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INTRODUCTION

In 1908 when the Harvard Forest was first scqulred, there
were aboutb fééﬁacres of old fields and pastures on the property.
Plaenting on these was begun on a small scale in 1809 and the volume
of yearly planting increased a8 time went on. Later, where cuttings
fziled %o produce sultable reproduction, planting was resorted %o in
order to insure complete stands. The early plentings were made at a
time when 1ittle wes known Iin this country about planting methods and
their results., Consequently meny methods, stock slzes, specles, etc.
were tried in en effort to find which were best. Fairly complete
records of all plantings on the Harvard Forest were kept, and at the
present time when the oldest plantings have reached an age of twenty-

five yearse, 1t was felt that much veluable information could be obtained

The plantations have been made under s wide variety of condi-
tions and for different purposes. In general, Ttwo classes are recog-
nized. Experimentel plentings include mixtures of Several species %To
determine their behavior, a small exotlc arboretum to Test the adaptetion
of the species to the reglon, & plenting method experiment with two
specles on Tthe same site planted by several methods, and & spacing
experiment to determine the rate of growth with different spacings of
the same species on the same slte. Plantatlions for the production of
sewtinber have been established on cut-over landse and old flelds,

There are two distinct types of cutover lands: those cutb
for sawtimber and those for cordwood. The second crop on cutover
sawtimber lands 1s dependent upon the advance growth which started
before logging end the few desirable species which seed in during the

years immedleately followlng the operation. Stump sprouts from large



stools form the nafural reproduction on cordwood land; and due to their
_ comrseness and to the rot which comes into them from the decaying
stools, these are of no value for future timber production ( ). Ex-
perience has shown that successful group plantations can be developéd
on cutover éawtimber land by planting onlj the portions of the area
where the hardwood is scanty or of poor quelity, and on cordwood cut-
tings by using wide specing and avoiding hardwood sprout clumps, plant-
ing in the best places only. The hardwood malntains the high density
necessary for the productlion of desirsble form and quality of the
planted trees. Good form and quality is obtained in old field planta-
tions only by closer spacing and at correspondingly higher planting
costs,

Conditions on the 0ld fields were fairly uniform, the greatest
variations being in the amounts of low vegetation and brush present.
These areas, of course, required complete planting.

The solls of the Harvard Forest are quite uniform with the
exception of a small area of sandy esker in the Tom Swamp Block. They
fall in the loam and sand loam classes of the Gloucester, Hinckley,
Whitman, Charlton, eand Merrimac groups ( ). Mechanicel anslyses made
on the Forest in 1930 showed &ll of the solls except the sandy eskers
to be sand loams ( ).

Early plantings were made pure on smell old fields, It was
not until 1914 that the first mixed planting was mede with Norway
spruce and white pine. Thls was on cutover land., It 1s interesting
to note that until a comparatively recent date the usual size of the
plantations renged from a fraction of an acre to a maximum of four
acres. Later plantings are larger, running up to twenty-nine sacres,

and include mainly cutover areas,



0f & total of 1975 acres of land on the Harverd Forest, 293

scres heve been planted wholly or in groupwise mixbtures with hardwood,

Method of Study

Data were obltalned from office records and from observations
and measurements taken in the fleld. The originel records supplled
necessary information as to year of planting, area plaented, amount
and slze of stock, plenting condlitions, and costs, Later records des-
cribed any operations or inspections carried on in e&éh plantation.
Field data include the measurement of 114 plots in 91 plantstions.

Some are&s necessitated more then one plot to cover the range of condi-
tions, The slze of the plots ranged from one-fortlieth %o one-quarter
gecre depending on the denslty and uniformity of the stand. All plots
were rectangular and were laié’out with & staff compess and tape. Each
corner was temporarlly marked with & stske, and one corner 1is permanently
located for future reference. The younger plantetions required only
three mesasurements: helght, crown width, and leader length. In older
plantings a certaln number of sample trees, depending upon the height
range, were recorded by height, dismeter breast high, dismeter at half
the total helght above breast helght, crown class, crown width, average
knot silze, desad length, and leader length. The remalning trees were
measured for d.,b.h., and the crown class was recorded. A curve of
height on d.b.h. wee always drawn in the field to make sure that the
full height renge and sufficient date were represented in the sample
trees. (Report of Comm. on Growth end Yield, 1926). Additional cb-
servations in each plot included denslty of the low vegetatlion, herba-

ceous and woody, and competition of hardwood.



In the office averages were computed from the younger plan-
tations, end in the older onese average dimensions were obtained from
& series of independent curves based on d.b.h., Site index curves were

developed &8 a besis for classification of the plots,

DEVELOFMENT OF FPLANTATIONS

Seed Source

Until 1928 the records included only an occasionsel mentlon
of seed source. Since then a careful record has been kept; but owling
%o the age of the plantings, no appreclable difference has developed
to date.

Two Beotch pine plantations, aged seven and Ten years, were
planted on cutover land with seed from Sweden and Tthe Riga region
respectively. Both had very stralght stems. Two older plantings,
elghteen and twenty-four years old, on old fields with seed presumea-

bly from central Europe were very crooked and forked from the start.

Two other plantings of the same type were cut because of poor form.

Stock and Establishment

Stock Age and Survivsl

The relation between sftock sge and survivel was indicated
by the percentage of faillures in the originsl plentings. An arbitrary
gtanderd of ninety per cent or over was eet for a successful planta-
tion. Plots were separated according to the ege class of stock and
the percentage of succesgful plantetions in each group celculated.

The results are shown in Table .



Tahle 1

Relation of Stock Age to Survival

01d Field Plantetions

% of plots with
opecles Stock age No. of plots survivel over 20%

Red pine 2=-1 3 100
-2 10 100
&3 4 100
“White pine 2=0 2 100
3=0 2 100
=1 7 43
-2 4 100
Scoteh pine -0 1 0
1-1 1 100
White spruce &=0 4 25
e-1 2 0
2~2 3 100
5=-2 1 100
Norway spruce 2-1 2 100
a=1 1 100
=2 3 oloid
&3 1 100
European larch 1-1 1 100
2=0 2 100
2=1 5] 100
1-1-1 3 100
-2 1 100

#  Poor stock.



Cutover lend plantations

% of plots with

Species Stock age No. of plots survival over 90%

Red pine 2-2 14 .93
2~3 6 100

wWhite pine 3=0 1 100
Z=1 3 100

=2 15 1.00

Scoetch pilne &0 1 100
3=0 2 5O

2~1 1 100

3~1 1 100

=2 1 100

White spruce =G 4 o
2 7 8e*

=3 1 100

Norway spruce =0 24 0
2=1 1 100

Z=g 7 100

2=1=1 1 100

e-2-1 1 100

3

Europeen larch 2-0 3 6e*
2=-1 3 100

*%  One bad case of frost demege.

* One cease of stock drled out in shipment.

White spruce planted with 3-0 and 2-1 stock on old fields
proved to have the greatest numbers of fallures. Three out of four
plantations with this slize of stock had to be fillled in and all of
the 2-1 plantations had to be partially replented. These fellures
were eppéerently due to the inablility of the small stock.to compete

with the heavy grass on the areas.



Plenting Methods

The establishment of the earlier plantatlions on the Forest
wae accomplished by several varlations of mattock planting, most of
which have been successful. The terms used to distingulsh these
veriations are mattock, mattock slit, and mattock side hole. Sod may
be removed or left on in any of these methods.

1. Maettock Hole

With this method a hole 18 dug lerge enough to accommo-
date the roots when spread out naturally. The roots are placed
in the hole at the proper depth and earth packed tightly sround
them.

2. Mattock Blit, Sod Off

A square footl of sod 1ls cut awey and the blade driven
&8 deeply as posslble Into the ground with one stroke. The esrth
is 1ifted by & twist or pull of the mattock, leaving a héle into
which the roots of the seedlings are slipped. The matiock 1is
then removed sllowing the earth te fell back into plece. It is
then firmed by stamping.

4. Mettock 51it, Sod On

This ies exectly like the ebove method except that the
sod 18 left Intact.

4, Mattock S8ide Hole

A small hole 18 dug with one side as nearly verticsl
a8 possible. The tree 1s held sgeinst this side with one hand
while the other 1s used to place earth over the roots and firm

it.



5. Harverd Forest Planting Tool

Thie toocl has been used 1in making &ll plantings on the
Forest since 1924, It conslists of a blade of boller plate about
5% x 54" having a slotted iron pipe crossbar on its upper edge
to regulsate the depth of the hole. A socket of 1/8" steel is
riveted over the crossbhbar onto the blade end a peavy handle fitted
into it (Fig. ).

