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Vegetative Propagation in Cocoa (Theobroma cacao): Effects of Propagation
Environment and Rooting Substrates on Rooting Behaviour of Cocoa Stem
Cuttings

Tee, Y.K.'" and Lamin, K.

'Malaysian Cocoa Board, 5th, 6th and 7th Floor, Wisma SEDCO, Locked Bag 211, 88999 Kota Kinabalu,
Sabah, Malaysia.

*E-mail: tee_yei@koko.gov.my

Introduction

Cocoa (Theobroma cacao L.) is an important industrial crop with nutritional value. In Malaysia, the cocoa
industry is facing an imbalanced growth in upstream and downstream activities due to low cocoa
production which need to be overcome in order to sustain cocoa development. The growing demand for
cocoa products coupled with increasing number of diseases due to infection has led to the concept of
enhancing commercial planting materials which is disease tolerant and is high yielding. Thus, methods
have been developed to enhance the development of cocoa planting materials and its deployment through
combined approaches of biotechnology, applied horticulture and technology transfer.

Vegetative propagation or macro-propagation is one of the techniques used in propagating superior
commercial cocoa clones. Propagation of cuttings can be an alternative method when seedling-supplies
are limited by sporadic flowering, low cocoa seed production and poor germination (Pohio et al., 2005,
Dickinson et al., 2010, Pijut et al., 2011). However, successful rate of cocoa propagation using cuttings
can vary considerably according to their genetic constitution (Nanda et al., 1968). Propagation by stem
cuttings especially in recalcitrant species like cocoa needs high technical expertise to achieve an
acceptable rooting percentage including specialized facilities that can produce rooted cuttings, thus
making it difficult for famers to adopt in a large scale. Non-mist propagation system is a low cost and
low-tech system which is suitable to be used by farmers where cuttings are well supplied with water at the
cutting base while the leaves are in a shady and moist condition due to evaporation of water from the leaf
surface. Non-mist propagators provide good environment for stem cuttings with low vapour pressure
deficit (VPD) to minimise water stress. Moreover, in cocoa stem cuttings propagation, environment is the
most important aspect that encourages the physiological activity such as photosynthesis and transpiration
in the leaf in order to minimize the physiological stress experienced by the stem tissues following harvest
(Leakey et al., 1994). A study by Hartmann et al. (1997) indicated that physiological shock arising from
the cuttings from its stock plant can be minimized by controlling the propagation environment.

The significant difference in the growing conditions between cuttings grown in other media and those
grown in soil is the amount of space available for root development. For example, coconut coir fiber,
perlite and vermiculite are suitable for use as growing medium in many crops (Evans et al., 1996). These
media improve structure, aeration and moisture capacity when used as growing media. However, there is
no research conducted on the utilisation of coconut coir fibre, perlite and vermiculite as rooting substrates
in cocoa cuttings. Thus, the objectives of this study were to select cocoa clones suitable to be propagated
using stem cuttings and to study the effects of rooting substrates as well as modified atmosphere of
propagation chambers on the vegetative propagation of commercial cocoa clones through cuttings.

Materials and Methods

A series of nursery experiment was conducted in order to investigate the effects of four different rooting
substrates (perlite and sand, vermiculite and sand and coconut coir fibre and sand) on five commercial
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cocoa clones (KKM22, MCBC1, LKMS1, PBC123 and BR25) using a modified atmosphere of non-mist
propagator. Semi-hardwood cuttings of cocoa clones with four internodes were harvested from two-year
old trees of different cocoa clones in the fields. The mean diameter of cuttings was 0.4 cm. The base of
each cutting was cut with a slant. The leaves were trimmed into half of their original size to reduce
transpiration. Cuttings were also disinfected by soaking in a prepared Benex® fungicide containing an
active ingredient of 50% w/w benomyl with 5 g in 10 L of distilled water for 15 min. The basal cuttings
of 0.5-1.0 cm were dipped with ‘Seradix® (with IBA - indolebutyric acid as active ingredient) hormone
powder at 8000 ppm and propagated in a non-mist wooden propagator which acts as a propagation
chamber.

