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Changes in Some Physiological Latex
Parameters in Relation to Over-

exploitation and the Onset of
Induced Tapping Panel Dryness
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ZAINAB HAMZAH*, S. SIVAKUMARAN* AND H.Y. YEANG*#

As tapping panel dryness of the rubber tree developed in response to various stress treatments,
significant changes in invertase andpolyphenol oxidase activities, total sugars and total solids
in the latex were found to be associated with the intensive tapping and ethephon treatments
These changes appeared to be related more to the exhaustion of the laticifer system (over-
exploitation) than to the basic causes of dryness They -were unreliable predictors of dryness in
situations where the dryness was not accompanied by increased yield output, as exemplified by
the pin-pricking stress treatment In the early stages of the stress treatments, latex prolme and
copper content increased with all the experimental treatments attempted, irrespective of whether
yield output was increased These results suggest that an increase in latex prolme or latex copper
might serve as a warning indicative of incipient or impending dryness

Even from the early days of rubber planting,
tapping panel dryness, or its manifestation as
brown bast in the later stages, has been
recognised to be more prevalent when the tree
is over-mtensively exploited13. Hence, the
disorder is commonly associated with
physiological stress imposed upon the tree by
excessive withdrawal of latex Rubber is the
main component of latex (other than water) and
it needs to be regenerated to replace the loss
from tapping. There could therefore be a
relationship between tapping panel dryness and
the capacity of the tree to regenerate rubber
Photosynthate in the form of latex sugars
(mainly sucrose) are the basic substrate for
rubber biosynthesis. The conversion of sucrose
into reducing sugars by invertase is thought to
be a rate-limiting step in the rubber biosynthetic

pathway because of the very low invertase
activity in latex4. Consistent with this
hypothesis, invertase activity increases
markedly when yield output is enhanced by
stimulation with auxin or ethephon56 .
Therefore, the availability of sugars in the latex
and the invertase activity in latex could be
indicative of the capacity of the tree to replace
the latex loss from tapping

The accumulation of proline in plant tissue
is a common reaction to various forms of
physiological stress, such as that induced by
drought, cold or salt7-8. Whether this is an
adaptive response is a subject of debate, but
proline nevertheless serves as a convenient
marker for physiological stress. As water is the
main constituent of latex, it is not inconceivable
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that excessive withdrawal of latex would lead
to a localised water deficit in the region of the
tapping panel.

A decrease in polyphenol oxidase activity
in the latex resulting from intensive tapping
and subsequent onset of dryness has been
reported9. The content of copper in latex has
also been reported to be related to dryness10"
although its mechanism is less well understood.

The onset of tapping panel dryness has often
been associated with latex instability within
the latex vessels. This is believed to result in
coagulation in situ leading to blockage of the
latex vessels and the cessation of flow when the
tree is tapped12. The effect of latex stability on
the onset of dryness in this study will be
reported separately.

In this study, changes in various
physiological parameters are investigated in
relation to the onset of dryness. To assess rubber
biosynthesis and regeneration, latex sugars and
invertase levels and the total solids (comprising
about 94% rubber) in latex were monitored.
Other stress_ indicators studied were proline
and polyphenol oxidase. Changes in latex
copper was also studied. Dryness was induced
by two methods, viz,

(a) Intensive tapping and stimulation with
ethephon to increase latex withdrawal
and

(b) Insertion of pins into the panel13 which
induces dryness without increasing the
rate of latex withdrawal.

MATERIALS AND METHODS

Experimental Design

The experiment was carried out on RRIM
605 tapped on Panel BO-2. Eight trees,

comprising two blocks of four trees per
treatment, were subjected to each of the
following treatments aimed at inducing dryness
of the tapping cut:

• Untreated control (tapped alternate daily,
1/2S d/2)

• Intensive tapping (tapped twice daily,
1/2S 2d/l)

• Intensive tapping + ethephon stimulation

• Tapped 1/2S d/2 with pin pricking (see
below)

• Tapping and pin pricking + ethephon
stimulation.

