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Tapping Intensity and Response 1o Yield Stimulation

P.R. WYCHERLEY*

The relationship between response to stimulation and tapping system is examined. The response
is much reduced in long-cut systems compared with half-spirals ; the modification of response by

frequency is less consistent.

The effects of tapping system on response seem to operate through

their effect on late drip and d.r.c., which are investigated by correlation analyses and analyses
of variance of response, girth increment, late drip and d.r.c. according to tapping system, experi-
ment (clone}, vear and frequency of stimulation,

Stimulation of Hevea to obtain greater yields
of rubber by application of chemicals to the
latex-bearing tissues of the tree is now well
established in commercial practice. In this
paper the discussion is confined to stimulants
containing 2,4-D (2,4 dichlorophenoxyacetic
acid), 2,4,5-T (2,4,5 trichlorophenoxyacetic
acid), their salts and esters, which are ap-
plied in greases or pastes to the bark of the
tree. 'The carriers in these greasy mixtures
are vegetable and/or mineral oils, e.g. palm
oil and petrolatum respectively. The bark
is lightly scraped to remove the outer cork
when application is made below the tapping
cut. 2,4-D is usually employed at 1.59%,
acid equivalent and 2,4,5-T at 1.09%;.

In this paper, response is defined as the
ratio of the yield of dry rubber from sti-
mulated to that from unstimulated control
trees. The stimulated and control trees
are of the same cultivar, age, location and
history, and are tapped on the same tapping
system in all comparisons of response to
stimulation. Although the absolute diffe-
rence in yield between stimulated and control
trees is of economic importance, the ratio
is used here as a measure of the physiological
response. 'The ratio or relative response
is expressed as percentage of control.

The percentage responses to stimulation
found by DE JoNGE (1955) of clonal seedlings

*Now at King's Park and Botanic Garden, Perth,
Western Australia,
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tapped on the second panel of bark of first
renewal over one year, during which three
applications of stimulant were made at
four-monthly intervals, were:

Tapping system Response
2C/[1.d/3.2679, 9 months

2C/1.d{2.400%, 3 months ¥
2C[1.d/3.267%, 102
2C/1.d[4.200%, 140

The RuUBBER RESEARCH INSTITUTE OF
Maraya (1960) reported an experiment on
mixed buddings in which Iow cuts were in
the first panel of bark of first renewal and
high cuts were in virgin bark. The factorial
experiment compared all combinations of
{(a) alternate versus third-daily tapping,
(b) low 5/2 cuts alone, high V/2 cuts alone
or double 2C/2 cuts, and (c) unstimulated
versus stimulated at six-monthly intervals,
The percentage responses to stimulation
were:

F Low High Double
requeney g V)2 2C/2
;2 136 163 129
d3 148 265 130

COMMUNICATION 581
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In both the foregoing examples the res- -

ponse to stimulation increased as the in-
tensity of tapping decreased. DEe JONGE
(1961) generalised to this effect. Further
support came from ANLIKER AND SCANLON
(1965) who experimented with buddings
(twenty-five to twenty-nine years old) of
five clones. They compared two methods
of applying 2,4-D stimulant, namely above
and below the cut, with untreated controls
combined factorially with three tapping
systems for thirty months, The percentage
responses were as in Table I. Although
the $/2.d/1.23d/46.100%, system was of the
same percentage intensity as the S/2.d/2.
100%, the responses to stimulation were
poorer on daily periodic than continuous
alternate-daily tapping with one exception
(War 4 below the cut).

The orthogonally designed experiments
on trees tapped on the first panel of bark
of first renewal by DE JoNGE AND Tan {1969)
gave a less consistent relationship between
response and intensity of tapping. Their
results for three years with clones PB 36
and PR 107 and for two years with Ch E
Garden Seedlings are summarised in Table 2,
Only in PR 107 is there a significant negative
correlation between percentage response and

percentage intensity of tapping. In both
clones PB 86 and PR 107 response declines
in general as the cut length increases,
but in Ch E seedlings the three-quarter
spiral cuts give a better response to stimu-
lation than either half- or full-spiral cuts.
The relationship between response and
frequency of tapping is net consistent for
either any cultivar or Iength of cut.

The purpose of this paper is to examine
the response to stimulation in relation to
tapping system using the data from the
series of tapping experiments reported by
Ne et al. (1965), N et ai. (1969) and Ng et al,
(1970). The designs and details of the
experiments have been given by Ng et al.
(1965 and 1969).

EXPERIMENTAL

The tapping experiments arc designated
Panel A and Panel B according to whether
the first or the second panel of virgin bark
is tapped. The locations of those considered
here are indicated as Estate I, Port Dickson,
(Panel A and B experiments), Estate II,
Rengam, (Panel A experiments) and Estate
1V, Klang, (Panel B experiments). Eleven
Panel A experiments, three at Estate 1

TABLE 1. PERCENTAGE RESPONSE TO STIMULATION
(Data from ANLIKER aND ScaninoN, 196%)
. Clone
Stnﬁu.;l;r;; Tapping system
applic ! War 4 _AVROS 4% BD 5 Tjir1  AVROS 50
! $/2.d/1.23d/46.100%, 151 124 115 116 120
|
Above- 1 512.4/2.100% 174 147 136 124 127
S/2.4/3. 67% 219 180 164 151 144
‘ $/2.4/1.23d/46.100% 127 96 104 112 100
Below- $/2.d/2.100% 115 127 108 116 114
$/2.4/3. 67% 144 130 122 120 122
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TABLE 2. PERCENTAGE RESPONSE TO
STIMULATION
(Data from DE JoNGE aND TanN, 1969)

Clone Tapping Length of cut

frequency 5/2 S/R s/l

PB 86 df2 1s 108 109
d/3 132 112 99
d/4 104 109 107
PR 107 d2 135 124 99
3 42 11 9
di4 ‘ 137 139 126

|

Ch E df2 102 - _
df3 116 124 112
d/4 114 124 104

L 1S5 134 108

|

S/R = three-quartets spiral

on GT 1, RRIM 605 and RRIM 623, and
eight at Estate TI on GT 1, PB 5/51, PB 5/63,
RRIM 513, RRIM 600, RRIM 605, RRIM
607 and RRIM 623, consist (for the purposes
of this paper) of ten tapping systems com-
bined factorially without and with stimulation
twice per year. Two Panel A experiments
at Estate II on PR 107 and RRIM 612
consist of six tapping systems combined
factorially with three stimulation treatments:
nil, twice per year and six times per year.
All six Panel B experiments on PB 86,
PR 107 and RRIM 501 at Estate I and on PB
5/51, PR 107 and RRIM 513 at Estate IV
consist of five tapping systems combined
factorially with three stimulation treatments:
nil, twice per year and six times per year.

All experiments were recorded for five
years, except for the Panel A experiments
on RRIM 605 and RRIM 623 at Estate I
and on PR 107 and RRIM 612 at Estate I1
(which were recorded for four years) and
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the Panel B experiment on RRIM 501 at
Estate I (which was terminated after two
years). Girths were measured at the begin-
ning of each year of tapping and at the
end of the last year of tapping in every trial,
and the increments in girth during each
year of tapping have been calculated, although
only the total increment over the whole
period is considered here. Yields were
recorded for each year of tapping. The
crop harvested after the usual hour for latex
collection was recorded separately and de-
signated ‘late drip’, which has been expressed
as the percentage of the total crop for each
year of tapping. The d.r.c. of the harvested
latex was determined periodically on samples
in the Panel A experiments, The d.r.c.
was not determined during the first year of
any Panel A experiment and it was not
determined during the second year of those
on RRIM 605 and RRIM 623 at Estate I;
it was determined during the remaining
years. In the Panel B experiments the
d.r.c. was determined from the bulked latex
of each treatment throughout all years.
The d.r.c. was expressed as a percentage.

ANALYSES

The method has been to seek correlations
between the response to stimulation and
such variates as the proportion of late drip
and the d.r.c, in the corresponding unsti-
mulated control treatments. Then the in-
fluence of tapping system on these variates,
with which the response to stimulation was
associated, was investigated. This was com-
plicated because the tapping systems did not
form a fully factorial or orthogonal arrange-
ment of lengths of cuts and frequencies of
tapping, for example the frequency d;2
was confounded with S/2 cuts, whereas d/6
was confounded with S/1. Therefore com-
parisons between frequencies have been
made within one length of cut at a time,
and between length of cuts have been made
within one frequency, adequate replication
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was obtained by combining the data for the
same year of different experiments or of
different years for each experiment.

Simple linear regression analyses have
been used throughout. The percentage va-
lues for response, percentage late drip and
d.r.c. have been used without any trans-
formations, because over their respective
ranges no significant departures from the
normal distribution are likely. Comparisons
are much easier with untransformed values
and may be interpreted directly.

Analyses of Variance

In the analyses of variance (Table 3) as
all the treatments considered are pre-deter-
mined, all the effects and interactions are
tested against the interaction of highest
order as an estimate of the error. In all
cases there are significant differences in
response between tapping systems. There
are significant differences between experi-
ments (i.e. clones for the greater part) and
between years in all sets of data, except for
RRIM 605 and RRIM 623 at Estate I.
Many interactions are significant but for
simplicity only main effects and the inter-
actions of tapping systems X experiments
and of years X frequencies of application
are given in Tables 4, 5 and 6.

