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Variations in Stimulation Response in Yield of a
Hevea Clone I. Component Variance Model

C.S. CHOW and H. TAN

The component variances and their proportions were estimated based on a fixed-effects model in
the analysis of variance for the short- and long-term variations in yield response of done
RRIM 605 to stimulation with ethephon and 2,4,5-T. Increased fluctuations corresponding
to the trend and environmental factors are highlighted. Wide -variations within stimulation
periods constitute the major variation in stimulated yield. A reduction in variation in tapping
cut and an increase in variation in tapping frequency under stimulation were shown. Tapping
systems superior to those investigated in the experiment may be expected in future.

Stimulation of latex yield in Hevea brasiliensis
is an important aspect of research in the
rubber industry. Apart from physiological
and biochemical studies1"9 on yield stimu-
lation, one aspect of practical importance
is the optimum use of stimulants in con-
junction with tapping systems. As yield
stimulants may cause undesirable side effects
on trees over a long period, knowledge on
such effects is therefore very important to
maintain the future active life and to obtain
maximum profit from the trees.

In early experiments of the Rubber
Research Institute of Malaysia (RRIM)
emphases were made on the search for
possible yield stimulants, their effectiveness
and suitable application methods for Hevea
clones10-11. Wycherley12 described the
results of experiments over four to five years
of stimulation on a few clones using 2,4-D
(2,4 dichlorophenoxy acetic acid) and 2,4,5-T
(2,4,5 trichlorophenoxy acetic acid). He
reported clonal differences for yield response,
percentage late drip, dry rubber content and
girth increment in different tapping systems.

Later, ethephon (2 chloroethyl-phosphonic
acid) was found to be more effective than
conventional stimulants13"16. A series of
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experimental trials was then initiated to
compare the long-term effects of ethephon
and 2,4,5-T with various tapping
systems1 s-1*'16.

Several statistical techniques are available
to summarise the results of these long-term
stimulation trials. However, an extensive
study of the data collected over years has
not been attempted so far. This paper
therefore aims at using variance component
analysis to investigate the systematic short-
and long-term variations and their interac-
tions with the tapping systems in terms of
yield responses to ethephon and 2,4,5-T
from one of the recent stimulation experi-
ments.

Experimental Data
Data were derived from the experiment

carried out in the Pinang Tunggal Estate,
Sungei Patani, Kedah. Details of the experi-
ment and part of the yield results (up to
thirty-eight months' yield) have already
been described17'18. Briefly, the experiment
involved the clone RRIM 605 tapped on
Panel C, Two stimulants, ethephon (10%
i.e.) and 2,4,5-T (1% i.e.) have been used
in conjunction with fifteen tapping systems
including unstimulated controls for every
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tapping system. This forms a factorial set
of forty-five treatments. The fifteen tapping
systems consisted of three cut systems (S/2,
S/R and S/l) and three tapping frequencies
(d/2, d/3 and d/4) combined factorially;
and, two panel cut systems (S/2 and 2S/8)
and the same three tapping frequencies
combined factorially with panel-changing
(Panels C and D). Stimulations were done
bi-monthly and four sets of average yields
were recorded at equal intervals (normally
twelve days, called a cycle) within one
stimulation period. Treatments were applied
to groups of twenty-four trees arranged in
two replicates. The following yield attri-
butes were studied:

• Total yield (gramme per tree per
tapp ing) was measu red for every
cycle (about two weeks) within each
stimulation period of two months
for four years.

• Total yield response to stimulation was
estimated as the difference between
total yield (normal yield plus late
drip) from the stimulated and un-
stimulated (control) trees.

Pre-treatment data were available but
they were not used for covariance adjustment
due to lack of correlation of yield over the
long period with pre-treatment effects over
time.

Statistical Analysis
The analysis of variance for a fixed-effect

model19 was used to analyse the data. From
the mean squares of the analysis of variance,
the component variance and their propor-
tions with respect to the total variance com-
ponent for the various factors, namely, the
stimulants, periods, tapping cuts, tapping
frequencies, cycles and their interactions
were estimated. In each analysis of variance,
consideration was given for the different
order of errors associated with different

factors. The total variance component was
used because it could reinforce the impli-
cation of a significant result shown in the
mean squares by indicating its contribution
to the total variation by the particular
factors21.

