80
95
105
120
85
95
105
115
135
85
9.-)

105

115
95
105

115
140
85
100
115
120
140
85
95
105
113
125

Diameter (in inches) with barlt it n height from og^i
ground of— '° " s

5.2
5.1
6.0
6.2
7.1
7.2
8.1
8.0
9.1
9.5
9.2
10.1
10.2
11.3
11.2
11.1
12.3
12.1
12.

13.5
13.2

13,0
13.1
13.2
13.0
14.2
14.2
14.2
14.

•>

14.0
14.7
15.0
15.0
15.1
16.0
16.1
16.4
10.4
16.5
17.0
17.0
17.0
17.1
17.0
16.9
18.5
18.2
18.0
18.2
17.8
17.8
19. I

19.0
19.2

19.1
19.1

20.0
20. 2
20.2
20.3
21.1
30.9
21.0
21.3
21.0
22.0
22.3
22.

1

2il
22.9
23.2
23.1
23.2
24.3
24.1
24.0
24.2
24. ^

h'.o
25. 2
25.1
25.0
25.0

4.0
4.3
5.0
5.4
5.7
6.2
6.7
6.8
7.7
8.0
7.7
8.7
9.1
8.8
9.2
9.6
10.0
10.6
10.0
10.9
10.9
11.1
11.8
12.0
12.2
11.9
12.0
12.1
12.9
12.3
13.0
13.3
13.4

13.9
14.0
14.0
14.1
14.3
15. 5
14.3
14.9
14.7
14.6
15.2
15.0
16.0
15.4
15.2
10.

17.0
15.4
15.9
16.5
16.3
16.6
17.1
17.4
17.5
17.4
18.0
18.5
18.6
18.5
18.4
17.3

18.2
19.7
19.5
19.1
19.4
19.6
20.1
20.1
20.6
21.0
20.4
21.3
21.0
21.3
21. 1

21.2
21.0
22.0

1.2
2.6
2.3
3.9
3.2
5.0
4.2
5.3
5.6
4.2
6.5
6.3
8.1
4.1
6.8
8.2
7.0
9.3
7.5
4.2
8.1
10.0
10.2
10.6
11.5
8.2
9.7
10.8
11.3
11.4
10.7
11.8
12.0
12.9
9.5
12.3
13.0
12.9
14.0
8.0
13.0
12.8
13.3
13.5
13.9
13.8
13.7
13.3
14.5
15.5
12.9
12.4
14.9
14.9
15.2
16.0
13.0
16.2
15.9
16.9
16.7
16.9
16.9
17.4
15.8
16.0
18.1
17.9
17.4
17.5
17.8
18.8
19.2
18.6
19.0
18.9
19.3
19.3
19.0
19.7
19.5
19.2
20.3

1.7

2.4

2.2
2.8

3.6
5.5

3.4
5.5
3.0
7.5
3.8

3.4
7.5
8.5
8.2
10.3
3.7
4.5
8.5
8.7
9.5
7.2
9.7

10.2
11.7
6.2
10.0
11.1
11.6
13.0

11.6
9.4
11.0
11.9
12.2
10.2
11.0
11.7
13.0
14.0
9.8
8.5
11.9
12.8
13.1
14.8
10.9
13.5
14.1
15.1
13.7
14.5
14.5
15.5
15.0
12.8
15.2
16.0
15.8
14.8
15.8
17.1

17.7
15.0
16.6
17.3
18.2
18.2
16.5
16.8
17.5
17.3
19.3

2.7

5.0
6.0
5.7
9.5

4.9
5.5
7.0

6.2
7.8

10.3

4.7

8.0

6.8

6.6 I

8.3
I

5.5
9. 6 I 6.8

12.
i

10. 7. 5

10.0
4.2
(. 7

,

9.1
,

10.7 1

3.5
5.2
8.6
10.2
12.0
5.0

6.8

2.6
5.6
8.0

3.0
4.8
7.2
10.0

7.9
9.4
U.O
13.8
6.8
10.5
11.1
13.6
9.4
11.4
11.9
13.6
14.3
7.6
11.6
13.3
13.5
11.0
12.9
14.9
16.4
9.1
12.4
14.6
10.3
16.4
9.7
10.7
13.9
14.7
17.3

6.0
8.2
12.0
3.0
5.8
7.3
11.9

5.7
7.8
10.9
11.3
3.2
6.2
9.8

10.1
.3.3

8.7
11.7
14.7
4.4
9.0
10.9
12.6
14.5
3.5
4.4
10.1
11.7
14.5

2.0

7.0

7.1
9.5

3.0

3.5
7.0

3.5
6.7
6.5

7.7
11.9

6.8
9.9

7.6
11.0

9.0

5.7
8.0

- « ^
S MO
as a

8.5

12
8
12
19
15
23
30
48
22
37
55
44
80
44
36
58
87

115
122
193
71
93
126
139
157

115
167
200
284
118
189
237
274
317
96

257
193
208
263
303
238
221
235
336
397
197
192
333
322
394
568
288
411
410
576
423
466
477
566
443
369
522
587
586
480
572
729
912
516
697
709
839
916
625
661

738
760

1,012

135
145
90
105

115
125
135
145
105

115
125
140
150
70
90
105
115
125
140
155
100
85
115
130
145
100
110
120
130
145
95
115
125
135
145
105
115
125

135
145
155
110
125
135
145
105
115
125
133
145
155
115
125
135
145
155
173
105
115
125
133
153
105
123
143
155
115
125
145
130
1,35

133
145
140
130
133
145
140
105
160
140
150

Diameter (in inches) wilh
ground

harli at a height from
of—

25.2
25.1
20.5
26.0
25.9
26.1
26.2
26.0
27.1
27.0
27.0
20.8
27.0
28.0
28.5
28.0
28.3
28.4
28.3
28.1
29.0
29.0
29.1
29.0
29.1
30.0
30.1
30.1
30.1
30.0
31.0
31.1
31,0
31.2
31.1
32.0
32.0
31.9
32.0
32.2
32.2
33.2
33.1
33.1
33.2
34.0
34.0
34.2
34.0
34.0
34.3
35.0
35.1
35.2
33.2
35.2
35.0
36.2
36.1
30.0
36,0
36.0
37.0
36,9
37,0
37.0
38.0
38.0
38.0
39.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
46.0
47.0
3(1.

51, 5

22.2
22. 2
2113
21.9
22.7
22.5
22.7
22. 2
22.9
22.6
22. 7

23. 6

23.1
24.2
23.6
22.9
23.0
24.8
24.8
25 3

23.7
23.0
25.0
24.2
24.8
20.5
24.6
25.1
25. S
26.2
26.7
27.1
23.1
26.7
26.7
28.3
27.2
27.1
23.9
28.2
27.4
29.4
28.7
28.0
27.9
30.0
27,9
28,7
28,3
29.4
29.2
27.8
27.8
30.5
30.3
.30.3

31.0
29.5
28.3
28.0
29.0
31.3
30.0
.30.5

31.8
29.8
30.0
31.5
31.5
28.8
33.0
33.0
37.2
34.5
36.8
35.6
37.5
30,0
38.7
40.4
41.0
41.5

20.6
20.6
19.3
20.2
21.3
20.5
21.0
21.0
21.2
20.4
21.1
oo o

2l!o
21.0
21.9
20.6
21.0
22.7
23.1
24.2
21.2
20.

22.8
22.6
23.1
23.8
22.1
23.2
23.6
24.8
23.8
24.3
22. 7

24! 2

24.6
25.5
24.9
24.9
23.9
26.4
26.1
26.2
26.0
25.8
23.8
24.5
25.7
26.1
23.6
27.1
27.7
23.3
23. 8

28.1
28.0
28.5
29.0
25.0
26.1
23. 9
28.0
30.0
23.

27.9
30.5
26.5
25.0
28.5
23. 3

27.7
30.0
31.2
33.5
31.8
34.1
33.9
34.4
23.0
35.8
37.4
38.0
38."

19.2
18.8
16.4
18.5
19.0

19.0
19.7
19.5
18.8
18.7
19.4
20.8
19.0
18.0
19.5
17.9
19.3
20.9
21.6
22.5
18.8
14.5
20.6
21.1
21.4
22.5
20.4
21.0
21.6
22.9
19.7
21.2
20.8
00 7
22:7
22.7
23.2
24.0
21. 5

24. 2
24! T
22.6
23.8
24.0
24.5
21.3
22.7
23.9
24.3
25.3
25.5
23.7
23.6
25.7
26.0
26.3
28.0
22.5
23.0
22.

1

mo
28.0
21.5
25.1
28.7
25.5
23.

«

26.3
22.2
24.0
28.3
20.5
31.2
29.0
32. 3

30.7
30. 6

22.5
.34.4

35.3
3.3.0

34.0

10.8
17.4
12.3
14.8
16.7
16.6
18.7
17.9
15.0
16.5
16.4
19.0
17.5

15.5
14.2
16.5
18.4
20.0
20.7
15.4
8.5

17.2
18.9
19.8
16.5
17.6
18.4
19.1
21.0
14.2
18.1
17.9
20.7
20.8
17.6
19.1
20.9
19.1
22.

1

22! 9
18.2
21.3
21.7
22.6
16.5
18.5
21.0
22.2
23.4
23.7
20.3
20.8
23.0
23.7
24.5
27.0
19.5
18.1
19.2
14.0
23.0
19.0
22.7
20.3
23.7
19.9
22.9
20.5
20.0
26.0
23. 3
28.4
26.2
29.7
28.7
28.0
20.0
32.4
32.4
31.0
31.5

14.3
15.2
6.8
9.1
12.9
13.5
16.3
16.1
11.7
9.3
14.1
15.1
1.3.2

11.5
12.6

7.3
9.9

7.3
9.3
12.9
15.1
17.4
19.0
10.4

10.1
13.8
13.6

12.5
14.3
15.1
18.9
11.7
13.2
15.1

18.5
18.3
12.3
13.9
16.2
16.5
19.9
21.3
11.0
16.7
18.0
20.0
10.0
13.9
14.9
19.1
20.4
22.0
14.4
17.2
20.8
20.0
22.3
24.0
10.0
14.3
15.0
10.0
22.8
14.0
18.3
24. 2
24^0
13.0
18.5
17.5
14.8
23.0
22.0
25.5
23.0
26.2
24.4
23. g
19.0
29.1
29.6
27.0
23.0

9.2
14.0

13.1
20.8
18.7
8.0
12.5
13.2
6.8

21.5
17.3
20.7
14.3
21.8
19.5
18.3
18.0
25.1
25. 9
21.5
18.5

10.:

10. e

5.6 I

10.4
12.6

!

12.0

5.3

4.0
7.8
8.4
14.5
16.7
8.6

4.7
11.7
12.0

12.5
15.2
18.2
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TaBI.k \U.—Measurements of White Pint- fjrown under similur coiiditionn, tfrouped in age dassen for nrerarjing.

(The groups uf trees measureil are sample trets recorded iu Table VI.]

Cifonp, location, and deflcrlptiou of site.

Mastaehtisettt and Xetr JIamptfiire.

"Vriiito Pint- niixod -wiih hardwood?* on a hill. Soil,

Itrowii or yt'llowiah j*audy loam, im-diiun sizi-d jrraiu.

lijjht. loose, fresh, and well drained, with a leafy sur-

face cover. Trees, 400-500 to t ho acre.

Tree
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Table III.—Measurements of JDiiie Pine grown under similar conditioner grouped in age classes for averaoing—Continned.

Group, location, and description of site.

Maine.

White Pine with scnttering Red and White Oak. and
occasioual Norway Pine, on a level: imdererowth.
moderately dense, of small Heniloi k and Seech, with
niimerous'sniall Maple and Uak. Soil. j;ray or Itmwn,
fine, loamy sand, fresh, with 2 or 3 inches mold on
top, and leafy surface cover; clay pmbably some feet
below surface. Density of crown, 0.7. Trees. 126 to
the acre.

Raticof
tlieleneth'

Accretion.

Average

.

Ma int.

White Pine with scattering Ked and White Oak. and
occasional Norway Pine, on a level: undergrowth,
moderately dense, of small Hemlock and Beech, with
numeroussmall Maple and Uak. Soil, gray or brown,
tine, loamy sand, fresh, with 2 or 3 inches mold on top,
and leafy surface cover; tlay probably some feet below
surface. Density of crown cover, 0^7. Trees. 126 to
the acre.

Average.

Michiffa7i.

Open grove on a level plain, alonj; the banks of a river,
of mixed White and Norway Pine, with scattering
White Birch, and occasionally Oak. Hackmatack, and
Banksian Pine; underi:rowtb scanty, of voung Fir,
Cedar (Thvja occidentalis}, and few small Oaks. Soil,

gray or liirht brown, sand,., medium fine-grained,
porous, light, loose, dry (in places fresh), with a
leafy surface cover.

Average ,

Michigan.

Open grove on a level plain, along the banks of a river,
of mixed White and Norway Tine, with srattering
White Birch, and occasionally Oak. Hackmatack,
and Banksian Pine: undergrowth scanty, of young
Fir. Cedar {Thuja occidentalia), and a few small Oaks.
Soil, gray or light brown, sandy, medium, fine-

grained, porous, light, loose, dry (in places fresh),
with a leafy surface cover.

Average .

GROUP I.

Michifjan.

Norway Pine (67 per cent), mixed with White Pine
(12 per cent), and occasional Kock Maple, on a level

fdaiu. .Soil, yellow or gray sand, fresh, moderately
oose. with a surface cover of brakes: subsoil, sandy.
Density of crown cover, 0.7. Trees. 182 to the acre.

Average .

Wisconsin.

An open grove of hardwoods, in which White Pine is

scattered in varying proportions, on broken land, with
Ire<]uent swamps in llie hollows: undcriirowth. of
young hardwoods. Fir. few Hfiulock. ami Hornbeam.
Soil, light-brown sandy loam, medium tine grain,
loose, deep, fresh, and well drained, with an abundant
leafy surface cover.

Average

20
4
19
21

Inches.
28.0
28.0
25.0
25.5
25.0
22.0
20.6
22.5
20.0
20.3

95

100
96
82
99

109
112
109
106
110
109
112
112
108
109

1U9.J

123
101
105
104

Total
height.
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TaULE III. Mianurtmenta of While J'ine grown under aimilar conditions, grouped in age clasiied fur ureraging—Continued.

firoup, locatiuli, and ileacriptiou of site.
Tree
num-
ber.

Age.

Michigan.

White Pine ("0 percent) intermixol with Norway Pino
(14 percent) and riemlocli (15 per cent), with scatterinc

Cedar tThuja ttcritlentatint and Itork staple, and
occaeional Beech and AVliite IJirrli. un a level plain;

iindergrowlli. donfte. of youn;; Fir. Soil, gray Hand,
fre^ih and deeji, iiplit ana loose, with a surface cover
of scanty leaves: Hubsoil, sandy loam, underlaid by
clav. Densiiy of crown, 0.8. 'I'rces, 156to theaere.

Average .

Michitfan.

A two-roof grove, upper roof formed of White Pine,
tinder roof of lieech, Slajile, Fir. and oceasionally

White ISirchanil Hemlocl;: nndi-ri.'rowth, moderately
dense, ot young hardwoods and Fir, Soil, brown
loamy sand', fresh, moderately loose, with a surface
cover of brakes and grass ; suusoil. sand with slones.

Average .

Michigan.

Norway Pins (67 per cent) mixeil with Wiiite Pine
(31: per cent), ana occasional Kock Maple, on a level

nlain. .Soil, yellow or gray sand, fresh, moderatel.v
loose, with a'surface cover of brakes; subsoil, sandy.
Density ofcrown cover, 0.7. Trees, 182 to the acre.

.Vverage 142|

Wiscotinn.

Wliite I*ine mixed more or less with Yellow jtirch,

Kock Maple, Norway Pine, and occasional Baas, Pop-
lar, and Kim. on uneven land, fu'.I of drift ridu'esand
hfdiows, freijuentlv full of w-ater. .Soil, a mixture
of loam. sand, ami stones, with 2 to 3 inches black
mold on top, and fairly covered with leaves.

Average.

<mot:i' I).

iliehiffan.

Norway I'ino intermixed witli White Pine in varying
proportions, on rolling land, with oncn plaecs ofRed
Oak. Maple, and Beech; no untlergrowlh. Soil,
light-ltrown sand (slightly lo.-tmy). very deep, me-
duim tine, light, loose, dry", and we-ll drained, with a
moderately leafy surface cover.

