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Infroduvtlon

Uevea hrasiliensis (Willd. ex A. Jujs) Mucll. Arg.
the Para rubber tree belonging to the family Euphor-
biaceae, produces 99% of the natural nibber in the
world. Natural rubber is one of the most versatile vege-
table products. The material has manifold uses. More
than 35,000 articles are manufactured from this mate-
rial and there is hardly any segment of Ufe which does
not make use of rubber based products. This has re-
eculted in the tremendous increase in the demand for
this product. Rubber plantations have profound in-
fluence on the economic and social life of the people
of several countries. Over thirty million people in the
woild are dependent on Natural Rubber for their live-
lihood. World natural rubber production during 1986
was reported (o be 4,430,000 tonnes and the consump-
lino was 4.385,000 tonnes. The total area under rub-
ber cultivation all over the world is about 7,717,000
ha. 1’hc main rubber growing countries are Indonesia
(2,074.023 ha. 1985) Malaysia (1,944.227 ha. 1985)
Thailand (1,620,160 ha. (1984) China (4,53,000 ha. 1982)
fndia (3.62.000 ha. 1985) and Sri Lanka (2,05,508 ha.
1985), The rubber tree is also grown in Nigeria, Liberia,
Vietnam. Zaire, Burma. I*hillipincs. Ivory Coast, Oim-
Liadia, Brazil, Hajmladcsh. Mexico, Camcrcwn United
Republic, etc.

Hcvca hrusiliensis is a perennial tree having an eco-
nomic life span of over lhirty years. Bccause of this
unusually long life span selection of planting material
should be done with utmost care. If by carelessness or
ignorance a poor or undesirable materia! is planted, the
resulting disadvantages will have to be born by the
grower over this' long period. For the selection of
appropriate planting materials a thorough knowledge
about the different planting materials is imperative.

Seeds' and cloncs

'I'ne rubber tree is propagated both g;:jieralively
and vegelatively. Generative reproduction is carried out
through sesds while vegetative propagation is by clon-
ing. The progeny produced through generative methods
always .show wide variations and- there is no genetic
uniformity among the iries raised from seeds. Seeds
obtained from seedling trees are called ordinary seeds.
Ordinary seeds collected indiscriminately are termed
ordijiary unselected seeds whereas those collected only
from si’eclcd ticcs are named ordinary selected seeds.
Clonal seeds are those collected from clonal (budgraf-
led) populations. Such seeds if collected from mono-
clonal areas arc called monoclonal seeds. Polyclonal
seeds arc clonu] seeds collected from polyclonal areas
When both the parents are known, the term legitimate
Jeed* is used and if both the parents are not known
they are called illegitimate seeds. In case only one
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parent is known, the .seed is called illegiiimalc seed of
that particular parent.

A group of plants produced by vegetative propaga-
tion from a single tree, directly or indirectly, la termed
a clone. All the individual trees of a clone possess
identical genetic constitution, which i* responsible for
the uniformity existing among them. Based on the
origin, clones are broadly classified into threr catego-
ries, namely primary, secondary and tertiary. Qones
developed from mother trees of unknown parentage are
called primary clones. These mother trees are «>elected
from existing seedling populations on the basis of their
desirable characteristics. They are then multiplied vegc-
tatively to give rise to the primary clones. Many popu-
lar cloncs like Tjir I, GT, I, GI 1, PR 107, PB 86.
PB 28i59 and LCB 1320 belong to this category. Secon-
dary clones are developed from hybrid trees which are
the resultant of controlled pollination among Lwo pri-
mary clones. These trees are then multiplied vegeta-
tively to raise the respective clonal populations as in
the case of primary clones. Most of the modern clones
like RRIl 105 (Tjir 1 x GI 1), RRIM 600 (Tjir I x
PB 86). RRII 208 (Mil 32 X AVROS 255) and PB
5/51 (PB 56 X PB 24) be ong to this category. Ter-
tiary clones arc also produced by controlled pollina-
tion of two clones, but they differ from the secondary
clones in that at least one of the parents is a secondary
clone. Sometimes both the parents may be secondary
clones. An example for the former is RRIM 719 re.sul-
tant of a cross between PB 86 a prijiiary clone and
RRIM 623, a secondary clone (PB 49 x Pil B 84).
Clone RRIM 708, developed by crossing two secon-
dary clones RRIM 501 (Pil A 44 x Lun N) and RRIM
623 (PB 49 X Pil B 84), is an example for ;hc latter.
Many of the latest clones such as RRIM 703. 707, 712,
PB 21)0 also are tertiary clones.

Clones as a planting material has got many advan-
tages. rhe most important among them is the unifor-
mity exhibited by different individuals, which is due
to iheir uniform genotypic constitution. All the in-
dividual trees of a clone under identical conditions show
very little variation with regard lo ihcir diirerent charac-
ters such as growth, vigour, bark thickness, yield, latex
properties, wintering, refoliation and tolerance to disea-
ios. This enables the planter to carry out cultural opera-
tio'Js in a more uniform, easy and economic manner.
For example due to uniform gi-owth vigour number of
trees that have to be thinned out Is always losss in the
case of clones. Hence only the required number need
be planted in a unit area than seedlings. This results
in reduction in the cc'st of planting and maintenance.
Due to uniformity in the properties of latex, it could

The authors are \vith Rubber Research Institute liidia,
Kottayam 686009.
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be readily used for specific purposes deniandiiig unifor-
mily of projicrtics. Modern high yielding cJcmes have
more produclaion polciUial tomjjared lo seedling popu-
lalions. Since (here are quite a number of clones with
specilic characlcristic.s. selection of materials for spe-
cific rcquiremcnl is also possible in the ease of clones.

I'uiniinfi /naicrial /'jconiincnclaliom

The Rubber Board issues planting material recom-
mendalion for lhe country every year, based on lhe
inforiiialion available on liie performance of the dilTe-
rent materials. Materials under category 1 are proven
ones and can be planted on a large scale without any
restriction. It is however desirable to use as many
materials as possible while undertaking large scale plant-
ing. In the case of large estates, it is preferable to
reserve 20% of the area for materiaJ under the other
categories. Currently RRII 105, RRIM 600 and GT
I are included under category I. Category Il consists
of old clones which still show good performance in
certain localities and promising new clones which are
yei to be fully tested. Therefore 20% of area of large
estates can be reserved for planting these materials.
Buddings of clones PR 107, PB 5\5\, Tjir 1. GI 1, PB
86. pn 51139, PB 619. PB 28|59. RRIM 605. RRIM
623. RRIM 628, 701, 703, RRII 118 and approved
polyrional seeds are included under this category.
Clones recommended for experimental planting are in-
cluded under category Ill. These clones are released
for experimental planting based on the encouraging
performance in the small scale trial in India or on the
basis of their performance in other countries. There
is resJriction in planting these materials. Only large
growers are allowed to plant this material, as experi-
mental planting, to a maximum of 10% of the area.
Buddings of clones RRII 1, 2, 4. 5, 6. 43. 44, 116,
203, 206, 208, 300, 308, RRIM 704, 705. 706, 707, PB
206. 213, 215. 217, 230. 235, 240. 242. 252. RRIC 7.
36. 45. 52. 100, 102, 104. 105, CH 153. Harbel 1 and
>Vagga 6278 are included in this category. In addi-
tion io the”e. any other promising materials specially
approved by the Chairman. Rubber Board on merits
under request in individual cases, are also included in
this category.