In the traditional analysis of variance,
however, mean squares are sufficient to
show significant differences among factors.
They do not necessarily indicate the magni-
tude of variation and the relative contri-
bution of each factor. Therefore, the present
method adopted is considered more appro-
priate in the analysis and interpretation of
the data.

RESULTS AND DISCUSSION

Total Yield
The separate analysis of variance of total

yield with and without stimulation showed
significant differences in the variation of
almost all the factors studied (Table 1).
From the estimated component variances
and total variance component, the item
periods representing trend and environ-
mental factors, were found to account for a
large proportion of variation in the total
yield obtained by stimulation compared with
the control. The component variance of
the ethephon stimulated yield was more than
twice that of the 2,4,5-T stimulated yield.
The high component variance of the Error
(a) also indicated that fluctuation of yield
under control conditions was greatly reflected
in the stimulated yield (Figure 1). The
fluctuation in terms of sum of squares of
deviations from trend (assuming quadratic)
was found to be 25% more in the 2,4,5-T
stimulated yield than in the control but
105% more in the ethephon stimulated
yield. The magnitude of the cyclical (short-
term) variation for ethephon stimulated
yield (36% of total variance) was very large
compared with that for 2,4,5-T stimulated
yield (5% of total variance).
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TABLE 1. ANALYSES OF VARIANCE (IN COMPONENT VARIANCES) FOR TOTAL YIELDS

Source of variations

Replicates
Periods (P)
Error (a)

Tapping systems ("I")
Cuts (S)
Frequencies (D)
S x D
T x P
S X P
D x P
S x D x P
Error (b)

Cycles (C)
C x P
C x T
C x S
C x D
C x S x D
C x T x P
C x S x P
C x D x P
C x S x D x P
Error (c)

d.f.

21
23
23

4
2
8

92
46

184
336

3
69

12
6

24

276
138
552

1080

Control

Component
variance

9.17
167.17***
173.14

116.30***
66.17***

106-12***

104.94***
3.12NS
O.OONS

178.48

1.37***
57.48***

2.21***
0.84***
0.19NS

11.53***
5.75***
1.15***

48.80

Proportion
total

variance
<%)

0.87
15-86
16.43

27-38
11.03
6.28

10.07
10.26
9.96
0.30
0.00

16.93

0.13
5.45
0.31
6.21
0.08
0.02
1.75
L09
0.55
0.11
4.63

Ethephon

Component
variance

0.00
652.49***
210.50

34.14***
427.26***
720.44***

23.91**
68-24***

O.OONS
292.70

1 236.52***
132.58***

21.71***
49.25***
6.64***

11.35***
36.16***
O.OONS

164.60

Proportion
total

variance
(%)

0.00
18.97
6.12

13.7
0799

12.42
2.11
2.74
0.69
1.98
0.00
8.51

35-94
3.85
2.30

2,4,5-T

Component
variance

0.00
298.00***
231.83

42.73***
161.17***
41.13***

150.43***
43.80***
18.40***

122.25

51.16***
78.72***

0.63 7.21***
1.43 4.88***
0.19
1.41
0.3~3
1.05
0.00
4.78

O.OONS

9.10***
16.94***
2.00***

68.20

Proportion
total

variance
(%)

0.00
22.11
17.20

18.18
"3.17
11.96
3.05

15.78
11.16
3.25
1.37
9.07

3.80
5.84
0.89
0:53
0.36
0-00
2.09
0:68
1.26
0.15
5.06

Figures underlined are the sums of individual proportions of related components
Significance was indicated by mean squares with respect to appropriate error.
NS = Not signiacant at P<0.05
** P<0.01

***P< 0.001
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Figure 1. Total yield obtained with ethephon and 2,4,5- T stimulation and control over twenty-four
periods.