Diameter|
with hark

I

(breast
high).

rr».
140
136
135
134
136
135
138
133
130
135

138
130

130

133
141
132
143
128
153
131
148
153
136

Michigan.

White Pino (70 per cent) intermixed with Norway Pine
(14 jiereenl) and Hemlock (I't percent), with scatter-

ing ('ediir [Thuja uccidentalui^ and Kock Maple, and
occasional Beech and While Birch, on a level plain:
undergrowth dense, of young Fir. S<»il, gniy sand,
fresh and deej). liglit and loose, with a surface ct>ver

of scanty leaves; subsoil, sandy loam, underlai<i by
clay. Density of crown cover, 0,8. Trees, 156 to the
acre.

26
11

20
30
24
5

4

5
6
7
8 I

15
I

9

Inches.
19.5
19.7
20.0
22.0
22.5
21.7
22.8
23.2
24,0
24.0
23.5
25.0

142
142 I

142
142
143
149

I

148 I

lAO
170
178
170
175
168
185
173

172

34
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Taiji.e III.— MtdHiin mentH of White Pine (jrown itiider simihir iondiiions, ijroi'pid in a'jf rhinNtH for tircrarjiii*/— (' oiltinned.
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Taui.k. III.

—

yteaiiHremetitiitif Whilv I'iiie ijrown inuhr nimihir coiitlilionii, i/roiqyed in ageolataetforareragiiig—C'oiitiiiiiecl.

Groap, location, anil description of sitp.

Irt'o

niim- Age.
ber.

Diameter'
with bark Total
(lirenHt : lieiglit.

bigli).

Fnrtor<i
Aliape.

I
Ratio of

^llielenjEtb

. of (Titwn
to the to-

tal lieitflit

I

of the
tree.

Accretion.

(iRorp X.

i'ichigan,

\. two-roof grove, upper roof formt-d of TVhite Pine, un-
der roof of Boech. Slaidc. Kir. and occasionallv White
ISin-h and llemlork : nnilt-rgmwlli. niodcratt-fviii-nse,

of young hard wo««l.s anil Fir. Soil, lirown Inaiiiy »and,

tre'fth, moderately Ioohi*. wit li a surfaci* cover of brakes
and grat48; eiibsoil. sand with Htouea.

Average .

(iROfP Y.

Micfiiffan.

ilmlerately dense grove of AVliite Pino intermixed with
harilwoiMls and Hemlock, with oci-asional Norway
Pin*', on a level plain; nmb-rjrrowtb. of young lleni-

lock and haidwoiMls. Soil, brown loamy eaiid, nie-

iliuni tine grain. lij:lit, loose, very dei-p, fresh, well
drained, with a uiodi-rately leafy surface coyer.

Average

I'tnntiilvania,

Hemlock mixed with "U'hite Pine. with scattering hard-
woods; iiudergrowih, moderately dense, of young
hardwoods ami Hemlock. Soil, yellow clay lo'ain of
A mediiini grain, di-ep, fresh, well drained, with 2 to

3 inches mold on top. and a surtace cover of scantj-
leaves, Fern and Teaberries.

7

3
6

10

Average

Tra.
25li

2.12

252
265
253
256
260
26U

251
256
265
266
250
:5g
260

IncliPt.

26.0
29.2
25.5
27.0
30.0
32.0
31.5
29.5
33.0
31.0
31.5
33.0
32.0
34.0
3C.0

258

417
4-15

455
426
4G0
457
461
435
458

260
20(1

259
241

244
262
205
250
266
245
248
259
262
263
241
261

255 I

Feet.
110
139
157
126
135
142
132
155
144
145
144
139

154
138
149

0.37
.41
.35
.41
.39
.34

.38

.42

.33

.41

.40

.38

.41

.42

.37

30.5

37.0
35. 5

41.0
43.0
40.11

47.0
48.0
46.0
47.0

43.0

35.5
36.0
.12.

32.0
33.0
28.0
39.0
34.0
44.0
34.0
34.0
33.0
33.0
31.0
31.5
37.0

34.0

141
I

155
141

152
160
i.-.o

160
170
108
102

.39

0.40
.46
.58
.44
.45
.59
.48
.48
.41

.30

.33

.51

.33

.59

.45

.46

0.45
.39
.53
.56
.48
.45
.56
.51

158
157
152
150
146
156
153

,

150
144
146
142

133

146
144
134
146

147

0.40
.43
.46
.41

.42

.43

.40

.42

.42

.40

.42

.40

.42

.36

.42

.44

.41

285.00

433.2
610.5
583. 7

077.3
094.1
721.9
737.9
819.0
855.3

0.43 I

.42

.44

.59 I

.34

.43

.42

.48

.30

.37

.37

.31

.38

.43

.34

.30

070.4

435.4
481.3
398.0
347.7
365.9
285.8
511.1
402.4
038.4
366.7
373.4
30t. 5

369.2
275. 2

307.7
482.9

2.00

390.0
I

2. 1C



TABLES OP MEASUREMENTS. 93

Taiilk \y.— Itiinnisiniia. voJinnf, and rate of (/rowtlt, hif dccailcs, hiiscil n/nnt iitnilifsrH nf irees in TithlvH 111 ititd I'l,

(A) OLD-GROWTH PINK.

(1) l)O.MINANT TREES.

Average throughout the range.]

(224 tl-ees.)

Age.

Tears.
10
20
30
40
50
00
70
80
90

100
110
120

130
140

150
160
170
180
190

200
210
220
230

Di.inieter

it lieigbt

of2Jl'eet
(without
bark).

Inches.
0.9
2.5
4.8
6.9
8.7
10.5
12.1
13.8
15.5
17.2
18.9
20.6
22. 2

2X7
25.0
26. ;!

27.5
28. 7

29.8
31.0
30.7
31.0
32.0

Total
height
of tret'.

Feet.
7.7
21.0
33.7
46.0
56. 7

66. 3

74.7
82.0
89.0
91.3
99.0
103.7
107.7
111.3
114.4
117.3
120.7
123.7
126.3
129.0
134.5
137.5
140.5

Volume
ot stem
(without
hark).

Cubic/t.

0)
0.5
2.2
5.6
10.8
18.6
28.0
38.8
50.9
66.0
82.7
100.3
118.5
137.3
155.7
1T5. 3

194. 6

214.8
234.7
254.7

Relativo per cent of total

volume.

womU SaPWO'l- ^^^^-

Per cent. Per cent.

65

69'

Per cent.

Periodic ai-( TCTiiii).

Decade.

„j

21

12

ii

9

10

u
12

13
14

15
16
17
18

19
20
21

Height. Volume,

F.>el.

n.3
12
12,

10,

Average
annual

Current
annual

accretion, accretion

CvMeft.
0)
(0
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Tabi.k I\'.— IHmengionn, voliinie, and rale of {/rowlh, by Aecailn, eir.—Coiitinued.

lA) f>LD-GROWTII PINE—Ciintinwd.

(2) CODOJIINANT TREES.

[Avt-rage throiigUoutthe range.]

(106 trees.)

Diameter

I

at height. Total
Age. I or 2} feet I

height
UwKhout of tree,

bark).

Teart.
10
20
30
40
SO
60
70
80
00
100
110
120
130
1-10

150
leo
170

180
190
200
210
220
23U

Inchfs.
0.8
2.3
4.0
6.8
7.5
9.0
10.5
11.9
13.3
14.7
16.0
17.3
18.6
19.8
20.8
22.0
23.0
23.8
24.7
25.6
26.3
27.0
27.7

Feel.
0.0
16.0
28.5
38.0
47.5
56.5
64.0
71.5
79.0
84.5
89.5
94.5
19.0

103.0
107.0
111.0
114.0
117.5
120.0
122. 5
125.

127.5
130.0

Relative per cent of total
^ olume YoluDie.
of f*teln

(without TT-.__,

barlj). °*°;iV
Sapwood. Bark.

Cutnc
0)
0.

1

4
7,

11
17.

24.

34.

44.

55,
«

91.5
1114.

115.9
127.7
129.2
142.9
152.7
105. 5

179.3
195.0

Per cent. Per cent. Per cent.

Periodic accretion.

Decade. Height. Tolume

10
11

12
13

14

15
16
17
16
19
20
21

Sett.
6.0
10.0
12.0
9.5
9.5
9.0
7.5
7.5
7.5
5.5
5.0
5.0
4.5
4.0
4.0
4.0
3.0
3.5
2.5
2.5
2.5
2.5
2.5

Average Current
annual

|
annual

accretion, accretion.

Cubic n.
(I)

<I)

1.2
2.9
3.3
3.6
6.1
7.5
9.5
10.2
11.0
12.0
11.2
12.9
12.5
13.0
11.8
13.9
13.7
9.8
12.8
13.8
15.7

Cubie/l.

0)
0.02
.03
.11
.15
.19
.25
.31
.38
.45
.50
.58
.61
.66
.69
.72
.75
.72
.75

.81

.84

Cubic ft.

(M
(I)

0.12
.29
.33
.36
.01
.75
.95

1.02
1.10
1.20
1.12
1.29
1.25
1.20
1.18
1.39
1.37
.98

1.28
1.38
1.57

ftverage annual Bccretian-

Current " "

Klfi. 21). -I»ia;;r;im hliowiug rate of beigllt growth of (...iuiiiiiiunt Urea.
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Tablk IV. -I>iiiitiini(inx, niluiiii, ((ml rfdi af i/ruiclh, hy decades, etc.—Contiimed.

(.4) OLD-CKOWTU I'INE—Coiitiimeil.

(3) OPPRESSED TREES.

[Average throughout the range.]

(104 trees.)

Age.
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lao

20 40 60 80 WO 120 laO 160 180 200 220
RGE

Fig. 22.—Diagram tJliow in^ lu-iKlit jirowth of tlominiint, todoniinaiit, jinU ojipreseecl trees throughout range.
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260

Tin. 23.—Diagram shnwini vdiiiiie '^'niwlh of ilmuiuaut. ooiloniiii.iiit, and oiipresscil trees tlirouglinnt range.

202^,3—Xo. 22 7



1)8 THK WHITK I'INK.

Table IV.— I>imen»ioiis. rulum<; and rale of yroii tli, hii devaihu. elr.—Continued.

(.1) OLI).i;l!()\VTH PINE—(•iiiitinucil.

(4) DOMIXA.NT TKKE^'.

[Average iu Wisconsin.)

(68 trees.)

Age.

Diani»*t*>r

At lu'lKllt

of 24 feet
(witliont
bark).

Total
liei};lit

of trie.

Relative per cent of total
Voliinie volume.
ofHtem '

barlt). ^™^*; Sapwood. Bark.

Tears.
10

20
30
40
50
60
70
80
90
lUO
110
120
i:)i)

140
150
160
170

18U
190
200

Jneheii,

1.0

3.3
6.6
8.0
9.3
11.0
13.0
15.2
17.4
10.6
21.8
24.0
25.7
27.4
29.0
30.5
32.0
33.3

Feet.

34
46
57
66
74
80
86
91

K,
100

104
108
111

114
117
120
122
124

Cubic
(0
0.

1.

3,

7.

13
21
30.

41.

58
78,

100.

124.

147
169
190.

212.

234.

256.

277.

Per cent. Per cent. Per cent.
1

Periodic accretion.
Average
annual

Decade.
|

Height. Volume, aee™'!""

65 23 I 12

10

11

12
13

14

13

16
17
18
19
20

Feet.

9
13

12
12
11

CuMeft.
(!)

0)
1.4
1.6
4.1
5.6
7.8
9.0
11.5

10.5
20.

22.5
23.5
23 5
21..")

21.5
22.0
22.0
21.5
LM.li

Cubic ft.

0)
0.02
.06
.02
.15
.22
.30
.38
.46
.58
.71

.81

.95
1.05
1.13
1.19
1.25
1.30
1.35
1.38

Current
annual

accretion.

Cubic /t.

(I)

(!)

0.14
.16
.41

.jll

.78

.911

1.15
1.65
2.00
2.25
2.35
2.35
2.15
2.15
2.21)

2.20
2.15
2.10

(5) OPPRESSED TREES.

[Average iu Wiseousin.]

(55 trees.)

10
20
30
4IJ

50
60
70
80
90
lOO
110
120
130
140
150
100
170
181)

1911

200
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Tahi.k n'.

—

DimniitiiiiiK, vnlumi . anil rati' of groirth, by decaden, etr.—('<iiitiuiii-cl.

(.11 OLDGKOWTH PINE—Coutinued.

(7) codominaxt trees.

[Average iu Micbigati.]

(28 troes.)

Diameter
at heislit
of 2J I'eet

(without
bark).

Years.
10
20
30
411

50
60
70

80
90

100
110
120
130
140
150
160
170
180

190
200
210
220
230

Inches.
0.7
2.2
4^0
5.7
7.3
8.8
10.1
11.7
13.2
14.6
15.9
17.2
18.5
19.8
20.9
22.1
23.2
24.1
25.1
26.0
26.7
27.4
28.0

Total
height
of tree.

Volume
of stem
(without
bark)

.

Feet.

7
16

29
37
47
57
65
74
83
89
94
99

104
108
112
116
119
123

120
129
132
135
138

1
Cubic ft.

! (0
0.4
1.3
4.0
7.6
11.5
18.0
20.4
38.0
50.0
63.0
77.0
92.0
106.0
119.0
130.0
140.

0)
(I)

(0
0)
(0
(')

lielative per cent of total
volume.

Periodic accretion.

Heart-
WOO(

"^ Sapwood. Bark. Decade. Height. Volume.

Per cent. '
Per cent.

Average
annual

accretion.

Current
annual

accretion.

Per cent.

24 13

1

2

3

4
5

6

7

8

9
10
11

12
13

14
15

16
17
18
19

20
21
22
23

Feet.

13

10
10

Cubic J
(•')

(!)

0.9
2.'

3.1

3.!

II.

12.

13.

14.

15.

U.
13.

U.
10.

CubicJt.

(!)

0.02
.04
.10
.15
.19
.26
.33

.42

.50

.57

.64

.71

.76

.79

.81

.82

Cubicft.
(I)

(!)

0.09
. 27
!36
.39
.65
.84
1.16
1.20
1.30
1.40
1.50
1.40
1.30
1.10
1.00

(8) OPPRESSED TREES.

[Aver.ige in Michigan.]

(36 trees.)

10
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T.\III.E IV.

—

lUmennxoim, vulumi, and rale of i/roirlh, hi/ decaden, flc.—('untiniivd.

:A) t)LU-GKOWTU PINE—CoutimicMl.

(10) CODOMl.SANT TKEES.

[Averftge in PennsylvaDia.]

(78 trees.)
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Vi«. 23.—Eiagram sbuwiug litighl growtli of codominant trees, by States.

IZO

20 40 60 dO 100 120 140 ISO 180 200 .220 240 260
flag

FHi. liG.— Diagram showiug height growth ol oppressed trei*s, by States.
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O 20 40 60 80 100 120 lao 160 180 200 220 240

I'lti. J?.— IHairraiii •^Itowin-.' ^^.llIlll' ^timwiIi mi" >l<iiiiitiaiit itc»-w, Ity Mati's.
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240

Fi'i. 1*8.—Uiui^iam showing; volnnn- growth of <-iiiluiiiiiiaur tives, by State
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UOLUME IN CUBIC FEET
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T.iHi.i'. IV.

—

IHmiiiniiiiis, ioIkvii', aiid rale of iiroiclh, liy decades, etc.—C'ontimieil.

(7>) SE(;(>ND.GK<)\VTI£ PINE.

(11) Site a: York Coi'.vty, Me.

(13) Massachdsetts and New Bampshibe.

DOiMIXANT IREES.

(12 trees.)

(Average iu Massachusetts and Xew Hampshire of 12 trees.'



106 THE WHITE I'INE.

TaDLE IV.

—

r>imi iiniont, luliiiin , and nilv of gioirlli, hij lUcadtn, itr,—Cnnfiuuetl.

(B) SECOXU.C.liOWTn riNE-Coulimiccl.

(14) .Site g: Cleabfield Cocstv, \'.k.

DOMINA.NT TREES.

14 trees.)

1 Dlnmeter
1
at lieiKht

Age. of 2* feet

! (witliout
bark).
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Taiu.R V.

—

Growth of diameter and craan-fiection area at varioiix licii/htH from ihr iiroiind.

(1) AVERAGE THKOrfiHOUT THE RANGE.

