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Novel Stimulants and Procedures in the Exploitation
of Hevea: II. Pilot Trial Using (2-chloroethyl)-

Phosphonic Acid (Ethephon) and Acetylene
with Various Tapping Systems

P.D. ABRAHAM, JW. BLENCOWE, S.E. CHUA, 1.B. GOMEZ, G.FJ. MOIR,
S5.W. PAKIANATHAN, B.C. SEKHAR, W.A. SOUTHORN and P.R. WYCHERLEY

This paper describes an experiment on the stimulant action of (2-chloroethyl)-phosphonic
acid (ethephon) and acetylene on yield of Hevea brasiliensis. The two novel stimulants were
compared with the conventional stimulant 2,4,5-T, and tested with a variety of tapping systems.
Ethephon, used in the form of ‘Ethrel’, gave very promising resulls, notably with systems of
reduced tapping intensity. The results with acetylene were similar though not as gead. Both
stimulants were superior to 2,4,5-T but the response of the trees declined markedly when they
were repeatedly applied to the same site on the bark.

The technigues used in the experiment are not considered suitable for practical application
but they provided a basis for the subsequent development of practical procedures.

Large yields of latex were obtained from very small cuts under some conditions of treatment
with ethephon and acetylene, consistent with earlier predictions.

The experiment also included some treatments with ethylene oxide and bromoethane. The
Jormer compound was destructive under the conditions used; the latter, which gave inconclusive

results, requires further study.

The trial described in this paper is designated
‘Experiment LF.1I". In planning this
experiment, the authors made use of the
concepts reviewed by ABRAHAM et al. (1971)
and attempted to devise treatments which
might effectively stimulate yield and be
adaptable to plantation practice. They also
intended to select promising treatments for
larger trials. Of the newer stimulants described
earlicr (ABRAHAM ef al., 1971), ethephon and
acetylene were chosen as being potentially
practicable. Treatments with the conven-
tional stimulant 2,4,5-T were included for
comparison. Fthylene gas was not included
as no convenient supply was then available,
One treatment was made with bromoethane
which had been noted as a stimulant by
ABRAHAM, WYCHERLEY AND PAKIANATHAN
(1968); several treatments with ethylene oxide
(Tavsum, [961) were also included.
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Two different tapping frequencies (d/2 and
d/4) and various lengths of cuts were compared,
with particular emphasis on shorter-than-
normal cuts. This was for the reasons given
earlier and because systems of reduced
intensity offer the possibility of conservation
of bark and, at least in principle, more efficient
use of labour.

Ethephon was used in the form of Ethrel
{(AMCHEM PRODUCTS INCORPORATED, 1969).
The dose sizes and methods of application
of this material and of acetylene were selected
arbitrarily on the basis of the limited
knowledge available at the time. Ethrel was
known to act as a stimulant when applied
in palm oil to scraped bark below the cut
{(ABRAHAM ef al., 1968) but this procedure
was thought to be inefficient because of possible
loss of ethylene from the site of application
to the atmosphere. Accordingly, the closed
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applicators described below were used. The
experience gained showed disadvantages in
the use of the applicators while further
experiments, to be described later, de-
monstrated that application of Ethrel-in-palm
oil was actually a very effective procedure,
provided the dose was large enough. With
acetylene generated from calcium carbide,
some form of closed applicator still seems
unavoidable, but the design of applicator
-used in the first year of Experiment LF.1
was modified subsequently. Although some of
the techniques soon became obsolete, the
experiment gave valuable information.

MATERIALS AND METHODS

Trees and Design

The trees were of miscellaneous clones
planted in a small-scale clone trial in Field
49B of the R.RIM. Experiment Station.
They were used because they were available
and would also give results independent of the
characteristics of any particular clone. The
trees had been budded in 1951-2 and tapped
5/2.d/2 on Panel C, ie., on the first panel
of bark of first renewal, since January 1968.
The experiment employed a randomised
single-tree-plot design similar to that described
by BAPTIST AND DE JONGE (1955). Individual
tree yields were pre-recorded for three months
from July 1968 while S/2.d/2 tapping con-
tinued. Treatments were allocated at random
among trees of similar yield. Only ten trees
were taken for each treatment since the
experiment was conceived as a pilot trial to
obtain indications of promising treatments.

The field was divided into two tapping
tasks. Each half of the field, i.e., each task,
contained five of the ten trees from each
treatment. The post-treatment yields were
recorded separately’ from each task, ie.,
from groups of five trees each. There were
thus two replications of each treatment.

Yield Recording

Latex was collected in polythene bags
{SouTHORN, 19692) and coagulated in the bags
by addition of formic acid. One bag was used
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for each cut on a tree. Bags containing
coagulated latex were collected and the coagula
were creped, dried and weighed. Coilection
was made once every four days when necessary
(e.g., during periods of peak yield after stimula-
tion), otherwise once every eight days.

Analysis of Data

The mean yields for each treatment were
corrected by covariance analysis for vyield
differences before treatment. Mean vyields
were calculated in terms of grams of dry
rubber per tree per tapping and pounds per
acre per month.

In calculating yields per acre, the number
of actual tappings was used and a stand of one
hundred trees per acre was assumed, this
being close to the actual density in Field 49B,

Stimulants

2,4,5-T. This was used in the form of the
1.C.I. product Flomore, which contains the
n-butyl ester of 2,4,5-trichloro-phenoxy-acetic
acid at 1% (w/w) acid equivalent in palm
oil/petrolatumn  (5:3 w/w). The formulation
was originally developed at the R.R.LM,
(DE JONGE 1955).

Ethrel. The formulations of Ethrel, as
described by AmcHEM Probucts INCOR-
PORATED. (1969) were useful. Although Ethrel
is the trademark for Amchem’s (2-chloroethyl)
-phosphonic acid (ethephon), the name has
been applied both to the free acid and to a
three-way mixture of the free acid, its
monochloroethyl ester and its anhydride.
The Ethrelin the earlier formulations produced
(viz., Amchem 68-64) consisted of a mixture
of free acid (45-48%), the monochloroethyl
ester (34-38%) and the anhydride (11-14%,).
Concentrations of Ethrel in such formulations
are expressed as the sum of the free acid
equivalents of the three constituents. In the
case of Amchem 68-64, the concentration is
4 1b of Ethrel per U.S. gallon (e, 430 g
per litre), the solvent being propylene glycol.

The Ethrel in more recently produced
formulations (viz.,, Amchem 68-250) is
essentially all free (2-chloroethyl)-phosphonic
acid (ethephon) without significant amounts
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of the ester or anhydride. In the case of
Amchem 68-250, the concentration is again
4 1b of Ethrel per U_S. gallon, also in propylene
glycol as solvent.

Amchem 68-64, diluted further as described
below, was used at the beginning of the
experiment but was replaced with Amchem
68-250, similarly diluted, as the experiment
proceeded, because the latter was the form
in which new stocks were supplied and because
it seemed likely to become the commercially
available form. It was thought also that there
would be no difference in potency between
Amchem 68-64 and 68-250.

Carbide. The calcium carbide used for
generating acetylene was the ordinary grade
sold locally for use in carbide lamps.

Ethylene oxide. This was obtained from
Etoxin Ltd. of London.

Bromoethane. This substance (laboratory
reagent grade) was obtained from BDH
Chemicals Ltd, Overseas Division, of Poole,
England.