Ethephon-stimulated yield declined much
more rapidly from the first cycle to the
subsequent cycles than the 2,4,5-T stimu-
lated yield. The decline in yield was 30%-
40% from the first to the second cycle for
ethephon stimulated yield but less than
10% for 2,4,5-T stimulated yield (Figure 2).
On the average, yield of the third cycle was
about 45%-60% of the first cycle for
ethephon stimulated yield but 75%-95%
for 2,4,5-T stimulated yield. For the fourth
cycle, ethephon stimulated yield was about
40%-50% of that of the first cycle but was
65%-95% in the case of 2,4,5-T stimulated
yield.

The rather mild interactions between
cycle and tapping systems in both stimulants
(Table 1) suggested that the inherent cyclical
effects of the stimulants on Hevea were

probably relatively independent of tapping
effects. However, the great difference in
cyclical effects between the two stimulants
reflected that the method of stimulation
including concentration of stimulant fre-
quency and timing of application could be
very important.

Considering the variation of tapping
systems, the main effect of tapping cuts was
reduced substantially from 11% in the
control yield to only l%-3% in the stimu-
lated yield. In terms of component variance,
the ethephon stimulated yield was more
than six times of the control yield and 2.6
times that of the 2,4,5-T stimulated yield,
though the proportion contributed to total
variance was about the same (about 12%
total variance component). On the other
hand, the total variance component of tapping
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Figure 2. Total yield for different tapping systems.
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frequencies in the stimulated yields was
about double that of the control. In the
case of 2,4,5-T stimulated yield, however,
the cut effect varied with time and environ-
mental fluctuations as indicated by the 11%
total variance component of the S x P
interaction (as similar to that of control)
compared with the negligible 1% for ethe-
phon stimulated yield. The reduction in
variation for tapping cut and the increase
in variation for tapping frequency under
stimulation, especially with ethephon, suggest
that tapping frequency accounted for more
variation than tapping cut while the reverse
was true for tapping without stimulation.
This may imply a favourable choice of
shorter tapping cuts and, more important,
an appropriate tapping frequency. This
suggestion is in line with that of Abraham
et a/.18

Total Yield Response
A similar analysis on total yield response

to the two stimulants (Table 2) showed a
rather different pattern of variations in the
factors considered. Cyclical variations of
46% in the ethephon stimulated yield
response and 9% in the 2,4,5-T stimulated
yield response were even higher than those
observed in the total yield (Table 1).

Table 3 illustrates the frequent negative
response particularly in the third and fourth
cycles and in the later years of stimulation
with both the stimulants. Of the fifteen
tapping systems considered, positive response
to ethephon for the four cycles throughout
the foui-year stimulation period was observed
only in the S/2.d/4 and 3/8S.d/4 (2x4d/8)
systems. In the case of 2,4,5-T stimulation,
however, only the latter tapping system gave
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TABLE 2. ANALYSES OF VARIANCE (IN COMPONENT VARIANCES) FOR
TOTAL YIELD RESPONSE TO STIMULATION

Ethephon 2,4,5-T

Source of variations

Replicates
Periods (P)
Error (a)

d.f.

1
23
23

Component
variance

1.90
175.91***
88.57

Tapping systems (T)
Cuts (S)
Frequencies (D)
S X D
T x P
S x P
D x P
S x D x
Error (b)

Cycles (C)
C X P
C x T
C x S
C X D
C x S x
C x T x

P

D
P

C x S x P
C x D x
C x S x
Error (c)

P
D x P

4
2
8

92
46

184
336

3
69

12
6

24

276
138
552

1 080

142.65***
183.57***
33.22***

70.03***
40.82***

O.OONS
308.45

1 279.52***
106.49***

30.76***
57.53***
5.47***

33.33***
20,80***

O.OONS
178.20

Proportion
total

variance
(%)

0.07
6.38
3.21

13,03
5.17
6.66
1.20
4.02
2.54
1.48
0.00

11.19

46.41
3.86
3.41
1.12
2.09

*0.20
1.96
1.21
0.75
0.00
6.46

Component
variance

14.96
34.22***
0.00

21.80***
19.31***
94.43***

2.88NS
O.OONS
O.OONS

325.00

61.69***
16.60***

4.01***
2.12***
1.41**

5.62***
3.02***

12.80***
78.7

Proportion
total

variance
(%)