The propagator was constructed following the design of Leaky et al. (1990). Wooden propagator (3.0 x
1.0 x 0.8 m) had three compartments. Stones formed as the base material (0.1 m) in each of the
compartments followed by gravels (0.1 m thick on top of stones) and lastly the rooting medium (0.2 m
thick on top of gravels). Treatments of rooting substrates were Treatment 1 [Perlite and sand (1:2 v/v)],
Treatment 2 [Vermiculite and sand (1:2 v/v)] and Treatment 3 [Coconut coir fiber and sand (1:2 v/V)].

Each rooting substrates were sterilized using an autoclave. The non-mist propagation system creates an
altered ambient carbon dioxide concentration by enclosing the cuttings in a sealed propagation chamber.
Air humidity of the chamber was maintained by the provision of water beneath the rooting medium in the
wooden propagator and through spraying of water once a week. The temperature and the relative
humidity were recorded every 30 min during rooting period by using a temperature and humidity data
logger (Watchdog A-Series Logger-A150, Spectrum Technologies, Inc., United States).

The experiment was conducted for two months using a completely randomized design with four
replications. Thereafter, a total of 480 cuttings (3 treatments x 4 replications x 20 samples = 240 samples)
were used with rooting allowed in the chamber for 60 days. Assessment of treatment effects were
recorded two months after propagation using percentage of survival (percentage of cuttings with roots and
shoots divided by the total number of cuttings planted), percentage of cuttings with shoots (total number
of cuttings with shoots divided by the total number of cuttings planted) and percentage cuttings with roots
(total number of cuttings with roots divided by the total number of cuttings planted). Survived cuttings
with successful rooting were transplanted to the polybags. Data were analysed using ANOVA and
separation of means was carried out using Duncan’s multiple range test.

Results and Discussion

Temperature and air humidity of the non-mist propagation chamber were recorded [Figure 1(a)]. The
highest and lowest mean temperatures were 29.4 °C and 26.4 °C, respectively [Figure 1(b)]. The figure
shows that the non-mist propagator could provide constant high moisture of 99.9% humidity to the
cuttings which is important in determining the success of rooted cuttings in the chamber. The results
showed that there were significant interaction of rooting substrates and cocoa clones on the shooting,
rooting and survival percentages of cocoa cuttings.

Cocoa clone of KKM22 gave the highest percentages on rooting, shooting and survival in the field after
transplant following by clone of MCBC1 (Table 1). However, cocoa clones of LKMS1, PBC123 and
BR25 did not have pronounced effect even with the application of IBA hormone on rooting, shooting and
survivability of cuttings as the percentages achieved were low (2.79-6.43%) (Table 1). Similar result was
also found in a previous study on Intsia bijuga where treated cuttings with IBA did not show any
significant difference in per cent of cuttings survival (Castafieto and Inhumang, 2004).
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Figure 1. The structure of propagator and the temperature and humidity conditions in the propagator (a)
Non-mist propagator (b) Modified environment in the non-mist propagator with temperature
and relative humidity recorded during eight month trial of cuttings.
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Table 1. Summary of the variance analysis on shooting, rooting and percentage of survival of cocoa

cuttings.
Percentage (%)

Factor Shooting Rooting Survival in field
Rooting substrates (A)
Perlite and sand (P+S) 22.58° 21.06° 8.47°
Vermiculite and sand (V+S) 22452 19.62° 12.25°%
Coconut coir fiber and sand (CCF+S) 14.49° 12.61° 7.70°
Clones (B)
KKM22 65.42 2 56.43 2 25.76 2
MCBC1 18.75° 16.93° 10.08°
LKMS1 593°¢ 6.43°¢ 496 °¢
PBC123 5.43 @ 5.53 « 3.77¢
BR25 3.68 ¢ 3.49 ¢ 2.79¢
Interaction A x B *x *x *x

Means followed by the same letter in the same column are not significantly different by DMRT at P<0.05.