Mr. W. E. Sanderson, formerly of the New York State College
of Forestry, desligned and firet used this tool. Mr. A. C. Cline,
Assistant Director of the Harvaerd Forest, introduced 1t into New
Englend and has described its use 1n an unpublished manuscript. He
says thaet while good holes can be made with & mettock, it is & great
desl easler to meke poor ones, and that Tthe tendency of unskilled
labor, especlally when made to speed up, 1s to make & hole The easliest
way poesible,

In rough and uneven ground where hidden rocks and roote lie
Just under the surfsce, mattock planting 1s a slow and expensive process.
What 18 needed is & tool, easy To use, and giving uniformly good re-
sults under a wlde range of conditlons with ordinary lebo¥. The plant-
ing tool seems to be a close spproach to this 1ldesl. One of its
cutstaending advantages 1s the uniformlty in slze and shepe of the
holes. This feature 1s accomplished by the design of the tool itself
rather than by the will of the workman. The crossbsar prevents the
fool from being driven deeper than the length of the blade, thus
regulating the depth of the hole, while the width of the blade and
the sidewise movements control the other dimensions. Contrary to ex-

pectations, the hole in cross sectlon 1s not wedge shaped, wide at

the top and narrow at the bottom, but rather it approximates the



shape of an hour glass, and the greater the arc through which the
handle is moved, the wider are the openings made at the top and

bottom. The plant is lowered vertically into The hole, shaken a few
times to spreed the roots, then held in place while the earth is firmed
by stemping with the heel on either side of the hole. (are rmust be
teken to avold drawing the roots from the side into the hole. This
forms & rope-like mass of roots resulting in poor anchorage and desth
to at least a portion of the root system.

The plenting tool has & further advaentage over the matfock
in its greafter ease of handling. It wes purposely made heavy (about
nine pounde) so that 1ts own weight would assist the planter in driving
the blaede into the ground. The sharpened steel blade cute through
roots with 1ittle effort and the strong handle and socket meke 1t
possible to pry small rocks out of the wey eand to force holes through
the toughest cover. The plesnter works in & comfortable, upright
position and is able to "feel out" the ground for hidden rocks in order
to find & sultable place to make a hole., Grealter ease of hendling
makes for faster plenting; and under favorable conditions, such as
gpen leand free from sftones, one men can meke holes as fast ss two can
set trees.

Notwilthstaending the advantages just enumersted, there remains
the ell Importent question of results. This tool has been used ex-
clusively on the Forest since 1924, and during this time eilxty-one
plantations, totaling over 200 acres, have been made, only fourteen
of which required filling in. These fallures cen be traced directly

to poor stock.



Plenting Method Experiments

Experiments were conducted on two sreas to determine the
effect of planting methods on the survivel and growth of seversl
species., The first, discussed by Carter ( ) was esteblished in
191& on & nearly level pasture covered with closely cropped grass
end patches of sweet fern., DSeveral rows of white plne, Scoteh pine,
Norwey spruce, Douglas fir, and western yellow pine were planted
with each method. The planting methods were mattock hole, slit sod
off and slit sod on. Three-year transplents in good condition were
used,

In 1913 and 1914 the rows were inspected and & record of
the condition end survival of each tree was made. In 1931 all trees
in two rows in each plenting method of white pine and Norwey spruce
were measured for d.b.h., height, and growth. Burvivael wes sagsin
recorded. The average growth measurements (Table ) show compearsa-~
tively 1ittle differente In elther specles, indlcating that planting
methods have no effect on slze, However, results in ferms of survival
are etriking. The percentage of survival is higher in white pine, and
in both specles the greatest survival wes found in the mattock hole
rows followed by slit sod off and slit sod on respectively. This
agrees with German experiments { ) covering twenty years using obligue
planting with a mattock. This method is very similer %o the mattock
s1it as used here, It gave good results wlith seedling stock on cut-
over lands but was not found adeaptable to transplant stock or planting
on sod land ( ).

As was to be expected, nesrly all faillures in the two species

gceurred during the first two years affer planting and the present

survivel 1is practically the same as recorded seventeen years &go.



11

The second aree wae similar to the first. Red end white pine
in alternate rows were plented by four matitock mefthods: careful mai-
tock hole, slde hole and 8llfs, sod on and sod off. The results agsin
show no size difference within the specles for the different planting
methods., Burvival was higher with red pine, but there was so 1little
varistion between the results of planting methods that comparisons
are inconclusive. The lowest survival with red pine was ninety-one

per cent and with whilfte pine, seventy-nine per cent.

Table
Survivel of BStock Planted by Different Methods

Per cent Burvival

Age from seed Malttock Hole 911t sod off 511t sod on
White Pine

4 99 79 60

5 94 77 58

21 86 69 oa
Norway Spruce

4 81 68 4.2

5 73 61 47

22 77 61 40

Development of Root Systems

The survivel and eearly growth of plented trees depends lerge—
1y upon the development of thelr root systems. In naturel stands roots
are developed where they will most benefit the tree and extend verti-
cally and horizontelly according to the character of the soll profile
and the location of nutrients end water. There ls a general tendency

to either plant too deep or to wad the roots up. The holes are not
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slwaye the proper shape or size, end the great veriation 1in stock and
the length of thelr roots mekes 1t increasingly difficult to plant so
the tree can most advantageously make use of 1its inltiel root system,
Following deep planting a secondary root system must be developed at
the proper depth, with the result that early growth is consliderably
slowed down and death often results during this period.

To determine the response of root systems To planting end
to compare them with those in naturel stands, several trees each of
white pine, red pine, and white spruce in both types of stand were
dug up, the roots examined and photographed. All trees of a specles
grew on comparable sites. Those in plentations were plented with the
planting tool.

1. White ppruce

01d fileld white spruce, nline years old, was obtalned in
northern New Hempshire from & site similer to the old fields in
Petersham (Fig. ). The roof system is very shsllow, starting within
one inch of the ground line and continuing horlzontally at a depth of
two inches or above. Where the original roots of planted white spruce
of the same age on old flelds were somewhal deeper with the Topmost
roote at & depth of three inches, the secondary root system developed
one inch below the ground line and gpproximated the trend of the natural
gpruce. Where the topmost original roots were at a depth of one inch,
no secondary system was formed (Fig. ). The secondary system eventual-
1y tekes the place of the original one., Spruce suffers most of any
gpecles studied from deep planting &and should be planted in & wide,
gshallow hole with the roots well spread.



13

2. Red Pine

Red pine, abouft nine years old, planted and natursl, was
teken from & light €0il because of The lack of naturel stock on the
heavier goils in the region. Roots on the natural pines start one to
two inches below the ground line and gradually grow deeper (Fig. ).
It takes deeper planting to cause red pine to develop a secondary root
gystem than spruce. Trees planted with the topmost roots three inches
or less below the surface conftinue to develop the original system.
However, observeflon has shown that planting at depths of five inches
or more causgses élther the development of secondary roots or the death
of the tree. In &ll the planted trees & strong vertical system is

developing, although not so edvanced as in natural stock of the same

g:ge'

3. White pine

Hoots of natural whifte pine start at or even above the ground
level but go down deeper then those of whifte spruce. FPlanting with the
topmoet originsel roots at a depth of four to five inches ceauses the
development of & secondary system at normal depth (Fig. }.

From these investigaetions 1t may be seen thet the proper
plenting of each specles on each site 1s a problem in itself, end too
much care cannot be %teken in properly placing the root systems, If
they are planted at the normal depth with the roots well spread, the’
best growth results, and losses from root-rotting fungl are kept at

g minimum,.



Yellowing of White Spruce Followling Planting

A contrast in the color of white spruce planted in the spring
of 1931 was very sitrlking. ©Some were deep green, some a pale yellow,
end the rest between the two in color. This condltion was first thought
to be due to poor planting; but after digging up several specimens of
each color, 1t was found that This was not the case.

Two hundred trees selected at rendom were recorded es to
color, proximity to stumps, amount of shading, the presence or asbsence
of slaeh, and, in the latter case,vif 1t had been burned, When separated
according to these classifications, 91 trees remained without overlepping
of the Toctors consldered. When separated according to burned or un-
burned sreas, 1t was found thet the ssme proportion of one burned to two
unburned held whether the trees were yellow, intermediale or green in
color, ©So data from the two areas were combined and reclessified sccord-
Ing To The color of the spruce as shown in the following table.

Table , Clessification of planted white spruce according
to gcolor, sheding, ebc.