2.14
4.90
0.00

19.40
3.12
2.76

13.52
0.41
0.41
0.00
0.00

46.52

8.83
2.38
1.07
0.57
0.30
0.20
3.06
0.80
0.43
1.83

11.27

Figures underlined are the sums of individual proportions of related components.
Significance was indicated by testing mean squares with respect to appropriate error terms.
NS = Not significant at P<0.05
** P<0.01

*** P<0.001

all positive responses. It follows therefore
that while the total (or mean) response for a
stimulation period or over any arbitrary
period may be positive, negative responses
were likely later in the stimulation period
for many tapping systems. It implies that
short-term profit in terms of additional yield
due to stimulation especially with ethephon
was highly variable in particular when short-
term prices were fluctuating. In cases where
sale of products was made immediately or
a few days after tapping, a depressed revenue
was possible at a later part (cycles) of the
stimulation period more so when prices of
rubber were low. While the difference
between component variances (or total
variance component) of tapping cut and
tapping frequency in both of the stimulated

total yield were significant (Table 1), the
difference was negligible in the case of yield
response (Table 2), This suggests that a
negative correlation may exist between the
effects of tapping cut of the control and the
stimulated yield (since the yield response is
defined as the difference of the latter and
the former). The tapping cut that gives
lower yield under control conditions would
tend to give relatively higher yield under
stimulation and vice versa. In fact, the same
argument may be given to the higher varia-
tion in cycle effects in the case of yield
response than in total yield. A much greater
cut x frequency interaction in yield response
to 2,4,5-T stimulation but negligible in
ethephon stimulation was also observed.
A relatively large fluctuation was associated
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TABLE 3. MEAN YIELD RESPONSE TO ETHEPHON AND 2,4,5-T BY TAPPING SYSTEM,
YEAR AND CYCLE WITH CONTROL YEARLY MEAN

Tapping y£
cut

S/2

£

s/i

S/l

i.

S/R

ar Cycle

1
2
3
4

Mean
Control

1
2
3
4

Mean
Control

1
2
3
4

Mean
Control

t 1
2
3
4

Mean
Control

1
2
3
4

Mean
Control

t 1
2
3
4

Mean
Control

1
2
3
4

Mean
Control

\ 1
2
3
4

Mean
Control

1
2
3
4

Mean
Control

d/2

Ethephon 2,4,5-T

93.36 38.26
26.70 36.84
8.14 22.23

- 0.66 10.42
31.89 26.94

49.79 g/tree/tapping

77.72 34.61
24.38 30.73
8.16 19.91

- 1.51 10.03
27.19 23.82

41.58 g/tree/tapping

50.06 21.01
16.15 21-58

5.72 13.69
- 3.30 5.14

17.16 15-35
42-82 g/tree/tapping

24.83 7.85
• 0.48 .. 5.98

-11.48 1.15
-14.74 - 1.27
- 0.47 3.43
46.78 g/tree/tapping

36.82 12.01
3.16 2.57

- 9.44 - 7.97
-11.12 - 9.39

4.85 - 0.70
80.84 g/tree/tapping

48.94 20.12
17.39 11.68

9.53 3.54
5.93 - 0.96

20.45 8.60
33.90 g/tree/tapping

53-78 12.89
22.84 9.78
12.87 4.48

7.73 0.33
24.30 6-87

34.05 g/tfee/tapping

36.84 12.98
16.58 12.88
7.27 8.21
3.23 4.73

15.98 9.70
28.44 g/tree/tapping

85.24 29.18
10.01 10.12

- 8.78 - 4.76
-15.75 - 7.28

17.68 6.82
81.69 g/tree/tapping

Mean yield response (%)