Applicators

The applicator used for Ethrel consisted
of an expanded polystyrene frame with a
rectangular hole. The frame was attached
to an area of very lightly scraped bark using
ammoniated latex concentrate as adhesive,
The rectangular hole was filled with a pad
of paper pulp or paper tissue kept in contact
with the scraped bark; the hole was covered
with polythene sheet glued to the frame with
ammoniated latex concentrate (Figure J).

For acetylene from carbide, the same
basic applicator was used but the paper
filling was omitted and a polythene bag
replaced the simple polythene cover
(SouTHORN, 1970). The gas space in the bag
communicated with the area of scraped bark
inside the applicator-frame, but was sealed
from the atmosphere by folding the top of
the bag several times and clipping it ( Figure 2).

Rainguards

All trees were fitted with rainguards. These
were made from strips of expanded polystyrene
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Front view

Figure 1. Applicator for Ethrel.

coated on one side with ammoniated latex
concentrate {which was allowed to dry} and
fixed to the bark after painting it with the
same adhesive (SOUTHORN, 1969a). The guards
were initially made from a single strip but
the one shown in Figure 3 (a double strip)
was later found to be more effective.

Treatments and Methods of Application

(a) General. The experiment was originally
intended to include fifty treatments, hence
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Figure 2. Applicator for acetylene,
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Figure 3. Rainguard, Ethrel applicator and
collection bag.

50 x 10 trees. Ten trees were discarded during
pre-recording because of root disease, wind
damage, etc. Eleven treatments involving
application of ethylene oxide, described below,
were terminated early in the experiment.
Table 1 shows the remaining thirty-eight
treatments. (The treatment numbers originally
used are retained in 7able 1.)

(b) Tapping systems. Because of the division
of the field into two tasks, one group of five
trees in each treatment was always tapped
on a different day from the other five trees
in the treatment. Many of the tapping systems
listed in Table I will be recognisable since,
as far as possible, the terminology follows
the usual rules (GUEST, 1939 and 1940). How-
ever, some annotations are necessary and these
follow.

S/2.d/2 (2 x 2d/4) — There were two
half-spiral cuts on opposite sides of the tree;
one was the original cut on Panel C; the
other was newly opened at the same height
on Panel D, i.e., on the second panel of bark
of first renewal; the cuts were tapped in
alternation, each being tapped once in four
days.
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S/4.d/2 (2 x 2d/4) — The two quarter-
spirals were respectively the lower half of
the original half-spiral cut on Panel C and
a newly opened quarter-spiral at the same
height and directly opposite, on Panel Dj;
the cuts were tapped in alternation, each
tapped once in four days.

S/8.d/2 and S/8.d/4 — The lowest quarter
of the original half-spiral cut on Panel C was
tapped.

5 mm. d/2 and 5 mm d/4 — The cut was
opened on Panel C directly below the centre
of the existing S/2 cut and roughly 15 in.
(38 cm) from it [Figure 4(a)]. The cut was
made using a small gouge like a miniature
tapping knife with a 5 mm curved blade
(a standard wood-carving tool). The gouge
was inserted into the bark at right angles
to the axis of the tree, instead of tangentially.
The cut was made to the wood at first opening
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Virgin bark
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Micro cut
40in. | ~channel
102
(102 em) I~ Spout

| Polybag
! Panel C Panel D
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Figure 4(a). Placement of single 5 mm
micro-cut and applicators.
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and at each tapping, when a shaving was
removed so that the cut progressed vertically
down the tree, rather as in conventional tap-
ping. However, in practice, the bark shaving
removed at each tapping was much thicker
than in conventional systems, so that the
narrow cut moved rather rapidly down the
tree. When it was inconveniently near the
base, a new cut was opened at the same level
as the beginning of the preceding one and
beside it.

4 X 5mmd/2 (2 x 2d/4) — There were two
groups of four micro-cuts, each micro-cut
being as just described; one group was placed
on Panel C [two cuts at 15 in. (40 cm) and
two at 35 in. (90 cm) from the graft union];
the other group was placed on the opposite

_side of the tree with two cuts at 55in. (140 cm)
and two at 75 in. (190 cm) [Figure 4(b)]; the
two groups of cuts were tapped in alternation,
each group being tapped once in four days.

Virgin ‘bark

TSin.
(£91 em]

{140cm)

N

Figure 4(b). Placement of multiple 5 mm
micro-cuts and applicators.

Panel C Panel D

94

(c) Initigi application of stimulants. The
first application of stimulants was made
on 28 November 1968 by the following
methods:

24.5-T. Flomore was applied to bands of
scraped bark 13 in. {4 cm) wide. For Treat-
ment No. 43 (Table 1), this band was in the
commonly-used position immediately below
the cut. Since Treatment No. 43 was tapped
on 5/2.d/2, the treated bark was gradually
removed in the usual manner.

With systems involving cuts shorter than
the half-spiral, the placement of 2.4,5-T
presents a problem. If the standard formulation
is applied immediately below the cut to a 14 in.
(3.8 cm) band, then the dose per tree is less
than that applied to trees tapped on S/2. If the
concentration of 2,4,5-T in the carrier is
increased or the band widened to counteract
this, other complications arise (e.g., the local
effect of increased concentration of 2.4.5-T
or the impossibility of tapping off the wider
band in the right time). Similar difficulties
occur with tapping systems of reduced
frequency (e.g., d/4 in this experiment). The
problem was solved by applying the Flomore
to a 14 in. band of scraped bark over half
the circumference of the tree on the lowest
area of renewed bark above the graft union.
For treatments with a single cut (No. 2,
11, 15, 19, 23, 27, 31 and 35), the band was
single and continuous, placed vertically below
and parallel with the orginal half-spiral cut.
For treatments with cuts on each side of the
tree (No. 7, 39 and 44), two bands of standard
width were used, each of $/4 length: one
was placed vertically below the lower half of
the original §/2 cut and the other directly
opposite on the other side of the tree. All
trees treated with 2,4,5-T thus received
approximately the same dose (on average,
3 g of Flomore or 30 mg of acid equivalent
of 2,4,5-T per tree).

It was realised at the outset that trees treated
ncar the base with 2,4,5-T would show bark
damage, since the treated bark could not
be tapped off. The method was convenient
for the purposes of the experiment but has
no practical value.



TABLE 1.

