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ABSTRACT

THE EFFECTS OF DRESSINGS OCONTAINING GROWIH
SUBSTANCES ON THE HEALING PROCESSES OF TREE WOUNDS

by
MICHEL DESSUREAULT

Better dressings are needed to stimulate the tree's
own responées to woundling and improve lts chances for suc-
cessful heallng. The purpose of thls study was to determine
if exogenously applied growth substances could stimulate
healing of wounds, thus preventing decay.

A commercial dressing and various growth substances
in lanolin‘were applied to wounds on stems of red and sugar
maples, white plnes, and American beeches. The trees were
dlssected after one growing season. Wound closure, bark
dleback around the wounds, and the amount of discolored wood
were measured. Bacterla and fungl were isolated from the
discolored tissues. ZIExperiments were also conducted on
apple seedlings.

The ethylene~releasing compound: 2=chloroethylphos-
phonic acid (OEPA), had no beneficial effects on healing.
COEPA in lanolin promoted neilther phenol productlion nox

!

xil



phenylalanine ammonia-lyase (PAL) activity in apple seed-
lings unless 1t was applied dally without lanolin. The
commercilal dressing had the same effect as leavling the wounds
wilithout any dressing. Ianolln favored callus formation and
prevented bark dleback, but dld not prevent invasion of the
dlscolored tissues by microorganisms. OCallus formation was
promoted on red maples and beeches by comblning indole butyric
acld (IBA) with glbberellic acld (GA) in a 5:2 ratio. On
white pine, callus formation was promoted by adding benzyl=-
adenine (BA) to IBA and GA. Faster callus formation was
generally not accompanled by increased resistance to invaslon
by microorganisms. Sugar maples dld not respond to any of
the growth substances. Indole acetic acid (IAA) prevented
invasion of the dlscolored tissues by fungi, but inhibdited
callus formatlion.

Auxins and GA or BA applied together promoted callus
formation but thelr practicabllity is restricted: their
effectiveness is a function of many variables; they do not
prevent Invasion of the wood by microorganisms; and they are
expensive. Auxins applied alone probably enhanced resistance
to invasion by fungl by stimulating natural defense reactlons.
Although auxins used alone inhlibit callus formation, they
could be very useful in regulating the decay process 1n

living trees.

xiil



INTRODUCTION

Wopd decay in living trees is a major problem. It 1s
the single larges’ source of losses through reduced growth,
volume, and quallty. Decay shortens the 1life of a tree and
decreases 1ts reslistance to other diseases. A decayed tree
is a weakened structure. It represents a potential hazard
in populatgd areas as 1t may break under high winds or winter
ice storms.

Decayresults generally from wounds. Tree wounds
concerned men as far back as 2000 B.C. About 100 years ago,
Hartlg was probably the first one to link decay to fungl and
wounds. Since then, the concept of decay was expanded.
Wounds still remain the most important factor in initlating
the decay processe.

Wound treatment is practiced to alleviate the adverse
effects of wounds. The basic components of wound treatment
consist in cleaning and shaping the wound, applying a wound
dressing, and keeping the tree vigorous. Wound dresslings are
used for two reasons: <+to prevent decay and to promote rapld
closure of the wounde.

Conventional wound dressings have no benefilclal
effects and thus are pretically worthlesse. Desplte thelr
continuous use, 1t appears that thelr effectiveness was never
investigateds During the past five years, studles have lndi-

cated that commonly used wound dressings nelther promote



callus formation nor prevent invaslon of the wood by micro-
organlsnms.

More effective wound dressings are needed. Whether
it 1s fromifire, snow, wind, animals, or men's activities,
most trees are wounded at one time or another during thelr
life. Although wound treatment is not practiced on forest
trees, it could become important in the futures In view of
the increasing wood shortage, better methods for regulating
decay are needede

Wound treatment has long been practiced on shade
trees and probably this practice wlll increase. Because
green spaces around clties are growing smaller, and aware-
ness and concern for the environment are increasing, shade
trees are becoming more valuable sentimentally as well as
monetarily; At the same time, shade trees are subjected to
inecreasing pressures from people.

Since trees have defense and repalr mechanisms the
ideal wound dressing should stimulate these mechanisms to
prevent invasion of the wood by mieroorganisms, thus reducing
the chances for the occurrence of deeay. In addition, it
should promote callus formatlon to close the wound quickly
and further protect the injured tissues. It should also be
inexpensive, easy to apply, long lasting, and able to with-
stand a broad range of weather conditlons without drying or

crackinge.



Pagt studles on wound dressings were limited to an
external evaluation of the dresslingse. The amount of callus
tlissues formed was measured and that process was called wound
heallngs, I submlt that the term wound healling should encome-
pass all processes lncluding callus formatlion, defense reac-
tions, and_possibly other processes inltlated at the time of
wounding. -

The objectives of thils investigation were 1) to de=
termine if exogenously appllied ethylene could stlimulate
defense mechanisms, 2) to determine if combinations of growth
substances or other compounds could stimulate callus forma=
tion and other wound responses betiter than auxing alone.

More preclsely, thls study was undertaken to determine the
effects of growth substances on callus formation, bark diew-
-back around the wounds, discoloration of the wood, and

invasion of the discolored tissues by microorganisms.



REVIEW OF LITERATURE

Wound Dressings: Past and Present Sltuation

Wound dressings have a long history. Bartlett (6)
has extenslvely reviewed the historicsl background of tree
wound treatment. Today, many dlfferent types of dressings
are available. Asphali-based paints, emulsions, and aerosol
sprays are among the most popular and most commonly used (41,
49).

Untll now, the concept of wound dressing for shade
trees has been practically limited to the idea of protection
against micrtoorganisms. DProtectlon has been attempted by
applying to wounds materials supposedly acting as physical or
chemical barriers against microorganisms. The treels own res-
ponses to wounding were totally discounted. The most recent
research in thls area is still excluslvely orlented toward
products providing an effective physical (5,50) or” chemlcal
(30) protection against microorganisms as was sought in the
past.

Based on recent findings, Shigo and Wilson (72) have
serlously questioned the usefulness of common wound dressings.
Neely (48) showed that neither asphalt nor shellac promotes
callus formation. Shigo and Wilson (73) reported that neither
of these dressings prevented discoloration or had any effect

on invasion of the discolored +tissues by ploneer microorganismse.



Wound Dressings: Future Outlook

Insisting on the fact that trees have natural defeunse
and repalr mechanisms that are often suceessful, Shlgo and
Wilson (72) have stressed the need for research aimed at find-
ing ways to help the tree help itself. One way they pointed
out would be to use materials that counld stimulate existing
mechanisms in the tree. Future research should also be con-
cerned less by the external aspects of wounds and more by
what happens inside the tree. It is inside the tree that the
final outcome: either successful heallng or decay, is deter-

mined.

Decay Process

Decay is only the end product of a long process which
may stop at any stage (7l). Succession of microorganisms
plays an important role in that process. Of all the mlero-
organisms present at the surface of the wound, only a few
bacteria and fungl can penetrate the dilseolored wood. After
these ploneers have changed the substrate, probably detoxi-
fying chemical inhibitors present in these tissues (63,75),
and only afterward, can wood=rotting fungl establish them-
selves in the discolored tissues.

Wounds do not always lead to decaye. Coupled with the
inability of decay fungl to successfully establish themselves
on freshly wounded tlssues, wound responses finally make the
difference between successful healing or decay. 4 vigorous

tree reacts rapidly and effectively to prevent mlcroorganisms



from penetrating unlinjured tissues, and the wound closes
qulckly. Even if a tree is vigorous, factors such as the
severity of the wound or the time of the year the wound occurs
reduce its chances for successful healing. Defense mechanisms
are overcome, callus formation is delayed, and decay results.
The decay process In living trees has been reviewed by Shigo
and Hillis (70).

Wound Responses

As wounding occurs, cells are broken and thelr content
is exposed to the air. Phenols are oxldlzed causlng the brown
discoloration characteristic of injured plant tissues (57).
The oxidized phenols prevent or retard the growth of most
microorganisms invading the wounded tissues (25,38).

When mlicroorganisms begln to penetrate into the in-
Jjured tissues, the tree responds to prevent further lnvasion.
Phenol content and enzyme activiity increase in tissues bew-
neath and around the wound (64). This is the ecritical period
while the enzyme systems of the ‘tree succeed or fall in over-
coning the enzyme systems of invading microorganisms.

The "protection zone" is then laid down and the
affected tiséues are compartﬁentalized. Vessels above and
below the wound are occluded with plugs (54). Modified
xylary tissues contalning thick-walled parenchyma cells also
occluded with plgmented materlals develop toward the outside

of the tree (54,66). These wound-assoclated tissues are



referred to collectively as "protection zone" (70) or "reac-
tion zone" (36,61,62). Theylform s barrier between the
affected fissues and the tissues formed after wounding.

The affected tissues are compartmentalized vertically
by the plugged vessels and radially by the "protection zone".
Compartmentallzation is practically always effective horizon;
tally, between the affected tissues and the tissues formed
after wounding. It 1s the weakest along the vertleal axls
(68,69).

Finally, repalr mechanisms are initiated to close the
wound and seal it off permanently from the outslde environ-
ment. OCallus tissues develop almost exclusively along the
vertical edges of the wound (48) and grow inward toward the

center of the wound.

Previous Attempts to Stlmulate Oallus Formatlon

Forest and Shade Trees

Audus (3) has reviewed the early works relating to
the application of growth substances on tree wounds. All
previous attempts to stimmlate callus formation on stems of
trees have been unsuccessful.

Tilford (79) reported that a lanolin dressing con=-
taining 0.2% indole butyrie acid (IBA) was slightly injurlous
on red maple, white oak, American elm, and hickory. Davis
(20) tested various auxins, 0.01%-20% in a talc carrier, on

sugar maple. The auxins included indole acetlc acid (IA4),



2-chlorophenoxy proprionic acid, and 2,4-dichlorophenoxy
acetic acid (2,4=~D). Davis (21) also tested IBA, naphthalene
acetic acid (NAA), and 2-chlorophenoxy acetic acid (2-CPA) at
0.1%, 1%, and 5% in lanoline. Callus formation was not pro=-
moted by any auxine. IBA and NAA inhiblited callus formation
at all concentrations and caused some bark dieback at the
highest concentrations. Davis (20,21) reported that cystelne
and glutathlone stimulated callus formation. He suggested
that compounds with sulfhydryl groups could have a stimula-
tory effect on callus formation. MeQuilkin (43) tested IAA,
IBA, NAA, and various other compounds at 0.1%=4%. He used
many different carriers and treated wounds on stems of red
maple, black gum, beech, white and scarlet oak, pitch and
Virginia pine. Auxins failed to promote callus formation.
MeQuilkin (43) recognized the beneficial effect of lanolin

on callus formatione.
Fruit Trees

Many workers (17,35,67) have reported enhanced callus
formation after applying auxins to pruning wounds on various
frult trees. Most recently, Iavee and Haskal (39) showed that
IBA or IAA, when applied to pruning wounds, was particularly
effective in promoting callus formatlion on many species of
frult treeb. IBA was equally effectlve at 0,25% to 2% 2Zinc
oxide, 2%, alone or in combination with auxins promoted cal=-
lus formation. They reported that glbberellic acid (GA) did
not promote callus formation. They also reported that 200



ug/g kinetin in combination with elther IAA or IBA inhibited
callus formation or had no effect. Samish, Tamir, and Spilegel
(58) reported that cysteine stimulated callus formation when

it was applied to pruning wounds on apple trees.

