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Biotechnology is going to be the most important tool in agriculture during the first quarter of
the 21st century. Mass multiplication of desirable genotypes can be achieved through
micropropagation techniques. Modifications with a specific and desirable character can be achieved
through molecular intervention. However, these approaches should be resorted to only when it is
economical or has distinctive advantages over conventional methods. Tissue culture is a tool through
which a biotechnological innovation can be achieved.

Recalcitrance in most tree crops is a factor which increases cost of production of ti.ssue
culture plants. Economic considerations should form the basis for resorting to tissue culture tech-
niques. For example, although a repeatable protocol for shoot tip culture of rubber has been devel-
oped, it could not be commercialised due to its prohibitive cost. But, if the tissue culture plant
nullifies the root stock effect thereby increasing the yield by say 20%, the economic gains over a
period of the life span of the crop may be several fold the additional initial investment.

Somatic embryogenesis is another pathway for propagation. Although this method is much
easy, uniformity of progeny is seldom achieved. However, the somaclonal variants produced may
be utilised for selection pf a desirable trait. Anther culture and protoplast culture are other tech-
niques. Though protoplast culture is difficult, it is advantageous in transformation and somatic
hybridisation. The prime concern in adopting any of these techniques should be the economic
advantage.

Molecular intervention

The molecular approaches offer the potential to make relatively quick and specific changes
in any cultivar without disrupting their otherwise desirable genetic constitution. However, there are
several technical constraints in developing a transgenic plant. But if we are able to develop a single
transgenic plant with a stable and agronomically desirable and functional gene, further propagation
can be done within a short period by conventional vegetative means.

The strategic decision in adoption of molecular biological means should be based on (2) an
acceptable cost for transformation and regeneration compared to its expected economic return and
(b) possibility of obtaining the target genotype by manipulation of one or a few genes only. For
example, if a gene for resistance to a disease could be identified in a wild variety of the crop plant.



and if a feasible protocol for isolation of the target gene is available, it is worth investing in it An
understanding of the regulation of expression of the target gene and the methods for achieving
adequate spatial and temporal control are also essential. Temporal and tissue specific promoters
are to be isolated and put to use to achieve such control. It is likely that an introduced gene instead
of amplifying an existing pathway, would silence it. But there are alternative methods to achieve
the targeted objective. Although attention was drawn towards molecular biology for the past fif-
teen years, commercial biotechnology made a beginning only in 1995, with the production of
genetically engineered tomatoes with an antisense gene for delaying the ripening, thus enhancing
the keeping quality. This was followed by development of a few herbicide resistant crop plants in
USA and cotton with Bi gene, in Australia. It is expected that a large number of transgenic crop
plants will soon be commercially released in USA. Europe, China and Australia.

Thfe important areas in which biotechnological approaches can be tried are resistance to
diseases, pests and nematodes, herbicide resistance, tolerance to abiotic stresses like drought, cold,
etc. and for regulation of metabolic pathways. The regulation of metabolic pathway can be at-
tempted in cases where more than one product is formed from the same pathway. In such cases
amplification of specific genes responsible for specific enzyme activity could lead to production of
other specific products from the same pathway. A particular pathway can be stopped if desired,
using anti.sense genes.

In sustainable agriculture, we aim at reduction in the use of chemical fertilizers. This could
be achieved by using genetic engineering. Amplification of the activity of the carrier protein
responsible for nutrient uptake and transport can lead to more efficient nutrient uptake, thus reduc-
ing the nutrient input.

Rubber plant is one in which there is wide scope for molecular farming. The non-rubber
contents of latex like inositols, proteins, aminoacids, etc. can be converted into high value second-
ary products, if genes responsible for specific enzymes could be introduced into the system.

Several attempts have been made to induce disease resistance in crop plants through genetic
transformation. A gene responsible for production of phytoalexin from grapewine has been intro-
duced into tobacco plants to induce resistance to Botrytis sp. Introduction of genes encoding for
polypeptides with inhibitory effect on fungal enzymes have been attempted. Transfer of genes
responsible for pathogen induced resistance genes have been tried in potato. The introduction of
Bt gene in cotton is too well known. The economic viability of the use of bacculo viruses in
integrated pest management can be improved through molecular intervention. Genes responsible
for resistance to root-knot and cyst nematodes have been identified in certain plants. These genes
could impart nematode resistance in a transgenic crop.

The areas in which molecular approaches are to be attempted vary from crop to crop. In
pepper resistance to Phytophthora appears to be an important area. In tea, quality improvement
can be attempted through molecular intervention. In coffee, resistance to berry borer needs such
attempts. In cardamom, katte disease resistance should be aimed at. The development of efficient
and reliable protocols for plant regeneration is essential in crops like coconut and oil palm before
genetic transformation is attempted. Every lab with minimum facility can work on RAPD, RFLP
and AFLP analysis and also develop cDNA and genomic libraries.



Molecular intervention in rubber

Initially attempts were made to study the genetic variability in rubber through isozyme pro-
files. Later RFLP analyses were attempted. Now RAPD analysis is being carried out in three
centres, viz. Rubber Research Institutes oLIndia and Malaysia and at CIRAD in France for genetic
analysis of Hevea. An estimation of phylogenic relationship from mitochondrial and ribosomal
DNA RFLPs have also been attempted. Measurement of genetic distances through RAPD analysis
and identification of certain traits by block analysis are other areas attempted. There are several
potential areas for molecular intervention in Hevea. Laticifer specific gene expression in Hevea
has been demonstrated by scientists working in Singapore. Wound induced accumulation of mMRNA
combing a hevein sequence in laticiferous tissue, cloning of the gene encoding for HMG Co A - a
key enzyme in rubber biosynthesis and nucleotide sequencing of the gene for rubber chain elonga-
tion factor have been accomplished in USA (Research on guayule, an alternative for Hevea in
rubber production is actively undertaken in USA. The wide propaganda on allergy due to Hevea
rubber in the West has to be viewed in this context). Molecular cloning, characterisation and ex-
pression of genes responsible for production of SOD has been accomplished in Hevea. SOD is an
anti-ageing enzyme responsible for scavenging free radicals.

Transformation systems have been developed for Hevea. The Rubber Research Institute of
India (RRI1) has perfected two protocols for transformation - Agrobacterium mediated and other by
using a gene gun.