The correlation of response with relative
intensity of tapping is in general negative,
but significant in only a few cases. Responses
are usually better in half-spiral than in full-
spiral systems of the same percentage in-
tensity; Table 4 provides five exceptions
to this in PB 5/63, RRIM 513 and RRIM 623
(thrice) out of twenty-seven comparisons;
Tables 5 and 6 provide seven more exceptions
out of twenty comparisons. The relation-
ship between response and frequency of
tapping shows many interactions.

The overall mean response in the Panel A
and Panel B experiments is about the same,
but this is confounded with the sites, clones,
tapping systems, frequency of stimulation
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and number of years recorded in the different
experiments. However, if the comparison
is limited to the clones PB 5/51, PR 107
and RRIM 513 common to both the Panel A
and Panel B experiments, and to the respec-
tive tapping systems, frequencies of stimu-
lation and years of recording common to the
corresponding experiments, the mean res-
ponse in both Panel A and Panel B experi-
ments is the same, i.e. 107.69%,,

In the Panel A experiments reported in
Table 4, the mean responses do not differ
significantly over the first three years, but
are significantly lower in the latter two years,
especially the last. There is no clear rela-
tionship between response and the succession
of years for RRIM 605 and RRIM 623
in Table 5a, but in PR 107 and RRIM 612
(Table 5b) the response rises from an
approximately average figure in the first year
to a maximum in the third and then falls
very markedly in the fourth. In the five
Panel B experiments which ran for five years
there is a marked, progressive decline in
response  with the succeeding years
{ Table 6a). There is also a large fall from
the first to the second year in RRIM 501
( Table 6B},

The interaction ‘years X frequencies of
application’ is significant in all Panel B
experiments, the response falling away more
in the six applications per year treatments,
which initially gave the greater response.
There was a tendency towards this in the
Panel A experiments on PR 107 and RRIM
612, but it was not significant.

Girth Increments

The rate of girthing is influenced by
treatment, including tapping system and
stimulation. The girth of the trees is one
of the factors determining yield, both directly
through the length of cut and indirectly as
indicative of the size of the tree and its
competitive position in the stand. 'Therefore
girth increments are examined here, partly



TABLE 3.

ANALYSES OF VARIANCE OF RESPONSE TO STIMULATION

Nine Pargf A Expts Two Paxgl) A Expts Two Parfgl)A Expts Five Pangl.)B Expts RRIM 5(33 (Panel B)
Source {over five years) {over four years}) {over four years) (over five years)
d.f. m.s. df. m.s. d.f. m,s, d.f. m.s, d.f, m.s

Between experiments or

clones (E}) 8 2B5.7789%= 1 31.2500 1 499,5938 %%+ 4 189,424 > - -
Between tapping systems (T) 9 935.1249%%= 9 203.8333%%% 5 668.8354 4% 4 1 512.9940%es 4 631.1750%w%
Between years (Y) 4 118.0311%% 3 39.4333 3 260.5382%% 4 3 034.5740%* 1 1 280.0000%s+
Between frequencies of

stimulation (F) - - - - 1 906.5104 ¥4+ 1 36.8640% 1 192.2000%%%
ExT 72 162.8304%#% 9 171.250Q%#* 5 449,1187%%% 16 534,581 5%# - -
ExY 32 143.1886%%+ 3 99.7056* 3 51.5382% 16 166.6490% %% - -
ExF - - - - 1 178.7604%% 4 102.1440%%% - -
TxY 16 43,5941 %% 27 52.0444 15 B7.1465%%% 16 187.7565%%% 4 64.3750%%
T x F - - - - 5 50.9354% 4 166.1540%¢# 4 1.0750
YxF - - - - 3 27.5660 4 263 454(%% i 115.2000%+
ExTxY 288 29.6002 27 27.7549 15 42.1965%% 64 51.1440%%% - -
EXTxF - - - - 5 50.2354 % 16 88,9715+ - -
EXYxXxF - - - - 3 3,9827 16 15.5840 - -
TxYxF - - - - 15 7.0576 16 12.0065 4 2.0750
ExTxYxF - - - - 15 11.2576 64 9.1740 - -

1) = Experiments on GT 1 at Estate I and on GT 1, PB 5/51 and 5/63 and RRIM 513, 600, 605, 607 and 623 at Eatate II
2) = Experiments on RRIM 605 and 623 at Estate I

(3) = Experiments on PR 107 and RRIM 612 at Estate I (two frequencies of stimulation)
{4) = Experiments on PB 86 and PR 107 at Estate I and on PB 5/51, PR 107 and RRIM 513 at Estate IV {two frequencies of stimulation)
{5) = Experiment on RRIM 501 at Estate [ (two frequencies of stimulation)

d.f. = degree of freedom
m.s. = mean squate.
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TABLE 4. AVERAGE RESPONSE TO STIMULATION IN NINE PANEL A EXPERIMENTS

Average response to stimulation (%)
{4243 (6.7}]

Tapping Mean
system RRIM RRIM RRIM GT1 RRIM GT1 RRIM PB pp | [£0.81(22)]
607 605 513 (M 600 (1) 623 5/51 563
S/2.d/29m/12 | 1182 1266 1088 119.6 1154 113.8 1048 101.6 1020 112.3
$/2.d/3.9m/12 | 1122 1088 1192 1151 113.0 1046 1000 1096  106.4 109.9
$/2.4/2100% | 1160 1124 984 1126 1154 1136 9.6 1052 1026 108.1
S/2.4/4.50% | 1172 1098 1060 1100 103.6 1008 1060 1126 103.8 '  107.8
S/2.4/3.67% | 103.4 1108 1042 1160 1016 1054 1014 1028 97.8 | 104.8
S/R.A/A4.70% | 100.6 1066 1048 1064 1030 1066 1058 1060 964 |  104.0
S/1.d/6.67% 956 1084 1056  97.8  99.0 1024 1036 1042  96.4 101.4
Si1.d/49m/12 | 1018 970 101.0  91.0 1044 1016 1066 958 1032 | 1003
: |
S[.dj39m/12 | 1078 952 1066 926 1022 1002 1020 922 1016 | 100.0
§/1.d/4.100% 1090  98.0 1074 952 944 988 974 888 1048 |  99.3
Mean 5
[4£0.77 (2.1)] | 108.2 1074 1062 1056 105.2 1048 1024 1019 1015 @  104.8
\
Year
Mean
[£0.57 (1.6)] - - 1 2 3 4 5 - - -
- - 1051 1052 1063  104.2  103.2 - - -

as the results of stimulation and partly as
causes of variation in the response to stimu-
lation with time.

The girth increments for the whole period
of each experiment, two years in RRIM 501
on Panel B, four years in four Panel A ex-
periments and five years in nine Panel A
and five Panel B experiments, are analysed
in Tables 7, 8§ % and 10. The analyses of
variance { Table 7) show that there are signifi-
cant differences in girth increment between
experiments, except between the two Panel A
experiments on RRIM 605 and RRIM 623
at Estate I.  There are significant differences
between tapping systems in all cases. Girth
increments are better with half spiral than
full spiral tapping. The periodic systems
give better girthing than continuous systems.

With the marginal exception of PB 5/63,
stimulation has reduced the girth increment
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TABLE 5A. AVERAGE RESPONSE TO STIMU-
LATION IN TWO PANEL A EXPERIMENTS

Average response
. (W £2637.0]|  pean
apping systemn RRIM RRIM | [+£1.86 (5.47]

605 623 |
5/2.d/3.9m/12 122.5 108.3 115.4
5/2.d/2.100%, 117.8 111.8 114.8
5/2.d4/4.50% 116.3 108.8 1125
3/2.d4/2.9m[12 114.0 1100 112.0
8/1.d/6.67% 108.3 112.0 110.1
S/R.dj4,70%, 104.3 110.8 107.5
5/2.d/3.67% 104.5 109.0 106.8
5/1.d/3.9m/12 98.8  111.3 105.0
S5/1.d/4.100% 100.3 106.5 103.4
S/1.d/4. 9mf12 107.3 93.0 4 100.1

Mean ) |
[£+0.83 (2.4)] 109.4 1081 108.8

Year

Mean
[+1.18 (3.4)] 1 2 3 4
1096 106.7 1094 1094
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TABLE 5B. AVERAGE RESPONSE TO STIMULATION IN TWO
PANEL A EXPERIMENTS

Average response (%)

. . [£1.19 (3.6)] Mean
Tapping system i [0.84 (1.5)]
I PR 107 RRIM 612
5/2.d/4.509% J 120.3 120.0 120.0
§/2.4/3.67% | 126.9 103.9 115.4
5/1.4/6.67%, 113.3 110.5 111.9
5/2.4/2.100%, 112.0 104 .4 108.2
§/1.d/4.100%, 107.9 105.0 106.4
S/1.4/3.133%, 97.6 106.8 102.2
Mean
[£0.48 (1.5)] 113.0 108.4 110.7
Frequency of Year Mean
stimulation 1 2 3 4 [+0.48 (1.5)]
|
X 2 per year 107.7 107.3 110.6 104.9 ( 107.6
X 6 per year 113.2 114.8 118.8 108.3 113.8
Mean i‘
[+0.68 (2.1)] 110.4 1111 114.7 106.7 110.7

significantly in all Panel A experiments,
{Tables 8 and 9). This could account for
the apparent falling response to stimulation
(ratio of yield stimulated to yield unstimu-
lated as percentage) in the later years in
the majority of the Panel A experiments.
Although there was no significant trend with
time in the response of RRIM 605 and
RRIM 623 over four years at Estate 1, the
girth increments were depressed by stimu-
lation there also.