Roles of Growth Substances and Other Compounds
in Cambial Activity

Many workers (7,8,34) have reached the conclusion
that auxing play an important role in the regeneration and
repalr of fhe tissues altered by wounding. More recent
research into the regulatory mechanisms of cambial activity
and xylem aifferentiation in higher plants indicates that
not only auxins, but gibberellins (4,46,55,82) and possibly
cytokinins (19,45,55,56,80) play a role in these growih pro-
cesses.

Auxins appear to be primarily responsible for xylo-
genesls while the effect of glbberellins is limited to the
production of camblal derivatives (456,74). Not only the
presence of both auxins and glbberellins seems necessary, but
the ratio between them is important for normal growth and
development (81,84). New tissues initiated in dormant shoots
resembled most normal growth when IAA and GA were used in a
5:1 ratio (22).

Although sucrose may not directly regulate xylem
formation, it ecould be a limiting factor due to its impor-
tance as substrate (80). The addition of sucrose enhanced

the effect of auxins on camblal activity in plne (85) and
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willow (55) tissues. It has been reported (37) that ascorbic
acid, 100 ug/ml, may act as a growth substance in promoting
growthe.

Roles of Bthylene in Defense Reactlons

Athough ethylene may not be the key trigger to
disease resistance in plantg (59), 1t is often associated
with increased resistance (64,76). Ethylene is considered
as a plant hormone although 1ts role and mode of action are
not fully understood (27,40). ZEthylene is produced by
healthy plant tissues (9) but is more characteristic of
stressed, wounded, or infected plants where its production
increases drastically (51).

Thé Increase in ethylene production coupled with
higher phenol content and enhanced activity of enzymes such
as phenylalanine ammonia-lyase (PAL), peroxldase, and poly-
phenoloxidase (PPO) is now considered a charaecteristic plant
response 0 injurles and diseases (27).

All the evidence indicates that ethylene exerts a
regulatory role on the synthesis, eilther directly (23) or
indirectly (33), and possibly on the activity (13) of PAL.
This is the key enzyme for the productlon of phenols in most
plants.

Exogenously applied ethylene stimulated PAL activity
in swede and parsnip root tissues (52), in pea seedlings (31,
32), and in carrot roots (13). In all cases, Inhibitors of
proteln synthesls prevented the effect of ethylene, and the
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increase in enzyme activity was attrlbuted to de novo enzyme
synthesis.l Sinilar results were obtalned in exclsed tissues
(23).

Ethylene may also have a regulatory role on other
enzymes involved in resistance mechanisms. ZInhanced perox-
ldase (26,65,76) and PPO (76) activity due to ethylene has
been reported. ZEbthylene also causes an increase of the
phenol content (14,53). Phenols play an important role in
Tegistance by inhibiting the growth of microorganisms (16,
29,61,62,63,75,77) e

In summary, all attempts to stimulate callus forma=-
tlon on forest and shade trees have falled, but only auxins
were tested. Gibberellins, cytokinins, and possibly other
compounds could enhance the actlon of auxins on camblal ace
tivity thus promoting callus formation. All previous inves-
tlgatlions have been limited to the effects of auxins on
callus formation. The effects of growth substances on other
wound responses and on the decay process are not kmowne.
Ethylene apparently was never applied to woundse. It could
stimulate defense mechanisms and increase resistance to in-

vasion by microorganismse.
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MATERIALS AND METHODS

Wound Dressing Trials in the Greenhouse

Wound PDressing Preparation

The compounds tested were incorporated in lanolin.
Each compound was flrst dissolved in the appropriate mixture
of alcohol and water. dJust enough solvent to obtaln complete
dissolutioﬁ was usede. CEPA was dlluted ln propylene glycol.
The solutions were stirred in anhydrous lanolin (U.S.P. grade)
liquefied by preheating to approximately 45 Co The solvent
was then evaporated under vacuum until the lanolin had returned
to 1ts original conslstency. The dressings were used within
a few days and stirred lmmedlately before they were applied
to the wounds. The dresslings tested either in the greenhouse

or in the fleld were prepared the same waye.
Plant Materlal and Growing Condltioms

Actively growlng McIntosh apple seedlings were used
for the trials in the greenhouse. The seedlings were grown
in six-inch pots at epproximately 24 O day (14 hr), and 15 C
night (10 hr). The seedlings were two to three-monthsold,
approximately O.6=1.0 m in height, and 5-10 mm in diam at
the largest point on the steme Seedlings of approximately

the same height and stem dlameter were chosen for each trial.



Wounding Procedure

The seedlings were wounded on the lower portion of

the stem by removing a segment of bark and xylem tissues with
a tool designed for that purpvose. The tool consisted of two
razor blades fixed to 2 wooden block approximately l.3 X 1.3 X
5 cme The distance separating the blades was 1.5 cme It cor-
responded to the length of the wound on the longltudinal axis
of the steme. TUnless otherwise stated, all wounds were 1.5 cm
long. The cutting edges protruded approximately l.5 mm from
the surface of the block. That distance corresponded to the
depth of the wound on the radial axis of the stenme.

Rating Systenm

The bases for evaluating the effects of the dressings
in the greenhouse trials were 1) the closing perliod or the
perliod of time elapsed until callus tissues completely closed
the wounds, and 2) the external appearance of the callus tis-
sues formed compared to callus tlssues formed over nontreated
woundse. The wounds were examined at least every two or three

days until completion of the +trial period,.

Wound Dressing Trials on the Field

Trial of 2-Chloroethylphosphonic Acid (CEPA) on Red Maple

Wounds on red maples (Acer rubrun L.) growing at the
Massabesic Experimental Forest in Alfred, Malne, were treated

with dressings containing varlous concentrations of CEPA.
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The trees, 10-15 cm in diam at l.4 m aboveground, were wounded
on 13 July 1972. The wounds were elllptical with polnted
tips. Large, 5 X 10 cm, and small, 2.5 X 5 cm, wounds were
mnades The longer axls of the wounds was parallel to the lon=-
gitudinal axis of the stem. The wounds were made by placlng
a metal template on the stem and cutting the bark around 1+t
with a knife. The bark was cut to the cambium and removed.
The exposed wood was scraped. Approximately 7 cc and 2 cc
of the lanolin dressings were applied to the large and small
wounds, respectively.

Each tree recelved groups of two wounds at two levels
on the steme. The lowest wounds were made at Oe6 m and 0.9 m
and the highest ones at 1.2 m and 1.5 m aboveground. At
each level, a large wound faced elther East or West and a
small wound faced in the opposite direction at 30 cm below or
above 1lt. Wounds on the same tree recelved the same dressing
and each dressing was applied on two trees. The trees were

harvested from 7 to 21 August 1973.
Trial of Growth Substances on Red Maple

Pour red maples (Acer rubrum L.), 1l.5-=18.2 cm in

dlam at l.4 m aboveground, growing at the Massabeslc Experi=-
mental Foréest, were wounded at the time of leafing out, on

1 May 1973. Each tree recelved 16 wounds. The wounds, 1.5
em in diam and about 1 cm deep, were made with a drill.
Wounds weré made at 20 cm intervals beginning at 0.3 m up to

1.7 m aboveground. At each helght, two wounds were opposlte
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each othexm Fach alternate group of wounds was made 1in a
direction perpendicular to the preceding group so that wounds
facing the same direction were at 40 cm intervals. The
wounds were assligned dressings at random and treated immedi-
gtaly after wounding by fi1lling the cavity with a dressing,
about 2 cce A different dressing was applied to each wound
on a tree &and each dressing was applled on four trees. The

trees were harvested three months latere.

Trial of Growth Substances on

Whlte Pine, American Beech, Sugar Maple, and Red Maple

Three white pines (Pinus strobus L.), 4.5-5.8 cm,
three American beeches (Fagus grandifolis Ehrh.), 5.5-6.9 cm,
eight sugar maples (Acer saccharum Marshe.), 5.7=10.0 cm, and
one red maple (Acer rubrum L.), 10.0 cm in dlam at l.4 m
aboveground, were selected in the College Woods at the Exper-
imental Forest of the University of New Hampshire, in Durham.

The trees were wounded by removing a dise of bark,

1.5 em in diam, with a plug cutter. The exposed wood was
scraped and a chlsel, 5 mm wide, was driven into the wood to

a depth of approximately 2 mm. ZEach tree received 16 wounds
dlsposed as described above for the red maples. In this trial,
only elght dressings were tested. The dressings were assigned
at random to eight groups of two wounds. At each helght, the
two wounds facing opposlte directions received the same dres-
sing. Within each group, one wound at random was treated

immediately after wounding, and the other, two weeks later
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by filling the cavity with the dressing, about 1 cc.

The beeches, white pines, two sugar maples, and one
red maple were wounded at the time of leafing out, on May 8.
Three sugar maples were wounded about one month before, on
Marech 30, énd three more, one month after the time of leafing
out, on 8 June 1973. The trees were harvested seven months

after wounding.
Wound Dressings Evaluation

When the trial period was over, the trees were cut in
sections and brought to the laboratory. The condltion of the
dressings and of the wounds was noted. The wounds were cleaned,
and the slze of exposed wood was measured horizontally at its
largest point. The sections were then split longitudinally
through the wound with a disinfested axe to expose the dis=
colored wood.

Isolations of the mlicroorganlisms were carried out in
a clean room by excising chips, approximately 3 X 10 mm,
wlth a sterile gouge. The chips were placed in an upright
position in petri dishes contalning a growing mediume. The
medium consisted of 10 g malt extract, 2 g yeast extract, and
20 g agar/liter. The plates were incubated in the dark at
25 C, and examined at three to four=-day intervals for at
least 20 days. The presence of either bacteria or fungl was
recorded.

For the CEPA trlal, six chlips were taken throughout

the dlscolored tissues behind each wound. For the trial of
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growth substances on red maple, one chip was taken behind the
wounds, one above, and one below the wounds: at mid-dlistance
between the wounds and the tips of the columns ¢f discolored
tissues. PFor the trial on white plne, American beech, red
maple, and sugar maple, two more chlps were taken at the
extremities of the columns,

The length of the columns was measured. The thicke-
negs of the columns behind the wounds was measured only for
the CEPA triale The amount of dead bark above and below the
wounds was measured along the longltudinal axls of the stem.
When vigor was consldered, the average growth in diam for the
last five years was measured at l.4 m aboveground. Readings

were taken at four poslitions equally spaced around the stems.

Laboratory Experiments

Total Phenol Determination

Sample preparation. A 2.5-cm long portlion of stem
contalning the wound was cut. The bark and the wood were
separated, oven-drled overnight at 105 0, and groud separate=-
1y in 2 Wiley mill to pass a 20-mesh screene.

Extraction. Approximately 0+.3=0.5 g of wood or O.l g
of bark was weilghed and placed in a 10-ml beaker. Cold meth-
anol, 10 ml, was added and +the solution was stirred for 5 hr.
Some methanol was added perlodically to replace that lost by
eVaporatioﬁ. The solvent was collected and combired with

two additlonal methanol washingse. The combined extract was
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centrifuged at 750 X g for 20 min in a clinical centrifuge

and the volume was made up to 10 ml. Portions of the extracts
were used for the spectrophotometrlc assay that was run the
same day.