Clo/73 identification

1’here are morphological variations among diffe-
rent cloncs. For the identification of clones, certain
(lislingu~hing charac’CTistics are helpful. Shape and
r-ize of seeds and the pattern of motOincs on them show
variations. Seeds of RRIM 600, RRII 208, Mil 3|2,
RRII 118 and PB 5|51 arc small compared lo those
of RRIM 623. LCB 1320. PB 86, Tjir 1. GI 1 and
RRII 105. Seeds of RRII 118 have more prominent
mottl'nas. Ridges and frontal depressions are very pro-
minci.t in certain c*oncs like PR 107. The growth form
and :.'ppearance of young buddings are characteristic of
‘ome o’her clones. The spindly growth of RRIM 600
can be easily distincuished. In mature trees, shape of
the trunk in nmo<&t of the c'ones is cylmdrical. but there
are crooked stems as in PB 6f9 and leaning stems as
in Ti'f 16. Texture of the bark surface is another
feature. Branching habit, growth pattern and the angle
of ui'.ion between stem and branch also vary in diffe-
rent clones. Regular spread of light horizontal branches

arranged from the main trunk is characteristic oi Pi3
5/51. In clones like Tjir 1 and RRIM 605 a few heavy
branches start from the janie point. ‘lhe shape of
crown is also another identifying characteristic. ‘I'rc
crown of GT 1 is globular or slightly conical and that
if RRIM 600 is fan shaped. PB 5|51 shows charac-
teristic conical crown w'ih light smd sparse fi-liago.
Colour, texture, shape, position of the leallcts with res-
pect to each other, etc also show clonal variations.
Leaves of RRIlI 105 and GT 1 arc dark, green and
glossy, those of Gl 1 glossy and bluish green while (he
leaves of AVROS 255 and RRII 208 are glossy and
pale green. Leaf lamina sho\\™ wavy margin in clones
like PR 107, War 4 and PB 186. Colour of latex
can also be considered as a clue to identity of cloncs.
Latex of RRIM 600, PB 86 and RRII 208 is white
while that of Tjir I shows a pale yellov/ tinge. Coa-
gulam of certain clones, like that of RRII 203, hxis
tendency for discolouration (blackening).

Choice of planting materials

The profitability of a rubt>er plantation is closely
correlated lo the planting materials used. Therefore
utmost importance should be given for selecting the
planting materials. The performance of planting jnatc-
rials, depends on their genetic constitution and the iji-
teraction of environmental factors in the given locality.
The performance of planting materials vary widely in
CjfTerent localities. Hence it is nccessary that the choice
of planting material for any locality has to be done
most carefully.

The desirable attributes of a clone are high initial
yield, high average yield throughout the economic life
span, good vigour and other glowth habits, good res-
ponse to low intensity lapping, tolerance to coinmon
drought, cold and other stress conditions. The environ-
mental factors that influence the perfonnance of a plant-
ing material are soil type and terrain, high incidcnce
of diseases, j~Uern of rainfall, severity of wind forccs.
severity and duration of drought and temperature. Due
consideration of the characteristics of the planting
materials as well as the environmental constraints is
therefore imperative in the choice of planting materia’s.

Environmax planting

Realising the influence of environment on the per-
formance of planting materials the Rubber Research
Institute of Malaysia has been recommending Environ-
max planting since 1977. The Envirormiax concept in
choice of clones was developed lo maximise the pro-
ductivity of an area subject to the constraints prerent.
This was done with a view to avoiding predictable ad-
verse interactions between secondary clonal effects and
the inhibitory environmental factors. Under this systwn
the rubber growing areas are lo be divided into envi-
rons which display the factors that act sis constraints
in the selection of clones. Specific clones are then
recommended for each environ. Depending upon the
additional informations obtained abcwt clonal charac-
teristics as well as environmental factors, the recom-
mendation of clones are to be revised periodically.

For ranking clones there must be suflic'ent infor-
mation regarding clonal characteristics and environmen-
tal factors. In other words, information on the perfor-



niatice of different planting materials in varying envi-
ronmental conditions is a basic requirement for tlie
adoption of this practice. Depending on the available
details regarding the agroclimatic condition and soil
profile the traditional rubber growing areas in India
can broadly be classified into five regions.

1. Kanyakumari region:
More or less distributed rainfadl, laterite and red
soils, available magnesium content high, oidiimi
incidence high.

2. Central region (Trivandrum, Quilon, Kottayam,
Idikki, Ernakulum and part of Trichur district):
Moderate to high rainfall, laterite soil, soil nutrient
status poor in general, incidence of Phytophthora
and pink diseases high.

3. Calicut and Cannanore region:
South west monsoon strong, followed by severe
drought, laterite and lateritic soils, with pockets of
red soils, available magnesium high, incidence of
Phytophthora and pink diseases high.

4. Palghat, Malappuram and part of Trichur region:
Low rainfall, moderate to severe drought, subject-
ed to strong wind, soils in general fertile, incidence
of Phytophthora and pink diseases high.

5.  Karnataka region:
South wc.st monsoon strong, plolonged drought,
soils poor in available nutrients, incidence of
Phytophthora and Oidlurn diseases likely to be
high.

However, minor environmental variations do occur
within ciich region. Also a particular environ may be
found in ditTerent regions.

The non-traditional rubber growing areas com-
prise mainly of the Andaman and Nicobar Islands and
the nor[h eastern region. The climatic conditions in
the Andaman-Nicobar region are better suited to rub-
ber as there is no pronounced wet and dry seasons.
However, there is wide variation in soil conditions.
There is strong wind also in the area.

The North Eastern region comprises of Tripura,
Meghalaya. Assam, Mizoram etc. The south-west
jnonsoon is high und the north-east monsoon is not
very prevalent. The drought period is fairly long. The
terrain is generally hilly. Winter season is pronounced
and prolonged, with very low temperature. Soil is
generally sandly to loamy, deep and deficient in major
:uitrienls in Tripura, while it is loamy to clayey and
more fertile in Assam and Meghalaya. Incidence of
d'scases is comparatively very low in this region.

Clones suited for dilTerenl regions could be chosen
on the hnsis ihcir genetic potentialities and res-
ponse to environmental conditions. l)ep;;nding upon
the available information the following categorisation
can be made.

Area Clones suggested
]. Severe Phyphthora GT 1, PB 5151
RRIM 623, 628, 701,
RRil 105

2. High incidence of
Phytophthora and
Pink

3. Subjected to severe GT 1, PB 5|51, PR 107,
wind 01 1. PB 217, Haikan 1

4. Exposed to severe GT 1, PR 107, PB 5|51,
wimi and pink PB 235. PB 260

5. High incidence of GT 1 PR 107,

Oidium RRIM 600, RRIM 703,

RRII 105, PB 255, 260

GT 1, PR 107, PB 260

GT 1. PB 5j51,
PB 235, PB 260

6. Exposed to severe
wind, pink and
Oidium

7. Strong wind, low
rainfall moderate to
high drought

8. Subjected to severe

cold SCAT 93-114

Undefined areas GT 1, PB 5151. 28159,

f-B 217, 235. 255, 260
PR 107, RRIM .m
RRH 105. 118.

Gl 1, RRII 118,
RRIM 600

©

The clones suggested for a particular locality only
indicate that their performance in the concerned tract
will be better than that of other clones currently avail-
able. The ideal condition would be the choice of spe-
cific clones possessing characters best suited each
locality.
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A REVIEW

BREEDING AND TREE IMPROVEMENT

C. K. Saraswathy Amma, Joseph G. Marattukalam and A. O. N. Panikkar

Before the bcgnning of the twentieth century,
plant breeding was considered as an art rather than
a science. Plant breeding efforts in Havea had a
beginning in the first quarter of the present century.
During the initial stages of the rubber plantation
industry only unselcctcd seedlli”*, the productivity
of which was as low as 200-300 kg. per hectare per
year, were available fen* raising pkuitatiom. Since
then due to the sustained efforts of breeders towards
the improvement of the crop, tremendous progress
could be made in increasing the productivity. The
initial attempt involved identification of high yield-
ing mother trees and use of seeds collected from
them to raise plantations, which increased the pro*
duction potential to around 500 kg. In 1916*17 Van
Heltan and coworkers in Indonesia, perfected a
method of budgrafting rubber which gave an impe-
tus to the efforts of breeders. The basis for Hevea
improvement, making use of generative and vegeta-
tive methods in a complementary manner, was laid
by Whitby in Malaysia, Cramer in Indonesia and
Wright in Sri Lanka during the second decade of
this century, Even though breeding and selectioo of
this century,. Even though breeding and selection
of new clones is a very long, laborious and expcn*
sive process due to the very long life span of the
crop, steady progress was made by the breeders in
this line. As a result, primary clones which could
yield about 1000 kg, polyclonal seeds yielding appro*
ximately 1500 kg. ami secondary clones havia”™ still
higher yields of 2000*2500 kg[halycar were evolved.
I'hus over a short period the productivity could be
increased almost ten fold. Production and produc-
tivity indices of rubber are the highest among the
plantation crops in this country.