EXPERIMENT LF.1— COMPARATIVE ADJUSTED MEAN YIELD IN GRAMS PER TREE PER TAPPING

Yield (monthly)

Treatment No. Annual
- yield
1 2 3 4 5 6 7 8 9 10 11 12
S/2.d/2. Scraped + Carrier 1 734 71.9 78.1 46.3 50.9 497 56.8 65.1 75.8 59.2 62.3 50.4 64.5
" + 2,4, 5T 2 99.1 85.1 882 55.2 67.9 67.5 75.4 74.0 97.9 77.7 87.5 74.5 81.1
i + Ethrel 4 121.5 89.6 86.4 514 62.5 533 554 454 71.3 49.5 64.7 49.2 73.2
” +4- Acetylene 5 109.3 74.8 93.1 45.8 56.9 60.4 66.8 65.6 105.3 60.5 67.3 62.1 76.0
’ + 2, 4, 5-T (below cut) 43 105.3 91.2 78.9 53.6 71.3 57.9 76,7 61.7 96.6 68.4 74.5 62.5 78.1
v + Bromoethane 50 101.4 78.9 73.0 41.0 458 41.9 65.8 67.2 80.1 68.9 75.6 61.1 69.8
Si4d/2.  + 24,5T 15 38.7 529 55.0 29.4 66.2 56.0 61.2 54.5 70.3 35.8 37.5 42.4 49.5
" + Ethrel 17 96.9 70.6 84.0 48.5 54.8 44.2 49.8 8.6 50.3 35.0 36.8 34.3 59.9
” + Acetylene 18 104.1 56.2 76.5 33.0 33.8 28.9 38.0 39.6 50,8 39.6 54.1 42.3 56.0
§/8.4/2. +- 2,4, 5T 23 26.2 30.2 33.7 22.8 51.8 36,1 63.9 48.4 69.4 60.1 749 45.1 43.6
” - Ethrel 25 78.3 74.3 54.6 23.5 28.3 15,3 194 9.5 24.1 153 225 16.6 39.1
” + Acetylene 26 0.0 363 58.7 18.9 29.3 15.0 18.5 16.0 42.4 286 43.7 276 383
Smm.d/2. + 2,4,5-T 3 2.3 0.8 2.4 1.34 10.7 7.2 112 7.0 10.1 9.1 14.0 12.8 57
" -+ Ethrel 33 328 29.8 224 6.9 225 4.8 17.6 13.9 10.2 2.3 2.4 1.1 16.7
" + Acetylene 34 33.0 16.8 238 12,0 15,2 8.0 14.2 1.8 21.2 i7.4 23.8 16.6 19.3
5/2.d/4. + 2,4, 5T 11 78.7 121.2 117.6 575 84.8 89,1 137.9 150.2 167.2 130.7 164.9 167.0 117.3
” -+ Ethrel 13 2129 207.1 187.4 97.8 131.3 88.3 119.0 115.8 166.2 104.5 126.0 86.3 149.7
” + Acetylene 14 167.0 113.7 137.4 573 96.3 64.2 99.0 68.4 140.9 90.6 138.0 1104 113.8
” + Ethrel (initial high dose) 49 2354 190.6 172.2 94.8 131.5 157.5 176.4 1457 172.5 123, 140.6 114.9 161.8
S/4.4/4. + 2,4, 5-T 19 49.2 56.0 70.2 32.3 60.9 62.4 84.1 74.0 952 84.2 112.7 96.2 69.7
v -i- Ethrel 21 142.4 147.8 133.4 67.8 87.8 67,2 79.7 80.1 86,8 61.8 84.1 63.7 101.1
" + Acetylene 22 102.5 72.7 101.3 41.0 52.9 40.2 56.8 62.6 92.1 69.0 75.8 68.7 74.0
$/8.d/4, + 2,4, 5T 27 26.8 322 34.8 18.3 40.3 234 458 4]1.2 64.4 46.3 79.8 59.0 40.4
” + Ethrel 29 95.0 117.3 80.6 39.8 58.7 41.2 47.7 36.4 73.9 55.7 64.4 60.7 70.5
” + Acetylene 30 113.3 40.9 68.7 223 40.8 224 35.1 376 53.5 43.7 72.9 45.7 549
Smm.d/4. + 2,4, 5-T 35 21.3 14.2 19.9 104 20.1 10.3 143 1.8 19.4 20.0 259 16.3 17.5
” +- Ethrel 37 63.4 4.0 522 24.83 321 23.0 220 159 238 17.7 283 16.0 350
” + Acetylene 38 247 11.5 23.8 8.0 14.7 316 7.6 3.8 6.2 4.6 74 6.3 124
§/2.d/2. (2« 2d/4) + Scraped+ Carrier 6 92.0 105.6 105.6 61.9 42.5 42.5 49.3 66.1 79.0 56.6 63.8 549 74.3
” ” + 2,4,5- 7 108.1 92.8 80.2 54.1 61.6 68.2 74.8 68.9 70.5 60.5 64.1 62.1 75.8
" v + Ethrel 9 150.3 123.3 106.9 60.4 54.5 514 65.5 60,1 593 58.8 62.0 46.9 84.8
" ” + Acetylene 10 1399 85.4 96.9 50.7 54.9 443 53.8 559 69.6 62.9 1.4 60.0 769
S/4.4d/2, 2~2d/4y + 2,4,5-T 44 55.0 59.6 65.5 357 51.7 381 509 574 68.9 58.2 837 654 57.9
" » -+ Ethrel 46 99.8 93.0 9.9 37.1 50.3 41.3 65.6 40.4 76.7 47.4 48.2 41.1 67.4
” ” + Acetylene 47 117.4 64.2 88.5 34.1 46,2 39,2 48.2 46.8 83.7 589 75.0 59,3 68.
4% 5rmm.dj2. (2% 2d/4) + 2,4, 5-T 39 4]1.7 385 42.1 17.8 29.3 19.3 17.2 11.1 27.0 224 264 226 29.5
” 7 -+ Ethrel 41 97.1 72.4 91.9 36.5 47.1 19.2 19.7 12.4 235 15.6 31.5 18.5 50.3
” ” + Acetylene 42 68.0 48.2 67.0 27.5 24.9 19.4 18.0 12.8 24.8 20. 23.5 17.0 37.1
S.E. 17.24 11.40 14.97 8.57 12.20 9.90 12.56 12.57 11.18 10.89 13.86 10.56 10.29
Min, sig. diff. (P < 0.05) 49.5 327 43.0 24.6 35.0 28.4 36.0 36.1 321 31.3 39.8 30.3 29.5
Mean over all tfreatments 89.3 741 77.5 39.2 523 42.7 54.7 499 69.0 511 63.6 51.5 63.5




TABLE 2. EXPERIMENT LF 1| — COMPARATIVE ADIUSTED

MEAN YIELD IN POUNDS PER ACRE

Yield (monthly)