S^"""', ground.

Feet.

o|i

.ss

DIAMETER OF SECTION, l.V INCHES, AT AGE (YEARS) OF

—

10 30 30 40 50 60 70 80 1 00 100 110 130
1
130 ! HO ; 150 160 170 1 180 190 300 310 330 330

2»
18"

34 I

50
m
82
100
115

18
34
50
eu
82
98

114

2J
18
34
50
66
82

100

4.1
3.4
5.3
5.4
5.1
4.4
3.8
2.9

3.5
4.

5.1
4.9
4.3
3.8
2.9
2.0

3.1
4.2
4.4
4.3
4.7
4.1
3.8!

0.2
7.3
7. 5
7.7
7.2
6.1

5.4
4.4

5.3
6.7
7.0
6.9'

6. ll

5.3
4.2
3. l|

4.8;
.1.8

6.2I

6.2
6.4,

5.7;

6.0

8.2
9.0

9.3i
9. el

9.31

7.6
6.9
3.6

7.0
8.3

6.7|
3.41

4.2

6.4
7.1,

7.9
7.71

7.9,

6.9
5.9

9.9
10.5
10.9
11.2

10.9,

9. u'

8.2

9.6
10. u

10. I

8.0
7.9
6.5
5.2

U.6, 13.2
11.9 13.3
12.4 1:1.8

12. 7 14.

14.81 16.6 18.4 20.1 21.7; 23.21 24.7 26.0 27.2 28.4 29.6 30.7 31.7 32.6 33.6 34.6
14.6 15.8 17.0 18.2 19.3' 20.3 21.2 22.1 22.9 23.7 24.5 25.2 25.8 26 4 26 9

I

12.2
10.2
9.4

8.1,

10.0
10.8
11.2
11.4
10.0
9.0

i;i. 4

11.3,

10.4
9.3

11.4;

12.0
12.3
12.4
11. C

10.0
8.5:

15. 1

13.1

14.5

12.3
11.4

Ifi. 2

13, 5

13. 3,

12.3,

10.4 11.3

12.9
13.1
13.3
13.4
ll.il

18.5 19.4 20.3 21.1 21.9 22.6 23.3 24.0 24.8 25.4 26.0
17.1 18 18.9 19.7 211.5 21.3 22.0 22.7 23.4, 24.0 24.7
16.5 17.4 18.2 18.9 19.G 20.3 20.9 21.5 22.0
14.1 14.9 15.7 16.5; 17.2; 17.9; 18.8;
13.2 14.1 14.9, 15.8 16. 6[

12.1,

14.3 15.61 16.9
14.1 15.1 16.0
14.2 15.1 15.9
14.3 1.5.2 16.0
12.7 13.5 14.3

10.9 11.7; 12.4 13.1
9.6 10.2; 10.8 11.5

8.1
9.3 10.

«. 1 10. 4
9.1

8.9 10.3: 11.5
9.2 10. 1 11.2

11 6 12.

11.6' 12.

12 2

18.3;

17. (i;

16.7
16.8
15.0
13.7

19.5 20.61 21.71 22.8 23.8 24.7 23.6 26.4 27.1 27.8 28.5
17.81 18.5; 19.2' 19.9 20.6 21.2' 21.8 22.4 23.0 23.6
17.4: 18.1 18.7 19.4 20.0 20.6 21.1 21.8 22.41 I

17.5, 18.2 18. 9: 19.5 20.2 20.8: 21.4
1 |

15.7' 16.3 17.0 17.6 18.;

14.3: 15. Oj

6.71

10.3, 11.3,

8.4; 9.1 9.8
7.4 8.1 8.6

13.0
12. 4'

13.6
13.0
12.9
10.2
9.0

14.3 15. 7|

13.4 14. 4|

14.4
14.5
13.5
10.6

15.

15. 41

16.9 18.1'

15.3 16.1

16.0
16.

14.0 14.5
11. 01 11.4

16.7
16. ti

15.0
11.9

19.2 20.3 21.3; 22.3 23.2 24.0 24. 8| 25.4 25.9 26.4
16 9 17.71 18. 4I 19.0 19.5 19.9 20.3
17.4 18.0 18. 4t 18.8 19.1
17.4 17.8 18.21 18.7
15.5 15.91

I I

Charac.
ter of
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*a7 <a5J' fft? (^ff /^?<P Xr^ /'^ /S^ /d"^ ^iP^ ^<?^

FlQ. 30.—Diagram !?liowing average progress of diaiuefer L'rnwtli (Iirpnwt lii;:Ii) of domiDant trepfl.

20 40 60 80 100 120 140 ISO 130 200 220 2^
ftDE OF DISK

Fm. 31.—Dlaprnni Bhnwing iliam.t<r (;r..wTli ol ilniiiTnant Ire.v) at varimn In i^lits fn.in (r..imil (average throiigliout range).
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2'/2 feat from ground

-

IS f " » -

%'.'.'.

"0 20 40 60 80 /Oa IZO ICO ISO 180 200 220 240
MGE OF D/SK

Fig. 32.—Diagram showing diami-ter growth of coJomiDant trees at rariou.s hi'ii;lit9 )V"in gronml (average throughout range).

28

24

20

IB

12

M i .

'

i iiii l iil lii i l
ll M

21/2 feet from oround -

18
34
50
66
82
100

20 40 60 80 100 120 140 ISO 180
ABE OFDJSK

200 220 240

Fia. 3H.—Diagram showing iliametir growtli of opiiresseil trees at various lieight>> from grouml (average throughout range).
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Table V.—Growth of diameter and cronn-Hectiou una al rnrioiis heights from ihi- ijrotind—ContiDiied.

(2) AVERAGE FOR WISC0X3IX.

Cl..r.c.„HeJBh,i
DIA3IETEB or SECTION, IN INCHES. AT AOE (TEARS) OF—

of section .

8"""' groSSd. 10 SO 80

1?

Fett.
24'

18
34
50
66

82

2J
\H
34
50
66

1.8
2.1
2.2
2.4
2.4
2.3

1.5
2.1
1.8
1.6

2.2

3.3
4.2
4.4
5.0
5.0
4.4

3.4
4.2
3.6
3.4
4.6

40

4.8
5.8

?:J
7.21

6.1

4.9
5.71

5.0
6.2
6.4

30 \ 60 80 00

6.2
7.2
8.3i

g.5|

9.2
7.6

6.4'

6.91

6.5
6 7
8.1

100 1 110 ISO 180 140 ISO 160 1 170 180 ! 190 SOO SIO SSO £30

7.5* 8.8' 10.3' 12.0 14.2 16.6
8.6 10.1 11.7 13.3 14.8 16.4
10.1 11.9 1:1..'; 15.1 16.6

11.3 13. U 14.5 15.8 17.1
11.0 12.5 13.9 15.1 16.2
9.0 10.3 11.4 12.3 13.2

18.9 21.0 2:!.l 25.1 26.8 28.4 30.0 31.51 32.8 34.0
17.9 111.:! 20.4 21.5 22.6 23.6 24.5 25.4 26.2 I

10.0 20.U 21.0 21.9 22.8 23.0 24.4
;

I17.0 _ _ _. __ . _

18.2 19.2 20.2 21.0 21.8 2
17.2 18.1 18.8 19.4. 20.3
14.0, 14.7 15.5

] 1

6 23.4

7.6 8.7 10.2 11.4 12.8 U.2 15.6 16.7 17.8

7.8 8.8 9.7 10.9 12.1 13.1 14.2 15.2 16.0

7.9 9.2 10.4 11. G 12.7 13.7 14.0 13.5 16.3
8.31 9.8 11.2 12.41 13.5; 14. 5i 15.4 16.31 16.8
9.4 10. 7| II. 3{ 12.7' 13.4' 14.01 14.4'

19.0 20.2 21.2 22.3 23.4 24.2 25.0
II). 8 17.7 18.4 19.0

17.1, 17

DIAUETER ACCRETION, IN INCHES, FOR DECADES—

It

Bt

Feel.

18
34
50
66
82

2J
18
34
50

1.6
2.1
2.2
2.4
2.4
2.3

1.5
2.1
1.8
1.6
2.2

1.7
2.1
2.2
2.6
2.6
2.1

1.9
2.1
1.8
1.8
2.4

1.5
1.6
2.0
2.4
2.2
1.7

1.5
1.5
1.4
1.8
1.

8

6 6

1.4
1.4
1.9
2.1
2.0
1.5

1.5
1.2
1.5
1.5
1.7,

1.3

1.4

1.8
1.8
1.8
1.4

1.2
0.9
1.4
1.6
1.3

1.1

1.0
1.3
1.5
1.3

10

1.5
1.6
1.6
1.5
1.4'

1 1

1.5
0.9
1.2
1.4
1.1

1.71

1.6
1.6,

1.3
1.2'

0.9

1.2
1.2

1.2
1.2
0.9,

2.2
1.5
1.5
1.3
1.1
0.9

1.4

1.2
1.1
1.1
0.7

II 18

2.4
1.6
1.3
l.ll

1.0!

0.8

1.4
1.0
1.0

1.0:

0.6,

2.3
1.5
1.1
1.0
0.9
0.7

1.4
1.1

0.9
0.9
0.4

13 14
j
16 16

I
1;

2.1
1.4
1.0
1.0
0.7
0.8

1.1

1.0

0.9
0.9

2.1
1.1

1.0

0.8,

0.6

2.0
1.1
0.9
0.8
0.6

1.1 1.2
0.8 u.e
0.

8

0. 8
0.5

1.2
0.9
0.7

18 10

1.7 1.6
1.1 1.0
0.9 0.8
0.8: 0.81

1.6
0.9
0.8,

1.1

0.6

1.5
0.9

1.1

20 21

1.3
0.8

1.2

0. 8 0.

8

22 28

Charac-
ter of

growth.
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E'/z feetfrom ground
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20 40 60 80 100 120 /40 160 180 200
AG£ OFD/SK

Fig. 34.—Diagram showing diameter growth of dominant trees at various heights from ground in Wisconsin.

20 40 60 80 100 120 tOO 160 180 200
flCE OFD/SK

Fio. 35.— Diagram showing diameter growth of upprissed trees at various heights from ground lu "Wisconsin.
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I Aiii.K V.

—

(irowth uf liiamelcr and crots-ecclioii urea iit various heights from On ijroiind—Cuntiuued.

(3) AVERAGE FOR PEXXSTLVANIA.

,.. Heicbtof

"•"^ef rron,
growth.

„,

DIAMETEB OF SECTION, IN INCHES, AT AOB (TBABS) Or—

lU 1!0 »ll 00 70

a t

Fttt.

Si
18

34
50
06
82
100
115

18
34
50
6G

82,
98

'

114 1

2.0
3.4
3.2<

2 7'

5; 5;

2.

1.8
1.4

1.8
2.4
2. :i

2.3
2.1
1

1.4
1.0

4.4[

6.4
6.1
S.6
5.0
4.4

3.5
4.8
4.6
4.4
4.1

3.1
2.5
2.0

7.1 9.51 11.51 13.4 15.0

80 90 100 110 120 1801140 150 111(1 l<0 ISO luu 200

18.51 18. 0| 19.5 21.01 22.41 23. «! 24.91 26.0' 27.1 28.2 29.3| 30.4 31.

S

8.5 10.3 11.8 13.0 U.l 15.2 16.2 17.2' 18.21 Ifl.l! 20.0 20.8 21.5 22.2 23.0 23.8 24.6 25.4

8.3
7.8
7.0
6.2
S.3
4.4

5.4
6.5
6.4
6.2
5.8
4.5
3.8

9.9
9.4
8.7
7.8
6.8
5.6

7.2'

8.0
7.8
7.9
7.2
5.7
5.0

11.3 12.5
10. 7| 11.9
10. 3| 11.6

10 5

13.6
13.

12.8
11.6

8. 9.3 10.4
8.11 9.3

3. 1 4. 2 S. 2

8.7
9.1

9.0 10. 1

9.3! 10.5

8.5| 9.6
0. 8 7. 8
6. 1 7. 1,

14.

14.2

13.9,
12.7
11.6
10.4

15.7, 16.7 17.6
15.21 16.0 16.7

14.9 15.8 16.7
13.7; 14.5 15.3

18.4
17.4
17.5
16.1

12.0
11.3

13.6
12. li

14.6 15.5,

19.3 20.1
18.2 18.9
18.3 19.1
in. 9, 17.7
16.4 17.2

10.2 11.6 12.9 14.2
10. l] 11.2 12.3 13.2

11.1 12. Ol 12.

«

11.5 12.,il 1.3.4

10.6 11.5 12.3;

8.71 9.6 10. 4i

8.0
I

20.9 21.6 22.3 23.1 24. ci 24
19.7 20.5 21.2 21.9, 22.6 23.3
19.9 20.6 21.3 21.8

15.5 16.8 18.2,

14.1 14.9 15.8

13.6 14.4 15. ll 13.8 16.5 17.1
14.2 14.9 15.6 16.3 16.9 17.6
1.1.1, 13.9 14.61 15.3 15.9' 16.6
11.11 11.8 12. 4| 13.0 13.7

210
,
220 2;{0

19.3 20.3 21.3 22.3 23.2 24.0 24.8 25.5
16.5 17.2 17.8 18.4 19.1 19.7 20.3 21.0;

17.8 18.4 19.1 19.7 20.4
18.2 18.9 19.5, 20.1
17.2 17.8

32,

25.9
25.3

26.2
21.6
21.0

33.9 34.8
26.4

27.0' 27.1

22.

2

Cb.r«c.Hej^i5
ter of

from
PO^^^- groUDd

as

0<S.

Fttt.

2i
18
34
50
66
82
100
US

2J
18
34
50
66
82
98
114

DIAMETER ACrBETIOX, IN 1X1 HKS, FOR DEC'AIIES

—

2.0
3.4
3.2
2.7
2.5
2.2
1.8

1.4

1.6
2.4
2.3
2.3
2.1
1.6
1.4
1.0

2.4
3.0
2.9
2.9
2.5!

2.2
1.9
1.5

1.9
2.4
2.3
2.1
2.0
1.5!

1.1

1.0

2,

2.1
2.2
.> o

'i.Q\

1.8
1.6
1.5

1.9
1.7
1.8
1.8

1.7,

1.4
1.3
1.1

2.4
1.8
l.d
1.6

1.

1.6
1.5
1.

1.8
1.5
1.4
1.7
1.4
1.2
1.2
1.1

ZO
1

1.4

1.3
1

1.4
1.3
1.3

1.5
1.1
1.2
1.4
1.3
1.1

1.1
1.0

6
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5B

2'/2 feet from Qround
18
34
50
6B
82
100
115

"O so 40 60 80 100 120 140 160 180 200 220 240
/^GE OF D/Sf<

Fia. 30.—Diagram showing diameter growth oi' dominant trees at various heights from ground in PeimsylTania.

°o 20 40 To Yo mo
JfJ^^ g/gf^s,^

'^° '^o 200 220 240

Fig. 37.—Diagranj showing diameter growth of codominaut trees at various heights from irround in Pennsylvania.

20233—No. 22 8
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'I'aiu.e N'.— liroirlh 11/ liiaiiieirr and croen-aecHon area at larioiis heujhlH /lom thr r/rouiid—C'ontiiiiieii

(4) AVERAGE FOK MICHIGAN.

Cliarac
terof

growth
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20 40 60 80 100 120 im 160 180 200 220 240
flGEOFD/Sf<

Fig. 38.—Diagram allowing diameter growth of domiuuut trees at variuus lieigbts from grouiul in Jlicliigan.

20 40 60 80 100 120 140 160 180 200
jRCE OFDISK

Fio. 39.—Bia^iam showing (lianu-tiT j^rowUi of rodominant tret-s at various lit-ij^Iitj* from ffroimtl in Michigan.

220 2^W
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Fio. 40.— Diajram showing diameter growth of oppressed trees at various lieigbts from grouud iu Midji^'an.

Tablk \ 1.—Jtre yiiUls of IThite Pint and meo sure men t« v/ sample trees.

A.-MICIIIG.VN
(11 Site ft:

rresquo Isle County. Sample area : 1 acre.

[700 to 800 feet above sea l.'Vel.]

Soil: Yellow or gray sand, moderately loose, deep; subsoil with small stones, surface cover of
f,^«

"' P*°^.;,J^" »
m?r?"1?«''

rore,r\ondUwns: Ked" Pine (61 ptr cent), raixcl wiiL rt'hite Pine (36 per cent), and occasional

., ^^^::'y^'' ''"•" " "" ""'"'• "" '^"*'-
White Pine. Ked Pine.

