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Abstract—Chloroethyl phosphomc acid (CEPA) was administered to the cambial region of Eucalyptus
astringens, E. calophylla, E. sieberi and E. sideroxylon. The kino which exuded has been associated
with the hiberation of ethylene from the CEPA in the sap stream. The kinos from E. astringens
and E. calophylla were chemically identical with those obtained naturally from these species. The
composition of the polyphenols formed mm the sapwood of Rhus after admimstration of CEPA had
a similar chromatographic pattern to that obtained from the heartwood. In both these situations,
the mduced polyphenols differ from those normally present in the tissues i that the former contain
acetate engendered moieties. CEPA produced copious amounts of carbohydrate gum from an apricot
branch, and eucalypt sapwood blocks ventilated with ethylene contained a greater proportion of
tyloses than the controls. The evidence supports the view that ethyiene is an active intermediate
in the formation of extraneous components Under natural conditions, ethylene could arise as a

result of injury or physiological stress such as water shortage.

INTRODUCTION

Several workers have found a considerable pro-
portion of the gas in woody stems to be CO,
and Holl [1] exammed the extent of its refixing
in the stem and partial conversion to heartwood
constituents No evidence was found to support
the view that this fixing and conversion occurs
adjacent to the heartwood periphery 1n material
collected durmg winter.

Under in vitro conditions the innermost sap-
wood (or transition zone) of Robinia pseudoacacia
[2] and Pwnus radiata [3] shows, particularly
during the dormant season, enhanced respiration
compared with adjacent sapwood zones. The high
CO, content in the heartwood could be due to
this increased respiration and storage in a region
of a low capacity for CO, fixation.

Under certam physiological conditions, a situ-
ation 1s established which abruptly triggers off a

series of reactions resulting i the production of
extraneous materials (i.e. extractives and tyloses)
found i heartwood and some damaged tissues
[4]. Earlier work carried out under in vitro condi-
tions indicated ethylene played an active role in
this situation [5,6]. The transition zone of P.
radiata produces enhanced amounts of ethylene
during the dormant season [6]. Ethylene produc-
tion was demonstrated also m the sapwood of
P. radiata which was mechanically injured and
particularly after Swrex-Amylostereum attack [5].
When blocks of living P. radiata sapwood were
ventilated i vitro with air containing 5 ppm of
ethylene, polyphenols were formed, although not
in the same ratio as in the heartwood.

This paper reports the changes observed when
(2-chloroethyl)-phosphonic acid (CEPA, “Ethrel”)
was administered to growing woody plants.
CEPA liberates ethylene under pH conditions of
4 and above [7]. One of the systems studied was
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that of kino formation and this 1s usually asso-
ciated with mjury (e.g 1sects. fire, knots) to the
cambium [8] The myuries could liberate ethylene
to act as the mtermediate m kino formation
When formed. kino 1s an aqueous solution of
polyphenolic compounds almost entirely of a fla-
vonoid nature

RFSULTS
Effects of the Administration of CEPA

(a) Rhus succedanea and an Acacia sp About
5 ml of a granular hquid began to exude from
the injection holes 11 the treated branches of R
succedaneg within 5 days of adding the CEPA
solutton in mid-November, At the same time. a
dark brown gummy matenal collected around the
periphery of the hole Neither material was
formed by the control drilhngs

When the treated branches were removed from
the tree after 4 months, yellow zones had
extended 6- 10 cm into the wood. with the greatest
volume being above the mjection hole The 204
and 21-4%, of methanol extractives contained
components previously found i the heartwood
of the same tree [9] but absent from. or present
in small amounts in. the sapwood Dihydrofisetin
was the major component, apprectable amounts
of fisetin were present as well as small quantities
of garbanzol and 3,7.4-trihydroxyflavone The
control drillings had only small amounts of fluor-
escent polyphenols immediately surrounding the
hole The unaffected sapwood samples containcd
21°5 and 15-3%, methanol soluble material which
contamned very small amounts of fluorescent com-
ponents or substances which were resolved by
GLC The major extractable components of the
sapwood were gallotannms [9].

The amount of polyphenols formed by CEPA
m the sapwood of an Acacia species. on the other
hand, was only shghtly more than that formed
in control drillings and was msufficient for exa-
mination

(b) Apricot Copious amounts of a colourless
carbohydrate gum cxuded from the mjection
holes bored m a branch of apricot (Prunus
armeniaca) after admimstration of CEPA solution
and smaller amounts exuded from the apices of
the branch Small amounts of gum also appeared
on branchiets of the two neighbouring branches
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Discoloured tissue occupied a zone 1 ¢m radius
around the treated drilling hole and polyphenols
were present The control drillings showed no re-
sponse

(c) Eucalyptus spp The regions of the tree
stems to which the CEPA solution had been
added yielded ko m a greater number of cases
(90°, with E. siebert, 60°, E astringens. 60°, E
sideroxylon and 100% ) with E. calophylla) than the
control regions (10. 5. 0 and 60°, respectively). The
period elapsing before kino exuded was 14-17
days, and the flow contnued for 1-4 weeks,
except 1n the case of E calophyllu when exudation
contmued for 3 months and recommenced with-
out artificial inttiation m the following spring sea-
son.