At the initiation of the pin pricking
treatment, four evenly spaced steel pins were
inserted into the bark (to tapping depth) just
below the tapping cut. Another four pins were
similarly inserted in a second row 0.5 m below
the tapping cut and a further four pins were
inserted 1 m below the tapping cut. One new
pin was inserted into the bark below each of the
above pins on every tapping day.

Ethephon stimulation was carried out with
10% a. i. ethephon applied to the tapping groove
monthly.

Latex sample collections were made at
approximately weekly intervals. On a
designated latex collection day, collections
were made from individual trees of one block
of each treatment. Collections were made from
trees in the second block the following week.
Yield was determined as the dry weight of
rubber per tree per week while dryness of the
tapping cut is the length of dry cut expressed as
percent of the total length of the tapping cut.
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Analyses of Physiological and Biochemical
Parameters

After tapping the tree, the first 3 ml of
exuded latex was discarded and about 50 ml of
the subsequent flow was collected from
individual trees into ice-chilled containers. The
latex and sera derived from it were kept chilled
thereafter for the various laboratory analyses.
Latex centrifugation was carried out at 19 000
r.p.m. (44 000 g) for 1 h in a Sorvall RC 5C
centrifuge after which the serum phase (C-
serum) was recovered. Latex pH was estimated
from the C-serum pH within three hours of
tapping. Following this, invertase activity in
the C-serum was assayed by the rate of sucrose
hydrolysis at its native pH (i.e. unbufferred) by
incubating a mixture of 1 ml C-serum, 0.1 ml
1.62M sucrose and Q.66M sodium fluoride at
30°C for 30 min. Other details of the assay
have been described previously14.

Total latex sugars was determined by the
anthrone method based on Dische15. Latex was
coagulated by adding 10% v/v of 5%
trichloroacetic acid. A 2 ml aliquot of the
aqueous extract was reacted with 10 ml 0.2%
anthrone.

To determine polyphenol oxidase (PPO)
activity, a portion of each latex sample was
added to 0.125% Triton X-100 (1:4) before
centrifugation. The detergent Triton X-100
ruptured latex organelles such as the Frey-
Wyssling particles from which polyphenol
oxidase was derived16. The serum phase of the
centrifuged latex was extracted and PPO
activity in this extract was determined as the
rate of change of photometric absorbance at
400 nm using catechol as the substrate9.

Determination of latex proline was based
on the method of Bates et a/.17 A 0.25 ml
aliquot of latex was added to 5 ml 3%

sulphosalicylic acid. The mixture was stirred
to coagulate the rubber and the latex serum
recovered by centrifugation. A 2 ml aliquot of
the serum was added to 2 ml acid ninhydrin and
2 ml glacial acetic acid. The mixture was boiled
for 1 h and the reaction then terminated in an
ice bath. The mixture was extracted with 4 ml
toluene and the absorbance read at 520 nm.

To determine the latex copper content, latex
was filmed and dried in the oven. The copper
content in the film was assayed by atomic
absorption spectrometry.

Data Analyses

The experimental data was analysed with
the aim of revealing the trends in the
physiological parameters during the shbrt term
and longer term from the time the stress
treatments commenced. Readings representing
the short term effects were taken at about the
7th week after commencement of the
experimental treatments (two sets of readings
taken from the 6th to 9th weeks). Readings
representing the. longer term effects were taken
at about the 25th week (two sets of readings
from the 24th to the 27th week). The exception
was in the case of total carbohydrates where
one set of readings were taken after 7 and 25
weeks. Analyses of variance were then carried
out on the data for each period separately. The
least significant difference between two
treatments was computed at P<0.05.

RESULTS

The means of each treatment for yield, dryness
and the various physiological parameters
studied are given in Figures 1 to 9.