"^"""^^ *"^

Doniinai.t percent.. Jn

Oppressid ' o.... .1

Suppressed '•» •
• "

ACRE YIELD.

id
20
2S

White Pine.



TABLES OF MEASUREMENTS.

Table VI.

—

Acre yields of fl'liite I'ine and lucaaun-minti of nample Iriia—L'ontiuued.

A MICHIGAN—Coutinued

MEASUREMENTS OF SAMPLE TliEES.

Age ctaas: 80 to 100 years.

DOMINANT GROWTH.

117
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Taiili: \'I.—Jiiv i/iildx 11/ IVhitv Pine niiil miniiiiniiuiils vf siimpte Irtei—Coutiniied.

->IItIIIGAN-('ouIiniied.

CJ) SiTEfc: Prt'8<juo Isle County.

[7U0 to 800 feet nbove sea level.]

Soil ; Deep, loose, tfray mjiikI, covered with leaves ; said to l>e underlaid l)y day.

Forett conditittnt : White Pine (08 per cent), interuiixed with Ked Pine (U jier eent). Hemlock
(18 per cent), with scattering Cedar.

Clanijiealioit

:

White Pine
Doniiuaut per cent.. 52
Oppressed do 18

Suppressed do 30

ACRK YIELD.

Sample area; 1 acre.

Age of pine: 130 to 140 years.
Densiij- of crown cover: 0.7 to

0.8.

Number of trees: 181.

White Pine. 1
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T.vBLE VI.

—

J(re i/iclds nf White Pine and measunnunlD of iiamj)lc tren—Continued.

A.—:M1C1IIGAN-C.mtiiiu.-.1.
MEASCUEIIENTS OF SAMPLE TIIEES—Contiimed,

OPPRESSED OKOWTH.
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Taulk \"I.—Jrn yieldf of fi'hiti I*int and mcanuicmtnta of aamph trees—Continued.

A.-MUIIIGAN—CoDtinneil.

(4) Site*.- Montmorency County. Saiiipk- art-a: one-half acre.

Soil: Brown or red Hiintiy loam, light, loosf, dry, with Htont-H. and sarface cover of hraken hikI Age of pine: 100 to 12u years
other wei>d8.

"

DeUHity of crown cover: 0.5.

Forest cnuditiong : Red Pine (59 per ceul j mixed with White Pine (41 jier cent; : no undergrowtli

;

level. Number of trees: 110.

ClasKij^cation : White Pine. Red Pine.
Dominant per rent.. 05 00
Oppn'MHeil do. ... 18 ;(4

Suppressed do 17

HALF-AfllE YIKLI).

White I'iue.
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Tarle VI.

—

Acre yields of fVhiie Pine and measiiremeutH of tiampU trcts—Contimied.

A.-MICIIIGAN-Cnutinued.

(5) Site/. Montuiurency County. Sample area: 1 acre.

Soil : Jlrown, dry sand, with stones, antl surl'are co\ er of brakes and fjrasa. Age of pine; 160 Ut 180 years
Forest conditions : Red Pine (94 i»er cent) witli scatterioy; Wliite Pine (6 percent) on a level plain; Density of crown cover: 0.6.

no underyrowtli save very small shrubs of scattered Oak (characteristic of thia locality).

About 15 per cent of trees injured by tire in 1891. Number of trees: 115.

Classification : Ked Pine.
Dominant per cent.. 72
Oppressed do 13

Supijrcased do 15

ACRE YIELD.

White Pine.
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Tahi.e VI.

—

Acre i/ields of tFliili I'ine mnl mniHun inriiln of sample trees—Continueil.

A.-MK IlKiAN-Cciiiiiiiii.il.
MEA.SL'REMENTS OF .SAMPLE TUEES.

Age ela»$: 130 lo 1 JO yeara.

DOMINANT OKOWTH.

!

Tree number.
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Taiuj-: VI.

—

Jen- i/ields of White rinv und mtaHurtnunts of sample trcei—Coutinuud.

A.-MICHIGAN—Continued.

(7) Site ft: Crawford Couiilv.

Soil: Brown, loamy sand, medium line, liglit, loose, verj' deep, fivHli, well diaiiied, with surface
cover of abundant leaven.

Forest conditions : Moderately dense stand of 'White Pine intermixed with Hemlock and Keech,
witli scattering Yellow and Wliite Kirch and occawional Red Pine, on a level plain; under-
growth of young Hemlock and hardwoods.

MEASUREMENTS OF SAMPLE TP.EES.

Age class: i'20 to 450 years.

DOMINA.VT GROWTH.

Tree number.
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Taiile \'I.—Acre yields of IThite I'ini and miamirriiienlg of sample trees—Continued.

A MIC Ifiri.VN-CciiiiiniiiMl.

MEASCREMENTS liF SAJII'LE TREES.

LOJIl.NA.NT OROHIH.

Tree niinibLT. Age.
Dlanjfter
(brea«t Hoiuht.
high).

Kiii^'8

jier inch
ou

I

Rtiinip.

Volume
of tree.

Kai-tor
of

shape.

Ratio of
length

of crown
to total

height of
tree.

Current annual
accretion.

Average
annual
accre-
tion.

3
7
6
4

8

Averac

Tears.
100
08

l0:t

loo

103

Inches.
16.0
If). 5

17.0
19 5
liS.5

101 17.0

Feet.
98
too
104
100

109

iVo.

(I)

(?)
6.3
4.0
4.8

Ou.ft.
64.5
68.4
71.7
94.0
95.9

0.44
.43
.43
.45
.47

0.45
.40
.45

(')

.37

Per cent.

1.7
2.2
1.5

1,7

103 5.0 79. .44 .42

Cu./t.
1.10
I. so
1.07
1.61
2.0!

1.46

Cu./t.
0.64
.70
.70
.95
.03

.78

CuriOMINA.N'T fiRC)\VTH.

...

5
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T.Mil.K VI.

—

Acre ijichh i_>f While Pine and mtaniircmcntii of sampli: tncn—Continued.

A MICIIIIJAX—CoutiDued.

(Ill) SiTK i. li.isinmnion County. Sample area : 1 acre.

[About l.iiiiO luct above sea level.)

rial/ acre Xo. 1.

Soil: Brown, loamy saud. dee]i, fine (for sand). por«)u.s. loose, fresli, and well drained (water stands Age of pine: 230 to 240 years.
in low jironndl. witb a mo(ii'rati'l\ leiily surlace cover: subsoil, same a.** soil. Density of crown cover: 0.8 to

Forest conditions: Twu-.story stand on a gentle slope, upper story of White I'ine (HO per cent) and 0.9.

Ked riuo (20 per rent), low.r story of tine tall Ueralock'; undergrowth scanty, of young
Hemlock. Heccli. and dwarf Maple. Number of trees : 186.

Clasfdfication: White Pine.
Dominant per cent . . 63
Oppressed do 21
Suppressed do 16

HALF-ACRE YIELD.

White Pine.
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Table VI.

—

Acre yieldx of ll'hile I'ine and iinaHiirtmfnla of mimiili IrifH—Continued.

A.—>aCIII<;AX-Coiitinucil.
lla{f acre Ao. ?.

Soil; Moist, low Kroiinil. near swanj|> Agp of pine: 230 to 240 years.
Fnreil eonditioTU: White I'ine (51 per ceuti ami Hemlock (49 per cent). Density of crown cover: 0.5.

riantiricatum : Wiiite Pine, h'liiuljer of treea: 118

Doniiiinnt Ii«r cent.. 80
Opprease<l <1" 10

Suppressed <lo— 10

HALF-ACRE YIELD.

White Pin
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Table VI.

—

Aire ijields of White I'iue attd mtaxnremt iits of sample treex— C'outiuiied.

A.—MICHKiAX—Contiuutd.

{12) Site in .- Kosmmtuou County. Saniiiir area: 4 ncrea.

I'.iWi It. 1,000 teet above t*t'a level.]

Acre Xo. 1.

fioil: Dry, light-bmwn sand, mediutn tine, di-up. well drained, with moderately leaiy anrJace c<iver. Ape of pine : 160 to 200 years.
Forest coiiditione . Ued I'ine (53 per cent) with AVliite Pine (39 jier ci-ut) aiiHr hardwoods (8 jier DenHity ol crown cover: (/),

cent) on uneven ground : j^tand open, jiud open places with Red Dak and Maple, Kuuiber of trees: 91.

Clasftijication

:

White I'ine. Ued Pine.
Di>minant percent.. 73 87
Oppressed do 19 11

Suppressed do 8 2

AGUE YIELD.

White Pine.
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Taiilk VI.

—

Aire i/'uldfi of IVhiti- Pinr ami iiiefiHitreiin ntn of fiamjth- trees—Coiitiuued.

A.—MH IIKiVN—('ontinucd.
Acre .\o. 3.

Soil: Liglil brown, ilry siiixl, meiliuni Hne, tb-ep, well draiiinl. with a iiifidiratt-ly leafy surface
rover.

Forrnt conditions: HvH Pine (90 per cent) iuteniiixi-d with Wliit*' Pine ( 10 jut ct-nt); level.

Classification

:

White Pine. Red Pine.
I>i>niiDan( ^. per ceut .75 80
UppreH8e<l do 17 12
Supprefsed do H 8

ACRE YIELD.

Aue nf i.ine : 101 to 2tiO yearfl.
Iicnsity of crown cover; (/)
Xuiiiber of trees: 117.

White Pine.
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Tahle VI.—Acre yhhf« of ll'liilr Vine <ind mea/iurt incuts nf sample trees—Continued.

A.—MICmGAJf—Continued.
ilKASrUEMEXTS OF SAMPLE TIIEES.

.1;/'' dnsit : IGO to ISO j-o:irK.

Ull.MIXANT OBOWTH.

Tree number.
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Tahi.k VI.

—

Jrre yiV/rfs of While fine anil mtumin meut" of ttamplr treea—Continue*!.

A.-.MICIIIGAN—<ontliiue.l.

(13) Site n: Koscominiui County.

[900 to 1,000 fct't jtliovc sea Ifvtl.J

Suil. Liglii brown. loaray sand, fn-rtli. liyht. loose, fiDe, wi-II draiucd. with 2 to 3 incln-H mold on
top, and a Hurfaoe cover ofalnnidatit loares.

Forfst contlitifiis: Hardwoodi* (fi9 |»er n-nt) mixed with White Pine (^11 |ier cent) Hitiiated on a
HhijM- (ant;le 10-) ; undergrowth scanty, of young Oak and Ueech, [The single Ited Tine stand-
ing rather exceptional. About 20 to 25 per cent of Red Pine would have been more typical.

] Number of tn-f-a : 130,

Clatnjicatioti: While Pine.
Dominant per cent.. 80
OppreftHcd do.... 10

Supjire.tsed do 10

Saiiipb' ari'a: lacre.

A g(? of pine: ICO to 200 years,
Density ol crown cover: (?)

ACRE YIELD.

White Pine.
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B.—TVISCOXSIX
(1) Site a:

Taiilk VI.

—

Acre jiields of U'hili I'lnr ami mta^ii'-i iiu'iil'< of giimjilc trees—Contimieil.

Wfohbuni County

.

Saui pit; area; 2 acres,

[1.200 fm-t aliove sea level.)

Acre .Vo. J.

Soil: Fresh clay, umlerlaitl by barilpan nf day and atones; 4 lucheH of mold, surface rover leafy.
Forest conditions: Twostory atauil, White 'Pine occupying upper story. liiirchvood.s (MaplV.

Yellow lJii-eh, Elm or llasswoiids. or Hornbeam) the lower story; I'lnderj^rowlh dense, of
young hardwoods. I to 3 iuclies iu diameter. 20 to 30 feet high. 'White I'ine, 56 per cent:
hardwoods, 44 per cent.

CUmsilicalion: AVhite Pine.
Dominant per cent. . 73
Oopre.ssed do 9
Suppressed do 18

Age of pine : 2(J0 to 220 years.
Density of crown cover: (0.

Number of trees: 7G.

.\ct;e yield.

White Pine.

Number
of trees.

Diameter
(breast
high).

Inches.
11
14
16
17
18
19
20
21
22
24
26

28
29
30
31
32
33
34
35

Height.

Feet.

80
to
120

120

to
135

Volume.

Mer-
Bole, icbantable

I

timber.

Cubic feet. FeetBM.
64
165

71
79

91!

105
114
420
180
384
021
924
247

1,040
280
891

1. 260
694
367
429

43 trees

Maple.

Number
of trees.

Diameter
(breast Height,
high).

Inehet.
3 to 6

18 OtolO
3 10 to 14

1

Feet.
40
60
80

Elm.

CtolO

Yellow Birch.

I 6 to 10
4 10 to 14
4 14 to 18

80

Total cubic feet 8,119
\\

TotalfeetB.M 52,920

33 trees:

Average annual accretion: "White Pine, 38 cubic feet.

252 feet B. M.
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Tablk VI.— .Icre yieUU of ll'hilc I'ine and meamirements of nample trees—Continued.

B WIsfONSIN-Coiiiiruod
Acre Xo.i.

Soil: Freiili cl.iv, iinil<Tl.iiil by ljanlp»a of clay and stones; 4 inchea of mold, siirluce cover Ago of pine: 200 to 220 years.

l,.afy.
' '

Density of crown roxer: U)
Forftt conditionf: Two storv stand, \Vhit« Pine occiipyin;; tlie upper story and liardwoods

(Miiple, Yfliow Hircli. Kfm or ItasswwMi. or Ilorniieanu the lower story ; inMler^rowtli scanty,

of voiiiij; liardwoislb .ind Fir. Wliite Piue, 52 i)er cent ; hardwoods, 48 jn-r cent. Number of trees: 13X
Clanxfiratfui: Wliile Pine.

Uonii nan I per cent . . 75
{Ippressed do 22

Suppressed do 3

ACRE YIELD.

White Pine.
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Table VI.

—

Acre i/ields of JVhitf Pine and vieu&urenuulH of mimpU //era— Coiitiiiiieil.

B.—WISCONSIN—Continued.

(2) Site c ; Washburn County.

[1,400 feet above sea level.]

Acre Xo. 1.

Soil: Light-colored clay, underlaid by sand at a depth of about 2 feet; fresh, in"ii«t in Imllow-,

Willi :( inches nioltl on top and surface cover ol leaves.
Forest vomlitioiis Two-stiir\' stand of typical open pine growth, njiper story ni Whitf Tine

(22 jier cent), Inwcr story nt hardwoods (74 jn-r cput), mainly liock Slaplc, .snitlering

Yellow Birch, and occartional Elin, Hornbeam, and Fir (4 per cent); undergrowth, moder-
ately dense, of young hardwoods.

ACRE YIELD.

Sample area: 3 acres

Age of pine : 20O to 220 (few 160)
years.

Density of i-rown cover: (

Number of trees: 88.

White Pine.

Num-
ber of
trees.

Diame-
ter

ibreasi
high).

Height.

incnei. ,

18
!
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T.\i!i.K VI. Acre yiilih of While I'ine iiiid iiieaidirmintu oj mmpte tries—rontiniu-il.

B.-WISCOXSIX—Omiiniud.
. ,. ^
Acre .^o. a.

Soil- l.iL'ht.rolorcil rlay, uii.li-rl.ii.l bv snnd at a ilfpth i.f about 2 ffet :
frcth, moist in llolb,^v. Aur of jiinf: L'OO to 220 (few

with 3 imbis molil on top. mill snrfn.e 1 iver nf Ii-nvps.
. ., , , . .

18") .vcurn.

Forenl ron,lit(ou» Two-slorv slaiiil of Wliiti- IMno (40 jiir ciiitl luixiil with hardwooils (4, jK-r Density ot crown cover: ( ()•

reul) iiiiiiirstorv of bafilwooils ( Koik Majili; imcnnixed with Yellow Itirili anil scattvnii;:

Horn'bi-iiiii anil Klni; nndoccaHional Fir (13 iH>r cent): uioileriitcly dense unaergrowtb, of viry

vonni; hardwooiU.
,v-i •• i-

N'""l"r "f trees: 123.

Clainjirali.,,,: ,
White I'.ne.

Doiuinant percent.. ,6

ilpprvsned do.... »

Slllipresswl do.... lb

ACRE YIELD.

White Piue.
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Taiile VI.