The difference of about 1 cm in
15 in the average girth increment
between stimulated and unstimulated trees
may seem small. The average girth of
the trees in all Panel A experiments was
about 54 cm at the commencement; the
tapping cuts would have been about 1.59%
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longer in the unstimulated than the sti-
mulated trees at the end.  Using the formula
of SHORROCKS et af. (1965), it is estimated
that the unstimulated trees had dry weights
of their shoots about 4%, greater than those
of the stimulated trees, which is a little
more than the average decline in response
of 2%, Since these were ‘single tree plot’
experiments in which trees receiving different
treatments are adjacent to each other, there
may have been a progressive tendency for
the unstimulated trees to overgrow and
shade the stimulated trees.

Although slight, this difference in growth
may be enough to account for the apparent
decline in response to stimulation. This
argument applies with even greater force to
the falling response to full spiral tapping.
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It remains an open question whether the
declining responses would be observed in
experiments, where the plots allocated to

each treatment were large enough to elimi-
nate competition between trees of different
treatments.

TABLE 6A, AVERAGE RESPONSE TO STIMULATION IN FIVE PANEL B EXPERIMENTS

Average response (%)

Tapping system ) [+0.96(2.7)] [ié\ﬁe&? -
PR 107(1) PB 5451 PB 86 PR 107(IV) RRIM 513 l )
8/2.d4/4.50%, 119.6 122.7 103.0 109.9 100.2 1111
5/2.d/3.67% 1171 110.4 102.5 112.4 108.2 110.1
5/1.4/6.67% 109.3 107.5 1071 105.6 104.1 106.7
5§/2.42,100% 108.5 96.5 108.7 110.0 102.2 105.2
S5/1.d/4.100% 89.2 95.8 109.0 90,2 101.9 97.2
Mean
[+0.43(1.2)] 108.7 106.6 106.1 105.6 103.3 106.1
Frequency of Year [£0.6(1.7)] Mean
stimulation [+-0.27(0.8)]
1 2 3 4 5
X 2 per vear 113.2 108.3 105.5 103.0 98.5 105.7
X 6 per year 121.0 110.1 105.4 101.8 93.9 106.4
Mean )
[£0.43(1.2)] 117.1 109.2 105.4 102.4 96.2 106,1

TABLE 6B. AVERAGE RESPONSE TO STIMULATION IN ONE PANEL B EXPERIMENT

(RRIM 501)
| .
. Average response (%) Frequency of Year [4-0.64(2.5)] Mean
Tapping system [£0.72(2.8)] stimulation 1 [4+0.46(1.8)]
2
5/2.4/4.509%, 128.8 X 2 per year 114.8 103.6 109.2
S/2.4/3.67% 1215
$/1.d/6.67% 109.5
X 6 per year 125.8 105.0 115.4
§/2.d/2.100% 102.8
&§/1.d/4.100% 99.0
MMean Mean
112.3 [£0.46 (1.8}] 120.3 104.3 1123
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TABLE 7. ANALYSES OF VARIANCE OF GIRTH INCREMENTS

(1) @ 3) 0] (5)
Source Nine Panel A Expts Two Panel A Expts Two Panel A Expts Five Panel B Expts RRIM 501 (Panel B)
(five years) (four years) {four ycars) {five years)
m.s. f. m.s, m.s. f. m.s. d.f. m.s,
Between experiments or
clones (E) 8 206.8269%%* 1 0.4840 1 122.8403 %%+ 4 80,2549%%% - -
Between tapping systems (T) 9 116.3176%%% 9 27.7271%8% 5 36.7825%#% 4 27.2796%%% 4 0.4123%
Between frequencies of ‘
stimulation (F) 1 47,3204%3% 1 8.4640%% 2 4,6759%% | 2 1.7810%* 2 0.4187
ExT 72 2.6287%+* [ 9 1.1312 5 4.2043%% ‘ 16 0.957(%%* - -
[
ExF 8 132310 | 1 0.0490 2 0.0719 | 8 0.0653 - -
T x F 9 0.4236 ] 9 0.2979 10 0.3628 8 0.4364 8 0.1053
ExTxF 72 0.4047 I 9 0.5373 10 0.4810 32 0.2243 - -
|

The girth increments are for the whole duration of the experiment.

}1), ), (3)- (4) and (5):

Experimental details as in Table 3.

‘I'he frequencies of stimulation were nil and twice per year.

(3) (4) and {5):
degree of freedom
mean square

ll I

ms

The frequencies of stimulation were nil, twice and six times per year.
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TABLE 8. GIRTH INCREMENTS DURING FIVE YEARS IN NINE PANEL A EXPERIMENTS

\ Girth increment (em) [4-0.45(1.3))

Tappi st Mean
apping system RRIM GT L GT 1 RRIM RRIM RRIM RRIM PB PB |[£0.15(0.4)]
600 (1) (1) 607 623 605 513  5/63  5/51
5/2.d/3.9m/12 243 225 224 186 171 169 144 13.6 147 18.3
S/2.d/4.509%, 238 211 216 181 171 158 134 115 143 17.4
$/2.d/2.9m/12 223 213 198 173 164 158 138 131 132 17.0
S/2.d/3.67% 229 194 202 172 159 141 118 116 132 16.2
8/2.4/2.100% 230 192 192 162 151 153 121 131 116 16.0
$/1.d/4.9m/12 196 162 137 137 136 135 11.8 11.8 105 13.8
S/1.4/3.9mf12 188 162 133 137 125 136 110 130 99 13.5
S/1.d/6.67% 192 146 123 104 120 100 96 98 9.4 12.9
S/R.d{4.70% 194 150 136 125 125 109 106 9.8 103 12.7
S/1.d/4.100% 169 127 102 99 112 106 84 94 82 10.8
Frequency of Lo | Mean
st ; Girth increment (cm) [ L 0.20(0.6)] [:£0.07(0.2)]
‘ \

Unstimulated | 219 187 170 152 146 139 120 119 122 153
Stimulated !

e vear) \ 201 169 162 142 140 133 113 114  10.8 14.3
Mean [--0.14(0.4)] ‘ 210 17.8 166 147 143 136 117 116 115 14.8

In the Panel B experiments {Table 10)
the differences in girth increments are mainly
between the trees stimulated six times per
year and those stimulated twice, rather
than between the latter and the unstimulated
trees. This is in agreement with the greater
initial responses to more frequent stimulation
and the more marked decline in these treat-
ments.

The initial mean girth in the five Panel B
experiments which ran for five years was
about 72.5 centimetres. The tapping cuts in
the unstimulated trees were little longer than
those stimulated twice per year and only
0.69%, longer than those stimulated six times
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per year. 'The estimated shoot dry weights
of the unstimulated trees were only 0.3%,
and 1.79, greater than those of trees sti-
mulated twice and six times per year respec-
tively. Thus, reduced girth increment is
a less convincing explanation of declining
responses in Panel B experiments, although
the declines were more marked and rapid
in the Panel B than the Panel A experiments.

PusuparajaH et al. (1971) showed that
stimulated trees lost more nutrients than
control trees and that the loss was propor-
tionately heavier than the increase in yield.
Higher rates of fertilisation were needed



TABLE 9A. GIRTH INCREMENTS DURING FOUR YEARS IN TWO PANEL A EXPERIMENTS
{(RRIM 605 anp 623)

Tapping system | Girth increment (crfl) [+0.52(1.7)] Mean [40.37(1.2)]
Unstimulated Stimulated (> 2 per year)

$/2.d/3.9m/12 17.8 16.6 17.2
5/2.d/2.9m/12 17.6 15.9 16.7
§/2.d/3.67% 16.2 15.5 15.9
$/2.4/2.100% 16.8 15.0 ‘ 15.9
$/2.d/4.50% 15.7 15.2 15.4
$/1.d/3.9m/12 13.5 13.4 13.4
$/1.d/4.9m/12 13.9 128 13.3
S/R.d/4.70% 11.4 10.7 ' 11.0
$/1.d/6.67% 10.8 10.5 10.7
$/1.d/4.100% 10.6 9.7 10.1

Clone Girth increment (cm) [-:0.23(0.7)] Mean [-£0.16(0.5)]
RRIM 623 14.5 13.6 ;' 14,1
RRIM 605 14.3 134 13.3
Mean [-4-0.16(0.5)] 14.4 13.5 14.0

TABLE 9B. GIRTH INCREMENTS DURING FOUR YEARS IN TWO PANEL A EXPERIMENTS
(RRIM 612 AND PR 107)