d/3

Ethephon 2,4,5-T

145.21 22.78
71.06 21.56
35.31 13.28
19.55 3.03
67.78 15.16

60.26 g/tree/tapping

130.24 34.88
42.01 22.80
14.27 14.20
1.28 8.68

46.95 20.14
49.50 g/tree/tapping

101.24 34-31
33.97 23.80
13.20 12.48
3.27 8.72

37.92 19-83
53.68 g/tree/tapping

68.13 16.08
29.90 10.28
8.82 8.29

- 0.68 0.58
26-54 8.81

51.14 g/tree/tapping

76.52 5.37
9.69 - 9-03

-10.97 -24.33
-19.55 -25.98

13.92 -13.49
138.55 g/tree/tapping

52.19 - 0.97
4.02 - 7.39

-12.08 -12.49
-18.82 -17.24

6.33 - 9.52
73.40 g/tree/tapping

66.45 5.17
15.16 4.02i ^s ft n^1 . J O U .V J

-11.61 -11.18
17.11 - 2.01

74.90 g/tree/tapping

58.81 10.56
27.53 4.82

3.26 1.93
- 0.97 0.35

22.16 4.41
61.59 g/tree/tapping

110.21 57.70
37.38 48.43
1.08 33.75

-13.89 20.03
33.69 39.98

78.31 g/tree/tapping

d/4

Ethephon 2,4,5-T

165.45 11.36
115.62 12-33
66.73 4.03
43.40 0.02
97.80 6.93

64.57 g/tree/tapping

130.13 17.13
53.72 11.13
11.93 0.43
2.33 - 3.98

49.53 6.18
64.31 g/tree/tapping

126.25 1.04
60.72 3.37
30.43 0.41
11.40 - 7.72
57.20 - 0-73

65.65 g/tree/tapping

73.46 - 0.32
30.55 - 1.87
12.30 - 7.44

6.58 - 5.80
30.72 - 3.86

59.83 g/tree/tapping

76,61 33.95
42.96 29.79
11.59 19.36
11.78 11.46
35.73 23.64

118.81 g/tree/tapping

77.96 12.64
28.12 4.63
7.18 0.07
2.62 - 5.78

28.97 2.89
66.48 g/tree/tapping

80.68 8.80
30.71 7.46
11.32 0.63

- 3.70 -14.08
29.75 0-70

71 .23 g/tree/tapping

59.69 9.46
26-34 5.88

6-78 - 0.43
- 1.61 - 5.08

22.80 2.46
59.02 g/tree/tapping

153.03 32.62
83.53 22,40
39.33 11.98
18.18 1.93
73.52 17.23

96.97 g/tree/tapping



TABLE 3. MEAN YIELD RESPONSE TO ETHEPHON AND 2,4,5-T BY TAPPING SYSTEM,
YEAR AND CYCLE WITH CONTROL YEARLY MEAN (CONTD.)

1 1
Tapping ! Yeap nvcucut 3

2 1
2
3; 4

Mean
; Control

3 1
2
3

; 4
Mean

Control

4 1
2
3
4

Mean
Control

S/2 I 1
2
3
4

Mean
Control

2 ' 1
2
3
4

; Mean
Control

3 1
2
3
4

Mean
; Control

' 4 1
2
3
4

Mean
Control

3/8S 1 1
2
3
4

Mean
Control

2 1
2

! 3
! 4

Mean
Control

2 x 2d/4

Ethephon 2,4,5-T

55.02 0.78
5.15 - 8-38

-10.96 -15.08
-19.91 -24.10

7.33 -11.70
64.48 g/tree/tapping

53.88 - 2.55
5.61 - 6.77

- 7.23 -14.96
-16.88 -22.26

8.85 -11.63
63.15 g/tree/tapping

33.50 - 9.93
1.08 -15.34

-14.50 -20.94
-19.32 -20.26

0.19 -16.62
58.49 g/tree/tapping

47.45 7.13
1.23 - 2.96

-15.14 -15.60
-17.46 -16.19

4.02 - 6.90
87.25 g/tree/tapping

25.76 - 0.39
- 2.78 - 3.62
-13.28 - 8.13
-19.42 -11.69
- 2.43 - 5.96
51.42 g/tree/tapping