—

,lcrr iiieJila of While I'iiiv iind meanurcminU af xample IreeH—Continued

B.-"«T[SCONSIN—Cniitiiiiicil.

MEASUREMENTS OF .SAMPLE TREES-CMiitiiiu.a.

Ageclaas: 150 to 200 years.

Treo number.
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Taiii.K VI.

—

Acre ijieliU of iriiile Pine iind meanureminls vf nample lycen—Continued.

-WISCONSIN—<'ontiinied.

(3) Site e

:

Barron County. Sample area : 3 acres.

Acre ,Yo. 1.

Soil: Clavoy litnni mixed witli saml inid stones, leaf cover underlaid by 2 to.'t inches mold; subsoil, Aj;e of jiine: lOo to 201) (few

rlay {n ola^-ex anil in otbrrs sitnd. 'JO t<i lUO) years.

Forett'contUtiuits: Iiid;:eH cnviTi-d with White Tine (CojM-rcenlj intermixed wilh hardwoods (3*.* Density of rntwn cover: (0-
per cent), nianily Hock Miiple, tew Yellow Birch, Hornlieain, Basswood, and Dcca^ional KIni,

with scattering Fir (2 per cent) and Ked Pine (1 jx-r cent) ; hollows sometimes lull of water,

but more often open, grassy swamps, wilh Alder and Uackmatack. fringed by pine. Number of trees: 106.

Clauilicalion

:

'

White Pine.
Dominant percent.. 57
• Ipprcssed "io 30

Suppressed do 13

ACRE YIELD.

White Pine. Eed Pine.

w.-^.!.... Diameter

»^"«--
'high?.'

°"''"

Inches.

Volume,

i v..*..K»* Diameter
Mer. N""'^;

,
(breast

i

Bole, chautable °' ""*'•
|

high),
timber. I

Feet. Cubic/eel. Feet B.3I.
4
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Tahi.e \I.— Acre ifirliln uf ll'hili Vine and mianitrimentu of uample IreeH—Continued.

B.—'WISCONSIN-Cuutiniied.
Acre Xo. S.

Soil: Clayov loam inixoil with sanil .and stones, Iraf cover unilcrUuil liv 2 tn :i inilicx iimld; subsoil, Ago of jiiue: 160 to 200 (few

day I'n idiuesiind in othnrs sand.
'

90 to lOO) years.

Foreit coniHliuiu : KidgiH rovfml with 'Wliiti' I'iiic (49 per cenll intorniixiMl with hnrdwooda Density of crown rover: (!).

(51 per r(>nt|, niaiiily Km k Miiiple. few ViUow Birch, Uomlicani, ISasswood. an.l occasional

Klni, withscatteriii^ Fir and Ucd Tiiic; hollows soinelinics full of water, but more often open,
(rrasav swamps, with Alder and llackmatack, fringed by pine. Number of trees: 110.

Clax.yirieiilioii: White Pine.
1 loiii ina II ( per ci-nt .

.

78

( Ipjiressid do . .

.

22

Suppressed do

ACRE YIELD.

White Tine.

Number
of trees.

Diameter
(breast
high).

4

4

2
111

10

2

Inches.
e to 10

19
20
21
O.I

23
24
26
27
28
29
30
32
35
42

Volume.

Height.
Bole.

I

Mer-
chantable
timber.

ilaple.

Number
of trees.

Feel.
80
to

100

Cubicfeet. FeetB.M.
20
158
172
496
536
292

1,530
370

1.090
426
456
480
548
652

1,074

26
16
2

Diameter
(breast !

Height,
high).

Inches. I Feet.

3 to 6
;

40
6 to 10

I

60
10 to 14

I

80

Total cubic feet 9.200
Total feet B. M 41,160

Yellow Birch.

23

Hornheain.

3 to 6

56 trees.

Aocrane annual accretion : White Pine, 48 cubic feet.

216 feet B.M
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Tahlk VI.

—

Acre yields of ll'liile I'iiu- mid mtdaiirennnlH nf samjile Iree/i—Continued.

B.—Wise OXSIN—Cunliuui'd.

Acre .Vo. :i.

Soil: Clayey loimi niixid with «an<l .mil 9tone», Itaf cover iinilerlaiil by 2 to 3 imliet niolil: Bubsoil.

clav in jtlurt's and in uthtTH »nm\.
Forettiondili'iiii: Uiilut-s rovcivtl witb WbiK' Pine (39 per cent) inlurniixeil with hiiribvoiHiH (38

IHT cent), niiiinlv li<M-k Majile, lew Vellow Ilireh, Hornbeam. liaMswooi], itnd occRHional Elm,

with scatteriucKIr (3 per tenli anil Kill I'ine; bollows Hniiietiiin's lull ol' water, but more
often open irraMB\' swamps, witb Abler anil llaekiuataek. tringeil by pine.

C(a.««riifien

:

White Vine.

Dominant )ierccnt.. 61

Oppressed *|" }^-*

Suppressed do.,. 24

.Vueof pine: IIIO to220 (fewOO
to 100) vearH.

Density of iTown cover; (?).

Niimber of trees: 144.

ACKE YIELD.

White Pine. ji
M.iple.
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Taulk \'I.— A<re t/ields of ll'liHc I'tut ami ntttisuri mniiH of samplf treen—CoiiliuueU.

B.—WISCONSIN-Coutinue.I.
ilKASQKKUENTS Ol' SAMI'LIO TREES.

Aye class : JUO to 2"J0 years.

Treu number.
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Table VI.—Acre ifieUh <>/ ll'hiU- I'iite mid iufnuureiueutx tt/ Kumplr tniM—Continued.

B.—WI.SCONSIX—Coiitluui'tl.

(i) SlTK/; Washburn Coiintv.

Snil : Light hr*»wn anixly lonm. medium fine ;;riiin, loose, deep, fresh, well draineil. with nhun-
(Inm leiity surract* *'«\ er.

Fortut c-iiilihonif : An npeii fltnod nf ImrdwoodH (linck Maple. Yellow IJirrh ami scultf-riiitf Uasa-
w<hmI. Willi HfTiihuk, and iMTJisionnI Hed 0:tk. While Birch, ami INiplar). in which White Pine
is f*»attore«l in varxinj; itrniifiriions. on broken iauil. with frequent Hwamp;* in the hoUowH;
undergrowth of young hardwoods. Fir ami lli)rnheam, and fuw lieiulock.

MEASLTKEMENTS OF SAMPLE TKEES.

Age class: 8<* to 100 years.

Tree numlier.
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Tahi.e VI.— Jci-c iiiehh of While I'ine and mensiiremciilH of xamph- decs—Continued.

U.—'WISCONSIN—Coutiuucil.

(6) Site 7: Washburn Coiiut.v. ' Sample ari-a 1 acre.

Soil: Lcini. eenerallv fresli, s.uiil anil stonL- mixed, 2 to 3 inclits molil on top, and ,l surface covet Av'eof pine: 160 to 230 years.

of leaves Density o( crown cover; (1)

Forest roiuhtions: Two-stnrv slnnd, upper storv nf Whiti- Pine |51 jier ccntl and Ked Pine (9 per

cenK, second atnry of fir (13 per cent, and lianlwoods (24 per cent)— .Maple, willi .scatlenu';

White and Yellow' liirch, occaaional Oak and Khii, Hemlock occnrrinc singly: underErowth

scanty, of voung b!irdwooil«. uneven land lull of drift ridgert and hidlowa, often with steep _

inclines, tlic hollows Ireiiueutly full of water. Number of trees: 143.

Classincalimi: " '"'I'
"^^

D.')niiiiaii

t

P'T ''""it • '"

tlppres,s,d ''"•• 15

Suppressed "" '*

ACRK YIELD.

'White Pine. 1
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Taiii.e VI.

—

.lire jiieUh of IVIiite I'hii miil mmnuremeiilt nf xamplv trees—C'outiuiied.

H AVISCOXSIX-Cuiiiimicil.

(61 Site tr .- Lincoln Coiintv.

Soil: KC4l, cnnipnrt fliiv (iilnek on top), well <lruiOe(1, witb leafy Hnrface cover.
Forest eontlilinuf : A iiii\cil ntiinil of White Piui' (50 per tent). Ileiulock (3ii per cent), and Blrcli

<20 p»T cent), rtilliu); country.

IIEASCREMEXTS OF SAMPLE TREES.

Affeclau: 100 to 150 years.

Tree number.
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Tami.f. VI.

—

Jcre iiieldx "/ ll'hili' I'ine and meamirfmeiitii of sumple (rcfs—Continued.

C—PENNSYLVAN IA :

(1) Site d; Clint<iii ("nuiity.

[2,0Ull feet nliove sea level.]

Soil Ivockv nnilorlaid by saml, stone, or slnten in place.s, sand or clay or a mixture of both in

varvini; iiiuiiortions; no soil to 'lepth of 4 to '. fi-i't, rocks covcreil with 3 inches mold, ami
1""1

Rock I-'ern. Laurel, (Ireeii llrier, and in o]n'nin:;s some Blackbcn-ies are seen

Forest cimililioiin: Hemlock (HO lu-r cent) intenuixed with White I'iiie (24 pi-r cent), scattering;

lil.iili liireh and Yellow Birch and occa.sional Oak, t'heatnut, and JIaple, on steep slopes

Sample area : 2 acrea.

A«o of pine : 240 to 280 years.
Density of crown cover: 0.4

to 0.5; openings near top of

slope.

br.rdOTinK^'i\"n'erKunrinid'cVKr(rwrh,''m^^^^^^^ Hemlock near the run and Number of trees per acre:

Birch and hardwoods above named near top of slope.

YIELD FOR THE TWO ACRES.

White Pine.

Number
of trees.

Diameter
(breast
high).

Inches.
in

11

13
19
22
23
25
26
27
28
29
30
31
32
33
34
35
39
4U
41
42

Height.

Feet.
80
80
80

130
130
130
13U
135
135

135
135
135
145
145
145
145
145
145
145
145
145

Volume.

Bole.
Mer-

chantable'
timber,

Cu.ft.

108

190

1, 085
514

1,995

915
310

1,170

2,400

960

3,066

FeetB.M.

432

4,494

1,000
6, 1.50

2, 780

9,800

5, 850
2,000
6, 900

14, 400

5,600

19, 800

47 treea

:

Total cubic feet 6,836

Total feet B.M 39,603

Hemlock.

Number
of trees.

10
24
3

4
4
5

9

3

7
3

8
5

3

8
5
1

3

4

Diameter
(breast
high).

Inches.
3 to 6

C tolO
11

12
13

14
15
16
17
18
19
20
21
'>'_>

23
25
26
27
28
30

Height.

Feet.

80
to
100

Oak.

Kum1)er
of trees.

Diameter
(breast i Height,
high).

Inches.
6 to 10 1

10 to 14 /

Feet.

35 to
60

Birch.

5

10
3 to 6

6 to 10
10 to 14

14 to 18

40
to
60

Chestnut.

6 to 10
10 to 14
14 to 18

40
to
60

Maple.

3 to 6
6 to 10
10 to 14

14b trees: „ ,.o
Total cubic feet 'l-^~
Total feet B. M 66,005

Averaqe annual accretion : All .species, 49 cubic feet.

264 feet B. M.

MEASUREMENTS OF SAMPLE TREES.

Age class: 180 to 200 years.

Tree number.
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Tahi.k VI.

—

.Icre yicldH of Ifliilii I'iiie and meaiiuicmciila ujeamph triis— Coiitiiiiieil.

C—PEXXSYLVAXIA—Cnntinii.-.l.

MEASrKEMEXTS OF SAMPLE TliEES-Cmitiuueil.

Sfje claim: 230 to 250 yfars.

ConoMISANT liTiOWTH.
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T.\ULE \'I.

—

Acre yitlilx uf ]i liil<- I'im' nml iiuiiaiiriminlH nf Kam/ile trees—C'oiitiinied.

rj.-PENXSYI.V.\MA-L\iMiimieiI.
.MH.VSUliKMKNTS OF .S.VMPLK TKEES.

JI'iMI.VANT (iliuWlH.

Tret- niiiiilter

1

2
3

4
10
12
18
19

20
21
23
33
34
35
3(i

37

Average . .

.

A.ue.

Tears.
260
200
2.i0

241
244
262
205

' 250
2B6
245
248
250
262
263
241
261

Diameter
{breast

hife'li).

Ueijjht.

Inches.
35.5
36.0
32.

32.0
33.0
28.0
39.0
34.0
44.0
34.0
34.0
33.

33.0
31.0
31.5
37.0

255 34

Feet.
168
157

152
150
146

156
153
150
144
146
142
133

146
144
134

146

147

Volume.

Height ti.

l)a9o of
crown.

Kings
I

per inch
oil

stump.

Feet.
no
90
84
62
9G
88
88
78

100
92
90
91
90
82

88
106

-Vo.

7.6
7.0
7.8
8.6
6.8
9.0
6.0
6.3
5.7
7.1
7. 2

8!o
7.4

Tree.

Cu./t.
435.4
481.3
396.0
347.7
365.9
285.8
511.1
402.4
038.4
366.7
373.4
304.5
369. 2
275. 2
307.7
482.9

i[er.
chnntable'
tinilii-r.

Factor
of

Rlinpo.

Ft. B. M.
3,030
3. 401
2,637
2.079
2,384
1,648
3,318
2,397
4,388
2,248
2.318
1.770
2. 220
1,458
1.8.^.3

2. 970

0.40
.43
.46
.41
.42
.43
.40
.42
.42
.40
.42
.40
.42
.36
.42
.44

Ratio of
length

of (Town
to total
height of

tree.

390.0 2,507

0.43
.42
.44
.59
.34
.43
.42
.48
.30
.37
.37
.31

.38

.43

.34

Lumber
product
under
]in'8e»t
jiractice

( per cent
UHed of
total

volume
of Btein).

55
50
54
47
54
49
57
51

51
48
50
44
50
50

.41

CODO.MI.VANT GROWTH.

28
25
24
2-2

HI!!!!!!!!!"!!!!
6

7
8
9

11
13
14
15

16
17
26
30
29.

31

32

Average

.

262
244
245
240
264
264
262
235
230
244
258
242
262
235
262
245
259
264
262
261

28.5
28.5
25.0
31.0
29.0
29.0
29.0
29.0
32.0
30.0
2,1.0

25.0
26.0
24.5
25.0
26.0
26.5
28.0
25.5
26.0

138
138
130
130
140
140
152
142
142
141
147
139
136
124

128
130
134
141
132
142

107
84
82

100
110
112
86
84
81

93
98
98
93
108
98
90
84
83
99

9.8
7.7
9.3
7.3
8.4
8.5

7.5
0.6

9.2
10.0
9.1

264.3
298.1
192.1
310.3
300.4
291.4
302.8
248.6
287. 7
305.3
206.0
217.1
257.2
163.8
214.4
199.2
228.6
276.5
191.8
239.9

1,551
1. 954
1,102
1.731
1,905
1.631
1,854
1,318
1,048
1.947
1, 048
1,233
1,389
815

1.183
1.021
1, 336
1.577

863
1, 322

0.43
.49
.43
.45
.47
.45
.46
.38
.36
.44
.48
.46
.51

.40

.49

.40

.44

.46

.41

.46

0.45
.22
.35
.37
.28
.21
.26
.39
.41

.42

.37

.30

.28

.25

.16

.28

.32

.40

.33

.30

1,421 .44

49
54
48
46
52
47
51
44

48
53
42
47
45
41
46
47
48
47
37
46

47

OPPRESSED GROWTH.

27..
38..
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T.VIII.K VI.

—

Acre ijiild" of ll'liite I'iiir mid mtiiHiiremrnln nf namplr Irret—Contititicd.

-PEXN.SVl.A .VM.V—Ciintilnii-d.

(3) Site * CleiirJiehl Cniinty.

[1.200 to 1.500 fi-i't iilin\ c Hia livil ]

Soil: Tellow cUycy loam, of nicdiiiin grain, willi fine slialcH, deep, fri-sli. well drained, with 2 to

3 inrlieM niolil on top, juiil «iirlar«' rovi-r of scanty Icavi-?*, l'"«rn. Dogwood, and Blacltberrii'H;

Huliaoil. Iiininiiilcd Hlialf of indvtinite tlrptli.

Forest cnmliiion*: Ilfuilock (47 in-r i'»'nit and Wliite Pino (30 pt-r rent) with scatterint: IJeech and
ot-casionnl Itlack Mirch (haniwotids 23 per cent) ; iiinler;;ro\vth scanty, of young llccch with a

few Black Birch and Basswood.
ACKE YIELD.