The ultimate aim of breeding and tree improve-
ment is to evolve an ideal tree, combining all the
desirable attributes into a single one. But the breed-
ing of the ideal or perfect ‘wMider tree’ which will
yield fabulously and possess all the desirable secon-
dary attributes is indeed an extremely difficuH task.
The concept of an ideal vVdi type in Hevea is a
clone having high initial yield with steadily increas*
ing trend, good vigour, straight and cylindrical stem,

rapid girth Increment, sooth and thick bark, high
rate of bark renewal, relatively small wide aogled
branches and narrow and short crowo with halthy
foliage. It should be resistant to wind damagn ai”®
all common diseases and should be adaptal>k t? ad-
verse agroclimatic conditions. It shoukl abp r -f.pond
well to low frequency tapping and stimulatio.'i  The
technological properties of rubber may also r<.quire
to be treated as additional objectives. The bteeder
will have to develc™ clones suited to differen sec*
tors of the industry. Clones that perform well inder
high density are suitable for small holders. The
clones which will perform well under low density
are more suited for estate conditions.

Several methods are being adopted for develop
ing improved clones. The mfost important amcMig
them is cross pollination or hybridisation between
desirable clones. The method universally foUowed
in Hcvea breeding involves chotce of tt~ parents,
hybridisation, selection (A superior seedlings euid
their vegetative multiplication, evaluation, selection
of superior clones and testing of the clones for
adaptation under different agroclimatic. cond&ticms.
The method which lias been popular with most rub-
ber breeders is to make a few paired crosses and
then repeat the crosses that had produced superior
types. This ixbce” is called Generation wise Assor-
tative Mating (GAM), ‘asscrtative’ because the besl
is crossed with the best in each cycle. Cttrrently,
the choice of parents is becoming more complcx be-
cause of the multiple trait objective in the b ending
programme.

Hybridisatkm

The method of artificial crossing follovi 1 in
Hcvea is popularly known as hand poll .ition.
The first hand pollinations were made in S inatra
(Indonesia) by Heusser in 1920.

* The authors are with the Rubber Rnearch
India, Kottayam 686 O0I}9.
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T(™ : A view of Rubber Estate. Bottom : Hybrid
Seeds of Hevea produced by hand poUiDfltioo.

A thorough knowledge of the structure of
flowers and the mcde of pollination is essential for
doing hand pollination prc~rly.  Heva brasiliensi»
is monoecious with diclinous flowers arranged in
paniciles. The pistillate flowers are found at the ter>
minal ends of the panicle and its major branches.
When fully developed they may be recognized by
:the green torus disc as well os the relative large
size. Female flower has one whorl of bell shaped
perianth five yellow lobes. Gynoecium is tricar-
pellary, syncarpus, with single ovule in each locuk.
Stigma is three lobed. The male flowers are yellow
and smaller in size having the perianth lobes. They
possess ten stamens. The anthers are sessile and
are arranged in two whorls five each> on a cen’
tral staminal column. Each anther contains two
pollen sacs which splits longitudinally. Pollen grains
are tricolpate, smooth and sticky.

Technique of hand pollination

Emasculation is the first step in hybridisation.
As the flowers in Hevea are unisexual, this is a sim-
ple process of clipping off the male flowers. Only
the mature, unopened and healthy female flowers

are chosen fpr hybridisation. All the female flowers
which have already opened as well as the imma
ture ones are also removed. The staminal column
separated from the male flower is placed on the
stigmatic surface of the female flower, by gemwW
opening the perianth lobes and allowed to rest ther;.
To avoid the entry of any external pollen, t'te
female flower is sealed after pollination with a
small plug of cotton which is kept in position with
a drop of latex. A label showing informations of,
the female and male parents with date of pollinatic”
is then tied to the base of the panicle. The period
between pollination and full maturity of fruit is
about five months. In rubber the rate of fruitset
is low and is usually on 2-5% for hand pollination.
The mature fruit is enclosed in a net bag so that
the fruit on dehiscence will leave the seeds within.
The seeds after collection from the bags are put
tQ germination and the germinated seeds are raised
in the nursery.

Juvenile selection of superior seedlings

Selection of the seedlings in the nursery stage
to rogue the undesirable elements is the next step.
Although seedling vigour has been used by some
breeders, it has not been found correlated with yield
of the clones made from them.

A method which has been found to be reasona-
bly good is nursery test tapping. In this method
the seedlings are test tapped. When they are about
two years old. The method of tapping is a modi*

ficaticm of the Hammekar Morris Man *testatex’
system. The highest yielding seedlings are selected
and cloned.

Selectton of superior clones

The clones developed from the selected seedlit: &
are tested in a small scale trial or preliminary proof
trial. It is desirable that such trials are of simple
lattlcc design with two replications, each plot hav-
ing six to eight trees and a control clone which s
a widely planted commercial clone.

During the period of immaturity of
annual girth measurements
second year onwards. Other secondary characters
like resistance to diseases wind damage and bran*
ching habit are also recorded. When mature tiic
trees are opened for tapping and yield recording
begins. Yield is recorded by coagulating the latex
from each tree in the cup once in a month. The
coagulated latex is dried well and then the weight
of dry rubber Is determined. After one year’s
recording mean vyield is calculated as grammes per
tree per tapping. Once the trial has been tapped
for three to five years the promising clones are
selected on the basis of yield and secondary chara-
cters such as vigour, crown shape, branching.

the trnal
are made from the



thickness of virgin bark and renewed bark, incid-
ence of diseases and wind damage. Observations
are continued even after making the first selection.

The selected cloncs are subjected to large scale
clone trials or further proof trials, preferably under
different agroclimatic conditions along with a few
standard clones of known performance which are
used as controls. The method of recording chara-
cters during immaturity period is same as that ado
pted in the small scale trial. The yield recording
is done only in the sample area in the centre of
each plot. In addition to recording sample yield
by cup coagulation bulk yield (latex and the scrap)
from the whole trial is also cdlected separately on
each tapping day so that at the end of the tapping
year the total quantity of rubber obtained from the
trial will be known. The bulk yield is apportioned
to the different clraes in the trial based on the
sample yield using this formula —

Wt of cup samples of the
clone

Total crop of exp.
area
X
Total weight of cup samples

Hectarage of clone

The vyield, is expressed as kilogram per hectare per
year.

In the light of the information obtained from
such trials as well as the commercial performance
of the experimental materials the 'promising clones
are recommended to the industry. The time span
for evaluating cultivars from hand pollination upto
commercial recommendation by the conventionai
methods is about thirty years. With the aim of
shortening this long testing period the Rubber Re*
search Institute of Malaysia introduced promocion
plot clone trial in the early seventies. In this new
approach the very best yielding seedlings from the
nursery are cloned and tested directly in promotion
plot clme trial which simulate large scale clone
trial thus bypassing sm~I| scale clone trials resulting
in a reduction of about ten years in the te&tiog
time. The whole procedure outlined above is briefly
summarised in the chart, below.

PERIOD OF TESTING FOR CLONES

Year Seedling planted
in the nursery
Measurement vigour
Test tapping, Latex vessel
count and DRC estimation
Best seedling cloned and planted
in small scale clone trials
13 Best clones selected
for large scale testing
15
21
24 Recommended for moderate
scale plant ng
30 Recommended for large

scale planting

|
Promotion plots trial.
Best 6-10 clones from proven
crosses are multiplied further
and planted in one acre blocks
or 2 X 50 tree plot in different
sites

Recommended for modera”
scale testing

Recommended for large
scale planting



other methods

The second important method employed for
evolving improved clones is ortet selection (mother
tree selection or estate selecticm or plus tree selec-
tion). Elite trees possessing desirable attributes arc
selected from existing seedling population. From
each selected seedling a hew clone is established
by vegetative multiplication. They are then evaluat-
ed at various steps in field experimentation- as in
the case of clones produced by hand pollination.

iQ addition to the above two methods certain
special techniques like mutation and polyplc»dy are
also em”oyed for breeding. An importatit aim
of mutation and. polyploidy breeding is to induce
and enrich the genetic vajriabiUty ia Hevea. The
main advantage that could be derived from muta-
tion breeding is that it is possible to changc cme
or a few charactei® in a cultivar, Without altering
the other characteristics of the genotype. During
the last decade attempts have been made to induce
genetic variation in Hevea through mutation and
polyploidy using chemical and physi<”l means.