Treatment No. Annual
yield
1 2 3 4 5 6 7 8 9 10 i1 12
5/2.d/2. Scraped + Carrier 1 254 239 273 134 154 119 199 171 233 209 190 176 2350
” + 2,4, 5T 2 334 258 303 153 201 161 251 191 297 267 259 256 2541
” + Ethrel 4 430 277 306 150 197 130 196 121 224 175 204 174 2583
” + Acetylene 5 401 236 336 138 187 149 240 178 343 221 221 225 2876
” + 2, 4, 5-T (below cut) 43 354 276 . 270 148 214 137 266 158 290 233 217 213 2775
. + Bromoethane 50 343 241 253 116 134 99 229 175 239 238 228 211 2514
5/4.d/2. + 2,4,5T 15 162 171 207 94 213 138 223 152 234 139 138 161 2032
" + Ethrel 17 335 222 303 143 177 108 180 106 162 130 127 127 2140
7 4+ Acetylene 18 349 168 260 90 113 68 129 99 147 130 152 141 1846
5/8.d/2. + 2,4, 5T 23 92 93 119 68 149 86 225 128 215 212 239 159 1786
* + Ethrel 25 297 236 203 70 99 41 74 31 86 64 88 68 1356
" -+ Acetvlene 26 240 119 203 52 88 37 63 40 129 97 129 94 1281
Smm.d/2. 4 2,4, 5T 31 i § 13 [ 32 19 42 21 36 36 52 49 312
” + Ethrel 33 121 93 82 2i 69 13 63 38 a5 10 12 6 564
" + Acetylene 34 6 46 74 29 36 17 44 25 52 51 57 50 577
8/2.4/4. + 2,4, 5-T 11 123 177 193 75 131 114 232 192 252 219 246 283 2237
" + Ethrel 13 383 324 337 145 212 119 215 162 265 189 199 158 2707
" 4+ Acetylene 14 295 176 242 83 157 25 175 90 221 166 210 195 2088
” + Ethrel (initial high dose) 49 407 289 294 133 219 206 305 189 265 211 21t 196 2928
S/4.d/4. + 2,4, 5-T 19 94 9] 130 52 102 34 153 101 154 154 178 175 1468
” + Ethrel 21 253 229 273 a7 144 89 142 107 133 110 130 114 1785
” + Acetylene 22 182 i13 180 60 83 53 101 83 142 122 116 122 1357
S/8.d/4. + 2,4, 5-T 27 43 47 57 25 56 30 78 52 100 78 120 100 786
” + Ethrel 29 178 187 152 60 104 57 91 53 121 106 105 115 1330
. + Acetylene 30 209 69 130 37 69 32 68 54 87 84 121 83 1050
Smm.d/4. + 2,4, 5-T 35 49 29 46 20 36 17 33 20 36 44 48 37 - 413
” <+ Ethrel 37 129 78 108 43 62 35 50 28 45 44 55 41 718
» + Acetylene 38 46 20 45 13 21 5 15 6 11 10 13 13 219
§/2.d/2. (2 x2d/4) + Scraped + Carrier 6 324 326 373 170 132 103 174 175 249 199 198 194 2616
" ” + 2,4, 5-T 7 399 292 292 160 192 166 269 188 232 2 215 227 2853
* ” + Ethrel 2 530 381 377 170 174 126 231 159 184 207 195 166 2900
” ” + Acetylene 10 462 262 338 i41 165 107 188 146 211 219 217 209 2664
5/4.d4)2. (2 x2d{4) + 2,4, 5T 44 202 187 235 102 159 94 182 154 214 209 270 234 2243
* i -+ Ethrel 46 385 297 337 110 176 105 241 117 256 183 177 159 2545
" » -+ Acetylene 47 425 202 318 101 153 97 173 127 274 217 248 214 2551
4x5mm.d/2. 2x2d/dy + 2,4, 5T 39 145 118 148 49 83 48 60 29 82 78 89 79 1009
* " + Ethrel 41 344 224 325 99 140 48 70 33 71 56 99 66 1573
- * -+ Acetylene 42 230 146 23 76 72 47 61 31 692 66 65 56 1150
S.E. 40.6 28.3 376 18.7 28.5 20.3 37.2 28.1 24.5 3.0 325 30.7 284.4
Min, sig. diff. (P < 0.05) 117 81 108 54 82 58 107 81 70 89 93 38 816
Mean over all treatments 255 183 220 91 129 84 151 103 168 142 154 141 1819




TABLE 3. EXPERIMENT LF.1— COMPARATIVE ADJUSTED MEAN YIELD OF TREATMENT IN POUNDS

PER ACRE
AS PERCENTAGE OF CONTROL
| Yicld (monthly) i
Treatment No. | | Apnual
i \ yield
| | 1 2 3 4 5 6 7 8 9 10 11 12
5/2.4/2. Scraped -+ Carrier 1 100 100 100 100 100 100 100 100 100 100 100 00 - 100
. + 2,4 5T b2 132 108 111 114 131 135 131 112 127 128 136 146 1 125
" -+ Ethrel 4 169 116 i12 112 128 109 98 71 96 84 107 99 ¢ 110
" + Acetylene 5 158 99 123 103 122 125 121 104 147 106 116 128 12
" + 2, 4,5-T (below cut) 43 140 116 99 110 139 115 134 92 125 111 114 121 118
+ Bromoethane 50 137 101 93 87 88 83 115 102 102 114 120 120 1 107
5/4.4/2. +2,4,5T | 15 64 72 76 70 138 115 112 89 101 66 73 o1 86
" + Ethrel 17 1 140 93 111 107 115 91 90 62 70 62 67 72 91
+ Acetylene 18 137 70 95 67 74 57 65 58 63 62 80 80 79
S/8.4/2. +2,4,5.T 23 36 39 44 50 97 72 113 75 92 101 126 91 76
. |- Ethrel 25 1117 99 74 52 64 34 37 18 37 31 46 38 58
+ Acetylene 26 9% 46 74 39 §7 31 32 24 55 46 68 54 55
Smmdf2. 4 2,4,5T 31 0 2 5 5 21 16 21 12 15 17 27 28 i3
" -+ Ethrel 33 43 39 30 15 45 11 32 22 15 5 7 3 24
+ Acetylene 34 38 19 27 2 23 14 22 15 22 25 30 28 25
5244 +2.4,5T 11 49 72 71 56 85 95 117 12 108 105 129 161 95
" + Ethrel 13 151 136 123 108 138 100 108 95 113 91 105 80 115
; + Acetylene 14 116 73 89 62 102 71 88 53 95 76 110 111 89
i -+ Ethrel (initial high dose) 49 160 121 108 99 142 173 154 111 114 1 111 112 : 125
|
S/4.d/4. +2,4,5T 19 37 38 48 39 66 71 77 59 66 74 94 e 62
" + Ethrel 21 100 96 87 72 93 75 71 63 57 53 68 65 76
+ Acetylene 2 72 47 66 45 54 45 51 49 61 59 61 69 58
|
S/8.d/4. 4- 2, 4, 5T 27 17 20 21 19 37 25 39 3 43 37 63 57 33
N + Ethrel Lo29 70 79 56 45 67 48 46 31 52 51 55 6 57
+ Acetylene 30 82 29 48 28 45 27 34 32 37 40 64 50 ; 45
Smm.d/4.  + 2,4, 5T 35 19 12 17 15 %4 14 17 12 15 21 25 21 18
v + Ethrel 37 51 33 39 32 40 29 25 17 15 21 29 23 31
+ Acetylene 38 18 8 16 9 14 5 8 4 5 5 7 8 9
$/2,d/2. (2%2d/4) -+ Scraped + Carrier 6 128 137 136 127 86 86 87 102 107 95 104 110 111
N T+ 2,45T 7 157 122 107 120 124 139 135 110 100 106 113 129 i 121
" ” -+ Ethrel 9 209 159 138 127 113 105 116 93 79 99 103 94 123
® 4 Acetylene 10 182 110 124 106 107 89 94 85 50 105 114 119 113
5/4,4/2. 2x2d/4)  + 2,4, 5T | 4 80 78 86 77 104 79 91 90 92 100 142 133 95
” + Ethrel 46 152 125 124 83 115 88 121 68 110 88 93 91 108
"+ Acetylene [ 47 167 85 117 76 99 81 87 75 118 104 131 22 109
4x Smm.dj2. (2%2d/4) + 2,4, 5T .39 57 50 54 37 54 40 30 17 35 37 47 45 | 43
N " + Ethrel 4l 135 94 119 74 91 40 35 19 30 27 52 37 67
»  + Acetylene | 42 9 61 85 57 47 40 30 18 30 32 34 2y 49
! |
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In Treatment No. 2, 2.4,5-T was applied
in this manner to trees tapped on $/2.d/2,
giving a direct comparison with application
under the cut with the same tapping system
(Treatment No. 43).