Whereas most cucalypts yield kinos composed
almost entirely of polymeric flavans, E. ustringens
and E. calophylla arc 2 species forming kimnos con-
taining a number of monomeric polyphenols
which result in characteristic 2-D paper chroma-
tograms Kinos resulting from admmnistration of
CEPA gave the same chromatographic pattern as
those obtamned naturally

Solutions of IAA and lanolin pastes containing
IAA or NAA added to exposed cambial regions
on E siehert and E. astringens trees (12 regions
for cach species} during the spring season resulted
in the formation of ko in 3 cases with the first
species and none with the second

Ethviene analyses

Smular sized blocks containing the cambial
region and part of the phloem and sapwood were
taken in the spring season from freshly cut E
obliqua, E. rubida and E sieberi, Pairs of blocks
contamned kino vewns and control pairs without
veins 1 the cambial region were analysed for
ethylene, The blocks contammg kino vemns
vielded after 1 day about double the amount of
ethylene yielded by the controls. Specifically the
amounts (x 1077 /g wood per hr) were for E
obliqua 58 as aganst control 37, 10-8 (4-4), 7-1
(46). E rubida 100 (52) and E. siehert 123 (57).
The cthylenc production (x 10 °° /g dry wood
per hr) of the transition zone of E tereticorms
was highest m late autumn and carly winter
period The amounts were November [ 25,
December 3-33, January 166, March 50, April
179, May 7-1. June 1-25, July [-25, September 50.



Ethylene formation 1n woody tissues

Sections taken from the blocks of E. tereticornis
which had been ventilated with ethylene con-
tamned visually more tyloses than the dried con-
trol blocks.

DISCUSSION

It was found the transition zone in E. tereti-
cornis behaved similarly to that in P. radwta [6]
and yielded significant amounts of ethylene
although in smaller amounts, and to the greatest
extent in the late autumn-early winter period. In-
jection of CEPA into eucalypt sapwood did not
have a marked effect on the extractives. However
injection into Rhus sp. sapwood produced notable
amounts of polyphenols previously found n heart-
wood [9].

The cambial regions of E. sieberi, E. obliqua
and E. rubida containing kino yielded larger
amounts of ethylene than adjacent regions with-
out kino. The admunistration of CEPA to the
cambial region of E. sieberi and other eucalypts
resulted in kino formation. Similarly the mnjection
of “Tordons” resulted in copious kino exudations
from a number of eucalypts. This is also probably
due to ethylene as the “Tordons” contain picro-
lam alone or together with 2,4-D or 2,4,5-T and
these chemicals are known to form ethylene in
living tissues [10].

The observations made in this work support the
view that ethylene plays a dominant role in the
formation of exudates. The constant composition
of the kinos from E. astringens and E. calophylla
indicates that other hormones have little effect or
are available in the same proportton in the cam-
bial region. However, the situation is complex and
this is shown by the work of Dowden and Foster
(personal communication, 1973) m that they
found the application of NAA to the bark of 1-2
yr old eucalypt seedlings will produce kino,
whereas injury or treatments of other types rarely
forms kino in eucalypts of this age. NAA is an
unnatural auxin which can however sumulate
ethylene formation when applied to plant tissues
[10].

Attention is drawn to the situations of this
present study 1n that not only is the amount of
extraneous material formed enhanced by the pres-
ence of ethylene but that the nature of the com-
pounds is considerably different from those pre-
viously present in the tissues. Ellagitannins are
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present in undamaged cambial tissues of euca-
lypts, gallotannins m Rhus sp. sapwood [9] and
monobenzenotd compounds in P. radiata sap-
wood [11]. These compounds originate from the
pentose phosphate shunt and shikimic acid. The
compounds formed when ethylene is present in-
clude flavonoids and stilbenes requiring, in addi-
tion, acetate units from the TCA cycle.

Ethylene increases the activity of a range of
enzymes | 10]. Ethylene (30 ppm in air) promotes
phenolic biosynthesis and the formation of a lig-
nin-like compound in swede root tissue [12]. The
recent work of Brown and Leopold [13] supports
the viewpoint that ethylene icreases radial
growth stems of pine and other tree species when
mechanical stress 1s applied. On the other hand,
kino formation 1s accompanied by a temporary
cessation of formation of woody tissues [14],
(Dowden and Foster, personal communication).
Also, ethylene (50 ppm) wnhibits xylogenesis and
completely prevents fibre lignification 1n etiolated
pea seedlings [15]. The complexity of the n-
fluence of ethylene 1s further shown in this work
in that preliminary studies associated the presence
of ethylene with the formation in eucalypt sap-
wood of tyloses {(mainly composed of carbohyd-
rates) which normally are formed in heartwood.
This association has been reported m other spe-
cies [10]. Also the copious exudation of carbo-
hydrate gum from apricot that is probably n-
duced by ethylene [4] has also been observed by
others n this tree and in peach and cherry trees
[10].