There are two types of mutations.— chenucal
mutation and physical mutation. Chemicai muta*
tions are effected by using mutagenic chemicals like
EMS (Ethyl Methane 5ulphonate) and liiMS <Me-
thyl Methane SulphonateX and Physical mutation is
by application of X rays, gamma rays and ultra
vic/t rays.

The alkaloid colchicine, extracted from Ceklti-
cum automnale, is commonly used for the induc-
tion of polyploidy. Application of aquous solution
of colchicine at a concemration of 0.7S to 0.80 per
cent coukl induce polyploidy in meristematic shoot
tissues. The ai”lication of the chemical is d<Hie by
cotton swab m ~od daily for 10-15 days, continu-
ously. Due to chimeric nature®™ is</ation of poly*
ploid tissue is very difficult and is achieved step by
step by continuous vegetative multiplicati(»i  over
several generations. Very rai™y mutaticm also ap*
pears spontaneously in nature.

Selective hybridisation between superior clones,
vegetative multi]:Hication and testing of most prong-
ing selections have so far product planting mate-
rials with a production potential around 3000 kglhaj

annum. On theoretic® ccmsideration the yield
summit of the crop is estimate to be between
7500-10000 kg. dry rubber per ha per year. Thus

there is considerable gap betwo»i existing and achi-
evable production poc”als. ldentification, collec-
tion, conservation and incorporation of the diversity
of genotypes ;available in the centre of origin df
the genus in the breeding programmes are essential
for future crop improvement. For evolvii® an
ideal plant type of Hevea, suitable for varying
agroclimatic conditicms, a broad based bree”ng
programme involving divergent genotypes and appro-
priate selection procedures are very essential.

K2

Nomenclature of clones R

In ][941 the Rubber Research Institutions d tided
to establish a code of uniform nomenclature fo rub-
ber planting materials. Clones are usually 1’med
after.the institutions which developed them. l.i the
case of primary clones they are generally known by
the frfantations from which they are selected. The
following points were agreed upon by the organiza-
tions mvolved.

(1) Use the first syllable or

if consonants.

use the first two tetters

)
(3)

Do not abbreviate less known clones.

All the numbers are written in aralnc charac-
. ters.

Between the cl<xic name and clone number a
space is left.

The number is written without spnces.

Use longer abbreviation, should
occur.

(7) Write the abbreviated name as a unit.

(4)

(5)

(6) ambiguity

Standardised abbreviations of a few clones are gi\
lwlow —

AVROS Algemene Vereniging planters
Oostknst Sumatra

AVT AV Thomas

Bal Balc”™nbissie

BD Bodgong Datar

BR -  Bogcrren

BS — Beau Sejour

Ch — Chemara

CHM — CH Mears

Cl Corey lIsland

Cl (Cult) Cultuurtuin

Dev - Devon

DH — Dunlop Hill side estate

Djas — Djasinga

F Ford

FMS —  Federation of M&Uyan Staiss

Gl — Glenshiel

or — Gcendang Tapen

Hen — Heneratgoda

Hil — Hilcroft

IAN - Institute Agrwiomico du Nort.

IRCI — Institute dcs Recherches Surle
Cauotchouc en Indochine

Ka,i - Kajang

KD — Kali Djeroek

Kw — Kaliwining

Lamp — Lampongiana

LCB — s’Lands Caoutchouc Bedrijven

Li — Limburg

LMOD — Land b. Mij. “0«d Djember"

Lun — Lunderston

MAP — Malayan American Plantations

MU - iMillakande

Nab — Nabutenne

Pat Pataroeman

PB — Prang Besar

Unbber



Pil - —-  Pilmoor

Pit —  Planter strots

PR - Pfcfe'st&tion voor rubber

RRIC — Rubber Research Institute of
Sri Lanka (Ceylon)

RRII “ Ruber Research Institute of
India

RRIM — Ruber Research Institute of
Malaysia

RSY - Ranny Shaliacary Yendayar

Rub — Rubana

Sid (SR) - Sidcredjo

Sreko —  Sungu Reko

Tjio (TMS) -  Tjiomas

Tjir (Tj) - Tjirandi

TK —  Tandjocng Kemala

TR - Terres Rouges

TT - Tebing Tinggi *

Wagga — - Wagga

War - Waringiana

WR — Wangcenredja

Internatioiial resiftratton and clone exchange

International authorities are functioning for
various crops to register new cultivars bred or devc*
loped. The complete record of the cultivars will
be maintanied by a ccntral agency and which will
be made civailable for research purposes and crop
improvement programmes. The necessity for hav-
ing a similar body f»>™ Hevea was felt at a meeting
of the breeders and selectionists in 1S%8. The ‘In-
ternational Registration Authority for Hevea culti-
vars wos formed with its headquarters at the Rub-
ber Research Institute of Malaysia in 1968.

When a' new clone is evolved by an Institute or
Organisati(Mi the type specimens are deposited with
this Authority along with its name, origin, morpholo-
gical description, performance etc and the Au-
thority keeps all the records. Only clones registered

with this Authority could wusually be exchanged
between the member institutes.
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RUBBER PLANTING MATERIALS " A . REVIEW
3. CROP IMPROVEMENT IN INDIA
by

C. K. Saraswathy Amma, Joseph G. Marattukalam
and A. O. N.

Though commercial cultivation of the Para Rub-
ber tree started in India around 1902, the progress
of the plantation industry was rather slow till 1947.
The Rubber Board and its Research Department —
the Rubber Research Institute of India — were esta-
blished in 1947 and 1955 respectively. By the efforts
of the Board and the Institute, the industry started
developing fast. The production during 1986-87 has
toucned 219,520 tonnes compared to 21,774 tonnes
in 1954-55 and the average productivity has gone up
from 326 Kkg. to 926 kg. per hectare per annum.

The Rubber Research Institute of India is housed
in a hillock, 8 kms east of Kottayam town in Kerala,
where it also has a small Experiment Station. In
addition to the Experiment Station at the headquar-
ters, the Institute has a Central J”periment Station
(CES) at Chethackal, near Ranni, 50 kms away,
which was started in 1966 over an area of 250 ha.
Most of the field experiments are being conducted
at this Station. The RRII has recently established
a Research Complex for North-Eastern Region with
headquarters at Guwahati. The Complex has Regio-
nal Research Stations in Tripura, Assam, Meghalaya
and Mizoram.

The Regional Research Station in  Tripura,
established in 1979, is situated at Taranagar about 22
kms away from Agartala. The extent of the station
is 77 ha. The station in Assam, extending over an
area of 50 ha. was started in 1985 in Surutari about
25 kms away from Guwahati. In Meghalaya there
are two Regional Research Stations, one at Ganolegre
and the other at Darachigre. Both are about 13 kms
away from Tura and were etablished in 1985. Ex-
tent of the first station is 16 ha while that of the
othei is 50 ha. The station in Mizoram also was
established in 1985 over an area of 100 ha at Tui-
chuan, 16 kms away from Kolasib.

In addition to the North-Eastern Research
Complex the Institute also has a Regional Research
Station in Maharashtra. This station is located at
Dapchari, about 150 kms from Bombay and was
commenced in 1981, over an area of 50 ha. A
Regional Research Station is also under establish-
ment at Annapurna Village, in Orissa.

The Regional Research Stations are carrying out
location specific Investigations for developing suit-
able agro-management techniques for the cultivation
of rubber in the regions concerned. Apart from the

Panikkar*

Regional Stations there is alio a Hevea Breeding
Station under the RRII consisting of two sul>sta
tions, one in lam il Nadu and the other in Karnataka.
The sub station in Tamil Nadu is located at Paraliar,
about 35 kms. away from Nagercoil. The one ic
Karnataka is located at Nettana, about 100 kms.
away from Mangalore. Both the substations were
started in 1987.