 Ethrel. Two applicators were used on each

tree; except in the case of Treatment No. 41,
one applicator was placed about 12 in.
(30 cm) vertically below the original half-
spiral cut and the other directly opposite
on the other side of the tree [Figure 4{a)].
For Treatment No. 41, with the 4 X S5Smm
df2 (2 x 2d/4) tapping system, each applicator
was placed within a group of four micro-cuts.
One of the applicators was thus on virgin
bark above Panel D [Figure 4(b}]

Ethrel as supplied by the manufacturers
(3 ml) was diluted further with propylene
glycol (21 ml). Half this mixture (12 mi} was
injected through the polythene cover into the
paper pad in each applicator with a hypoder-
syringe, and the hole then sealed @ with
ammoniated latex concentrate. The total
dose of Fthrel per tree, in Treatments No.
4, 9,13, 17, 21, 25, 29, 33, 37, 41, and 46 was
thus 3 ml of the commercial formulation or
1.44 g of the active ingredient. Treatment
No. 49 was given an initial high dose of Ethrel
(viz., 3 ml of commercial fermulation) plus
21 ml of propylene giycol in each applicator,
applied by the same technique. The total
dose per tree was thus 6 ml or 2.88 g of the
active ingredient.

Acetylene. Two applicators of the type
described earlier and shown in Figure 2 were
placed on each tree, the positions being the
same as in the corresponding Ethrel treatments.
The dose-size was the same for all treatments
{No. 5, 10, 14, 18, 22, 26, 30, 34, 38, 42 and
47) and was determined by the amount of
calcium carbide used; this was 30 g per
applicator or 60 g per tree. The carbide was
placed in an open polythene sachet in the bag
of each applicator, out of contact with the
bark, and allowed to react with moisture,
presumably arising from the bark, thus
generating acetylene which came in contact
with the area of scraped bark inside the
applicator frame. The amount of acetylene
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theoretically available from the hydrolysis
of 60 g of pure calcium carbide would be
21 litre, measured at standard temperature
and pressure, The commercial calcium carbide
used was rated by the suppliers to yield
acetylene at the rate of 15 litre from 60 grams.

Bromoethane. This was applied to only ten
trees (Treatment No. 50). Two applicators
of the same design and placed in the
same positions as in the corresponding treat-
ment (No. 5) with acetylene, were used.
Bromoethane (10 g) in an open glass tube
was placed in each applicator and allowed
to evaporate into the space in contact with
the scraped bark (b.p. of bromoethane is
38°C).

Ethylene oxide. This was applied to the
trees in eleven treatments using the same
range of tapping systems as with Ethrel and
acetylene. Acetylene-type applicators were
used, two being placed on each tree in the
same positions as in the corresponding
treatments with acetylene. The technique
was essentially the same as that used with
bromoethane, but the dosage was only 5 mt
per applicator or 10 ml per tree. Because
of its extreme volatility (b.p. of ethylene
oxide is 11°C), the ethylene oxide was chilled
in a mixture of alcohol and solid carbon
dioxide for transport to the field and placement
in the applicators.

(d) Controls. The basic control was
Treatment No. 1, tapped §/2.4/2 without
stimulant. These trees were however scraped
below the cut and palm oil/petrolatum
(5 : 3 w/w) was applied to the 1}in. band
of scraped bark.

~ Treatment No. 6 [5/2.d/2 (2 x 2d/4)]
provided an additional unstimulated control.
In this case, two bands of standard width
and S/4 length were scraped on opposite
sides of the trees near the base and treated
with palm oil/petrolatum. This control was
thought necessary because the tapping system
is of 1009 intensity and hitherto litile
information has been published about its
effects on yield. No unstimulated controls
with tapping systems below 1009 intensity
were used, because these could be expected
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interest of these systems was in their per-
formance when stimulated. Yields from all
systems were therefore related to those from
the unstimulated $/2.d/2 control (Table 3).

As already indicated, the 2,4,5-T itreatments
were included as a standard of comparison
(‘positive control’) for the newer stimulants.
There was thus a 2,4,5-T treatment for each
tapping system (Table 1).

{e) Reapplication of stimulunts., After the
first application of stimulants, yield trends
were observed and it was decided to apply
the stimulants again when the effects had
subsided, i.e., when the yields were returning
to pre-treatment levels. On this basis ( Figure
5), the second application was made after
two months, i.e., on 28 January 1969. Further
applications were made at two-monthly
intervals thereafter, with the exceptions noted
below.

(i) In the case of trees treated with 2,4,5-T
near the base, the expected bark damage
occurred and it was not possible to reapply
the stimwlant on the same site. The second
application was therefore made to a fresh
band of scraped bark immediately above
the first and each subsequent application
was made just above the preceding one.

(i) Where application of 2,45T was
made below the cut (Treatment No. 43),
subsequent applications were also made
below the cut, but at intervals of four instead
of two months, approximating to commercial
practice,

(iii) Reapplications of Ethrel were made
by the same technique as the original
applications and to the same sites. The only
exception was Treatment No. 49 which had
received an initial high dose of Ethrel: this
was given only the same dosage as in the other
Ethrel treatments at the second application.
Bark damage was observed inside the
applicators in this case and, before the third
application (on 28 March 1969), a new
applicator was placed at the left of the original

site. The standard dose of Ethrel, not the

initial high dose, was then given and repeated
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at the fourth, fifth and sixth applications
without again moving the applicators.

Reapplications of acetylene from carbide
were made without changes of technigue, site
or dose level. The residue of hydrolysed car-
bide and its containing sachet were removed
from each applicator bag before the re-
application. Reapplication of bromoethane
were also made without changes.

(iv) The trees treated with ethylene oxide
gave very high yields of latex initially but
the bark cracked inside the applicators and’
large quantities of latex ‘bled” from the cracks.
Within the first month, necrosis of bark began
and dryness occurred at the tapping cuts.
No reapplications of ethylene oxide were
made and thesc treatments were deleted
from the experiment.

Modifications after One Year

After the experiment had run for twelve
months, many changes were made in the
treatments; in effect, the trial was converted
into a preliminary study of different application
techniques for Ethrel and acetylene. The
present paper is concerned mainly with the
results of the first year which are presented
in detail. The changes at the beginning of
the second year, and their consequences,
are then discussed briefly.

RESULTS AND DISCUSSION

The mean yields in grams per tree per tapping
for the first year are given in Table I. The
mean yields in 1b per acre are given in Table 2,
expressed relative to control (= 100) in Table 3
and plotted in Figure 5(a-1). Owing
to the heterogeneous nature of the planting
material and the small number of trees in
each treatment, the standard errors and
minimum significant differences shown in
Tables 1 and 2 are large and most of the
differences between individual treatments
are not significant. Moreover, there were
progressively declining responses in yield
to successive applications of the novel
stimulants (Table 3 and Figure 5), so that
differences due to them were not evident in
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the latter periods or in some cases in the
annual means.

