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habits and sites that are foreign to them in nature.

INTRODUCTION

The decorative and esthetic value of beautiful shade trees has ever
been appreciated by civilized man, and the question how best to
protect such trees from the ravages of time undoubtedly dates back
to very early days. In the past few years, the public has apparently
become more inferested in matters refating to the care of shade trees
than formerly. Commendsble effort has been directed toward the
improvement of existing practices and the development of better
ones.

Among the many practices in which improvement has been sought
are those relating to pruning, since upon pruning depends in large
measure the degree of success with which trees may be adapted to
It plays a rble
in treatment of their damage by weather, insects, and fungi. Since
the usefulness, beauty, or health of the shade tree often depends in
part upon the skill with which it is pruned, numerous problems arise

! Publishad a5 a cooperative studyloy the BureanTol Plant Industry and Yate Tniversity, This p_a&aer
waSs ir.u:asemz,ed in partis] {uifilment of the requirements lor the degree o{doetor of phllesoply in Yale Uoi-
Tersity.

t The writor acknowledges great indebtedness to G, . Clinton, of Yale University, under whose direc-
tlon the present investigation bas been conducted, and to Carl Hartley, of the Burean of Plont Industry,
for helpfu) snggestions and advice regardlag the mathematical handiing of the data presented.
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regarding the best performance of the task. The present work hag
been undertalen in an effort to shed light on that question so fre-
quently asked, “ When is the best time to prune shade trees? ™ _

The idea underlying the present investigation first suggested itself
in the course of some preliminary experiments in.the use of wound
dressings. This is a phase of the pruning problem which has occa-
sioned much controversy, since a review of the literature shows not
only frequent disagreement among different writers but even in the
results of the same writer as to the merit of the various materials
employed in treating tree wounds. The author’s observations sug-
gested the likelihood that some of these apparent discrepancies might
be due to differences in the seasons at which the prumng was done
and the dressings applied. In this possibility lies the basis of the
present investigation, in which are considered the aren and shape of
callus produced by both treated and untreated wounds on forest trees,
with t{))e purpose of applyving the resnlts to practieal praning and
cavity work of shade trecs.

REVIEW OF LITERATURE

The literature of pruning in gevzral contains voluminocus refer-
ences in regard to the best time to prune. There are, however, con-
flicting opinions. At one extreme there are adherents of Long (10},
who said, “As to the time {of pruning]. the advice of the successiul
old gardener, to prine when your knife is sharp. would be hard to
improve upon ”; and at the other extreme nre those ywhn stipulate
some definite season as the only one suitable for cutting. In the main,
investigators and general practice alike tend to favor pruning during
the dormant pericd. but even the resnlts of such outstanding work
us that of Bedford and Pickering (2, 5. 37-38) in England, of Chan-
dler (4. p. 47-43) in New York. and of Brievly (2} in Minnesota do
rot point o appreciable advantage in pruning at any particular time
during this dormant period. ’

Somewhat different are the conclusions of Rose (18}. based on his
study of pruning wounds of apple trees in Missourt. e writes:

The poorest time to make inrge muning wounds, ie Missourd orchards, is in
winter, Wounds made then heul slowly angd arve very Hkely to berome infected
with cankers. Thé best time to do such pruning is some time «duving the
beriod from Mareh to June, inclusive, preferably in May or June en account
of the lessencd donger then from canker infection snd barit injury aronnd the
wound,

Wiltshire (78, p. 190). in his study of wound dressings discovered
somewhat the same condition existing in England, as evidenced by
his statement:

Oz Tune § ihe wounds made un April 20 were found to be vmeh Further

idvanced In bhetling than those made on Febranry 10, 2 somewhat ustonish'ng
resnit,

Corbett (6, p. 79) states:

Convenience and climmatic conditions must be faken into considerntion inm
idetermining the period for pruning, In the removal of Iarge branches, how-
wver, the work shounld e done at n season when growth Is gt its height, n
vrder that the healing process may begin at once and coutinue s long as
rossitle during the season In which the tot 58 made.

A Itatic numbers 'n parontbeses refer to Liternlure Qfed, g, 28,
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Bailey (1, v. 5, p. 2821} has summed up the situation, both from
the standpoint of the healing of the wound and from the practical
aspect of its making, by suying:

8o far as the healing of the wound js coucerned, it is perhaps best to prune
when the vegetative activities begin in spring so that the wound is quirkly
covered or “healed.” Tor the purpose of checking growth and producing ofher
detinite results, it may be necessary to prune at other times of the year. As
2 genernl rule, however, the best time to prune is late autuinn or early spring,
when labor can be hmd and before the rush of spring work comes on, In
practice, it resolves ilgplf targely into & question of the convenience of the
operator., .