Girth increment (em) [40.40(1.3)]
Tapping system Mean [+0.28(0.9)]
RRIM 612 PR 107
5/2.4/2.100% 20.3 15.3 | 17.8
S/2.d./450% 204 15.0 | 17.7
5/3.d/3.67% 19.6 i4.6 | 17.1
§/1.d3.133% 144 13.0 13.7
8/1.d/6.67% 13.5 11.3 13.1
5/1.d/4.100% 149 11.5 12.5
iﬁ?ﬁﬂl“iﬁ;ﬂl‘;’f Girth increment (cm) [+0.28(0.9)] Mean [ 4 0.20(0.6)]
Unstimulated 17.8 14.3 16.0
Stimulated (¢ 2 per year) 16.9 ‘131 15.0
Stimulated (% 6 per year) 16.8 13.0 14.9
Mean [40.16(0.5)] 17.2 13.5 15.3
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TABLE 10. GIRTH INCREMENTS DURING FIVE YEARS IN FIVE PANEL B EXPERIMENTS AND
DURING TWO YEARS IN ONE PANEL B EXPERIMENT

Girth increment (cm) [+.0.27(0.8)] M. Girth increment {em)
Tapping system "PR107 PR107 [0 13?3 2] RRIM 501
) (v PB 36 PB 5/51 RRIM 513 : [40.19(0.6)]
5/2.d/4.50%, 12.3 10.0 8.6 7.0 6.4 8.9 22
5/2.d/2.100% 120 105 7.2 53 66 | 83 2.6
5/2.d4/3.679% 11.4 9.1 7.9 6.0 6.0 21 2.5
§/1.d/6.67% 9.5 6.4 6.2 4.7 4.3 6.2 1.9
S/1.d/4.100%, 9.6 6.3 5.0 4.4 4.0 5.8 1.8
Frequency of Girth increment {em) [40.21{0.6)] Mean Girth increment (cm)
stimulation {+0.09(0,3)] [40.15(0.5)]
Unstimulated 11,0 8.6 7.3 5.7 5.7 7.7 2.4
Stimulated (< 2 per year) 111 8.7 6.9 5.5 5.5 7.6 2.3
Stimulated (< 6 per year) : 10.7 8.1 6.7 5.2 51 7.2 1.9
I
Mean [+0.12(0.4)] 11.0 8.4 7.0 5.5 5.4 7.5 2.2

by stimulated trees to sustain responses.
There was no differential manuring of stimu-
lated and control trees in these experiments.
This offers another possible explanation of
the declining responses.

Correlations

Correlations within experiments between
tapping systems are given in Table I1.
The response to stimulation is not signi-
ficantly correlated with the year in the
Panel A experiments except for PB 5/51,
as has already been noted. In most of the
Panel B experiments there is a significant
negative correlation between response and
year, that is response declines in the later
years. Therefore in the Panel B experi-
ments the response is correlated with all
variates such as girth which are also cor-
related with age, when the combined data
for all years are considered.
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In about. half the Panel A experiments
there is a significant negative correlation
between response and percentage late drip
in the unstimulated control for the com-
bined data. The significance of this is
improved when the common regression of
the regressions for the individual years is
considered. A large percentage late drip
indicates a long flow, Stimulation prolongs
flow. Stimulation is less effective where
the flow is already long in the control.

In more than half of the Panel B experi-
ments the marked decline in percentage late
drip with age (see Table 16) results in a
positive correlation between response and
percentage late drip for the combined data
for all years. However, extracting the com-
mon regression gives a negative correlation
in most cases, significant in both experiments
onPR107. 'The case of PB 86 is exceptional.



TABLE 11, CORRELATION

COETTFICIENTS WITHIN EXPERIMENTS BETWEEN TAPPING SYSTEMS FOR
ALL YEARS D.R.C. WAS RECORDED

‘, l Frequency |
Panel Clone ' Estate | of
! ! i stimulation |
i J
G I x 2
RRIM 605 L X 2
RIIM 6213 T x 2
GT 1 il | b4
B 551 ‘ II l X
PB 5{63 ‘ i X
RRIM 513 . 11 X
RRIM 600 | II | *
RRIM 605 1 1T | *
RRIM 607 ) I .
RRIM 623 | 1§ | x
PR 107 Pl |
PR 107 14!

RRIM 612 IT
RRIM 612 It

B %6 T
PR %6 1
P 107 1
PR 107 ¥
RIIM 5M ¥
RRIM 501 )
PB 5/51 v
PB 5/51 v
PR 107 v
PR 107 v

RRIM 513 v
RRIM 513 v

SERREEUEINYEE 2R PREEFIRE 2P

XX XX

HKEXKKEKX KKK X

DNANANANS NSNS DNON NN RN

|
i

1

!

Response to stimulation (%))

i

Degree of i _ * Lag: drip and
freedom Year Late drip in d.rc. in trc Il'?t d
unstimulated treatment () unstimulated treastment (7)) tuns "Ttu e
A I A I A reatment {%)
| .

38 28 l —0(.229 —0.761 %% —{). 794 0. 448*% 0.326*% —[1.564 %%
18 14 ! —0132 —0.655*% ~0.OF2F* 0.305 0.395 —1{).444*
18 14 —0.417 0.215 —(L.476* 0.064 0.310 —).708%*=
38 23 --0.193 — 0400 - 0444 %* 0.313 0.303 -—0.739%ee
38 28 - 0.386% --0.384% —-—U,Si;*** 8.‘11-93"" 0.633%* —0.538%en
38 238 —0.019 —0.174 =01 - 0115 —-0.14] 0.222
kL 28 —0.297 0.017 -0.097 (.245 0.259 —Q.5620%x
38 28 —0.045 —0.470%* —0,672%%> —0.038 0.031 —0.A17%*
38 23 ©0.065 — 0,734 <=0, 784 x%2 (.368* 0.380* -=0.492%*
38 28 0.040 — . 470%* — 0. 409"+ 0.032 1.013 — 17
38 28 0.314 —{3.005 --0.118 0114 0.106 —0.585%**
16 9 —.133 —0.412 —{(.487 D.807%»* ().800%** —(.595*=
16 4 —{1.258 —(.538% —0.700%* (0. 81p%** (.07 -
16 9 —10,076 —(.110 —0.117 0.547% 0.547% —0.504%
i6 9 —0,182 —1.165 —0.207 0.474% 0.474 -
23 10 —0.426% 0.649*%* 0.664 %% —().385 ~-0.330 —0.401*
23 10 —0.651 4% 0.412* 0.270 —(.582%% ~0.431% -
23 10 —(L374%% —0.241 —{.5i4%® —N.183 0.641%% —~{.534%%
23 10 —().592%* —{.291 — (.59 %% —(.198 —{.609%* -

8 4 —0.422 —0.492 —0.1440 0.645* 0.g20** —0.206

8 4 —0.668% --0.483 —0.437 0.478 0.846%% -
23 10 —(.H28%E* 0.519** —0.060 0.418*% 0.7g2ees —(0.325
23 10 —0.610** 0.593%* o 0.240 0.345 : 0.690%%* -
23 i0 — 0, 64THFR Q.432% —0.435% 0.088 0.628%* —Q.571%=
23 10 —.693#e" 0.495% —0.493* 0.140 0.810%s» -
23 10 -0.114 0.305 0.220 —.210 —0.149 —0.710%%»
23 10 —0.657%%* 0.610%* —0.082 —Q.293 4-0.117 -

A = Combined data for afl years

B = Cormnen regression of the individual years
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It responded to stimulation of full spiral
comparatively well (Table 6).

The correlations between response and
percentage d.r.c. are positive in most cases;
however, they are significant in only 2 third
of the Panel A experiments. The common
regression gives a significant correlation in
most Panel B experiments, although negative
in two of the nine significant cases.

There is a negative correlation, significant
In most experiments, between percentage
late drip and percentage d.r.ic. As will be
seen from Tables 21 and 22, this detives
mainly from the small percentage late drip
and high percentage d.r.c. in half-spiral
systems and the converse with long cuts.

The correlations within tapping systems
between experiments are given in Table 12,
The significant correlations in Panel A are
negative between response and percentage
late drip and positive between response and
percentage d.r.c. The position is reversed
for all years combined in Panel B. Ex-
tracting the common regression from those
of the individual years gives no significant
correlation between response and percentage
late drip, but a negative, significant cor-
relation between response and d.r.c. in
5/2.d/2.1009, stimulated six times per year
and positive, significant correlations between
responge and d.r.c. in 5/2.d/3.67%, stimu-
lated twice per year and S5/2.d[4.50%, sti-
mulated six times per year. In general,
there is 2 marked negative correlation bet-
ween percentage late drip and d.r.c. Pre-
sumably in those clones with a long flow
period the dilution reaction (FREY-WYSSLING,
1932) operates longer and the dur.c. of
the later-flow fractions before collection is
lowered.

Despite exceptions, response to stimulation
is generally correlated within years negatively
with the percentage late drip and positively
with the d.r.c. in the control system. Only
before the first application of stimulants
may the percentage late drip and d.r.c.
be expected to be the same in both control

a8

and stimulated treatments. Although tap-
ping system accounts for a greater proportion
of the variation in pe:centage late drip and .
d.r.c. than does stimulation (Tables 13 and
17) stimulation increases the former ‘and
reduces the latter.  Unless the trees have
returned to the control condition before
each successive stimulation, there. would
be a likelihood that the percentage late drip
and d.r.c. had been modified unfavourably
by previous stimulations before the later
applications. This may also contribute to
the dechine with age in response to repeated
stimulation in the Panel B experiments,
despite the progressively more favourable
conditions of percentage late drip and d.r.c.
in the controls.