Sample area : 1 acre.

Ape of pine : 24ii to 200 years.
Deneity of crown coveV: 0.5

to U.7; in jdaceH openings.

Numher of trees: 78.

White Pino.

XT 1
Diameter

of trees.

Incheg.
18
20
21

23
24
26
28
31
32
34
35
36
40
41

130
130
130
130

130
130
135
135
145
145
14.';

145
145
145
145

Yohiiue.

(hreast Height,
liigh). Bole.

Ifer-
ehantable
timber.

,

Hemlock.

KT..».i ..- Diameter

oftreea '""''"' Height,
ot trtes. ,,jg|„

Beech.

Vtibief-el. Feet II M
137

137

137
137

380

514
.570

915
1. ,5liO

8"0

960

1,022

t)4-J

042
042

2,000

2.780
3,300
5.850
8. 200
4.800

6.400

6,600

21 ^rpps *

Total cubic feet 7,269
Total feet B. M 43.490

Number
of trees.

InrheK.
3 to 6

7

8
9

11

11!

17

18

19
20
21
23
24

2«
33

Feet.

80
to
100

16

Diameter
(breast
high).

Height.

Incheg. Feet.
6 to 10 30 to 40

Black Birch.

6 to 10 \ ,.
10 to 14 J

*"

55 trees

:

Total cubic feet

.

Total feet B. M .

11.224
66,900

Average annual accretion : All species, 45 cubic feet.

268 feet B. M.

(4)SiTE«; Jefl'erson County. Sample area: 1 acre.

(1.500 to 1,800 feet above sea level.)

Soil: Reddish-brown clayey loam, deep, fresh, well drained, with 2 to 3 inches midd on top and Age of jiine: 230 to 240 years.
a surfaci- cover of abundant leaves and ground Hemlock ; subsoil, laminated shale of iudeli*

nile deptt). Density of 4-rown cover: 0.7;

fores' conilitwng: Hardwoods (71 ]ier cent! —Tiiainly Beech. WbiteOak. and Maple—mixed with
HemltH-k (22 i)er cent) ;inil seatti-ring White Pine (7 per cent) on ridge: uudergiowth, moder-
ately dense, of very young Beedi anil some Maple.

ACRE YIELD.

Density of 4'rown cover:
in places 0.8.

Number of trees: 155.

White Pine.
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Taiilk VI.—Jen' ificldi of irhite Vhw and mrasiiri-iiivutH of f*a inpic ireea—Continued.

C—PENXSTr.VANIA-Coiitiiiuc.l,
MEASritKMEXTS OF SAilPLK TKEES.

DOMiNANT GROWTH.

Tree numbtr.
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YIELD OF SECOND-GRO'WTH -WHITE PINE, -WITH MEASUREMENTS OP YOUNG PINE
TAKEN FOR ANALYSIS.

Tlie yielil of second-growth White I'iiie on selected saiiiple areas in the States named is

shown in the loUowing notes and tabulations, which also give, for illustration, the nuniher of trees,

volume, and average annual accretion of i)ine, the soil, forest conditions, acre yields, and measure-

nieuts of sami>le ynuiig pines taken for analysis:

Taiile VII.

—

Acre nieldi of secoiid-yiowlh tVhili I'iiic, with meuxitiementa of ijoiiuij pine tuUiii for (iiuilijiiis.

Sample nrea: 1 acre.

A.-PENXSYL^•.V N I

A

(1) SlTEC- Luzerne County.

[1,400 10 1,500 feet above sea level.]

Half acre Xo, 1.

Soil: Dark-brown loainv nand, meilium grain, with pebbles and gravel, light, loose, ileep, freuli, Ago of i.ine : 60 to KO j-ears.

ilraineil by Hear (reek and a number of otber smull streams, l; iueben mold on top, and a sur-

face eover of abundant leaves and scantv feru. Density of crown cover: 0.5.

t'orful rniHlilioHM: While I'ine, mixed with Maple, Beech, Hemlock, and sraltering A ellow and

White Hireh, Wlilte and lied Oak, and or.asional Black Cherry, in a valley slopmi; toward

eonthwest and bordered on all .•iides bv hills over 300 feet above station ; undergrowth moder- ^. , ,

ately dense, of young Hemlock, Bcecli, Maple, Birch.' >umber of trees: 21ti.

HALF ACKE YIELD.

White Pine.
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Table VII.

—

Acre i/ifldn of seciiinl-i/niiiHi Jl'hiti I'im , irilh iiiitiniirfmcnlK <i/ i/fiiiini jiiiie liiki ii for iiiialiiHis^Coutiuned.

A.-PENNSYl.'\-AXl.\-Continueil.
Half acre Xu. ;'.

Soil: Reddi.lb-Iirown saiiclj* loam, lino ftniiii, inudiiim looso, deep, freah, drained liv lirar (,'ri'ok, Age of pine: 00 to 80 yearn.
2 to 3 inelics mold nu top, anil surfaee eover of aliundant leaves; Laurel and few Fern. Densitv of cmwn cover: 0.3 to

Forettcundilinni:: ^VIlito I'ine (loj) mixed willi Maple, neatteriu^' lieeeli. Ilemloik. and ocea O.S.
sional Spruce, on uneven gi-ound of :i vjilley Hliipin^ toward northeast and liorili-nd on all
side.s by hills over 300 feet aliove sl:itinn; iinderKTowtli, moderately dense, of younj; Ueni-
lock, Beech, Maple, and a few youuji S|o iice.' ' Xumbi-r of trees: 232.

HALF-ACRE YIELD.

White Pine.
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Taiii.k VII.— .tcre tfieJds of eccotni-firoirth U'hilr f'ini, trith mtusurfmentH of i/(Him/ pine takrn for analifHiff—Continued

A.—l»KNN*iVIA'ANIA—Coutiuued.

Soil- KiMlihAli-ltron*!! Nundy loam, niedtnni loose, frt'Mli, deep, mid \vv]\ draiiird, witli Hurlace rover
oriihtiiidant li'itvcn.

Forrat c-ntlitions: llardwouds—mainly Bt'crli. Oak, Maple, ClieHtniit, ami Hirch— mixed wilb
Whitu I'liie, I'itch IMue. Hemlock, and occaHioDal Spruce.

MEASUKEMEXTS l)F SAMPLE YUUXCr PIKE TKEES.

DOMINANT OHOWTH.

Soil: Fresh sand, well drained.
Forest conditions: A young White Pine grove mixed with mature Spruce, Hemlock, and scatter-

ing hardwoods.

Volume.

Tree number
Diameter

! (breast
I high).

Ilei-ht.
H fight to
base of
crown . '

Kings
per inch

on
stuni]!. Tree.

I Mer-
chantable

I timber.

Factor
of

shape.

I Ratio of
length

of t-rnwn
;

to total
height uf

tree.

Tears.
1 04
2

1

57
3 50
4 ' 47
5 52
6 49
7 52
8 54
9 54

Jnchet.
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T.MiLK Xli.— .tire ijiclfh of seciwil-iiniiilh While I'ine, irilli wnisiiremi iili nf i/oiing pine lakni for (i«a/ysi»—Coutiluied

A.-l'KXNSVI.\AMA-Coiiliini.(l.

MKASrUEMKXTS l)K SAMPLE VOCXG I'l.NE TREES.

Tree number.

1

2
3
4
5
6
7
8
!)

10
11

12

Average. -.

Age.

Tearg.
125

124
124
116
190

ih
120
128
127

122
125

(')

Diameter
(breast
high).

Height.
Height tu

ha.se of

123

Inches.
21.0
24.0
22.0
18.5
19.5
24.5
21.0
19.0
19.5
15.0
17.0
20.5

Feet.
78
88
87
79
85
83
89
84
88
70

«4
70

Feel.

40
28
34
30
40
36
38
40
40
36
3e

Volume.

Uing!i
per imrli

SttUltl).
Tree.

Factor
Mer. of

Chan table shape.
I timber.

20 83 I

-Vo.

4.8
5.4
5.5
0,2
5.0

(')

5.4
6.4
5.7
7. 1

6.9

Cvbie/eet.
I 88.

6

1 1 !.->. 8

99. II

63. il

79 7

124. .1

94. 5

66. 2
92. II

46.2
61.4
78.0

Katiouf
length of
crnwn
to total
height of

tree.

6.0 84.0

Feet B. it. <

404
483

,

432
280
364
068
429 I

370
446
161

267
293

383 I

0.47
.42
.43

.43

.45

.46

.44

.40

.50

.49

.46

.45

Lumber
product
uniler

• present
priictice

I per cent
used of
total

volume
of stem).

0.48
.67

.61

.54

.53

.50

.57

.52

.54

.52

.57

.50

39
34
36
36
38
44
37

46
40
30
36
31

.45 .55

(3) Site ST.- CleartieUl County.

[1,200 to 1,500 feet above sea level.]

Sample .irea: 1 .tore.

Soil: rellow clayey loam, medium grain, deep, fresh, well drained {three small streams cross the
hollow in different directions), with 2 to 3 inches mold on top, surface cover of leaves. Pern,
Ground Pine. Wintergreeu. Elderberry. Blacliberry, and Dogwood: subsoil laminated sh.ile
of indefinite deptli.

ForeHcontiitions : Young White Pineintermixed with young hardwoods in hollow extending nortli
and south, and bounded on the "west by liill over 2 feet abtive station: undergrowth dense, of
very small and various hardwoods, mainly Black liircli. Maple, and Beecli, and few White
Birch and Hemlock.

i

ACRE YIELD.

Age of pine: 25 to 35 years.

Densiiv of crown cover: 0.5
to 0.6.

Xuruber of trees: (?)

White Pine.

Volume.

Number
of trees.

Diameter
( lireast i

high).
Height. Mer.

chantable
timber.

I

Inches. ' Feet. Cubicfeet. Feet B. 3t.
154 Under3 1 4.5
41 3 to 5

I

16 to 37 I 61.5
54 6 to 10 I 40 to 47 ! 432.0 .

34 10 to 14 I 42 to 50 612.0
1 14 to 18 42.0

285 trees

:

Total cubic feet 1, 152

Averafje annual accretion : White Pine, 38 cubic feet.

^ Intermixed species : White Pine. 131+ 154 small : Aspen. 12+54 small: Beech, 1+ 137 small: Maple. 6+254 small: O.ik. 5+12 small: White
Ash, 3+21 small; Cucumber. 6 + 90 small: Black Cherry, 2+77 small: Black Birch, 17 + 415 small: Hamamelis. 4 sm:ill: Basswood, 6 smaU;
Tulip, 13 small; Ironwood, 2 small; Chestnut, 2 small; Willow, 10 small; Hemlock, 50 small.
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Tablk VII.— .IcM ijUlila of Btconil-groitlh ll'hili I'iiiv, leilh iiifamimiieiitK of yoiiiiii pine taken fnr anahjuh—Cuntiniied.

A I»KN ^SY^^.V^ I.\—Continued.
MEAsri:?;jiEXTs of sample rorxG riXK tkees.

DOMISAXT GROWTH.

Tret- iiunilicr.



TABLES OK MEA.<;URKMENTS. l-)3

Table VII.—Acre iiiclrlx of si'cuti(i-(/r(>irlli l\'liitc I'iiie, irilli mnninrvmnnla of i/""";/ p'i»c >al,eii for anaUjiis—Coiitinui'd.

A PENNSYI.WVNIA—Contimipd.

MEASUREME.N' IS 111- SAMPLK VDtN'd PINE TREES.

1)IIMT.N,V.VT liHOWTlI.

Tree hiuiiIkt.
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Tahli: \ II.—Acre ijivlih of seionil-yroiflh U'hite Vine, nith tnea8iu'cmentn of tjoumj pine taken for analysi/t— (_'oiUiniiL(l.

H.-MAINK:
(1) Site a: York County.

.S"oi7; tlrny »n- bn>wn line, loamy sami. (leop. frv.-th. 2 to 3 iuclii'it mold oo top ami Icjify Hiirfacr

cover, iim! elay proliablv >oiim- Uvt In-low surfa*-*-.

Fore-tt comiitiotiM. W'Uitv V\iu. with juatu-riu;; Kl*<1 Oak and Wliit*; Oak and occanional Norway
Pine oil a level; und<-r'fruwtli, moiU-ratety denite. of small Hrmlock and Iii'erli and niimeruua
Hmall Maple and Oak.

f'lattxifieation: While Vine.
iWmiinnnt P*t lenl.. 'J'S

Codominant d 40

Opprt'UHed do 18

Suppressed do 16

HALF ACRK YIKLD.

ijamplearen: One-half acre.

Aye of pine: Ou to 100 years.
Deurtity of crown cover: 0.5.

Number of trees: 118.

Wliite I'ine.
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Taiu.k VII.

—

Acre i/ields of second-i/rowth II'IiUk J'hir, n i7/' meuHiircinenlx of jiiiuug pine tahiii fur (inahjitiii—Cuntiuaed.

B.—MAINE-Cnutimieci.
MEASUREMENTS OF S.\MI'LE YOUXd I'INE TKKKS—Conlinucd.

OPPREsiSEl) CiROWTH.

Ti'fy iiiuiiber.
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Tablk VII.

—

Acre yielda of »ecoii<l-growlh U'liile I'ine. n-illi meafuriminlH of i/oiinti pine inkrn for aiialyiiiii—Continued.

B.—MAINE—Couiiiitiril.

MEAS0UEMEXTS OF SAMPLE YOIXG PIXE TKEES.

DOMINANT OBOWTH.

Tree uuiiiUer. Age.

1
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Taiu.k \U.—.l,re !/ieldH of serond-jroiilh Ulnlf riue, u-ith mettsiircmriilx of yoiimj ,»»< taken for analysis—CouUnuod.

B.—MAINE—Conliiiaiil. ^ > ,, v ,Oiu/uurth acre .\o. 2.

Soil: lirown »an,ly loam with little pebbles in it. .l..,.p, Ire.h, 3 in<lu« black soil auu mold on top, ^ge "f pinc
:

M to W^^earB

anilleirvsiirlacecover; ilayiirobabvS tol2iiiLlif8bebin-aurlace. Uens ty ol crown loier. o.o

i^or"° Vo-;'()Mr,".f \V^ witb occasional Norway I'inc, on a slope to nortb 5"^ to lUC; ^ umber of trees
:
JUS.

unilersruwtb scanty, of Hemlock. Oak, auil Fir.
^

'^'"umiilmnt: percent.. 18

Codoniinant , .;,

Oppressed 5 '' " '

"

ii
Suppressed *<•••• "

OXEFUl'KTH ACRE YIELD.

White Pino
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Taijlk VII.—Acre t/ields of second-yroioth ll'hile rim, iiilh tncaKuremtitIt of i/oiniij pine lakin for aiialiisiii—Continued.

B.—MArNE—Cnntimied.

MKASCREMEXTS OF SAMPLE VOrXC I'l.NK 1 KKES.

DOMIXA.NT GIIOWTH.

Tree number.
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Tahle vn. -Acre i/ielcls of accond-iii-diilli U hilr I'iiir, iritli meoHnrniiiiitn "/ i/aiini/ j}iiie lakiii for <iniili/»ii<— ( Vintiiiiicd.

C—MASSACITUSKTTS:
(I) SlTBO: llolhruiik, Norfolk Coinitv. Saiujilt* ari?a: 1 acre.

Suil : Tellowish-brown sandy loam, sliallow, loose, ilrv, with 1 or 2 iuchen molil on top and a mod- Age of pine : 35 to 38 years.
erately leafy surface cover; subsoil, sand with stoites and gravel. Deusitv ot orown cover: 0.6.

Forent conditions: White Pine on a slope (ancle about 10^) ; undergrowth scanty, of lied Cedar
with scattering Hemlock and White and Eed Oak.' Number of trees; 286.

ACRE YIELD.

White Pine.
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TaiiI-K VII. Aire iiield' of Becond-ijrowlli U'hilr I'hie, iiilh ineuDiiicmiiitH if yDiniii jiiiie fnAoi /or oHrtf;/"'"—f'ontiimed.

HiiDflon. Plj'mouth Counts-. Sample nren: 1 acre.

C—MA.SSACIirsKTTs-Contin 1.