Spectrophotometric assay. 4n aliquot, 0.5 ml or less,

was placed In a test tube, diluted to 3.5 ml with distilled-
deionized water, and mixed. The Folin-Ciocalteu reagent, 2 N,
was diluted with distilled-deionized water in a 1l:l ratlo.

The diluted reagent, 0.5 ml, was added to the dliluted extract
and mixed. After 3 min, 1 ml of Nap0Os solution, 14% w/v in
water, was added and mixed. Thc absorbance was read 1 hr
later agalnst a reagent blank at 725 nme. The results were

conpared each time to a gallic acid standarde.
Phenylalanine Ammonia=Lyase (PAL) Activity

Enzyme extraction. The wounds were scraped and wiped

with methanol to remove the dressings. A 40-cm long porition
of stem containing the 30-cm long wound was cut and the bark
was removefle The stem portion was welghed and cut in small
pleces. The tissues, approximately 1 g, and polyvinyl-
pyrrolidone (PVP), 1.5 g/gram of tissues, were placed in

10 ml of 0.1 M Tris (2~amino=2-(hydroxymethyl)=1l,3~propanediol)
buffer at pH 8.8, contalning 5 mM 2-mercaptoethanole. The
tissues were homogenized in an ice bath with a Sorvall homo-
genlizer for l.5 mine. The extract was passed through cheese~
clothe The filtrate was used to rinse out the tissues left

in the homogenizer, and passed through cheesecloth a second
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times The filtrate was centrifuged at 27,000 X g for 20 min.
The supernatant was used for the enzyme assaye

Enzyme assaye. The reactlon mixture contained 1.5 ml of
enzyme extract, 1 ml of 0.5 M Tris buffer at pH 8.8, and 0.2
ml of O.l M Imphenylalanine in 0.l M Tris buffer at pH 8.8
The reactlon was carried out in three different test tubes
placed in a water bath at 30 O+ The reaction was stopped
after 20, 40, and 60 min by adding 0.3 ml of 5 N HCl. The
Increase in absorbance was measured at 290 nm against a blank
contalining buffer instead of substrate., The amount of pro=
teln in the extract was determined by Lowry's technique (42).

Chromatography of Extractable Phenols

Extraction. The tlssues were ground with a Wiley
mill to pass a 20-mesh screen. Each sample, exactly 2.0 g,
was extracted in 250 ml cold water for 12 hr with a magnetic
stirrer. The water extracts were filtered through Whatman
no. 40 cellulose paper and extracted with 100 ml ethyl acetate
by stirring for 1 hr. The water layer was removed in a sepa=-
ratory funnel, aclidified with 1 N HCL to pH 2, and placed in
a bolling water bath for 1 hr. The acldified water extract
was extracted with ethyl acetate and separated as before.
Ethyl acetate extracts were concentrated to 5 ml at about
50 0 in a rotary evaporator.

Chromatography. Portions, 50 and 100 uliters, of the
non-hydrolysed and hydrolysed extracts were chromatographed
on cellulose thin-layer chromatography plates with butanol:
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acetlic acid:water 6:1:2 in ‘the Ffirst dlrection and 7% acetic
acid in water (v/v):0.03% sodium acetate in water (w/¥v) in
the second directlion. After dryilng at room temperature, the
plates were examined under ultraviolet light after exposure
to NH3z.
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RESULTS

Ethylene

Greenhouse Trlal

Callus formation. OEPA in lanolin did not affect
eallus formation, or inhibited it, on apple seedlings (Table
1l). Younds dressed with lanolin closed faster than nontrea-
ted wounds. CEPA, 1,000 ug/g, caused some swelling above
the wounds. CEPA, 10,000 ug/g caused even more swelling,

and the stems became flattened at the woundling slte.
Laboratory Experiments

Zotal phenol content. OEPA 1n lanolln did not affect
the phenol content of the wood, or the bark, in the vieclinlty
of wounds on apple seedlings (Table 2). Phenol content of
the wood dld not change upon wounding as 1t did in bark where
1t doubled.

Thenylalanine ammonia-lyase (PAL) activity. OEPA in
lanolin, 0~500 ug/g, did not significantly affect PAL active

ity in woody tlssues beneath the wounds. PAL activity was
not significantly different at 2, 5, or 10 days after wound-
ing (Fige 1)e OEPA in propylene glycol, 10 ug/ml, slightly
increased PAL activity when 1t was applied dally. Below that
concentration, PAL activlity decreased; and 1t was clearly

inhibited above 1,000 ug/ml CEPA (Fig. 2).



Table 1. Effect of lanolin dressings con-
taining 2-chloroethylphosphonic acid (CEPA) on

callus formation over wounds on the stemsof apple

seedlings.

Dressings® CEZ;E) Closi?gagggiodb
None | — 84
Lanolin e — 40

CEPA 10 L6k

CEPA 100 113

CEPA 1,000 70°

CEPA 10,000 16444

8CEPA was incorporated in lanolin.

bPeriod of time elapsed until callus tissues com-
Pletely closed the wounds. Means of 2 replications.

cSwelling of the stemswas noted above the wounds.

dMuch swelling was noted above the wounds and the
stems were flattened at the level of the wounds.
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Table 2. Effect of lanolin dressings containing 2-chloroethylphos-
phonic acid (CEPA) on the phenol content of tissues proximal to wounds on

the stemsof apple seedlings.

Total phenol content (mg/g dry wt)?2

Days
Tissues af{er No No CEPA (ug/g)
wounding wound dressing 0 10 100 1,000 10,000
Wcmd‘D — 6.5 —_— — — —_—
2 —_— 7.8 5.3 6.9 8.7 6.9 5.4
10 —— 7.2 4.5 5.3 4.6 6.3 5.9
Bark® — 35,3  ——
1 —_— 72.5 79.6 75.7 61.9 69.1 76.6
] —_— 57.6 83.3 63.6 e4.5 69.1 72.0

8Means of 2 replications.
PLsD (P=0.05) = 3.2 mg/g.
®1SD (P=0.05) = 18.1 mg/g.

¢e
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Fig. 1. Phenylalanine ammonia-lyase (PAL) activity in woody tissues prox-
imal to wounds on stems of apple seedlings 2, 5, and 10 days after applying 2-chloro-
ethylphosphonic acid (CEPA) in lanolin. Each point represents the mean of 3 repli-

cations. ISD (P=0.05) = 55 E.U./hr/ng protein.
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Fig. 2. Phenylélanine ammonia-lyase (PAL) activity in woody

tissues proximal to wounds on stems of apple seedlings following daily

applications of 2-chloroethylphosphonic acid (CEPA) in propylene gly-
col. Each point represents the mean of 3 replications at 2, 5, and

10 days after wounding. LSD (P=0.05) = 27 E.U./hr/mg protein.
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Field Trial

Oallus formation. Under field condltions, 100-10,000
ug/g OEPA in lanolin significantly inhibited callus formatlon
cn red maples (Table 3). Large wounds appearcd to be more
affected than small wounds. Although there was a large vari-
ation between trees, wounds dressed wlth lanolin alone con=-
slstently closed faster than nontreated wounds, or than
wounds ‘treated with CEPA. The size of the wound had no sig-
niflcant effect on callus formation although large wounds
may have closed faster than small woundse. A significant
interactioh between trees and dressings lndicated that some
trees responded differently to some dressings.

Discoloration of the woode OEPA in lanolin had

little effect on the length or the thickness of the columns
of discolored wood. Highest OEPA concentratlions tended to
increase the length and the thlckness of the columns on
large wounds (Table 4). Wounds dressed with lanolin alone
had columns about three times shorter and thlnner than non-
treated wounds. Large wounds had longer colummns than small
wounds, but large wounds were two times longer than small
woundse. Although cracking of the bark, above and below the
wounds, occurred with most wounds, 1t was most severe with
nontreated wounds and large wounds. The least cracking was
agsoclated with wounds dressed with lanolin alone.
Microorganisms. None of the dressings had any effect
on the presence of microorganisms in dlscolored tissues asso=-

ciated with small wounds. On large wounds, some of the
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Table 3. Effect of lanolin dressings containing
2-chloroethylphosphonic acid (CEPA) on callus formation

13 months after wounding red maples in July.

Wound closure (mm)b

Dressingsa Rate

(ug/g) Small wounds® Large wounds9
None ————— 6.8 7.5
Lanolin  —— 8.3 9.5
CEPA 100 5.8 6.5
CEPA 1,000 5.8 4.8
CEPA 10,000 5.5 4.5

8CEPA was incorporated in lanolin.
Psize of the wounds at the time of wounding (2.5 or 5 cm)
minus the size of exposed wood measured horizontally

at the largest point 13 months later. Means of 4 wounds
(2 wounds/tree).

CElliptical wounds, 2.5 X 5 cm. LSD (P=0.05) = 2.1 mm.
dE11iptical vwounds, 5 X 10 cm. LSD (P=0.05) = 2.6 mm.
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Table 4. Effect of lanolin dressings containing
2-chloroethylphosphonic acid (CEPA) on discoloration of the

wood 13 months after wounding red maples in July.

Column length (cm)b Column thickness (mm)©

Drossings®cVS) omnds®  wonsas®  wounds®  wounds®
None — 27.4 30.9 3.1 4.6
Lanolin ——— 9.6 11.9 1.1 0.6
CEPA 100 10.4 13.4 1.8 0.9
CEPA 1,000 6.9 14.3 0.6 0.9
CEPA 10,000 8.8 15.5 1.3 2.3

8CEPA was incorporated in lanolin.

bLength of the columnsof discolored wood measured along the
longitudinal axis of the stem with the wound included.
Means of 4 wounds (2 wounds/tree). ILSD (P=0.05) = 4.7 and
6.4 cm for small and large wounds, respectively.

°Average thickness of the discolored wood beneath the wounds.
Means of 4 wounds (2 wounds/tree). LSD (P=0.05) = 1.6 and
1.8 mm for small and large wounds, respectively.

dE)liptical wounds, 2.5 X 5 cm.

®Flliptical wounds, 5 X 10 cm.
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dressings, lncluding the lanolin dressing, reduced the num=
ber of isolations ylelding fungli. The dressings containing
100 ug/g and 1,000 ug/g OEPA also reduced the number of iso-
lations ylelding bacteria (Table 5).

Properties of the dressingse. ILanolin was more dit=-
flcult to put on wounds from whilch sap was exuding than on
wounds that stayed dry, but nevertheless, 1t eould be applied.
The dressings stayed on the wounds during part of a growing
season, through the winter, and during most of the next grow-
ing season wilthout falling off. After 13 months, the lanolin
had hardened but 1t did not cracke The dressings became thin-
ner as part of the lanolin was absorbed by the wood. OCompared
to nontreated wounds, the wood under the lanolin dressings

stayed very molst and flrm.

Compounds Other than Growth Substances

Dressings contalning compounds other than growth sub=
stances inhibited callus formation or had no effect (Table 6).
Ascorble acld may have promoted callus formatlion but the re-

sponse was not as good as that of growth substances.