Overall, rooting substrates of vermiculite and perlite amended with soil were suitable to be used as
rooting media for all the clones tested compared to coconut coir fibre. KKM22 showed a three-fold higher
percentage in shooting compared to other cocoa clones (Figure 2). KKM22 propagated in vermiculite and
perlite was successfully shooting at 76.6% and 76.73%, respectively (Figure 2). Figure 3 shows that
KKM22 propagated in the non-mist propagation chamber was able to produce rooted cuttings by using
vermiculite and perlite mixed with sand with two-fold higher percentage when compared to coconut coir
fibre (Figure 3). From the figure, it was observed that the remaining cocoa clones did not show
competitive result as compared to KKM22 in producing rooted cuttings under modified environment of
non-mist propagator (Figure 3).
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Figure 2. Interactions of rooting substrates and cocoa clones on shooting percentage of cocoa cuttings.
Means separations pertaining to each cocoa clones followed the same letter in the same
column were not significantly difference by DMRT at P>0.05.
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Figure 3. Interactions of rooting substrates and cocoa clones on rooting percentage of cocoa cuttings.
Means separations pertaining to each cocoa clones followed the same letter in the same column
were not significantly difference by DMRT at P>0.05.

Next, survivability of KKM22 rooted cuttings following transplantation to the field was the highest when
vermiculite (32.6%) was used as rooting media compared to perlite (23.18%) and coconut coir fibre
(21.5%) (Figure 4). However, the survival rate for the remaining cocoa clones propagated in the tested
rooting media was low after rooted cuttings were transplanted to the field (Figure 4). There was no
significant difference observed for cocoa clone PBC123 in survival percentage of all the media tested
(Figure 4).
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Figure 4. Interactions of rooting substrates and cocoa clones on survival percentage of cocoa cuttings.
Mean separations pertaining to each cocoa clones followed the same letter in the same column
were not significantly difference by DMRT at P>0.05.

Newly emerged shoots from the cuttings were initially observed three weeks after planting in the
propagator [Figure 5(a)] and during this stage, successful cuttings indicated green leaves and stem. Next,
survived cuttings were removed from the propagator after three months when new roots were produced
[Figure 5(b)] and the advantage of using coconut coir fibre as a rooting substrate is that the media
remained well-shaped and this will make sure that the newly produced roots were undisturbed during

transplantation to the polybags [Figure 5(c)]. Successful rooted cuttings were ready to be transplanted to
the field after four months in the nursery [Figure 5(d)].

(a) ' ()

Figure 5. The growth of cuttings in the media (a) Cutting with newly-emerged shoots in the propator
after one month (b) Fresh and new roots growing from the cuttings (c) Rooted cuttings with

well-formed coconut coir fibre rooting media (d) Rooted cuttings of 4 month old ready to be
transplanted from the polybags to the field.
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Conclusions

The cuttings of cocoa clone KKM22 can be successfully propagated in the non-mist propagator by
applying hormone and all the tested rooting substrates. Non-mist propagator is more economical and
affordable to farmers when compared to mist propagator in propagating cocoa through stem cuttings.
Furthermore, non-mist propagator can be used in rural areas which have lack of electricity and limited
water supply. In addition, the percentages of shooting, rooting and survivability in the field after
transplanting can be improved by manipulating the concentration of IBA hormone in order to increase the
efficiency of vegetative propagation method by carrying out cuttings in cocoa.
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Effect of Tuber Seed Size on Vine Growth and Yield of Dioscorea hispida

Zakaria, A.J.* and Nordin, M.N.

Agropolis UniSZA, Universiti Sultan Zainal Abidin, Tembila Campus, 22200 Besut, Terengganu Darul
Iman, Malaysia.

*E-mail: abdjamil@unisza.edu.my

Introduction

Dioscorea hispida is a long climber plant with thorny vines and fibrous root system. The roots can
develop into small oval to round tubers when young and elongate as they grow bigger. The tubers are
brown and covered by fibrous rootlets. Locally, it is known as ubi gadong and can be naturally growing
mostly along the river banks where the soils are mostly sandy loam. It is neglected due to its poisonous
“dioscorine” content. Recently D. hispida is becoming popular as the toxins can now be removed and the
tuber can then be consumed by both human and as animal feed supplying carbohydrates. Traditionally the
toxins are removed by soaking the sliced tuber in running water for about 7 days. Recently rapid toxin
removal can be achieved by using an automatic spinning water circulation system (Hudzari et al., 2011).

The plant can easily be propagated using the underground tuber found attached to the main plant. The
tuber varies in number and sizes. In this study the different sizes of tuber was grown to determine which
size would be optimum to be used for seed tuber. It is important to determine the optimum tuber seed size
as this is also the economic part of the plant.