The yield crfdry rubber from the different
treatments is shown fn Figure 1. There was
little difference in the yield trends for the
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Figure 1. Effect of stress-inducing treatments on yield. Values bearing
the same letter are not significantly different at P<0.05.
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Figure 2. Effect of stress-inducing treatments on dryness of the tapping cut.
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Figure 3 Effect of stress-inducing treatments on latex total solids Values bearing
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Figure 4. Effect of stress-inducing treatments on latex total sugars. Values bearing
the same letter are not significantly different at P<0.05.
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Figure 5, Effect of stress-inducing treatments on latex C-serum invertase activity.
Values bearing the same letter are not significantly different at P<0.05.
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Figure 6. Effect of stress-inducing treatments on latex (C-serum) pH.
Values bearing the same letter are not significantly different at P<0.05.
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Figure 7. Effect of stress-inducing treatments on latex proline.
Values bearing the same letter are not significantly different at P<0.05.
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Figure 8. Effect of stress-inducing treatments on latex polyphenol oxidase activity.
Values bearing the same letter are not significantly different at P<0.05.
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Figure 9. Effect of stress-inducing treatments on latex copper content.
Values bearing the same letter are not significantly different at P<0.05.
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different treatments between the 7th and 25th
weeks with treatments involving intensive
tapping or stimulation giving significantly
higher yields than control (approximately
3-fold calculated on a weekly basis). Intensively
tapped trees did not increase further in yield
when they were additionally stimulated with
ethe-phon although the ethephon effect on yield
was very evident in the case of the pin-prick
treatment.

Although ethephon did not increase the yield
output of intensively tapped trees, it increased
the incidence of dryness markedly from as early
as the 7th week when 37.6% dryness was
recorded (Figure 2). Intensive tapping alone
did not induce much dryness at the 7th week
and even the onset of dryness at the 25th week
was relatively low at 9.7%. (Control trees had
an average of 4% - 5% dryness.) The
observation that intensive tapping did not result
in massive panel dryness has been reported
previously9, even though physiological stress
was evident from the low-d.r.c. latex produced
(see below).

The pin-prick treatments, with or without
ethephon stimulation, gave rise to increased
dryness at the 7th week, this condition
developing further by the 25th week when over
30% dryness was recorded. Although ethephon
increased dryness induced by pin-pricking
earlier in the experiment, it had no additive
effect by the 25th week (Figure 2).

Commensurate with the rubber yield output,
the intensive tapping and ethephon treatments
showed significantly depressed total solids from
the outset of the experiment (Figure 3). In this
study, the total solids were unusually high,
being in the region of 44% for the control trees.
Even with stimulation, the mean total solids
did not drop below 30%.

Results from previous studies have shown
that ethephon stimulation increased latex sugars

initially5-6, although latex sugars tended to fall
below control levels on prolonged ethephon
treatment18. In the present study, total sugars of
latex from the ethephon treatments (in
conjunction with intensive tapping and pin-
pricking) had fallen below control by the 7th
week (Figure 4),

While the increase in latex invertase activity
in response to yield stimulation is known5'6, the
current experimental results showed that
intensive tapping also had the same effect
(Figure 5), Generally, therefore, treatments that
increased latex output were associated with
increased latex invertase activity. This effect
was more prominent in the later part of the
experiment (Figure 5). At this time, intensive
tapping induced a 2.5-fold increase in latex
invertase activity. The enhancement of latex
invertase by stimulation treatment has been
reported to decline even below control when
stimulation was prolonged19. This decline had
not yet set in by the 25th week.

The pH of latex normally fluctuates within
a very narrow range. While the increase in
latex pH with ethephon stimulation that has
been reported previously was observed6, the
increment was not significant when compared
with the pH of latex obtained from control trees
(Figure 6). It was only in the pin-prick treatment
(without ethephon) at the 25th week that
showed significantly reduced pH compared
with all the other treatments. Even in this
instance, the mean pH of 6.7 for latex obtained
from trees subjected to the pin-prick treatment
was not significantly lower than that of control
trees (pH = 6.9).

The effects of the various stress treatments
on latex proline was very distinct at the 7th
week of the experiment when latex proline
increased significantly (by about 60%) for all
treatments compared with control (Figure 7).
By the 25th week, however, the discrepancies
in latex proline of these treatments from control
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were considerably reduced and no longer
statistically significant.