Auxins, Gibberellin, and Cytokinin

Greenhouse Trials

Auxin and gibberellin interaction. A combination of

IAA and GA in a 5:2 ratlo gave the best results. Callus for-
matlion was consistently promoted, and the tissues that formed

over the wounds most closely resembled those formed over
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Effect of lanolin dressings containing

2-chloroethylphosphonic acid (CEPA) on the presence of micro-

organisms in discolored tissues 13 months after wounding red

maples in July.

% of isolations yieldingb
Fungi Bacteria
. a Rate Small Large Small Large

Dressings (ug/g) wounds® woundsd wounds® wounded
None 20 S4 40 42
Lanolin 29 12 33 33
CEPA 100 21 12 28 8
CEPA 1,000 17 4 23 12
CEPA 10,000 46 50 29 29

8CEPA was incorporated in lanolin.

Y% vased on 24 attempts (6 attempts/column of discolored

tissues).

cElliptical wounds, 2.5 X 5 cn.

dElliptical wounds, 5 X 10 cm.
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Table 6. Effect of lanolin dressings con-
taining compounds other than growth substances on

callus formation over wounds on the stems of apple

seedlings.
Dressings® (Egﬁg) Clos%2§y§§riodb
None S 72
Lanolin — GL**
L-cysteine-HCl 100 116+
" 1,000 5g**
" 10,000 51*
Cystine | 100 g+
" 1,000 55**
" 10,000 116+
Methionine 100 60**
" 1,000 63%*
" 10,000 80**
Glutathione 100 So%*
" 1,000 31"
" 10,000 g1**
Ascorbic acid 10 40
" 100 104**
" 1,000 41
Sucrose 5% 56+
" 10% Sgees

8511 compounds were incorporated in lanolin.

bPeriod of time elapsed until callus tissues com-
letely closed the wounds. Means of 4 wounds

%2 wounds/seedling). The number of asterisks
indicates the number of wounds not closed sfter
116 days.
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nontreated wounds. They were flat and covered with bark
almost as they appeared (Table 7). As the ratio of IAA to
GA became smaller, the response was not conslstent. A 1:2
ratlo produced disorganized callus tissues without bark. As
the ratio increased, the tissues coverling the wounds also
became dlsorganized or had no bark.

IAA alone, 500 or 1,000 ug/g, induced rapld closure
of the wounhds, but the tissues that covered the wounds had
the appearance of a random outgirowth rather than well orga=
nized callus tissues. GA alone, 200 ug/g, also induced rapid
closure of the wounds, but only portions of the wounds were
closed and the tissues closing the wounds resembled those
formed under the influence of IAA. The addition of GA to
IAA resulted in faster production of well organized callus
tissues. In combinatlon with GA, IAA was effectlve at a
lower concentration than 1t was without Gi.

Trial of various growth substances on apple seedlings.
Almost all dressings contalnlng growth substances promoted

callus formation when they were applled to wounds on apple
seedlings (Table 8). Most dressings stimulated the produc-
tlon of somewhat disorganlized tissues. The dressings that
promoted well organized callus tissues contalned IAA or IBA,
in combination with GA.

The response to 100 ug/g BA was inconsistent while
1t was consistent when 1,000 ug/g BA was used. NAA and indole
proprionic aeid (IPA) definitively inhibited callus formation

while the response to IBA was ilnconsistent. When GA was
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Table 7. Effect of lanolin dressings containing
various combinations of indole acetic acid (IAA) and
gibberellic acid (GA) on callus formation over wounds on

the stemsof apple seedlings.

Dressingsa Closing Bark External
TAA GA period b formation® characteristics
(vug/g) (ug/g) (days) (days) of the callus
0 0 60+ —_— no callus
100 0 60+ —_— 1/2 complete
200 0 60+ —_ 3/4 complete
500 0 28 72 overgrown
1,000 0 31 62 overgrown
0 100 60+ _— nearly complete
100 100 20* 52 complete
200 100 20* 52 complete
500 100 24 62 slightly overgrown
1,000 100 27 no bark complete
0 200 23* 39 slightly overgrown
100 200 24 no bark overgrown
200 200 60+ — no callus
500 200 22 20 complete
1,000 200 20 6l overgrown

87AA and GA were incorporated in lanolin.

bPeriod of time elapsed until callus tissues completely
closed the wounds. Means of 2 wounds (1 wound/seedling).
The number of asterisks indicates the number of wounds not
closed after 60 days.

Cpime elapsed until bark appeared over the callus tissues.
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Table 8. Effect of lanolin dressings containing
growth substances on callus formation over wounds on the

stemsof apple seedlingsa.

Dressingsb (Eg;g) Clos%ggyggrlodc
None — 72
Lanolin —— 61%*
BA 100 23%*
BA 1,000 22
JAA-BA 1,000-100 20
IAA-Sucrose 1,000-10% 39
TAA-BA-Sucrose 1,000-100-5% 20
IAA-GA-Sucrose 1,000-200-10% 23
IAA-GA-BA 1,000-200-100 19
NAA 500 116+
NAA-Sucrose 500-10% 47
NAA-GA 500-200 22
NAA-GA-Sucrose 500-200-5% 27
NAA-GA-Sucrose 500-200-10% 38
IPA 500 116+
IPA-GA 500-200 23
IBA 500 a5**
IBA-GA 500-200 22

8Tables 8 and 6 contain data from the same experiment.

bBA=benzy1adenine, IAA=indole acetic acid, GA=gibberellic
acid, NAA=naphthalene acetic acid, IPA=indole proprionic

acid, IBA=indole butyric acid.
porated in lanolin.

All compounds were incor-

CPeriod of time elapsed until callus tissues completely

closed the wounds.

Meansof 4 wounds (2 wounds/seedling).

The number of asterisks indicates the number of wounds not

closed after 116 days.
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added, all three auxins promoted callus formation (Table 8).
NAA and IPA caused a flattening of the stem simllar to that
observed with CEFPA.

When 10% sucrose instead of GA was added to auxins,
callus formation was promoted but not as much as with GA.
Sucrose, added to elther IAA and GA or NAA and GA, inhibited
callus formatione BA, 100 ug/g, promoted callus formation
more than sucrose in combination with elther IAA or IAA and

GA (Table 8)0
FMeld Trial of Growth Substances on Red Maple

Oallug formation. OCallus formatlion was promoted, on
low vigor trees only, by IBA in combination with elther GA or
zine oxide, or both. NAA alone or in combination with GA,
IAA, and IBA tended to inhibit callus formation, but the
inhibition was evlident only on high vigor trees. BA in com=
bination with elther IAA and GA or IBA and GA appeared to
inhibit callusg formation. Oysteine, GA, and BA had no effect
on callus formation (Table 9).

Wounds closed fagter on high vigor trees than they
did on low vigor ones. On high vigor trees, none of the dres=-
sings contalning growth substances promoted more callus form-
atlon than' did lanolin. The wounds dressed with lanolin alone
were almost closed after three months while nontreated wounds
had not closed at all.

Bark dieback. Ilttle bark dleback occurred with dres=

sings containing lanolin compared to nontreated wounds (Table
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Table 9. Effects of lanolin dressings containing
growth substances and other compounds on callus formation,
wood discoloration, and bark dieback three months after

wounding red maples in May.

Wound b Column c . Bark a

closure (mm) length (cm) dieback (mm)
Dressings® iy . Low _  High Low High Low

vigor~ vigor vigor vigor vigor vigor
None 0.5 1.0 26.0 8.0 12.5 17.5
Lanolin 12.0 5.0 9.8 9.5 1.5 14.0
L-C-H 10.5 3.0 6.0 4.4 0.0 2.5
GA 10.0 5.5 7.2 4.1 1.5 0.0
Zn0 13.0 4.5 74 5.3 0.0 0.0
BA 9.5 5.5 6.9 8.% 0.0 0.0
NAA 3.0 1.0 14.4 8.2 3.0 12.0
NAA-GA 2.5 1.5 22.3 10.3 4.5 8.0
IAA 7.0 7.5 11.3 7.3 0.0 0.0
JAA-GA 10.0 5.0 8.1 7.9 1.5 3.5
IAA-GA-BA 4.5 4.0 16.6 8.1 3.5 7.0
IBA 7.5 5.5 12.8 8.6 1.0 20.0
IBA-GA 8.0 11.5 9.6 6.5 4.5 0.0
IBA-ZnO 11.0 11.5 15.7 7.4 1.5 1.5
IBA-GA-ZnO 8.0 11.0 14.8 6.6 1.5 0.0
IBA-GA-BA 5.0 7.0 15.8 9.1 5.5 12.5

8l,~C-H=L-cysteine -HC1 (1%), GA=gibberellic acid (0.2%), ZnO=
zinc oxide (2%), BA=benzyladenine (0.5%), NAA=naphthalene
acetic acid (0.5%), IAA=indole acetic acid (0.5%), IBA=in-
dole butyric acid CO.S%). All compounds were incorporated
in lanolin.

Psize of the wounds at the time of wounding (15mm) minus the
size of exposed wood measured horizontally at the largest
oint three months later. Means of 2 replications. LSD

?P=0005) = 5.7 mm.
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Table 9. (Conte)

cLeng'bh of columns of dlscolored wood measured along the
longltudinal axis of the stem Includlng the size of the
wounds. Means of 2 replications. ISD (P=0.05) = T.3 cm.

dLength of the zone of dead bark measured along the longitu-
dinal axls of the stem wlthout includi the size of the
woundse. Means of 2 replications. LSD (P=0.05) = 9.5 mm.

®Based on the mean growth in dlam for the last five years:
%i45 and 0.64 mm/yr for high and low vigor trees, respecs=
vely.
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9). Bark dieback was more severe on low vigor trees than on
high vigor ones. Independently of the vigor of the tree,
bark dieback occurred especlally with wounds that closed the
least. In thls trlal, the wounds consisted of round holes,
and cracking of the bark occurred only in one case among

the 60 wounds treated with a lanolin dressings.

Discoloration of the wood. Discoloration was equal-
ly increased by dressings that promoted callus formation or
inhibited it. All auxins lncreased discoloration. Except
with NAA, the additlion of GA to auxins annihllated thelr
effects A5 much dlscoloration ocourred when BA was comblned
to auxins and GA as when auxins were used alone (Table 9).
Discoloration was increased only on high vigor trees. Cyste-
ine, GA, and zinc oxide slightly decreased discoloration.
Lanolln decreased dlscoloration by about three times on high
vigor trees but had no effect on low vigor trees. Indepen-
dently of the dresslings, less discoloration occurred on low
vigor trees than on high vigor omes.

Ohromatography of extractable phenols. Extracts
from discolored tissues assoclated with lanolin or IAA-
treated wounds were different (Fig. 3). Many compounds weTe
detected only in the acid-hydrolyzed extract from IAA-~treated
wounds. There was little difference between water extracts.
The dlscolored tissues from IAA-treated wounds contailned a
larger amount of non-hydrolyzed phenols than similar tissues

from lanolin-treated wounds.
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Acid-hydrolized extract

Thin-layer chromatograms of extractable

phenols from discolored tissues associated with wounds treated

with A) lanolin alone, and B) lanolin plus IAA.

are B:A:W.6:1:2 and 7% acetic acid:0.03% sodium acetate,

horizontally and vertically, respectively.