Materials and Methods

Dioscorea hispida tuber were categorised into seven sizes based on tuber weight as 25, 50, 100, 200, 400,
800 and 1600 g. As it was very difficult to obtain the exact tuber size according to the categorised weight,
ranges of tuber sizes close to the categorised size were selected. For each category 16 tuber seed were
selected and sown in black polyethylene bag of sizes 37 cm x 44 cm. The 7 treatments of different sizes
of tuber seed sizes were arranged in randomized complete block design with four replications and four
experimental plants per treatments. The categorization and mean tuber seed size was shown in Table 1.

Table 1. Category of seed tuber size of D. hispida used in the experiment.
Treatment Number  Tuber seed size category (g) Mean of 16 tubers seed size (g)

1 25 254 +1.3

2 50 53.0+3.1

3 100 103.9+3.8
4 200 190.4+ 8.6

5 400 398.8 £13.2
6 800 819.1+41.8
7 1600 1565.0 £30.0

The rooting media used in the polyethylene bag consisted of mixtures of soil, organic matter and sand in
the ratio of 7:3:1. The bag were placed under a constructed trellis 3 m high at a spacing of 0.6 x 1.0 m and
the plants were allowed to naturally creep on the trellis. The plants were fertilised every months with 20 g
per plant per application which is equivalent to 2200 kg/ha using commercial compound fertilizer
NPKMg + trace elements in the ratios of 12:12:17:2. The plants were allowed to grow for eight months
after which period the leaves start turn yellow and senesce. The number and diameter of plantlet vines
that emerge from each tuber seed, leaf area, number and size of tuber formed, and tuber yield were
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recorded. Harvesting of tubers was done when all the leaves drop and the plant stated to go into dormancy
stage.

Data collected were statistically analysed for ANOVA using MINITAB 16 and when significant,
comparisons of means were analysed using Tukeys’s test at 95% confidence level.

Results
Number and size of vines

A single tuber seed often produced more than one vine (plantlet) even though when the size was rather
small (25-50 g). The number of vines increased from 2.0 to 3.6 when the tuber seed size increased from
25 to 200 g but further increase in tuber seed did not produce more vines (Figure 1a). The diameter of
vines significantly increased with tuber seed size. The tuber seed size 1600 g produced significantly
bigger vine diameter as compared to other sizes (Figure 1b).

Leaf area

The leaf area generally increased with increasing tuber seed size (Figure 2). The tuber seed size 100 and
200 g produced non-significant leaf area compared to the other seed sizes except the biggest tuber size
(1600 g). The latter produced significantly (p<0.05) the biggest leaves.

Tuber number and size

Tuber seed size of 25 and 50 g produced 5 tubers which was significantly (p<0.05) lower than those of
size 200 g or above which produced 10 or more tubers (Figure 3a). The variations in average tuber size
were very high. The effect of tuber seed of sizes 50, 100, 200, 400 and 800 g were not significantly
(p<0.05) different from each other producing tubers of size ranging from 130-215 g each (Figure 3b). In
the wild the tuber size and tuber number was observed to increase with growing seasons.
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Figure la: Effect of tuber seed size on number Figure 1b: Effect of tuber seed size on diameter of

of vines produced by D. hispida. vines produced by D. hispida. Bars
Bars indicate standard error of indicate standard error of means.
means.
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Figure 2: Effect of tuber seed size on leaf area of D. hispida.
Bars indicate standard error of means.
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Figure 3a: Effect of tuber seed size on number of Figure 3b: Effect of tuber seed size on average
tubers produced by D. hispida. Bars tubers size produced by D. hispida.
indicate standard error of means. Bars indicate standard error of means.

Tuber yield

Increased in seed size steadily increased the tuber yield (Figure 4). The greatest increase in tuber yield
occurred when the tuber seed size was doubled from 25 to 50 g which produced more than double
increase in tuber yield. However further increased in tuber seed size did not significantly (p<0.05)
increase tuber yield. For example increasing tuber seed size from 50 to 400 g produced insignificance
increase in the tuber yield. The biggest tuber seed size (1600 g) produced significantly (p<0.05) highest
tuber yield.
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Figure 4: Effect of seed tuber size on tuber yield per seed
produced by D. hispida. Bars indicate standard error
of means.