Breeding work in rubber was commenced in In-
dia in 1954. All the important methods of breeding
such as hybridization, ortet selection, mutation and
polyploidy are adopted by the Institute. Hybridiza-
tion is carried out by hand pollination, the method
of which had been described elsewhere. So far about
1,03,000 hand pollinations were attempted and from
the progenies a total of mote than 1800 clones have
been evolved.

The first step in the evolution of a done, after
the hand pollination is collection of the seeds and
raising the seedlings in the nursery. Juvenile selec-
tion of high yielders is attempted by adopting
microtapping or test tapping at the age of two years
and ascertaining the nursery vigour and other secon-
dary attributes so that the undesirable and weak
seedlings can be discarded at this stage. The basal
buds of the selected seedlings are then grafted and
the clones thus prepared are planted in the field for
small scale experimentation. The girth as well as
other secondary characters are recorded during the
experimental period. After opening the monthly
yield is also assessed during the initial years of tap-
ping for three to five years. The promising clones
are selected for further testing in statistically laid
out large scale trials as well as under block trials
in commercial condition in different regions. Clones
which come out promising in all these three stages
of experimentation are declared proven clones and
released for unrestricted planting. Field evalutatiro
for selection, make use of the long duration techrJ-
que, lasting for a period of above 30 years. Atten'r
pts are being made to make use of a short dutati<'\
one covering a span of about 20 years.

The second method employed for evolving im-
proved clones is ortet selection. Trees of seedling
origin arc thoroughly screened and from each selece

« The authors are with the Rubber Research Institute OC
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ted seedling tree a new clone is evolved by vegeta-
tive method. In India about 150 clones have been
evolved so far through this method. These clones
are also subjected to detailed experimentation as in
the case of clones produced by hybridisation.

Techniques involving mutation and pclyploidisa-
tion are also followed by the Institute. Mutations
are induced by chcmicals like EMS (Ethylmethane
sulphonate), MMS (Methyl methane sulphonate),
NMU (Nitroso methyl urea) and NMNG (N. Methyl
N. Nitroguandine). Gamma rays and X rays are, also
used for inducing mutations. Induction of poly-
ploidy is attempted by the application of colchicine.
The chromosome constitution of Hevea I»»sUtensis
is 2n = 36. True polyploids having a chromosome
complement of 2n = 72 (tetraploid) and 2n = 54
(triploid) have also been evolved by the Institute.
A spontaneous triploid (2n = 54) has been identified
in Hevea brasiliensis for the first time by this Insti<
tute. In the polyploids, the degree of expression
varied with different clonal materials. A genetic
mutant having close internodes and smaller leaves
has also been identified and the potentiality of this
mutant is being exploited.

Selective hybridization between superior clones,
vegetative multiplication and testing of most promis-
ing selections have so far produced {“anting mate*
rials with a production potential of about 30D0 kg
halannum. Considering a theoretical summit bet>
ween 7500-10000 kg. dry rubber per ha per year,
there is considerable scope for enhancing the pro*
duction potential. Since Hevea germplasm available
in the East is limited all efforts should be made
to broaden the genetic base. Identification, collec’
tion and conservation of the diversity of genotypes
available in the centre of origin of the genus and
their incorporation in breeding programmes assumes
paramount importance in this context. The Institute
is actively co-operating with the International Rub-
ber Research and Development Board in the pro-
gramme of germplasm conservation. A broad lrased
breeding programme involving divergent genotypes
and appropriate selection of offspring based on d -
nite parameters could help evolve appropriate plant
types of Hevea suitable for varying agro-climatic
conditions.

A brief description of the important characteris-
tics of a few outstanding clones developed by the
RRII is given below :

RRII 105

This is the most promising one, among the clones
evolved by the Rubter Research Institute of India.
It is sturdy with average vigour and good branching
habit. The tree is tall with sraight trunk. Canopy
is dense with dark green and glossy leaves charac-
teristic of the male parent 01 1. Vigour at opening

A tree of the high yielding clone RRIl 105

bark and renewed bark are of above average thick*
ness. Bark contains high number of latex vessels.
The initial yield and yield during subsequent years
are high. Mean yield from the small scale trial dur>
ii™ the 15 years of tapping is 78.8 g|tree|tap. Esti-
mated yield in large scale trial during ten years of
tapping is 2425 kg hajyear. Encouraging yield trend
is reported from commercial plantings showing an
average yield of 1560lkg|halyear over first six years
of taping. The clone has fair degree of tolerance
to atmormal leaf fall disease under normal prophy-
lactic measures. It is susceptive to pink but fairiy
tolerant to yield depression during drought. Since
brown bast tendency is reported in certain ar"&j

1|2S d[3 system of tapping is preferable.
RRII 116
it is a vigorous clone. The tree is straight wi'h
balanced branches. Canopy is mostly restric <l
to the top. Vigour at opening is above averai’'S.

Thickness of virgin bark is below average 9 /1
number of latext vessel rings average. The mein
estimated yield in a large sgale trial for 10 years
of tapping is 2470 kg|halyear.



This is a very vigordus clone. Trees of this
clone have tall and straight trunk with prominent
heavy branches. Secondary ~branches are long and
slightly drooping in young stage. Several branches
arise almost at the same level. Canopy is dense and

well balanced. High vigour at opening. Above
average initial yield with rising yield trend. The
average yield in commercial estates for five years

of tapping is 1145 kgjhajyear.

RRI1I 203

This is another high yielding and vigorous done.

Stem is straight and tall» rather robust. Canopy is
will distributed and balanced. It shows high vigour
at opening. The thickness of virgin bark and renewed
bark is abovd average. In the large scale trial and
and estate trial this clone shows good vigour. The
mean yield from the small scale trial during 15 years
of tapiMng was 85 g|treejtap. In the large scale trial
the average estimated yield for five years is 2080 and
in the block wise planting the average annual vyield
is 1140 kgjhajyr for five years of tapping. The coa*
gulam has a tendency for black discoloration.

RRII 208

Trees of this promising high yielding clone have
good branching habit, having straight trunk with
light secondaries. Canopy is light. The clone is
susceptible to Phytophthora causing shoot rot on
young plants. The average yield from small scale
trial during 15 years of tapping was 87 g]tree|tap.
The mean estmated yield from the large scale trial
during five years of tapping was 2100 kgjhajyr and
that from block wise planting during six years of
tapping was 1226 kgjhajyr.

RRI11 300

RRII 300!is also a high yielding
by the Institute. Stem is

clone evolved
slightly crooked in young
trees. The trees are low branching and branch
union is strong. Canopy is open, well distributed
and medium. The average yield from small scale
trial during 11 years of tapping was 97 gjtreeltap.
The performance of thU clone in the large scale
and estate trials is being investigat”ed;f

; , il dl
RRI11 308
The trees of RRI11 308 are vigorous. The bran-
ches are medium to heavy. Canopy is heavy, distri-
buted and broom shaped. The average yield from
small scale trial during 11 years of tapping was 71 g|
treejtap.

RRII 5

This is a primary clone selected from Malankara
Estate. It is very vigorous and shows rising yield
trend. In the small scale trial the mean vyield for
10 years of tapping is 89.06 gltreejtap.

This is also a primary clone selected from
Kadamankulam Estate. Even though the yield of
this clone is poor, it shows resistance to abnormal
leaf fall disease. Trees have very stout stem with
light secondary branches. Crown is well balanced
and the leaf is dark green and large. The clone
is used for crown budding on high yielding clones
having susceptible crowns.