The solvents
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Microorganisms. IAA, and NAA combined with GA, com-
pletely prevented fungl from invading the discolored tlissues
above and below the wounds. The NAA dressing and the dress—
ings , IBA-GA, IBA-Zn0, and IBA~GA-~ZnO, that promoted callus
formation reduced invasion by fungi. Other dressings, whether
they decreased discoloration or increased 1t, did not affect
invasion of the discolored tissues by fungi (Tabdble 10).

No' dressling affected the presence of fungl lmmedlate-
ly behind the wounds. No dressing prevented bacteria from
invading the discolored tissues. More isolatlons ylelded
bacteria when the wounds were treated with dressings that

contained lanolin than when the wounds recelved no dressing.

Meld Trial of Growth Substances on
White Pine, American Beech, Sugar Maple, and Red Maple

Callus formation. The only dressingsthat promoted

callus formation more than lanolin contained IBA plus GA,
on beech and red maple, and IBA plus GA and BA, on white plne
and beeche A two-~wWeek delay in treating the wounds had no
effect. Sugar maple responded to none of the dressings.
Lanolin favored callus formation on all speclies (Table 1l).
IBA promoted callus formation on red maple two weeks after
woundlng but had no effect on the other species.

"Iree ALA" may have favored callus formatlion on red
maple alfhough nof as much as lanolin. It inhibited callus
formation bon white pine and had no effect on beech and sugar

maple.s The dressings that contalned BA, BA and IBA=-GA-BA,
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Table 10. Effect of lanolin dressings containing
growth substances and other compounds on the presence of
microorganisms in discolored tissues three months after

wounding red maples in May.

% of isolations yielding

_ a Fungi Bacteria
Dressings
Above & belowb Behindc Above & belowb Behindc
wound wound wound wound
None 40 83 30 67
Lanolin %8 50 88 100
L-C-H 50 100 88 100
GA 50 75 50 100
ZnO , 50 75 63 100
BA 38 50 58 75
NAA 15 50 63 100
NAA-GA 0 25 88 100
IAA 0 50 50 75
IAA-GA 50 100 50 100
JAA-GA-BA 38 75 75 100
IBA 25 100 %8 100
IBA-GA 10 75 70 100
IBA-GA-ZnO 20 100 40 100
IBA-GA-BA 50 100 50 100

8L-C-H-L-cysteine-HC1l (1%), GA=gibberellic acid (0.2%),
ZnO=zinc oxide (2%), BAzbenzyladenine (0.5%), NAA=naphtha-
lene acetic acid (0.5%), IAA=indole acetic acid (0.5%),
IBA=indole butyric acid (0.5%). All compounds were incor-
porated in lanolin.

b% based on 8 isolations (4 isolations/column of discolored
tissues).

€% based on 4 isolations (1 isolation/column of discolored
tissues).



Table 11. Effect of lanolin dressings containing growth substances on callus
formation seven months after wounding various species of trees at the time of leafing
out. One set of wounds was treated immediately after wounding, and the other, two

weeks later.

Wound closure (mm)2

Dressings” pine’ © Fhesch nesle © naple ©
No delay Delay ©No delay Delay No delay Delay No delay Delay

None 4.3 3.0 6.3 6.0 1.5 0.0 0.0 0.0
Lanolin 9.0 7.0 5.7 7.3 8.0 3.5 6.0 6.0
IBA 9.3 7.3 7.0 7.7 6.0 1.0 8.0 11.0
IBA-GA 9.7 8.3 10.0 10.3 7.5 5.0 13.0 12.0
BA 9.0 7.3 6.3 6.7 2.5 1.0 6.0 0.0
IBA-GA-BA 12.0 11.7 10.3% 9.7 0.5 0.0 8.0 0.0
"Pree Aid" 0.7 1.7 6.3 6.0 2.5 0.5 4.0 5.0
CEPA 1.3 0.3 0.0 0.0 0.0 0.0 0.0 0.0

8Size of the wounds at the time of wounding (15 mm) minus the size of exposed wood
measured horizontally at the largest point seven months later.

ct



bIBA:-indole butyric acid (0.5%), GA=gibberellic acid (0.2%), BA=benzyladenine (0.5%),

"Tpree Aid"=commercial aerosol spray dressing from Herltage House, CEPA=2=chloroethyl-
phosphonic acid (8%): Amchem Products Ince., Ethrel formulation 68-240, All compounds
were incorporated in lanolin.

cMeans of 3 replications. ISD (P=0.05) = 2.7 mm within and between sets.

d
Means of 3 replications. ISD (P=0.05) = 1.5 and 2.4 mm within and between sets,
respectively.

®Means of 2 replications. ISD (P=0.05) = 4.8 and 4.6 mm within and between sets,
respectively.

fOne tree only.

%
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had an inhibitory effect on sugar maple, whether they were
applied ilmmedlately after woundlng or two weeks later. On
red maple, the inhibitory effect was evident only after a
two-week delay. OEPA strongly inhibited callus formatlon
on all species (Table 11).

On sugar maple, callus formation was best early in
the season' (Table 12). A two-week delay in treating the
wounds did not affect callus formation early in the season
but 1t did after that. ILanolin favored callus formation on
sugar maple at any time during the season. There was llttle
difference between the lanolin, IBA, and IBA-GA dresslings
early in the season but the last two dressings inhibited
callus formation later in the season. The dressings contaln-
ing elther BA, IBA plus GA and BA, or CEPA inhibited callus
formation at any time during the season. "Tree Al1d" had no
effect early in the season. It may have siightly févored
callus formstlon later in the season, but only when 1t was
applied immediately after wounding (Table 12).

Bark dleback. When it occurred, bark dieback was
associlated with nontreated wounds, wounds treated with CEPA,
and wounds treated with dressings, BA and IBA-GA~BA, that
inhibited callus formation (Table 13). "Tree Aid" caused
some bark dieback on sugar and red maple even though it did
not inhibit callus formation. Very little bark dlieback oc~-
curred on white pine and beech except when CEPA was used.
Maples generally suffered more bark dieback than other spe-
cles. Delaying the appllcation of the dressings dld not
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Table 12. Effect of lanolin dressings containing
growth substances on callus formation seven months after
wounding sugar maples, before, during, and after the time of
leafing out. One set of wounds was treated immediately

after wounding, and the other, two weeks later.

Wound closure (mm)2

Dressings®  Mereh 30° May 79 June 8°
No delay Delay No delay Delay No delay Delay

None 5.0 5.7 1.5 0.0 0.0 0.0
Lanolin 8.3 10.7 8.0 3.5 6.0 3.0
IBA 9.3% 9.0 6.0 1.0 2.0 0.3
IBA-GA 6.7 8.7 7.5 5.0 4.3 0.3
BA 6.0 5.3 2.5 1.0 4.7 0.0
IBA-GA-BA 2.0 0.7 0.5 0.0 4.0 0.0
"Tree Aid" 5.7 4,3 2.5 0.5 2.3 0.0
CEPA 0.0 0.7 0.0 0.0 0.3 0.0

85ize of the wounds at the time of wounding (15 mm) minus the
size of exposed wood measured horizontally at the largest
point seven months later.

P1BA-indole butyric acid (0.5%), GA=gibberellic aeid (0.2%),
BA=benzyladenine (0.5%), "Tree Aid"=commercial aerosol spray
dressing from Heritage House, CEPA=2-chloroethylphosphonic
acid (8%): Amchem Products Inc., Ethrel formulation 68-240.
All compounds were incorporated in lanolin.

®Means of 3 replications. LSD (P=0.05) 3.4 and 3.5 mm
within and between sets, respectively.

dMeans of 2 replications. LSD (P=0.05)
within and between sets, respectively.

®Means of 3 replications. ILSD (P=0.05)
within and between sets, respectively.

4.8 and 4.6 mm

3.9 and 3.6 mm



Table 13. Effect of lanolin dressings containing growth substances on bark
dieback associated with seven-month old wounds after wounding various species of trees
at the time of leafing out. One set of wounds was treated immediately after wounding,

and the other, two weeks later.

Bark dieback (mm)2

Dressings’ pine. © Heech @ nogie © neple
No delay Delay No delay Delay No delay Delay No delay Delay

None 0.0 0.0 0.0 0.0 6.0 8.0 17.0 30.0
Lanolin 0.0 0.0 0.0 0.0 0.0 2.0 1.0 4.0
IBA 0.0 0.0 0.0 0.0 0.0 3.0 0.0 4.0
IBA-GA 0.0 0.0 0.0 0.0 0.0 2.0 0.0 0.0
BA 0.0 0.0 0.0 0.0 5.0 4.0 3.0 6.0
IBA-GA-BA 0.0 0.0 0.0 0.0 4.0 6.0 0.0 7.0
"Tree Aid" 0.1 0.1 0.0 0.0 7.0 7.0 7.0 5.0

CEPA 17.0 17.0 21.0 33.0 28.0 36.0 100.0 185.0




aLength of the zone of dead bark measured along the longitudinal axis of the stem
without including the size of the wounds.

bIBA:indole butyric acld (0.5%), GA=glbberellic acid (0.2%), BA=benzyladenine (0.5%),
"Tree Ald"=commercial aerosol spray dressing from Heritage House, CEPA=2~chloroethyl=-
phosphonic acid (8%): Amchem Products Inc., Ethrel formulation 68-240, All compounds
were incorporated in lanolin,

°Means of 3 replications. ISD (P=0.05) = 1.3 and l.4 mm within and between sets,
respectively.

dMeans of 3 replications. ISD (P=0.05) = O.1 and 0.9 mm within and between sets,
regpectively.

®Means of 2 replications. ISD (P=0.05) = 4.6 and 6.7 mm within and between sets,
respectively.

fOne tree only.

Ly



result in more bark dleback on white pine and beech whlle 1t
did on sugar and red maple.

Cracking of the bark, above and below the wounds, dld
not occur on whlte pine, beech, and red maple. On sugar
maple, cracks were observed around wounds dressed with "Tree
Aid", IBA-GA-BA, and around nontreated wounds. OEPA caused
a dépressinn around the wounds on all specles. The tissues
at the periphery of the depression appeared swollen. On
white plne, large amounts of resin exuded from the wounds
treated with COEPA. Smaller amounts of resin exuded from non-
treated wounds and wounds dressed with "Tree Ald" two weeks
after woundinge. | |

On sugar maple, bark dleback generally increased as
the season advanced. Delaying the application of the dress~
ings did not increase bark dleback early in the season while
it did later. Ianolin, with or wlthout growth substances,
was most effective for preventing or reduclng bark dleback
at any time during the season (Table 14). Nontreated wounds
and wounds treated with "Tree Ai1d" had equivalent amounts of
bark dieback. CEPA causéd the lafgest amounts of bark dileback
and the trees appeared more susceptible early ln the season.

Discoloration of the wood. Growth substances did not

increase dlscoloration except in red maple. CEPA increased
discoloratlon in all speclies and especlally in red maple.
Lanolin decreased discoloration in all species when it was
applied immediately after wounding. It tended to lncrease
discoloration when 1t was appllied two weeks after woundinge.
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Table 14, Effect of lanolin dressings containing
growth substances on bark dieback associated with seven-month
0ld wounds after wounding sugar maples, before, during, and
after the time of leafing out. One set of wounds was treated

immediately after wounding, and the other, two weeks later.