Green (Number)

Upen Helf shads Full shade Total
S5lash¥* 1 3 4 8
Stumpsg¥# 3 8 3 14
Rubusg**#® 2 14 22 38
Veceinium# O 0 & 3
Totals 6 25 32 83
Intermediate
S3lash 0 1 O 1
Stumps 0 3 0 3
Rubus 4 & 0 1&
Vacceinium 0 0 1 1
Totals 4 12 1 17
Yellow
Blash 0 0 0 Q
Stumps 3 0 0 )
Rubus 6 2 0 8
Vaccinium 0 0] 0 ]
Totals 9 2 0 11

* Trees plented in slesh,
## Trees planted within 2' of a stump.
#*#d Trees In beds of Rubus prostratum.
# Trees 1In beds of Vaccinium pennsylvanicum.
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This classification shows that all Trees growing in the open
tend to be yellow, while those in the full shade of young hardwood
sprouts are practically sll green. Half shade produces results be-
tween the two in color. Under Vaccinium there were not enough trees
%o drew any deductions. In trees growlng in slash there was & marked
tendency for those in 811 degrees of overhead shade to be green. While
the trend is not so cleasr, there 1g a tendency for trees within two feet

of stumps to be green. It was Thought that the presence of Rubus prosg-

tratum indicated abundent nitrification, which should show in The color
of the trees. However, in The open, there was a very marked tendency

for the trees to be yellow, while 1In the half and full shade the tendency
was reversed, being much stronger in the full shade. This seems To in-
dicate in another way the importsnce of shade. A recent study by
Marshall ( ) shows in this connection that of twelve specles of young
coniferous seedlings, whilte spruce wllted at the highest water content

of the soil.

Precipitation and Burvival

It was thought that precipitation of the winter previous to
planting and of fthe growing season following might influence the sur-
vival of planted stock. Precipitstion was calculeted for three periods;
the December-Merch total, total for the two weeks before planting, and
that for the two weeks after, and for the last half of Mgy, June, and
July following planting. From records kept at the Forest headguarters
an average was determined for this eight-month perilod, assuming May
firet as the average plenting date. The deviation in inchee and ftenths
of inches for each year was computed from thils average end compared with

survival in plantations with 2-2 stock of red pine and white spruce. In

Swenty-four red pine plantings, twenty-three had a survival of more thean
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ninety per cent, and one had been filled in. Fifteen of these were
planted during periods with subnormel rainfell ranging %o minus 5.3
inches., Nine plots had supernormal rainfell up to & maximum of 9.1
inches, and the one plantatlion requiring filling in and heaving a sur-
vivael of eighfty-two per cent was made during a perlod with an excess

of 1.3 inches of rain., Of Ten 2-2 plentations of whifte sgpruce, nine
had e surviveael of over ninety per cent. Three of these were planted
during perlods with & deficiency of precipitetion, the greatest being
8.6 inches., The only plentation fllled in was plented with badly drisd
out sftock during & period of practicelly average rainfall. This record
of plantings shows that there 1ls enough precipitation during seven the
driest years to Insure successful plentations if other c¢onditlons sre

favorable,

Low Vegetation as Affecting SBurvival and Growth

Low vegetation affects planted trees in seversl ways., Heavy
vegetation 1s a hindrence to good planting. Its root competition is a
check on the growth of the planted stock; and i1f the vegetation is tall
and dense enough, 1ts shade causes decreased growth. Low vegetation
includes grasses, ferns, sweet fern, Ericsaclous shrubs, mosses, Spiraesa,
and migcellaneous herbs, but excludes the species which will eventually
become trees or large shrubs,

Uf the total number of plantations on the Forest, eighty-
three per cent were not fillled in. A wide variety in composition end
density of ground vegetation 1ls& represented, indicating no pronounced
effect on survival., An exceptlon to this 1s a planting of Europesan
larch in which a part was in dense raspberry briears, There were very
few survivals after three growing seasons, although the rest of The

plantation was very successful.
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The effect of shade on growth is Indiceted by & planting of
red pine and white spruce 1in an ares partly covered with dense Solldago
sp. In this golden rod the white spruce averaged 1.7 feet in height as
compared with 2.3 feet outside, and the red pine averaged 2.5 feet in

helght ae¢ conftrasted with 4.4 feet in the open areas.

Crown Width:

The Term crown wldth which at any sge determines the relative
crown and dlemeter development 18 largely & result of the growing space
avellable to the tree and ls defined a8 the saverage, maximum crown diske-
ter measured horizontally (11). These measurements for the specles
studied are presented in the following table:

Table , Average Crown Width in Feet (from curves)

| Red Pine | Whlte Pine ! Bcotch Pine: 1te Spruce | Norwsy Spruce | Eur. Larch
Age O.F, 1 C.0., Q.F,! C.0, O.F. ;1 C.0, O.F,! C.O, 'O F. | C.Q, | 0O.F, | C.O.
z ; I’ ’3 é .z
4 N .6
5 o3 . o | 1.0
8 .5 .8 .6 ! 1.3
7 L7 1.2 1.7 .8 P1.6 1.6
8 1.5 1.0 1.6 1.9 1.0 1 2.2 2.0
9 2.4 1.3 2.0 3.3 2.1 1.2 1.1 1.4 8,7 2.3
10 3.2 1.7 3.7 2.4 3.6 2.2 1.6 1.2 2.0 1.8 | 3.2 2.6
11 3.9 2.1 4,1 2.8 4.0 2.5 2.0 1.3 2,6 2.2 | 3.7
12 4,86 2.5 4,6 3.3 4,5 : 3.2 2.7 | 4.2
12 5.2 30 5,0 3.7 5.0 3.7 2.1 4,7
14 5.7 3.5 5.4 4.1 5.4 4,2 3.5 5.1
15 6.2 4.0 5.8 4.5 @ b.8 4.8 3.9 | 5.6
16 6.6 4,6 6.1 4.8 8.2 5.3 4,5 6.0
7 7.0 5.2 6.4 5.2 8.6 5.8 4,7 6.4
18 7.4 5,8 6.7 5.5 6.9 6.2 5.0 8.7
19 7.7 7.0 5.9 7.2 6.6 5.4 7.1
20 7.9 7.2 6.2 7.8 7.0 5.7 7.4
21 7.4 6.5 7.9 7.4 6.0 7.7
22 7.6 6.9 8.1 7.7 6.3 8.0
23 7.7 :
24 7.8
25 7.9
No. : t
Plots 16 22 12 18 4 6 1e 3 11 .7 5
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By comparing crown wildths of various specles on old fields
at the common age of ten years, it 1s spparent that Tthe three pines
as & group have the grestest dlmensions, white pine beling the lsargest
followed closely in order by Scotceh and red. FEuropesasn larch 1s the
seme &8 red pine and then come Norwesy and white spruce, both being
over a foot less in average crown dlemeters. Crown widths on cutover
land are highest wilth European larch followed by whilte pine, Scotch
pine, Norway spruce, red pine, and white spruce, di=meters in each
speclies belng considersbly smaller than on old flelds,

Red pine shows the greatest reduction of crown width on
cutover lands as compsared to old filelds, the variatlion at twelve years
being two feet, In white pine at the same age the difference 1s only
1.2 feet. The effect of the hardwood sprouts on Norway spruce is much
less, the difference in the crown dlameters at twelve years belng only
.5 feet. However, this increases somewhat in later years. Data on
white spruce, Scotch pine, and European larch were too few to bring
out a compsarison.

Measurements in the four white pine spacing experiment plots
show that crown wid%h incresses with fthe square of the spacing sas

given in the following table:

Table

Varistion of Aversasge Crown Width
with Growing Space

Growing Space Aversasge Crown Width
square feet feet
9 4.4
16 4,9
o) 6.1
56 8.6



Average Dismeter Breasst High &s Controlled by Growing Space

19

The growing spsace available for a tree exerts a tremendous

influence on the dlameter at breast height (

).

stems and age of the stand together with the development of the

ppacing of the

crowng determine the diamefer growth rate of the stem. Table

ahows

the relation of age and number of trees per acre to aversge d.b.h. on

varying sites.

Table

Relation of Dlameter Breast High to Number of Trees

Specles Age

Red pine 15

White plne 17
20
20
20
20
20
20
20
<0

L3~ 24
25
25

<o
23
12
23
AN
21

18
20
<l
20
<l
=20
21
21
18
17
16
15

per acre, Age,

Site Index

1680
920
900

1180

1412

13524

1760

394.2%
B2l4®
2033%
21.87%

1551%

1238

L 1080% -

840
1540
1180
1140

* Plote from spscing experiment

and Site Index
Pure S5tands, 01d Fields

Trees per Acre

Av. D.R.H.,

° @

@

oA OOk

@

2

» #

£

#

Bl O RO R Re e R EAVE (Vv R o R E R AVE (e ¢
£
NGO OOMMp O3,
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Table  (Cont.)