Discussions

The initial food reserve in the tuber seed is important for the subsequent development of a new D. hispida
plant. Increased in tuber seed size increased all the parameters recorded; number of plantlet, vines
diameter, leaf area, number of tubers, tubers size and total tuber yield. The increased in the magnitude of
the parameters recorded were significant when the biggest tuber seed size (1600 g) was compared to the
smaller sizes.

The growth of D. hispida is perennial in nature. New bud sprouted from a tuber when detached from the
parent plant or from the existing plant after the monsoon season ended which is in March and continues
growing until the monsoon starts again in November. In November the leaves will start turns yellow and
finally senesce. The tubers do not normally rot and will remain in the ground until the next growing
season. Thus there is a dormant period of about 3 months from November until March before the new bud
sprout again. Thus the choice of tuber seed size for planting material will probably depend on how long
the plant will be allowed to grow and the availability of the tuber seed.

Dioscorea hispida is not normally cultivated but grows naturally in the wild. It reproduces from the
underground tubers and probably also from the aerial tuber produced at the leaf axils and once established
the plant will grow perennially depending on the availability of other plant to support their twinning
vines. From this study it was found that tuber seed size as small as 25 g will be able to produce a healthy
new plant but the first year growth will be slow producing small vines, small leaves and small tuber.
Dioscorea hispida is a perennial plant, the authors observed that in the wild the tuber size progressively
increased in size with age. The first year tuber will becomes the following year’s tuber seed and due to the
big seed tuber size it will subsequently produce a much bigger second year’s tuber yield. In the wild the
authors have found a single tuber clump weighing up to 25 kg and consisted of up to 70 tubers of various
sizes. The villagers in vicinity estimated the age of the clump would have been 5-7 years old. The
increase in clump size probably resulted from perennial increase in individual tuber size as well as
production of new tubers overlaying the older ones.

For commercial production of D. hispida it is suggested that tuber seed size of 100-200 g is used. The
tuber yield that can be harvested after a season (a year) of growth will be about slightly more than a
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kilogram per clump. However for annual planting system where the tuber is planned to be harvested after
one growing season, a bigger tuber seed size of 400 g is recommended, as it will produce higher tuber
yield. However further study need to be conducted to determine agronomic requirements especially on
planting density, fertilizer requirements and trellis system. With better planting management it is
envisaged that higher yield will be obtained.

Conclusions

Tuber seed size as small as 25 g can be used as planting materials for D. hispida. Better growth in the
form of more and bigger vines, bigger leaf area, more and bigger tuber sizes and higher yields were
obtained by using bigger tuber seed size of 100-200 g. Bigger tuber seed size up to 1600 g produced
linearly better plants and higher yield. Tuber seed size up to 400 g is recommended for annual
commercial production of D. hispida. More studies need to be conducted to determine agronomic
requirements especially on planting density, fertilizer requirements and trellis system to produce higher
tuber yield.
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Introduction

Rubber tree (Hevea brasiliensis) is a main source of the natural rubber which is most widely cultivated.
The rubber particles are found in the latex which are synthesized and stored in specific cell called latex
vessel. Latex contains 30-45% of the rubber hydrocarbon, 10-20% of lutoid particles, 1-3% of Frey-
Wyssling particles, 1-3% of carbohydrates, 1% of proteins, 1.6% of lipids, and other constituents (Nair,
2000). Rubber biosynthesis begins with sucrose as a precursor to the formation of polyisoprene with the
cytosolic mevalonate pathway (Keng et al., 2012). Latex was harvested by a system called tapping, done
by removing a thin layer of bark so that latex can come out from latex vessel.

An ideal harvest system is to give optimum vyield, to reduce tapping cost, and to increase the economical
life span, and to maintain plant health. In common harvest system in Indonesian, especially in
smallholder, tapping is conducted every day. Although recommended system for smallholder is
conventional tapping i.e. half spiral every two days. Intensive tapping can decrease yield and produce low
quality latex, indicated by declining dry rubber content. Wimalaratne (1973) reported that increasing
intensity of tapping from two days to every day lowered yield by 21.6% in RRIC 52 clone. Latex volume
decreased with intensive tapping. Similarly, the dry rubber content decreased by 3.56% with daily
tapping. Furthermore, it declined the economical life span, as a result more bark consumption so basal
panel only tapped three years. Addition, negative effect of intensive tapping can lead to more incidence of
tapping panel dryness (Wimalaratne, 1973; Yeang and Paranjothy, 1982).

