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Abstract-Chloroethyl phosphonlc acid (CEPA) was administered to the camblal region of Eucalyptus 
astringens, E. calophylla, E. sieberl and E. sideroxylon. The kino which exuded has been associated 
with the liberation of ethylene from the CEPA in the sap stream. The kmos from E. astrmgens 
and E. culophyllu were chemically identical with those obtained naturally from these species. The 
composition of the polyphenols formed m the sapwood of Rhus after administration of CEPA had 
a similar chromatographlc pattern to that obtained from the heartwood. In both these situations, 
the induced polyphenols differ from those normally present in the tissues m 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 ethylene is an active intermediate 
m the formation of extraneous components Under natural condltlons, ethylene could arise as a 
result of injury or physiological stress such as water shortage. 

INTRODUCTlON 

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

Under in vztro conditions the innermost sap- 
wood (or transition zone) of Robiniu pseudoucuciu 
[Z] and Plnus rudlutu [3] shows, particularly 
during the dormant season, enhanced respiration 
compared with adjacent sapwood zones. The high 
CO1 content in the heartwood could be due to 
this Increased respiration and storage in a region 
of a low capacity for CO, fixation. 

Under certain physiological condltlons, a situ- 
ation IS established which abruptly triggers off a 

series of reactions resulting m the production of 
extraneous materials (i.e. extractives and tyloses) 
found m heartwood and some damaged tissues 
[4]. Earlier work carried out under in vztro condi- 
tions indicated ethylene played an active role in 
this situation [5,6]. The transition zone of P. 
rudzutu produces enhanced amounts of ethylene 
during the dormant season [6]. Ethylene produc- 
tion was demonstrated also m the sapwood of 
P. radzata which was mechamcally injured and 
particularly after Szrex-Amylostereum attack [S]. 
When blocks of living P. rudluta sapwood were 
ventilated in vitro with an 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)-phosphomc 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 kmo formatton and this IS usually asso- 
ciated with Injury (e.g Insects, fire, knots) to the 
cambmm [S] The Injuries could liberate ethylene 
to act as the mtermedlate m kino formation 
When formed. kmo IS an ayucous solutlon of 
polyphenolic compounds almost entirely of a fa- 
vonold nature 

KFSL~LTS 

(a) Rlurs .succerhcr,lc~u md utl Acam sp About 
5 ml of a granular liquid began to exude from 
the mJectlon holes in the treated branches of R 
.s11cc&77ra wlthm 5 days of addmg the CEPA 
solution m mid-November. At the same time. a 
dark brown gummy material collected around the 
periphery of the hole Neither material has 
formed by the control drillmgs 

When the treated branches were removed from 
the tree after 4 months, yellow zones had 
extended & 10 cm mto the wood. with the greatest 
volume bemg above the mJectlon hole The 20.4 
and 3 1.4” ,,” of methanol extractlves contamcd 
components previously found m the heartwood 
of the same tree [9] but absent from. or present 
m small amounts in. the sapwood Dlhydrofisetm 
was the malor component, apprcclablc amounts 
of fisetm were present as well as small quantities 
of garbanzol and 3.7,4’-trlhydroxyllavorle The 
control drlllmgs had only small amounts of Huor- 
escent polyphenols lmmedlately surrounding the 
hole The unaffected sapwood samples contamcd 
21 .S and 15.30;, methanol soluble matcrlal which 
contamed very small amounts of fluorescent com- 
ponents or substances which were resolved by 
GLC The major extractable components of the 
sapwood were gallotannms [IS]. 

The amount of polyphenols formed by CEPA 
m the sapwood of an Acrrcra species. on the other 
hand, was only shghtly more than that formed 
m control drlllmgs and was msufficlent for exa- 
mmation 

(b) Apr-zcot Copious amounts of a colourless 
carbohydrate gum exuded from the InJection 
hole5 bored m a branch of apricot (PYUHUS 
utmwmu) after admmistratlon of CEPA solution 
and smaller amounts exuded from the apices of 
the branch Small amounts of gum also appeared 
on branchlcts of the two nelghbourmg branches 

Dlscoloured tissue occupied a zone 1 cm radius 
around the treated drlllmg hole and polyphenols 
were present The control drlllmgs showed no re- 
sponse 

(c) Euud~yms spp The regions of the tree 
stems to which the CEPA solubon had been 
added yielded kmo m a greater number of cases 
(900. with E. >ichcrr, 60”. E a.sb.lnyet7.s. 60’1; E 
sde~ou_do77 and 1 OO’,!,, with E. culo(?h)~llu) than the 
control regions (I 0. 5. 0 and 60”,, respectively). The 
period rlapsmg before kmo exuded was 14-I 7 
days, and the Hoa contmucd for 1 -4 weeks, 
except m the case of E I’L&$~~IILI when exudation 
contmued for 3 months and recommenced with- 
out artlficlal mmation m the followmg sprmg sea- 
son. 