Specles Age Slte Index Trees per Acre Av. D.B.H,
Scoteh pilne 1 18 1680 6.1
22 24 940 7.7
Norway 18 21 1000 2.0
spruce 20 21 1248 3.7
22 14 1700 B3
Europesan 20 30 860 4,5
larch 0 40 826 9,0
20 53 800 4,5
20 34 680 4,1
20 29 600 5.8
2z 34 540 6.0
Pure Btands, Cutover Lands
Red FPine 195 24 1340 2.4
15 20 660 1.3
15 23 840 1.8
16 22 680 2.1
18 . 20 860 3.3
18 20 620 2.0
White pine 19 18 980 Do

An experimental field plenting, now Twenty years old, on s
uniform site where white pine was plented sxactly & x 3, 4 x 4, 6 x b,
and 6 x 6 showed clearly the effect of growing space on dlameter bresst
high., The starred plofts of Table show the relation of growing spece

and dismeter breest high.

Current and Total Height Growth

Leader length, the current height growth for a given year, is
dependent upon severegl factors which, in combination, increase or re-
tard growth. Helght growth occurs during only & few weeks in the summer,
and the length of the perlod 1s affected by precipltation, temperature,
snd amount of sunlight. The end of this period marks the culmination
of &ll helght growth for that year, unless later favorable growth condi-

tlons ceuse a secondary growth on certain individuals.



In en attempt to correlate helght growth of larch seedlings
to weather conditions, D. R. Brewster ( ) measured the vearly growth
on several sample plots in northern ldgho over & period of five yvears,
keeping careful weather records. At the end of the experiment he con-
cluded that, of the necessary factors ~ precipltation, tempersature, and
sunlight - no one &lone directly affects growth, but rsather the right
combination of all fectors 1ls requlired,

Further study during four years by H. I. Baldwin ( } with
several conifers over & wide range of territory in New England shows
that soll and alr temperatures exert the greatest influence in deter—
mining the beginning and rapidity of height growth., Shading and late
froat have & marked effect in reterding the start of growth. MNuch de-
pends on the crown class of the tree. If sunlight is partislly cut
off, growth 1s very slow at the start, and & slow rate may continue
through the growling sesason; while a Tree & few feet awsy recelving full
light will get off To an early start, and its totel growth will be much
greater.

Under the conditlons in the present study the factor of shad-
ing can be considered as effective on cutover lands as contrasted to
0ld field plantings. Thie 1s shown in the majority of cases by the
Tact that the old field height growth ise grester for & gilven specles
and stock age Than on cutover lends. The data on leader length for
the varilous specles, stock eges, and total sges are given for old field
end cutover stands in Table . There seems to be a tendency for larger
sftock ages to produce greater leader lengths at & given age, but the
data are too varieble and scattered to give definite conclusions.

Site index curves showing the range of totel height developed
at any age, were constructed for each species.acoording to the method

described by Bull ( ). All curves were made on the besis of & twenty-
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year index except white spruce, which, due to the young 2ge of all plots,
was based on ten years, Except in the whlte pine, data for o0ld fileld
and cutover land were combined, since 1little variation could be found
between the two types.

Table , based on five-year intervsls, shows the correspond-
ing growth rates between species. AT the common age of ten years the
gpecies arranged by helghts in descending order are European lerch,
white pine (old field), Scotch pine, white pine (cutover), Norway spruce,
and white spruce. AT twenty veears the greatest helght growth is still
held by European larch followed by red pine, Scotch pine, white pine

(0old field), Norway spruce, and white pine (cutover).

Differentistion

Differentiation is a relative term concerned with the varia-
tion in development of individuels in the stend. A stend with trees of
all crown classes well distributed 1s se&ld to have dominance well ex-
pressed, while one in which the tTreeg are all equgl in crown development
has 1ittle expression of dominance. Good differentiation 18 necessary
to meke & sufficient number of trees free toc grow' in the upper crown
clasges, Thus dolng awey with the necessity for esrly thinnings to
prevent growth stagnation. Deen ( ) explains that a larze number of
trees per acre aslone does not necessarily result in lack of differen-
tlation and resulting stagnation. He found thet the standard deviation
of diemeter breast high, when supplemented by average age is a good
criterion of differentiation, the larger deviations being essociated
with stands having good differentietion. The standerd deviation of
helght can also be used, there belng little difference in correlation

between the two standerd deviatlions, He states that the only stage



of egtand develoopment in which variation in height is discernible is
during the first ten to twelve years, when the observer can lock over
the tops and note the appearance of the canopy,.

Puring the course of the present study occular observations on
differentiatlion of height in the plots were made snd recordsd as "even'
“1ittle", or “marked’, A comparison of the results with the standard

deviation of diameter breash high shows that ocular measurements are

=3
e

ot satisfactory and that except at the extremes differentiation is not
easily discernible,

Deen states that differentistion 1s caused in a measure by
site guality, and the best expression of dominance 1s found on the better
gites, With the uniformity of site on the Forest this factor may be dis=
regarded, and with three exceptions on a gravelly esker all plantations
can be consldered as growing on similar sites,

8tandard deviation of helght was used for determining differ-
entisation in the younger plantations in which diametver measureunents could
not be taken., The standard deviation of d.b.h. was usged for the older
plots.

The data summarized in Table show tThe increase in differenti-
ation with age and with the number of trees per acre. All pleote repre-
sented are for pure stands only.

There were too few plots comparsble in old field and cutover
plantings to show the variation in differentiation, but the available in-
formation indicates a slightly greater expression of dominance on cutover
land,

For the purpose of comparing specles, standard deviation of
d.o.h, 1s used throughout. In the twenty-year age class, with 1001 to
1500 trees per acre, white pine has an average standard deviation of .95;
red pine, .87; Norway spruce, .79. Japanese larch twenty years old with

501 to 1000 trees per scre has a standard deviation of 1.35: while with
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European larch of the same class the deviation is 1.24. The standard

devietion of Scoteh pine twenty-one years old with 1680 trees per

whilte pine, red pine, or Norway spruce. The smallest deviatlions are
found in white spruce,

The standard deviation of d.b.h. decreases with an increase
of stocking in planted stands ( ). The starred plots in Table
show that in an even-aged stand, where graded stock was planted on a
uniform site with different spacings, there is a merked decresse in
the standard devistion of d.b.h. with & corresponding increase in
number of trees per acre. The standard deviation of helght on the

same plots glves a smaller increase.

Dead Lensth and Knot Slze

Dead length, & term applied to that portion of the stem on
which branches are dead, develops only affer the crowns have closed
and the lower branches dile fron shading. This deveiapment has a pro-
nounced effect on the grade and gquality of wood produced, inasmuch a8
the age at which the limbs die determines knot silze. Dead length is
exnressed as a percentage of the average height in a stand and varies
with growlng space and age. The youngest plantation on the Forest
showing any dead length is red pine fifteen years old,

Owing to the fact that early plantings were mede on old
flelds, there are only five plantations having a dead length on cut-

over lands. This lsek of sufficlent dats obscures as yet any possible

contrast between the two types.



Table . bead Length as Influenced by Age
and Number of Trees per Acre,

Age in Trees per Dead Lengths (%)
Years Acre Q0ld Fields Cutover
Red Pine
19 660 .14
18 680 2L
17 1180 11
18 860 11
18 020 14
20 1412 45
20 1334 42
White Plne
17 17e0 19
19 @80 E0
20 94 % 44
20 3214% 47
20 2553% 35
20 157" 30
20 15561% 3b
20 1238 28
2 1080% 31
20 840 : @1
23 & 24 1540 38
pete) 1180 35
25 1140 516
Scoteh Pine
21 1680 47
22 940 44
Norwsy Spruce
20 1248 17
22 1700 21
22 1480 21
European Larch
20 860 24
20 826 34
20 800 19
20 680 29
20 600 16
oe _ 540 25

Japenese Larch
20 600 1S
=20 530 35
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In the starred white pine plots teken in the spacing experi-
ment plantation, where stock age and site are uniform, there 18 a very
definite relationship between trees per acre and desd length.

While stock ege has undoubtedly influenced deed length on
the plots, there seems %to be a falrly good reletionship between specles
with comperable sges and numbers of trees per acre., With compsarable
stockings and at ages from twenty to ftwenty-two years, Scotch pine sand
red pine have the highest percentage of dead length, followed by Jepanese
larch, European larch, whilte plne and Norwey spruce in the order named.

Knot size, which largely governs the grade of lumber produced
in & stand, was obtalned by messuring the dilameters of average dead 1imbs
&t a point close to the mein stem. Live limbs were not messured because
they sre stlill increessing in size.

Date from the plots are presented in the following talile:



Teble 11.