Tapping panel dryness is a serious disorder in rubber in which trees go dry during the eco-
nomic yielding phase. It is estimated that the global annual loss due to this disorder is USS 900
million per year. Molecular analysis of the genotypes showing tolerance to this disorder has been
attempted at the RRII. The RAPD profiles indicated the presence of two polymorphic bands in the
tolerant plants while they were absent in the susceptible. In China, DNA polymorphism between
tolerant and susceptible Hevea genotypes for Oidium disease has been observed.

The strategics identified for molecular approach for mitigation of TPD effect are, (a) ampli-
fication of MnSOD, (b) regulation of in vivo ethylene production using antisense ACC synthase,
and (c) promotion of endogenous cytokinin production by introduction of an ipt gene. The con-
structs of the genes have already been made. Introduction of these into Hevea genome to produce
a transgenic plant is being attempted. If we could achieve a 20 per cent increase in productivity
through use of a transgenic plant, the incremental yield from one lakh hectares over a period of 20
years is expected to give a return of USS 780 million.

Intellectual property rights

There exists some differences in the rules relating to patents prevalent in India and those
stipulated in the World Trade Organisation (WTQO) agreement which our country has recently signed.
While the WTO provides for product patents, in India only process patents are given. WTO grants
patents for any invention - products or process - in all fi-elds of technology, provided they are new,
involve inventive steps and are capable of industrial applications, but provide flexibility for exten-
sion in areas like diagnostic, therapeutic, surgical, biological process for production of plants, ani-
mals, etc. We have to develop our own system for providing patents in these areas.

Another area in which WTO provides patent is microorganisms. The definition of microor-
ganism in this case is confusing and so the changes incorporated by gene manipulation could some-



times be interpreted as microbial intervention as some of these genes come from microbes. In
contrast, the Indian patent laws do not allow patenting of live forms, though patents based on
microbial process are permitted. WTO also requires patent protection of plant varieties. There is
no such patent protection in India at present. Another area is the difference in duration of patent
coverage - 20 year uniform coverage is provided under WTO while Indian system provides only 7
years for food and pharmaceuticals.

There have been claims in the US for a share of profits from a commercialised transgenic
apple variety with Bt gene by a company which holds the patents for the promoter of the gene
construct. But in plantation crops where release of a variety takes more than 20 years, the question
of patents may not arise.

The patent rights provided under WTO will not take away the farmers’ and researchers’
rights. Even now we use many patented materials in our research. Similarly, the farmer will not be
prevented from using patented seeds for producing a crop for his use. Only when he goes in for
commercial production of seeds the question of patent arises. Therefore, the impact of biotechnology
on seed production need not scare anyone.

Biosafety measures

In countries like USA, UK, Japan and Australia, specific biosafety rules have been framed
for evaluation of tran.«:genic plants. In India, such rules are yet to be evolved. In USA, although a
permit system was initially introduced it was later replaced by notification system. Rules in this
area are available with USDA and Biotechnology Board of UK which can provide basic guidelines
for evolving such rules in our country.
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production to tapping. By increasing the biomass production ajone a sustained
yield increase with age can be ensured. Efforts should be made to elucidate
the physiological effects of tapping on yield components. Some more of
the unresolved problems in physiology of latex production, warranting further
studies are & causes and remedies of Brown bast, mechanism of stimulation
by ethylene of the flow and formulation of new chemicals that can enhance

flow but do not retard growth/biomass production by trees.
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be aJso detected by the fall in water potential in the afternoon relative

to pre-dawn values (Sethuraj, 1985; Rao et al., 1986b).

BROWN BAST

One of the major maladies affecting rubber trees is "Brown bast",
a disorder considered to be a physiological reaction (Rands, 1921). The bark
instead of yielding latex, when cut, goes dry and often becomes dark (brown)
.'coloured and hence the name. The dry non-yielding area on the bark may
be insignificant or large enough to stop latex yield. Some clones are charac-
teristically more susceptible to brown bast. The only way to overcome this
problem is to reduce considerably the intensity or to suspend the exploita-
tion (Chua, 1967), which suggests that the disorder is an over-reaction of
the tree to the exploitation.

The reasons for the onset and the ways to overcome brown bast
is one of the greatest challenges to the tree physiologists working on rubber.
Dryness could be induced on a bark island, isolated by grooves down to
the wood, and tapped intensively. In such of these experiments none of
the following factors could be confirmed as the reasons of dryness: carbo-
hydrate depletion (Chua, 1966); loss of protein and RNA (Chua, 1967); low
osmotic pressure of latex vessels (Boatman, 1970); or the reduction in perme-

ability of latex vessels (Sealing and Chua, 1972).

SCOPE FOR FUTURE WORK

Large variation exists in the latex yields fro”n different trees, -vhich
ranges from 6 to "0 1ltree y \ and most of the variation is due to genetic
differences (Ong, 1978). Although the major yield components are identified
(Sethuraj, 1981), several of the subcomponents are yet to be characterised
(Sethuraj, 1987). A biometrical approach taking into account the yield compo-
nents, canopy architecture, assimilatory capacities and growth potentials,
can lead to the formulation of an ideo-tree type. Simmor\ds (1982) recently
discussed some of these prospects.

Since rubber trees require 7-10 years to demonstrate their vyield
potential, it is necessary to evolve methods for early detection of yield

potential. New approaches have recently been suggested from China (Zhongyu



et aJ., 1983). Search should be directed to identify such of those physiological
and biochemicai parameters (e.g. rubber content, growth vigour) which do
not show much variation between young and mature plants (Sethuraj, 1985).
Efforts should also be made to achieve more vigorous growth of the tree
so as to reduce the immaturity period, e.g. poiybag plants (Sethuraj, 1985).

Many countries, including India, are venturing to grow rubber in
even non-traditional areas, since the land is becoming scarce. These areas
usually pose stress conditions such as prolonged drought, low temperature
in winter, high altitude and so on. Since clonal variation to stress condition,
is a common phenomenon, research should be directed to examine the process
of tree adaptation to stress, evaluate the clones and identify the ones suit-
able for a particular region.

The modelling of latex flow from Hevea is a challenge, acceptable
for interdisciplinary research. None of the available mathematical treatments
can account for the rates of latex flow in the initial two minutes. With
the advent of computer simulation techniques, it should now be possible
to solve this problem.