The d.r.c. as observed in these experiments
may be confounded to some extent with
percentage late drip. The d.r.c. was deter-
mined on ‘that part of the crop harvested
as latex at the normal hour of collection
Variation in the percentage late drip results
in the d.r.c. being determined on different
fractions of the total crop.

Variation in Percentage Late Drip

The analyses of variance arc in Tables 13
15 and 16. Although the main effects of
experiments, tapping systems, years (espe-
cially in Panel B) and frequency of stimulation
are marked, there are also many significant
interactions. If the late drip is 29, nearly
fifty times more crop is harvested at the
usual hour than afterwards, whereas if the
late drip is 339 the ratio is only twice.
Generally, the effects of tapping system,
clone and year are much greater than those
of stimulation. The differences in late
drip between half spiral and long cuts are
in most cases greater than those due to
frequency.

On the average, stimulation increases the
late drip by 2.39; in half-spiral systems
which have a control late drip of about 5.09,.



TABLE 12. CORRELATION COETFICIENTS WITHIN TAPPING SYSTEMS BETWEEN EXPERIMENTS FOR
ALL YEARS D.R.C. WAS RECORDED

Degree | Response to stimulation (%,
Tapoin Frequency of : Latc drip and
Panel qaptpng of freedom | Late drip in d,r.c. : d.e.c. in
system stimulation | unstimulated treatment (%4 unstimulated treatment (%) ! unstimulated
A B | A B B | treatment (%)
|
A S5{2.d4/2.100%, ® 2 44 34 0.155 G114 0.102 0.129 ‘ —0.656***
A 5/2.d{3.67%: w2 44 34 ~@151 —0.307* 0.325% 0.405%% —0.661%**
A 5/2.d/4,50%, w2 44 34 ~0.325* —0.274 0.408%* 0.3974= — 0. 753 %%
A SR.d{4,709%, % 2 18 28 —0.408** —0.373* 0.437%% 0.4464% 0. 519%*+
A SN.d/4.100%, ¥ 2 44 34 --0.081 0.035 —0.013 — (0157 —(.415**
A 5/1.4/6.67%, ¥ 2 44 34 -~ (. 448%% —(.354% 0.322% 0.239 —(.588%**
A S3/2.df2.9mfi2 2 38 28 —013 —0.163 o.1m 0.114 —(.715%%%
A 5/2.d/3.9mf12 » 2 38 28 0.019 —0.011 0174 0.276 —0.763%%*
A S5/1.d/3.9m}12 ® 2 l 38 28 —0,033 0.113 —0.057 -~ 0.029 —0.150
A S/1.d/4.9mj12 ® 2 38 28 —1{.265 -—0.083 —0.049 —0.033 —0.430%%
B $/2.d/2.100%, % 2 25 10 0.199 —0.221 —0.566%* —0.317 —0.495%%
B $/2.d{2.100% x 6 25 10 0.282 —0.210 — (. 7794+ —0.613%* -
B 5/2.d/3.67%, x 2 25 10 0.443% 0.228 -0.117 0.479* —~0.471*
B 5]2.d{3.67%, x 6 25 10 0.386* 0.026 —0.421% 0.003 —
B 5/2.df4.50%, ¥ 2 I 25 16 0.365 0.043 —0.252 0.2318 —0,4006*
B 5/2.d/4.507%, bl ) |25 10 0.457%% - 1.098 —-0.215-- 0.504* -
B 5/1.d/4.100%, x 2 } 25 10 0.207 —0.214 - 0450 —(.388 0.059
B S/1.d/4.10607, X 6 125 10 0.422* 0.051 —~0.401* —0.320 -
B 5/1.4/6.67%, x 2 | 25 10 0.412* —0.119 —(.431* —0.242 —0.130
B S1.d6.67%, x 6 l 25 10 0.551%* —0.084 --0.195 +0.369 -
A
B

Combined data for all years
Common regression of the individual vears



TABLE 13.

ANALYSES OF VARTANCE OTF PERCENTAGE

LATE DRIP

Source

{1)

Ninc Panet A Expts
(over five years)

.6 S,

2)

‘I'wo Panel A Expts
(aver tour years}

d.f. m.s.

&})

Two Panel A Expts
(over four years)

d.f. m.s.

4

Tive Panel B Expts
{over five years)

d.f. m.s.

®)

RRIM 501 Panel B
{over two years)

d.f. m.s.

HBetwecen experiments or
clones (1)

Between tapping systems (179
Detween years (Y)

Between frequencies of
stunulation (F)

ExT
ExY
ExF

T xY
T x I
Y =x I
ExTxY
ExTxTF
ExY=xFTF
TxY %I
ExTxYxF

L

8 2379.6545%%
9 31486.8985%%%
4 953.1065%%¥

1 2287.3900%++
72 80,0890%%*
32 24955564+

# 31.9301 2+
K] 269704 %%+

9 14.1806%%*

4 4.1538%*
288 5.3463 %=
72 3.3461%¢%
32 4.1044 %%+
36 277344+
288 1.0224

1 933.1560%%+

=]

1 790.8623 %%+
3 2661881 %w»

i 574.5640%++

9 7.2909%+#
3 62.1362%%+
1 36.2002%%%

27 37.5992+4¢
9 9.3664++
3 0,175

27 4,35270we
9 4g782eee
3 0041 ##

27 1.4693

27 0.8507

1 14,7584 %%%
5 919.3580%**
3 125.8208 % 4%

2 158.8319%es
5 9.2217%%¢
3 46.5856%4%
2 20,713 % %+
15 16.5666% %+
10 11.7420%%%
6 2,0762%
15 3388754
10 2.5560+4
6 4.0697%%%
30 0.5754
10 0.6412

4 173.172G%%*
4 1071.1878%+#
4 1625.7040%%+

2 113.6321 %%+
16 55.3490%%*
16 11966254+

8 13.5332%¢%
16 18.4184%%*

8 11.0269 %+

& 5273446+
64 7.2530%%*
32 1.7229%%%
32 1.5917%++
32 1.0517%%

128 0.5301

4 331.3189%%+
1 20.6670*

2 208.7244 044

4 24.0495%+
8 8.5831*
2 15.5610%
8 2.0773

{1}, (2), (3}, {#) and (5): Experimental details as in Table 3.

d.f. = degrec of frecdom
m.s. == can square

Percentage lute deip wag recorded in all years.
(1) and (2): The frequencies of stimulation were nil and twice per year.
{2), (4) and {5): The frequencies of stimubation were nil, twice and six times per year,
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TABLE. 14, MEAN LATE DRIP AS PERCENTAGE OF TOTAL CROP IN
NINE PANEL A EXPERIMENTS

Percentage late drip [£0.32(0.9)]

. \ Nean
Tapping system GT 1 PB RRIM RRIM RRIM RRIM GT 1 PB RRIM [=0.11(0.3)
1) 5163 600 603 607 523 (1)  5/51 513
8/1.d/4.1009; 321 267 190 203 208 159 175 13.0 109 19,6
Si1.¢/4.9mf12 3220 243 198 205 207 136 143 124 S.0 18,7
5/1.4/6.67¢, 33.6 257 149 164 189 163 131 122 8.4 17.9
$1.d{3.9m/f12 269 211 168 191 203 138 123 9.8 8.9 16.3
§/R.d/4.70%; 265 235 132 128 127 8.2 114 6.5 6.3 134
§/2.d/4.50°, 125 19.0 103 8.3 6.3 3.9 3.5 2.8 4.4 8.0
§/2.d/3.9m/[12 10.7 13.4 9.5 7.5 8.3 2.9 1.8 31 4.6 6.6
5/2.d/3.679 9.8 156 Y.3 7.5 5.2 2.8 2.0 2.9 38 6.5
§/2.4/2.9m/12 5.7 9.6 7.0 ERY 5.6 1.5 2.2 1.8 4.2 4.8
§/2.d/2.100¢%; 5.1 8.6 5.9 5.3 3.9 1.6 1.8 1.6 3.4 4.1
Mean [ £0.10{0.3)] 195 187 126 124 120 8.2 5.2 6.7 6.4 11.6
" { Year M
requency of +0.11(0.3)] ean
stimulation [+0.05¢(0.10
i 2 3 4 5
Unstimulated 12.4 11,9 101 8.3 7.3 10.0
Seimulated 155 132 138 11.3 10.2 132
(x 2 per year)
Mean [£0.08(0:2)) 14,0 13.6 12.0 9.8 8.7 11.6

The ratio of late drip stimulated to- control
is about 1.5 for half spiral and the ratio of
vield at normal collection to that obtained
afterwards is 19 to 1 in control, but is about
12 to 1 in stimulated, whereas on the average
stimulation increases the late drip by 3.4%;
in long-cut systems, which have a control
late drip of about 17.59;. The ratio of
late drip stimulated to control is about 1.2
for long cuts and the ratio of yield at normal
collection to that obtained afterwards is
nearly 5 to 1 in control, but is nearly 4 to 1
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in stimulated. The change in flow pattern
due to stimulation is evidently much greater
in half-spiral (low percentage late drip in
control) than in long-cut systems,

Variation in D.R.C.