The improvement in response to successive
applications of 2,4,5-T (Table 3 and Figure 5)
was possibly due to the progressive reduction
in the distance between the site of each new
application and the cut. On the other hand,
the generally deteriorating responses to
successive applications of acetylene and Ethrel
can be attributed to these reapplications
being made on the same site. This explana-
tion is confirmed by:

(i) the good response to the third application
of Ethrel at the usual rate in Treatment
‘No. 49 (§/2.d/4 initial high dose of Ethrel)
when the applicator was moved [Table 3
and Figure 3(f)];

(ii) good responses at the beginning of the
second year of the experiment when all
application sites were changed; and

(i) further experiments, reported in the
next paper in this series, which show that
sustained responses to reapplications can be
obtained provided the site of application is
changed regularly.

Therefore the responses during the first
period of two months following the first
applications, ie., before the declining trends
became evident, are of most interest. They are
treated separately in addition to the annual
means in the following analyses.

Twenty-four of the treatments may be
analysed as a factorial of 3 stimulants x 2
frequencies of tapping x 4 lengths of cut.

Also, the nine treatments involving multiple
cuts may be analysed as a factorial of 3
stimulants x 3 lengths (or types) of cut.

The remaining five treatments, including
the unstimulated controls, are entered in
the following analyses of variance as additional
treatments. These analyses enable main
effects and interactions to be established
with confidence, especially for the first two
months after the initial application of
stimulants. The analyses of variance are
given in Table 4.

Mean Yields in Grams per Tree per Tapping

The two-way tables are given in Table 5.
- There are highly significant effects of length

105

of cut and frequency of tapping: the interaction
between them is significant for the whole
year although only dubiously so for the first
two months (Table 4}, Ethrel is significantly
superior to the other two stimulants; this
is very marked during the first two months,
when acetylene is also clearly superior to
2,4,5-T. There is a significant interaction
between stimulants and frequency of tapping:
Ethrel was the markedly superior stimulant
with the less frequent tapping system (d/4).
The multiple-cut systems differ significantly
among themselves; there are significant
differences during the first two months between
the stimulants applied to them in descending
order: Ethrel, acetylene, 2,4,5-T. Most of
the variation among the five additional
treatments is accounted for by the much
greater yields in Treatment No. 49 with
the initial high dose of Ethrel and changed
site of application.

No marked interaction beiween stimulants
and lengths of cut is apparent in the yield
per tree per tapping (Table 4) but it becomes
obvious if the yield is expressed in milligrams
of rubber per millimetre of cut per tapping
{Table 6). There is a striking increase in
vield per millimetre as the length of cut is
reduced, with all stimulants. During the
first two months the effect is most marked
with Ethrel followed by acetylene and 2, 4, 5-T.
The influence of length of cut on the pattern
of latex flow and the possible implications
for vyield stimulation were discussed by
SOUTHORN AND GoOMEZ (1970). It may also
be noted that with two exceptions the yield
per millimetre of cut is greater in the d/4
than in the d/2 tapping systems in the
annual yields.

Treatments involving double cuts and hence
panel changing gave increased yields in all
combinations with and without stimulant,
during the first two months (Table 7) but
not consistently over the whole year. An
increase in yield due to panel changing may
be the result of extension of the drainage
area. However, there may be further inter-
actions with length of cut or the use of
stimulants or otherwise; the design of
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TABLE 4. ANALYSES OF VARIANCE

Mean squares
Degree . T
Source of g/tree/tapping ‘ Ibfacre
‘freedom
\ First I First
Annual two months Annual two months
Lengths of single cuts 3 14 982 *+* 20 580 %+ 9 373740 ** | 424 611 **
Stimulants 2 1041 * 12 644 **x 228 806 N.§.! 256 352 “*
Frequencies of tapping 1 T 397 *9* B 640 **» 1425541 * | 134 196 *+*
Cuts x Stimulants 6 36 M.S. 296 N.S. 18360 N.S.| 4330 NS,
Cuts x Frequencies 3 1035 ** 989 (P<0.1) 129769 N.S.| 15043 NS,
Stimulants x Frequencies 2 870 * 2314 = 310787 N.S. 4 820 N.S.
Cuts » Stimulants x Frequencies 6 96 N.S. 505 NS, 99145 N.S, 9 485 NS,
Single-cut treatments 23 2611 *** 4 698 a4 1379143 #%+ | 89495 **x
|
|
Lengths of multiple-cut systems 2 2 4B7 w*+ 4 625 *e= 4013 529 *x+ 210 125 **«
Stimulants 2 256 N.S. 2471 *»* 147 509 N.S. 111 649 *4«
I
Multiple cuts % stimulants 4 42 N.S. 121 N.&. 59019 N.S.! 6294 NS.
I
Muiltiple-cut treatments 8 TQ7 = 1 834 *%» 1069 769 #** | 83 590 *uw
Between additional treatments 4 3300 ve* 6201 **= 100832 N.S.| 11757 N.S.
Between groups of treatments 2 3 98F we* 761G *#4x 6 584 271 *¥* | 336 521 *#»
‘ |
! |
Between all treatments 37 2348 #ax | 4400 *4e 1455414 *** | 103 978 **+
Blocks 1 94 N.S. 26 NS, 259 283 N.S, 6173 N.S.
Effective error 36 212 379 161 759 8432
*P< 0.05 *P< 001 #*=* P < 0.001 N.5.: Not significant
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TABLE 5. TWO-WAY TABLES FOR ANNUAL AND FIRST TWO MONTHS' MEAN YIELDS IN GRAMS PER TREE PER TAPPING

Annual I First two months
Length of single cut x frequency of tapping
Frequensy ——08€ U §p g4 S8 Smm| Mean  SE |Frequency Single cut] g §4 S8 Smm|Mean SE.
a2 768 551 403 139 | 465 +297 dan 975 706 529 190 (600 - 398
a4 1269 816 553 216| 74 3.9 a4 1503 953 714 303|868 (114
S.E. 1594 (17.0) SE. 1795 (22.8)
Mean 1019 684 478 178 | 590 Mean 1239 5 622 6|74
S.E. + 4.20(12.1) S.E. + 5.62(16.1)
Stimulant on single cut x frequency of tapping
Frequensy ~——umulant| 5457  Acetylenc Ethrel| Mean  SE. |prequency Stimulant | 5 4 6T Acetylene Ethrel | Mean  S.E,
d/2 45.0 414 472 | 465 + 297 d2 415 63.7 748 | 600 + 398
d/4 61.2 63.8 891 | 714 .5 di4 495 822 1287 [868  (1i.4)
SE. 1515 (14.8) SE. +6.89(19.8)
Mean 53.1 55.6 682 | 590 Mean 455 729 1017 [ 73.4
SE. +3.64(10.5) SE. 14.87(14.0)
Stimulant x multiple—cut system
Mol Simlant | 5 45T  Acetylene  Bthrel| Mean  SE. [y oo SUmulant| 5457 Acetylene  Ethrel|Mean  SE.
$/2.4/2(2 % 2d/4) 758 769 848 | 792 $/2.4/2(2 % 2d/4) 100.9 1108 1377 | 1165
$/4.0/2(2 x 24/4) s79 688 e74 | &7 LS| SiHd20xd4) sT2 o7 %67 | 81 PR
4/5mm.d/2(2 x 24/4) 295 37.1 503 | 390 : 4/5mm.d/2(2 x 2d/4) 202 58.8 856 | 615 :
SE. +10.29(29.5) S.E. +13.77(39.5)
Mean 54.4 60.9 67.5 | 609 Mean 66.1 874 1067 | 867
S.E. 15.94(17.0) SE. 47.95(22.8)
Additional treatment
Treatment Mean S.E. Treatment Mean S.E.
§/2.d/2.(Scraped and carrier only) 64.5 8/2.d/2.(Scraped &nd carrier only) 75 5
§{2.4/2. Bromoethane 69.8 11029 8/2.4/2. Bromoethane 11377
S/2.d/2. (2 x 2d/4) (Scraped and carrier) 73 0 s,rz 3/2. (2% 2d/4) (Scraped and carrier) 98.4 N
S/2.d/2. 2, 4, 5T (Below cut) 781 M §2.d/2. 2, 4, 5-T (Below cut) 087
S/2.d/4. Ethrel (Initial high dose) 161.8 S/2.d/4. Ethrel (Initia) high dose) 214.5