Further detailed studies on the latex'vessel plugging may not only
reveal the mechanism but also lead to new yield stimulant chemicals. The
hypothesis that two distinct types of plugging operate in Hevea (Southorn,
1969) deserves further attention. Similarly the reasons for Iutoid damage
during flow are yet to be found. Dilution of latex occurs but not to the
extent to justify the observed bursting. The possible biophysical/electrical
effects (Southorn and Yip, 1968; Lim et al.,, 1969) may be investigated.

The increase in rubber/latex yields from Hevea, have so far, been
through the prolongation of latex flow. No attempt is made to enhance
the capacities of rubber biosynthesis in the tree. The recent success in
stimulation of rubber hydrocarbon production in guayuie (Parthenium argen-
tatum) raises the hope that it may be possible in Hevea too. In guayuie,
several enzymes of polyprene synthesis were stimulated by the exogenous
application of 2-(3,4-dichlorophenoxy)-triethyl amine, DCPTA (Benedict
et a]., 1983).

mAnother area that deserves attention is the effect of tapping on

growth, since substantial clonal variation exists in the sensitivity of biornass



can be partitioned into siioot and root biomass (W') and annual rubber yield (Y).

w = W +25Y
a g

The factor 'k' which indicates the proportion (1-k) of the reduction
in biomass potential in a tapped tree even after accounting for the rubber
yiSld, merits attention because by reducing this proportion, W can be in-
creased.

k = 1- ™a
'Am
(1-k)

or

The relationship among the annual biomass increment in an untapped
tree (W”) and the net biomass increment of a tapped tree (W?7) in relation

to the amount of rubber extracted out during tapping (Y) and factor 'k' can

TABLE 5

Effect of different exploitation systems on biomass productivity, rubber
yield, harvest index and the extent of reduction in biomass production due
to tapping (factor 'k') in Hevea brasiliensis (Adapted from George et ai.,
1982).

Exploitation D.ry matter Dry lrubber Harvest o
increment yield . Factor 'k
system index
(kg y-") (kg tree ™ y™)
1979-1980
No tapping 128.5
IA S d/2 80.7 7.4 0.19 0.37
1/4 S d/i2 + ET* 80.6 8.5 0.21 0.37
1/2 S d/2 79.9 8.0 0.20 0.38
S d/2 2.5 5.6 0.85 0.98
1980-1981
No tapping 135.8
1/4 S d/2 59.9 7.4 0.24 0.56
1/4 S d/i2 + ET* 64.7 8.4 0.25 0.52
1/2 s d/2 34.0 7.6 0.36 0.75
S d/2 8.9 5.9 0.62 0.93

The notation of tapping system is described in the text.

*ET: Stimulation by ethephon.



be expressed by the following formula;

W = (I-k) - 25 Y
g
The above concepts are illustrated in Table 5. The factor 'k' affected

remarkably the Joss in biomass due to tapping as welJ as the harvest index
during a study on growth and biomass production with different exploitation
systems in clone RRIlI 105 (George at al., 1982). The data in Table 5 present
the observations for two consecutive years, although the actual experiment

was continued for five years.

EFFECTS OF WATER STRESS

The latex, being predominantly watery, its flow from tree, presents
one of theclassical phenomena influenced by plant water relations (Buttery
and Boatman, 1976). Clones of Hevea vary in their sensitivity to water
stress (Saraswat+iyamma and Sethuraj, 1975). But the latex yields are gene-
rally reduced at low soil moisture levels, prevalent typically in summer
months. The pattern of latex flow was remarkably altered by the soil mois-
ture. The duration of flow as well as the amount of latex were reduced
during water stress conditions (Sethuraj and Raghavendra, 1984). The extent
of such reduction was marked in clone Tjir 1, while RRIl 105 or G1 1 were
influenced only slightly by the soil moisture stress (Fig. 3). In the latter
clones, the rate of flow was enhanced during initial stages and subsequently
reduced, under stress (Raghavendra et al., 198").

The drop in latex vyields under soil moisture stress was because of
enhanced plugging and restricted drainage area (Sethuraj and George, 1976).
Premakumari et al. (1980) reported that neutral lipid content of rubber
particles and phospholipids of lutoid particles decreased during drought peri-
ods. The Jipid composition of Jutoid membranes changes remarkably under
water stress making them fairly unstable leading to an increase in plugging
particularly in a drought sensitive clone like Tjir 1 (Raghavendra et al.,
unpublished).

The drought tolerant clones have been shown to maintain high solute
potential in their C-serum (so as to keep lutoids intact) even in summer

months (Satheesan et al.,, 1982). Such abiliiy for osmotic adjustment can



TABLE i

Partial list of chemicals, reported to stimulate latex flow from Hevea brasi-
liensis, when applied externally (over the bark just below the tapping cut).
A detailed discussion of this subject can be seen in Abraham et al. (1968)

'and Dickenson (1976).

OILS/PARAFFINS

Coconut oil
Linseed oil
Paraffin oil
Petrolatum grease

HERBICIDES PLANT GROWTH REGULATORS

2,ii - dichlorophenoxy acetic acid (2,-D)

2,5 - trichlorophenoxy acetic acid (2,~,5 - T)

1 - naphthyJ acetic acid (NAA)

Indole butyric acid (IBA)

- amino 3,5,6 - trichloro picolinic acid (Picloram)

'f - chlorophenoxy propionic acid (CPA)

2,It - dichloro - 5 - fluoro - phenoxy acetic acid (2,4 - Cl - 5 - F)
OC- naphthoxy acetic acid (04- NOXA)

~ - naphthoxy acetic acid (» - NOXA)

ETHYLENE - RELATED

Acetylene !
2 - chloroethyl phosphonic acid (Ethephon) '
Ethad*

Ethylene

Ethylene oxide

1 - aminocyclopropane - 1 - carboxylic acid (ACC)

Calcium carbide**

MISCELLANEOUS (INCLUDING FUNGICIDAL/BACTERICIDAL COMPOUNDS)

Cowdung
Copper sulphate
Mixture of iron sulfate and potassium permanganate

* A patented formulation where ethylene Is trapped physically and released
slowly.

** Soil application - releases acetylene under moist conditions.



tissues (Dickenson, 1976). The stimulant is normally applied on the scraped
bark just below the tapping cut, for maximum response.