Bark dieback (mm)?2

c d e
Dressingsb March 30 May 7 June 8

No delay Delay No delay Delay No delay Delay

None 8.0 7.0 6.0 8.0 12.0 7.0
Lanolin 0.0 0.0 0.0 2.0 11.0 4.0
IBA 0.0 0.0 0.0 3.0 3.0 5.0
IBA-GA 0.0 0.0 0.0 2.0 1.0 7.0
BA 1.0 2.0 5.0 4.0 1.0 8.0
IBA-GA-BA 2.0 4.0 4.0 6.0 2.0 6.0
"Tree Aid" 7.0 15.0 7.0 7.0 4,0 13.0
CEPA 97.0 23.0 28.0 36.0 21.0 28.0

aLength of the zone of dead bark measured along the longitu-
dinal axis of the stem without including the size of the
wounds.

PIBA=indole butyric acid (0.5%), GA=gibberellic acid (0.2%),
BA-benzyladenine (0.5%), "Tree Aid"=commercial aerosol spray
dressing from Heritage House, CEPA=2-chloroethylphosphonic
acid (8%): Amchem Products Inc., Ethrel formulation 68-240.
All compounds were incorporated in lanolin.

“Means of 3 replications. ISD (P=0.05) = 13.4 and 15.1 mm
within and between sets, respectively.

dMeans of 2 replications. LSD (P=0.05)
within and between sets, respectively.

4.6 and 6.7 mm

®Means of 3 replications. LSD (P=0.05)
within and between sets, respectively.

12.8 and 13.1 mm



50

"Tree A1d" had no effect on discoloration (Table 15).

None of the dressings affected discoloration ln sugar
maple at any time during the season (Table 16). Independent-
ly of the dressings, trees wounded at the end of March had
more discoloration than trees wounded in May or Junee. There
was no difference in the amounts of discoloratlon between
May and Junee.

Microorganismse. The results of isolatlions form all

species of trees were combined. The growth substances tested
had no effect on invaslbon of the discolored tissues by fungl.
Lanolin reduced invaslon of the tissues above and below the
wounds when 1t was applied immediately after wounding (Table
17). When the application of the dressings was delayed,

fungl were lsolated more frequently from discolored tissues
assoclated with treated wounds than nontreated wounds.

None of the dressings had any effect on the presence
of bacterla in dlscolored tlssues behind the wounds, oxr above
and below the wounds, Whether they were applied immediately
after wounding or two weeks later (Table 18).



Table 15.

Effect of lanolin dressings containing growth substances on dis-

coloration of the tissues associated with seven-month old wounds after wounding various

species of trees at the time of leafing out.

One set of wounds was treated immediately

after wounding, and the other, two weeks later.

Length of columns of discoloration (cm)?

Dressings’ pine. © escn 4 negie © nple ©
No delay Delay ©No delay Delay No delay Delay No delay Delay
None 3.3 4.2 14.2 9.6 5.0 5.9 7.4 4.5
Lanolin 4.0 3.8 3.5 12.1 4.1 6.4 4.8 18.0
IBA 5.1 4.3 3.7 7.5 3.4 5.3 13.1 11.3
IBA-GA 4.6 4.3 3.4 8.8 4,2 5.8 16.7 41.4
BA 3.7 3.3 6.0 5.0 3.4 8;6 5.5 18.0
IBA-GA-BA 4.2 4.4 3.3 10.5 5.2 6.3 20.0 21.0
"Tree Aid" 3.4 6.0 6.7 11.8 4.6 4.8 8.7 44.8
CEPA 7.9 7.5 8.0 13.6 6.9 9.1 21.5 19.4

%9



gLength of columnsof discolored wood measured along the longitudinal axis of the
stem including the size of the wounds.

bIBA-indole butyric acid (0.5%), GA=gibberellic acid (0.2%), BA=benzyladenine (0.5%),
"Pree Aid"=commercial aerosol spray dressing from Heritage House, CEPA=2-chloroethyl-
phosphonic acid (8%): Amchem Products Inc., Ethrel formulation 68-240. All compounds
were incorporated in lanolin.

CMeans of 3 replications. LSD (P=0.05)
respectively.

1.3 and 1.4 cm within and between sets,

dMeans of 3 replications. LSD (P=0.05)
respectively.

9.3 and 7.9 cm within and between sets,

®Means of 2 replications. LSD (P=0.05) = 2.4 and 3.4 cm within and between sets,
respectively

fOne tree only.

44
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Table 16. Effect of lanclin dressings containing
growth substances on discoloration of the tissues associated
with seven-month 0ld wounds after wounding sugar maples,
before, during, and after the time of leafing out. One set
of wounds was treated immediately after wounding, and the

other, two weeks later.

Length of columns of discoloration (cm)?2

b  March 3%0° May 7% June 8%

Dressings

No delay Delay No delay Delay No delay Delay

None 8.7 12.9 5.0 5.9 5.0 4.9
Lanolin 8.3 10.3 4,1 6.4 4.0 3.7
IBA 11.3 11.4 3.4 5.3 3.9 6.0
IBA-GA 13.5 11.3 4,2 5.8 5.8 5.7
BA 13.8 11.8 3.4 8.6 3.5 5.3
IBA-GA-BA 12.3 15.2 5.2 6.3 5.1 4.5
"Tree Aid" 11.2 7.8 4.6 4.8 3.6 4.4
CEPA 14.5 12.3 6.9 9.1 5.7 5.8

aLength of columns of discolored wood measured along the lon-
gitudinal axis of the stem including the size of the wounds.

PIBA=indole butyric acid (0.5%), GA=gibberellic acid (0.2%),
BA=benzyladenine (0.5%), "Tree Aid"=commercial aerosol spray
dressing from Heritage House, CEPA=2-chloroethylphosphonic
acid (8%): Amchem Products Inc., Ethrel formulation 68-240.
All compounds were incorporated in lanolin.

®Means of 3 replications. LSD (P=0.05) 5.6 and 4.9 cm
within and between sets, respectively.

dMeans of 2 replications. LSD (P=0.05)
within and between sets, respectively.

®Means of 3 replications. ILSD (P=0.05)
within and between sets, respectively.

2.4 and 3.4 cm

3.4 and 3.1 cm



Table 17. Effect of lanolin dressings containing
growth substances on the presence of fungi in discolored
tissues associated with seven-month o0ld wounds. One set of
wounds was treated immediately after wounding. and the other,

two weeks later.

% of positive isolations®

Dressingsb Behind wound® Above & below woundd
No delay Delay No delay Delay
None 87 87 39 19
Lanolin 80 93 15 24
IBA 100 93 26 25
IBA-GA 9% 94 21 32
BA 87 94 15 31
IBA-GA-BA 73 100 18 28
"Tree Aid" 100 94 35 32
CEPA U 93 17 | 23

8Pooled results from 3 white pines wounded on May 8, 3 Amer-
ican beeches wounded on May &4, 8 sugar maples: 3 trees
wounded on March 30, 2 trees on May 7, and 3 trees on June
8, and 1 red maple wounded on May 7.

PIBA-indole butyric acid (0.5%), GA=gibberellic acid (0.2%),
BA=benzyladenine (0.5%), "Tree Aid"=commercial aerosol spray
dressing from Heritage House, CEPA=2-chloroethylphosphonic
acid (8%): Amchem Products Inc., Ethrel formulation 68-240.
All compounds were incorporated in lanolin.

C% based on 15 isolations (1 isolation/column of discolored
tissues).

d% based on 60 isolations (4 isolations/column of discolored
tissues).
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Table 18. Effect of lanolin dressings containing
growth substances on the presence of bacteria in discolored
tissues associated with seven-month 0ld wounds. One set of
wounds was treated immediately after wounding, and the other,

two weeks later.

% positive isolations?®
Dressingsb Behind wound® Above & below woundd
No delay Delay No delay Delay
None 100 93 63 S4
Lanolin 9% 100 47 68
IBA 100 87 53 59
IBA-GA 93 88 60 58
BA 80 88 48 58
IBA-GA-BA 93 100 60 65
"Tree Aid" 100 ‘ 93 43 57
CEPA o4 80 66 60

8pooled results from 3 white pines wounded on May 8, 3 Amer-
ican beeches wounded on May 4, 8 sugar maples: 3 trees
wounded on March 30, 2 trees on May 7, and 3 trees on June
8, and 1 red maple wounded on May 7.

b1RA-indole butyric acid (0.5%), GA=gibberellic acid (0.2%),
BA=benzyladenine (0.5%), "Tree Aid"=commercial aerosol spray
dressing from Heritage House, CEPA=2-chloroethylphosphonic
acid (8%): Amchem Products Inc., Ethrel formulation 68-240.
All compounds were incorporated in lanolin.

®% based on 15 isolations (1 isolation/column of discolored
tissues).

d% based on 60 isolations (4 isolations/column of discolored
tissues).
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DISCUSSION AND CONCLUSIONS
Lanolin

Lanolin favored callus formation but the amount of
callus tissues produced was correlated with the vigor of the
treee In & strlict sense, lanolin d1d not promote callus for-
mation as growth substances dide. The beneficlal effect of
lanolin has been known for at least 40 years (44,67). It is
surprising that it did not become a major wound dressing
material.

As advanced by MeQuilkin (43), its "healing proper-
ties" are probably of a physical nature. Tﬁe living tissues
expoéed by wounding are subjected to very drastic changese.
The loss of molsture 1s probably the most harmful of these
changes. The cells closest to the edges of the wound dle.
They temporarily play the role of the mlssing bark ln pre-
venting water losses. The amount of molsture at the wound
site seems to be the most lmportant factor affecting bark
diebacke. Wounds covered with lanollin always stayed very
moist while nontreated wounds dried out.

The main property of lanolin is to prevent bark die=-
back by reduclng water losses, thus allowing callus formation
to start without delay. ZPrevention of bark dieback by lano=
lin may not be equally successful wlth wounds of any sizes or
shapes. Long cracks often developed in the bark above and

below large elliptiezal wounds.
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The effect of lanolin was annihilated when the com-
pounds 1t carried had an adverse effeet on callus formation
as was the case with CEPA. The vigor of the tree had rela-
tively little effect on the ability of lanolin to prevent
bark diebacke. Delaylng the application of lanolin caused a
slight increase in bark diebaek, but all specles were not
equally susceptlible to a two-week delay. Sugar and red maple
were more susceptible to bark dieback than were white pine
and beech.

When applied lmmediately after wounding, lanolin
generally decreased discoloration. Probably thls effect is
physical in nature. Lanolin most certalnly affects free gas
exchange that goes on when the wound 1s directly open to the
atmospheres The chemlcal oxldatlons occuring immedlately
after wounding (71) are impeded by lanolin. Glue and methocel
had the same effeet and Houston (30) attributed thelr effect
to the fact that they effectively prevented alr from entering
the wounde. ILanolin did not reduce discoloration vhen 1t was
applied two weeks after wounding.

Some results show that lanolin reduced invasion by
fungie. The results were not conslstent and are probably due
to random variation. In the first case (Table 5), lanolin
had an effect only on large wounds. In the second case
(Table 17), the percentage of positive isolatlons varled from
19% to 39%, but nothlng can account for that difference.