On the other hand, the problem in rubber cultivation recently is a shortage labour having good skill in
latex harvesting and the severe rising salary of labour. One of the ways to solve this condition is to change
of tapping day into low frequency tapping with stimulation. Kuswanhadi and Junaidi (1986) defined that
the combination of low frequency tapping and stimulation rose yield. In addition, stimulant application in
low frequency tapping resolved the decline of yield due to decreasing of tapping frequency. Further, it can
reduce labour requirement, save bark consumption, and maintain the health of trees (Sivakumaran et al.,
1982; Abraham, 1984; Kuswanhadi and Junaidi, 1986; Commere and Escbach, 1988). Total production of
the low frequency tapping was higher than intensive tapping with equal bark consumption (Sivakumaran
etal., 1982).

Stimulant application is the part of a way to increase the production, which has been widely adopted by
commercial estates than smallholders. Stimulation can increase yield by extending duration of latex flow
as a result increasing of lutoid stability (Wargadipura, 1981; Coupe and Chrestin, 1989; Jacob et al.,
1989; Krishnakumar et al., 2011). The using of stimulation in exploitation system must follow by
management and discipline in order to get sustainable yield. Incorrect application can lead to more
incidence of tapping panel dryness, althought the major factors is still unknown. Many opinions are that
the tapping panel dryness is the caused by abiotic factors, biotic factors, variation genotype, nutrient
status, and intensity of tapping (van de sype, 1984; Sivakumaran and Zainab, 1996; Senevirathna, 2006).
The high metabolism clones are more susceptible than medium and low metabolism clones (Sivakumaran
et al., 1988). Both the high intensity of tapping and over stimulation are important factors to cause the
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incidence of tapping panel dryness. The purpose of this study was to evaluate the response of clones
having difference in latex metabolism activity to low intensity tapping with stimulation and to study their
effects on yield and incidence of tapping panel dryness.

Materials and Methods

The experiment was carried out in the experimental field of Sembawa Research Centre since April 2010
to November 2012. The experimental was arranged in a Completely Randomized Block Design with 9
treatments and three replications. The experiment used PB 260, RRIM 600, and PB 217 clones which
were planted in 2004. Details of treatments are listed in Table 1.

Table 1. Details of tapping treatments.

Treatments  Notation Exploitation system

A S/2d1 Intensive tapping, without stimulation

B S/2 d1 ET2.5% Gal 12/y (m) Intensive tapping, with stimulation 12 times/year

C S/2 d1 ET2.5% Gal 24/y (2w) Intensive tapping, with stimulation 24 times/year

D S/2 d2 Conventional exploitation, without stimulation

E S/2 d2 ET2.5% Gal 12/y (m) Conventional exploitation, with stimulation 12 times/year
F S/2 d2 ET2.5% Gal 24ly (2w) Conventional exploitation, with stimulation 24 times/year
G S/2 d4 Low frequency tapping, without stimulation

H S/2 d4 ET2.5% Gal 12/y (m) Low frequency tapping, with stimulation 12 times/year

[

S/2 d4 ET2.5% Gal 24/y (2w) Low frequency tapping, with stimulation 24 times/year

The production was assessed by weighing the cup lump from each tree. Dry rubber content was assessed
by gravimetric method, based on ratio between dry and wet matter from 5 g of latex. Latex drying was
conducted at 100 °C until constant weight was reached. The latex physiology parameters i.e. sucrose and
inorganic phosphorous concentration in latex were measured every month. The sucrose and the inorganic
phosphorous were measured on the clear serum prepared in TCA called TCA serum (Tricloroacetic acid)
after latex coagulation, by the anthrone method (Dische, 1962) and the molybdate ammonium method
(Taussky dan Shorr, 1953), respectively.

The observation of dry cut length was done by visual estimation of dry cut length percentage which was
then converted to value score according to Table 2.