Note: Figures within brackets denofe minimum significant difference (P < 0.05).
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TABLE 6. ANNUAL AND FIRST TWO MONTHS' MEAN YIELD EXPRESSED AS
MILLIGRAMS PER MILLIMETRE OF CUT PER TAPPIMG

Mean Annual* First two monthst
Length | length )
of cut ((Jf cu)t 2.4, 5-T ( Acetylene Ethrel 2,4,5T Acetylene Ethrel
mm s
] da/2 d/4 d;2 d/a | dj2 i d/4 d/2 d/4 d/2 d/4 d/2 d/4
52 495 164 237 154 230 148 302 | 186 202 186 284 Lo213 424
S/4 | 235 211 | 297 | 238 | 3151 255 | 430 | 195 24| I 373 | 356 617
S/8 115 379 351 333 477 340 613 | 245 257 462 670 663 923
5 mm 5 | 1140 | 3500 | 3860 ‘ 2480 | 3340 | 7000 | 310 | 3550 4980 | 3620 | 6360 |10 ';;40

* Unstimulated control 5/2.d/2 : 130 mg/mm/tapping
4 Unstimulated control §/2.d/2 ; 153 mg/mm/tapping

the present experiment does not permit
elucidation of these points.

Mean Yields in Pounds per Acve

None of the interactions in the analyses
of variance are significant for vield per acre
{Table 4). Therefore only the main effects
in the orthogonally arranged treatments are
given in Table &; all these — lengths of cuts,
stimulants and frequencies of tapping - are
highly significant during the first two months.
Comparisons. between the stimulants show
Ethrel to be superior to acetylene which in
turn is superior to 2,4.53-T. Significant
differences due to stimulants are not found
in the annual data, which is a consequence
of the declining responses already discussed.

There is no significant interaction between
stimulants and frequencies of tapping in
yield per acre per year (or during the first two
months) by contrast with that seen in the
analyses of the yields per tree per tapping.
This arises because the favourable com-
binations in yield per tapping (Ethrel with
d/4 systems) are tapped less often and
contribute less to yield per acre over the whole
period. The treatment with initial high dose
of Ethrel was also tapped d/4 and not
surprisingly does not differ significantly from
the other additional treatments.

The response to bromoethane is dis-
appointing even during the first two months.
However, this and other halogenoparaffins
have been studied separately (PAKIANATHAN,
1970).

QObservations on Applicators

Experience with the expanded polystyrene
applicators showed that it was very time-
consuming to fix them to the trees and achieve
a good seal. They often did not adhere well
to the lightly scraped bark and therefore had
to be resealed. The difficulty was partly due
to the relative rigidity of the applicators;
in addition, the expanded polystyrene was
found to be somewhat permeable to liquids
and to lack durability in the field. The design
of the applicator was subsequently modified
but it was also felt that the use of applicators
might not be attractive in practice even if the
alternative designs worked better.

Effects of Novel Stimulants on Trees

With any experimental vyield stimulant,
the possibility of deleterious effects on the
trees must obviously be investigated. A
progressive fall in the dry rubber content, an
increased incidence of dryness at the tapping
cut and bark damage are all effects which
might occur and would be readily detectable.
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TABLE 7. MEAN YIELDS IN GRAMS PER TREE PER TAPPING OF SINGLE AND
DOUBLE CUT (PANEL CHANGING) SYSTEMS OF THE SAME INTENSITY FOR
THE FIRST TWO MONTHS AND FOR ONE YEAR

! :
| Annual ., First two months
Treaiments :

. Single Double | Single  Double

|
§/2.4/2 versus S/2.d/2. (2 x 2d/4) ;
Control, scraped and carrier only 64.5 74.3 75.5 98.4
2,4,5T ! 81.1 75.8 92.6 100.9
Acetylene 760 76.9 . 932 110.8
Ethrel 73.2 84.8 106.6 137.7
SE. i +10.29 +13.77
Min, sig. diff.* | 29.5 39.5

|
Mean 73.7 78.0 92.0 112.0
S.E. . + 515 + 6.89
Min. sig. diff. 14.8 19.8
S/4.d/2 versus $/4.4/2. (2 X 2d/4) f
2,4, 5T ! 49.5 57.9 453 57.2
Acetylene 56.0 68.8 8L.8 92.6
Ethrel 599 67.4 84.7 96.7
S.E. ) +10.29 +13.77
Min. sig. diff. 29.3 r 39.5

|
Mean 55.1 64.7 I 70.6 82.2
S.E. 4 594 + 7.95
Min, sig. diff. 17.0 22.8
Mean over all treatments 65.7 723 §2.8 99.3
S.E. ) ! + 3.89 + 5.20
Min. sig. diff. 11.1 14.9
*P < 005

Dry Rubber Content

Determinations of the dry rubber content
(d.r.c.) were made on latex from the untreated
$/2.d/2 control and trees treated with Ethrel,
acetylene, bromoethane or 2,4,5-T on the same
tapping system (Treatments No. 1, 4, 5, 50
and 43). They were also made on latex from
trees tapped S/8.d/2 and treated with Ethrel,
acetylene or 2,4,5-T (Treatments No. 25, 26
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and 23). These tapping systems were chosen
because they represented two widely different
tapping intensities and because it was
impractical to sample all the treatment in
the experiment.

For each of the treatments sampled, a
determination of d.r.c. was made twice each
month from each of the two groups of five
trees in each treatment (see “Tapping system’).
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TABLE 8. ANNUAL AND FIRST TWO MONTHS® MEAN YIELD IN POUNDS PER ACRE

: First i First
Single cut Annual two months Multiple-cut system Annual two months
8/2 2572 569 | 8/2.d/2(2x2d4/4) 2806 775
S/4 1772 398 b 8/4.4/2(2x 2d/4) 2446 566
5/8 1265 300 4/5mm.d2(2 x 2d/4) 1244 402
5 mm 467 119 i
S.E. +116.1 1-26.5 ' S.E. +164.2 +37.5
Min. sig. diff.* 333 76 | Min. sig. diff. 471 108
2,4, 5T 1497 221 2,4, 5T 2035 447
Acetylene 1412 344 Acetylene 2122 576
Ethrel 1648 474 Ethrel 2339 720 -
S.E. +100.6 +23.0 S.E. 4-164.2 +37.5
Min. sig. diff, 289 66 Min. sig. diff. 47 10.8
| I
d/2 | 1691 399
d/4 ‘ 1347 294
S.E. +82.1 +18.8
Min. sig. Giff. 236 54
«P < 0.05

The four values so obtained were averaged
to give a ‘monthly d.r.c.’ for the treatment
concerned.