33.71 - 2.98
0.24 - 5.91

-12.05 -11,46
-18.82 -15.43

0.77 - 8-95
57.54 g/tree/tapping

20.68 - 5.44
3.66 - 5.05

-13.15 -10.10
-19.02 -11.65
- 1.96 - 8.06
49.18 g/tree/tapping

101.88 13.51
41.50 7.80
17.04 - 2.23
8.61 - 5.04

42.26 3.51
52-60 g/tree/tapping

66.11 10.38
12.10 1.69

- 1.56 - 1.71
-10.58 - 8.09

16.52 0.57
47.59 g/tree/tapping

Mean yield response (%)

2 x 3d/6

Ethephon 2,4,5-T

63.38 33.64
5.33 22.86

-19.85 6.13
-31.10 - 0.65

4.44 15.50
73.30 g/tree/tapping

57.10 24.23
3.09 14.81

-13.58 5.26
-29.91 - 5.58

4.18 9.68
71 .12 g/tree/tapping

35.48 - 5.57
- 3.10 - 9.22
-22.32 -15.58
-28.52 -16.45
- 4.61 -11.70
71.67 g/tree/tapping

95.23 41.87
38.77 33.18
9.00 21.64
3.78 16.35

36.71 28.26
73.84 g/tree/tapping

48.58 25.12
3.13 13.21

-10.92 4.55
-22.36 2.64

4.61 11.38
64.20 g/tree/tapping

52.89 12.58
8.01 7.59

- 4.96 - 0.35
-16.73 - 3.93

9.80 3.97
61.23 g/tree/tapping

42.61 2.41
7.43 - 7.74

- 9.12 - 8.45
-18-02 -10.39

5.73 - 6.04
55.51 g/tree/tapping

125.39 31.51
56.08 21.86
27.79 9.99
16.63 6.40
56.47 17.44

65,16 g/tree/tapping

102.01 34.32
37.02 20.99
13.33 13.92

- 0.83 6.62
37.88 18.96

55.45 g/tree/tapping

2 x 4d/8

Ethephon 2,4,5-T

87.47 29.73
23.66 19.68

-10.81 3-23
-22.06 - 1.22

19.56 12.86
80.81 g/tree/tapping

85.98 15.50
21.78 8.69

- 2.74 - 0.22
-21.63 -11.38

20.85 3.15
80.29 g/tree/tapping

55.51 - 0.27
10.47 - 2.03

-10.04 - 8.68
-15.35 - 7.02

10.15 - 4.50
67.45 g/tree/tapping

133.57 10.93
63,70 2.15
26.78 - 3.87
17.14 - 6.64
60.29 0.64

92.24 g/tree/tapping

86.33 22.96
28.43 17.26
2.64 10.99

-10.65 9.28
26.69 15.12

76.09 g/tree/tapping

65.08 18.89
20.60 17.64

- 6.28 7.97
-17.44 4.86

15.49 12.34
65.75 g/tree/tapping

37-95 - 4.33
8.71 - 1.78

- 9.22 - 5.68
-17.37 - 7.37

5.02 - 4.79
58.74 g/tree/tapping

141.26 20.35
84.46 23.80
60.54 21.78
39.88 14.66
81.53 20.15

38.53 g/tree/tapping

115.31 51.22
56-05 38.60
30.55 35.58
19.36 46.07
55.32 42.87

40.78 g/tree/tapping
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TABLE 3. MEAN YIELD RESPONSE TO ETHEPHON AND 2,4,5-T
YEAR AND CYCLE WITH CONTROL YEARLY MEAN

BY TAPPING SYSTEM,
(CONTD.)