Origin of a few RRII clones
A. Primary clones

Clone Estate from which selected
RRII 1 RRII Experiment Station
RRII 2 RRII Experiment Station
RRII 3 Kollamkulam Estate

RRII 5 Malankara Estate

RRIlI 6 Malankara Estate

RRIl1 33 Kadamankulam Estate
RRII 44 Pulingappally Estate

RRU 45

Thodupuzha

D. Secondary clones

Clone Parentage

RRII 101 Tjir 1 AVROS 255
RRIlI 102 Tjiir 1 Gl 1

RRII 103 Tiir 1 Gl 1

RRII 104 Tjiir 1 Gl1

RRII 105 Tiir 1 011

RRIlI 106 Tjir Mil

RRIl 107 Tjir Mil

RRIT 108 Tjir Mil 3

RRI1 109 Tjir Mil 3

RRII no  Tjir 1 Hil 28
RRII 1U Tjir 1 Hi! 28
RRII 112 Mil Hil 28
RRII 113 Mil Hil 28
RRIlI 114 Mil Hil 28
RRII 115 Mil Hil 28
RRII 116 Mil Hil 28
RRII 117 Mil Hil 28
RRIl 118 Mil Hil 28
RRIl 119 Mil Hil 28
RRII 120 Mil 011
RRIlI 121 Mil PB 60
RRIlI 122 Mil PB 60
RRI11 201 Tjir 1 X PB 25

RRIlI 202 PB 86 x Mil 32
RRII 203 PB 86 X Mil 32
RRII 204 PB 86 x Mil 3

RRIl 205 PB 86 x BD 10

RRIl 206 Mil 32 x AVROS 255
RRII 207 Mil 32 X AVROS 255
RRn 208 Mil 32 x AVROS 255
RRII 300 Tjir 1 x PR 07
RRIlI 301 Tjirl x Mil 32
RRIl 302 Tjir 1x PB 69
RRn 303 Tjir 1x PB 69

N



RRIl 304 Tjir 1 x PB 6]9
RRII 305 Tjir 1x PB 6|9
RRIlI 306 Tjir 1 x PB 6j9
RRIlI 307 PB 86 X CHM 3
RRII 308 Gl 1 x PB 6150
RRII 309 LCB 1320 x PB 86
RRII 310 LCB 1320 x 01 1

Four of the outstanding clones, namely RRII
105, RRII 118, RRII 203 and RRII 208 have been
registered with the International Registration Autho-
rity for Hevea Cultivars.

With a view to making available good clones
to the rubber growers of our country, the Institute
regularly introduce, from other countries, cloncs
which are found to be promising in the countries
concerned. So far 114 clones have been introduced
from countries such as Malaysia, Indonesia, China,
Sri Lanka and Thailand. To find out their adap’
lability to the agroclimatic conditions prevalent in
block wise trials in different regions. Those which
were found suitable have been recommended for plan-
ting. Among these clones a total of 46 nos. urc
approved by the Rubber Board under different cate-
gories, two under category |, thirteen under cate*
gory Il, and thirty one under category Ill for plant-
ing in India. Vast majority of the clones at pre-
sent recommended for planting in the country arj
exotic in origin. In exchange for the clones obtain-
ed from other countries RRII clcncs are being sup-

plied to them. |

Collection and conservation of germplasm is an
essential prerequisite for plant breeding. Most of the
introduced clones as well as all Indian clones of
any significance arc being maintained in gene bank%
both as budwood plants and trees. With a view to
widening the genetic base of the crop wild germ-
plasm collect® from Brazil are also being intro-
duced to our cnuntry.

Polyclcnal seed gardens

In India polyclonal seeds are also recommended
under category Il as planting materials. They are
produced in certain specially designed plantations
called polyclonal seed gardens. In the% gardens
only clones from which seeds are intended to be
collected are planted. The number of clones usual-
ly varies from three to six. The clones selected for
this purpose should possess, apart from the usual
desirable characters like high yield, disease resist-
ance and vigour certain other additional attributes
also. They should produce good seedling families,
yield plenty of seeds and flower simultaneously so
that there are adequate chances for cross pollination
among them. RRIM 600, RRIM 605, RRIM 623,
RRIM 628, PB 5[51, PB 28 59, GT I, Tjir 1, PR 107,
LCB 1320 and some mowrn clones are planted in
polyclonal seed gardens in the country. The diffe-

rent clones included in plcyclonal gardens are plant
interspetsed to provide maximum chance for crcss
pollination among them. For this purpose sped ic
designs are to be followed while laying out polyclo-
nal seed gardens.
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4. CROP IMPROVEMENT IN MALAYSIA

by

C. K. Saraswathy Amma, Joseph G. MaraUukalam

and
A. O. N. Panikkar

Malaysia is the premier rubber producing coun-
try in the world, enjoying about one fourth of the
area under rubber cultivation. The extent of the
area under this crop! in Malaysia is two million hec>
tares, the production of rubber being about 1.5 mil-
lion tonnes, which accounts for one third of the
world production. The average productivity, which
is above 1000 kglha is the highest among the various
rubber producing countries.

Rubber was introduced to Malaysia through
Singapore in 1877. Commercial cultivation started
in 1895, and ever since, the country has been mak-
ing rapid strides in rubber plantation industry cul-

minating in its present pre-eminent position. ”
]

Crop improvement work in Malaysia commenc-
ed in 1928 is being done by two research institutes;
the Rubber Research Institute of Malaysia and the
Prang Besar Research Station. Rubber Research
Institute of Malaysia is more important among the
two. This Institute, started in 1925, is at present
the leading Rubber Research Institute in the world.
It is situated at Kuala Lumpui; and has two experi-
ment stations, one at Sungei Buloh established in
1928 ever an area of more than 1255 ha and the
other at Kota Tinggi established in 1972 with an
area of 1170 ha. The Institute has done tremendous
research for the improvement of the crop. Clones
developed by this Institute are named RRIM cloncs.
Five series of clones namely, 500, 600, 700, 800 and
900 have been already released by this Institute.
Some of them, like RRIM 600 are vary outstanding
and popular in several countries including India.
Clones evolved by the Prang Besar Research Station
are known as PB clones. Some of the important
clones developed in Malaysia are described below.

RRIM 600
It is very promisinis and the most popular
among tho clones evolved by the RRIM. Trees of
this clone &re tall with straight stem. Branches

which are moderate to fairly heavy are upright and
many in number. They arise at right angles result-
ing in weak forks. Crown is somewhat narrow and
broom shaped. The sparse foliage comprises of
small yellowish leaves. Young plants show charac-
teristic spindly growth with late branchinc’ resulting
in a teodency to lean. Even though the vigour upto

the time cf tapping is below average girth increment
on tapping is very good. Wohile thickness of vir?ji
bark is below average, it is very good in the case

renewed bark which often bulges out above the ta]>
ping cut. Though the clone is tolerant to Oidium,
brown bast and wind damage it is highly susceptible
to diseases caused by Phytophthors. It is one of th?
highest yielding clones available now, with hi|h
initial yield and rising yield trend. Mean yield <f
this clone in Malaysia over a period of 15 years
was 2199 kglhalyr. In India the average productivity
in commercial plantations is found to be to the tunc
of 1317 kglhalyr. over 10 years. L”tex is not suited

for centrifuging. Recommended in category | in
India.
RRIM 623
Trees of this clone are tall with straight stem

end tall, heavy, acute angled branches forming weak
fork functions and showing a characteristic bending
at high levels. Crown is rather narrow and confined
to the top. The foliage is dense and the leaves arc
fairly large and dull green in colour. Vigour during
immaturity is very high though after commencement
of tapping it is not as high. Both virgin bark and
renewed bark are thin. Tolerance to Oidlum and
Brcwn bast is average. It is susceptible to Pbyto>
phthora diseases, pink disease and wind damage.
Yield is very high initially, with rising trend. But
yield during wintering is very pour. In Malaysia
mean yield over 15 years of tapping was 1622 kgihaj
yr compared to 1089 kglhalyr in India over 10 years
in commercial plantings.

RRIM 628

This is another high yielding clone evolved by
the RRIM. It has straight and slightiv leanlig
stem, which some time shows bending during im-

maturity. Branches are many, moderately heavy
and growing upwards. Vigour before tapping thou”
average is very poor after openine. Vir~ini bark if

of average thickness while renewed bark is thinner.
Tolerance to Phytcphthcrc diseases and wind ;s
average; to Oidlum and brown bast poor. Incidence
cf pink is hich. Yield is very high in the beginninjy

The author* are with the Rubber Research Institute of
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with a steady yield trend. Yield during wintering
is very low. Mean yield|halyr during first 15 years
of tapping in Malaysia is recorded as 1863 kg. In
our country over a period of 8 years, commercial
plantations yielded an average of 1029 kglhalyr.