Dead-Knot gize for Verying Ages and Number of Trees per Acre
Fure Stands,

Total Trees per Knot size in inches
Species Age Acre 014 Fields Cutover
Red pine 15 G660 .3
16 680 L
17 1180 .0
18 860 . B
18 620 .4
20 1412 .9
20 1334 .2
White pine 16 700 B
17 1760 + G
18 980 .
20 1238 o7
20 840 .6
21 700 . 8
23 & 24 1540
25 1180 o'f
25 1140 .9
Scotch pine 21 1680 .8
28 940 .9
Norway spruce 20 1248 )
22 1700 .6
Furopean lerch 20 860 S
20 826 o 5
20 800 s
20 €80 « 8
20 600 .6
P 540 .7
Jepanese larch 20 600 e 7
20 530 .0

In a mixture planted on an old fileld to show the interrela-
tlons between specles, the following knot sizes have developed with a

stocking of 1460 treee per acre:

Cpecies Age Knot Size
Scotech pine el 1.0
White pine 22 & 23 o9
Western yellow pine 22 .9
Douglas fir 22 ]

Norway spruce P2 .0
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In the white pine specing experiment s curve based on six
plots and 75 trees twenty years old gave The following knot slzes for

the corresponding nunmbers of Ttrees per scre:

Trees per Acre Average Knot Bize
1000 .7
1500 .6
<000 .50
=500 .0
5000 .0
3500 . O
4000 .0

Hardwood competition on cutover lands tends to produce smaller

branches in the planted specles by early shading out of the branches.

Straightnesgs

The straightness of the trees in & stand varles with the
specles and number of trees per acre. It is an inherent tendency of
gome speclee to grow crooked stems regardless of site and mixtures,
which is 1llustrated by Ecotch pine from centrel Europesn seed, In
contrast, many specles, such &g red pine, are naturelly streight re-
gaerdless of growing condlticns and competition. |

Btraightness was determined by oculsr observetions and re-
corded as "straight', "fair', or "crooked". Of 32 red pine plots on
both old flelds and cutover lands, ranging from elght to twenty years
of age, all were straight. In 26 white spruce plots, six %o éleven
vears old, all on both types of plantings were also straight. Two
Jepeanese larch plantations on old filelds and one on cutover land, be-
tween Tthe agee of glx and twenty years, were straight. Uf 24 white pine
plots, seventeen to Ttwenty-five years old, on old fields, seven were
stralght, seven felr and ten crooked. On cutover land in 18 plantings
ranging in age from six to twenty-one yeare, one~third of the plots fell

in each stralghtness class. However, of the six plots listed as straigh}



five were elight years of age or younger, which means that weeviling
could not yet have become Iimportant. O0Of three Scotch pine plots on
0ld fields, two, presumaebly of central European origin, were very
crooked, and one from Rige seed wee straight. On cutover land, of a
total of five plots, two of Beltilc origin and two others supposedly
the same are straight, and one from Rige seed was fair. 07 a totsal of
8ix Norwey spruce plots on ©ld flelds, five were straight and one, due
to budding by squlrrels, was falr; while thirteen on cutover lands were
all straight. Seven European larch plots of a total of eight on old
Tields were straight; one, due %o porcupine girdling, was felr. On cut-
over lends flve of slx plots were straight, the other having been damsaged
by frost.

The effect Bhrough recovery from weeviling of the number of
trees per acre on straightness 1s shown very pleinly in the pure white
pine plantings on old flelds as presented in the following table.

Table . Relation of Btralghtness to Number
of Trees per Acre,

White Pine

Total
Age Trees/A. Straight Fair Crooked
20 3942 *
20 Gel4 *
20 2533 *
1z 2e80 *
20 <1Lo7 *
17 1760 *
20 1681 *
25— 4 1640 *
12 1440 ¥
11 1260 ¥
20 1238 *
pas) 1180 *
20 1140 *
20 1080 A
20 840 *



Volume

Volume in cubiec feet for The clder plantations was deter-
mined by the use of form class volume tables, All figures presented
ere inslde bark.

The volume of red pine was obfteined by converting the Canadian
Government form class table 65 ( } into the necessary lower form
classes by comparison with the white pine tables in Harvard Forest
Bulletin 13 ( ). Form class 70 was tsken directly from the Canadien
publication. The tables masde on the Harverd Forest ( ) were used
for white pine. The volumes for Norway spruce were tasken from Tor
Jonson { ) and converted from the metric into the English system,

For Buropean larch the form faecfors developed by the British Forestry
Commigsion ( ) were used.,

In & comparison between old-fleld and cubtover lend plantings
the former have larger volumes, because the cutover lands are planted
in groupwlee mixtures with herdwood, thereby reducing the total number
of coniferous stems per acre.

Table , arranged by specles and age, with the number of
trees per acre in descending order within like sges, glves the respec-
tive volumes in the plantations 0ld enough for this measurepment. Whik
pine has the highest volume, having been planted in denser stands., It
may be seen that within the twenty-yeear ege cless volume decreases with
the reduction in number of trees per acre. ZREuropesen larch, with the
smallest number of trees per acre, has a higher volume than any other
gpecles In the same denslty class. Red pine has a sllightly higher volume

than white pine within the same age and density class.



All plentings listed are pure stands, conlferous mixtures beling too

young for volume measurement,

Table 13,

Volume per Acre Arranged by Bpecies, Age,
and Number of Trees per Acre.

Totel Age Site Index Trees per Acre Volume per Acre
Red Pine
0ld Field Plentations
15 2o 1680 836.0
15 23 920 - 216.0
17 23 1180 544.,0
17 19 900 o02.0
20 21 1412 1723.2
20 21 1334 15623.6
20 el 1290 1643.0
, Cutover Land Plantations
15 24 1340 3868.0
18 23 640 48,0
16 22 680 188,0
18 20 860 408.0
18 20 620 220.0

Wnite Pine
01d Fileld Plantations

17 18 1760 347.2
<0 20 3942 1729.0
20 21 3814 1865.0
20 20 26338 1476,0
20 21 2157 : 1729,0
20 20 1851 1197.0
2 20 1238 9924.8
20 21 1080 284.9
20 18 840 844,8
25 & 24 17 1540 1534.6
25 13 1180 1602.6
25 15 1140 1595.8
Cutover Land Plantations
19 18 280 681.0
Norway Spruce: 0Qld fleld plantations
18 21 1000 431,0
20 21 1248 813.3
22 14 1700 - 981.8
European Lareh: ©ld fileld plantsations
20 35 860 968.0
20 40 826 15688.8
20 &3 800 924 .4
20 24 680 672.9
20 29 600 1034, 4

2L 34 040 - 1032.9
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Damage

The Harvard Forest plantations during twenty-three years
have been sublect to atteck by preactically every insect and fungus
common to the reglon, and in some cases the results have caused a
marked decrease in The growth rate and even heavy losses. Among
the important enemles sre the white plne and pales weevils, sgulir-
rels, porcupines, rabblits, other rodents, and a few fungil.

With few exceptione every specles 18 sublect to attack from
one or several pests, The seriousness and extent of damage belng de-
pendent upon a number of factors, The most significant are: Frox-
imity %o other areas elready affected, specles planted, hilstory of
the site (0old fleld or cubover land), care used in planting, climatic
conditions, and control messures sdopled.

Observations on damage were made during the course of The
field study and recorded for each sample plot. Any damage noted was
confined to those trees wilithin the limits of the plot, and Trees dead
or missing from unknown causes were not considered. The total number
smd percentage of trees affected by ssch agency were calculated for
gach speclies.

1. White pine
(1) White pine weevil

The white pine weevil (FPisgsodes strobl Peck¥ is the most

gerious locel insect and pest affecting the white pine. Publications
by Blackman ( ), Peirson ( J, Greham ( ), and MacAloney ( )
describe 1ts Dblology end sllvicultursal methods of control,

A record was made in the fleld of the number of weeviled
trees and the number of weevilings per tree on all plots infested.

These figures are given in the following table.



Table

Amount of Weeviling as Affected by Age
end Number of Trees per Acre

Total Trees Percent of Trees Aversasge No. of Weevilings
Age per Acre Weeviled per Tree Weeviled
' 01d Fleld Pure Stands
11 1260 6 3 1.1
17 1760 91 2.8
20 3cl4 12 1.1
2187 S4*% 1.2
15561 46" 1.4
1238 50 1.2
1080 78 1.8
840 98 3.6
3= 24 1540 96 2.2
<o 1180 92 3.1
1140 96 3.8
0ld Field Mixtures
10 1720 b8 1.6
1660 80 1.2
1640 62 1.4
11 1480 49 1.1
RE=~23 14860 73 3. 3
Cutover Pure btands

7 600 10 1.0
8 700 11 1.0
560 4 1.0
00 8 1.0
480 8 1.0
10 1200 20 1.k
15 760 55 1.4
19 280 QG¥H* 2,8
=1 1020 6¢ 3.0

Cutover Lend Mixtures

9 1340 30 1.1
640 27 1.0

10 1340 48 1.1
1.200 65 1.2

680 50 1.1

540 56 1.2

11 880 5 1.0

*  Specing experiment plots.

*#* In spite of the high percentage of trees weeviled,
the stand was 1ittle effected until the hardwood
was eliminated at about 16 years of ege. Trees
are very straight.