Mean yield response (%)
Tapping •,, ,-, , , n"t Year Cycle > a/ 2

Ethephon 2,4,5-T

3 1 51.85 6.63
2 11.01 2.61

: 3 - 1.99 - 3.42
4 -10.13 - 6.80

Mean : 12.68 - 0.25
Control 47.81 g/tree/tapping

4 1 38.21 - 0.52
2 13.03 - 4.74
3 - 1.10 - 5.76
4 - 7.88 - 7.99

Mean 10.57 - 4.75
Control 42.54 g/tree/tapping

Means of cycles for given year and tapping system

Mean of tapping frequencies for given year and
tapping cut or vice versa

d/3

Ethephon 2,4,5-T

74.18 11.50
17.37 8.19

0.22 0.91
-14.11 - 4.09

19.42 4.13
61.73 g/tree/tapping

51.50 5.43
16.01 4.34

- 3.10 - 5.79
- 8.03 - 2.90

14.09 0.27
49.25 g/tree/tapping

Ethephon

S.E. -3.845
L-S.D. 10.68

S.E. 5.424
L.S.D. 15.03

d/4

Ethephon 2,4,5-T

105.23 30.61
48.13 31.08
24.98 28.95

9.54 24.52
46.97 28.79

42.32 g/tree/tapping

68.98 19.78
29.89 13.34
10,27 14.76

5.57 16.11
28.68 16.00

37.13 g/tree/tapping

2,4,5-T Control

2.561
7.10

5.359 3.986
14.86 11.05

with tapping systems in yield response in
the case of 2,4,5-T where nearly half (47%)
of the total variance was due to error b, in
contrast to the negligible fluctuation in
period (error a) as shown in Table 2. These
may indicate the non-additive and less
consistent tapping effects in 2,4,5-T stimu-
lation than in ethephon stimulation.

Comparison of variation due to different
factors may indicate their relative weights
in certain practical considerations. The
analysis of variance for total yield response
(meaned over cycles) (Table 4) shows that
while an 18% variation due to the difference
in stimulants was sufficiently large to express
the superiority of one stimulant (ethephon)
to the other (2,4,5-T), the total variation of
about 15% due to tapping systems was also
indicative of the possible variation of the
same order. In addition, the total interaction
between stimulants and tapping systems
amounted to about 11%. It implies that
although the tapping systems included in
this experiment were fixed or selected (based

on the factorial basis), it does not however
preclude the high possibility, that better (or
inferior) tapping systems than those con-
sidered in the experiment may be found.

CONCLUSION

The fluctuation of yields under unstimulated
conditions was increased to a greater extent
by ethephon stimulation than by 2,4,5-T
stimulation. The short-term variation in
stimulated yield and yield response accounted
for the major variation under ethephon
stimulation but was only moderate with
2,4,5-T stimulation. The possibility for
negative responses towards the end of the
second year or so implied a loss of profit
especially towards the end of a stimulation
period or in the long-term, of continuous
stimulation. A reduction in variation of
tapping cut and an increase of tapping
frequency under stimulation especially with
ethephon implied the advantage of the
choice of shorter tapping cut and the impor-
tance of an appropriate tapping frequency.
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TABLE 4. ANALYSIS OF VARIANCE FOR TOTAL YIELD RESPONSE

Source of variation d.f. Component variance

Replicates 1 129.3
Stimulants (T) 1 2 737.6***
Periods (P) 23 1 313.7***a

T X P 23 636.6***a

Error (a) 47

Tapping cuts (S) 4
Tapping frequencies (D) 2
S X D 8
T x S 4

156.4

1 110.5***

Proportion
total variance

(%)

0.85
17.95
8.61
4.17
1.03

7.28
828.6***a 5.43
293.7***a 1.93
410.3***

T X D 2 514.5***a

P X S 92 637.6***a

P x D 46 112.4***a

T X S x D 8 714.3***a
P x S x D 184 O.ONS
T X P X S 92

2.69
3.37
4.18
0.74
4.68
0.00

O.ONS 0.00
T X P X D 46 78.0NS 0.51
T X P x S X D 184
Error (b) 672

O.ONS
5 581.3

0.00
36.59

Significance was indicated by testing mean squares with respect to appropriate error terms.
aSum of the regression components (up to or less than the cubic) and the remainder
NS = Not significant at P<0.05
*** P<0.001

The evidence suggests that some other
tapping systems which are likely to be
superior to those used in the experiment
may be worthwhile considering to reduce
fluctuation in variations over a long period
of time.
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