The enhancement of latex yield after stimulation is through lowering
the efficiency of plugging process and prolonged duration of flow. Definite
reasons have so far not been established (Milford et al.,, 1969), although
several mechanisms are suggested on the action of ethylene on plugging
process: changes in the stability of Iutoid membrane (Ribaillier, 1970), in-
crease in pH and resultant changes in metabolic pathways (Tupy, 1980),
enlargement of drainage area (Pakianathan et al., 1975; Sethuraj, 1985)
and changes in biophysical and rheological properties have been suggested
(Yip et al., 197't); The direct involvement of ethylene generation in bark,
at least, is certain from the observations that a chemical analogue of ethy-
lene, namely acetylene is equally effective in enhancing latex production
(Personal communication. South China Academy of Tropical Crops, China).

Repeated stimulation invariably causes a depression of girth incre-
ment. Moreover, the response declines with repeated stimulant application.
Higher incidence of dry trees (Brown Bast) also has been reported. These

observations indicate the need for judicious application of yield stimulants.

EFFECT OF EXPLOITATION ON GROV/TH

The process of tapping and the stimulation of latex yield by chemicals
constitute the exploitation of rubber tree. The physiological factors influenc-
ing growth during the pre-exploitation phase would continue to exert the
same effect on trees under tapping. In addition, tapping affects growth.

The annual biomass produced by a tree subjected to regular tapping
(W7) is substantially low compared to that by an untapped tree (W?"). Sim-
monds (1982) assumed that the biomass loss in a tapped tree can be accoun-

ted for by rubber and other products removed in latex. However, Templeton

(1969) observed the loss in biomass in a tapped tree may vary almost seven

times between clones for comparable rubber yields. The loss in biomass,
when a tree is tapped, was not accounted for even if the high energy value
of rubber and other substances (2.5 times that of carbohydrates) lost in
latex was considered.

The gross biomass realised in a tree subjected to regular tapping (W?"),



'ipon the clone and season. When flow ceases, the tapper collects the latex
and takes for processing. In the next tapping day, the cut is reopened by
slicing awaj' 1.5 - 2 mm of bark, thereby removing the coaguJum which
blocks the cut end of the latex vessels. The whole process is repeated on
AM11 tapping days. Thus the bark is progressively consumed down the trunk
m until the bud-graft union; the process takes about 4-5 years. Then a new
half spiral cut is opened in the untapped bark on the opposite side of the
trunk and the bark of that 'panel' is also consumed in 5-6 years. By this
time, the cambial activity would have renewed the bark of the original
tapping ‘'panel' sufficiently, so that 'panel' of renewed bark can be again
opened for tapping for another 5-6 years. The same process is repeated
on the opposite 'panel' of renewed bark. After this stage various exploitation
. techniques are adopted including upward tapping to consume the virgin bark
above the basal tapping panels. The highest number of latex vessels are
.situated close to the cambium. Therefore to obtain msiximum yields the
tapping should be deep upto 1 mm from the cambium (Fig. 2).

There are different tapping systems, based on the variation in the
length of the cut, frequency of tapping or number of cuts. The systems
are expressed with specific notations. For instance some of the common
notations are:

1/2 5 d/2 - one half spiral cut tapped every alternate day;

1/2 S d/3 - one half spiral cut tapped every third day;

1/4 S d/2 - one quarter spiral cut tapped every alternate day;

2 X 1/2 s dII™ - Two half spital cuts, tapped every fourth day;

1/2 Sd/2 (S x 2d/4) - Two half spiral cuts, tapping panels changed,
every alternate day.

The latex yield was maximum andconstant between 8.00 pm and
7.00 am and the yield decreases gradually to aminimum of70 per cent
of the maximum yield at around 1.00 pm (Paardekooper and Sookmark,
1969). The diurnal variation in yield is inversely related to the variation
in the saturation deficit of- the air (Ninane, 1967). The decrease in yield
during the course of the day is the result of a lowering of the turgor pressure
of the laticiferous system caused by increased transpirational loss of water

(Buttery and Boatman, 1964, 1966).



The vyield increases with lengthening of the tapping cut, but not
proportionately. In other words, the yield per unit length of tapping cut
decreases with increasing lenEth of the cut. There is clonal difference in
the rate of yield variation due to differences in the length of the cut (Frey-
Wyssling, 1952). The ratio of yield to different lengths of the tapping cut
is dependent upon the drainage area, which again is a clonal character;
the larger the drainage area, the lesser would be the effect of increasing
the length of tapping cut on yield. The other factor associated with length
of tapping cut is plugging index. Lengthening of the tapping cut tends to
lower the plugging index, resulting in enhanced yield (Southorn and Gomez,
1970). Hence a clone with low plugging index will have less response to
variations in the length of tapping cut. However, lengthening of the cut
to full spiral has a depressing effect on girth increment (De 3onge, 1969;
Ng et al., 1970).

Single cut ‘tapping systems are suitable for young trees as double
cut systems adversely affect girthing. The results of many experiments
indicate that double cut systems would be profitable after the fourth panel
(Ng et al., 1970).

Frequency oftapping is a factor which would influence the physiology
of thetree as well as the yield from the tree. While a high frequency of
tapping would affect the physiological balance between extraction of latex
and its replenishment in the latex vessels, too low a frequency would result
in reduced vyield. Increasing the frequency tends to increase the incidence

of brown bast syndrome.

YIELD STIMULATION

The volume of latex ontapping can be increased by application
of chemicals on the bark. Such yield stimulation was achieved by a wide
range of compounds like 2,t-D or 2,A,5-T (synthetic auxins), mineral oil
or copper sulphate (Table it). A comprehensive screening of various chemicals
having different physiological functions indicated that chemicals which can
generate ethylene are effective yield stimulants (Abraham et al., 1968).
This finding led to the wide-spread use of ethephon (2-chloroethyl phosphonic

acid) as a stimulant as this chemical disintegrates evolving ethylene in plant



(micro-cJimate infJuenced by canopy architecture, Jeaf area index and meteo-
roiogical inputs; density of planting).

Some of the assimilates produced in an untapped tree are utilised
for rubber biosynthesis in the laticiferous system. When a tree is tapped,
a__part of latex thus synthesised is extracted. It is believed that the loss
«of latex by tapping triggers its. re-synthesis. The ratio of rubber yield per
tree per year (Y), to the total biomass per tree per year (inclusive of rubber
extracted) (Wa), is defined as harvest index (c). In calculating the harvest
index, only the rubber extracted is considered and the high calorific value

of rubber (2.5 times that of carbohydrate) is accounted:

c = 25Y
Wa

A peculiar situation in Hevea is that the yield of latex from a tree
is determined by not only the inherent factors and the environment but
also by the exploitation methods adopted. The sink volume can be altered,
by changing the exploitation systems. The value of 'c' is thus regulated
by the quantity of the rubber (Y) extracted, unlike in other crops where
basically the inherent factors influencing 'c' determine the yield.