(3) Site c .-

Suit- Yellowish louiiiv »:iml, meiliiim Krain, jiorous. liRlit. loom', iliip, dry. anil well (liaincd, with Agi-nf iiino: 50 to 55 .vearg.

aliuiil 2 linhia m<M on lop ami wiirraic cnvir of nbunclaul li'nvi•» ;
nnlisoil. wind and pravid. DciiMil.v of crown cover: ( ()

Furft cniiilili"n» : I'lire While IMlic on livid plain, oiiKlnal'.v mixed wjlh haidwoc«l«, lint tin

vearH ano haidwoinU iiud dvinii; piiio cut out, having .young onk!< 1 to J fic-t high thnniglioiit

ilte; undergrowth of liardwoods.' Nniiiherof trees: 31U.

ACRE YIELD.

White Pine.



TABLES OP MEASUREMENTS. IGl

Tahi.e VII.—Acre yields of acrond-iiroirlh ll'l.ilr Pine, irilh iiiciiHiiremiiilniifi/oKiii/ pine talen for anah/Hin—Cnntiunril.

C.-MASSACITUSETTS-Coutinnocl.

(5) Site «; BridgewatiT, I'ImimmiIIi County. .Samiile aroa: 1 acre.

[100 loot. aboVL' Bea level.]

Soil: Dark- brown loamy sand, iiiriliiim grain, liflit. loosi-, sliallow, fresli, with about 2 inilica niobi Age of pine: 45 years.
on top, and surface rever of :ibundaut leaves; sulisoil, yellow tine sand. Density of erowri eover: (

Forrnt conditions; CUtllivaled Wliite Pine, with oeeasional (i ray Birch, on level plain ; Miiilerj^rt)wth
of scattering Oak and Maple.

I

'

JJumber of trees: 374.

ACKE riELD.

White Pine.
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Taulk VII. Acre yields of second tjroHth White Pine, with ineasnremtntu of ytfintj pine takrn for anolimii*—Continued.

SuTiijrU^ area: 1 acre.

C.—MASSACIICSETTS—Conliniitd.

(7) SiTKff: Grafton, ^[idilleAux County.

[500 fw»t ab()ve am level.]

Soil: Brown, nearly bla<k, Handy loam, nii'diuin prain, aliallow, fresh. wt:!l drained, with 1 <>r 2 Ageof pin<i: 40 yi-ara.

inches mold oil ton, and nn>deratc'ly leafy surfacf cover; subsoil. ro<'k on ridge, yellowish Density of cniwn cover: 0.8

Hand on low ground. to ".2.

Forrnt ciindUi'fHx: WHiite Pine on hill; undergrowth, dense, of Maple and t»ak and Boine Chestnut, Number of trees: 323.

Cherry, Gray Birch, and other hardwoodH.

'

ACRK YIELD.

White Pino.
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Table VII.—Acre yields of second-tfroH Ih While I'lnf, with mcasunmnitu of young pine taktn for annJifsU—Continui.'d.

C—MASSACHUSETTS—(;..ntinueil.

(9) Site i; Xorthbrid^e, Worcester County.

[500 feet above aea level.]

Sample aren: 1 acre.

Soil: Yellow Hiimlv loam, fine srain, fleop, fresh, well drained, with about 4 inches mold on top, Age of piur : 35 years.
and a moderately leafy surface cover; subsoil, probaldv ledjje rock. Density of crown cover: 0.8.

Forest contlHions: White I'ine, with occasionul Birch and Maple, on a hill: undergrowth, nioder- Number of trees: 413.
ately dense, of Oak, ilaple and Chestnut.'

ACKE YIELD.

Whit© Pine,

Xnmb<>r ,

T)iameter.

^tulZ\ (b^ast
1

Height.

Volume.

I

Mer-
Sole. Chantable

timber.

Inches.
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TaIii.k VII. .Acre i/'f'rf" of tecitnd-groirlli ll'hilr I'ine, u-ith ineaxnremenla of ijoiinij pine lakm fur fin<i/i/»i»—Continued.

C.—M.VSSAC'UVSKITS—lonliuued.

(ll» Site k: Charlton, Worce8tL'r('ounty.

[About 800 feit nliovo »i-a li-vi-I.)

Saliiph' area: 1 aero.

SM: Dark-brown dariily loam, niciliiim grain, looso, iloep, frisb, well drniniil, with aboul

nioM on top, ami a moelorately li'afy surface cover: subnoil. rocl> and saud.

Toreet comiiliunt: White Pirn-, ucarlv iiurc, with 18 younc trcea on a hill ;
nml<rf,'ro« tb manty.of

inches Ag<- of ])ine : 4H years.
I>cn8itv of crown cover: 0. 6L

Chestnut, Maple, Oak. and Cherry. Number of trees: 446.

ACRK YIELD.

White Pine.
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Takle VU.—Jrre ijieM^ of Apcond-gron-ih White Pirn, with mciiMureinctifa of ifnnKj pitte takni for «»«///«»«—Continued.

D.—NEW UAMPSllllEE:
(I) Site I: lioscawtjii, M<Trimack County.

[300 tVet above aea level.]

Soil : I)ark-brnwn loam,v sand, coarse grain, poroiiH, loosr, Hliallow, <Irv, well draiued, with 1 inrh Ago of pine : 40 years.
mold on top and moderately leafy surt'arc cover; Hiibsoil, yellow nand.

ForeU conditions : White I'im'. with uratteriiii: lied I'lnnoii .somewhat uneven Ian<l, which nhipoB
east to the Merrimack lliver and falls otf west to bordering run; undergrowth of few Hem-

Sample area: 1 acre.

Ago of pine : 40 yean
Density of crown* cover: (?)

lock and small White Pine.'

ACRE YIELD.
Number of tree.s: 1,077.

White Pine.
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Table VII.

—

Acre yieida of necond-tirowth il'hili- I'ine. with measnrementa of young pine taketi for anah/»iM—Continxied.

D.—NEAV IIAMr<TTII?K-<'"niiniii'd.

13) Site «: UupklntOD, Merrimack County.

[800 to ftOO feet uliove m-a level.]

Soil: Brown, grav.or nearly black sandy loiitu. tine ^rain. mniHt, wfU drained, with nirdd <»ii inp

and moderately leafy surface rover; Hiibsoit, rock.

Forest conditi'nit: "White Pino, with occasional Ke<l Pine.on a hill; nnder;;rowth, nimlerately dense,

of Ueiiihick and Mcatturintr hardwoods; ou occasions dead and little HiiiiiiruMsed trees cut out
and trimming doue.<

ACKE YIKLD.

Sample area; 1 acre.

Ago uf pine: GO to 65 years.
Density of crown cover; 0.(

to 0.9.

Xiiraber of trees: 291.

White Pine.
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T.MU.E VII.— .(.•re i/irlih of second-iiroiilh Jlliilr Vine, ti-itli mniKiirrmnils „/ ijoiing pine taken for rtna/i/si"—Continued.

-NEW IIA>ri'SIIIl!i;-Cimtiuucd.

(51 Site;).

Soil: Dark-brown Randy lo;

Litililiilil. Hillabor" County.

[About 2.')li feet above sea level.

Sample area : 1 acre.

I: Dark brovvn Bandv loam, line Rrain. porous, light, loose, sballoiv. dry, well drained, with ^6* ?f P'^^^^^n^nt^J.Tf'.n
about 2 inches niol.l on lop an.l moderately K-aly surface cover; subsoil, yellowish tine sand Dentityof crowncover: 0.7 to

with clav about 4 to OtVet below surface.
, , ,. , .i „ , „f

Forest conditions: White I'.n.> with scatterint; Pitch P.ue on level plain ;
undergrowth .scanty, of

Maple, liirch, and few other hurdwoods.i >umber of trees. 51,.

ACKE YIELD.

Whit© Fine
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Tahlk VII.

—

Jere tfielda of ttccond-ifrowth IFhite l*ini, with meaattrcmtnts of yoitinj pine taken fur aualysin— ('initiiiue<l.

Sniiipli- iiren : 2 ncreH.

D.—NKW IIAMPSIIIRE-Conlinucd.

(7) Site r: Milford. Ilillshnro Cimnty.

[:iOO to 4(10 feet above se.i level.)

Acre Xo. ].

Soit: Dark-browD }<aiMly loniu, lino firain. Nhallow, dry, well drained, wilh 1 tn 2 iiirtiot luuld on At£K of jiiiie: .'15 to 40 years.
top and Hiirface cover of abxindant lenves; Bubsoil, light colored and powdery. to Id inches Density of crown cover: Fall.
deep, prnhably samly lower down.

Forext conditioiui
:' Wliilu Pine on slope; undergrowth, dense, of Oak mixed witli Majde, Chestnut,

and other 8catteriD<; hardwoods.'

ACRE YIELD.
Xumber of treen: 7iM.

White Pine.
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Table A^II.—Acre iiirhln of serDiid-iiroirlli U'liitr I'inr, willi im u^umtK ntn of ijounij jiiiir luken for analiisis—Continued.

D NK^V 1 1 A :M I '-1 1 1 UK- CimtinuLil.

MEASUREMENTS (IF S.VMl'IJO VorXG PINE TREES.

A'ji' clam:. Under 50 ye.li'8.

SITE I.

Tree number.
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SCHKDULES AND SAMPLE RECORDS.

FORMS USED IN THE INVESTIGATION.

FORM NO. 1.

United States Department of Agriculture.

DIVISION OF FORESTRY.

RECORDS OF TREE MEASUREMENTS.

Name of collector : N.

Species; White Pine.

Year: 1897.

GENERAL HESCRIPTIoN Of STATION.

[Deni'teil by capitiil letter.]

Till' liimbii- operation
staudiuK limliiT iu a

State: Pennsylvania. County: Clearfield. Town: Dubois.

Longitude: 78^ 45'. Latitude: 41° 3'. Altitude: 1,200 to 1,500 feet.

General couliguration: Plains lulls plateau muunlainoiis.

General trend of valleys or bills: (Not noted.)

Climatic features: (Meteorological tables furnisbed.)

General forest conditions of the region: This region in 187G extended o;-er 20,000 acres,

carrie.l on lor twenty years by Mr. Du Bois left for the present only from l,oOO to 2,000 acres

primeval condition. ^ , , ., ,

Tliree typical forms of forest conditions are suggested to the observei:
, f , ,

(1) lleililock and \Vbite Pine forest, witli an admixture of mature hardwoods and a number of young hard-

woods and vouii"- Hemlock, which form tlie undergrowth.
, .. 1 J

"^""''V] Hemlork niixed ^yitll White Pine, xyitli scattering hardwoods: the undergrowth usually moderately dense,

consists main! V of vouu" Hemlock witli the admixture of young hardwoods,
consists >j'a''>;>^.;^'_^^>;

intermixed with White Pine and scattering Hemlock. The undergrowth here consists mainxy

°^
^°l"^on"lire' hardwoods, tlie Oak, Birch, and Maple form the staph, of the hardwood forest, while

'^'J'A
Chestut Hickory Cucumber, Ash, Cherry, and Hasswoo.l aiv comp;.ratively lew in number. I lie re^gion ha.s a

unUbim soil and s^ibsoil as it inay be judged by the sample areas NN. 5, (i, and 7, and is well proyided with moisture

by the many streams crossing it all over in dillereut directions.

173
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FORM NO. 2.

DESCRIPTIOX l>K SITE.

[Denoted by small letter.)

Sample area, Nn. .">: (One acre.)

Conroiinatioii ol' surface: llill Hlopiiig ti)ward aoiitliwcst, where it is liordereil by the left-liaiiil liiaiicli of Irish

Karrow Creek.
."•oil and drainage conditinus: Yellow clay loam of a medium grain (fiue .shale in it), deep, fresh, well drained,

with 'J to li iuclieH mold on top.

Subsoil : l.amin:ited shah' of an indefinite depth.

Soilcovir: .'^laiity leaves, fern, and teaberiies.

Ori;;in of stand: Natural rct;eniralioM.

Form: Iniform; storieil. While I'ine forms first and Hemlock the second.
Composition : Aslani'. of Hemlock niixe 1 with White Pine, intcrmi.ted with scattering Maple, lieeoh, and Birch.

Undergrowth: .Absent; dense; moderately dense; scanty; consists of very young lieeih, Hendock, and occa-

sional llireh. Cucumber, and Dogwood (Laurel in northeast corner),

Diiisity of stand: 0.1 (in i)lace8 (l.X).

liK.MAUKti.—Crowns of White I'ine generally well developed; clear and straight stems. Age of White J'ine

230 to 260 years. Age of HemlocK almost the same as that of White Pine.

ACRE-YIELD -MEASUREMENTS.
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FORM NO. 5.

Site : /. Age class: 24U to 260 years. Species: White Pine.
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AA'hite Pino in natural forest 46
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Adirondaeks, composition of forest 40

condition as to reproduction of White Pine 62

growth of Wljite Pine 12

Agaricus melleus, injury to White Pine 51
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AUeghonics, occurrence of White Pine 13
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Ann Arbor, Mich., growth of pine 28
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rings, comparison for varieties of pines 25

Aphis, White Pine, note 59

Arborvilie, concomitant of White Pine 40

mixture with White Pine 14

Area accretion of White Pine 36

Artificial reproduction of pine, discussion 63

Ash. re.siilt of planting with White Pine 66

Atlantic, injury by raw winds to White Pine 51

Balsam Fir. ailniixture with White Pine 12

Bark-beetle, destructive to pine, discussion 55

pine, description and injury 55

Bark beetles other than pine bark-beetle, injurious to pine trees. 56, 57

Bark of pine, manner of growth and function 25

AVhito Pino, slight protection against fire 49

Barn lumber, use of pine 81

Bebb, M. S., note on White Pino in Illinois 15

Beech, Birch, and Majde. effect of shade on White Pine 43

with i)iiio in Adirondaeks 40

Beetles, bark, destructive to pino 55-57

Buprestid;v, injurious to pine, descripiion 68

Belfast, Me., trade in White Pine 16

Bhotan Pine, relationship to White Pine 21

Birch, Majde, and Beech, effect of shade on White Pine 43

with pine in Adirondaeks 40

Black Spruce, usefulness for planting with pino 64

Board and cubic contents ol White Pine, tables 85-147
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Borers and pine sawj'ers. discussion 57

Botanical description of AVhite Pino 20

range of White Pine 12
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Boxes, use of White Pine 81

Boynton, F.E., note on occurrence of White Pine in the Caro-

linas 15
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Britton,K.L mitoonoccurreneeot White Pine in XewJeraey. 15

Brookings, S. Dak., failure of plantings of White Pine 67
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Cambium of ])ine, characteristics
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occurrence of White Pine

original and present supplies of White Pine
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Canadian i)inery. note

Canby, William M., note on occurrence of White Pine in Dehi

ware

Carbolated wash, remedy for beetles on jiino

Carbolic acid, use against pino weevil

Cary, Austin, measurements of White Pine

Caterpillar injurious to pine, notes
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Cedar, White, and Cypress as substitutes for White Pine
Cells in pine wood, discussion 25, 26

Cerambycid beetles, injury to pine 57
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Chicago, growth of White Pine trade 18
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Chittenden, F. II., discussion of "Insect enemies of White
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Classification of White Pine

Clay and loam lands, reproduction of White Pine
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Climate and soil, demands for devehipment of White Pine
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Coleoptera, adult, injury to pine

enemies of White Pine

Coleosponuia senccionis, cause of disease in jiine

Compression endwise, tests of White Pine 77,
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quantity to produce pound of seed

Conifers and hardwoods, pl.intiug in alternate rows
danger of drying atmosithero in planting

necessity of shading

useful for planting with pino

"Cork Pine" of Michigan, locality of growth
Cortex of pine, characters

Crioceplialus agrestis and other species injurious to Whit© Pino
Crnnartium ribtcola, n-latiou to cause of disease iu pine

Crop of Wliite Pine, time for maturity
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Cubic and board contents of White Pine, tables

Cultivation of pme nursery at University of Illinois

White Pine, area of probable success
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relief measures

Dangers and diseases of White Pine, discussion 49-.">5
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I)onie8tic aniniftlH, notes on. danger to forest 49

I'niiglas, KolHTt, remarks on transplanting jtino 28
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Enemies, insect, of White Pine 55

England, introduction of White Pino 20
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Europe, comparison of lune growth with America 38

experience regarding reforesting G:j

notes on Stone Pine 21

planting of Scotch Pino 63

production of soifil by White Pine '-4

Eurnpi-an Larch, use aa nurse tree for White Pine C6

ExpiTJmenl rotations, note on rei)ort8 as to " damping oft*" 54

Export of White Pino, note 81

Factor of shape for White Pino 36

in finding cnbic^aml board contents of tree, use. 85

Farm imidoiiM-nt?, use of Wbito Pino 81

Farmington, X. IL, record of growtli of White Pine 48

Fencing, use of White Pino 81

Fernow, Dr., method <if forest planting 64

Fields, abandoned, nie.'isurements (tf pino 30

Fire, damago by burning yimng seed ling pine growtli 62

jiroblem of jiroteition of idno forest 49

Fir, nttto on growth in the Palatinate, Germany 68

Fish-oil soap, use against pine weevil 50

Floral organs of White Pine, discussion 22

Forest, effect of composition on height growth 32

fires, suggestions for laws 49

growth, classification of trees 31

of pine, cta.sBift('ation 31

insects, injurious, nativity 55

niana;:oniint, (liscussion 61

l»Ianl ing, mt'ihod advocated l»y Di". Fernow 64

talde sliowiiig lirst six years' growtli of White Pine ... 28

tree in Germany, White Pine, discussion 67

Forester, The, facts on trimming jiines 50

Forest-grown trees, diameter growth at various heights 36

Forests of White Pine, note on probable exhaust ion 11

Form development of pine 36

Forms used in the investigation 173-179

Frami; house, use of ]>i no 81

Frankfiirt on the Main, product of seed of White Pine 24

Fresh air. use agiin^t 'damping off " 54

Fungi, various t-pecii-s, eanse of " punky pine " disease 54

Fungus, Aijarictis >*iW/«'mj», injury to While Pino 51

CoUotporiutn senccionis, oauso of rlise.'iso in ]iines 53

Pubjporus aunoJtuf, injury to coniferous trees 52

Funiiluro men, use of White Pino 81

Gardner .V Sons, measurements of height growth of pine 28

German Spruce, usi- of tables for finding yield of White Pine.. 44

Germany, ui.inry to idne by heal and drought 51

plantations of jiine 63

statemenis regarding aero yiehl of jiiue under forester 41

While Pine as forest tree, discussion 67

Germination of pino sce<ls, conditions 26

Girdling of young pine, effect 50

Gnathotrichua uiotcriariux. furm ; protection for pine 57

Graves ami Pinehot. Messrs.. figures for yield of pino per acre. 45

Growth and development of White Pino 2G-48

height of White Pino in forent. first six years 28

Page.