The pruning problem jin this country is stressed chiefly in connec-
tion with ornamental and horticnltural trees. .

T Europe matters relating to pruning have been given consider-
able study by BEuropean foresters. Zederbuner {17) experimented
with Fagus sylvatica, Quercus pedunculata, Q. sessilifiora, Pseudo-
fruga dovglasii, and Pieew excelsa. As a result of g study in which
he measured the callus produced following the removal of branches,
he concluded that pruning of forest trees is least injurions when car.
ried on in early spring,

Swarbrick (75), an English investigator, has studied histological
changes that take place during the healing process. His work does
not treat of callus formation, but relates to the blocking of the wood
vessels by the depesition of gum in the region of the wound. Work-
ing with sycamore, rhododendron, plum, and apple, his method con-
sisted in clipping off the ends of branches at a peint where they were
approximately three-quaricrs of an inch in diameter, the cut surface
being smoothed with a knife and left exposed. For each species a
series of such wounds was made each month for a year, and subse-
auent to cach treatment branches were cut off for study. at monthly
intervals. Microscopic examination showed that during the growing
-seuson the trachese became plugeed with o deposit of viscous suly-
stance of an unknown chemical nature, referred to as © wound gum,”
whereas during the dormant season no complete blocking took place.
Swarbrick stated. therefore, that “the experimental results would
appear to favor the practice of spring and summer pruning so far
as the natural closure of the cut surface a gainst disease is concerned.”
Priestley (72), under whose direction Swarbrick’s research was per-
formed, has given a briet, less technical account of the study.

EXPERIMENTAL METHODS AND PROCEDURE

"The study was conducted at the Yale Forest Preserve, Woodbridge,
Conn., in an open, mixed hardwood stand (fig. 1}, on a tract slightly
sloping to the south. The soil is a stony clay loam overlying a bed
rock of chlorite schist. Because of competition for soil moisture and
for light, the environment of the trees in this area seemed less favor-
able than that of well-planted specimen shade trees, but more favor-
able than the adverse environment of many trees planted for street
and park purposes. '

A total of 30 trees, exclusive of check trees, was used in the ex-
periment proper, 5 trees being selected of each of the following six
species: * Red maple (Acer rubrum L.}, black oak {Quercus veluling
Lamarck), chestnut oak {@. monfana Willd.}, red oak (Q. borealis

! Nomenclature {rom Seadwortn (7)),
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mawxima (Marshall) Ashe), white oak (@. alda L.), and yellow poplar
{Lirtodendron. tulipifera I:) _ .

These species were used because they were well represented In the
particular stand and because the trees of these species often receive
treatment. Individuals within the species were not Zelected for vigor
but were taken as they grew on the site in order that both vigorous
and wesk specimens might be included in the study.

At the time the experiment was laid out the smallest tree was
5.6 inches in diumeter at breast height, the largest 12,7 inches, and
the average of all 30 trees 9.1 inches. (Table 1.) :

n i B T

Ficone 1—Cenernl view of the site wsedd

Tanre 1,—Trees uved in the ceperiment
: Diam- |
Spactes nnd_ tree Mo, i Yigor of Liees bE;‘;S;t Species end tree e, Vigor of {tees 1b?gea;t

ig

Acer cubram! . . uereis borealis maximn:
i i

S S

Avernge

: Quercus montana:

fogo S D
DI

AVOrBEE . e e 3 Average

Que{cus afba: o Quercus velutine:

Avarage
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The wounds were made with an auger in order to have them as
nearly uniform as possible. They thus differed from wounds made by
the removal of branches in that fhey presented euts that were paraliel
with the grain of the wood rather than cut across the grain, The
holes, 134 inches in diameter, were bored through the bark and about
one-half inch into the wood, care being taken to see that they were
sufliciently deep to remove all the cambium tissue.

On each of the trees studied auger wounds were made on the
15th day of each month in the year. The work was begun on Oectober
158, 1924, “The holes were bored in pairs, the members of the pair
Leing side by side with their centers approximately 3 inches apart.
Tor each pair of holes, the left received no treatment, and the right
was painted with shellte. Ridged or depressed areas were avoided, .
since growth af such locations sometimes varies much from the nog.
mal growth of the trunk as a whole.