The yield of rubber from a tree on eachtapping is determined by
the volume of latex and percentage of rubber -it contains. Sethuraj (1981)
derived a formula, ascribing the variation in the production of rubber by

any tree through four major yield components:

F.l.C
y=__r
P

where y is yield of rubber obtained from a tree each time it is tapped; F -
the average initial flow rate per cm of taping cut during the first 5 min
after tapping; 1- the length of the cut; C - dry rubber content of the latex
and p - the plugging index, a measure of the extent of latex vessel plugging.

Each of the above major yield components is influenced by several
internal and externalfactors. The rubber content isdetermined by the extent
of assimilate partitioning into rubber. The length ofthe cut which is a direct
proportion of the girth of the tree, in turn, is dependent on annual biomass

increment and it is krjown that tapping can result in biomass loss which



cannot fully be accounted for by rubber yield (see EFFECT OF EXPLOITA-
TION ON GROWTH).

Of the four major components in the formula, the factors influencing
1 (related to girth of the tree) have already been discussed. All the other
three components also are influenced by the exploitation systems and clonal
characters. Some of the important sub-components of these major components
are listed below. This list is only indicative and not complete. Many bio-
chemical components such as carbohydrates, enzymes of carbohydrate meta-
bolism and rubber biosynthesis (invertase to polymerase) may exert their
influence on one of the major components directly or through the sub-compo-
nents listed.
Sub-components of major components

Initial flow rate (F):

Number of latex vessel rings
* Diameter-and other anatomical characters of latex vessels

* Turgor pressure at the time of tapping
Plugging index (p):

* Rubber particle stability
* Lutoid particle stability and the composition of lutoid membrane
* Flocculation potential of lutoid serum
* Interaction between C-serum and B-serum
* Dilution reaction on tapping
* Mineral composition of latex
* Drainage area
Rubber content (C*):

* Rubber biosynthetic capacity
* Level of exploitation

TAPPING

Latex from the tree is obtained by cutting open the latex vessels
by a process known as tapping. The most common method of tapping is
to cut a half spiral groove in the base, at an angle of 25 - 30 from the
left to right. The first cut is made at a height of 125 - 150 cm when the
tree attains a girth of 50 cm at that height. This is done with s special
knife, and aims at cutting the bark to within 1 mm of the cambium. Latex
flows down the cut to a metal spout fixed at the right end and thence into

a collection cup (Fig. 1). Duration of latex flow may be from 1-3 h depending
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phate (IPP). Although the polymerisation of IPP and its isomer dimethyl
ally! pyrophosphate (DMAPP) could result in a new rubber particle, » novo
synthesis has seldom been observed. However the extension of the already
existing rubber hydrocarbon chain can be easily demonstrated at the inter-
phase between serum and rubber particles (Lynen, 1969). A summary of
the proposed pathway is given in Fig. 5. The studies on rubber biosynthesis
by Hevea were limited by the non-availability of experimental techniques.
For e.g. the latex of Hevea, in vitr® could incorporate only small amounts
of C-acetate or C-pyruvate into rubber, presumably because of the
absence of mitochondria, and other organelles (Lynen, 1969). Of late, con-
siderable progress is made on rubber biosynthesis in guayule (for a recent
article, see Macrae et al., 1986).

Latex contains large amount of sucrose (apart from quebrachitol,
an inositol) as well as enzymic components of glycolysis, respiration as
well" as Embden-Meyerhoff-pathway (Sealing, 1969). The rapid decrease
in sucrose along with the increase in invertase activity suggests that tlie
carbohydrates are the main precursors for rubber biosynthesis. Rubber yield
is positively related to carbohydrate metabolism in latex as well as the
ability to incorporate substrates into rubber hydrocarbon (Recent ref: Low
and Gomez, 1984; Tupy, 1985; Leang et al.,, 1986). Some of the rate limiting
steps of rubber biosynthesis are identified as sucrose supply to laticiferous
tissue, invertase catalysed hydrolysis of sucrose, HMG-CoA reductase and

the ratio of invertase to rubber polymerase (D'Auzac and Jacob, 198%).

PHYSIOLOGY OF LATEX PRODUCTION

Most of the studies aimed at identifying physiological factors influenc-
ing vyield were confined to analysing the immediate factors determining
the yield per tree per tap. Rubber yield from an unit of land area during
the economic life span of the tree, however, is influenced by the stand
per hectare, biomass production and the extent of partitioning into rubber.
Therefore, the present analysis of rubber yield from a plantation, attempts
to take into account all these factors. The biomass production in a untapped
tree (Wm) is governed by both inherent potential of the tree (relative rates

of photosynthesis, partitioning and respiration) and environmental variations



suggest that the drainage area, a nearly oval region (in case of half spiraj
cut), extends from 40 to 120 cm below cut and from about 20 to 100 cm
above the cut (Gomez, 1983). The extent of drainage area may vary with

clones, chemical stimulation or the environmental stress.

m"LUGGING

The gradual restriction of the flow, after tapping, because a physical
plug forms near the cut surface of latex vessels (Boatman, 1966; Southorn,
1969). The rapidity of 'plugging' (resulting in a decline in the rate and ulti-
mately the cessation of flow), along with the initial rate of flow, determines
the total latex yield from any given tree. These observations led to the
formulation of 'plugging index' (Milford et al.,, 1969), defined which corres-
ponds to the time-flow constant 'a' in the die-away equation (y = be )
discussed in earlier pages.

Plugging index 'a' can be estimated as follows:

a = Mean flow rate, within the first 5 min (ml min ») x 100
Total latex yield (ml)

The plugging index is a clonal characteristic (Paardekooper and
Samosorn, 1969) but is affected by the exploitation techniques as well as
the environmental stress. However the variation in the latex yield can in-
variably be accounted to a great extent to the corresponding changes in
plugging index (Sethuraj, 1981). Modifications of plugging index have been
suggested (Sethuraj et al.,, 1978; Yeang and Daud, 1984) but the above for-
mula of Milford et al. (1969) remains the most popular one.