Growth in thickness of jiine 34

volume of White Plue 37

of diameter and cross suction, tables and diagrams .. 107-116

pine, rate 27

Hall, S. y.., statement as to time of setting jiiuo 65

Hard pine, variation in weight 77

Ilardwoii:] forest, notes on growth of White Pino 43

internrixturi' with A\'hlle Pine 12

siiecie?* nsefnl tor planting willi pine 61

Hardwoods and conifers, ] dan ting in alternate rows 66

mi \ tore with White Pino 14

Jiarmotiia piui, enemy of pino, note 59

Hurtig, li., conclusion as to endurance of cxtreDio weather by
jnnes 51

lieartwood of White Pine, instances of remarkablo durability

.

80

viiriation in moisturo 77

Heat and drought, elleot on pino 51

Height growth of pine, seedling stage 27

trees after first century of Ul'o 31

Whiti- Pine, tables 29

Hemlock, concomitant of White Pino 40

growth of White Pino in mixture 38

mixture in growtli with White Pino 32

occurrence with White Pine in Pennsylvania 12

Hill, E. J., note on White Pino at head of Lake Michigan 15

Histological olmraotcrs of pino 25

Hobbs, John E., statements as to seed production of White
Pine 23

table on height growth of pine 29

Hoyt, B. F., staienu-nt as to ellect of wind on White Pines 50

Humidity, relation to development itf M'liite Pino 40

Hunt, Thomas, plantation of Whilo Pine at liidott, HI 66

Hypotbenenius, twig bi-etles injurious to pine 57

Ice roads, note on use in logging 20

Illinois, growth of spruro and pine in forty-five years 67

occurrence of Wliito Pine 15

University, note on forest plantation 65

India, note on lihofan Pine 21

Injuries to j>ine by liuinan agency.... 40

Insect enemies of \\'Itife Pine, discussion 55

Iowa Agricultural Tollege, notes on planting of pine, larch, ami

broad-loafed trees of 1875 67

growth of White Pine at Whiting 67

occurrence of White Pine 16

Jack Fine, admix tuns with ^\'hito Pino 12, 14

associate of White Pino 40

Jerome, Governor, estimate of Michigan products 11

Juvenile stage, delerniinalion of liiiiil for pine 36

Kerosene emulsion, remedy for bottloa on lune 57

use against jdantlice 60

Kleebalm, investigation of blister rust 53

Xac/mH»«(ro?n, enemy of pine 59

Lake Michigan, note <ui growth of White Pino on shore 22

region, condition as to reproduction of White Pine 62

original stand and ])resent 8U]>plics of White Pino 19

trade in White Pine, and present supply 17, 18

Land in Massachusetts, estimate of value added by fifty years'

growth of i>ino 65

Lath of White Pine, advantages 82

Laths and pickets, use of White Pino 81

Laws against injuries to forests, suggestion 4^

Lazonby. W. Ti., note on White Pine in Ohio 15

Loaf- feeding insects injurious to pine, discussion 60

Leaves of White Pine, description 22

Leonard, Spencer, practice in sotting out pine 65

Life zones of White Pine 11

Light riquirements of White Pine 43

IJine and Pat is green, used against pino bark-beetle 56

Linccdn, Xebi . tMnnparativo failure in growing White Pine 67

Loam and clay lands. leproduetKin of White Pine 62

ellect on growth of hardwoods 14

prairie, growth of pine in Illinois 67

stilf clay, growth of pino at Windom. Minn 67

Loamy and sandy soils, repro<l(iction of While Pino 62

Locality, effect on height growth tif trees 33

Loggers' risks in breakages, etc . allowance 39

Logging railway, note on cficct on lumbering 19
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of trees 38
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character of White Pine growth 12
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trade in White Pine, and supply IG

Wisconsin and Slichigan, comparison of growth of pine. 3:i
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Market for second-growth ]iine in Massachusetts G5

White Pine, change in Germany 68

Markets for lumber, influeuco of ^^'llito Piue 80

Maryland, occurrence of White Pine 15

Massachusetts, market for secoud-growtli ])ine G5
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second-growth i>ine, note G:5

soil of pine groves and value of young pine

growth 05
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Measurements, detail, of annual gain in circumference of pine. 35

diameter, of trees 34

of sample trees and acre yields of White Pine. 116-147

White Pine, tables 85-179

Medullary raj's in pine, notes 24.25

Meehan, Thomas, & Sons, statements as to growth of seedling

pine 28

note ou occurrence of White Pine in I'enn-

sylvania 15

Mice, spread of fungus disease 52

Michigan, acre yiehl of White Pine, table 41

yields of White Pine and measurements of sam-

ple trees 110-131

destruction of young pine growth by fire . ... 63

Maine, and Wisconsin, comparison of growth of pine. '.i'.i

need of seed for reforesting bare pine lands 03

occurrence of White IMne 14

original stand and present supply of White Pine ... 19

value of pine and other products in 1870 11
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yield of White Pine, per acre 20

Mill construction use of White Pine 81

Minnesota, beginning of piuo luiubcring 18

destruction of young pine growth by fire 03

Michigan, and Wiscc::sin, annual cut of White

Pine. 1873-1897 17

occurrence of White Pine 14

original stand and present supplies 19

AVindom, growth of AVliite Pine 07

Missouri (river) bottoms, growth of White Pine 07

growing specimens of White Pine at Columbia 07

Mixed growth, advantages for pino 61

Mlodziansky, &.. K., measurements and calculations of White
Pine 85

Model makers, use of White Pine 81

ilodulus of elasticity of White Pino 77

Moisture content of White Pine. taV)le 74

Monohammus. heetlos most destructive to pine 57

conj'usor and other species injurious to pine. ... 58

Morphological characters of White Pine 21
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Morton. J. Sterling, note (ui Wliite I*ino trees at homo 67

Nathaniel, experiimce in Iriinniing lum-s 50

Moth caterpillars and ])tant-]ice on trunks and limbs 59

Moths, spcicies injurious to i»ino 60

Names synonymous with Wliite Pine 20

Natural history of A\'hite Pine 20

rejiroduction of ^\'hito Pine, discussioo 02
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New England, condition as to reproduction of White Pine 02

early ;oraniercial use of White Pine IG

planting of pine 03

present supply of White Pine 19

Newfoundland, occurrence of White Pine 15
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growth Q^i

Northwestern Lumberman, figures for annual cut of lumber in

Lake States. 1893-1807 17

Norway Pine, growth in mixture with White Pine 32

Spruce, growth in forty-five years at Princeton. Ill 07

Nurse crop of trees, cheap method of use 64

Nursery, growth of White Pine 28

Nurserymen, practice in sowing pine seeds 28

Ohio, occurrence of White Pine 15

Old-growth pine, tables of measurements and diagrams 93-100

Ontario and Quebec, average annual dues on crown limber 18

Orientation, relation to specific weight of jdni' wood 74
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Palatinate, report ou growth of pine and fir 08

supply of cones Ibr seed 24

Parasitic diseases of White Pino 51

organisms, cause of "damping oil"" in pines 53

Paris green and lime, use against pine bark-beetle 50

use against pine weevil 59

sawlly, larvae, caterpillars, and beetles . Gl

Pennsylvania, acre yiehl of second-growth White IMuc, with

measiiremeutsofyoungpine. . 14&-169

White Pine 42

and New York, ju-escnt supply of White Pine.. 19

conditions as to reproduction of Wliite Pine 02

occurrence of White Pine 13, 15

trade in AVliite Pine ; present supply 17

Penobscot, White Pine trade and supply 17

Peridermimn s(roM, ciiuse of disease in White Pine 53

Phloem of lune. characteristics 25

Physi<al projierties and (haracter of White Pine wood 73

Pickets and laths, use of White Pine 81

Pinehot and Craves, Messrs., figures for yJeUl of piuo i>er acre. 45

Pino bark -beetle, destructive, discussion of injuries 55

blight, note 59

blister disease caused by Ooleosporium eenecionts 53

leaf scale in.sect, manner of injury to pine 01
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sawyers and other borers, discussi(»n 57
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Pines, comparison weight and strength, table 81

note as to shrinkage 77

I'inipfStig zimntermanni. enemy of i>ine, note 59

Piuuti jiana. variety of ^Vhite Pine, description 20
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Pine 21
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Pistillate dowers of White Pine, description 23

Pitch Pine, associate id' White Pine 40

value for planting on Atlantic coast 51
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Pityoph thorns, species injurtoua to pine 57
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Shrinkage of White Pine, discussion 77

table 74

Size of White Pine 20

Soap, fish-oil, use against pine weevil , 59
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Specilic weight of jtine, notes 73, 74

Spores of J'ob/jniruv aiDiosus. spread of disease in pines 52

Sjiringer, J. S., note on White Pine 16

Spruce, concomitant of White Pine 40

forest of Canada, note 15

'lability Ut being uprooted 50

mixture with White Pine 14

Is'orway, record of growth in Germany 09

Spruces, admix tun* with ^\'liite Pine 12

Staminate tiowers of White I'ine, description 23

Stem, root, and branch system of White Pine 21

Storms, injuries to forest 50

Strength and weight of pines, comparison 81

of pine, variation with location of wood in tree 78

While Pine, discussion 77-79

Structure of White Pine, imtes 73

Subsoil, stitr, effect on young i»ine 66

Sugar ^laple, usefulness for planting with pine 64

I'ine, relationship lo White Pino 21

Sunlight, valm* against " dainjiing oil " in jiines 54

Supplies of While Pine original and present, discussion 10

Swamp trees, noto on specilic weight 74

Swiss Stone Pine, ndationship to White Pino 21

Synonyms of White I'ine 9

Taniar.'ick, mixture with White Pine 14

Taper of pine tree, relation to conditions of growth 30

White Pino, variations 37

Temiverature, relation to development of White Pine 40

to iirevent damitingofV" 54

Tenneaseo and West Virginia, present supply of White Piue .

.

19

Thecla niphon, injury to pine 60

Thinning of ]Mne. note 66

White Pine, conclusion from record at Farming-

ton, X. H 48
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Timber booties and other Scolytidic, discassion 57

commercially valuable, distribntinn of "While Pino 12

of Wliito Pine, (liaf^rama <m \v(.-i;;lit i 7G

variation in strength with location in

tree 78

products (if Michigan, comparison for 1870 with other

products 11

Tomicus cacographns, injury to ])ines, description 50

pi til aud other species, injury to pine 57

Tortrii-id moths, enemies of pine, remedies 59

Traclieids in pine, notes 25

Traiiiften radicipenla. injury to coniferous trees 52

Transplanting i)iuo seedlings, notes 28

Tree, largest pine actually measured 27

measurements and calculation for determination of volume S5

Trees, cubic and lumber contents, note 38

deformed, damaged by "White Pine weevil 58

forest-grown, diameter growth at various heights 3*5

living, danger of attacks from bark beetles 57

of different ages, table showing average weight, moist-

ure content, and shrinkage 74,75

young, average taper 37

Trunks and limbs of piuL-, moth caterpillars and plant lice 59

(.Sec also Stems and Doles.)

Tube-builder, pine, manner of injury 61

Turpentine flow from holes made by bark beetle 55

Twig beetles, genera injurious to pine 57

TJpham, "Warren, note on soil for White Pine 15

TTplaiid trees, note on specific weight 7-4

Ujirooting. danger of ^\'Iiito Pino 50

Uses of White Pine, discussion 81

Varieties of "While Pine 20

Virginia, occurrencG of White Pino 15

Volume and rate of growth of White Pine, tables 93-^106

growth of pine, variation with soil 37

of tree, measurements and c;deulatiou 85

"Wadsworth, S. P., note on White Pine in Illinois 15

TVappes, L., Bavarian forester, report on Wliite Pine 68

Ward. Lester F., notoon occurrence of "White Pine in Marj'land

and Virginia 15

"Wash, composition for use against bark beetles 50

for protection against White Pine weevil 59

Washes, protective, against pine bark-beetle 56

Washington City, tirst springvisitation of "White Pino weevil. 59

Watering, method for prevention of "damping off" 54

"Weather, relation to shading of pine seedlings 63

"Weed growth, drawback to reproduction of pine 63

"Weevil. White Pine, discussion 58

measvirea for protection of pine 59

time of ai)pearanee 50
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Weight, specific, and strength of pines, compariaon 81

of "White Pine timber, diagrams 76

woml of Wliite Pine, discussion 73

West Virginia and Tennessee, present sujiply of White Pine.. 19

"Western prairies, egtalilishment of pine groves 63

White Pine, advantage over other pines in reproduction from

seed 61

trees in wicd storm 50

bnniing of wilting terminal as protection against

weevil 59

insect enemies, general statement 55

UL-evil, discussion 58

Whiting, A. H-.gn.wIh nf White Pine at home 67

Williams. R., note on Whitt- Pine in Illinois 15

Williamsport, Pa., traile in White Pine 17

Wind, immunity of White Pine from injury 50

Windom. Minn., growth <d' White IMue in thirteen years 67

Winds, drying, injurious consequences to pine 50

Wisconsin, acre yield of White Pine, table 41

yields of White Pine and measurements of

sample trees 131-147

destruction of young pine growth by fire 63

tirst logs taken to St. Louis 18

heavy product ion of pine seed 23

Maine and Michigan, comparison of growth of pine 33

Micliigau and Minnesota, annual cut of White
Pine, 1873-1897 17

occurrence of White Pine 14

original stand and present supply of White Pine.. 19

yield of White Pino, per acre 20

AVood, amount formed in jpine in dilferent decades of growth .

.

37

Junction in ec<momy of tree 24

green, variation in weight 73

kiln-dry, variation in specific weight 73

note on change in White Pino 7U

of White Pine, character and physical properties 73

discussion 73-82

remarks 24-26

Wootls, other, comparison with White Pine 80

Wurtemburg. growth of Wliite Pine 08

Tiehl, acre, of White Pine in natural forest 46

young pine groves 43

of "White PinOj discussion 44

per acre 20

second-growth White Pine with measurements of

young pine taken for analysis 148-169

Tields, acre, of White Pino and measurements of sample

trees 116 147

Vork County, Me., statement as to reproduction of pine 62
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