PPO activity in latex decreased with
intensive tapping, in agreement with previous
observations9 (Figure 8). However, the
difference from control was not statistically
significant. Ethephon treatment did not affect
latex PPO initially, but it depressed the enzyme
activity to a greater extent than intensive
tapping alone by the 25th week. Ethephon
applied to trees that were subjected to the pin-
prick treatment gave rise to similarly depressed
latex PPO activity. The diminution of PPO
activity with ethephon stimulation has been
noted previously20-21.

All the stress treatments - intensive tapping
and pin-pricking with or without ethephon -
induced an initial upsurge of latex copper
content (Figure 9). The increase in latex copper
content induced by intensive tapping"-22 or by
(auxin-based) yield stimulation23-2'1 has been
previously observed. In the present study, the
effect was especially marked where ethephon
application was combined with intensive
tapping. By the 25th week, however, this
response was no longer evident in the pin-
pricked trees without ethephon application.

DISCUSSION

While ethephon stimulation can stress the tree
physiologically through exhaustion when the
yield output is increased greatly, the stimulant
can also induce other stress effects such as by
increasing the production of toxic oxygen from
lutoidic NAD(P)H oxidase activity25. Hence,
the stress effects arising from exhaustion may
not be entirely responsible for the occurrence
of the irreversible panel dryness commonly
called 'brown bast'. Similarly, tapping panel
dryness has been induced by various forms of

intensive tapping, up to 4 or 16 times normal
intensity12. While such treatments undoubtedly
did result in physiological stress to the tree, the
excessive drainage of latex that was far greater
than in normal tapping made it difficult to
separate the effects of rapid exhaustion (over-
exploitation) from the type of sustained stress
that the tree may be subjected to under a less
intensive tapping regime.

Of the four treatments adopted to induce
tapping panel dryness in the present study,
three of them involved increased latex
withdrawal (intensive tapping or ethephon
stimulation). However, the pin pricking
treatment that has been shown to induce dryness
effectively11 does not incur an increase in latex
output. As such, this combination of
experimental treatments affords a good
opportunity to view the onset of dryness in the
presence or absence of the latex exhaustion
effect. As the results of the study indicates, a
comparison can be made between dryness
associated with increased yield and the same
degree of dryness (about 32%) without increase
yield output. In this connection, the earlier
readings at the 7th week might be of greater
significance as it is more likely that these are
associated with the onset of dryness and its
cause. On the other hand, it is possible that
some of the observations from the later readings
could stem from the secondary effects of the
dryness that had already set in.

Three of the physiological parameters
studied were associated with latex regeneration
and rubber biosynthesis. These are latex pH
and invertase activity, latex total sugars and
latex total solids (basically the rubber content).
Changes in these parameters were seen only
with the intensive tapping and ethephon
treatments whereas trees subjected to the pin-
prick treatment that did not cause increased
latex drainage were not similarly affected.
While changes in the latex serum pH occurred
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within a very narrow range, it could be seen in
the 25th week that treatments giving the lowest
latex pH (control and pin pricking, Figure 6)
also had the lowest latex invertase activity.
Hence, there was evidence of possible pH
control of latex (C-serum) invertase6'26 activity.
The trends in latex invertase activity appeared
also to be related to the trends in latex total
solids. Generally, latices with low total solids
had high invertase activities. This implies that
invertase activity increased in response to the
need to replace lost rubber, but this increment
was insufficient to compensate for the rate of
rubber loss in the intensive exploitation
treatments. Intensive exploitation involving
yield stimulants also resulted in a decrease of
latex sugars. This was not observed with
intensive tapping alone (without stimulants).