Lanolin has advantageous physlical properties. Its
plasticlity allows callus formation without the dressing
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cracking or falling off. It does not dry out qulckly and thus
can stay for a long tlime on wounds. ILanolin performed well
under the climatic condltions that prevalled during the trials,
but it could not be of great practical use. The trials were
carried out in a forest situation where the trunks are shaded
most of the time. ILanolin has a low melting point, around 40 O,
and 1t cannot withstand very long exposure to the sun without
running off. McQuilkin and Showalter (44) have developed

many different formulations of lanolin having a higher melting
polnt and thus belng more suited for general use as wound

dressinge.

Ethylene

Apple seedlings responded very erratically to treat-
ments with CEPA. On older trees, the results were more con-
sistent. All concentrations of CEPA, 0.01l% to 8%, inhlibited
callus formation. ILarger wounds may have been affected more
than small wounds because of the larger amount of dresslng
they received. When the dressings contained 8% CEPA, not
only callus formation was inhibited, but the living tlssues
around the wounds were killed as evidenced by the large
amounts of bark dleback assocliated wlth these dressings. Red
maple #as the most sensitive, and white pine, the least af=-
fected. Senescence in plants 1s often assoclated with abnor=-
mally high levels of ethylene (51) which have an adverse

effect on some growth processes (10).
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CEPA has been reported to stimulate general plant
growth (1), but according to Burg, Apelbaum, and Kang (10)
ethylene inhibits cell division and differentlation while
favoring cell expansion. They malntalin that stimulation of
growth by ethylene can occur only through cell expanslone.

The effect of ethylene on cell expansion was evident by the
swelling of the tissues observed around the wounds treated
with 8% CEPA. The growth ring that formed during the time
the dresslings were on the trees was disproportionately wider
at the edges of the depression than anywhere else around the
stem.

While causing extensive bark dieback, 8% CEPA dras-
tically increased discoloration in the wood. Dlscoloration
resulted either directly from the action of ethylene on phenol
metabolism or indlirectly from the kllling of the living tis=-
sues by CEPA, or from bothe. Iiving tissues were probably
Iilled by a drastic change in pH caused by CEPA itself ox the
products resulting from 1ts breakdown. The CEPA formulatlion
used had a pH of approximately 2. In the plant, 1t breaks
down to ethylene, phosvhate, and chloride lons.

Increased resistance to invaslon by microorganisms
is often related to faster produectlon and higher levels of
ethylene whether it is naturally produced by the plant (54)
or artificlially applied to plant tissues (76). While it had
no effect on fungil, CEPA, 0.01% and 0.1%, reduced invasion by
bacteria. The effect of CEPA on bacteria 1ls questlionable |

because 1t' occurred only on large woundse. It is possible
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that CEPA affected bacteria by lowering the pH enough to make
the exposed wood unsulted for bacterial growth. ILarge wounds
reegived three to four tlmes more dressing than small woundse.
At least on large wounds, 1% CEPA should have been more ef=
fective but it was not and neither was 8% CEPA on other types
of wounds.

Even though exposure of plant tlissues to ethylene
generally results in increased PAL activity (12), CEPA in
lanolin did not affect the activity of that enzyme except
when 1t inhilbited it. Daily applications of 10 ug/ml CEPA
in propylene glycol slightly promoted PAL activity. Only
very low ethylene concentrations, 0.1-10 uliters/liter, pro-
mote enzyme activity, and constant exposure ls necegsary
(13,32)e Purthermore, the range of concentrations where eth-
ylene is effectlve is narrow. Chalutz (13) and Hyodo and
Yang (%2) reported maximum PAL activity at 10 uliters/liter
followed by a2 sharp decrease at 100 uliters/liter ethylene.
The drastlic decrease in PAL activity observed with 1% OEPA
was probably due to the Injurious effects which that compound
had on living tissues as dlscussed earlier.

It is possible that CEPA increased PAL activity, even
when 1t was incorporated in lanolin, but that the large varie
atlon between the samples masked the dlfference due to the
treatmentse. The variation between samples was smaller when
CEPA was 1nh propylene glycol. Although it 1s commonly used
for growth substances, lanolin may not be the best of carriers

for CEPA especlally when a very narrow range of small
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concentrations is critical. Ethylene may have been released
elther too slowly, too quickly, or not at all when it was
incdrporated in lanolin. No references to the use of CEPA
in a lanolin carrler were found. Total phenol contents were
measured from seedllngs treated with CEPA 1ln lanolin. The
absence of change in the amounts of phenols present in the
tissues tends to corroborate the results obtained for PAL

actlvity when lanolin dressings were used.
Auxins

Under fileld conditlons, auxins elther had no effect
or inhibited callus formation. Tilford (79) reported that
0.2% IBA in lanolin was injurious to red maple, but IBA was
applled only at the edges of the wound while the exposed wood
recelved varnish. Injury may have resulted from the applica-
tilon of varhish rather than from IBA. In thls study, IBA was
never injurious, and 0.5% IBA inhibited callus formation on
sugar maple only when it was applied in June. Davis (21)
obtained similar results with 1% IBA.

Lavee and Haskal (39) reported that O.5% IBA or IAA
promoted callus formatlon on frult trees. Although they cone-
ducted thelr tests in the fleld, they treated pruning wounds
on branches that were smaller and more actlvely growing than
stems of trees. IAA and possibly IBA promoted callus forma-
tion on apple seedlings. Seedlings responded better than

older trees to many growth substances.
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The inhibitory effect of IAA and NAA on red maple
probably resulted from using excessive amounts. It 1ls common
for auxins to cause growth inhibitlon when they are used at
concentrations far beyond the optimum needed for growth pro=-
motion (78). The optimum concentration for growth promotion
1s smaller for NAA than for IAA (46,55) or IBA (78). On apple
seedlings, IAA did not inhibit callus formation while IBA
caused some’ inhibltion and NAA resulted in even more inhibi-
tion.

Growth ilnhibition caused by high concentrations of
auxins has been attributed to the effect of auxins on ethylene
production (11,47). High auxin levels promote ethylene pro-
ductlon which in turn acts as a feedback mechanlsm by inhibi-
ting growth.

Lanolin partly circumvented the inhibltory effect of
auxins. Wounds dressed wlth auxlns in a lanolin dressing
formed more callus tissues than nontreated wounds; and except
for NAA, auxins did not cause any more bark dieback than lano-
1in alone. Thus, i1t 1s possible that after the effeet of aux=
ins on ethylene production ls exhausted, callus formation will
resume at the same rate as with lanolin slone.

Compared to lanolin alone, auxins generally lncreased
discoloration but nov all auxins caused as much discoloratlon.
NAA and TAA caused more dlscoloration than IBA. It 1s posslble
that lanolin partly circumvented the effect of auxins on dils-
coloration. There was often less dlscoloration assoclated

wlth auxin-treated wounds than with nontreated wounds.
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As suggested by Rhodes and Wooltorton (52), the effect
of auxins on discoloratlon is probably related to Increased
endogenous ethylene production as was dlscussed earlier.
Increased dlscoloration would result from the stimulatory effect
of ethylene on the metabolism of phenolse. The findings (2)
that NAA and TAA are more effective for stimulating ethylene
productlion than IBA tend to support thls concluslon.

No speclal precautions were taken to aseptically
wound the trees so that usual wounding conditlons would be
simulated. Microorganisms were most certalnly introduced at
random into the wounds as the tools were often left on the
ground. Consequently, 1t was not unusual to obtaln positive
isolations from discolored tissues immediately behind the
wbounds. For the same reason, it ls impossible to categori-
cally state' that a dressing had funglstatle effects when few
vosltive 1lsolatlons were obtalned behind the wounds as the
wounds may have remalned sterlle. The results obtalned in
dlscolored tissues above or below the wounds are of much
greater lmportance as they lndicate how successful the tree
was in resisting further invaslon from microorganisms already
present behind the wounds.

Some auxins reduced invaslion by fungl but did not
affect bacteria. IBA had no effect except on red maple. NAA
reduced invaslon and IAA totally prevented it on red maple.
The increased discoloratlon caused by auxins was not by itself
responsible for the increased resistance to invaslon by fungl.

Nontreated wounds and wounds treated with other dressings that
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did not prevéent invasion: COEPA, IAA-GA-BA, and IBA-GA~BA,
were agsoclated with as much or more discoloratlion than wounds
dresged with auxins. The dlscoloration assoclated with dress-
ings +that contalned auxlins, especlially IAA and NAA, was dif-
ferent from the discoloration usually encountereds It was 2
deeper brown and the greenlsh-colored zone often present at
the outer edges of the columns was absente.

Increased resistance to invaslon seemed related to
the fate of the tlssues immediately surrounding the wound,
whether or not the tlisues not killed by the action of wound-
ing ltself, stayed alive. ITAA caused no bark dieback while
NAA did; IAA prevented invasion while NAA only reduced it.
CEPA, which caused a discoloration similar to that of auxins
but at the same time cauged much bark dleback, did not affect
invaslon by fungle.

The dressings that prevented fungl from invading dis-
colored tissues also inhlbited callus formatlon and lncreased
discoloration. I suggest that auxins can promote endogenous
ethylene production to a level that affects the general metabe-
olism of phenols wlthout killing the tissues. As a result,
the tree develops greater resistance Yo lanvasion by mlcro-
organisms.

Auxing could have inhiblted fungl directly. It has
been reported (18) that 4% 2,4=D inhibited the growth of sev-
eral bacteria and fungl, in culture. Others (15) reported
that 5,000 ug/ml NAA and other suxins inhibited the growth of
many fungi. Funglstatlc effects should be more evident
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immedlately behind the wounds than away from them, where
dilution of the auxin would be the greatest. Thls was not
observed.

Although the inhliblitory effect of auxins on fungl
may have contributed to the results, thelr effects on callus
formation, dlscoloration of the wood, and the patterns exhib-
ited by extractable phenols on thin-layer chromatography plates,
indicate that auxins affected some physiologlcal processes in
the trees and very likely stimulated natural defense mecha-

nismse.
Glbberellin

GA alone had no effect on callus formatlon; 1t de=
creased dlscoloration, but did not affect lnvasion of the dis-
colored tissues by microorganisms. Iavee and Haskal (39) also
reported that GA had no effect on callus formation. They
showed that 2% zinc oxlde promoted callus formatlon but they
obtained much better results when zinc oxide was added to IBA.
They did no%t try adding GA to IBA., On seedlings, GA acted as
if it reversed the inhibitlon caused by auxins. On older
trees, inhibltion was evident only with NAA and GA did not
reverse 1t.

GA promoted callus formatlon only when it was added
to IBA. As' determined on apple seedlings, a 5:2 ratio of auxin
t0 gilbberellin was most sulted. Digby and Wareing (22) reported
that a 5:1 ratio was besgt but they did not try the 5:2 ratio.
The additlon of elther zlinc oxide or both zinc oxlde and G2
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to IBA produced the same effect as addlng GA. These three
dressings were the only ones that promoted callus formation
gsignificantly more than lanolin on red maple. 2Zinc oxide was
not tested on other specles but the dressing containing IBA
Plus GA was also effective on beech.