Whereas most eucalypts yield kmos composed 
almost entirely of polymeric flavans, U. usrrirlyvns 
and E. cnloph!:llu arc 2 species formmg kmos con- 
talnmg a number of monomeric polyphenols 
which result in character&c 2-D paper chroma- 
tograms Kmos resulting from admmistration of 
CEPA gave the same chromatographlc pattern as 
those obtamed naturally 

Solutions of IAA and lanohn pastes contammg 
IAA or NAA added to exposed camblal regions 
on E whet-r and E. rr.srrr7yr77.s trees (12 regions 
for each species) durmp the spring season resulted 
m the formation of kmo 111 3 cases with the first 
species and none with the second 

Slmllar sized blocks containing the camblal 
region and part of the phloem and sapwood were 
taken m the spring season from freshly cut E 
O~IU~UU, E. ruhrdcx rr77rl E .whcw. Pairs of blocks 
contamed kmo vems and control pairs wlthout 
veins m the cambial region were analysed for 
ethylene. The blocks contammg kmo vems 
yielded after 1 daq about double the amount of 
ethylene yielded by the controls. Specifically the 
amounts ( x IO-” l/g wood per hr) were for E 
ohlryuu 5 8 ;is agamst control 3.7, 10.X (4.4), 7.1 
(4 61, E r-uhrdo 10.0 (5 3) and E. srrhr~r 12 3 (5.7). 
The ethylene productlon ( x 10 -’ l/g dry wood 
per hr) of the transltlon zone of E twtmrws 
was highest m late autumn and early winter 
period The amounts were November 1 25. 
December 3.33, January 1 66, March 5 0, April 
17 9. May 7.1. June 1.25. July 1.25. September 5.0. 



Sections taken from the blocks of E. teretzcornis present in undamaged cambial tissues of euca- 
which had been ventilated with ethylene con- lypts, gallotanmns m Rhus sp. sapwood [9] and 
tamed visually more tyloses than the dried con- monobenzenoid compounds in P. radiata sap- 
trol blocks. wood [ 111. These compounds originate from the 

pentose phosphate shunt and shikimic acid. The 
DISCUSSION compounds formed when ethylene is present m- 

It was found the transition zone in E. tereti- elude flavonoids and stilbenes requiring, in addi- 
cornis behaved similarly to that in P. rdata [6] tion, acetate units from the TCA cycle. 
and yielded significant amounts of ethylene Ethylene mcreases the activity of a range of 
although in smaller amounts, and to the greatest enzymes [lo]. Ethylene (30 ppm in air) promotes 
extent in the late autumn-early winter period. In- phenolic biosynthesis and the formation of a hg- 
jection of CEPA into eucalypt sapwood did not nin-like compound in Swede root tissue [12]. The 
have a marked effect on the extractives. However recent work of Brown and Leopold [ 133 supports 
injection into Rhus sp. sapwood produced notable the viewpomt that ethylene increases radial 
amounts of polyphenols previously found m heart- growth stems of pme and other tree species when 
wood [9]. mechanical stress IS apphed. On the other hand, 

The cambial regions of E. sieberl, E. obliqua kino formation is accompanied by a temporary 
and E. rubzda containing kino yielded larger cessation of formation of woody tissues (1143, 
amounts of ethylene than adjacent regions with- (Dowden and Foster, personal commumcation). 
out kino. The administration of CEPA to the Also, ethylene (50 ppm) inhibits xylogenesis and 
cambial region of E. sleberi and other eucalypts completely prevents fibre ligmfication m etiolated 
resulted in kino formation. Similarly the mJection pea seedlings [15]. The complexity of the m- 
of “Tordons” resulted in copious kino exudations fluence of ethylene IS further shown in this work 
from a number of eucalypts. This is also probably in that preliminary studies associated the presence 
due to ethylene as the “Tordons” contain picro- of ethylene with the formation in eucalypt sap- 
lam alone or together with 2,4-D or 2,4,5-T and wood of tyloses (mainly composed of carbohyd- 
these chemicals are known to form ethylene in rates) which normally are formed in heartwood. 
living tissues [ 10). This association has been reported m other spe- 