The fact that the changes in latex invertase,
sugars and total solids are prominent only when
latex withdrawal is increased suggests that these
changes are likely to be related more to over-
exploitation leading to exhaustion of the
laticifer system rather than be related to the
basic causes of tapping panel dryness. The same
trends can be said of latex PPO activity which
is thought to be related to latex stability and
hence to latex vessel plugging and the duration
of flow. These physiological parameters that
appear to respond more to latex output than
specifically to the onset of dryness may have a
limited utility as indicators of incipient or
impending dryness. However, they could be
unreliable where the occurrence of dryness is
not accompanied by increased yield output, as
exemplified in the case of dryness induced by
pin-pricking. In commercial tapping, changes
in such physiological indicators might not be
well correlated with dryness in susceptible
clones subjected only to moderate exploitation.

Two other parameters, latex proline and
latex copper, might be more closely linked to

the onset of dryness, at least in the stages of
incipient dryness. Proline and copper contents
in the latex increased in all the stress treatments
at the 7th week, irrespective of whether yield
output was increased. In the case of proline, the
increase was not sustained into the 25th week
(Figure 7). With latex copper, the increase
above control was observed up to the 25th
week with the treatments that increase latex
outflow, but not the pin-prick treatment where
latex output was not enhanced. These results
suggest that an increase in latex proline or latex
copper might serve as a warning indicative of
incipient or impending dryness. More work,
especially with different clones, is required to
verify the usefulness of these two parameters in
indicating the state of physiological stress that
would lead to dryness. Knowledge of the
physiological states of the laticiferous system
will determine the necessity for reducing
exploitation intensity or even resting trees from
exploitation to avert dryness with its deleterious
consequences on yield productivity.

Date of receipt: April 1995
Date of acceptance: January 1996

REFERENCES

1. RANDS, R.D. (1921) Brown Bast Disease of
Plantation Rubber, Its Cause and Prevention.
Archf. Rubbercult. Ned-Indie, 5, 223.

2. SHARPLES, A. AND LAMBOURNE, J. (1924)
Field Experiments Relating to Brown Bast
Disease of Hevea brasiliensis. Malay. Agric.
J., 12, 290.

3. TAYLOR, R.A. (1926) A Note on Brown Bast.
Trop. Agric.,12, 322.

4. D'AUZAC, J. AND JACOB, J.L. (1969) Regu-
lation of Glycolysis in Latex of Hevea
brasiliensis. J. Rubb. Res. Inst. A/a/qya,21(4),
417.

196



Faridah Yusof et al : Changes in Some Physiological Latex Parameters

5. TUPY, J. (1969) Stimulatory Effects of 2,4
Dichlorophenoxyacetic Acid and of 1-
Naphthyacetic Acid on Sucrose Level,
Invertase Activity and Sucrose Utilization in
the Latex. Planta, 88, 144.

6. TUPY, J. (1973) The Regulation of Invertase
Activity in the Latex of Hevea brasiliensis
Muell. Arg J Exp Bot, 24, 516.

7. STEWART, C.R. (1980) The Mechanism of
Abscissic Acid-induced Proline Accumulation
in Barley Leaves. Plant Physiol, 66, 230.

8. ASPINALL, D. AND PALEG, L.G. (1981)
Proline Accumulation: Physiological Aspects
The Physiology and Biochemistry of Drought
resistance in Plants (Paleg, L G and Aspmall,
D eds), p. 205. Sydney: Academic Press.

9 YEANG,HY AND PARANJOTHY, K. (1982)
Initial Physiological Changes in Hevea Latex
and Latex Flow Characteristics Associated with
Intensive Tapping J Rubb Res fnst Malay-
.yia, 30(1), 31.

10. TIXIER, P. (1951) The Injection of Trace Ele-
ments, Especially Copper in the Form of
Sulphate, into the Hevea brasiliensis Tree. J
Rubb Res Inst Malaya, 13, 192

11. YEANG,HY.(1989) Partial Dryness in Hevea
brasiliensis: Relationship with Latex Copper
and Its Influence on Rubber Particle Stability.
Proc IRRDB Wkshop Tree Dryness, Penang,
June 1989, 104

12. PARANJOTHY, K , GOMEZ, J.B. AND
YEANG, H Y (1975) Physiological Aspects
of Brown Bast Development Proc Int Rubb
Con/, 1975, Kuala Lumpur, 2, 181

13. SIVAKUMARAN, S. AND PAKIANATHAN,
S.W (1963) Studies on Tree Dryness I, A
Simple and Rapid Method of Inducing Dry-
ness in Hevea Trees. J Rubb Res Inst
Malaysia, 31(2), 88.