# Weevils picked twice during egg-laying perlods of
the last three years.



A speclsl cese where & plantation was made on anold field
kown &g Tthe Peach Qrchard shows very clearly the protectlon afforded
white pine by herdwood. The northern part of this fileld was used to
grow wheat during the wer. Immediately following abandonment gray
birch seeded in at the rate of alt leest 40,000 stems per scre. The
southern part of the aresa remained in sod and no birch seeded in.

Both aress were planted with white pine 1n 1923, Due to Tallures in
the southern part, red pine was fllled in two yesrs later. Dr, H. J.
MacAloney of the Northeastern Forest Experiment Station has kept &
careful record of the trees on & permanent sample plot in esch area
since 1926, Until the winter of 1920-30 the birch on The northern
part was allowed to keep up with the pine. A fairly heavy weeding

wae mede during the winter, whille the southern part was untouched. In
1929 Tive per cent of the trees in the birch were weeviled as compared
to twenty-three per cent in the open. Following The weeding the fig-
ures for 1930 were nineteen and twenty-five per cent respectively. In
1931 when the birch hed again grown up %to or slightly above fthe pine,
only five per cent were attacked as compered with forty-five per cent
where Tthere was no birch. |

It may be seen from the tables that more weevillng occurs
in old field stands then 1n cutover land etands, and that theres is no
gignificant difference between mixtures of white pine and'ﬁther coni~-
fers and pure white pine on elther old flelds or cubtover lands. En-
tomologiats differ in opinion on this subject. MscAloney recommends
plenting white pine in mixture with older conifers to reduce weeviling.
There were no stands of thls kind in any of the mixtures studled.
Peirson states thal coniferous miitures have no effect upon weeviling,

but every author shows the beneflcisal effect of hardwood on white pine
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in mixture with 1t. Filgure shows The relation in percenftage of
weeviled trees between old field snd cutover land plantings.

In voth types the perilod of heaviest atteck occurs belween
the ages of elght and twenty years., Weeviling does not stert until
the trees are from two to four feet in height and from five to eight
years old ( ). During the 8-12 vear pariéd (Figure ) there is
no great difference between the cutover and o0ld fleld stands; but
with increasing age There 1s a grester incresse in weeviling in old
field stands until at twenty-four years, the oldest age represented
by both types, ninety-Tive per cent of the trees on ol 4 filelds and
seventv~elght per cent of those on cubtover lands have been weeviled,
Bleckman, Peirson, and otherg state that the infestation is at its
peak when Tthe trees attain a height of twenty to Twenty-five feet
and gredually decreases until at sixty feet 1t has practicelly cesased.
The greatest average height of the white pine plantations on the Forest
is twenty-five feet, and infestation seems To have resched 1Ts maximum
with practicelly 8ll trees weeviled (Figure ).

The heavy weeviling of whife pine in sll Types of plantings
on the Forest may be attributéd lsrgely to thelr location. With one
exception these are a8ll near or adjoining natural old field pine stands
{ ). In one plantation where several seed sources are being tried
out, the weevils heve been plcked from each tree twlce during esch
egg-laying period for three years. About 300 weevils were collected
esch year from ,4 acres, This plantation adjoined a fifty~year-old
0ld field pine stand.

The density of the hardwood sprouts on cutover lands results
in & wide veriation in the smount of pine weeviled., The stands with

denee hardwood suffer much less than those where it 1s scattering.
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In one case where the stand was surrounded on three sides by old white
pine but where the hardwoocd sprouts in the plantation were very dense,
only Tive per cent of the pines had been weeviled at eleven years of
age, In another case where heavy weedlngs were made to free smaller
spruce planted in mixture with the pine, sixty-five per cent of the
pines were weeviled at ten years of age,

The relation between number of trees per acre and weevlling
on old fields is shown by the figures from the spascing experiment given
in Table .

The number of times a tree 1s weeviled depends upon its age
and the density of stocking in the stand. The number of attacks re-
corded on a tree on the Forest varied from one in the younger age classes
to eleven at twenty-five years. The average number of weevilings per
tree is figured only from weeviled trees,

The data show no significant dlfference between the average
number of weevilings per tree in pure and mixed coniferous stands ( ).
Figure shows that in the stands studied weevilings per tree are slight-
ly higher in old fields than in cutover lands between the ages of ten
and sixteen years., Beyond this point when the hardwood is mostly eliminated
on the cutover land and a wide spacing iz spproximated, the number per
tree decreases with an increase in the number of treeg per acre, as
shown by datas from the spacing experiment. This number incresses from
1.1 weevilings per tree in the 3 x 3% spacing to 1.3 in the 6 x 6. This
18 doubly significant because of the greater percentage of trees weesviled
in the wider spacings.

(2) Pales Weevil (Hyloblus palesg Herbst)

Since 1916 when Carter discovered the feeding of the adults

on coniferous seedlings ( ), all plantings on cutover coniferous
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land heve been deferred untlil the third season affter cutting, when
the infestation of logs and stumps has ceased and there l& no further

dsngerthat planted stoek will Dbe girdled by the adult beetles. Deferred
planting has resulted In demege %To only one of the thirty-four white
pine plantations, In this case seven per cent of the trees were in-
Jured, the aresa being near a lafter pine cutting.

(3) Armillaris Mellea

Among the fungil present in plantations on the Forest,

Armillaria mellea is the most serious. This disease, which was found

only on cutover land or on the border of older stands, becomes serious
as & result of poor plenting. Infected trees were pulled up snd the
roots exemined, disclosing that in practically every case tThey were
planted too deeply or the roots were wadded up. The development of

& secondary root system had been retarded, thus weakening the trée and
giving the fungus a chence to enter. The mycelium often enters through
& wound (Plant Disease Reporter, 1927) which might be made by rough
hendling during plenting.

Armilleris was found in cne white pine plot with seven per

cent of "the trees affected. Thls fungus was noted in several others,
but no infected trees were present in the sample plots,

(4) Blister Rust (Cronartium Ribicola)

Blister rust iInfection on the Forest has been precticelly
eliminated by two eradicstions of Blbes 1ln 1919 end 1928. Of a totel
of thirty-four white pine plots, two were found to have the dlsesse
with Tw per cent of the trees affected in one plet and three per cent
in the other,

(5) Deer Damage

The only animel dsmege found on the white pine plots was

caused by deer (Adocolleus virginianus borealis, Miller). They rubbed



their antlers against young trees removing the bark, impsesiring growth,
end sometimes killing the tree. WiTh four per cent of the Trees desmaged
in one plot, 1t may be seld that deer damage in these plantations was
practically negligible.

[ =R

(6) Demege by Bnow and Ice

Snow end ice ceaused demage To eighteen per cent of the trees
on one plot., Branches and lesders of whifte pine are relatively limber
end will not bresk with the ordinary welight of snow and ilce. However,

in winters of heavy lce storms conslderable demage 18 done,

L2 Red Pine

Damege to forty-one red pine plots studlied was confined to

attacks by fungl, animals, moundbullding ents, and breskage by snow

and ice,

(1) Armillasris Mellea

As described previously, Armillaris is very prevalent on

cutover areas, and as a result of poor planting any species 1s subject
to infection. Two of the seveniteen pure red pine plantations estab-
lished on cutover lande were infected, with three per cent of the

trees killed in one and elght per cent in the other. C(Close exsminaetion
of the infected trees showed that the roots had been wadded up or bro-
ken in planting (Figure l.

Hed pine planted in mixture with other conifers ghowed &
higher loss than In pure stands. This wes apparently due to The char-
scter of the slte and not to the mixtures. The soll in every case was
very rocky with & dense cover of ericaceous gaowth, meking it difficult
to dig proper holes and the root systems were correspondingly distorted,

Thie resulted in the death of the old root systems and the entrance of
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Armilleria. Three out of five of these plote in mixbures were found

to have seventeen, four and six per cent of the trees infected. Several
trees were recorded as desad or missing from unknown causes and were not
included under this head.

{(2) Solidago Rust

A fungus disease of minor imporfance and found to be active

in only one red pine plantation is Bolidago rust, Coleosporium soli-

daginis. This fungus attacks the needles of the previous year's
growth snd sppesars in the form of small orenge colored pustules
bursting th?ough the epidermis. Its presence has been noted for
severel years on s number of plantations, bul with no serious results,
The only epparent effect is to slow up growth during fthe period of in-
fection.

(3) Red Sguirrel

The red squirrel, BSclurus hudsonicus loguax Bangs, s des-

eribed by Hosley ( } doeg severe daﬁage during periods of deep snow
when the usuel food supply 1s cut off., At such times buds of certaln
coniferous specles are ealten wlith serlous results to the stand. In-
veshigations showed that of 8ll conifers studled, red pine 18 least
subject to attzck, and that out of hundré% of thiles specles examined
in 1928 only one tree was found budded,

Observationg in the present study show that Two plots close
together, of a total of forty-one, were affected with the demage oc-
curring during the heavy snows of 1930-31. On one plot eighty-cne
per cent of the trees were demaged; and on the other, which wes further
from natural squlrrel cover, ftwenty-nine per cent were affected.