RRIM 701

Stem of the tree is straieht. Branches arc few
in  number, acute angled and heavy. Canopy, which
is broom or oval shaped, is high and heavy. Thick-
nes of virgin and renewed bark is above average.
It is a very vigorously growing clone with average
girth increment after opening. Yieltjl, though aver-
age initially is very high later on. In Malaysia
mean yield over 13 years is 1775 kglhalyr. In India,
In commercial estates during seven years of tapping
the clone yielded at the rate of 996 kglhalyr. The
clone though tolerant to Phytoiphthora is highly sus-
ceptible to pink and (Mdiam. Incidence of brown

bast and wind damage is average. Yield during
wintering is very poor.
RRIM 703

Stem of the tree is upright and slightly kinked.
Usualsy shows late branching. Branches are few
and heavy with narrow ar”es. Crown is narrow
and open with a somewhat oval shape. Vigour
fore tapping is average and after tapptng is below
average. Virgin and renewed bark are very thick.
Very high vyielding throughout. In Malaysia mean
annual yield per ha was 1726 kg. over 13 years. In
our country from a trial planting the estimated mean
yield over five years has been 2115 kglha]yr. Yield
drop during wintering is pronounced in this clone.
Very highly susceptible to brown bast, but tolerant
to Ol”um. Resistance to pink disease and wind
damage is poor. Shows average tolerancc to Phyto>
phthora diseases.

RRIM 712

Stem of the tree is slightly bending, kinked and
crooked with prominent buds and showii®™ bleeding.
Branching is clustered and regular with moderately
spreading branches. Canopy oval, wklc and open.
Vigour is below average both before and after tap-
ping. Virgin bark is very thin and bark renewal
poor. Yield is as high as 2137 kglhalyr over 11
years in Malaysia. Yield during winterins is aver-
age. Even though high yielding, susceptibility to
brown bast is low. Highly resistant to wind damage.

Tolerance to pink, Phytophthora diseases and
Oidium is average.
PE 86
A primary clone developed by Prang Besar.
Trees are poor in vigour. Canopy is light and
open with yellowish green foli“e. S~ p”uction

is prolific. Tolerant to powdery mildew arid wind
but highly susceptible to Phytophfliora diseases.
Yield from commercial plantings in Malaysia, over

a perid of 15 years was 1360 kglhalyr. In India com-
mercial yield was recorded at the level of 1129 kgjhaj
yr over ten years.

PB 5/51

Stem is straight with light horizontal branches
Average vigour before tapping and less vigour sub
sequently. Leaves arc small and vyiellowish greer
forming a light sparse canopy. Crown Is high anti
conical. Thickness of virgin bark is average and
that of renewed bark poor. Highly rcsislant to
wind. Shows average tolerance to Phytophthcra and
piuk. Susceptible to brown bast and highly suscep-
tible to Oidium. Yield from commercial plantaiiojts
in Malaysiai over a period of 15 years was 1514 kg]
hajyr. In India Commercial i~oduction had been
1261 kgrjhalyr over 10 years.

PB 28|59

A high vyielding primary clone. Growth habit
of the plant is not very desirable due to the fiuted
and crooked nature of the trunk which shows a
leanii™ tendency. Branching is lew and branches
are moderate to heavy. Though young plants show
average vigour, girth increment after tapping is very
poor. Virgin bark is thin. But bark renewal i>
good. In Malaysia trial plantings yielded at the rato
of 2275 kgjhajyr over a period of 12 years. Com-
mercial yield in India over 10 years is found to bs
1389 kglhalyr. Wintering depression and incidence
of brown bast are high. Resistance to wind is aver-
age, whereas to other diseases like pink, Pliyt("li>
thorc and Oidhun it is below average.

PB 217

Trees have straight trunk with wusually lighi
branches and one or two m(”~erate to heavy bran
cites. Crown is fairly heavy. Vigour of immaturt
plants Is average, but trees under tapping exhlbi
good girth increase. Virgin bark u very thin am
bark renewal, is moderate. Initial yield though no.
very high subsequent yield is very high. Mean yield
over 13 years ii> trials in Malaysia was 1778 kglhalyr.
In our country commercial yield during 5 years was
1014 kglhajyr. Yield during wintering nl>o is very
high. The clone shows good resistance to brown
ba&t and wind and below average, tolerance to pirtk
and CWitim. Very high susceptibility to Phytooli-
thcra is reported fromi Malaysia. But in our coun-
try it is reported to show slight tolerance to this
disease in some estates.

PB 235

Growth habit is good owing to very high vig-
our during immaturity. Straight stem, with bran-
ching halHt resembling that of PB 5|51, dense foliage
<ind moderate and fairly high crown. The trunk
is slightly fluted. Vigour after opening is only aver-
age. Thickness of virgin bark is average and
renewed bark below average. The clone is fairly



toJeram to Phytophthora) pink and wind damage.
To Oidium it exhibits higl5 susceptibility. It is high
yielding throughout, with an average annual experi-
mental yield of 2349 kg[halyr during 12 years in
Malaysia. In India ccmm«rei&l yield from a few
estates was found to be 1086 kglhajyr over live year&
Yield during wintering was also high. Incidence of
brown bast is above aver&gc and hcnce lew intensity
of tapping is preferable.

PB 255

The clone resembles PB S|51 in its growth habits
during the first ten years. Lutcr heavier and upright
branches alone are present. Density of foliage is
average. Vigour during immature phase is high and
after tapping average. Virgin and renewed bark
are very thick and above average respectively. Tele*
ranee to pink and Phytophthcra is below average
and that' to Oidium is average. The clone is resis>
tant to wind damage. Yield is very high both initi*
ally and subsequently. Production from cxpor‘merit-
al pl&ntings in Malaysia over 10 years is reported to
be 2265 kgjhalyr. Yield during wintering is only
average. Incidence of brown bast is high.

PB 260

Growth habit is generally similar to that of
PB 5|51 with prominent leader and light, spreading,
self shedding branches. Cccasionally the trees show
late branching habit. Fcllagc is thick and dense.
Canopy is balanced and rather high. Early vigour
is high but subsequently only average. Bark is com-
paratively thin. Yield is very high throughout. In
Malaysia from clone trials an yield of 2168 k'g|halyr
was obtained during the first ten years cf tapping.
Not affected much by wintering depression. Suscep-
tible to brcwn bast to a higher degree. Tolerance
to pink and Oidium is high and that to Phytophthcra
and wind average.

PB 310

Trees have straight trunk with light to moderate
branches. Crown is conical with a fairly dense foli-
age which rcfoliates early. The clone is of average
vigour when young, but after tapping shows high
girth increase. Virgin bark thin but renewed bark
satisfactory. Mean’ yield from experimental plant
ings ever three years in Malaysia was around 1020
kglhalyr. Yield shows rising trend. Yield depres-
sion during refcliaticn is low. Number of trees
affected by brcwn bast was found to be average.
Susceptibility to Oidium was low. Incidcnce of
damage by wind was found negligible.

The Malaysian clones and their parentage are
given below.