Table 2. Score of tapping panel dryness.
Score  Tapping panel condition (%)

Healthy cut (no dry cut)

1-25% dry cut

26-50% dry cut

51-75% dry cut

76-100% dry cut

A~ wWwNPEFE O

Results and Discussion

For all of the clones evaluated, the exploitation system with low frequency tapping produced the highest
yield in terms of gram dry rubber/tree/tapping (g/t/t), whereas the intensive tapping system produced
lower g/t/t than conventional exploitation system. The addition of stimulation in conventional tapping
system did not improve yield anymore (Table 3). The total yield during two years on intensive tapping
system was the highest (Table 4). It occured on all of the three clones caused by higher number of tapping
days in this case. For the mean yield for two years, the highest yield was achieved by intensive tapping
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system and the lowest yield was on treatment low frequency tapping. This condition also seen in every
year. The application of intensive tapping system on three clones showed the negative effect on yield and
plant health i.e. reduced dry rubber content, reduced g/t/t, and increased the risk of dry tapping incidence
(Table 5). Furthermore, the PB 260 clone as a quick starter had a high risk to intensive tapping with
stimulation.

Table 3. Mean yield (g/t/t) during two years on different clones and exploitation systems.
Year of tapping

Clones Treatments I T Mean
A 11.66 e 11.63e 11.65e
B 13.76 e 14.58 de 14.17e
C 13.76 ¢ 15.28 de 1452 ¢
D 18.46d 21.39cd 19.92d
PB 260 E 2290 ¢ 22.25cd 22.58 cd
F 24.52 bc 26.77 bc 25.64 bc
G 28.03 ab 31.55ab 29.79 ab
H 29.60 a 3499a 32.29a
I 28.22 ab 33.31ab 30.76 ab
A 16.02 ¢ 20.67 a 18.35¢
B 17.68 ¢ 21.24a 19.46 ¢
C 17.20¢c 22.39a 19.80 ¢
D 20.63 bc 19.51a 20.07 bc
RRIM 600 E 23.08 abc 20.37 a 21.94 bc
F 21.83 bc 23.02a 22.42 bc
G 20.42 bc 18.77 a 19.60 ¢
H 32.30a 32.98a 32.69a
I 29.94 ab 28.91a 29.42 ab
A 10.58 e 14.14 c 12.36 e
B 11.23¢e 18.35 bc 14.79 de
C 14.05 de 18.78 bc 16.42 cde
D 15.51 cd 28.27 ab 21.89 bc
E 18.38 bc 26.41 ab 22.40b
PB 217 F 19.95b 26.72 ab 23.33b
G 17.36 bed 19.54 bc 18.45 bcd
H 19.74 b 25.52 ab 22.63b
I 25.10 a 34.44 a 29.77 a

Values followed by the same letter in the same column are not significantly different at 5%
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Table 4. Mean of annual yield in kg/ha/year during two years on different clones and exploitation

systems.
Year of tapping

Clones Treatments I T Total Mean

A 999.27 abc 1161.98 a 2161.25 1080.63 bcd

B 1173.73 a 1454.13 a 2627.86 1313.93 ab

C 1179.05 a 1519.75 a 2698.79 1349.40 a

D 846.48 ¢ 1145.62 a 1992.10 996.05 d

E 1041.74 abc 1186.78 a 2228.52 1114.26 abcd
PB 260 F 1117.45 ab 1434.23 a 2551.68 1275.84 abc

G 855.59 ¢ 1137.28 a 1992.87 996.44 d

H 897.48 bc 1253.16 a 2150.65 1075.32 bed

| 859.10 ¢ 1194.97 a 2054.07 1027.04 cd

A 1372.34 ab 1931.38 ab 3303.72 1651.86 abc

B 1389.19 a 1973.72 ab 3362.91 1681.45 ab

C 1111.44 ab 1948.45 a 3059.89 1529.94 a

D 868.28 abc 1076.04 bc 1944.32 972.16 bed
RRIMeo0  E 1051.05 abc 1018.71 ¢ 2069.76 1034.88 cd

F 979.27 abc 1121.12abc  2100.39 1050.19 abed

G 614.29 ¢ 672.74 1287.03 643.51 d

H 954.17 abc 908.02abc  1862.19 931.09 abed

| 900.24 be 1032.43 be 1932.67 966.34 cd

A 905.29 b 1419.11 a 2324.40 1162.20 ab

B 929.89 b 1088.83 a 2018.72 1009.36 bc

C 1202.54 a 1885.94 a 3088.48 1544.24 a

D 705.85 cde 1519.98 a 2225.83 1112.91 ab
PB 217 E 837.41 bc 1414.14 a 2251.55 1125.78 ab