(4) Deer Demage

Deer demeged slx per cent of the trees in one plot. As

explained under white pine, this is not serious enough to influence
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the development of & plantatlion and can be dlsregarded.

{5) Mound-buillding Ants

Mound=-bullding ants, Formlce exsectoldes, have caused con-

siderable damage to some of the younger plantationes on the Forest,
One of the characteristics by which this damage may be eassily identi-~

fied 18 the absence of any Treeg in & c¢lrcle around the mound,

-

n an early study Hawley ( ) and Record ( ) state that
ents and not fungl were respongible for the desth of the trees neer
the mounds, Haasis | ) concluded that the construction found at
the base of &ll dead trees was due To a fungus and not to ants.
Feirson ( ), in a study made on the Hervard Forest, found that ant
colonles were always located 1in young stands which afforded plenty

of sunlight. All trees casting shade on The mounds were killled by
the ants in order that the sun might hetch the eggs. Subsequent ex-
periments in the fleld &nd laboratory proved that the Ttrees were killed
by the injection of formic acld, causing & constriction or lesion at
the base of The stem,

Ant colonies were found in only one red pine plantalion.
Thirty-&evén per cent of the forty-elght ﬁrees in the sample plot had
been killed, but observations of the entire plantation disclosed a
number of colonies with similar results. Thls egrea was originslly
an old field, end the occurrence of the ants 1is a matter of chance
rather than a characlteristic demege to red pine.

{6) Demage by Snow and Ice

Three of the eleven pure red pine plots in field planta~
tions were demaged by snow or ice. The relatively large, limber
brenches are able to withstand a heavy load before the breaking point
le reached, but the great smount of 1lce &and snow collected by the long,

heevy needleg somebtimes 18 great enough to pull the branches out of
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the tree. The leaders which are not so limber suffer more breskage

than Tthe Dranches.

. SDeoteh Fine

-

Scotceh pine on the Forest has Dbeen sporadicslly sttacked by
the white pine weevil, red squirrels, and mice, and has been damaged
by snow and lce.

{1) white Pine Weesvil

In a 1list of host trees srranged according bto susceptibility
to ettack, MacAloney | )} pleces Scotch pine in the third group under
the heading of "occaslionglly attacked"., Further study | } showed
that while many eggs were lald in the leeders of this specles, the in-
jury is slight, especially in the "Riga" strain. The probsble reasons
for its resistence to attack are the vigor of the tree and the heavy
flow of sap, which gppearently drowns tThe larvae. Of a large number of
treeg examined by The authors, one-fthird had been attacked, but of this
number only 1.15 per cent of the leaders hed died.

In the present study very 1ittle weeviling wes found in the ten

rlots examined. One plot of pure Bcotch plne growing on cutover land

(%3

ad two

o
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I3 of eighty-two trees injured.

(2) BRed Squirrel

Hosley | ) found thet of &ll the speclies studied, Scotch
pine suffered most from the red squirrel. Large bud clusters on the
terminals and breanches heve a greaf attraction and are usuelly cut off,
leaving none to carry on the followlng year's growth. Adventitious
growth causes & pecullar "broom" of small branchlets to form, one of
which may become a new leader. OUne injury may not greatly retard helght
growth, but repeated attecks will result in stunted, poorly formed trees.

Data teken in the fall of 1931 show three of the ten Heoteh



pine plots to be dasmaged by red squirrels. Two were on cutover lands,
one being pure and one mixed, and the other, a pure stsnd, was on an
old field., The percentaeges of trees dsmaged in these plots were seventy-
six, six, and three respectively.
(3) Mice

No recent injury by mice wes found, but the office record for
one Scotch pine planting made on an abandoned fleld in 1812 showed
fifty-six of a totel of 822 trees killed by mice in 1918, and three-
fourths of the remainder ettacked. Damege was found to heve occurred

during the winter under deep snow, the trees belng girdled et the base.

4, Norwey Spruce

Demage %o Norwsy spruce has been caused by The white pine

weevil, red squirrels, Armilleris melles, and moundsbuilding ants.

(1} White Pine Weevil

Blackmen { ), Peirson ( j, Greham ( ), and ofther entomolo-
gists report severe weevil injury to Norway spruce. MecAloney ( )
places 1t next in order %Tto whife pine as s host Tree, end states that

it 18 sometimes injured To

w

s grest an extent.

Nineteen Norwazy spruce plofts were exemlined durlng the present
study. Weeviling wes found in fifty per cent of The plofts in pure
stands on cutover land, sand elghty-nine per cent of the plofts in mixed
gtends on the same type of lend. One hundred per cent of =211 the plots
cn old flelds were weeviled. O0l1d field plentings have been more severe-
1y injured than those on cutover lands, but,owing to the lack of dat&}
corresponding ages could not be compared; end in view of The fact.that
Norway spruce was not planted on cutovef lands until recently, no defi-

nite conclusions can be made., However, the flguree Indicate at least
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twice &s much weeviling in white pine as in Norway spruce. All weeviled
plantetions were located elther adjoining or near old field white pine
steands. A compsrison of Tthe amount of weeviling in white pine and

Norwasy spruce is shown in Table 15. These are 811 from coniferous mix-

tures on cultover land..

5., Fercent of Trees Weeviled in Norwsy Spruce and
White Pine Stands of Verying Ages and Densifties.

Totel No. Trees Fercent of Trees Weeviled
Age ner acre White Pine Norway Soruce
9 640 27
1340 39
10 500 38 18
GO0 50
700 51
600
200 14
1000 9
11C0
1200 685
1300 48 12
11 880 LA
20 1400 70
2 1020 8o* 1e®

*Contiguous plantingse
*#Very dense hardwood sprouts

(2) Red Sqguirrels

In & study of the mammels of the Harverd Forest, Hatt ( )
found the red sguirrel to be the only animeal damaging Norway spruce.
Hosley ( ) states thet on slde branches & section besring a number of
buds is usually cut off, but the Terminal bud 1is cut ocut from the base,
leaving 1t apperently intact. Recovery from one injury is more rapid
than in Scobtch pine, and the effects are less noticeable and serious as
growth continues,

The present investigation showed that three of the nineteen
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Norway spruce plots had been budded by squirrels. Injury occurred in
nine,sixty-eight, and ninety per cent of the trees respectively.

There seems to be 1ittle relestion beftween the type of planted
stend and Tthese injuries but rather upon The nearness to sultable squir-
rel cover,

(3) Armillsarias Melles

Armillaria was found in several Norway spruce plantations on
cutover land. Infected trees were present in only two of the sample
plots., Four per cent of the trees in one and elghteen per cent in the
other were infected and dead.

(4) Mound-building Ants

Mound=-tuilding ants have loceted on one Norway spruce pleanta-
g I 8%

&

tion killing seventeen per cent of the ftrees in tThe sample plot,

5., White Bpruce

The white spruce plantations on the Forest have been praciti-
cally free from damage. This species haes not been planted until re-
cently, and the oldest age of any plantation is eleven years, which may
partially explealin its zpparent immunity Tto injury. Damage wae confined
to slight injury by the white pine weevlil and an occesional budding by

-

rabblts,

(1) White Pine Weevil

White spruce 18 rerely attacked by the white pine weevil ( 7},
although caseg gre occaslionelly found. Weeviling wes found in two plote
out of a total of twenty-~five. Eoth were 0ld-fleld mixed stands. The
extent of the injury was almost inegignificent, with three per cent of

the trees in one plot attacked and one per cent in the other,
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Habblts

s

In the winter of 1920-31 rabblts (Svivilscus trangitionsalis,

Bazngs) removed & few terminal buds in one white spruce plantation,

e

8lightly demaging three per cent of the trees,

6. Furopean Larch

Europeesn larch on the Forest has met with serious injury.
Wherever 1t has been planted in sectlons inhabited by porcupines, its
exlstence 18 1lmpossible without control of the ahimals,

(1) Porcupines (Erethizon dorsatum dorsatum)

Porcupines have caused more damage to this tree than a4l of
the other destrucltive sgencles combined., The bark of European larch
is one of the most sought-after foods, and the enimsls often travel
conslderable distances to plantations of this specles, making well
beaten tralls between the dens and the food supply ( ). The first
ettack usually results in the girdling of the top, Fig. , and repeated

attacks often ki1ll the tree.

o
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lder plantings established &s pure stands on old

3]

flelds have Dbeen severely damaged. -Jene were found near all six stands,

7~

snd the lsck of demage in the seventh may be explained by 1%s location
nesr & house and more than & nmile from any known den. The extent of
damage varles from fourteen to ninety per cent of The fTrees injured in
each plot. One planting on cubtover land wes slightly damaged, and within
a2 short distence from the srea & large inhablted den waeg found. The age
of the plantation, seven years, expleins why not more fthan four per cent
of the Trees were sattacked.