"The first pair of wounds were made near the base of the tree from
L foot to 18 inches above the root collar. They were not placed at
the smne points of the compass for the several trees, but were varied
on each tree so that any possible favorable growth effect of a Particu-
lar aspect of facing imght be disregarded. Each pair of wounds
made in succeeding months was bored from 2 to 5 inches -above, and
Lo the right of the pair of the preceding month, so that the pairs
spiraled upward about the trunk. At the completion of the work
each of the 30 trees bore 12 pairs of wounds.

The nature of the experiment was such that each tree of 2 given
species provided something of a check against the four other trees
of the same species, and, to a lesser degree, a check against the trees
as & whole.  Comparison was also zided by the fact that paired
wounds were nsed, although one of each pair had been coated with
shellac and the other left untreated.

It appeared advisable to distribute the wounds of corresponding
months so that any possible directional effect in their location aroun%l
the trunk might be minimized. It might perhaps seem equally de-
sizable to have distributed them more or less definitely with reference
to height on the trunk. This was not done, however, partly because
of the complexity that such arrangement would have introduced, and
partly hechuse there appeared fo be little resson for suspecting
marked variance in the callusing of wounds that differed only
slightly in their vertical placement.

The correction of this latter assumption was demonstrated by
check trees, one of which was used for each of the species in the ex-
periment proper. On each of these check trees (fig. 2) six paired
wounds were made with the auger precisely as described except
fur the fact that the wounds were all made on the same date (July
s, 1927), and that they were in line up and down the trunk rather
than spiraled. Wounds of the check trees failed to show any mate-
rial difference in rate of healing due to their location on the bole.

The first fielkd notes were taken on July 15, 1927, Subsequent
records were made on or within two days of the 15th of each month
during the growing seasons of 1927 and 1928. Field records were
tuken on mimeographed forms. The cirvcles on these sheets were 11
inches in diameter, representing the full-sized owtlines of wounds
made by the bit. Two sheets were required for each inspection of
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each tree. They were filled in with the nomber of the tree, its species,
and the date of examination. Then, by means of numerous measnre-
‘ments, the ouiline of the callus of each wound was carefully sketched
into its particular diagram. The wound and its diagram were next
compared side by side, and ths diagram corrected when necessary.
In filling in these sketches the longer edge of the sheet was held
parallel with the axis
of the beole of the
tree, the bettom of the
sheet being toward
the ground.

The field notes thus
traced dingranunati-
cally the closing in
of the callus groweh
until the wonnd was
completely healed
(fig. 3) or until the
experiment was ter-
minated.

REASON FOR TEST-
ING SHELLAC

In general practice,
shellac hes long been
famed as a dressing
for {ree wounds. In
Lindley's Theory of
Horticulture {9, f. ».
p. £33), which ap-
peared 1n 1841, the
following siatement
is made:

A solution of Gum
Shetlie in aleohol, of the
vemsistence of thin paste
{put on with a brush),
is an ndmirable applica-
tion to wounds of stone-
Figrere %—A ek feer of elicsinnt oak showing that the fl’u‘lt trees, :]:I.l(] others

netght ar which (e woumds were located on the boles whkich ave disposed to

did net affeet the rate of healing bleed profusely. It is

readily applied, adberes
clusely, excludes the air completely, and is less offensive fo the eye than large
pasters of clay, composition, ete. ’

Duarand (7, p. 370) in 1833 says:

It will be well fo Liave large woumnds covered hy a compssition of gum
shellae, dissolved in alcohol to the consistency of paint, and put on with a
brush. ‘This, I think, is as cheup and us guod composition as can be had for
vlosing porves of the wood—nlso protecting it from wenther.

Howe (8, p. 83) in more recent studies used white lead, white zing,
yellow ocher, coal tar, shellac, and avenarius carbolineum on wounds
of apple and peach trees. In summing up their effects on healing
Le stated:
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Shellge seemed, the lirst secason, to exert n stimulnting influence upon the
wonnds used but the second season this effeet disappeaved. Of ali the mate-
roals weed shellue was lonst injurious. On the other hand it adheres te the
wounded surfuces least well of all. -

Collins {5}, in his bulletin on tree surgery, recommends shellse
ws & dressing for scars less than one-half of an inch in width, On
larger wounds he supgests ifts use as a Protection to the cambium
tissues against any drying out which might take place before the ap-
plication of some more permanent dressing, such as tar or crecsote,
and to prevent possible chemical injury to the same fissues foliowing
the application of these substances. in a statement that healing of
wounds by means of new callus growth at the sides is often more
vapid if neither paint nor
other generally used water-
proot covering is applied,
shellac alone is excepted,

Peets (11, p.-#i-32}, in
fiis book on tree repair,
says ot shellac:

GE ihe paint group, rocent
experienty indieale that shel-
Tie has great valae, It is not a
dorable dressing but it seems
to be colirely huarmiess to the
eambivm  and to the young
citlins, which js not even true
of while lead paint. Shellac
lhas the further great advan-
tages ol deying very quickly
ind of being eheup and conven-
ient.  Lkought ro he in constant
use when cavity work s bLeing
done in hot dry weather, A
ot of shellae over the wiges
of an exeision will often pre-
vent ihe cuabiom fromn being
killed Loek aud the bark from
sepacating from fhe wood, thus
enlarging (he wound,

In some unpublished
experiments the writer has rFraram 4 -A cempletely enllused wound of white oak
tried some 90 different
materiils as applications for wound dressings. Of these materials
shellac seemed the most logical choice for this particular work.
Beeswax, paraflin, * parapine wax,” and grafting wax are also sub-
stances that could have been wsed. Dressings made with any of
these latter materials are thicker and less transparent than applica-
tions of shellac.  They were avoided becnuse they would have masked
results. In brief, sheilac, despite its short life and consequent failure
to afford adequute protection against the invasion of insect or fungus
pests, is generally recognized as a material nomnjurious to the
development of callus,

The shellac used in these experiments was made by cufting dry
orange shellre with alcohol denatured according to United States
Internal Revenue Formula No. 1. The mixture was of the consist-
ency of paint. A single cont was applied with u brush immediately
after the wounds were made.
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RESULTS EXPRESSED IN DIAGRAMS OF CALLUS GROWTH

To present disgranunaticully the suceessive stages of callus de-
velopment, the data for each individual tree were assembled apon a
chart. Blank forms for this chart were drawn on tracing paper.
The circles representing the outlines of the wounds were natural
size. The several civcles of the ficld notes were placed beneath their
designated circles on the chart, and the cutlines of the callus growth
traced through the paper. In order to emphasize the areas oI callus
formation they were shaded. Where no shading cccurs in the circie
there had been no growth of callus; where the circle is completely
shaded, callus had completely filled the wound. Seversl circles are

TIME OF INSFECTION

[ e, mz? Livoprz s I N A A T e B b A A
Qv [ontita] anicn [sweiand ore i [ cmtcnotaiid] cucenlonrosc ente visroac] cote it o-{.wﬁgaxl

' .OOQQOOQQ{:}@&_)@U%E*___.‘s‘%%
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2 OO00000000OOOO0L
kad COOOOOOOO0COVOCO
= 00000000000V OTL
4 880@@@@% OO0OO0

AP,
27

TIME OF WOUNDING

9.0.8:0.0.010 0,04 B
% OO0000000000HODD
=|| COO0C000COGO0OD
& COCOO0000COVO00
3 OO JQE\}Q O’@ QOO0
% OOCOO0O000

Froune 4. —Successive slages of cnllug growls for cach wound on 2eer yubrum Mo, 1

wanting in the lower left-hand corner of the chart, these wounds
not yet having been made at the time the records were falten.

The completed individual diagrams of two trees of each species
appear as shown in Figures 4 to 15, inclusive. :

The tree worker is yrequently more concerned with the shape of
the callus than with the area of its growth. He has, in general,
Little difficuily in obtaining its satisfactory development at the sides
of the wounds made by the removal of branches, through accidents
{o the bark, or in the entting of cavities. The top and the bottom of
{he wound are slow to heal and prone to give trouble. This is
especiaily true of the bottom of the wound, where healing is accom-
plished with difficulty, particularly if the wound is of considerable
width. Dying back of the cambium at the top, angd even to a greafer
degree at the bottom, is a frequent result. Even where considerable
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TIME OF INSFPECTION
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10 TECHNICAL BULLETIN 246, ¥. 3. BEPT. OF AGRICTULTURE

TIME OF INSPECTION
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TIME OF INSPECTION
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shaping is dope, the difficulty ot healing the base of the cub still
presents a problem that requires the most careful handling.

The relatively slower growth and the tendency to kill back ave not
the only factors that play a rdle in making the healing of the bottom
of the wound of importance to the tree worker. Fungus spores that
collect on the face of the wound sometimes tend to be washed down-
ward by rains and heavy dews and to lodge in any cracks or irregu-
Inrities that may be present. Moisture coﬁecting at such points aids
he spores in germination and infection and assists the resulting
myecelivm in at least its initial attack on the outer wood.