14 YEANG, H Y , LOW, F.C , GOMEZ, J B ,
PARANJOTHY, K. AND SIVAKUMA-
RAN, S. (1983) A Preliminary Investigation
into the Relationship between Latex Invertase

and Latex Vessel plugging in Hevea
brasiliensis J Rubb Res Inst Malaysia,32(l),
50.

15 DISCHE, Z (1955) New Colour Reactions for
the Determination of Sugars in Polysaccha-
ndes. Methods in Biochemical Analysis, 2, p
325. New York' Interscience Pubs.

16. COUPE, M , PUJARNISCLE, S. AND
D'AUZAC, J. (1972) Compartimentation de
Diverses Oxydo-re"ductases (Peroxydase, o-
Diphgnol-oxydase et Malate-deshydroge"nase)
dans le latex d'//evea brasiliensis (Kunth)
MD11.- Arg Physiol Veg., 10(3), 459.

1 7 BATES; L.S., WALDREN, R.P. AND TEARE,
I.D. (1973) Rapid Determination of Free Pro-
line for Water-Stress Studies Plant Soil, 39,
205

18. LOW, F C, AND GOMEZ, J B (1982) Carbo-
hydrate Status of Exploited Hevea. I. The Effect
of Different Exploitation Systems on the Con-
centration of the Major Soluble Carbohydrates
in Latex J Rubb Res Inst Malays ia,3Q(l)^ 1.

19. LOW, F.C AND YEANG, H.Y. (1985) Effects
of Ethephon Stimulation on Latex Invertase in
Hevea J Rubb Res Inst A/a/oys/a,33(l),37.

20. BRZOZOWSKA, J., HANOWER, P. AND
LIORET,C.(I978) Etude de Mechamsme" de
la Coagulation du Latex d' Hevea brasiliensis:
Systemes Enzymatiques Implique's dans le
Processus. I - Phenol Oxydases. Physiol Veg.,
16(2), 231.

21. COUPE, M. AND CHRESTIN, H. (1989)
Physio-chemical and Biochemical Mechanisms
of Hormonal (Ethylene) Stimulation, Physiol-
ogy of Rubber Tree Latex (d'Auzac, J , Jacob,
JL and Chrestm, H eds), p. 307. Florida:
CRC Press

22. PAARDEKOOPER, E.C., LANGLOIS, S.J.C.
AND SOOKMARK, S (1976) Influence of
Tapping Intensity and Stimulation on Yield,
Girth and Latex Constitution. Proc Int Rubb
Conf 1975 Kuala Lumpur, 2, 290.

197



Journal of Natural Rubber Research, Volume 10, Number 3, 1995

23. DE JONGE, P. (1955) Stimulation of Yield in
Hevea brasiliensis. III. Further Observations
on the Effects of Yield Stimulants. J Rubb
Res Inst. Malaya, 14, 383.

24. HO, C.Y. AND PAARDEKOOPER, E.G. (1965)
Application of Stimulants to the Virgin Bark in
Clone Trials. Plrs' Bull Rubb Res Inst Ma-
laysia No 80, 150.

25. CHRESTIN, H , JACOB, J.L. AND D'AUZAC,
J. (1986) Biochemical Basis for Cessation of

Latex Flow and Occurrence of Physiological
Bark Dryness. Proc Int Rubb Conf 1985
Kuala Lumpur, 3, 20.

26. NETO CONDURU, J.M., JACOB, J.L.,
PREVOT, J.C. AND VIDAL, A. (1984) Some
Properties of a Key Enzyme in the Metabolism
of Latex: lnvertase,Comple-RenduduColloque
Exploitation-Physiologic el Amelioration de
/'Hevea, p.121. I.R.C.A.-GERDAT, Paris,

198