The latex vessel closure (plugging) is a 'classical phenomenon of
interaction between rubber particles and Iutoid vesicles (Southorn and Yip,
1968). The rubber particles try to maintain their stability, while the lutoids,
when broken, destabilise the rubber phase leading to the formation of a
coagulum. The fluid contents of Ilutoids or B-serum causes flocculation of
rubber particles. The exact agents are not identified but factors like acid
pH, high levels of divalent cations like. Mg or cationic proteins, might
be the reason for B-serum activity (Southorn, 1969; Gomez, 1983). The in-
tegrity of lutoids, therefore, contributes to latex stability. On the other

hand, the C-serum of Ilatex, by providing an isotonic osmoticum as well



as a suitable chemicaJ microenvironment (high monovalJent ions, basic pro
teins, neutral or basic pH), keeps lutoids intact. Thus counteracting against
B-serum, C-serum promotes dispersion of rubber phase (Southorn and Edwin,
1968). The total latex yield is inversely related to plugging index while a
positive correlation is established between plugging and .bursting indices
(Southorn, 1969). The triglyceride and phospholipid contents of latex reflect
the stabilities of rubber particles and lutoids, respectively (Ho et al., 1975;
Sheriff and Sethuraj, 1978) whereas the activities of B- and C- sera promote
the flocculation and dispersion of rubber particles (Southorn and Yip, 1968).

Latex vessels are plugged with' floes of rubber particles and broken
lutoids, initiated by the release of B-serum into the latex. Though the in-
crease in the population of damaged Iutoids is evident during latex flow
(Pakianathan et al., 1966), the main reason for lutoid damage is not establi-
shed. It may be due to the osmotic (dilution), mechanical (shearing), electrical
(wound induced potential) or chemical- (bark factors) effects encountered
during tapping (Gomez, 1983; Yip and Gomez, 198™).

The extent of lutoid damage can be estimated by the observations
from ultracentrifuge pattern, light or electron microscopy or more precisely

by the "bursting index" determined as follows:

Free acid phosphatase activity x 100
Bursting index =
Total acid phosphatase

Acid phosphatase occurs only in lutoids. The level of the enzyme
in the serum represents the extent of release from damaged Ilutoids. The
total activity is assayed by the disruption of Ilutoids with detergents like
Triton X Ribaillier, 1970).

The amount of latex that flows out from the cut increases steadily
with successive tappings until it reaches a steady state while the dry rubber
content decreases. However the extent of increase in the volume of latex
is much more than that of the decrease in rubber content and thus the
rubber yield tree'™ tap"” improves considerably.

Biosynthesis
The biosynthesis of rubber hydrocarbon has been dealt extensively

in two recent reviews (Archer, 198G; Benedict, 1987). Being a (cis 1,4-)

polyisoprene, the basic unit for rubber biosynthesis is isopentenyl pyrophos-
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Fig. 3. Kinetics of latex fiow at two ievelJs of soil water potential in a
fast plugging clone Tjir | and slow plugging clone RRIlI 105. The rate of
fiow and cumulative volume are presented.

very fast. During second phase latex flow settled down to a slow rate which
continued until it finally stopped.

Several investigators attempted to derive a mode] for latex flow
(Frey-Wyssling, 1952;Riches and Gooding, 1952; Paardekooper and Samosorn,
1969; Gomez, 1983). The bestamong them is the die-away expression (y =
be , in which the flow rate 'y' at a given time 't' is a function of the
initial flow rate 'b' and a time-flow constant 'a') derived by Paardekooper
and Samosorn (1969). However the initial rates during the first 1 or 2 min
after tapping always deviated away from any of these models. Recently
Raghavendra et al. (198") proposed that these two phases of latex fiow
should be treated separately and that the first phase, upto four min fitted
into curvilinear equation while the second phase was an exponential curve.

The turgor pressure in laticifers is suddenly released due to opening
of the vessels. In a typical experiment with RRIl 105 the high turgor pressure
of 1.2 MPa in latex vessels, fell steeply to a low 0.2 MPa by 5 min and

increased again to ahout 0.7 MPa by 30-«t5 min (Fig. ). The quick increase |,
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Fig. k. The course of turgor pressure in latex vessels, bursting index of
lutoids in relation to the rate of flow and dilution as indicated by dry rubber
content in RRIl 105.
within 10 min, suggests the internal plugging of vessels. A steady dilution
of latex occurs during the flow as indicated by the decrease in not only
the osmotic potential but also the total solids as well as the dry rubber
content (Buttery and Boatman, 1976; Gomez, 1983).

The hypothetical area of bark on the stem from which the latex
flows out on tapping, is designated as "drainage area" (Frey-Wyssling, 1952).
The structure and extent of drainage area is of great importance in latex
production by any given tree since it is not only the site of storage but
also the biosynthesis of latex/rubber. Several methods have been employed
to estimate drainage area in Hevea - rubber or total solid content of latex
(Gooding, 1952); stem contraction due to tapping (Lustinec et al., 1969);
introduction of radioisotopes into latex (Lustinec and Resing, 1965); profiles
of turgor pressure in latex vessels (Pakianathan et al., 1976); yield of micro-
tappings (Lustinec and Resing, 1965); or tapping induced changes in mineral

or enzymic content of latex (Lustinec et al., 1966). Several of these studies



(Fig. 2). But care need be taken not to injure the cambium (so that bark
regeneration is not affected).

The latex coiiected by tapping constitute the modified cytoplasm
from the inner region of laticifers. The adjacent sieve tubes and other cells
ijjQar the cut do not seem to make much contribution (Gooding, 1952; Riches
and Gooding, 1952). Spherical or pear-shaped rubber particles, which range
in diameter from 100 A" to 5 ;jm occupy a major proportionof latex.
other non-rubber particles of latex include Ilutoids (fragile vesicles Ilimi-
ted by an unit membrane, with a diameterof 2-10 ;jm and are often equated
to vacuoles) and Frey-Wyssiing complex of k-G pm in diameterrich
and carotenoids (Dickenson, 1969). These occur in proportions of 25-k5%
rubber, 10-20% Iutoids and 1-3% Frey-Wyssling complex (Southorn, 1969).