Clone Parentsge
RRIM 501 Pil A 44 x Lun N
RRIM 513 Pil B 16 x Pil A 44

RRIM 519 Pil A 44 x Pil B 16

RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM

526
527
60(J
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621

622

623
624
625
626
627
628
629
630
700
701

702
703
704
705
706
707

708

709
710
711

712
713
714
715
716
717.
718

719

720
721

722
723
724
725
726
727
728

Pil B 84 XPil D 65
Pil B 50 x Pil B 84
Iir 1 x PB 86
ijir 1XGl 1
ljir 1X01 1

86 X Pil B 84
Tjir 1 X PB 49
Ijir 1 x PB 49
1jir 1 x PB 49
ljir 1 X PB 49
AVRCS 33 x Tjir 1
AVROS 157 x BD 5
RRIM 504 x ljir 1
RRIM 504 x ljir 1
AVROS 157 x PB 49
ljir 1 x RRIM 5C9
Tjir 1 x RRIM 509
ICRIM 511 x Tjir |
Tjir 1 x RRIM 507
BR 2x RRIM 500
Lun N x RRIM 501
RRIM 501 x Tjir |
RRIM 5Cl x RRIM, 511
RRIM 5C4 x Tjir |
Tjir 1 x Pil B 84
PB 49 x Pil B 84
Tjir 1 x RRIM 529
Tjir - x RRIM 526
Tjir 1 x RRIM 500
Tjir - X RRIM 526
Tjir 1 x RRIM 527
ljir 1 x RRIM 529
Tjir 1 x RRIM 527
44|553 x RRIM 501
44|553 x RRIM 501
44)553 x RRIM 501
RRIM 600 x RRIM 500
RRIM 600 x RRIM 500
RRIM 632 x RRIM 500
RRIM 632 x RRIM 500
RRIM 632 x RRIM 501
RRIM 632 x RRIM 501
RRIM 605 x RRIM 71
RRIM 605 x RRIM 71
RRIM 605 x RRIM 71
RRIM 605 x RRIM 71
RRIM 605 x RRIM 71
RRIM 6C5 X PB 49
War 4 X PB 49
PB 49 x RRIM 603
PB 49 x RRIM 603
War 4 x RRIM 616
PB 86 x RRIM 623
PB 5|60 x RRIM 501
FB 560 x RRIM 6C3
RRIM 600 x TK 4
RRIM 600 X Tjir \
RRIM 605 X RRIM 618
F X 25 illegitimate
PB 49 x PR 107
GT 1 X RRIM 612
GT 1 X RRIM 623



RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
RRIM
PB 86

129
730
731
732
733
734
735
801:
802
803
804
901
90S

PB 5|37

PP 5i51

PPB 5163
PB 2859
PB 28 83
PB 32 36
PB T 157
PB T 495

PB 186
PB 206
PB 213
PB 217
PB 233
PB 235
PB 242
PB 243
PB 252
PB 253
PB 254
PB 255
PB 260
PB 262
PB 274
PB 280
PB 281
PB 290
PB 294
PB 310
PB 3U
PB 330
Ch 2

Ch 4

Ch 8

Ch 26
Ch 29
Ch 30
Ch 31
Ch 32
Ch 148
Ch 153

CHM 3

Gl 1
fun N

Pil A 44
Pil B 16
Pil B 84

RRIM 623 X Fx 25
LCB 1320 x RRIM 627
PB ™9 x PR 107

PB 5160 x RRIM 501
PB 5f60 X RRIM 501
PR 107 X RRIM 612
PR 107 x RRIM 612
RRIM 628 x RRIM 612
RRIM 501 x RRIM 623
RRIM 501 X RRIM 623
RRIM 501 x 441553

PB 551 x RRIM 600
PB 551 x RRIM 600
Primary clone

PB 56 x PB 24

PB 56 x PB 24

PB 56 x PB 24
Primary clone

Primary clone

PB 49 x PB 186
Primary clone

Primary clone

Primary clonc

Primary clotK

PP 56 X PB 86 ,

PP 551 x PB 6j9

PBi S 15 x PB 5163

PB 5[51 x PB Sj78

PB 551 x PB 32136

PB 551 X PB SI78

PB 8 X PB 32

RRIM 5CI iKur tegil»m;Uc
PB 5151 x PB S178

PB 5151 » PB 32|36

PB 5151 x PB 49

PB 2R159 X PB. 32|36
PB 28t59 x PB 32136
PBIG MxxIKng

rn 86 X PB 321V>

PB 4y X PB 202

PB 5j51 x PB 28'83

PB 5|51 x RRIM 600
RRIM 600 x PB 235
»B 5151 X PB 32136
Primary clone

PrirmHy cloi>e

Primary ctone

BR BR
m BR
bR BR
BR BR
BR BR
Tjir 1 XCh 5
Tjir 1 XCh 5

Primary clone
Primary clonc
Priniary clone
Prim<rry clor»e
Primary clone
Primary clone

Anonymous 1971 Planting rccoinmendalionb
PIrs’ bull Rubb. Res. Inst. Malaya. No. 112.

1971-72.

Anonymous 1976. Performance of clones in Commercial
practice. PIr»*. bull. Rubb. Res. Inst. Malaysia. No. 144,

Anonymous 1977. RRIM 700 scries colone trials, Plrik*
bull. Rubb. Rm. Inst. Mulayski. No. ISI.

Ang, B. B, and Sheaf?erd, R. 1979. Promising Nev” Prang
Besar R'ubber Clones. Proc. RRIM Plrs\ Conf. 1979.

Anonymous  1980. RRIM Planting Recommendations,
1980*82, Pin* biiU, Rybb. Rn. list. Mtihiysia, No 162.

Ang Boon Beng, 1982. Prang Besar Rubber Cultivars.
Harrisons Malaysian Plantations Bcrhad. Recommend-
ed Prang Besar Rubber Cultivars 1982.

Anonymous 1983. RRIM Planting Recommendations. 198.t
S5. Pin’ bvll. Riibbt Res. Inrt. Mulflysm. No. 175.
Anonym” 1987. The rubber growers compsmotv

Anrnymous 1987.
'No. 8, LLR.S*C.

Rubber Siatisiica) Bulletin. Volume 41

Dijkman. M. ]., 1951. Hcveu Thirty years of rcscarch .i;i
the Far East, University of Miami Press. Florida.

DrabWec. i, H.. 1973. RaMief in Muluy]i 1876-1922 Oxfor
University Press.

Ed(ar, A. T.f 1958, Manual of rubber planting. The it
corparated society of planters, Kuala Lumpur.

Khoo, S. K.. Sultan. M. O.. and Ong. S. H. 1981. RBTIM
801) series clonc trials. PIn>* biilt, Rubb. Res. Inst,
Malaysia, No. 168.

Lim Sow Ching, Malaysian Natural Rubber Production
trend upro 20DO. .Presented in IRSG 96il™ group meet-
ing, International Rubber Ponim.
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Performance of ckxtes in RRIM 80D seriies ar>d pro*
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Brazil

Brazil is the Centre of origin of the genus
Hevea. It was the main producer of natural rubber,
meeting 98 per cent of the world requirement until
1876 the production having been mainly from wild
rubber trees. Many attempts to plant rubber in
Brazil failed due to the lack of suitable infrastruc-
ture, appropriate technological inputs and worst of
all, the SALb disease caused by Milcrocyclus ulel« In
1967 the Brazilian Rubber Authority “SUDHEVEA”
was created to co-ordinate and supervise the imple-
mentation of the Economic Policy of Rubber in
Brazil with the support of National Rubber Control.
The Government launched the first programme of
Rubber Production PROBOR 1| in 1972, followed by
PROBOR Il in 1977 and PROBOR IIl in 1983 for
Intensified rubber cultivation. Tlie national produc-
tion of natural rubber in Brazil as a result, incr ased
to 30,000 tonflcs in 1981 and to 32,800 tonnes in
1982. The production during 1986 was 41,000 tonnes.
A series of Hevea benthamiana selections, Fx clones
and IAN clones, which arc reported ti> show disease
tolerance, were also developed by Brazil.

The done ITAN 45-873 is a vigourous and high
yielding one. .This clone is reported to give 1680
kg/halyr during the first four years of lapping in a
clone trial in Sri Lanka. In Malaysia this done gave
an average of 1490 kg/hal/yr during the first five
years of tapping. Girth increment on tapping as well
as girth at opening is above average. It shows aver-
age resistance to Oldium and below average resist-
ance to pink. AN 45-710 and IAN 45-717 are also
giving an average yield of above 1400 kg/halyr
during four years of tapping.

China

The rubber growing region In China lies between
and 24*N which is outside the traditional rubber
growing belt. The pronounced defoliation spell during
wintering owing to very low winter temperature
affects the tree and active growth phase is restricted
to seven to nine months. This is the main obstacle
faced by the rubber plantation industry. Typhoon is
another major constraint afifecting rubber cultivation.

The natural rubber industry in China has deve-
loped greatly sincc its liberation. From 1952 onwards
the rubber planting area has expanded steadily re-
sulting in an enormous increase in total dry rubber
production. China occupies the fourth place among
the world’s rubber growing countries in terms of area
under rubber and ranks fiflh in terms of production
Natural rubber production during 1986 was 210,000
tonnes.

The peculiar climatic conditions in the country
have necessitated the selection and breeding of cold
and wind resistant clones. