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INTRODUCTION

Norway spruce, Picea Abies (Linnaeus) Karsten, was
oue of the first species to be used in forest plantations
the northeastern United States. As carly as 1860 small
aveas were planted with stock imported from Europe.
Although the species has come into general use, there
seems to be a prejudice against it. Some think it will die
hefore maturing (8, 21); and the geueral feeling is that
it is an unknown quantity. So, in 1926, the present study
was undertaken to determine how the plantings, and espe-
cially the older ones, had developed. Fifty-seven planta-
tions hetween the ages of seven and seveniy years were
studied in the siates of Massachuselts, Vermont, Con-
necticut, and New York.

In the course of the work many people and agencies
gave invaluable aid. The State Foresters of Massachnu-
setts, Vermont, New Hampshire, Connecticut, and New
York, and Mr. W. O. Filley of the Connecticut Agricul-
tnral Bxperiment Station gave the locations of many
plantations. Mr. Stuart S. Hunt and Mys. N. W. Hosley
assisted in the measurement of the plots. The cavetakers
of several municipal reservoirs gave their time in show-
ing the locations of their plantations. Among these were
the caretakers at Little Malls, Glens Falls, Katonah, and
Hemlock Lake, New York, Mr. Ludwig Gros, Forester
of the Dicterich Estate at Millbrook, New York, gave
detailed information on the fine plantations established
under his direetion. The Division of Lands and Forests,
New York State Conservation Department, allowed the
use of older sample plot measurements at Millbrook and
Norwich, New York. . Guiney, Librarian of the Impe-
rial Forestry Institute, University of Oxford, Oxford,
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Tmgland, and the late Miss Helen E. Stockbridge, Libra-
rian of the U. 8. Forest Service, Washington, D. C,, con-
tributed wvery valunable aid on library references.
Professor C. F. Brooks, Director of the Blue Hill Meteor-
ological Observatory, Harvard, Massachusetts, gave the
climatological references. The Forest Products Labora-
tory of the U. S. Forest Service provided data on the
wood of the species. Professor R. T. Fisher, Messrs.
Ward Shepard and A. C. Cline of the Harvard Forest
criticized the manuseript as a whole, and Mr. S. R.
Gevorkiantz of the Lake States Forest Experiment Sta-
tion, U. S. Forest Service, checked the mensuration
work. To all of these the aunthor is deeply indebted.

The manuseript of the study was first completed in
1931. It was brought up to date in 1933, but funds were
not available for its publication. No attempt has been
made to incorporate works published since 1933,



NATURAL RANGE

Tae natural range of Norway spruce is inferior in area
only to that of Scoteh pine (Fig. 1), and this range has
been greatly extended by planting. At present it is found
all over northern and central Furope from latitude 69°
north to the southern slopes of the Alps, Cevennes, and
Pyrenees. In France it is important only in the higher
mountaing of the Jara, Vosges, and Alps. In Germany
and Switzerland it is the prineipal tree of all the moun-
tain ranges and hills, often forming large, pure stands at
elevations above the broadleaved forests. It forms large
forests in Seandinavia, 'inland, Lapland, and central and
northern Russia. 1t is seldom found in forest stands in
Spain, Italy, Greece, north Germany, Belgium, Holland,
or Denmark. The eastern limit is not definite, because
there it merges with the Siberian spruce (Picea obovata).
It wag introduced into England about the middle of the
gixteenth century (10, 22).

In Norway and Sweden, Norway spruce is found from
sea level to 650 feet in elevation. Farvther south both the
upper and lower limits are at higher elevations. In the
Vosges and Jura mountains, for instance, it does not
grow below 2000 to 2600 feet. It is found up to 3300 feet
in the Harz Mountains of central Germany; 3500 to 4000
in the Black Forest near the French border; 6000 in the
Bavarian Alps; and 6600 in the central Alps. In France
it is confined to a zone above the silver fir (dbies pecti-
nata) (10, 22).

Norway spruce grows nafurally on soils ranging from
the strong, friable tyvpes of the mountains to sandy loams
and drained bogs (10).

‘While pure stands oceur over large aveas, it is also
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found in mixtures with other speecies. In the northern
and eastern parts of its range, Scotch pine is the main
species growing with it. In the mountains of eastern
France and in central and southern Germany, silver fir
and heech are its associates. In the Alps, especially at
higher elevations, larch and spruce mixtures are common
(10).
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Fravee 1. NATURAL RANGE OF NORWAY SPRUCE AFTER DENGLER (4).



CHARACTERISTICS OF THE TREE

Ix Euvrope Norway spruce reaches large size. 1t is some-
times 100 to 150 feet tall and upwards of three feet in
diameter. The crown is sharply conieal, even to great
age. The stem is very siraight and seldom forked. The
distinguishing characters are pendulous branchlets, yel-
lowish green needles one-half to one inch long, and cones
which are four to seveu inches long and an inch to an inch
and a quarter in diameter, with wavy-margined, usually
truneate, cone-seales. The cones ave light brown at ma-
turity. The root system is shallow, seldom going more
than three feet below the surface. The species is one of
the most shade tolerant (19, 16, 14, 18). In its native
habitat the tree lives to be four to five hundred years old
(22). It adapts itself to a wide range of temperature,
moisture, and soil conditions,



DEVELOPMENT OF PLANTATIONS
EARDY PDANTINGS IN THE NORTHEAST

Inasmuce as most early American forvestry depended
wpon Europe for guidance, it is not strange that Norway
spruce was one of the earliest species used in forest plan-
tations in the northeastern states. Many of the first
plantings were made with stock from Germany. The old-
est planting found in this study was made about 1860
near Woods Hole, Massachusetts. Other early forest
plantings were at Georgetown, Massachusetts (1865},
White Lake Corners, New York (1878), Woodstock, Ver-
mont (1880 and 1888) (167), Axton, New York (1894)
(203), Groton, New York (1895), and Millbrook, New
York (1897).

AMOUNT PLANTED IN THE NORTHEAST

The amount of spruce now growing in the Northeast is
difficult to estimate because of the many agencies suppiy-
ing stock and hecause of the fact that survival after plant-
ing is mostly an unknown guantity. However, the stock
distributed by the state nurseries of the region is a good
indieation. The following table gives the figures supplied
by the state departmentis for the five leading species.

This table shows that of a total of about 450,000 acres
planted, 110,000 or twenty-four per cent, were with Nor-
way spruce. If it is assumed that other agencies have
produced one-tenth as much as the states, approximately
120,000 acres have heen planted with this species in the
region. So, for one rotation at least, Norway spruce is
destined to be one of our most important planted conifers.

16
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DISTRIBUTION OF PLANTATIONS ACCORDING TO
ALTITUDE, TEMPERATURE RANGE, AND
PRECIPITATION

The species has been planted in the northeastern
United States under a wide range of conditions. Planta-
tions are found from thirty feet above sea level fo 1700
feet. But, considered alone, this range in elevation has
so far had no noticeable effect on growth. All site in-
dexes* are represented even at elevations below 500 feet;
and one of the best plantations, sixty-three years old and
talling in site index 70, is at an elevation of only 280 feet.
Plantations with the 40-foot index oceur at elevations up
to 1350 feet. Ahove 1350 feet the indexes range from
50 to 90 feet.

The range in mean annual temperature over the region
studied is not great (44° to 48° F.} and has shown no
appreciable correlation with growth (42). This agrees
with Saxon experience (1606).

Precipitation in the region is abundant (forty to fifty
inches ammnal average) and shows no correlation with
differences in growth., Comparison with Huropean con-
ditions, however, brings out a striking difference between
our region and their lowlands, where the growth of spruce
is poor.

LAKELIHOOD OF “SPRUCE SICKNESS” IN THE
NORTHEAST

The decreased yields of spruce or “‘spruce sickness,”’
especially in Saxony, has greatly concerned Turopean
foresters for decades, As a result many Americans
have come to think of stands where growth has stagnated
as the only possibility with repeated erops of spruce.
Yet, recent studies have shown that this is not a char-

* Height reached hy sverige dominint and codominant trees at fifty

yeurs of age  Poorest growth found was 30 feet nnd the hest 90 feet at
fifty yenrs.
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acteristic of the species, but rather a vesult of its mis-
management. Pollen analyses have shown that spruce
existed without degradation on certain sites in northern
and eastern Europe for thousands of years before man
became a factor influencing it. In some cases poor plant-
ing has been shown to cause the poor growth {113, 160).
New stands properly planted and following divectly after
those hopelessly “‘siek’’ have shown good growth. But
the great Saxon sickness, in which stands over thousands
of acres have shown a sharp falling off in growth during
the same vear, is due to a combination of climatic and
soil conditions. Repeated clear enttings followed by pure
plantings, inadequate thinnings, and often with continnal
litter removal as far hack as the sixteenth cenfury have
led to a compacting of the soil, to raw humus formation
and to a physiological shallowness. The spruce roots in
these latter stands arve so close to the surface that the
severe droughts common to the region leave the tree with
little available moisture. The result is a strong falling
oft in growth often lasting many years (166). The pres-
ent tendeney is to plant hardwoods in mixture with the
spruce to improve soil conditions.

That we need not expeet such conditions here in the
Norvtheast seems to he indicated by our different climate
and by the condition of the older stands in the region.
Between elevations of 650 and 1950 feet, Saxony has an
annual precipitation of about thirty inches, as shown by
a fifty-year average (166), compared with thirty-five to
fifty inches in the norvtheastern United States (42). In
Saxony during decades of drought, it is not unusual at
elevations similar to those in the Northeast to find one
ont of four of the May-September months with less than
1.57 inches precipitation each. Such dryness is nnknown
in our region. Records taken at Petersham show that
during the eighteen yvears ineluding 1913 and 1930 the
average monthly May-September precipitation was 3.6
inches, the minimum May-September total 10.46 inches,
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and the maximum 28.23 inches. Only one in nine of the
summer months represented had less than 1.57 inches of
rain, and in only one case did two of these oceur in the
same summer, which had a total precipitation of 21.19
inches for this Mav-September period (41).

In Europe where spruce growth is optimum and the
species has maintained itself in pure stands for centuries,
conditions for growth are very similar to those in the
northeastern United States. The climate is severe; the
winters last up to five months; the springs are short; the
summers are hot; and autumn lasts till early Novem-
ber. The mean annual temperature is avound 6° C.
(41° F.); the annual temperature extremes range from
35° . (95° F.) to —30° €. (—22° I.); and the average
annual precipitation is from 2934 to 31% inches. Maxi-
mum precipitation falls in June and July and the most
snow comes in February. Geologically this region is
made up of eruptive rocks or erystalline primary ones,
such as schists, gneisses and quartzites (78).

Raw humus formation with its accompanying podsol
profile does not promise such acute trouble here as in Xu-
rope during the first rotation of Norway spruce. As shown
in Table 18, our Norway spruce plantations do not begin
accumulating litter until an age of around 18 years is
reached. The voungest stand in which a felting oceurred
in the humus layer was 32 vears old and still had 920
trees per acre. The heaviest litter layers found were two
inches deep, and these were observed in only two stands.
Considering that many of the stands were badly stag-
nated in growth, the indications are that the necessary
thinnings would produce much better soil conditions. As
shown by Dengler (4) in Germany, on the sites which
produce the hest vields, soil conditions ave often very
good. The hardwood advance growth which comes in
under the more open, old stands in the Northeast will
nndouhtedly preclude such raw humus formation, if the
necessary thinning is done (35). When these stands are
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eut, the hardwood sprouts will not allow the soil deteri-
oration found so important in Saxony, but will tend to
ameliorate any heavy humus layer present (54).

SOILS

New England and New Yok, with their glaciated to-
pography, present very varied soil conditions. The soils
are, in general, complex, a distance of a few hundred feet
often separating sueh radieally different physical types
as gravels and loams.

One of the most striking relations coming ount of the
stady is that between physieal soil type and growth.
With one exception the plantings were all made on aban-
doned agricultural land where the physical make-up of
the soil more directly affeets growth than it does on for-
est soils with their ovganie layver. Before the field work
was started, Professor M. O. Lanphear, Agronomist at
Massachusetts State College, gave those making the study
instruetion in classifying typieal northeastern soils ac-
cording to texture hy meauns of ““feel”” and appearance.
Samples of the various classes defermined by Lanphear
were kept in glass jars for comparison. During the study
the soil was examined on each plot as deeply as possible
by using a thirty-inch soil anger. A sample of the top
foot of soil was classified and kept in a tin container.
Some doubtful samples were later verified by sereening,
and the use of the hydrometer method in the laboratory.
A description of each soil profile was made according to
depth and condition of litter, humus, surface soil, and
subsoil, When the site indexes of the plots were com-
pared with their corrvesponding soil classes, a very strik-
ing correlation resulted, as shown in Table 2. Clays are
found in only the lowest site index. The two clay loam
plots fall in the two lowest indexes. With one exception
the loams occur in all five higher indexes with nearly
one-half of the plots in the sixty-foot index. Site index
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90 was found only on loam plots. The two fine sand plots
show no distinet corrvelation, probably hecause of the
difficulty of accurately classifying them by the method
used. Sands ocenrred in only the lower three indexes.
This shows very conclusively that, to insure good growth,
Norway spruce should be planted on soils of the loam or
gsand loam types.

TABLE 2
RELATION OF SOIL CLASS TO SITE INDEX

Bite Tndeses (W)
Sail Cluss 1 50 40 TO 20 1o Totals
Numhber of Plots

Clay 2 2
Clay loam 1 1 . ‘ 2
Loam o1 4 12 3 4 5 24
Sand loam | . 1 5 8 2 3 19
Tine sand 1 . 1 2
Sand 1 3 3 7

Totals T 13 23 > 8 b 61

The extremes of soil are often found within a very
short distance. In one case on a hillside, a layer of clay
was found at varying depths helow the surface. Where
the clay layer was six inches down, the average height of
the nineteen-year-old trees was three feet. About fifty
feet away, where this layer was about thirty inches down
and the soil ahove was stony loam, the average height
was over thirteen feet. Omne of the strongest contrasts is
shown in Fig. 2. Here two plantings fourteen years old
and about five hundred feet apart were made with identi-
cal stock and planting methods. One was on a loam with
abundant moisture. The average height of the trees
here was twenty feet. The other planting was on a glacial
dump of stratified gravels and sands with little moisture.
The average height was a little over six feet; and where
coarse gravel came to the surface, the trees were only
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stunted hushes less than two feet tall. Knolls of coarse
sand often canse complete blanks in otherwise good plan-
tations; and the trees will make an amphitheater effect,
their height increasing as the sand grades toward loam.

Spruce will not grow oun sites wheve porous soil and
a low water table give little smiface moisture. The spe-
cies is sometimes called ““the drunkard of the {rees’ be-
cause of the great amount of meisture needed during the
pole stages (4). On the other hand, it can do little more
than exist where a high water table or poor drainage
cansed by an impervious layer close to the snrface malkes
the soil wet, Between these moisture extremes it does
well.  Since much of the suececess in plantations depends
on seleeting soils adapted to the species, no planting of
spruce should be made blindly without an examination of
the soils.

GROWTII AND YIELDS
Herenr Growrn

Asg there were few older stands and no stem analyses
could be made in any of them, it was found difficult to
make accurate site indexes. However, it was thought
worth while to attempt fo show the general trend of total
height development in the indexes representing the
greater numbers of plots.

Anamorphosis® of the material, elearly gave nunatural
results (175). So a simple set of harmonized curves was
developed by using MaeDonald’s figures for the poriions
covered (indexes fifty to eighty feet at fifty vears and
ages twentyv-five to seventy years) (188). The lnglish
curves fitted the plot averages very well in the ages in-
cluded, and were extended downward covering the points
from the vounger plots.

* Changing o set of curves from the shewed form inte struight lines by
shifting the spaeing of the vertieal ordinates. With & set of carves suel
iy thoge deseribed, the trend of all anamoiphosed curvey is based on that
of the eentral eurve
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Four plots indieate the existence of a ninety-foot index,
but there was only vne older plot, thirty-seven yvears of
age, falling at an index of eightv-five feet to support this,
so it must be vegarded as questionable for the present.

Seven plots under thivty years of age showed an index

Frevne 2 NORWAY SPRUCE GROWTH ON DIFFERENT SOILS.

These wtands, fourteon venrs oll, were plonted alout five hundred feeb
apart wih the same stork and planting methed. The fuller stond was on o
wood jonm soil, while the olker was on g gravel ontwash

falling at forly feet or below; but in these eases either the
site was not at all adapted to spruce, or the slow height
egrowth could be ativibuted to animal damage or to an
overwood. This index is certainly found in young spruce
plantings over the region covered. However, it is prob-
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lematical how these stands will develop at older ages, as
some will apparently grow very slowly or die; while
others, relieved of the influence holding them haek, will
undoubtedly reach higher indexes later. This agrees with
the experience in England (188).

The following table shows the height development in
the stands studied.

TABLE 3
RELATION OF HEIGHT GROWTH TO AGE IN THE PLOTS

STUDIED
Site Index

Age in htH fin 70 30
Yoears Pioight of Aversze Dominant and

Cadomingnt Trees in feet
10 1% 5 T 9
20 15 2014 25 Y,
30 U814 3614, i3 51
3 4 44 55 Y]
5 30 60 T St
i T I 68 TG 0115
70 | e , 5 86 100

Bloeking shows disteibation of plats,

These figures ave slightly lower at voung and old ages
than those given for Russia in the universal height growth
tables of Tjurin (202). Oux best plots in the Northeast
show the greatesi height growth of any known stands of
the species. No mention is made by MacDonald of heights
above eighty feet at fifty vears, while a few of our plots
are ahove his eighty-foot eurve. The growth in England
is Detter than any given for the continent of Hurope with
the exception of Switzerland. The heights given for the
hest sites 1u some Iuropean tables of yvield are as follows
(181, 188):

Over the region studied therve was a swrprising uni-
formity of average site index. Only one section showed
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TABLE 4
HEIGHT GROWTII AS GIVEN IN EUROPEAN YIELD TABLES

Sectian Auther Date 50-venr Height
S0, Finland Hrvessalo 1920 33
Saxony Kunze 1878 6214
Tyrol von (atlenherg 1915 6215
Giermany Gier haydt 1623 GG™
Ruassia - Tiurin . 1014 68
Prussin Sehwappach 102 70
Germany Selffel 1604 7O,
Switzerland Flhuy 1007 80

*AMumde up from fowr previews yield tables imeluding Sehiffel and
Sehwappach s alove

a striking variation. In the region of New York east of
Tthaca and south of the Mohawk River, nine of a total of
eleven plots had site indexes of eighty or ninety. The
following table shows the distribution of site indexes for
the plots in ihe sections studied. The one Connecticut
plot was far below the average index, but was, of course,
not significant alone.

TABLE 5
SITE INDEXES BY SECTIONS

Site Index

Segtion No. Piots  Minimum  Muaximum Average
Vermond . . 8 40 75 Gl
Muassachusetis 19 40 70 57
Conneetient 1 30 30 30
Northern and western New York 22 44 90 56
Sontheastern New York 11 5t 00 80

* On poor fand and not representative of the state.

When compared with the available figures for the other
spruces of importance in the region, Norway spruce
seems to be well aliead in height growth. The best growth
found in the Northeast in natural stands of red spruce
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(189) was fifty-eight feet at fifty years; the hest reported
for white spruce in five regions of Minnesota (187) was
about fifty-five feet in fifty vears; and in the Northeast
(189) fiftv-cight feet in fifty vears. During twenty vears’
experience on a large planting project in Quebec, Canada,
Wilson® found that the average height growth of Norway
spruce up to twenty-five feet in height was sixteen inches
per year and that of white spruce fourteen inches. At
the time when economie conditions caused cessation of
the planting, the proportion of Norway spruce was being
inereased over that of white.

Dramersr Growrm

The study of diameter growth in stands which have
never been thinned is, of course, hound to give compara-
tively low figures. Because of the great shade tolerance
of the species, the stands do not thin themselves, and the
resnlt is a very acnte and long continued stagnation.

In ovder to compare diameter growth on the plots
studied with that from thinned stands in Great Brifain,
the following table was construeted for comparable ages
and site indexes.

In no ease were the diameters reached in the Northeast
equal to those in Great Britain, even in stands under-
stocked at the ages given. This fact can, in general, be
explained by MacDonald’s statement that the British
stands were thinned early and heavily to produce better
conditions for game. This policy has apparently led to
a better selection and development of crop trees than has
been the case with stands which have developed unthinned
with wider oviginal spacings in this country. It is inter-
esting to note the effect of degree of stocking on di-
ameters in the plots studied as compared with those in
England. Thus, on a plot having ouly 64 per eent of the

¥ Bllwood Wilson in 2 letter to the author concerning plantations of the
Laurentide Company, Groul' Mere, T.Q
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TABLE 6
COMPARISON OF NUMBER OF TREES PER ACRE AND
AVERAGE DIAMETERS WITH THOSE GIVEN FOR
GREAT BRITAIN (189)

. . Por cent of British values
Ape in Trees per Acre Av, BB H. Trees por Avoerage
FYears [ XNELUS B NEUS nere DL

Site Tndex 50 Ft
31 7.9 00 87

s}
Lo
T
ek
Q]
FEY
o
-1

Site Tndex GO Ft.
35 30 108G 3.4 6.1 137 05
Site Tilex 70 Fi.

63 222 +37 154 122 197 79
63 222 (18 164 B.6 378 50

Site Index 80 Tt

32 G40 1040 7H 5.8 162 T4
32 G40 968 7.9 585 151 73
37 485 550 9.5 t.6 181 69
i) 280 150 134 130 G4 97

number of trees given in the English tables, the average
diameter was 97 per cent of the English diameters; while
in an overstocked plot with 278 per cent in number of
frees, the diamefer was only 56 per cent that given for
Kngland.

The diameters developed in our plantations are twice
to three times those given for the same indexes for red
spruce and about double those for white spruce given by
Meyer (189); but the red and white spruce stands had, in
general, at least twice as many trees per acre at the ages
represented.
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Basat, Ares DEveLopMENT

Basal area showed such a wide variation within a given
site index and so much overlapping hetween indexes that
no attempt was made to develop a correlation.

Vornusme ProbuorionN

In FEurope, Norway spruee has long been noted for
it heavy vields. Woolsev (22) savs, “‘Of all {(European)
forest species, sprace probahly forms the densest stands
and vields the largest amount of wood.””  According to
Dengler (4) the name of “Goldbaum™ {tree of gold) has
heecome common in Gevmany on account of the high yield
of spruce. Certainly one of its most sfriking character-
isties in America is the high vield which has heen pro-
duced in the older plantations on hetter sites. The few
plantations in the Northeast that have reached ages from
thirtv-five to sixty-five veavs show far higher vields than
any other species, native or exotie, grown here to date.

The vield plots were so few in number (eighteen) and
their histovies so varied that it was impossibie to con-
struet yvield enrves with any assuranece of accuracy. Ac-
cordingly the vields of the plots are presented in the
following table to show in a general way what may he
expected without thinning from stands in the region.

The zone of plotted points representing the relation
of vield to age corresponds very closely with that fov
MacDonald’s vield tables for the main crop, but the lack
of thinning in our stands seems to affect the yield far
more than site index does, This is especially tine in
the higher indexes where high deunsities of stocking in
some cases deercase the volume to correspond with that
of the next lower site index, and where low densities place
the volumes with those of the next higher index.

As a guide to what may be expeeted from managed
stands, MacDonald’s vield table converted to a basis of
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diameter breast high is presented on page 66 in the ap-
pendix (188).

When a converting faetor of ninety-five eubic feet to
one cord is used, the yields of our better plantations in
cords is very striking. In northern Massachusetts a stand
sixty-three vears old and growing on a loam soil with a
site index of sixly gave an average volume from i{wo
plots of one hundred twelve cords (Fig. 3). Another in
sonth central New York falling in the ninety-foot site in-
dex and with an age of thirty-seven yvears had a volume
of ecighty-six cords per acre, indicating a much higher
sixtv-vear vield than the Massachusetts stand.

TABLE 7

YIELDS IN CUBIC FEET INSIDE BARK FOR VARYING
AGES AND SITE INDEXES

. Site Indexes (Pt)
Ape in

anire a0 60 70 80 90
Yields in CQubic Feat, Inside Bark
14 590
19 480
20 330
25 1140 1180
28 1220
26 : 3285
32 2180 . 4250* 4410
35 3230
a7 TT60 81640
50 . 5730
a2 3930
63 104640*

* Average of two plota.



Frovug 0 NOHWAY SPRUTCE SPAND SIXTY-PHREE YEARS OLD,
GEORGETOWN, MASSACHUSETTS.

Avernge height 79 0t aversge dismeter hrenst high, all trees 122 in 7 volume
per aere HOG4G en ft



SILVICULTURE OF THE SPECIES
NURSERY PRACTICE

Tre first consideration in growing a crop of spruce in
the nursery is the seed source. This species apparently
does not vary in racial characteristies as widely as many
others do. The plantations already growing in this region
do not seem to vary noticeably in silviealtural character-
istics. This is probably due to the fact that most of the
seed was obiained from lower elevations in central Jiu-
rope where the races do not differ widely. While Sylven
(37) recognizes ten forms in Sweden, only the comb types
with drooping hranchlets on the main side branches seem
to be common here. From the standpoint of growth and
resistance to adverse climate, these ave the most desirable
races.

The relative merits of the forms which start carly and
late in spring ave an open question in Europe. The late
starting form does best in colder regions where late frosts
would kill back the early starting form. It would seem,
however, that, since the late starting form comes from
the higher mountains and frost pockets (34) and would
not be able to lengthen its natural short growing season
(29) in the more favorable climate of the northeastern
United States, Buropean seed should be obtained only
from the lower elevations and from the more southern
part of the range.

Now that our own plantations have, in a few cases,
reached seed-hearing age, we should not miss the oppor-
tunity of getting seed from trees already ‘‘naturalized.”
Tfforts to gather seed from trees less than forty years
old are apt to be disappointing on account of the small
amount in & cone and of its poor germination.

26
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Details of nursery practice are as varied as the locali-
ties in which they ave carried on, but general methods
based on the characteristies of a species apply in success-
ful work evervywhere.

Seedlings to be grown to two vears of age should not
he at densities of more than oue hundred per square foot,
and the studies of Steven (92) led to the belief that about
fitty per squave foot was best. High densities of  two
hundred or more per square foot usually vesult in
stunted yellow seedlings in all but a narrow ring
at the border of the bed. The use of concentrated fer-
tilzers has been successful in growing dense beds without
the poorer shoot growth in the middle. However, until
more is known about the root-shoot ratios of seedlings
grown with high nitrogen and phosphorus coneentrations,
it is dangerous o assume that this stock grown in high
densities will he as suitable for transplanting and field
use as that grown with wider spacing.

Toumey (94) found that germination of Norway spruce
i a closed bed was much better than in either open or
mulched ones. e also found that losses due to hot, diy
weather were less under shade than without it. Of fwelve
coniferous species studied, five davs after germination
Norway spruce had the shallowest root penetration (one
and two-tenths inches) of anv. At thirty davs it was
second with only two and four-tenths inches. So if is
plain that surtace soil moisinre of even the top inch is
very impoviant during the early seedling stage. Very
good results ean be obtained by keeping the heds entirely
shaded, top and sides, natil germination of the seceds is
nearly complete. Then half of the overhead shade
should be removed and the rest left until seasonal growth
is completed, swhen the covers should be taken off to allow
the plants to harden up before frosts come.

Damping-off may in some eases require chemieal treat-
ment (95). On well drained soils, such as loamy sands
and sands, drying of the surface soil by removing the
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seedbed covers following heavy rains nsually controls
the dizease.

Frost heaving in seedbeds, caused by the formation of
anchor ice in the soil, can he controlled by mulching with
hardwood Jeaves or covering the seed frame with burlap
as soon as the ground is thovonghly frozen in the fall and
keeping the plants covered nntil frosts are past in the
spring.

In the transplant rows, mulching is necessary in the
more northerly part of the vegion because, even on grav-
elly soils, frost heaving will often kill or stunt the tree.
The damage is, of eourse, much worse on heavier soils.
Sphagnum is a very good muleh and helps considerably
in the control of weeds. A very cheap and effective
method of mulching transplants has been developed by
A. H. Upham, Superintendent of the Harvard Forest.
Following the last cultivation in late September barley
is hroadeast over the transplant beds using about the
same quantity of seed per unit area as for a grain crop.
The barley gets nearly as tall as the transplants by the
time it is killed by frost and forms a very effective muleh
during the winter and spring. It breaks up readily in
the spring and forms no hindrance to cultivation.

In transplanting, no cull plants should be used. These
have been found to continue poor growth and to suow
high mortality. Plants to be grown to 2-2 size should be
spaced two to three inches apart in the row. Closer spac-
ing allows too little development of side branches as well
as roots (92).

PLANTING
SizE oF STOCK

The size of stock to be used depends largely on the site
to be planted and the combination of species planted. On
land where there is little competition from any sort of
vegetation 2-1 or even 2-0 stock can be used. With a
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heavy ground cover ov on cut-over land where hardwood
sprouts will be plentiful, the use of small stock is not
justified (106). Where there is much brush, at least one,
and often two, extra weedings are needed to get the
spruce through; and that extra cost alone more than
equals that for older stock, Under strong competition,
it takes from five to ten vears longer for small stock to
reach a given size than for 2-2 stock.

Compared with such species as red and white pine,
spruce is slow fo start after planting. The first year a
2-2 plant will grow only an inch or two, while on the same
site the pine will add about six inches. About the fourth
vear, spruce of this size begins to hit its stride, making
growth equal to that of the pine. From then on, it will
at least equal the pine in height growth on soils adapted
to it.

Season or Praviixe

While most spruee is planted herve in the spring, fall
planting seems generally to he successful. The weather
of the particular season, however, is a most important
factor. Planting during a dry fall would, of course, he
risky. Barly summer droughts also bring high moutality,
but are very uncommon in the norvtheastern states. Iall
planting must, of course, he done after the plants hecome
dormant and before hard freezes come. September and
October of favorable antumns ave best. In spring, the
sooner planting can be done after frost is out of the
ground, the better the results.

PraxTive Mermobs

Practically all planting in the region has been done hy
the mattock hole and the slit methods. Comparison of
the resulis of the two methods in the older plantings is
usually impossible hecause of the lack of definife informa-
tion on establishment. Three of the best plantations
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thirty-two years old were planted with a notching spade.

Kxperience at the Harvard Forest and elsewhere has
shown that the most important factor in the survival of
planted spruce is depth of planting. The secondary roots
of a normal plant of transplanting size ravely go morve
than two inches below the soil surface in the nursery
and when these roots, which may be eight inches long,
are directed downward in planting and the whole root
system is set perhaps three inches deeper than normal,
the chanece of survival is very poor. The plants so set
must develop a secondary root system af the natural
depth, and many of them die before this is accomplished
(100}. Dipping the roots in mnud increases the tendency
toward matting and too deep planting. Reuss (111) con-
cluded after a study of results on roots of spruces up to
fortv-eight vears old that it was not slit planting but the
abuse of it which gave poor results {Iig. 4). Snow- and
wind-throwing, root rot, and poor vields were found to
be the result of these abuses.

Fieune $. RESULTS OF POOR PLANTING.

The rools were drnwn into a elit from the side instead of heing placed in their
unormal, spread position,
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Spaciya

American plantings, especially the older ones, varied
in spacing from five by five to fifteen by fifteen feet.
Aside from the large braunches of widely spaced planta-
tions, the trees seem to he uniformly of good form, There
was not enough material available to study the effect of
these spacings on the vield, and of conrse their signifi-
-ance would be largely lost unless the closely spaced
stands were thinned early and often.

In Saxeny Fritsche {102}, working with a series of
sixteen permanent sample plot records covering a period
of Afty vears, avrived at some interesting conclusions on
spacing. The plots were on a peoor, stony, loam soil.
Spacings of six and one-half and five and two-tenths were
deeided to he too wide hecanse of low production. The
square planted, two and eight-tenths foot plot gave the
highest stem wood volume (10,654 cu. ££.). e concluded,
however, that suelt dense stands ave practical only under
the most intensive eonditions and that on good sites in
a moist climate no mistake is made in using a spacing
of five feet. Using value of the stand as his eriterion,
he found the best spacing was three and seven-tenths
feet. Within the limits of the experiment, spacing did
not influence stem form or clearness of the hole to any
appreciahle degree.

In the region covered by the present study, where spae-
ings vanged from four by four to fifteen by fifteen feet,
there was a definite inerease in average knot size along
the dead length with increasing spacing, Twenty-three
plots showed that the average knot size of a four by four
planting was one-half inel, and that this average in-
creased at the rate of almost exactly one-tenth inch per
foot increase in spacing up to ten hy ten feet. Bevond
this therve scemed to bhe no significant inerease. The
Iargest average knot size found was one and one-half
inches.
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The question of spacing to he used shonld depend on
local factors. Where early thinnings can he marketed as
Christmas trees and pulpwood, there is no question hut
that close spacings will produce more retnin; but inac-
eessible Iand cannot profitably be treated the same way.
The fact that spacing does not affect knot size in spruce
as muech as in snch species as white and red pine allows
the use of planting distances up to about eight feet.
However, the faet that ““pasture’ spruce is not being
hought at present by pulp mills in the Northeast shows
the inadvisability of using extremely wide spacings.

. Mixtures

In the Northeast one of the greatest questions in the
minds of foresters developing planting programs is what
to plant. Mixtures are unguestionably much more de-
sirable than pure stands; but under a given set of condi-
tions, what species ean we plant in mixture and be
reasonably sure the combination will sueceed? Some of
the plantings where Norway spruce was mixed with other
species are now old enough to show something of the
hehavior of the compoenents.

Norway Spruce and White Pine

On sites adapted to the spruce this combination seems
to he a good one. Tt combines a tolerant species with a
comparatively intolerant one; the stand can produce both
puipwood and sawtimber; the root systems oceupy dif-
ferent soil strata; and the rates of growth on leoam soils
are nearly equal. The following table from plots taken
in the study shows how the two species in alternate rows
compare in height growth.

On coarse sandy soils where even white pine growth
is slow, spruce in mixture with it is overtopped almost
from the start and is soon hopelessly lost. A plot at
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TABLE 8

RATE OF HEIGHT GROWTH OF NORWAY SPRUCK~
WHITE PINE MIXTURES

Age Siiﬁ:}p;l::‘:l';x Soil Fype Nm‘i\'u;\u;%rl:"és‘:ﬂuigm \(\I.;:;?:.) fripe
19 G0 loam 14 17
20 ) logtm 15 14
21 i) loam 18 24}
28 o) lomm kit 27
35 80 fine sand loam A ]
44 50 medinm sand EE an

Rainbow, Conneetient, on a medinm sand which had been
impoverished by fobaceo growing, showed this difference
very strikingly. At fwentv-four vears of age the white
pine was twenfy-two feet tall and the spruce only five feet
(184).

Where there is a market for pulpwood, this mixtare is
especially good; for the spruce ¢an be removed in thin-
nings while still small, leaving the pine for the final erop.
However, where the white pine weevil is abundant, white
pine, even in mixture, is a poor chotee on open Iaud unless
the spacing is made close (119).

Norway Spruce and Red Pine

‘While older plantations of this combination are lacking,
the development of the two species in pure stands indi-
eates that the mixture, as far as growth is concerned, is
a good one, at least on sites ranging from indexes fifty-
five to eighty for spruce. The following comparison of
height growth is made from a study of red pine by Reed
(192}, and the comparable growth figuves for an average
of the better sites for Norway spruee from this study.
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TABLE 9
RELATIVE HEIGHT GROWTIH OF NORWAY SPRUCE AND
RED PINE
ITaight in Feel
Ape Norwpy Spruce Red Iine
Site Index 70 (Medinm Soils)
20 21 22
30 a7 39
40 HE 53
50 i 63
60 87 70

One plot near Syracuse, New York, planted with the
two species in alternate rows on a fine sand loam soil with
a spruce site index of eighty feet showed the following
growth at twenly years:

Notway Spruee Red Pine
Avernge height 23.0 23.0
Average dameter hreast high 33 44

On poorer sandy soils red pine will outgrow spruce from
the start.

The red pine root system is deep and wide-spreading
(19), which, of course, adds windfirmness to the spruce
in mixture with it. Red pine is somewhat less shade
tolerant than northern white pine. In regions where
weevil damage is high, this mixture promises very great
usefulness, because red pine itself is almost never wee-
viled and gives some weevil protection fo the spruce at
the same time. As red pine is well adapted to the pro-
duction of lumber and dimension stock, the mixture has
a variety of uses. On the other hand, the European pine
shoot moth, which is at present canging such great losses
in Connecticut, New York, and Ontario, makes the use



Friure 5 A MIXED STAND OF NORWAY SPRUCHE AND BUROPEAN LARCH
FORTY TWO YRARS OLD WOODSTOCK, VERMONT.
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of red pine as a prospective crop tree in these regions, at
least, rather hazardons.

Novway Spruce and FEuropean Larch

This combination is one which grows naturally in the
mountains of central Europe.

The lareh is very intolerant of shade and fast growing
up to forty vears of age (Fig. 5). Tt is tap rooted, and
its foliage 1s noted in Europe for its ability to improve
soil conditions. Three plantations of this mixture were
found during the study,

TABLE 10

RELATIVE HETGHT GROWTH OF NORWAY SPRUCE AND
EUROPEAN LARCH

Are Soi —_— Spruce Average Height

Smuee Tnreh Soil Trpe Site Index Spruce Larch
24 ) sand G0 28.5 26
4 44 medium sand 3 43 31
42 42 fine samd loam G0 48 b8

These plots show that, although lareh outgrows spruce
on the betfer soils up to middle age, it is unable to keep
up with the spruce on sands, even on those where the
spruce makes fair growth.

One of the most striking features of the mixture 15 the
effective pruning of the lareh hy the spruce {Fig. 6). The
large lower limbs shown in the figure are due to the wide
spacing (twelve by twelve).

Larch should be planted either as occasional single
trees or in small groups among the spruce. The effect of
such groups on the regencration of the stand is indicated
by Fig. 8, which shows very good natural reproduc-
tion of spruce under a larch group in the forty-two-year-
old plantation mentioned above. This result bears ont



Frivke 4 MINXTURE F  NORWAY SPRUCE

AND  BUROPEAN LARCH
FORTY-EWO YEARS OLD, WOODSTOCUK, VERMONT

Note the pruaning of the fnveh by the spruee. The lage lower limbs nre due to
tie wide spacing twelve by twelve foot,
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Kuropean experience which has shown that the rich needle
fall of larch does not hinder the development of thick
spruce undergrowth (81). On sites where therve is strong
competition from grass or shrubs (123), the planting
stock of larch should be stoeky and from eight to twelve
inches tall.

Lareh is a good species to use for the production of
posts, poles, ties, and dimension, and will give usable
thinnings at younger ages than the spruce (123). Euro-
peans consider that lareh in mixture with spruce adds
greatly to the forest value per hectare from the stand-
points of hoth silviculture and actual worth.

In Europe two species of aphid, ddelges strobilobius
and 4. wviridis, were thought to alternate between {he
larch and the spruce as hosts and to do considerable dam-
age. The first species is reported in America by Peirson
(218). However, Steven (219) found that the alternation
was not necessary in the life eyele of either speecies and
that the elimination of etther tree from a mixture alveady
attacked wonld give no appreciable help in controlling
the insect onece it had hecome established. Fumigation of
stock before planting to free it from the inseets has re-
sulted in satisfactory control on sites where good growth
was possible.

Novway Spruce and Scotch Pine

This type of stand exists in Kurope in all proportions
from pine with an understory of spruce to spruce with a
small amount of pine. The mixture is favored there be-
cause it develops neither the openness of the pure pine
nor the raw humus soil condition of the pure spruce. It
is less subject to storm and insect damage than pure
stands of either species (4).

However, the difficulty of getting races of Scoteh pine
adapted to any particnlar section of this country iz shown
by the poor form of practically all our stands. Af least
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nntil we have races of known form acclimated in a given
region, white or red pine in mixtare with spruece gives
much greater promise.

Norway Spruce and Hardwoods

The esteem in which spruce-heech stands ave held in
Kuroepe is well known. The abuadant and vigovous hard-
wood advance growth on onr heavier soils gives plenty of
material for the creation of mixtures. Under the oldest
spruce stands the borders are heghnming to develop a
hardwood advance growth of various species; and it is
apparent that if spruce veproduetion oceurs n the second
rotation ou sueh sites, it will be in mixture with the hard-
woods. Whether natural reproduetion will provide such
a mixture in properly treated stands remains to be seen;
hut one of the uses to which spruce is well adapted is that
of filling in areas of inferior species or of poor stocking
in good hardwood reproduction. The species is not in-
jured by shade so much as the pines, but the terminal
buds seem to be rubhed off more easily and weedings ave
necessary to free them, Onee the spruce begius rapid
height growth, it soon equals the rate of the hardwoods.

A special case of spruce-havdwood stands is that in
which spruce is planted under young poplar stands such
as those so chavacteristic of burns in the Adirondacks.
The State of New York has some plantations of this kind
in which the spruce is growing well and is in a position
to form the main stand wheu the short-lived poplar
hreaks up (Fig. 7). Of cowrse, spruce planted beneath
the densest poplar thickets conld make little growth, but
in the more open stands it does well.

Wherever there is an appreciable amount of hardwood
hrush of either seediing or sprout origin, planted sprace
must he weeded in order to make good growth. While
spruce will persist beneath hardwood for many years, the
trees arve only umbrella-shaped dwarfs. Moreover, if
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the spruce is in a position to he whipped by the hard-
woods, the leader will be killed and further height growth
greatly veduced. Where such species as gray bireh, fire
cherry, ete. have sceded in to make a seattered stand, one

Faivrr 7. NURWAY SPRUCE TWENTY-
FIGHT Y#HARS OLD PLANTED BENEATH
A POPLAR STAND ON AN OLD BURN

or two weedings, requiring a maximum of eight man-
hours per aere will usually bring the planted spruce
through. Where spruce is planted groupwise to supple-
ment natural hardwood reproduction following a eutting,
three weedings ave usually required to get good develop-
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ment of hoth elements. The time requived is from four-
teen to thirty man-hours per acre (125).

Norway Seruce on Cur-ovir Corpwoon Laxp

Norway spruce is a good species to use on eut-over
cordwood land fo produce a pure coniferous stand instead
of the sprout cordwood which naturally follows such a
cutting. The planting should be done with large stock
the spring after entting. A wide spacing of ahout eight
hy eight feet can he used, planting ouly in the spaces sev-
eral feet from hardwood stumps. Thiree weedings are
usually necessary, the time requived being essentially the
same as when the spruee is planted groupwise with hard-
woods of sawtimber species. The wider spacing of the
plants saves enough planting stock and money to cover a
substantial part, and sometimes all, of the weeding cost.

PRUNING

Whether spruece should he pruned has heen a contro-
versial subjeet in Euvope. While most authors admit the
desivability of pruning dead limbs, some writers (129,
131) claim that green pruning resulfts in slow healing,
pitch pockets, and rot. Morve recently the attitude toward
limited green pruning seems to he more liberal. Dengler
(4) and Heek (127) consider pruned logs far superior in
value to unproned ones. Green pruning should be lim-
ited to smaller branches and should be done during late
winter to allow the wounds to cover as much as possible
before the start of growth., Pruning should be limited to
crop trees only (4).

It is evident from the older plantations that no clear
length will develop naturally in votations up to sixty
yvears. The branches nsually harden rather than rof,
and no natural pruning takes place. Development of
dead Iength {portion of the bole on which branehes have
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been killed by shading) is very rapid after the stand
closes until it is thinned. The average of eighteen older
plantations with original spacings of six by six feet or
less gave the following dead lengths at their respective
ages.

TABLE 11
RELATION OF DEAD LENGTH TO AGE IN UNTHINNED
STANDS
Ao Feet D‘f?‘ﬂ xéuu'::i”:af Totat Height
15 1 13
20 G 28
25 14 41
30 25 53
35 38 0

This shows that the pruning of dead branches can be
started at about twenty-five years of age, when a log
length can be cleared.

THINNING

One of the most important phases in spruce silvieul-
ture and the one most neglected in American plantations
is that of thinning. Since spruce is so shade tolerant,
mortality is very low even after the stands close, and
older stands established with any commonly used spac-
ing and left unthinned are universally stagnated in
growth because of overstocking. In Europe under such
circumstances and especially on poorer sites, soil condi-
tions get progressively poorer on account of the aceu-
mulation of a thick raw humus layer and the development
of a podsol profile (4,166). The fact that in our older,
unthinned stands there is no advance growth or herba-
ceous vegetation of any sort except where side Hight
reaches the forest floor shows the unmistakable need for
thinning. Furthermore, diameter growth as well as in-
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termediate vields can be greatly increased by proper
thinnings.

There are two schools of spruce thinning in FEurope.
One, as advocated by Sehwappach (150, 151), recommends
medium thinnings to keep the crown length from one-
third to one-half the total height; the other, as typified
by Bohdannecky (1385), aims at trees always free on all
sides with the crown length ahout two-thirds the total
height. The Schwappach school of thought seems to he
dominant i Germany and also is move applicable to our
less intensive economic conditions.

All anthorities seem agreed that thinnings should be
started when dead length reaches fifty fo sixty per cent
of total height in all stands with close spacings. Stands
originally spaced ten by ten feet or wider may not need
thinning before fifty vears or later. Drastic opening-up
is dangerous at anv age. Rather, the aim should be to
keep the stands dense until a small knot size is established
in the butt and then to thin just enough to keep crown
lengths from one-third to one-half total height. Special
attention should be given to hreaking np dense groups of
trees.

In this study thinning was found to be needed in stands
planted five hy five or six by six feet at about thivty vears
of age. Karly thinnings needed were of € grade, includ-
ing suppressed and intermediate trees which would break
the erown canopy, for only five vears at most. Later thin-
nings should be frequent and light rather than seldom
and heavy. As the stands approach maturity, the sever-
ity of thinning ean well be increased to take some codomi-
nant trees (D grade). In the field, eleven of the older
plots were studied with a view fo finding what thinning
was needed. None of them had heen previously treated
more than to remove dead or dying trees. The following
table shows something of the history of these stands, the
thinnings recommended, and the material which would
be removed.
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TABLE 12
THINNINGS NEEDED IN OLDER PLANTATIONS STUDIED

o Site Present  Dend o Thinaing Recommended
s SRR i e T wpa s v o e SO
32 80 5 x5 968 58  badly 19 25 31 107
32 80 5 x5 40 66 ves 26 22 38 105
32 %0 5 x¥ 420 66 vyes 21 27 35 126
32 50 5 xb 10080 BB yes 11 11 30 24
3 60 6 x 6 686 47 yes 39 36 57 111
37 90 6 x 6 B0 70 ves 14 12 25 104
37 80 6 xd 880 T3 yes 20 18 35 143
50 80 14 x14 180 no . - .. .
52 B0 8x§ 487 Tl yes 20 28 50 106
G3 T0 o irregulay 437 57  no . -
83 70 6'x 7 618 62 wyes 19 19 30 162

If delayed until the stands ave thirty years old, thin-
nings may produce some profit, as indicated in the table.
Pulpwood is now used to small top diameters in the
Northeast, and well-formed tops can often be sold as
Christmas trees for good prices.

SEEDS AND SEED PRODUCTION

Norway spruce begins to bear fertile seed on good sites
at about thirly vears, but it is safer to collect from trees
at least forty vears old, unless examination shows the
seeds to he well filled. Seed years average one heavy
crop and one light one in six to eight years (22, 10).

The time when the seed ripens depends on the weather.
When the late summer has been warm and sunuy, good
seed can be collected in late September or Oclober; but
otherwise it will not ripen hefore November. Barly
ripened seed is, in general, disseminated carly. However,
this is influenced by the fall and winter weather. If the
fall is warm and dry, the cones may open by November;
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but if the fall is cold and wet and the winter has few ex-
ceptionally warm and dry days, mueh of the seed may be
held until early spring (66).

The cones ave easily collected heeause of their large
size and their usual concenfration at the top of the {ree.
Purthermore, if squirrels ave feeding on the seed, they
usually enf off many fimes the number of cones they can
cache, and these can be picked from the ground. When
collecting it is well to leave ont the smaller cones from
each free, because Friedrieh (65) has shown that the
lavger cones not only produce more and hetter seed hut
that the plants produced are mueh hetter ali throngh the
scedling stages.

Norvway spruce cones open very easily at velatively
low femperatures. Cones spread out at ordinary room
temperatures ave fully opened in a short time.

The seed germinates well. Toumey (74) gives the
minimum viahtlity at 49.7 per cent and the maximnm at
096.7 per cent. The seed is viable for three or fonr years
{22). The size of the seed varies within wide limits,
increasing in general toward the sounth. Seeds from
northern Norway weighed 4.01 grams per thousand as
compared with 9.01 grams for those from Germany (74).

NATURAL REPRODUCTION

Spruce silvieulture in central Europe has most often
meant clear entiing and planting; but the pendelum is
swinging, and now natural reproduction in the ‘‘Dauer-
wald”’ (eontinuous forest) is the leading philosophy.
One of the most successful modifications of this is the
“Blendesanmsclilag’® (border shelterwood), which is a
strip system moving usually from north to south and
providing partial protection from the sun for the young
seedlings. In the past it was thought that even-aged
stands were most desirable and that planting was the



46

only practical way of establishing the new stand; but it
has been found that under favorable conditions good
reproduction can he obtained naturally. Diffienlty in
establishing this reproduction does not seem to be re-
gional, for success has sometimes been attained from
Norway to the southern limit of ihe range. However,
certain requirements have to be met wherever natural
reproduction is established. Heavy spruce litter makes
establishment impossible, since the seed must come in
contact with mineral soil or humus of another species in
order to germinate. Spruce seedlings ave unable to sur-
vive in any numbers in heavy ground covers of moss,
blueberry, club moss, ferns, grasses, or berry bushes.
The unfavorable effect is greatest on poor sites under
an overwood and on the best sites on cuttings. Hardwood
leaves may be favorable.or mnfavorable according to their
nature and amount. Relatively small leaves which shrink
in drying, such as those of hazel, offer little hindrance to
the spruce; while a heavy fall of large, leathery leaves,
such as those of aspen, practically prevents spruce re-
production. The favorable effeet is best brought out in
mixfures with spruce where the hardwood leaves limit
the amount of moss which can develop and are not plenti-
ful enough to cause trouble in themselves (81). As large
openings in the stand allow weeds rather than spruce to
establish themselves, the seed ceuttings should be light
and the final clearings made soon after reproduction is
established. Regenervation is much easier in mixed stands
(22).

The fact that the older spruce plantations in the North-
east have not generally reproduced themselves is not sur-
prising. None of them has been thinned fo produce a
condition at all suitable for reproduetion. The fact that
in misture with European larch (Fig. 8) and arcund the
borders of pure plantings (Fig. 9) reproduction is com-
ing in shows that the species will regenerate here if



LNOIRHIA  MOOLSUOOM  UITI0 SUVAL OMI-AIHOJ HONVT ONY HI0UdS J0 (NVEE qaxim
¥ NI dO0UD HOUVT NVIJOUNT V. HHAN{] NORLDAWOUAMH HOOU4LS AVMAON FIVHILYN '8 Juanny




48

properly handled. From the sproce-larch mixture, which
was 42 years old and covered several acreg, 1000 spruce
seedlings were removed to furnish stock for a new plan-
tation.

Fopne § NATURAL REPRODUCTION AT THE EDGE OF A SINXTY.THRER-
YEAR-OLD NORWAY SPRUCE STAND.



DAMAGE TO PLANTATIONS

WHITE PINE WEEVIL
Tar greatest iusect enemy of Norway spruce in the
Northeast is the white pine weevil, Pissodes strobi Peck.
According to Graham (214), the tree is second in pret-
erence to white pine; and hoth Blackman (212) and Peir-
son (217) find that the weevil oceasionally does serious
damage to the species.

Special care was taken to vecord the damage in the
plantations studied. It was found to he less serious than
many suppose. Of the pure spruce plantings, Aftv-four
per cent had not been noticeably attacked at any time;
thivty-three per cent showed attacks at some point in less
than twenty per cent of the trees; only five per cent had
twenty to fifty per cent of the trees weeviled; and eight
per cent had over fifty per cent. In mixtures with other
conifers, spruece suffered less than in pure stands. In
nine mixtures of Norway spruee and while pine, five
showed ne spruce injavy, while two showed light and two
heavy weevil injury. There was one ease in which in-
jary to both species was light; one with spruce medium
and pine heavy; and two with meditm injury to both spe-
cies. In seven ofher mixtures with sueh species as red
ancd Scoteh pine, European lareh, ete., there was only one
case of weeviling in spruce and it was light.

While weeviling may be heavy in places during certain
vears, the results ave not nearly so discouraging as with
the same intensity in white pine. With spruce, if the
whole leader is not killed, a strong shoot is sent out just
below the dead portion and continues upward with a hend
so slight that it disappears with a few years' growth
Where the whole leader is killed, the first whorl of
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branches seems to develop a single leader befter than
white pine, and the resulting erook is not so great.

The best control measures are planting in mixtures
with species not strongly weeviled, and close spacing in
the planting to insure guicker and more complete recov-
ery after weeviling.

SPRUCE SAWFLY

During the last few vears a Euvopean sawily, Diprion
polytomwm (Hartig), has been seriously damaging ma-
ture white and black spruce stands over a large part of
the Gaspé Peninsula in Quebee. This inseet has been
known for a hundred vears in Burope as a defoliator of
spruces, but scems never to have caused serious damage
there. While the future of the Uaspé outhreak cannot
well be predieted at present, the fact that white spruce is
being strongly attacked while Norway scems to have
been little damaged in Europe makes it appear advisable
to plant Norway sprace in the Northeast perhaps in pref-
erence to white (210, 211).7

CTIERMIEN

While the spruce gall aphid, ddelges abietis Kalten-
bach, was noticed in six of the plantations studied, it did
not seem to he of primary importance in any of them. It
was found on trees ranging from a few yeavs up to thirty-
two years of age, but the bad infestations were found on
trees weak from other causes. As was found to be the
cage in Bngland, the insect is usually confined to the
poorer sites (209). The injury is often serious on orna-
mental trees, especially in hedges (215). The control of
the aphid seems to lie in planting only on sites adapted to

* This sawfly has now (1936} been found in all the New England states
except Rhode Isluind and in New York as for west as Syracuse.  For recent
developments in this region see MacAloney, H. J, *“The Buropenn spruce
pawfly in the United States,’’ Journal of Forestry 34(2):125-129, 1836,
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the tree and in keeping the stands vigorous through thin-
nings (219).

Two other species of the same genus, ddelges strobilo-
bius and A, viridis, alternate hetween Novrway spruee and
Buropean lareh in Europe. Steven has shown that theve
are several parthenogenetic forms in each of these species
and the one doing practically all the damage to either
host is a non-migrating form. He points ont that these
insects cannot be considered a serious ohstacle in growing
the two trees in mixture, and that only adverse soil or
climatie conditions cause the inseccts to be serious. 4.
strobilebius has been veported in this country (218).

RED SQUIRREL

During periods of deep snow when the red squirrel
(Sctrus hudsonicus Trxleben) has its usnal food supply
cut off, it eats the inuer huds of several coniferous spe-
cies including Norway spruce. The terminal bud of the
sprace with its heavy armor of needles is hollowed out in
place, but branel tips up to several inches in length are
cat off and carvied back to some convenient resting place
where the buds are eaten, Often dozens of hranches ave
cut from a single, small tree; some plantations are hit so
hard and so regularly that their growth is almost ar-
rested. The injury was present in ten of the plantations
stndied.  Uninterrupted recovery from the injury is
rapid; and since only the terminal bud is usually removed
from the leader, one of the lateral hads takes the lead and
a had crook is usually avoided (234, 236).

STORM DAMAGE

Snow does not seem to damage spruee in the Northeast;
but severe ice storms, such as the one of 1921-22 in Massa-
chusetts, oceasionally do. Of the stands examined, only
three showed evidence of ice damage, and in two of these
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less than five per cent of the trees suffered. The only
severely injured stand was at Georgetown, Massachu-
setts, where the weight of the ice can be judged from the
fact that six to ten inch tops were broken off from sev-
enty-five foot trees. An adjoining white pine stand
seemed to be more severely injured than the spruce. That
the branching habit of spruce makes it very resistant to
ice breakage is brought out in a study made in Wisconsin
during a two-day ice storm. It was found that, compared
with nineteen hardwood species, the inerease in weight
of spruce twigs was about the middle of the range {aver-
age ratio of weights, loaded to normal, eighteen to one).
The accumulation of ice on the drooping branches tends
to produce a pulling load instead of a bending one, so
little damage results. In a list of thirty-seven hardwood
and two coniferous species studied, P. Abies was second
in resistance to ice (231, 232).

Along the sea shore, wind tends to thin out or kill the
tops of border irees in a plantation, but spruce seems to
he more resistant here than white or Seoteh pine.

FROST

While frost damage seems to be important in the life
of young spruce plantings on frosty siles abroad, the
climate of the Northeast does not scem to cause serious
damage except in frost pockets. In one case of a loeal
frost in late May new spruce growth on a young planta-
tion was killed. The frost was very unusual and was
severe enough to kill the leaves of oak and other hard-
woods. No effect of the damage was noticeable the
following year,

FUNGI

While there is a rather widespread opinion in Europe
that the fivst generation of spruce planted on old fields is
very apt to show fungal attacks, this was not found to
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be the case in even the oldest plantations studied. Incre-
ment borings were made below stump height in most of
the plantations, usually in suppressed or dying trees, and
no rot was found. This immunity is especially striking
because none of the stands had been thinned, and the
number of weakened trees was large. In one thirty-
seven-year-old stand confaining six hundred forty trees
per acre, shoestring fungus, drmillaria mellea, was fruit-
ing at the bases of some trees and will undoubtedly canse
loss later. The real significance of the rdle of fungi in
Norway spruce cannot be decided until more stands reach
the older age clasges and until proper thinnings show
what can be done to keep the stands healthy.



THE TIMBER AND I'l'S USES

Tar heart wood of Norway spruce is white to yellowish
white in color with thin, white sapwood. The wood is
relatively light in weight (air dry specific gravity .35 to
.60), straight grained, and easily split. It is strong for
its weight, of medium hardness, shrinks little, and works
easily, but is not durable in contaect with the soil. It has
resin duets, but is not pitehy (18, 22).

The wood has an almost endless number of uses.
Within its Kuropean range it is the chief material in con-
struetion and the wood-using industries. Some of the
great number of other uses are for fuel, masts, rowhoats
and ships’ knees, oars, cabinet work, packing hoxes, tubs,
buckets, chests, malches, carvings, shingles, screen
frames, piano and organ sounding hoards, poles, posts
for fences and vines, charcoal, and baskets. The bark,
also, ean he used in tanning and for fuel; and products
from the resin are twrpentine, rosin, Burgundian tar, and
lamp black. Vanillin eomes from the sap of the cam-
hinm.

Because of its low resin content, long fibers, and the
high grade of pulp produced, spruce will undoubtedly
continue as the most desivable pulpwood grown in the
Northeast. Some idea of the importance of native spruce
to the paper industry of the northeastern United States
can be obtained from the latest available statisties.

In 1922 the United States used 8,003,000 tons of paper
requiring 9,148,000 cords of wood. It was estimated that
hy 1950 this requirement would reach 13,400,000 tons and
require 15,000,000 cords of wood (240). According to
1922 census figures fifty-five per cent of the pulpwood
then being used was spruce (242), In 1921 New England
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and New York cousumed forty-seven per cent of all pulp-
wood used in the United States, thirty-nine per cent of
the total domestic wood, and eighty-three per cent of
that impoxted. In terms of cords, New Eungland and New
York used 4,300,000 cords of pulpwood and were esti-
mated to he growing only 1,370,000 cords of spruce and
fir. This growth could be greatly inereased by silvieul-
ture. As Clapp and Boyee put it, ““The fotal (possible
vield) of 3,850,000 cords (in New England) is so far
ahove present requirements, even when supplemented by
imports from Canada, that it will well justify the most
intensive efforts to bring it about™ (240).

The part Norway spruce can play in this development
ig great. TIts wood is heavier than that of any of the na-
tive eastern spruces (oven-dvy weight per cubic foot,
green volume, around ihirty pouunds) and according to
the few tests made, its vield per cent by either the sul-
phite or sulphate pulping processes is essentially the
same as for the native species. Under the various proe-
esses pulp ean he made from it adapted for use as news-
print, book, high grade printing, bond, wrapping, and
kvaft papers, fiber board, and any other product which
ean be made from ground wood (242). This adaptability
coupled with the high yields produced makes the species
most desirable for pulpwood plantings. The fact that
much of our construction lumber has heen and, in the
northern part of the region, still is sawn from spruce is
another very good recommendation for spruce planting.



SUMMARY

Tae study covers data from fifty-seven plantations
between the ages of seven and seventy vears in Massa-
chusetts, Vermont, Conneeticut, and New York, supple-
mented by references from BEuropean sources.

The natural range of Norway spruce covers northern
and central Furope as far south as the Alps, Cevennes
and Pyrenees. To the east it merges with Siberian
spruce, Picea obovata.

The tree reaches a height of 100-150 feet, and a diam-
ater of about three feet. It normally has a very straight
stem, and seldom forks.

The earliest planting found here was made about 1860.
Through 1932 Norway spruce ranked second in the
amount of stock distributed by state nurseries in the
Northeast (113,083,866 plants).

In the region studied, variations in mean annual tem-
perature and precipitation showed no correlation with
growth.

The ‘“spruce sickness’ of pure stands in Saxony has
been found to be due to poor soil conditions caused by
insufficient thinning, a lack of admixtures of hardwoods
or other conifers, and in some cases by long continued
litter removal coupled with severe drought periods. Our
droughts are not so severe; following thinning, hardwood
advance growth will undoubtedly come in on heavier soils
as our spruce plantations get older, and there is little
reason fo expect ounr stands to become ‘‘sick’ if they
are reasonably handled.

Norway spruce grows well on loam or sand loam soils
and poorly on sands and clays.

Height growth of the species in the Northeast has
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heen very good with some of otir older stands, showing a
site index of eighty feet at fifty vears, and of even better
possibilities for a few stands. This growth is as goad
as the best found in Europe.

Diameter growth in the plantations studied has been
poor due to a complete lack of thinning.

Volume production of our older stands has been very
good, corvesponding well with that on similar sites in
Great Britain.

Seed for use in establishing plantations in the North-
east should come from the more southern European
range or, hetter still, from our own older plantations.

Two-year scedlings should not be grown at densities
of more than one hundred per square foot. The roots of
the seedlings are very shallow, and the maintenance of
surface soil moisture in seedbeds is corrvespondingly im-
portant. Mulching to prevent frost heaving is necessary
in hoth seedbeds and transplant rows in the Northeast.

Planting stock for areas with little ground cover may
be 2-1 or 2-0, but where there is mueh competing vegeta-
tion, as on cut-over land, 2-2 stock pays for its greater
cost throngh redunced weeding expense.

While spring planting has been the rule, success can
be expected from that done during falls when there is
plenty of moisture in the soil.

Fither the mattock hole or slit method of planting is
satisfactory if properly carvied ount.

Average dead knot-size varies between one-half ineh
for fonr-by-four foot spacings to one and one-tenth inches
for ten-by-ten feet, bevond which there is no significant
lnerease.

Mixtures of Novrway spruce and white pine grow well
on hetter soils but, of course, are subject to heavy weevil-
ing in some sections. Norway spruce and red pine also
do well together, bui red pine is not to he recommended
where the Turopean pine shoot moth promises to attack
it. Norway spruece and Furopean lareh grow together



58

naturally, and planted mixtures have done well in the
Northeast. The spruce has heen able to reproduce itself
under the larch groups. Norway spruce and Scofch
pine form another natural mixture, but the difficulty in
getting Scoteh pine races adapted to onr conditions makes
the use of other mixtnres much more promiging at pres-
ent. Norway spruee is well adapted to use in the mixture
with hardwoods on cut-over land. Tt can also he nsed
to underplant thin poplar stands.

Onr older plantations show that no clear lumber will
be produced in rotations up to sixty vears nnless pruning
can be used. However, pruning of the species must prove
to be beneficial hefore it is widely used,

The greatest single need of our older plantations is
thinning. The stands should be thinned when dead length
(length of bhole on which hranches have been killed by
shading) reaches fifty to sixty per cent of total height.
Crown lengths of the crop trees should be kept at from
one-third to one-half total height.

Norway spruce hegins hearving seed at from thirty to
forty vears of age. The seed ripens between late Septem-
her and November. It is easy to collect the cones and
extract the seed. The seed germinates well,

The lack of natural reproduction under our dense plan-
tations is not surprising, since light and soil conditions
arve not at all favorable for itf.

The Norway spruce is second to white pine in prefer-
ance as & host by the white pine weevil. The spruce ig not
often damaged as much as the pine in a given section and
recovery is also better in the spruce.

The FEuropean sawfly, Diprion polytomum, now killing
mature white and black spruce in the Gaspé Peninsula of
(Quebee, has never bheen considered a serious pest of Nor-
way spruce in Burope.

The spruce gall aphid limits most of its attack to trees
weak from other causes. Two European species of aphid
previcusly thought to prevent the use of spruce-larch
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mixtures have been found eapahle of control by nursery
stock fumigation.

The red squivrel causes serious damage to some Nor-
way spruice plantations throngl hudding.

Due to its pendant hranching habit, Norway spruce is
very resistant to injury by ice and snow.

Frost damage in the region studied seemed to be con-
fined to frost pockets.

Inerement horings in suppressed trees in most of the
plantations studied showed no traces of rot; hut drmil-
laria mellea was found fruiting in one very dense, thirty-
seven vear stand.

The wood of the species has almost endless uses. It
is light in weight, easily worked, fairly strong, and
shrinks little, but is not davable in contaet with the soil.
One of the greatest uses is, of cowrse, for paper puly, for
which it is especially sunited.

Form-class volume tables for the species were con-
verted from the work of Jonson in Sweden, and a yield
table from MacDonald’s studies in Great Britain, A
summary of the data from the plots studied is presented.



APPENDIX
VOLUME TABLES AND THEIR APPLICATION

Smves form-class volume tables for Norway spruce had
been constructed by Jonson in Sweden (186}, no attempt
was made in this study to develop new ones. The follow-
ing tables were made up in English units by the use of
the form factors given by Jounson. Breast height as given
wag taken at one and three-tenths meters (four and three-
tenths feet); but the plotting of partial tree diagrams
from the percentile tapers showed that this difference in
point of measurement would not ehange the fignres one-
tenth of an inch in any of the material covered by this
study. Therefore this difference was disregarded. In
the construction, a table was made up giving the volumes
of eylinders with heights from twenty to eighty feet and
diameters from four to twenty inches. Then a table of
hreast-high form factors for given heights in feet and
form classes was converted from Jonson’s table by curv-
ing. Form-class tables of volumes in cubic feet outside
bark were next made by using the form factors and eylin-
der volumes. No hark thicknesses could be taken on liv-
ing trees in the plantations studied; but measurements
on stumps and dead trees showed the material to be weil
within the thin-bavked type of Jonson (bark thickness
two-tenths inches tor trees four inches d.h.h. to sixty-five
lundredths inches for trees fifteen inches dbh.). In
order to get volumes inside bark, a curve giving bark
volume in per cent of total volume was construeted from
Jonson’s fignres for the thin-barked type and the volume
table figures rveduced aceordingly.

The relation of d.b.h. to bark volume in this class is as
follows:
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TABLE 13
RELATION OF BARK VOLUME TO DIAMETER BREAST HIGH

DB.H. Bark Volume
Inshes Per Clent
2 15
3 14*

4 14
5 13
H 12
7 11
8 11
9 10
10 10
11 H
12 &3
13 )
14 9
15 8

* From curve extension.

TABLE 14
FORM CLASS VOLUME TABLES I'OR NORWAY SPRUCE
Fory Crass 55%

B.B.H. Total Height in Feet
Lachos 1 a0 40 5 a0 70
Volume Instde Bark, Cubic Peet
2 2 3 3
3 B 6 T .
4 8 1.1 1.3 16
5 1.3 W 21 25 .
6 18 24 3.0 3.6 432
7 25 3.4 42 50 5.8 .
8 3.4 4.5 535 6.5 7.6 87
9 5.6 7.0 B 08 i1t
10 6.4 8.6 103 121 13.8
11 8.4 105 126 148 167
12 12.6 151 175 20.0
13 148 17.7 206 23.4
14 172 2006 241 7.5
15 14938 237 27T 316

* o amooth the volume figures, those from each form clagy were curved
in both directions. The range of sizes given in each table is slightly larger
than that found in the plantations. Total height is above stump.
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Form Crass .GO

N.B.H, N , Toinl Heisiit in Fect
Fnehes * 5 Valume Inside I§3nr]:, Cubie Iect 7 8
2 o 3 3
3 b £ 8
4 8 1.2 14 17 15
5 13 1B 22 2.7 31 ;
G 1.9 26 32 4.0 4.6 53 .
7 3.5 4.4 5.4 6.3 72 82
S 4.6 58 78 8.2 0.5 10.6
9 T 8.9 104 124 13.5
10 0.2 111 13.0 14.9 168
11 112 135 15.8 183 20.6
12 133 16.1 15.9 21.7 245
13 189 222 255 288
14 230 25.8 207 33.6
5 25.4 297 34.2 38.5
16 201 338 350 43.9
17 . 384 441 40.G
18 433 44 6 55.9
14 48.3 55.06 G238
20 .. o - .. 53.7 G017 (3.8
Fory Crass .63
]i)’ﬁ?]ﬂz‘ 20 0 ) -1['}hmli ]]L‘”{;!,](; in {l?i'l 60 10 40
Volume Insile Bml, Cubie Fest
2 2 3 4
3 5 T 8 .
4 R 12 15 15
5 14 19 24 2.8 L
6 18 27 34 4.2 4.9 57
7 27 3T 4.7 58 6.8 78 83
8 4.8 6.2 7.5 8.9 6.2 11.6
) 7.9 0.7 ild 13.1 14.8
10 9.8 11.9 14 ¢ 162 182
11 144 16.9 19.5 221
12 174 204 235 26.6
13 20.4 24.0 27.6 312
14 7.7 321 36.2
15 321 37.2 42.0
16 36.6 42.2 47.8
17 414 47.7 54.0
18 46.6 5358 G0.4
19 . . 523 601 67.9

20 - .. . . 570 66.7 75.5
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Forae Crass 70

DR N Total IIelght in Feat .
Inches = a0 Vi ulur?lo Insido Bu:i\ Cuhu.b Fept i 5
4 B! 12 1.6 20 .
51 14 20 2.5 3.1 3.7
6 21 29 37 45 53 6.1
7 39 5.1 6.2 7.3 8.4
3 6.7 81 9.5 109 .
9 8.5 10.4 123 14.2 161
10 . . 13.0 153 17.6 19.9
11 . 159 185 211 237
12 . ‘ 188 71 254 287
i3 26,2 30.0 338
14 30.4 350 396
15 348 40.1 454
16 39.9 45.6 51.4
17 . . 45.2 515 57.8
13 o . 5005 578 652
19 . . 56.7 (4.6 733
20 . (2.6 720 816
Fory Crass 75
IIJHIB]UE.E 20 30 :0'1 otal Il’ul.bhl: in FQLE;{) 0 an
Volume Inside Bark, Cubic Feot
4 ] 1.3 17 21 .-
5 15 2.1 7 33 4.0
1t 2.2 31 40 40 5.8 .
7 4.3 545 6.7 70 91 .
8 T2 58 104 12.0 136
b 113 13.3 154 17.5
10 14.0 16.6 19.1 217
11 169 20.0 281 261
12 . 241 7T 314
13 . 283 32,6 36.9
14 . 328 378 423
15 . ‘ 381 439 49.6
16 ‘ . . . 432 499 56.5
17 48 7 56.3 63.5
18 . 58 G3.2 718
19 . . 61.3 70.7 80.3

20 . . G682 787 89.2
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The form point method of determining average form
quotient of the stand was found to be very satisfactory
with the species. In using this method the center of wind
pressure on the crown is estimated by eye and, by using a
modified Christen hypsometer with ten equal divisions,
the height of this center of wind pressure (form point)
is estimated in per cent of height above breast height.
Little variation was found hetween individual trees in
the stands studied, so that the form point of ten fo twenty
trees gave reliable vesults.  Aectnally, measurements of
the diameter at one-half the height above breast height
and ecomparison with that estimated from form point on
fifteen sample trees where climbing was possible showed
an extreme variation of eleven and an average
variation of four form quotient units.

The relation of form class to form point and total
height was eonverted from Jonson’s table.

TABLE 15
RELATION OF FORM POINT TO FORM QUOTIENT

Tatul Form Cluss
Height 50 5% 6o 65 70 7
TPeot Yorm Toint Height in Per Cent

of Total 1eight

@

15 36 46 56 66 77 90
20 36 45 54 G5 76 89
25 35 44 53 63 6 858
30 35 43 53 63 75 87
35 34 43 52 63 T4 86
40 34 43 52 63 74 86
5Q 3 43 52 62 T4 86
60 34 432 52 G2 74 86
70 34 42 52 62 4 B6
80 34 42 52 62 73 86

It was also found that, with the uniform spacing of the
plantations studied, age has a very definite relation to
form class. The following figures from twenty yield
plots have a standard deviation of .72. Since the mini-
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mum value showing high significance is given as .561¥,
the following table is very useful for estimating the form
class of plantations.

TABLE 16

RELATION OF AVERAGE FORM CLASS TO AGHE IN
PLANTATIONS STUDIED

Ape in Years Average Form Clasg
20 575
30 65
44 0
50 725
60 725

* Correlation and Maehine Caleulation. Wallaee, I, A, and George W.
Snedecor.  Town State College of Ag and Meel. Arts, Ames, Iown, 1931,
rp. 1-71.
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BIBLIOGRAPILY

Tap assembling of a complete bibliography on Norway
spruce would be a colossal task. Since the species has
heen one of the most important in Germany, Switzerland,
France, England, and Scandinavia, where the literature
goes back for centuries, references to it are endless and
the articles referring to it alone number thousands. The
following classified list ineludes some of the more impor-
tant of these. Not all were read during the study; only
the starred articles were consulted.
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TABLE 18
PARTIAL SUMMARY OF SAMPLE PLOT DATA

‘ pse | Bew | originat | EH8 . sg:Tr. Trees Av. Dbh. (In.). Av. Total Ht. (Ff') Vol per Ar. Dead r‘gm A |
Location Species (%;:g) I(ﬂ_e)l Type * Spacing | Canopy igor (Ilef;‘) Acre Al | Domin) - Av. | Domin-| (Cu. Fr) | =% ) HE"'?% )| Quotient | Factor Litter Humus Remarks
Little Falls, N. Y. ... N. Sp. 7] 1450 L.S. 6x6 o Good 60 .. o .. 2.0 e .. .. .. .. .. . None None
Glens Falls, N. Y. . N. Sp. 11} 1100 S.L. 6x6 Grow’g. 22"/yr. 70 . .. . 8.2 . . . . . . .. . ..
Glens Falls, N. Y. ... N. Sp. 11| 1100 L. 6x6 . 60 . . . 6.6 .. . . . . .. . None None
Fine
N. Sp. 11 | 1100 S. 6x6 o . a . 40 . . . 2.4 . . . . . .. ‘e None None |Slow growth areas wet
Close
Hamilton, Mass. ..... N. Sp. L. ix¢ 2' Grow’g. 1-3'/yr. 60 . . . 6.6 .. . .. .. .. .. .. None None
Little Falls, N. Y. . N. Sp. L. 6x6 .. Medium 60 .. . .. 7.0 .. .- . .. . .. .. None None | Subsoil hardpan over slate
Little Falls, N. Y. . N. Sp. L. 6x6" .. Slow growth 60 .. .. .. 6.7 .. . .. .. . .. .. None None | Yellow clay at 18”
Cross River, N. Y. .. N. Sp. L. 6x6 .. Grow’g. 2'/yr. 90 . 2.4 . 16.0 19.0 . . . .. . .. Trace None
Cross River, N. Y. .. N. Sp. L. 10 x 10" . Grow’g. 2'/yr. 920 .- 3.8 .. 20.0 23.0 .. . . . .o . . . Yellow sand loam at 20”
Petersham, Mass. N. Sp. L. Good 70 .. 14 .. 10.6 .. . .. .. .. . .. 1%" needles %"
Petersham, Mass. . N. Sp. S. L. Good 50 . .. .. 6.7 . .- .- .. .. .. . None .
Petersham, Mass. N. Sp. S.L. Fair 40 . .. . 4.6 .. . . . .. .. .. . . Sand at 6”
Hamilton, Mass. N. Sp. L. . . 40 .. .. .. 2.7 .. . . .o . .. .. . ..
Glens Falls, N. Y. .. N. Sp. L. 9 Very good 90 1071 3.4 3.8 20.0 21.0 590 4 20 47 56 546 Y2" needles .o Small brook through plot
Glens Falls, N. Y. . N. Sp. S. L. Fair 50 .. .. . 6.2 .. . .. .. .. .. None .o Soil stratified in thin layers
Hancock, Vt. ....... N. Sp. C.L. Slow growth 40 .. - .. 2.8 .. . .. . .- .. .. None . Water table almost at surface
N. Sp. L. Fair 60 .. .. .. 8.5 .. . . . .. .. .. None
Petersham, Mass. . N. Sp. S. L. Very good 60 .. 1.8 .. 12.2 . . 1 8 .. . .. . .. Med. sand at 24"
Woodstock, Vt. .. N. 8p. L Good 60 .. 1.8 .. 12.8 .. .. . . o . .. None None |Good agricultural soil
Barneveld, N. Y. N. Sp. F.S. L. . trow’g. 18”/3r. | 60 .. 2.0 .. 12.0 .. . . .. .. .. . None None |Medium sand at 187
Cross River, N. Y. N. Sp, R. & Se. P. S. L. 6x6 .. Grow’g. 15-30"/yr. | 70 .. .. .. 15.0 18.0 . .. .. .. . .. None None |Trees on sand area 4’ tall
Croton Res’r, N. Y. ... N. Sp. & W. P. S. L. 6x6 .- Grow’g. 12:30"/3r. | 80 .. .. .. 21.0 23.0 . 3 14 . . . . . ‘White mold under spruces
Closed
Hamilton, Mass. ....counnen N. Sp. 16 | 100 L. 4x4 6 Very good 60 . 1.8 2.1 14.0 .. .. 21 | 18 46 55 625 14" needles
Fine
Woodstock, Vt. ......... [ N. Sp. 17 | 1200 S. L. 8x8 . Very healthy 60 .. 2.3 .. 13.4 .. . . . . . . None None |Subsoil at 30” fine sand
Closed
Saratago Sp'gs., N. Y. ..... N. Sp. 17 300 S.L. 6x6 6" a Grow'g. 2'/yr. 60 . 2.1 2.2 13.7 15.0 . 1 7 . .. . None None ' |Subsoil coarse, deep sand
Close
Sydney, N. Y. coevvnvnnnnnn N. Sp. 171 .. C. 5x5 4 Poor 40 . .. .. 6.0 .. . . . . . . None None |Water table at 18”
W.P. 177 .o . .. . I . . . . 8.0 . . . . . .. . None None
Hamilton, Mass. ....c.evees N. Sp. 18 100 L. 4x4 9 Very good 60 .. 24 .. 17.4 .. . 5 29 53 59 630 34" needles None |Trees very straight
Heavy
Hancock, Vt. ..oooveeninns N. Sp. 19 | 1300 L. 6x6 9 Very good 60 1018 3.2 .. 17.0 .. 480 3 16 44 55 574 1” needles %" | Subsoil at 20” clay loam
Closed
Sherburne, N. Y. ......cc0en N. Sp. 19 | 1320 L. 5x6 10 Grow’g. 18"/yr. 60 . 3.3 .. 17.8 20.0 . 12 6 . . . None None |1 Limbs dead inside crown only
Hemlock Lake, N. Y. ....... N. Sp. 19 | 1100 C. 6x6 C]“ 4 Grow’g. 6"/yr. 40 N .. . 5.7 . . . . i . . None None | Area with clay layer at 6” had av. ht. of 3
ose
Hemlock Lake, N. Y. ....... N. Sp. 19 | 1100 L. 6x6 o ! . Grow’g. 1'/3T. 50 .. .. .. 13.2 .. . . . .. .. .. None None
osed
Hemlock Lake, N. Y. ....... N. Sp. 19 | 1000 L. 6x6 12 Grow’g. 18”/yr. 60 1440 2.4 2.5 16.0 . . 3 18 45 55 591 1” needles None | Soil erumbly at 12”
W.P. 19 .. .. .. .. |Grow’g. 24:30"/yr.| .. . 3.1 3.1 17.0 . . 4 24 .. 49 .. .. ..
Hamilton, Mass. . N. Sp. 20 100 L. 4x4' 1.0 Good 50 .. 2.2 2.5 15.0 16.0 . 5 33 53 .58 625 3," needles None
W.P 20 . .. . . 2.7 3.0 18.0 19.0 . . . . . .o . ..
Fine
Phoenix, N. Y. coveenenntnn N. Sp. 20 .. S. 6x6 9 Very good 80 1153 3.3 3.9 23.0 28.0 . 7 30 . . .. %" needles %" | Sp. limbs very tough
R.P. 20 .. .. - .- 4.9 5.3 23.6 25.0 . 10 43 . .. .. o .. | Pine limbs rotted. Good looking mixture
Fine
Norwich, N. Y. B* ..... N. Sp. 20 | 1200 | S.L. - o Good 50 1800 2.6 .. 16.0 .- 329 2 12 43 .58 . needles ..
Hemlock Lake, N. Y. ... N. Sp. 21 | 900 L. 6x6 9 Very good 60 1080 3.6 3.8 18.5 20.0 . 8 43 62 63 585 %" needles None |Good, brown loam at 30"
W.P. 21 . .. . .. . 4.0 4.1 19.9 20.0 . 10 50 . . .. .. ..
Rainbow, Ob veverevneennss N. Sp. 24 s 5x5 .- Poor 30 . 1.0 . 5.0 .. .- .- . . .. <+ |2” Pinc needles | 3" | Spruec badly suppressed
W.P. 24 . . Good .. . 5.0 . 22.0 22.0 . .. . . . .. .. .. Gravel at 24”7
Coarse
S. Orleans, Mass. ....ovvnns N. Sp. 24 40 S. 10x10 4 Good 70 . 7.7 - 28.5 .- . . . . . . 14" needles None
BE.Lr. 241 .. .. . . . .. 7.2 . 26.0 .. . . . - . . .. ..
Fine
Norwieh, N. Y. B* ........ N. Sp. 25 | 1200 | S.L. . . Good 60 1800 3.5 3.9 25.0 26.0 | 1182 10 40 60 63 .. 14" needles None
Fine
Princeton, Mass, ........... N. Sp. 25 | 1500 | S.L. 6x6 8 Very good 50 1192 4.0 42 23.0 240 | 1140 6 26 51 59 531 3, needles .. | No treatment needed
Hemlock Lake, N. Y. ...... N. Sp. 28 | 1300 L. 6x6 8 Grow'g. 18"/5r. 50 . 5.3 . 26.1 . .. .. . .o . . 114" needles (1) .. (1) %" felted
W.P. 28 .. .. . . . .. .. 7.2 . 26.6 .. . . . . . . . .. Badly weerviled
Lake Clear, N. Y. ..... N. Sp. 28 | 1700 L. 5x5 9 Good A 50 1240 4.0 4.8 18.0 22.0 1220 8 42 60 .63 587 34" needles None | A Grown under poplar. Shallow soil over bed rock.
Millbrook, N. Y. A* . N. Sp. 29 700 L. 5x5 . Good 80 1032 5.2 .. 46.5 .. 3285 .e . . .70 . needles .
Millbrook, N. Y. .. N. Sp. 32 700 L. 535 9 Very good 80 1040 5.8 6.4 53.0 54.0 4460 35 66 75 72 543 34" needles 24" | Needs thinning
Millbrook, N. Y. N. Sp. 32 700 L. 5x5 9 Very good 90 920 5.9 7.0 56.0 60.0 4410 37 66 77 a1 526 14" needles None | Needs thinning
Millbrook, N. Y. N. Sp. 32| 800 | C.L. 5x5 9 Medivm 50 1000 5.0 5.9 31.0 340 | 2180 18 58 71 675 .539 1% needles .. | Limbs very persistent
Millbrook, N. Y. A . N. Sp. 32 700 L. 5x5 9 Very good 80 968 5.8 6.5 52.0 55.0 | 4040 30 58 4 72 526 %" needles 15" | Needs thinning
Ipswich, Mass. N.Sp. 35 60 | S.L. 6x6 1.0 Very good 60 1086 6.1 7.3 43.0 45.0 | 3230 20 47 65 .65 495 14" needles 177 () | Good agricultural soil. (1) Felted
Fine .
Woodstock, Vt. veeeurnenen. N. Sp. 35 | 1200 S.L. 10 x 12" 1.0 . 80 .. 10.2 .. 56.0 .. . 20 36 . . i 1%" needles None
W.P. 35 .. .. . . . .. .. 11.7 . 56.0 .. .. 30 54 .e . . .. .. No treatment needed
Groton, N. Y. ...... N. Sp. 37 | 1330 L. 6x6 9 Very good 90 640 8.4 8.7 66.0 67.0 8160 46 70 83 RES 548 1”7 needles None | Limbs tough
Groton, N. Y. .. N. Sp. 37 | 1380 L. 4x6 9 Very good 80 880 6.6 7.3 64.0 65.0 7760 44 73 81 73 534 2" needles (1) (1) 1%" felted. Thinning badly needed
Orleans, Mass. N. Sp. 40 30 S. 10x10" 8 Good 50 . 9.7 . 43.0 . . 12 28 . . . 11" needles 14" | Exposed to sea wind; spruce looks best of 3
W.P. 40 - .. . . . .. .. 10.1 .. 39.0 . .. PR R .. .. .. .. .. species
Se. P 40 . . . .. .. . .. 9.3 . 42.0 - . .. .. . .. .- .
Medium
Orleans, Masgs. «cocouunnnn. N. 8p. 40 40 s. 15x15' R Grow’g. 1'/yr. 50 .. 10.3 .. 43.0 .. .. .. .. .. .. .. .. .. | Bxposed to sea wind; some tops thin
E.Lr 10 . . . .. - .. .. 8.0 .. 31.0 . . . . . - i . ..
Woodstock, Vt. «ooeoevvnn. N. Sp. 42| 800 |F.S.L.| 12x12 6 Very good 60 210 10.3 10.7 48.0 51.0 . 10 20 .. .. . 1”7 needles .. | Pew suppressed hard maples in stand
E.Lr 42 . .. .. . .. .. .. 9.4 9.4 58.0 58.0 .. 30 51 . . . .. .. 1000 natural spruce seedlings removed from stand
Woodstock, Vt. .oeeenn... N. Sp. 50 | 750 |F.S.L.| 14x1¥ -8 Very good 80 180 13.0 .. 77.0 .. | 5790 . . 73 .70 .506 17 needles None
Coarse
White Lake, N. Y. «o.uvvun. N. Sp. 52 | 1460 s. 8x8' 7 Grow’g. 1'/yr. 50 487 7.9 9.7 52.0 56.0 | 3930 30 58 7 .69 514 1147 needles (D) .. | () 147 felted. Many trees suppressed
Coarse
E. Harwich, Mass. ......... N. Sp. 55 80 sS. 10x11" . Very good 60 .. 12.5 .. 63.0 .. .. 20 32 .. .. .. None None | Few seedlings where grass not mown
Coarse
Harwich, Mass. N. Sp. 58 60 . .. . Good A 60 . 12.5 . 68.0 .. .. 40 60 . . . None None | A 50% of tops thin. Occasional scedling up to 3
Georgetown, Mass. N. Sp. 63 280 L. 6x7 9 Good 70 618 8.6 9.3 73.0 77.0 8560 45 62 74 .70 507 2" needles (1) .. (1) 115" felted. Some border reproduction
Georgetown, Mass. N. Sp. 63 250 L. Irregular 9 Good 70 437 12.2 . 79.0 .. (12720 45 57 71 .69 498 114" needles (1) .. Some tops snow broken. (1) 1” felted
N. Sp.in Stagnated
Woods Hole, Mass. ........ mixture 70 160 S.L. 10x10" .8 Jast 10 yrs. 50 . 13.1 .. 59.0 . . 40 68 . . . 1%"” needles 14" | Windy knoll; many tops thin

* N. Y. State Conservation Dep’t. data. A-A, B-B—Same plantations measured twice. * 8§—Sand. L—Loam. C—Clar.