A strong protective lipoprotein layer exists around the rubber parti-
cles. This acts as a negatively charged envelope of hydrophilic colloids.
Lutoids also are bounded by a thin but complex membrane consisting of
proteins and lipids (particularly sterols and phospholipids). The inner content
of lutoids (which can be collected by freezing and thawing), referred to
as B-serum contains high levels of hydrolytic enzymes such as acid phospha-
tase, cations like Mg, Ca or Cu and organic compounds like citrate and
phosphate (Pujarniscle, 1970; Ribaillier et a]., 1971). n

These particles are suspended in a soluble phase called C-serum,
constituting an isotonic osmotic medium for keeping the organelles intact.
C-serum is shown to possess large amount of carbohydrates (particularly
quebrachitol and sucrose), proteins and ions like K" (Archer et al., 1969).

A much detailed description of the cytology and ultra-structure of

latex/laticifers is given in two monographs (Gomez and Moir, 1979; Gomez,

1982).

MECHANIS?; OF FLOW

The latex flows out when a tapping cut is made on the trunk of
the tree, mainly because of the very high turgor pressure in the latex vessels
(Buttery and Boatman, 1964; Raghavendra et al.,, 198™). Turgor pressures
in laticifers of Hevea. which reach res”h upto 1.5 MPa are among the highest

recorded in laticifers of different species (Table 3). The turgor of latex
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TABLE 3

Turgor pressure in laticifers of different plant species.

Observed
Species pressure Reference
range (MPa)

Hevea brasiliensis 0.8 - 15 Buttery and Boatman, 1966
0.2 - 1.2 Milford et al., 1969
0.8 - 12 Raghavendra et al., 198f
Crypostegia grandiflora 1.0 - 1.2 Raghavendra, unpublished
Ficus elastica 0.8 - 1.0 Buttery and Boatman, 1966
Euphorbia pulcherrima 0.7 - 0.8 Buttery and Boatman, 1966
Bursera microphylla 0.7 Downton, 1981
Nerium oleander 0.1 - 0.6 Downton, 1981

vessels is maximum during dawn, falls during day and gets rebuilt in the
night (Buttery and Boatman, 1967). The poor yield of latex when the trees
are tapped much after sunrise is believed to be due to such diurnal variation
in the turgor of latex, which in turn could be due to the changes in water
vapour deficit in the air (Paardekooper and Sookmark, 1969). A gradient
of turgor pressure with height has been recorded in Hevea stem, with greater
pressure in the base than that in the upper region. A gradient upto 0.6 MPa/
10 m existed during day and decreased to 0.1 MPa/l0 m in the night (Buttery
and Boatman, 1966).

The initial flow of latex is due to the elastic contraction of walls
when the fluid cytoplasm of latex vessels is expelled after a sudden release
in their turgor (Southern, 1969; Boatman, 1970; Buttery and Boatman, 1976;
Gomez, 1983). After a while, the flow is regulated by capillary forces until
the flow ceases as the Ilatex coagulates and plugs the vessels (Boatman,
1966; Milford et al.,, 1969). The existence of two distinct phases during
the course of latex flow has been demonstrated in several clones (Ragha-
vendra et al., 198f). The duration of flow was less and rates of initial flow
more in clones like Tjir 1 than those in ones like RRIl 105 (Fig. 3). In the

first few minutes, the expulsion of latex was rapid and the rate decreased



Further studies on the pattern of canopy architecture in relation to light
interception may help to evolve an ideal tree type.
Biomass production and assinnilate partitioning

The biomass production by rubber tree, reaching upto 35 to 50 t
hn ~ oy (Templeton, 1968; George et ai., 1982), is among the highest re-
corded from crop species. However the process of exploitation and extraction
of latex, limit dry matter production to the extent of 10 - 60% since rubber
production involves partitioning of assimilates and too much draining of
metabolic energy. As per Templeton's estimate (1969), rubber harvested
during first two years accounted for 3 to 11 per cent of total dry weight
but this proportion was expected to increase upto 20% or more in subsequent
years. The percentage depression due to tapping of trunk growth which
is much greater than that of canopy, causes significant ioss in rubber yield,
since the girth is one of the components determining yield. Such reduction
is because of not only the loss of vital metabolities through latex serum,
but also the high energy requirement for the resynthesis of rubber (poly-
isoprene with a calorific content 2.5 times as that of glucose).

Rubber trees are tapped when the girth of their stem reaches a
stipulated minimum (50 cm) and the trees below this level are considered-)
'immature'. It is therefore desirable to promote early growth of young trees
so as to reduce the immaturity period (Sethuraj, 1985).

The use of elite planting material and improved agro-management
techniques could help in achieving quicker growth during immaturity period
(Sivanadyan et ai., 1975; Sethuraj, 1985). However, the difference in the
growth rate and girth increment between vigorous' and non-vigorous plants
slowly disappears with the onset of branching and spread of canopy (Temple-
ton, 1968). The importance of mutual shading is also reflected in the absence
of any significant effect of plant density on the growth rate of a plant,
until the canopy is closed (Dijkman, 1951; Templeton, 1968). During the
studies at Malaysia over a seven year period, Templeton (1968) observed
that the rate of dry matter production reached the maximum at 5 years
after budding and decreased over the next two years.

A steady decline in the relative growth rate (RGR) upto thirtynine

months was the result of progressive fall in the net assimilation rate (NAR).



Subsequently both the NAR and leaf area ratio (LAR)-declined; the latter
due to the increasing proportion of non-photosynthesising plant tissues.
The decline in NAR on the other hand was mainly due to the increase in
the shading of leaves within the canopy because of the maximum leaf area
index (LAI) was already reached. The maximum values of LAl (5.8 to 6.3),
obtained after about 5 years from planting (Shorrocks, 1965; Templeton,
1967) corresponded with the period of maximum dry matter production (24
to 35 t ha“”) and resulted in about 2.8% efficiency of solar energy utilisa-

tion (Templeton, 1969).