The ‘monthly d.r.c.’ of latex from trees
treated on S§/2.d/2 with Ethre! or acetylene
was generally below that of the untreated
control but the effect did not appear to be
serious or progressive. The lowest monthly
d.r.c. with 8/2.d/2-Ethrel was 28.1 and with
8/2.d/2-acetylene 29.7 For the untreated
control the lowest value was 36.1. The lowest
value was 28.2. with 5/2.d/2-2,4,5-T and 36.9
with §/2.d/2-bromoethane, These minima were
observed around the middle of the first year.

The general level of d.r.c’s from the S/8
treatments was higher than that from the
$/2 treatments. Again, there was no profound
or progressive drop in d.r.c. under the action
of the novel stimulants.

A more detailed account of d.r.c. results
seems unjustified while there appeared to
be no indication that any of the experimental
treatments had to be rejected on the basis
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of their effect on d.r.c.; it was obvious that
further experimentation would be needed
to define the effect accurately.

Incidence af Dryness

Tapping cuts were inspected regularly and
the incidence of partial or total dryness was
recorded. At the end of the first year, eight
trees out of the 380 in the experiment were
completely dry at the cut. This is quite a small
incidence of dryness for trees of this age and
the dry trees appeared to. be randomly
distributed among the treatments. Some trees
were observed during the year to go completely
dry at the cut and then to recover.

Bark Damage

Bark damage, as already noted, occurred
on many of the trees where 24,5-T was
applied near the base. This took the expected
form of proliferation of hard, corky tissue
with a cracked and lumpy surface. There
was also ‘bleeding’ of latex from such sites,
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The bark inside applicators for Ethrel
and acetylene was examined early in the
second year when the original applicators
were no longer being used. In treatments
with the standard dose of Ethrel, there was
extensive corky proliferation at the site of
application but the thick outer layer was
distinctly different from that produced by
24,5-T. Tt was much softer and spongier
and could be detached very readily from
the latex-bearing tissue beneath. Cracking
and ‘bleeding’ appeared in only a few cases.

In the group of trees (Treatment No. 49)
which received an initial high dose of Ethrel
(and of propylene glycol), observations were
made at & much earlier stage when the site
of application was changed. In this case,
cracking and ‘bleeding’ were common,
proliferation of cork also developed. It was
not clear whether the various effects observed
were due to Ethrel alone or whether the
propylene glycol contributed to them. A
further possibility was an effect of the peculiar
(probably unhealthy) environment within the
closed applicators.

The bark inside acetylene-applicators
showed a corky proliferation rather similar
to that seen with Ethrel, No cracking or
‘bleeding” was observed.

Bromeethane produced a distinctly different
type of damage. There was little proliferation
but the bark inside the applicator became
extremely hard, cracked and dry; parts of
it appeared to be dead.

The observations with Ethrel and acetylene
suggested that they were potentially less
damaging than 2,4,5-T. RIBAILLER AND
D’'AuzAC (1970) have concluded that Ethrel
does not provoke the disorgansied proliferation
of tissue caused by 2,4-D or 2,4,5-T.

Changes in Methods in the Second Year and
Preliminary Results

The results from the first year of the
experiment showed that when Ethrel was
applied to trees in applicators on a fixed site,
the response deteriorated with successive
reapplications. There was a renewed response
to Ethrel in Treatment No. 49 when the site
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was changed. By the time Experiment LF.l
had been running for a year, other experiments
(described in subsequent papers) had confirmed
the necessity of changing the site of application
of Ethrel to bark and had also shown that
Ethrel was effective when ‘injected’, i.e.,
placed in a borehole drilled into the wood
near the base of the tree.

Therefore, the use of applicators for Ethrel
was discontinued at the beginning of the second
year; in all but one of the Ethrel treatments
application was made by ‘injection’ into a
borehole. In the exception (Treatment No.
49), reapplication of Ethrel was made to
scraped bark below the cutin a palm oil carrier.

Such techniques are the subject of later
papers in this serigs and will not be detailed
here. The results are of some interest, though
they must be regarded with caution because
of the short period of time to which they refer.
The respense to Ethrel at the first application
of the second year was, in most treatments,
comparable to or greater than that seen a year
earlier with Ethrel-in-applicator. In the one
treatment where Ethrel was applied in palm
oil, the response was approximately equal
to that obtained by injection. With every
tapping system, the yields (total per month)
were greater than those obtained with 2,4,5-T
and with one exception the yields from short
cuts, micro-cuts and systems of reduced
frequency were greater than from the
unstimulated §/2.d/2 control, during the first
month. The exception was Treatment No. 38,
5 mm. d/4. Although the yield in this case
did not reach that of the S/2.d/2 control, the
increase in yield after treatment was large.

Overall, the resulis confirmed the expecta-
tion that trees which had ceased to respond to
Ethrel would do so again if the site of
application was changed.

Although results from the first year showed
that acetylene was generally less effective
than Ethrel, it seemed possible that changes
in the method of application might improve
its performance. Two different methods of
application were tried at the beginning of the
second year. In the first, an attempt was
made to inject acetylene from a generator
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containing carbide and water into a borehole
near the base of the tree. This was abortive.
In the other a modified applicator was used,
which was designed to bring acetylene into
contact with a much larger area of bark
[somewhat as in the experiments of Banchi
(1968), BawncHI AND POLINIERE (1969) and
ABRAHAM et al. (1968)).

With this second procedure, the initial
response to acetylene was very striking. With
every tapping system the trees out-yielded,
in the first month, those treated with 2,4,5-T
or Ethrel. The yields from short cuts and micro-
cuts were particularly noteworthy since with
all but one of these systems the yields were
greater than those from the §/2.d/2 control.
The performance even of the exception
{Treatment No. 38, 5 mm d/4), was rather
remarkable since the amount of latex obtained
from this minute cut, tapped fourth-daily,
approximately equalled that from the 8/2.d/2
unstimulated control.

The very high yields obtained from micro-
cut systems with acetylene in the modified
applicator and with ‘injected” Ethrel recall
the prediction of SoutHorRN (1969b) and
SoutHORN AND GoMEz (1970) that, with a
sufficiently active anti-plugging agent, flow
from a very short cut “should continue at
a low rate for a very long period”. However,
much more experimentation will be needed
to determine whether the result can be
reproduced on a large scale, with repeated
applications and without damage to the trees,

CONCLUSION

This trial showed that Ethrel was a very
promising stimulant, superior to 2,4,5-T
especially with systems of reduced tapping
intensity. It was also evident that when Ethrel
is applied to bark, means must be found
to change the site of application in order
to maintain response.

Acetylene gave results qualitatively similar
to those with Ethrel. With the applicator
used during the first year, the results were in
general quantitatively inferior to those with
Ethrel. As with Ethrel, it appeared necessary
to change the site of application periodically.
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Preliminary results with the modified
applicator indicated that acetylene was worthy
of further investigation: optimum conditions
for its use have not vet been defined.

Although they served the purposes of the
experiment, none of the treatments used
in the first year would appear to have
application to plantation practice. The
reasons are obvious from the foregoipg
Discussion; the development of more
practicable procedures, especially with Ethrel,
is described in the next paper in this
series.
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