From » diagrammatic presenfation of the shape of the callus the
troe worker is often able to interpret something of what took place.
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Watns 15,~—8uccessive stages of calus \grmgth for each wound on Quereus veluliug
Sl U .

in the formation of the callus. This can not be interpreted from a
nere statement of the area that this growth may have covered. If
{he growth has tsken place along the sides of the wound and is
wanting at the top and bottom he at once realizes that killing back .
(fig. 16) has taken place above and below the wound. The distance
of sepavation between two such lateral areas of callus, together with
vhe straightness or degree of curve of their inner edges, at once
furnishes a clue as to the relative severity of the Jilling.

In making the fleld measurements of the {;resent study it would
have been possible to cut back the overlying bark from areas which
had been killed back and to present both the actual degree of Jkuilling
and the shape of the killed arvea, This procedure was avoided for
two veasons: (1) It seemed highly probable that the cutting back of
the burk would have changed the results of the experiments by pro-
ducing further injury, followed by further dying back of the delicute
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cambium tissues; and (2) even had it not endangered the results, the
dingrammatic presentation would have required many times the
already extensive
space needed for yiv-
ing the results pic-
tured by the present
method.

RESULTS EX-
PRESSED A5 AV-
ERAGE AREA OF
CALLUS GROWTH

Forconvenienee in
averasging resulix,
Lhe callus growth
wuas expressed in
terins of the square
inches of avea that
it covered. Such =
practice, however,
mtroduces a certain
degree of error. Ior
example, in Figare
17, the outlines of
two  wounds might
be represented by the
vircles, growth of
callus by the shaded
areas, and a possible
killing back 1n 13 by
the dotted lines.
Measuring shows
that the areas of eal-
lus produced by A : :
and I3 are equal, yet Frevne 16.— Eflling Luck on red waple
the lhealing repre-
sented by A is more desirable than that of B.

In calculating the numericul results all areas of callus were meus-
ured with a planimeter (fig. 18) from the full-sized charts. The
were expressed to the nearest tenth
of a square inch., Since the area of
the 114-inch wound used is approxi-
nmately 1.8 square inches, measure-
ments of the areas of callus ranging
from no healing to complete healing
read from 0 to 1.8 square inches.

After measurement, areas of cal-
lus of corresponding wounds were
averaged. In each case the average
‘ o ‘ represents five treec of the same
Fiogs 1Tl shvine ot gpecies. These average figures ap-

do et always have equully desir- penr in Table 2. Their arrangement

able healing. Qbe areas of enllus c
of % and 15 nre equal, but A repre.  corresponds to that of the diagram

E:aié:tla Bmurv desiralle heiling thon ChB.I‘tS.
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Method of measuring ibe aveas of callus with a planlmetrr

™arree 18.
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DISCUSSION OF RESULTS
EFFECT OF SEASON OF WOUNDING AS BHOWN BY AREA OF CALLUS

As there are 5,400 mensurements included in the diagrams of callus
arowth, graphs sre introduced (o facilitate the interpretation of the
ﬁiugrzuns and the averaged nreas.

Figure 19 is a graphic presentation of the effect which the season

of wounding exerted on the amount of callus produced by the healing
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et e 39, Efver of season of wounding as showd by verage aren of eallus growth
produeed by the wonids,  Uhese averages are for five trecs of ench species. A,
Neer rubritm ;8. Liviedendron tutipifore; ©, fuercus atha; D, Q. boreqliy mezina;
B, (. omenfaps ; 1, Q. velitting 7 U, averege of the six species

of the wounds. {Tuble 2} The average areas of callus during the
two growing seasons were figured by averaging the areas of the
inspections made cach season.

n interpreting these graphs it is to he remembered that the area
of the completely cullused wound s 1.8 squave inclies. For this rea-
sont a flat line must finally be obtained when the wounds have become
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completely healed.  This feature is illustrated by the upper lines
D and E of Figure 19 where the curves have become so mueh fat-
tenied by growth that they fail to peak.  Aside from this feature, all
four curves in all six graphs {A to F) scem to agree in exhibiting a
more or less gradoal rise from October to peaking in the pertod
between February and May,  In June the curves drop sharply.
Ifroi these ginphs it 1s evident that, judged {rom the area of callus
growth, the period from Febrary 15 to May 15 vepresented, for the
trees studied, the most favorable season of wonnding.  The 15th of
the month is specified, since that date was selected ns o thme of
wounding, in preference to the st of the month, Should it be
desived to shorten still Turther the season of wonniling, Februnry
shonld be omitted, since s resulls seened loss safisfactory Umn
those of March, April,
ur May.
EFFECT 0F SEASON OF
WOUNDING AS SHOWN BY
SHAPE OF CALLIIS

X

1

An attempt has been
ninede to select for each
of the 30 trees the
three pairs of woumds
that  =how the most
salisfactory shape of
eallns growth,  This
was jdged by theis
severt] appesrances
the cight oxaminations,
These are tallied in
Igiee 20, where the
large bars (A} repre- w = = g
sent e result for all FLE MAR PR MRV FEB MAR 4PR MAY  FEB MAR SER MAY
A0 trees and the smaller TIME OF WOUNDING
burs (1) the scaller #ieuum soc Bt of s of wquding s shown by
of the curves throueh iheee poirs of wovnds that showed the st satlsfictory
(he six S})(‘Cit‘.‘-i af trees :l-fl"'f’::m«gﬁfffﬂb srowllt; B, sentler of A within the
strdied.