No damage was found in %the other Tive lsrch plantings, which

veried in age from three To eleven years,



{2) Red Sguirrels

Red squirrels attack larch by clipping off slender twigs from
which they later eat the buds. Lesders sre seldom cut, the damage being
confined Gto the smeller pendulous twilgs and growth ls retarded only in
very severe cases ( ).,

In four of the seven old fileld plobs, two to elighty per cent
of the ftrees were budded. [Further observations show some of the same
trees to have been attacked for seversl yesrs wilth 1little apparent ef-

Tech,

(3) Damage by 8Bnow and Ice

The brittle branches of Europesn larch offer 11ttle registance

it

%o the sdded weight of enow and lce. Rogers ( ) reports that trees
with many fine brittle branches sre more subject To breskage Than those
having flexible or stout branches. Hunt ( ) states that brittleness
1s Intensified during the winfer when the wood lg frozen, snd demsge 1is

most severe in windswept locatlons ard In plantations of high density.
Trees in three of The thirteen plots were found to have been

snow broken., Damage renged from nine to Ttwelve per cent of tThe Trees

in the plots affected. A reosult of The breaskage 1s The formation of

a2 crook, which has not been outgrown in any of the trees observed.

7. dapsnese Larch

Japanese larch on the Forest is limited to Two older plantsa-
tions on small flelds, each containing & few trees for experimental
purposes, and to one young stand planted on cutover land. No definite
conclusions can be made of Tthe susceptlibility of This speciles to injury.
F'ield observaetions disclosed thet porcuplnes have from Time to time

attacked 1t but have ceaused no serious Injury. This 18 probebly a re-

sult of location azwsy from porcupine dens. The ection of snow and ice
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on this speciles is similar to that on European larch.

8. Jack Fine

Une plantaftlon of This speclies hes Dbeen mede on the Forest fo

3

experimental purposes., After twenty yvears no damage was found.

9. Hemlock

o

The use of hemlock has been restricted to mixed planting with
other species on cutover land. With an aversage of ten to eleven years,

the four plots have suffered no demage.

10. Douglss [Fir

One plantation with Douglas fir plented in mixture with four
other species proved to be dninjured, except Tthat the needles were being
shed by sixteen per cent of the trees, The cause of This defollation

wes determined by Dr. Speulding as Rhsbdocline pseudotsugee, the Dougleas

flr leaf shedding fungus,

1l. Western Yellow FPine

Western yellow pline has given very poor results on the forest,

The flve pure plentations on old flelds are infected wilth rust fungus,

Cronartium comptonlana, which causes cankers on the trunk and spparently
results in slow growth of the trees. Data from one semple plot showed
forty per cent of fthe trees to be infected. Ancther pest is the pine
ghoot moth which bores into the branches ceusing a large mass of pitchy

materiel to exude, but with no seriocus effect to the tree,

FPlanting Costs

Plenting time Iin man-hours per ecre variesg with the charecter
of the land planted, whether old fields or cutover lands, size of stock,

nunber ¢f trees planted per acre, and the planting method emploved,
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plenting in mean-hours

. By compering the time required by the different methodsg, 1t nay
be seen That for -2 stock nearly twice ag much time 18 required for
mattock hole planting in pure stands on cutover lsands as for the plant-
ng tool on The same type. BTi1l within The s=me Type, the time for

o

the matiock

4

811t sod on is practically the seme as for the ple enting

tool,

ing tool eversges sbout two hours lessg per acre Then for the matiock
hole method. Hemoving the sod doubles the planting time with the
plenting Tool.

A comparison of the ftime reculred for plenting pure stands
on cutover

and end old fleldds with the plenting tool shows that when

600 to 1100 trees per acre sre planted, faster planting cen

[
]
(\4‘
9]
o
7]

{7{\

on cutover land., Beyond That density old fleld planting is more rap
The reletively grester time regulired for cubtover lends with closer
gpecings may be explained by The Increszsing care necessary in finding

suitable places for the addliftionsl trees

In old fields more time 18 regulred To plant mixltures than

sure stends. The greater tlme required with the mizlures in arrvanging
the specles in reference to each olther is the obvious csuse.

There were too few plots to compere with those heving 2-2
stock to form conclusions as %o the relatlive plenting time with verying

gtock slzed.

Weeding Cogts

In order to bring through any ussble number of plented coni-



fers on cutover lend, weeding lg alwsvs necesgsary regardless of the

specles planted; but of & Totel of Tifty odd fleld plantings, only
seventeen have reguired wesding. The number of Weedings required
before & plantation 1s above hardwood varies with the specles planted,
size of stock, density end vigor of the hardwood. Due te the fact
that 211 weedlng records were kKeplt on zn acre baslie regerdless of
whether herdwood groups made up & pari of the stand or not, the figures
for weeding cutover cordwood znd sawbimber stends are not exsctly com-

47
3

perable, On sawtimber aresas

‘3

o planted sftand mekes up only & verying
percentage of the total sres, and due to the smaller size of the hard-
wood sbools, weeding costs withlin these groups are less than on cord-

wood land, However, more time 1s reguired to declde on the group

borders, and due Lo The care necessary Iin selectling the crop trees,

herdwood weeding 1s always more expensive then thel to free conifers,
so the toteal %time per acre 18 practically the same as on cordwood lends.

Aleo lebor which 1¢ more skilled 1s required in weeding the sawtimber
areas; and although the total man-hours per acre are sbout the same &s
on cordwood cufttings, The sctusl cost 1s greater.

Weeding costs were compiled in tabuleted form for esch plante-
tion shown in Table . There wegs so 1little varistion in weeding costs
between white, red, and oncoteh pine that they were placed in one group.
Similerly, Norwszy and white gpruce were placed 1in The second group.
Combinatlons of pine &nd spruce were also grouped. A welghted sverage
for all plots of the same stock asge In esch density class of the heard-
wood for cordwood end sawllimber lands was determined by multlplying

the weeding time of each plentation by 1Ts esge and dividing the sum of

these products by the sum of the sges represented.



Table

weeding Time Iin Men-hours as Affected by Composition,
Age, and Herdwood Competition

sutover Liandg

Total ©Glock Heaerdwood CompeTiltTi1on
Age Light Medium Heavy
Type of FPrevicus Stand
Claw'a  Sawbtimber cd. bot, cd. =&t.

Fure Pine Stands

s -2 3.4

7 -2 3.0 0.

i 2=z 3.0 2.0 6.7 8.0
10 L2 16.4 16.4
11 Py 16.8
1z 23 4.5
15 2~z 18,7
15 23 £29.0 0.0
17 -5 0.0
Welghted
Averages S.1 3.5 2.9 3.4 17.4 17,7

Pure poruce

2.5

5 -1
10 e 12.3 18.8
11 ™ 18.8

Pine & 9nruce Mixtures

2 Py 14.0

10 &=0 20.9
10 -1 18.4
10 =2 21.3
11 =0 28.¢
11 2 7.6
Le 2~1~1 : .4

Welghted

Averages

22 & =1 12.0
S 20.0

(o)}
32N

2-1-1



Uld f'lelds

Total Stock Hardwood Competition
Age Age Light Medium Heavy

FPure Fine Stands
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Spruce 1ls more expensive toc weed Than nine when both are
growing in pure stands on cutover land (Teble ). Eerly spruce
growth 18 slower then Thal of plne, and more weedlngs sre necessary
to bring 1t through the hardwood.

There were ingufiilcient compearable larch plots to determine
its weeding time, bult owling To 1ts fast early growth reletively little
time 1s reguired.

Table indicates that Tthe Time requlred to weed plne and
spruce mixtures 1s preacticelly the same &s thatl for pure spruce stands
It ig glso shown that seedling plaﬁtaﬁiona require more weedlng than
thogse mede with transpiants.

-

shed have an

£

Flentationes in which weeding has been finl
averasge sge of Tifteen years at the Time of the last weeding., The
total time required in weedlng pure stands sversges twenty-five man-
hours per scre. No coniferous or conifercus-hardwoced mixtures have
been completely weeded as yet.

Weeding cosfs 1n o0ld fleld plentatlions were coumpilled in a
manner similar to that for cutover lands.  Haerdwood in old fields 1s
the result of seeding in, and 1tg occurrence ig largely a matter of
chence a2nd location in relation to seea treeg. Two-thirds of the
plantations were never weeded, and the weeded aress show such & wlde
vaeristion in time reqguired thal no compariscons could be made beltween
specles or stock slzes. Weeding tTime ranged from .3 to fiffeen man-

hours per acre for plentatlions in which the weedlng has been Iinlshed.
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