The observations made in this work support the cies [lo]. Also the copious exudation of carbo- 
view that ethylene plays a dominant role in the hydrate gum from apricot that is probably m- 
formation of exudates. The constant composition duced by ethylene [4] has also been observed by 
of the kmos from E. astringem and E. calophylla others m this tree and in peach and cherry trees 
indicates that other hormones have little effect or cm 
are available m the same proportion in the cam- Variations m the amounts of kino found in 
bial region. However, the situation is complex and representatives of the one species indicate genetic 
this is shown by the work of Dowden and Foster control. However a recent study of 26 open-pol- 
(personal communication, 1973) m that they linated families of E. regnans suggested that varia- 
found the application of NAA to the bark of l-2 tion in the degree of their development is due 
yr old eucalypt seedlings will produce kmo, largely to environmental rather than genetic fac- 
whereas injury or treatments of other types rarely tors (J C. Doran, personal commumcatron, 1974). 
forms kino in eucalypts of this age. NAA is an Stresses of different types can produce ethylene 
unnatural auxin which can however stimulate which could be responsible for polyphenol forma- 
ethylene formation when applied to plant tissues tion in kino and heartwood. The enzyme inhibt- 

[lOI. tors arsenite and iodoacetic acid used to block 
Attention is drawn to the situations of this the utilisation of acetate in the TCA cycle and 

present study m that not only is the amount of promote the formation of flavonoid compounds 
extraneous material formed enhanced by the pres- [9, 161, may have had their effect due to ethylene 
ence of ethylene but that the nature of the com- production [lo]. The inter-relationship between 
pounds is considerably different from those pre- water stress, ethylene production and polyphenol 
viously present m the tissues. Ellagitannms are formatton warrants further study. Water deficit 
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leads to greatly increased ethylene concentrations 
or production in intact cotton petioles [17] and 
V/i<ia ,firha [I 181. 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 hcartwoods have a narrow intermediate zone 
which has a lower moisture content than the adja- 
cent sapwood and yields a significantly higher 
amount of ethylene [5,6]. A change in the balance 
between crown size. transpirational capacity, and 
diamctcr of the tree may initiate changes leading 
to heartwood formation. 

VATERIALS Ah!3 MF:THODS 

7ir~rr~nr rwrtwds. The (I-chloroethyl)-phosphonic acid 
((‘EPA. “Ethrel”) was diluted immediately before LW to O~S”~, 
in H,O. Injections using the dil soln adjusted to pH 2 with 
NaOH wcrc tried hut with no noticeable difference in heha- 
viour. In these injections and those mentioned hclow. the 
CEPA solns would he dil in the sap stream. Control 

administrations were done using H,O or diluted CEPA neu- 
traiised to pH 4 -7 and allowed to stand for 7 days, Solns 
of I mM %indol>I acetic acid (IAA) wei-e also InJected. and 
I”,, pastes of IAX or naphthalene acetic acid (NAA) ill lanolin 
were applied. Solns were injected into 2 mm diam. holes 
drilled into the wood or into incisions made through the bark 
to the camhial region. The pastes v.zre applied o\cr incisions. 
Xdminstrations were done throughout the >car for -3 qr. 1.1. 
ifwyi~mu. E. piiirlu~is, E. qr-am/is. E. mcic~ulata, E. wymruh etc. 
which had been InJected with the arhoricides “Tordon“ and 
“Tordon 50D” yielded copious amounts of kin<>. 

Cli,onwrol/~~ph!,. The ethylene in the wood samples was 
analysed by the method previously described [5]. Polyphcnols 
in different materials were examined by 2-D PC using BuOH 
HOAc Hz0 (6 : I : 2) followed by 6”,, HO4c. C‘hromatograms 
were crnmincd by methods previousI) described ( I I ]_ The 
GLC‘ method uacd for the Rhus heart%ood polvphenols in- 
\olvcd the separation of silylatcd compounds using ;I liquid 
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