This graph indicates that, judged by the shape of the resulting
eallus growtl, the season between February 15 and May 15 was the
mosl favorab’e Lime for womsding the particular tree species studied.
Wounds made during February pradoced somoewhat less sabisfuctory
callus than did those made during March., April, or May.
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ETFECT OF SHELLAC AS SHOWN DY AREA OF CALLUS

At the time the wounds were made the right-hand wonnd of each
patr was given o single cort of orange shellae, In order to obtain
an index of the elfect that this dressing exerted npon subseguent heal-
ing. the areas of eallus produced by the {reated and untrested wounds
of several pairs may be plotted aguinst each other. 1Tsing the aver-
age areas given in Lable 2, such n plotting may be made hy avernging
the nverage figures either down or across the tuble,
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It the figures are averaged downward so as to include an average
of all wounds examined at any given inspection, subsequent stages
of the closing in of callus growth from no growth toward complete
healing are traced. Averaging the wounds made for ench month
in the year offsets the effect of season. Such a plotting has been
made in Figure 21,
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Praupl B —Efeet of shiellae as sbown by aten of callus protuced,  These curves
are draws front avermges of Hve frecs of vrel species. A deee pubram, 1 Lirio-
drendron tufipifera: C, Quercus atha; 13, @, bwedalis marima; M, monfena; W
. velution, G, nverage of the six spacies

Examination of the curves shows that they fTollow each other
closely and are practically parallel. No contimuous effect is demon-
strated in the application of shellac as a wound dressing, since these
lines of average growth are neither divergent nor convergent. The
effect of the treatment has béen immediate, the initial rate of healing
having been stimulated. This effect has been carried over into sub-
sequent oxaminations without becoming evidently greater or less.

n five of the six species of trees lhe use of shellac as a wound
dressing is indicated to be of value, as evidenced by the fact that
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the curve of the avernge growth of wounds to which shellac was
applied is nbove the curve of the unireated wounds. In one case,
that of Liriodendron fulipifera, there is no svidence that the use of
shellac hiastened the healing of the wounds. Herc the average curves
are nob only nearly parallel, but they are practically coincident.
The writer is unable to explain definitely why shellac should have
proved beneficial ns a wound dressing for five species of trees and
ol no value to & sixth, although there was one feature of difference
in the wounds of this tree compared with those of the other species.
Tor the most part the wounds of Liriodendron tulipifera showed a
slime-flux condition. This trouble was not observed in any wound
of any of the other
species under experi-
ment. The slime flux
formed 2 more or
less profise, thick,
black ooze  which
ran down the trunk,
(Figs. 22 and 23.)
Neither its chemical
nature nor its lora
was investigaled.
Slime flux appeared
to be equally severe
on both shellacked
and untreated
wonnds, and for this
reason it could not of
itself account for the
failure of the treat-
ment.  The cause of
the stime finx may,
however, furnish a
possible explanation
of the diflevence in
renchion of Ehis spe-
cies and that of the
five specics in which
the tron}hle‘ was 3;01;
observed. Slime fux -
probably developed Froune %ﬁ'i?kllﬁif?i\:uggf-ﬂ?:.nflhmff:go? e Tamipe flux as
primarily beeause of
a continued flow of sap from the wounds of the tree. If, as is
generally supposed, the vulue of shellne as a wound dressing lies in
its protection of the otherwise oxposed growing layer from drying,
it seems possible that a continual flow of sap from the wound
might zlso proevent the drying out of the exposed cambium tissue
and so effect the benefit otherwise to be derived from the application
of sheliac.
In order to show the relative effect obtained by applying shellac
ab various seasons, the average aveas of callus.growth have been
averaged across the chart for each of the two seasons as in Figure
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19, with the exception that the clieck and shellac wounds have been
plotted against each other rather than together. The resulting
curves, given in Figure 24, show that in general the application of
shellac 35 least benelicial when applied to wounds made in the spring.
The seasonal variation of benefit dervived from shellac is slight n
Quercus veluting and in Leer rubrum. The scasonal effect 1s most
marked in the case of Liviodendron tulipifera. Herve the enrves cross
markedly, showing that the application of shellac stimulated callus
formation when applied to
wounds made between July
and January, but retarded
calins formation when ap-
piicd to wounds made he-
tween Febrnavy and June