The analyses of variance are given in
Tables 17,18, 19and 20, 'The main effects of
clones, tapping systems and years {except in
RRIM 501) are highly significant. Stimu-
lation or the frequency of stimulation is



TABLE 15A.

(RRIM 605 AND 623)

YEAN PERCENTAGE LATE DRIP IN TWO PANEL A EXPERIMENTS

Tapping system Mean late drip (%) [+0.33(0.9)] Mean

RRIM 605 RRIM 623 ££023(0.7)]
$/1.4/6.67% ; 327 31 31.9
$/1.d/4.9m(12 329 29.0 30.9
$/1.d[+.100% 319 26.6 29.2
$/1.d/3.9mf12 ‘ 29.0 232 26,1
S/R.d/4.70% 25.3 19.0 2.1
$/2.d/4.50% 13.9 9.2 1.3
8/2.d/3.9m{12 14.0 8.0 1.0
5/2.d/3.67% 114 6.9 9.1
$(2.4/2.9m(12 10.0 4.4 7.2
$/2.4/2.100% 3 7.8 3.4 5.6
Mean [+0.010(0.3)] : 20.9 16.1 18.5
Year (£0.21(0.6)] Mean

Frequency of

[£:0.10(0.3)]

stimulation 1 2 ¥ 4
Unstimulated | 19.9 17.0 15.4 13.9 16.6
Stimulated (X 2 per year) 33 20.8 19.1 17.8 20.4
Mean [£0.15(0.4)] 21.9 18.9 17.3 15.9 18.5

TABLE 15B. MEAN PERCENTAGE LATE DRIP IN TWO PANEL A EXPERIMENTS
(RRIM 612 AND PR 107}

Tapping system

Mean late drip (%) [£0.23(0.71]

; Mean

[+0.16(0.3)]

RRIM 612 PR 107
$/1.d/4.100%;, 14.5 13.0 13.8
5/1.d/3.133% 13.4 11.3 12.4
S/1.d/6.67% 12.5 11.2 i 11.9
5{2.d{4.50%, 1.5 2.7 ! 2.1
5/2.d{3.67%, 1.5 1.5 : 1.5
$/2.d/2.100% 0.8 0.8 { 0.8
~ Mean [+0.09(0.3)] 7.4 6.7 71
Frequency of Year { +0.28(0.8)] \loan
stimulation 1 2 3 4 [+=0.12(0.3}

Unstimulated ) 6.1 6.9 3.9 31 3.0
Stimulated { x 2 per vear) | 8.5 2.6 7.3 4.8 7.6
Stimulated { X 6 per year) ! 8.5 10.6 7.6 6.4 8.3
Mean [£:0.13(0.4)] 8.0 2.0 6.4 7.1

48 |
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significant also in most cases. Many inter- - In the nine Panel A experiments there
actions are significant, but this in part derives are big differences in mean d.r.c. between
from the many degrees of freedom rather than clones (experiments) and to a lesser extent
accounting for a large part of the variation. in the five Panel B experiments. In all

TABLE 16A. MEAN PERCENTAGE LATE DRIP IN FIVE PANEL B EXPERIMENTS

Mean late drip (%) [=0.19 (0.5)] Mean
Tapping system [ 0.08(0.2)
RRIM 513 PR 107 (1) PB5/51 PR107 (IV) FPB 86 =0.08(0.2)]
5/1.d/4.100% o124 14.7 8.4 8.4 11.3 11.0
8/1.d/6.67Y% 138 13.7 8.0 8.0 9.6 10.6
S/2.d/4.50%, Y 4.0 6.6 45 11 48
$/2.d/3.67%% 59 3.3 5.6 3.8 14 40
5/2.d/2.1009%, ‘ 5.2 2.1 43 34 0.8 3.2
Mean {4+ 0.08(0.2)) i 88 7.6 6.6 5.6 50 6.7

Mean late drip (%) by vear [£0.15(0.4)] Nean

[+0.07(0.2))

Frequency of stimulation ]

i 1 2 3 4 3
Unstimulated 12.0 8.0 3.7 2.4 2.3 : 5.7
Stimulated (x 2 per year) . 14.0 9.5 5.1 3.4 i 7.0
Stimulated (X 6 per vear) 151 10.2 5.6 KR 2.9 7.5
Mean [0.0800.2)} ©o137 9.2 4.8 3.2 2.8 i 6.7

TABLE 16B. MEAN PERCENTAGE LATE DRIP IN ONE PANEL B EXPERIMENT (RRIM 301)

f : Mean late drip (%) by year
Mean Tate drip (%) Frequency of [Z20.64(2.1)} Mean

Tapping system | """/ g <001 )] s stimulation _ [£0.46(1.5)]
| 1 2

S/1.d/4.100%, 33.0 l Unstimulated 17.4 20 | 197

S/1.4/6.67% | 31.9 ! _

S/2.d/4.50%, 21.8 " Stimulated (x 2 per year) - 22.3 257 ' 256

$/2.d/3.67% 20,5

$/2.d/2,100% 16.1 Stimulated (% 6 per vear) 28.5 288 28.7

Mean 24.7 " Mean [£0.37(1.2)] 23.8 255 247
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TABLLE

17. ANALYSES OF VARIANCE OF DR.C.

Source

(1)

Niae Pancl A Expts
(over four years)

d.f, m.s,

¢4)

I'wo Panel A Expts
(over owo years)

d.f. 0.8,

3

T'wo Panel A Expis
{over three years)

d.f.

nL. s,

f

)

Five Panel B Expts
(over five yours)

d.f. nLs.

).

RRIM 501 Panel B
(over two years)

d.f. m.s.

Between experiments or

clones (1)

Between tapping systems {17

Berween years (Y)

Between frequencies of
stimulation (17)

E %

1=

R

T

T

Y

Y

T

=Y
x ¥
b o

21

<Y

B 434811744+
9 461.9203 %%
3 30.4833%*

i 88.5504 %%+

72 9.1714%%+
24 9.2031 88
8 4.2677%+#
27 1.9181 %%
) 1.0247
3 2.5680%
216 3.0281 %%+
72 1.7260%%
24 0.5903
27 0.7237
266 0.7384

1 16.63324%%
9 22.8643%% %
1 43.66025+%

1 12.2462%%

!
i
I

9 5.7045%*
1 B.5150%#
1 0.0660

Y 4.7371%*
Y 1.2842

1 1.3260

9 2.3204%
9 0.5959

1 0.4063

9 0.4748

9 0.6876

1 260.7115%%%
5 J83.8107%**
2 51.6037%%#

2 29.8609%+

5 4.5213
2 0.5351
2 1.5090
10 3.5443
10 0.6402
4 0.4053
10 1.4004
10 0.6983
4 0.5443
20 0.7035
20 30534

4 157.5273 %%+
4 629.5395%%%
4 318,997 %%+

2 56.U1H)*we
16 14.8742%%=
16 14.531 3w s

8 J4114%es
16 15,5893 %%+

8§ 1.2358%=

8 2.9109% s
6 2.6508%%*
32 1.4113%%*
32 1.GG14%
32 0.4306

128 0.5457

4 5.43784u+

1 0.2253

2 4.9054 %4+
4 1.2679%+
8 0.2853

2 1.4493%+
8§ 01218

(1), (2}, (3), (4) and {5): Experimf:nt:nl details as in Table 3.

13.R.C. wus recorded in columns

(i):
2):
3):
#H:
{5):

(Hyand (2): The frequencies of stimulation were nil and wwiee per year.

(2), (B and (5}:

- degrec of freedom

d.f,

m.s. - -

second, third, fourth and fifth years.

third and fourth years.
secand, third and fourth years,

all five years.
bath years.

TTHoan s(pae.

The frequencies of stimulation were nil, twice and six times per year.
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TABLE 18. MEAN D.R.C. IN NINE PANEL A EXPERIMENTS

Mean d.r.c. (%) [+0.30(0.9)] ‘ Ny

. ean

Tapping system PE RRIM RRIM RRIM RRIM GT 1 RRIM GT 1 PB |[+0.15(0.3)]

551 513 628 607 605 (I} 600 (D  5/63 | —
5/2.4/4.50%, 434 42.0 400 409 404 40.2 38,4 36.6 332 { 39.5
8/2.4/3.9m/12 I 41.2 39.5 38.3 38.7 385 8.7 36,2 34.4 30.6 37.3
5/2.4/3.67%; . 41,5 37.2 382 385 384 380 367 355 31.9 373
5/R.4/4.70% 39.9 371 332 372 374 346 359 338 311 36.1
S/1.d/6.67% 400 364 351 366 359 341 370 326 315 35.5
5/2.d/2.1009% 38.8 36.0 36.4 26.0 36.4 35.5 34.6 352 29.6 354
$/2.d/2.9m[12 386 37.7 358 352 345 370 330 343 291 35.0
$/1.d/4 9mf12 36.7 357 333 334 328 326 334 314 298 332
S/1.d/4.100% 348 342 344 330 328 301 33.0 291 301 324
$/1.d4/3.9m|12 334 3255 306 309 309 311 314 3.0 273 31.0
Mean [+0.10(0.3)] | 38.8 2368 360 360 358 352 350 334 304 35.3

F : 1 E}Year M

TeqUENcy o 0%0.3 ean

stimulation . [£0.0%0.3)] [£0.05(0.1)]

| 2 3 4 5

Unstimulated 36.0 35.2 35.4 358 356
Stimulated ( x 2 per year) ; 35.7 34.5 34.5 35.0 34,9
Mean [£0.07(0.2)] l 35.9 34.8 35.0 35.4 35.3

experiments there are differences between
tapping systems, large in the nine Panel A
experiments and those on PR 107 and RRIM
612, but somewhat smaller in the others.
Although differences in mean d.r.c. between
years are significant in all except RRIM 501,
the trends are not consistent. There is no
clear trend with age in the nine Panel A
experiments. There is an increase from
the third to fourth year (the only ycars
d.r.c. was recorded) in RRIM 605 and 623
at Estate I but a decline for the other Panel A
experiments on PR 107 and RRIM 612
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at Estate II. Only in the Panel B experi-
ments was there a clear trend of rising d.r.c.
with age, although even that faltered at
the fourth year.” The differences in d.r.c.
between years and due to stimulation are
small compared with those due to clones
and tapping systems.