Variations n the amounts of kino found in
representatives of the one species indicate genetic
control. However a recent study of 26 open-pol-
linated families of E. regnans suggested that varia-
tion in the degree of their development is due
largely to environmental rather than genetic fac-
tors (J C. Doran, personal communication, 1974).

Stresses of different types can produce ethylene
which could be responsible for polyphenol forma-
tion in kino and heartwood. The enzyme inhibi-
tors arsenite and iodoacetic acid used to block
the utilisation of acetate in the TCA cycle and
promote the formation of flavonoid compounds
[9, 16], may have had their effect due to ethylene
production [10]. The inter-relationship between
water stress, ethylene production and polyphenol
formation warrants further study. Water deficit
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leads to greatly increased ethylene concentrations
or production in intact cotton petioles [17] and
Vicia faba [18]. Rewatering can reduce produc-
tion rates to prestress levels. Day [19] found that
eucalypts growing on the poorer, drier sites were
the most severely affected by kino formation and
he considered the latter due to water deficiency
during periods of active growth. Also, water stress
may be a primary factor influencing resin pocket
formation in pines [20]. Many damaged woods
and beartwoods have a narrow intermediate zone
which has a lower moisture content than the adja-
cent sapwood and yields a sigmficantly higher
amount of ethylene [5,6]. A change in the balance
between crown size, transpirational capacity, and
diameter of the tree may initiate changes leading
to heartwood formation.

MATERIALS AND METHODS

Plant marerial. The trees of Eucalyptus astringens, E. calo-
phylla, E. sideroxylon, E. sieberi, Rhus succedanea and an Aca-
cia sp. and Prunus armeniaca (apricot) were garden specimens
grown in Melbourne and older than 15 yr, E. sieheri seedlings
of 3 yr age or less were grown in a glass house or in the
open. The other tree specimens E. tereticornis. E. marginata.
E. pilularis, E. grandis, E. maculata and E. regnans were at
least 15 yr age and were treated or sampled in their natural
habitat.

Treatment methods. The (2-chloroethyl)-phosphonic acid
(CEPA. “Ethrel”) was difuted bmmediately before use to 0-5%,
in H,0. Injections using the dil soln adjusted to pH 2 with
NaOH were tried but with no noticeable difference in beha-
viour. In these injections and those mentioned below, the
CEPA solns would be dil in the sap stream. Control
administrations were done using H,O or diluted CEPA neu-
tralised to pH 4-7 and allowed to stand for 7 days. Solns
of 1 mM 3-indoly! acetic acid (IAA) were also mjected. and
1%, pastes of TAA or naphthalene acetic acid (NAA) in lanolin
were applied. Solns were injected into 2 mm diam. holes
drilled into the wood or into incisions made through the bark
to the cambial region. The pastes were applied over incisions.
Adminstrations were done throughout the year for 3 yr. E.
marginata, E. pitularis, E. grandis, E. maculata, E. regnans ctc.
which had been injected with the arboricides “Tordon™ and
“Tordon 50D” yielded copious amounts of kino.

Chromatography. The ethylene in the wood samples was
analysed by the method previously described [3]. Polyphenols
in different materials were examined by 2-D PC using BuOH-
HOAc H,O (6:1:2) followed by 6%, HOAc. Chromatograms
were examined by methods previously described [11]. The
GLC method used for the Rhus heartwood polyphenols in-
volved the separation of silylated compounds using a liquid
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phase of 1-:3%, SE-30 or 10", OV-1 with the column temp.
at 200 [21]).

Extractions. Treated branches of Rhus and Acacia were
removed from the tree 4 months after treatment. Coloured
areas were spread [-2 mm around the control drlling holes.
and 3-4 mm around the treated holes in the Acacia sp. and
6-10 cm in the Rius sp. Coloured and surrounding tissues
were separated, dried. ground. weighed and extracted with
MeOH in a continuous extractor and the extract evaporated
and weighed. The extracted coloured wood was still coloured
after 25 hours extraction. Cambial scrapings from E. sicheri.
E. calophvlla. E. astringens and E. sideroxvlon were extracted
with Me,CO and the cxtract freeze-dried and examined by
PC.

The effect of ethylene on the preduction of tyloses. Blocks
of E. tereticornis were treated and ventilated with ethylene
as previously described [6]. Sections were taken from the
blocks and examined microscopically for tyloses.
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