EFFECT OF SHELLAC A5 SHOWN
BY SHAPE OF CALLUS

To defermine whether
the application of shellac
excerted a favorable infli-
ence on the shape of the
calius ultimately produced,
the results in the diagrams
of ecallus growth were
tallied. Looking across
the sheet, the appearances
of series of paired wonnds
were considered for the
entire period of iwo sea-
sons. An attempt was
meade to determine whether
the ehieck wound or the
shellacked wound of each
pair presented the more
- — _ = Jdesirable outline of heal-
Fighue 5 Ol e ol e of the wounds e quring these two years.
If the callus produced by
the cherls wound seemed the more favorable, it received a tally. I
the shellacled wound were the hetter, it was tallied. If the healing
was approximately of cqual desirability, neither check nor shellac
was tallied.

The results of the tally are assembled in Table 3. Since five trees
of each species were included. the individual number combinations
shown in the hody of the table are bazert upon 5 eases, the lofals at
the hottom of the table upon G eases, and the fofals at the right wpon
A0 pares,
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QELATION OF SEASON TO CALLUS FORMATION
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TanLE 3—REffcet of shcllae upon shape of callus

*

[0 this tabla (he shellneked and gnirented wournds of paired wounds liave bean taiticd npaiust each otler

tha hatter wound racatving n tafly. Tho taldies of shellncked wounds are above the dashes nnd tho Lailles
of the untrented are helaw}

: Tiria- .
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Polmbo. . . e o 19 15 2 35 8 mt 156
% w33 | 3w

An examination of the row of totals in the lower ling of the table
shows that there is no significant difference between the shellacked
wounds and the check wounds of Liriodendron tulipifera. If minor
differences are sought, they are against rather than in favor of treat-
ment. In the case of the five other species of trees the differences
ave significant in favor of the shellac.

Examining the totals to the right in order to determine the effect
of the applications of shellac during the several months, it is noted
that the Agures are not significant for the month of May and that
they become increasingly significant in favor of the shellae as the
months of September and October are approached.




RELATION OF SEASON TO CALLUS FORMATION
EFFECT OF VIGOR ON HEALING

The vigor of the tree wounded has always been recognized as of
prime importance to callus formation. The effect of this factor was
best illustrated in the present experiment in the case of Quercus alba,
where the unusual ability of the species to heal rapidly was felt to
warrant the inclusion of individuals lacking vigor. In fact, the
poorest tree used in the experiment was barely alive. The average
. ureas of callus growth of the first four trees of this species are plotted
in Figure 25. The fifth tree was not plotted because both its vigor
and its growth curve were practically identical with that of tree No. 3.
The relative vigor of the trees was judged by averaging the growth
of .0 seasons, 1917 to 1926, from increment borings.

The areas of callus growth of all wounds, both treated and wn-
treated, have here been averaged for each of the eight examinations.
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The resulting curves of average growth registered for the successive
examinations differ markedly. go great is the effect of vigor that
the most vigorous tres is seen to have formed as much average cal-
lus growth at the first examination of the first growing season as
had the poorest tree at the time of the last examiunation of the sec-
ond growing season. The effect of the relative vigor of the four
individuals 1s best illustrated by their growth during the first year,
for in the second year curves converge toward 1.8 square-inch line
us the callusing over of the wounds becomes complete.

FUNGUS GROWTH 0N THE WOUNDS

Aside from the usual occurrence of the lower forms of fungi, the
most evident of which were various sap-stain organisms, a single
form of basidiemycete was observed fruiting on the experimental
wounds. This fungus was Panus stipticus Fr. The sporophores
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were well formed though small because of their crowded condition
in the wounds. Only two wounds showed these mature fruiting
structures. In both cases they were first observed at the September,
1928, examination on Quercus borealis maxima Nos. 3 and 4 in the
check wounds made in August, 1927. Since the sapwood about
these wounds was sound, the organism had presumably infected
through the anger holes.

APPLICATION OF RESULTS

The resulits of the experiment indicate that callus development
of wonnds made between February 15 and May 15 was, in the case
of the species studicd, better both in the shape that it assumed and
in the area that iy covered, than was that of wounds made at any
other period. Tt is then probable that pruning und cavity work
that ean be condueted in the spring of the yesr will have advantage
in callus production over similar worle performed during the sum-
wer, fafl, or winter.