Over all the experiments, the effect of
stimulation is to multiply the control d.r.c.
by a factor of approximately 0.98, that is
to reduce the control d.r.c. by about one
unit (1%). The effect of tapping system
on d.r.c., in particular the contrast between



TABLE 19A. MEAN D.R.C, IN TWO PANEL A EXPERIMENTS (RRIM 623 AND 603}

Tapping system

Mean d.r.e, % [+0.41(1.3)]

Mean [40.29(0.9)]

RRIM 623 RRIM 605
5/2.d/3.67% 39.6 39.3 39.5
§/2.d/4.50%, 39.8 39.1 39.4
5/2.4/3.9m{12 39.3 381 38.7
S/R.d/4.70% 37.6 37.5 37.5
5/2.d/2.100%, 39.3 35.7 37.5
5/2.d/2.9m/12 38.5 35.5 37.0
8/1.d/6.67% 353 37.3 36.3
$/1.4/4.100% 36.8 34.8 358
S/1.d/4.9m/[12 34.8 35.7 352
5/1.4/3.9m/12 35.2 34.2 34.7
Mean [+0.13(0.42)] 37.6 36.7 37.2
Frequency of SR &I
gﬂiﬂﬂ?‘){i 2 per year) gg; g%i ggg
Mean [£0.13(0.42)] | 36.4 379 37.2

TABLE 19B. MEAN DR.C. IN TWO PANEL A EXPERIMENTS (PR 107 AND RRIM 612)

Tapping system

Mean (d.r.c.) % [£0.58(1.7)]

Mean [-£0.41(1.2)]

PR 107 RRIM 261
S{2.d/4.50% 44.8 41.8 43.3
5/2.d/3.67% 42.6 38.7 40.6
S/1.d/6.67% 40.0 380 39.0
5/2.4/2.100% 39.9 35.3 7.6
5/1.d/4.100% 34.5 323 334
5/1.d/3.133% 32.4 29.4 30.9
Mean {:10.24(0.7)) %0 359 375

Frequency of

Year [4-0.50(1.5)]

Mean [40.29(0.9)]

stimulation 2 3 4
Unstimulated 393 39.0 37.2 38.5
Stimulated (X 2 per year) 38.2 37.7 35.8 372
Stimulated ( X 6 per year) 37.8 36.9 35.4 36.7
Mean [40.29(0.9)] 38.4 37.9 36.1 37.5
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TABLE 20A. MEAN D.R.C. IN FIVE PANEL B EXPERIMENTS

Mean d.r.c. (%) [£0.19(0.5)]
Tapping system Mean [0.09(0.2)]
PB 5/51 RRIMS513 PR107(I) PR107(IV) PB36

5/2.4/4.50% 45.7 43.0 40.6 42.0 40.3 42.3
5/2.4/3.67% 43.2 41.4 39.0 40.1 39.0 40.5
5/1.d4/6.67% 42.3 37.35 38.2 8.1 36.7 385
§/2.d4/2.100%, 33.9 38.3 38.9 37.7 36.6 181
5/1.d{4.100%, 35.6 4.8 35.3 338 33.5 3.6
Mean [40.09(0.2)] 41.1 39.0 8.4 383 37.2 388

Mean d.r.c. by yvear [£0.15(0.4)]

Frequency of Mean [£0.07(0.2)]
stimulation 1 2 3 4 5
Unstimulated 36.4 38.8 40.5 40.0 41.2 39.4
Stimulated { X 2 per year) 359 37.7 40.1 39.6 41.5 39.0
Stimulated ( X 6 per year) 1\ 351 37.0 39.1 383 40.8 38.1
Mean [+0.09(0.2)] 35.8 378 399 39.3 412 38.8

TABLE 20B. MEAN D.R.C, IN ONE PANEL B EXPERIMENT

(RRIM 501)
Mean d ") Mean d.réc.lé%o)sﬁy M
: ean d.r.c. (9 Frequency of year [0, . ean
Tapping systetn [+0.14(0, 5)]"' stimulation - 5 [£0.11(0.4)]
$/2.d/4.50%, 38.2 Unstimulated 374 384 37.9
5/2.4/3.67%, 374 Stimulated 37.5 370 37.2
{x 2 per year)
5/1.d/6. 67%, 38.0 Stimulated 36.4 36.6 36.5
{ X 6 per year)
§/2.d/2.100%, 36.2
5/1.d/4.100%, 36.3
Mean
Mean 37.2 [40.09(0.3)] 371 37.3 37.2
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half spirals and long cuts, is far less consistent
than the effect of cut length on percentage
late drip. In the case of late drip there is
a clear separation between half spirals and
long cuts irrespective of the overall intensity,
The d.r.c. is usually lower in long-cut than for
half-spiral systems of the same intensity,
but, although there is this trend in ranking,
the two classes overlap.

The interaction of stimulation with length
of cut is also less pronounced for d.r.c.
than for percentage late drip. In several
experiments the average factor of .98
applies to both long cuts and half spirals;
in other experiments a slightly lower factor
operates for the long cuts and in yet others
a slightly large: factor,

Although there is a tendency for stimu-
lation to depress the d.r.c. progressively
more with age in the Panel A experiments,
this is not so in the Pancl B experiments,
If this was so in Panel B experiments, it
might provide a further explanation for the
declining responses to stimulation with age.
The failure to find this may be associated

TABLE 21.

with the much more dramatic decline in
the percentage late drip with age in the
Panel B experiments than in the Panel A
experiments. This has a confounding effect
on d.r.c., because d.r.c. is determined only
in the crop harvested as latex at the usual
hour of collection, and the proportion of
this to the total crop varies with percentage
late drip. However, without details of the
variation in d.r.c. during flow in control
and stimulated trees, it is not possible to
predict these confounded effects.

Tapping System and Late Drip

Late drip is more in long cuts than half
spirals (Tables 14, 15 and 16) and among
half-spiral systems it is less the more frequent
the tappings. The effect of frequency
within full spirals is not consistent. In
Table 21 the effects of length of cut and
frequency on percentage late drip is shown
for the unstimulated controls only. The
data for continuous and periodic systems
have been combined for the Panel A experi-
ments, because preliminary analyses of the
geparate data led to the same conclusions.

COMPARISON OF MEAN PERCENTAGE LATE DRIP BY LENGTH OF

CUT AND FREQUENCY OF TAPPING IN ALL. UNSTIMULATED TREATMENTS,
CONTINUQUS AND PERIODIC TAFPPING COMBINED

Panel A Experiment Panel B Experiment
I;?Lg:il Tapping frequency I.‘;efncg:? ‘Tapping frequency
dj2 dj3e djad d/6 42 /3 dj4s df6
2.47 4.28 5.20 -
S/2a 40,301 L0499 4-0.967 Sfle in 4.27 5.02 -
(86) (86} (46)
SR - - 11.36 - 5/1f - - 10.34 10.88
+1.402
(40)
shp t o — 1456 1718 15.84
+1.109 40911 +1.395 |
‘ (46) (86) (46)

Number of observations is given within brackets.
aMeans in this row differ significantly (P < 0.01).
bMeans in this row do not differ significantly.

<,dMeans in each of these columns differ
significantty (P < 0.001).
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Each mean is of twenty-seven observations; the pooled
s.¢. of any mean -1.242,
Minimum significant (P << 0.05) difference between
any pair of means is 3.48.
e fMeans in cach of these rows do not differ
significantly.
EMeans in this column differ significantly (P < 0.001},
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cant.

In both Panel A and Panel B experiments
there is a significant increase in percentage
late drip as the length of cutincreases. In the
Panel A experiments the percentage late
drip increases significantly with decreasing
frequency of tapping of half spirals. Other
differences due to frequency are not signifi-
The percentage late drip is at a
maximum for d/4 tapping among S/1 cuts
(or among all cuts for that matter) in the
Panel A experiments,

Tapping System and D.R.C.