In addition to being requlred for normal wood forma-
tion (22), the combination of auxin and glbberellin could have
other favorable effects on callus formation. Slimultaneous
treatment of pea stumps with auxin and elther glbberellin or
cytokinin, or both, produces results supporting the theory of
hormone-directed transport of nutrients (78). Seth and Wareing
(60) showed' that GA or kinetin, when added to IA4, caused a
greater aécumulation of radloactive phosphorus in pea stumps
than IAA alone., There ls also some evidence showing that the
application of elther gibberellin or cytokinin along with
auxin results in Increased levels of endogenous auxin in the
stem.

The effect of the dressling contalning IBA plus GA on
callus formatlon could be due to its effect on the transport
of endogenous auxin and other metabolites to the wound slte.
This could explain why zlnc oxide had the same effect as GA.
Zinc is thought to have a regulatory role on auxin metabollism
via its effects on enzymes lnvolved in the metabollec pathway
from tryptophan to auxin (24).

The addition of GA to auxins had a varlable effect
on discoloration compared to auxins alonee. The effect de-

pended on the auxin that was combined with GA. The effect on
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fungl of the dressings containing auxin and GA was also varle
able. The dregssings containing either NAA plus GA or IAA were
the only ones to drastlically limit invaslion by fungl.

Cytbkinin

Although BA promoted callus formation on seedlings,
1t had no effect or inhibited callus formation on older trees.
Its effectson discoloration and invasion of the dlscolored
tissues by microorganisms were slmilar to those of lanolin.

In combinatlon with elther IAA and GA or IBA and GA, 1t inhib-
ited callus formation on red amd sugar maple and promoted 1%t
on white pine and beech. Because the dressing containing IBA
plus GA also promoted callus formatlon on beech, as muech as
the dressing containing IBA plus GA and BA, 1t is possible
that BA had no effect on beeche.

Lavee and Hagkal (39) tested dressings confaining
either IBA plus kinetin or IAA plus kinetin in = 10:1 ratlo
and reported that these dressings had no effect or slightly
inhibited callus formation. The same dressings promoted cal=
lus formation on apple seedlings, but on older trees a 1l:1l
ratlio was used and 1t is possible that the inhibitory effeet
was due to an excessive amount of BA.

There are some lndlcations that growth substances
involved in cambium actlivation may differ in gymnosperms and
angiosperms. Zajackowskl (85) mentions that auxin and kinetin
have a synerglstic effect on Scots pine while GA has very

little effect on conifers compared to 1ts effect on anglospermse.
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This could explain why the dressling containing IBA plus GA did
not affect callus formation on white pine while the dressing
containing IBA plus GA and BA did.

Factors Influencing the Effects of Growth Substances

The major problem encountered in thls study was the
Wide range of responses that characterized some of ‘the treat-
mentse. Consequently it was often impossible to statistiecally
detect dlfferences between some of the dressings. The types
of variations encountered could be classified into three
groups: 1) varlation within the same tree, 2) variation
within trees of the same species, and 3) varilation between
specles, an@ posslbly between anglosperms and gymospernse
Such factors as the tlme of wounding in relation to the
growing season and delayed treatment were examined because of

their practical significance for tree wound treatment.
Variation Within the Same Tree

Growth substances may not be equally effective durling
any perlods of the year. This is a very imporitant factor in
trying to promote callus formation because wounds occur at any
time. One experiment on sugar maple was designed to determine
if the effectlveness of growth substances would change durling
different perlods of the growing season. Sugar maple dld not
respond to any of the dressihgs contalning growth substances.
The results obtained in thleé study are valid only for a short
period of time in the spring. Based on other findings, it is
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rossible to extrapolate the effects of growth substances to
other periods of the growing season.

The results obtalned from wounding sugar maple trees
before, during, and after the time of leafing out support
previous findings (7,17,83). Healing is best early during the
growlng season because the cambium is more actlve and there is
8 longer period of time left for callus tissues to growe On
apple trees, the main period of callus development follows
dormancy by a few weeks (17)e

Callus formatlon was already drastically affected
when sugar maples were wounded early In May and did not occur
at all that year when the wounds were made in early June.
Lanolin extended the period durlng which callus formation could
still occur until early June: the latest time at which wounds
were treatede On apple trees, callus tissues developed until
September when lanolin was applied (17). The small difference
between wound closure of wounds made in May and June was prob-
ably due to the one-month shorter period which the latter had
to0 form callus tissues. Such a difference ls usually elimi-
nated during the following year (28).

If it is true that camblal activity throughout the
growing and dormant season is controlled by a balance between
growth promotors and inhlbitors, and there 1s strong evlidence
to suppoxrt that theory (78), growth substances may be less
effectlve in promoting callus formation as the growlng season
advances (7). Iate in the season, higher concentrations of

growth substances could be needed to promote callus formation
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vigor trees. This could be due to an interactlion between Alfw
ferent dressings. On these trees, two wounds opposlite each
other recelved different dressings,and the dressings that pro-
moted callus formation the most on low vigor trees were often
opposite to dressings that inhiblted callus formation the moste.
Wound responses can be detected on the opposite side of the
tree after only 14 days (54).

The effects of auxins on discoloration of the wood
and invasion by microorganisms were not modified by the vigor
of the trees as much as callus formation Wés. Conmpared to lan=
olin in each group, IAA proportionally caused more discoloratlon
on low vigor trees than on high vigor ones. When isolations
from auxin-treated wounds ylelded fungl, there was no differ-

ence between low and high vigor trees.
Variation Between Different Specles

Wounds on different speecies or varleties close at
different rates.e Tilford (79) reported that callus formation
was fastest on white oak and progresslively decreased on Amerlecan
elm, red maple, and hickory. In this study, sugar maple was
the slowest to form callus tissues and the least responsive
to any growth substancese.

The nature or the amounts of endogenous auxln could
vary between specles and different amounts of growth substances
could be required to promote callus formation on different spew=
cles. There could also be some inhlbitors present in different

amounts in some specles. As mentioned earlier, it is possible
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that gymnosperms and anglosperms require different growth
substances for camblal activatione. The results obtained on

white pine tend to support that hypothesise.

Practical Application

The ultimate objectlive in using a wound dressing
should be to prevent decay. Thus it would be desirable to
stimulate callus formatlon only 1f the wound closes quickly
enough so0 that wood=rotting fungi cannot enter the wounded
tissues. Decay may be best prevented by promoting defense
mechanlisms lmmediately after wounding. The decay process
could be stopped at an early stage by effectively preventing
pioneer microorganisms from penetrating the discolored tlse
sues.

If the dressings that promoted callus formatlion or
increased resistance to invasion by fungl have the same effects
on a broader spectrum of specles and condlitions, they could
become very useful for tree wound treatment. Although growth
substances can promote callus formation and increase reslse
tance to invasion, they probably cannot effectively stimulate
both procestes at the same time.

The way we treat wounds would probably have to be
changed if growth substances were to be used. Wounds could be
treated in two stages to assure maximum effectlveness of the
dressings. Whenever a wound occurs, 1t should be treated as
soon as possible with an auxin alone to stimulate defense meche

anismse. If eallus formatlon has not vocurred satisfactorily
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before the following growing season, a comblnation of auxin
and gibberellin could be applied at ‘the beglnning of the
growing season when it appears to be most effective.

Growth substances are expensive. This factor could

serlously 1limit thelr practical uses. The costs of some of
the dressings tested was approximately $17/gal for lanolin,
$110/gal for the IBA-GA dressing, and $60/gal for the IAA
dressing compared to $l.50/gal for "Treeheal" and $7/gal for
"Tanglefoot Tree Paint'. . .
' Lanolin seems'a better choice for promoting callus
formation than the commercial dressing tested in this study.
4s suggested before (44), antibacterial and fungicidal come-
pounds could be lncorporated in lanolin to produce an inexe
bensive dressing that could effectively prevent decay.

In summary, within the range of concentratlons tested,
OEPA dld not stimulate defense mechanisms at least to the point
that reslstance to lnvasion by microorganisms was affected.
Because 1t is physiologically active only when continuously
present at very low concentrations and within a narrow range
of concentrations, direct application of ethylene to stimulate
defense mechanisns proved to be impracticable, with lanolin as
a carrier.

The addltion of glbberellin to at least one auxin,
IBA, in a lanolin carrier proved to be superlor fto auxin alone
for promoting callus formation. It was the only dressing that
significantly increased callus formation in red maple and

American beeche Gibberelllin could be replaced by zine oxlde
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when 1t was. tried on red maple. On white pine, the presence
of benzyladenine with IBA was necessary to promote callus for=
matlon.

This 1s the first time to my knowledge that callus
formatlon has been promoted by the use of growth substances
following wounding on gtems of shade or forest treese. The
effectiveness of growth substances for promoting callus for=-
matlion is affected by many variables which cannot be controle-
leds Many questions need to be answered before such compounds
can be used to stimulate callus formatione.

Auxins, especially IAA, inhibited ecallus formation.
This "injurious" effect has been reported for many auxins by
everyﬁody who tfied then for promoting callus formatlon.
Although auxing inhibited callus formation, they probably
gtimulated natural defense mechanisms by stimulating endogenous
ethylene production. If their effect on the invasion of the
discolored tissues by pioneer fungl can be demonsibrated on a
larger scale, i1t could supercede the adverse effect they have
on callus formatlone. Even though auxins have always been
considered as "injurious" from men's point of view, they may

be most benefiéial for tﬁe tree.
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SUMMARY

Many growth substances stimulated callus formaktion on
apple seedlings, but the combination of auxins with GA,

in a 532 ratlo, was most effective to promote well orga-
nized éallus tissues. Sucrose or BA did not enhance the
effect of auxins. Compounds with sulfhydryl groups, as
well as ascorbic acld elther did not affect or inhibited
callus formation.

CEPA in lanolin did not affect phenol content or PAL
activity in tissues in the vicinity of wounds on stems

of apple seedlings. OEPA (10 ug/ml) in propylene glycol
8lightly promoted PAL activity when 1t was applled daily.
Wounds treated with the commercial dressing "Tree Ald"
closed no more than nontreated wounds, aund héd as mucﬂ
bark dleback. This dressing had no effect on discolora-~
tlon of the wood or on invaslon of the discolored tlssues
by microorganlsms.

Lanolin prevented bark dleback around the wounds and favo-
red callus formation. It extended, by at least two months,
the period during which callus formation could stlill occur
during the same growlng season sugar maples were wounded.
It reduced the amount of discoloration in the wood but

did not prevent microorganisms from invading the dlscolo-

red tissues.
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The presence of both IBA (0.5%) and BA (0.5%) on white
pine, and IBA (0.5%) and GA (0.2%) on red maple and beech,
was necessary to stimulate callus formatlon. Sugar maple
did not respond to any growth substances. 2Zinc oxide (2%)
could replace GA when it was tested on red maple. The
dressings that promoted callus formation had little ef=-
feet on discoloration of the wood, and did not prevent
microorganisms from invading the discolored tissuese.

When they were tested on red maple, IAA (0.5%), and NAA
(0.5%) in combination with GA (0.2%), completely prevented
fungl from invading the discolored tlssues; they lncreased
the amount of extractable phenols in that wood; and they
inhibited callus formation.

Many factors influenced the effectlveness of the growth
substances that promoted callus formation. Some factors
Were inherent to individual trees, specles, or group of
specles. Other factors, such as a delay in treating the
wounds and the period of the growing season during whlch

the wounds were made, Were accidental.
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