On the ofther hand, it may not always be practicable to perform
a major part of the pruning during the spring season.  Weather
conditions are not especially tavorable for pruning during February;
in March high winds frequently increase the dificulty of operating
on tall trees; while during April and May the task of spraying fre-
quently causes any but the most pressing duties to be set aside. But
even in this event the advantageous effect of spring wounding should
prove to be of much value in dealing with (1) tree species that
bave delicate bark or that tend to form but little eallus growth,
(2) the individual that is lacking in vigor, and (8) the particularly
vainable trec.

Possibly a principal application of this sensonal effect is to the
treatment of such fungus diseases as affect twigs and small branches.
While the life histories of the particular forms for which control
is sought are highly important, it is to be remembered that some
fungi, especially those that belong to the Ascomycetes, tend to fruit
very carly in the scason. Theoretically, thorough pruning in Feb-
ruary would thercfore seem to be advantageous from a number of
angles:

(1) It should remove the disenzed parts hrfore the fraiting of the causal
pithogene and so lessen the spread of infection.

(2) Pruning at this season would permit the uge of reasonably stropg fungi-
citles ns dormant sprays immedintely following the remwovul of the disensed
wood.

(3) It is impossible to apply wound dressing to ke numerots smull cuts
resulting from twig pruning. and yet the some spray which affords temporvarvy
prolection against the inlection of other paris must alse afford temporary
protection to such ents. This is o point which the orchardist has long recog-
nized but which the conunercial tree expert has often overlooked.

(#) Such a senson of pruning would be in nceord both with discussed favor-
able season of wounding from the standpeint of eallus formation apd with the
time determined by Swarbrick (/7) ns most favorable to rapid blocking of the
wood vessels with wound g and (he consequent formation of batrier ugainst
infection through the eut surfece ultimately left exposed by the weathering of
the protecting cover of spray material, .

Although the use of shellac as a wound dressing failed to give
results with the yellow poplar, its eflect was favorable with the re-
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maining five species. It therefore seems probable that, in general,
such an application may be of considerable value in temporarily pro- .
Lecting the otherwise exposed cambium tissue. For this reason it is
recommended, where practicable, that all cut surfaces of the cam-
bium be given an immediate application of some protective dressing
that is known to be nouinjurious to this tissue. If shellac or any
similar product is used for this purpose it is not to be interpreted
fromn the present investigation as of value for the protection ov
preservation of the wound itself against weather, insect, or decay.
This substance has been tested merely for its effect on the growth of
the callus. :

Vigor is a prime factor in healing. When 2 tree is to receive
cavity work or considerable pruning, particularly that which in-
volves the removal of large branches, its general vigor should be
carefully consideved. If it is in a condition of low vigor, the recti-
lication of any known unfavorable condition ey be of ereat ad-
vintage in aiding the vapid healing of the cuts. Such unavorable
conditions my arise from numerous causes, common among which
are lack of sufficient soil moisture at some time during the year,
insulticient drainage, the exhaustion of the available forms of certain
chemical elements in the soil which are important to plant growth,
taproper mechanical condition of the soil, lack of soil aeration,
the presence of toxic substance in the soil or air, and the presence of
fungus or insect pests.

SUMMARY

Five tvees each of dleer rubrum, Liriodendron tullpifera, Quercus
alba, Q. borealis mawima, (. mondana, and Q. velul ing were wounded
by boring holes with a 14-inch auger. One pair of wounds was
ntde ot cach of the 30 trees on the L5th thay of each wonth during
the course of a year. One wound of each pair was shelacked ; the
other was left untreated.

Developments  were  followed through two growing seasons.
Diagrams of the growth of callus in thess wounds were drawn on the
i5th duy of the month. At the end of this period there were 5,400
individual diagrams representing the appearance of the callus
growth at the several inspections.

Wounds made between February 15 and May 15 developed callus
growth of move desirable shape and greater aren in all six species of
trees than did wounds made at any other time.

A single coat of orange shellac applied immediately following
wonnding was an aid to callus formation in five of the species. In
the sixth™ (Liriodendron tulipifera) its application had no appreci-
nble effect. Where the application of shelluc was beneficial the
result of its use was evident a$ the first examination. Thig advantage
carried over into subsequent examinations without becoming appreci-
ably greater or less. The effect of shelluc an the formation of cullus
may vary with the season at which the shellac is applied.

The vigor of the individual tree was found to be of prime impor-
tance to healing, callus formation being much more rapid in vigorous
trees than in weak trees. : :
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