ANATOMY OF LATICIFERS AND LATEX COMPOSITION

Latex is located in the concentric rings of laticiferous vessels con-
centrated in the zone of secondary phloem (Gomez, 1982). Each ring is
constituted by articulated anastomosing latex vessels which run longitudinally.
During commercial™ extraction of latex (see TAPPING), the cut is made

in such way so as to cut through a maximum number of latex vessel rings"

50F1 KARO
BARK BARK

Fig. 2. A longitudinal section of the stem of rubber tree representing the
location of laticiferous tissue. The rings of latex vessels, situated in the
phloem, are concentrated towards cambium. The tappmg cut should reach
through the phloem as near to the cambium as possible vyet not touching
it) for maximum latex yield. See also Fig. 1.



shed their leaves almost completejy before the new growth flushes begin.
Considering the season of Jeaf fall this phenomenon can be more correctly
characterised as summer defoliation (Chua, 1970). The degree of flushing
depends on the environmental, cJonal or individual variation in wintering.
However, the clonal differences in wintering becomes more evident in regions
of pronounced dry season (Evers et al., 1960). The exact mechanism for
periodical abscission of leaves is not yet understood but hormonal control
of protein synthesis and general metabolic activity might be involved (Chua,
1976). Very few studies are made on flowering in Hevea (Evers et al.,, 1960;
Camacho and 3iminez, 1963). Flowering, which normally occurs once an
year, is initiated after leaf fall.

The density of planting affects the canopy architecture and may
affect the growth rate of mature trees. The crotch height of trees increases
under higher densities of stand while the girth of individual tree decreases
(Westgarth and Buttery, 1965; Satheesan et al., 1986). The stand per hectare
does not affect the LAl as the trees adapt by changing the branching habit.
However the total biomass per unit land area increases with density (Table 1).
Photosynthesis

The photosynthetic characteristics of individual leaves of rubber

tree have been studied (Samsuddin and Impens, 1978, 1979; Ceulemans et

TABLE 1

Canopy characters and dry matter production in twelve year old Hevea
(Clone RRII 105) under two planting densities (adapted from Satheesan et
al., 1986).

" Planting density '3”

Ch t

aracter 4.26 x .26 m 57 x 5.7 m
Leaf area index 3.77 3.78
Spread of canopy (cm) 377.4
Crotch height (cm) 640.1 340.9
Girth (cm) 77.5 90.5

Dry weight (kg tree * A " 486.9 732.1
Dry weight (t ha"*) 263.1 215.4



al., 1984; Rao et al., 1986a; Satheesan et al., 1984) but comprehensive esti-
mates of canopy photosynthesis are not available. The carbon assimilation
pattern of the leaves have not been reported. The lower range of maximal
photosynthesis rates and CO” compensation points suggest rubber tree to
be a plant (Samsuddin and Impens, 1978, 1979; Rao et al., 1986a). The
net photosynthesis and gas exchange characteristics of leaves differ with
clones. However, the validity of photosynthesis measurements as a tool
.in plant selection from nursery is questioned (Samsuddin et al., .1985).

The profile of photosyntheticaliy active radiation (PAR) reaching
the canopy of rubber tree, exhibits a declining gradient towards the lower
strata of the canopy (Table 2). Although the shade leaves are adapted to
lower light regimes, the maximum photosynthetic rate of shade leaves is

low compared to sun leaves (Satheesan et al., 1984; Rao et al.,, 1986a).

TABLE 2

Photosyntheticaliy active radiation (PAR) budget of three strata in Hevea
canopy (adapted from Satheesan et al., 1984).

Clear day Cloudy day
Observation
Top Middle Bottom Top Middle Bottom
stratum stratum  stratum stratum stratum  stratum
Incoming photosynthetic
photon flux density (%)
Reflection 2.3 0.5 0.4 2.8 0.6 0.4
Transmission 10.3 7.2 6.2 12.4 9.2 5.6
Interception 87.4 92.3 93.4 84.8 90.2 94.0
Average photosynthetic
photon flux density
(JIE m"~ s"b 1083 689
Day's integration
(E m’7) 49 31

Height of strata - Top: 9.9 m from the ground level; Middle: 6.7 from
the ground level; Bottom: 2.7 m from the ground level..



Fig. 1. Tapping of a rubber tree. The white miJky latex flows along the
edge of the cut, and (guided by the metal or plastic spout) collects into
a container (a coconut shell is used in this instance). The location of latex
vessels is shown in Fig. 2.

The physiology of latex production has been periodically reviewed
by Blackman (1965), Sethuraj (1968, 1985), Southern (1969), Boatman (1970),
Buttery and Boatman (1976), Moraes (1977), Gomez (1983) and has been
the topic cl a recent colloquium (IRRDB, 198™). Readers interested in the
general aspects of the rubber tree are referred to the monographs of Dijkman
(1951) and Rubber Research Institute of India (Pillay, 1980).



GROWTH AND PRODUCTIVITY

Rubber is propagated either through seeds or vegetativejy, by bud-
grafting. UnseJected seeds and seeds from monocrop gardens are discouraged
and when seeds are to be used, ondy polycJonal seeds (cionai seeds collected
from polyclonal areas) are recommended. However, most preferred method
of propagation is through budgrafting. Seeds start germinating 6 to 8 days
after sowing. The mode of germination is hypogeal. The rubber seeds are
viable only for a very short period; and therefore, should be sown as early
as possible after collection.
Root growth

The tap root of Hevea grows very deep into a normal light soil,
reaching more than 10 m down into earth (Moraes, 1977). The lateral roots,
in fact, exceed the tap root in length, particularly in young trees, for e.g.,
lateral roots are 6-9 m while tap root is 1.5 m in 3 year old trees; 9 m
long lateral roots'on 2A m long tap root in 7-8 years old trees. However
in shallow alluvial soils the tap roots are confined to the top zone of ‘A’
horizon but are compensated by profuse growth of laterals. In a plantation,
the root density between rows increases steadily until it reaches an uniform
level.

The efficiency of root growth in Hevea is illustrated by lower shoot
to root ratio, higher root respiration and greater mineral absorption in 3
year old Hevea seedlings than those in cacao of similar age (see Moraes,
1977). Although endotrophic mycorrhiza have been found in roots of Hevea
(Waistie, 1965) their assistance in nutrient uptake is not yet demonstrated.
Shoot growth

A remcUkable seasonal periodicity exists during shoot growth of
Hevea where periods of rapid shoot elongation and leaf expansion are alterna-
ted with periods of inactivity (Moraes, 1977). In young unbranched trees,
leaves of each flush form a distinct layer on the stem, and each year may
produce 2-4 flushes. Adult trees exhibit prominent annual flushing periodicity.
Since periods of flushing coincide with those of cambial activity, the number
of latex vessel rings in the stem are positively related to the flushing fre-
quency (Halle and Martin, 1968).

Another feature of adult Hevea trees is ‘'wintering’', when the trees
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