F 907.48 b 1428.84 a 2336.32 1168.16 ab

G 528.63 e 663.70 a 1192.34 596.17 ¢

H 598.74 de 908.02 a 1506.76 753.38 be

| 766.80 bed 1234.60 a 2001.40 1000.70 be

Values followed by the same letter in the same column are not significantly different at 5%

For PB 260 clone, the application of stimulation in conventional and low frequency tapping did not
increase g/t/t and the annual yield. This showed that PB 260 clone which had a high metabolic activity
have produced a high yield without stimulation application. The latex Inorganic phosporus had reached
the maximum limit (without stimulation) so giving stimulation could not improve the energy for latex
synthesis anymore. Likewise, latex sucrose content was low in no stimulation treatment. This condition
did not support the use of stimulation. Dry rubber content was still normal with different exploitation
systems. The Annual yield between d1, d2, and d4 were not significantly different. While the intensity of
dry cut lenght in d4 was lower than d2 and d1. The bark consumption with d4 was more scanty than d2
(data not shown). Whereas, the tapping d1 had a higher bark consumption and more trigger of dry cut
length.
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Table 5. Latex physiological parameters on different clones and exploitation systems.

Clones Treatments Sucrose (mM) Inorganic phosporus (mM) DRC (%) DCL
A 2.34a 15.80 ab 35.45 de 2
B 2.18a 19.08 a 36.42 cd 4
C 2.11a 18.79 a 34.70¢€ 4
D 2.35a 1450 b 36.69 bcd 1
PB 260 E 2.10a 15.86 ab 37.40 abc 3
F 2.09a 19.14 a 36.72 bed 2
G 1.82a 14.26 b 38.18 ab 0
H 2.30a 15.95 ab 37.75 abc 2
I 2.39a 17.54 ab 38.30a 1
A 8.34a 11.78 abcd 34.89 ab 0
B 455 cd 16.04 a 34.64 ab 2
C 6.88 abc 14.72 ab 32.71c 2
D 7.27 ab 7.63d 35.55ab 0
RRIM 600 E 5.34 bed 10.12 bcd 34.24 b 1
F 5.93 bed 11.91 abced 34,51 ab 0
G 5.23 bed 7.50d 34.82 ab 2
H 4.35d 9.79cd 35.33ab 2
I 4.88 bed 13.49 abc 35.76 a 0
A 7.10a 7.35 bed 33.98 be 2
B 496 ¢ 10.48a 32.04d 2
C 4.95¢ 10.85a 32.53d 1
D 6.59 ab 5.05d 36.59a 2
PB 217 E 5.15¢ 8.85 abc 33.94 be 2
F 4.89c 9.65 ab 33.76 ¢ 1
G 5.87 bc 6.75cd 35.09b 0
H 547¢c 8.16 abc 35.08b 0
I 5.37¢c 10.20 a 34.23 be 1

Values followed by the same letter in the same column are not significantly different at 5%

In contrast, the application of stimulation can increase yield of RRIM 600 and PB 217 by increasing their
metabolic activity by increasing (Pi content) and consuming the surose content. It described that the effect
of stimulation on latex yield increment was achieved in clones with medium-high sucrose content and low
inorganic phosporus content. Stimulation can effect on assimilates circulation i.e. arising of assimilates
for latex production.

RRIM 600 and PB 217 clones have a medium and low latex metabolism activity, respectively, had a good
response characteristic on stimulation and no negative effect in the long term. For PB 217 clone, in the
absence of the problem of the shortage of labour, d2 24/y could be an alternative of exploitation systems.
However, if there was a shortage of labour, d4 24/y would be the most suitable. Whereas, treatment d4
12/y in RRIM 600 can produce more latex with no negative impact on plant health.

Conclusions

The effect of tapping system on latex physiological characters and incidence of tapping panel dryness was
different among the clones with different in latex metabolism activity. An intensive tapping system gave
negative effect on physiological parameters and plant health in three clones especially for PB 260 which
has high latex metabolism activity, implying high sensitivity towards intensive tapping system. Tapping
on d4 frequency without stimulation will be suitable for PB 260. Whereas low frequency tapping with
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different frequency of stimulation can increase latex yield without imposing any negative impact on
plants health for RRIM 600 and PB 217 which have medium-low latex metabolism activity. d4 12/y and
d4 24ly. respectively.
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