The d.r.c. is lower in long-cut than in
half-spiral systems of the same intensity,
and within any length of cut the d.r.c. de-
clines in general with more frequent tapping
(Tables 18, 19 and 20). This is demon-
strated for the unstimulated, contrel treat-
ments in Table 22. The d.r.c. is lower in
long cuts than in half spirals at the same
frequency, and is higher the less the fre-
quency of tapping for any cut-length. These
effects are quite consistent for d.r.c., whereas
the corresponding effects are not so for
percentage late drip. Moreoever the diffe-

TABLE 22.

rences for d.r.c. attain a higher level of
significance than for percentage late drip;
in this d.r.c. may be judged to be more
sensitive to changes in frequency of tapping
than is percentage late drip.

DISCUSSION

The response to stimulation is negatively
correlated with percentage late drip and
positively correlated with d.r.c. as a general
rule, although there are exceptions to this.
The negative correlations with percentage
late drip are higher in Panel A and the
positive correlations with percentage d.r.c.
are higher in Panel B (after extraction of
the common regression from the regressions
for the individual years in both cases). Late
drip and d.r.c. are not independent of each
other, but negatively correlated for the
greater part; however, they are positively
correlated within half-spiral systems between
frequencies, other factors constant,

Since for a given frequency of tapping
(as far as these incompletely orthogonal
comparisons allow) the percentage late drip

COMPARISON OF MEAN PERCENTAGE D.R.C. BY LENGTH OF CUT AND

FREQUENCY OF TAPPING IN ALL UNSTIMULATED TREATMENTS, CONTINUOUS AND
PERIODIC TAPPING COMBINED

Panel A Experiments f' Panel B Experiments
I;(;r::g:? Tapping frequency l‘ﬁ‘ncg‘:? Tapping frequency
a2 d/3e djad dfé | d/2 d/3 d/4e d/6
Sf22 35.80 37.90 40.01 - Sf2e 38.47 41,03 42.09 -
4-0.334 40.359 10.498
(86) (86) {46)
S/R - - 36.27 - Si1f - - 3543 39.03
+0.412
(40)
§/1b - 31.96 33.37 36.53
+0.372 10284 10475
(46) (86) (46)

Number of observations is given within brackets.

2 bMeans in each of these rows differ significantly
(P < 0.001),

¢ dMeans in each of these columns differ
significantly (P < 0.001),
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The

Each mean is of twenty-seven observations; the pooled
s.e. of any mean ig +0.552,

minimum  significant (P < 0.05) difference

between any pair of means is 1.55.

¢ fMeans in either row differ significantly (P < 0.001),
& Means in this column differ significantly (P < 0,001).
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is greater and the d.r.c. is lower in long-cut
systems than in half-spirals the poorer
response to stimulation in the former than
in the latter is entirely consistent,

Increasing the frequency of tapping in
half-spiral systems reduces the percentage
late drip and the d.r.t. The reduction in
late drip should increase the response to
stimulation, whereas the reduction in d.r.c.
should decrease the response to stimulation.
These opposing tendencies result in the
variable responses in relation to frequency
among half-spiral systems.

In full-spiral systems the effect of fre-
quency on late drip is inconsistent and
the influence on response through late drip
may be expected to be inconsistent also.
However, there is a significant increase in
d.r.c. with reduced frequency of tapping
full spiral and this may give rise to a fair
response to stimulation, as is seen in several
instances for 5/1.d4/6.67%,.

‘Therefore, the responses to stimulation
in relation to tapping system may be ex-
plained largely in terms of the effects of
the latter on the percentage late drip and
the d.r.c. The percentage late drip in
particular is a measure of flow characteristics,
even if a less precise measure than the plug-
ging index of MiLrorp et al. (1969). They
showed a positive correlation between res-
ponse to stimulation and plugging index
(in which a high plugging index is appro-
ximately equivalent to short flow and less
late drip), and a positive correlation between
the plugging index and the percentage d.r.c.
of the latex between clones.

The effect of stimulation is to reduce
plugging and to prolong flow. The oppor-
tunity for stimulation to be effective is
greater in a situation of high plugging,
short flow and low late drip. If flow is
prolonged, dilution of the latex will also
be prolonged and the mean d.r.c. reduced.
Increased flow will increase total yield, but
reduced d.r.c. will reduce total yield. The
response to stimulation will be the product
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of these opposing effects. Negative respons-
es in yield to stimulation (that is responses
of less than 1009, as defined here) will arise
when the prolongation in flow is inadequate
in relation to the fall in d.r.c. Thus, a
negative response arises in part from the
same physiological processes as a positive
response in yield. For the rest, whether
the response is positive or negative will
depend on the ability of the tree to regenerate
rubber in the latex to restore the d.r.c.
This ability may be associated partly with
the initial d.r.c., so that the final response
is not only correlated negatively with the
initial or control percentage late drip, but
positively with the initial or control d.r.c.
The ability to regenerate rubber may be
better in periodic systems than in the equi-
valent systems tapped continuously and so
account for the often better responses to
stimulation in the periodic systems.

If these conclusions are correct, it should
be possible to use them to predict or explain
responses to stimulation in new situations.
ABraHAM et al. (1971 a and b} inferred
positive interactions in yield between the
more effective novel stimulants, decreasing
intensity and the introduction of panel
changing. Among the new series of ex-
periments reported by Nc et al (1970)
were some comparing single half-spiral
and panel-changing systems. The mean
percentage late drip and d.r.c. are compared
for these in Table 23.

Panel changing has increased the percent-
age late drip significantly and reduced the
d.r.c. in the comparison available for S/2.d/
2.100% and the corresponding system.
These effects would be expected to reduce
the response to stimulation with panel chang-
ing at alternate d/2tappings. Panel changing
has increased percentage late drip and
reduced d.r.c. in the comparison of S/2.d/
3.67% and the corresponding system, but
proportionately less than in the former
example. Little effect on response to stimu-
lation due to panel changing might be ex-
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TABLE 23. COMPARISON OF PERCENTAGE LATE DRIP AND D.R.C. IN SINGLE

HALF- SPIRAL AND PANEL CHANGING SYSTEMS

Late drip (%) d.r.c. (%)
Tapping system Single Panel Single Panel
512 changing 82 changing

§2.4/2.100%, versus 9.6 4-3.32% 1¢.4 3.1 +1.78 288
5/2.d/2(2 % 2d/4)100%a ©.4) : (5.1)

5/2.d/3.67%, versus 15.5 +1.26 17.0 36.0 +0.67% 34.0
$/2.d/3(2 x 3d[6)67%P (3.6) ‘ (1.9)

5/2.d/4.50%, versus 17.2 +1.36%# 11.3 386 +0.73 38.0
S/2.dj4(2° % 4d/8)50%¢ 3.9) 2.1)

*P < (.05 =P < (.01
aDne experitnent on RRIM 701, two vears.

bOne experiment on RRIM 701, two years, and two experiments each on PB 2859 and RRIM 628, three years.
“T'wo experiments each on PB 28/59 and RRIM 628, three years.

pected. Panel changing has significantly
decreased percentage late drip and only
slightly reduced d.r.c. in the 5/2.d/4.509%,
comparison. '~ Panel changing might be ex-
pected to enhance the response to stimulation
in this case.

The novel and more effective stimulants
may introduce further interactions, but his
example offers an explanation why the
response to stimulation improves with panel
changing and reduced frequency of tapping.

CONCLUSIONS

The generalisation that response to stimu-
lation is negatively correlated with relative
tapping intensity (both expressed as percent-
ages) is not established with confidence in
most of the Panel A experiments, but it is
in most of the Panel B experiments. Res-
ponses are better in half-spiral than in long-
cut systems of the same frequency of tapping
or of the same relative intensity.

Among half-spiral systems response does
not show a clear pattern in relation to fre-
frequency in Panel A experiments, but, in
general, response increases with declining
frequency in Panel B experiments. Among
full-spiral systems response is generally

10

better on d/6 than on d/4 in both Panel A
and Panel B experiments. The comparison
between d/3 and d/4 full-spiral systems is
available only in Panel A and partly con-
founded with periodic wversus continuous
tapping; the pattern is not consistent although
responses are better in d/4 than d/3 in more
cases than the converse. Responses are
often better in periodic than in continuous
tapping of the same system.

There is some decline in response with
age, successive years, in Panel A experiments
and more markedly in Panel B experiments.
Depressed girth increments in the stimulated
trees, lack of compensatory fertiliser and
depressed d.r.c. in the stimulated trees com-
pared with controls are possible but not
fully satisfactory explanations of the declines
in response.

When the effects of years are eliminated
by extracting the common regressions, there
are in many, but not all, cases significant
correlations between response and (a) per-
centage late drip (negative) and (b) percentage
d.r.c. (positive). Although there is a general
negative correlation between percentage late
drip and d.r.c,, this does not account for
all their mutual variation and they are posi-
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tively correlated between frequencies within
half-spiral systems (clones and years).

The effects of cut-length and frequency
of tapping on the percentage late drip and
the d.r.c. are discussed in detail and shown
to account for much of the variation in
response to stimulation with tapping system.
Late drip is related negatively with plugging
index and hence with established flow pheno-
mena. The d.r.c. is partly correlated with
late drip as a result of the dilution reaction,
but d.r.c. may be an indicator of the tree’s
ability to regenerate rubber also and so have
a direct influence on the response to stimu-
lation.
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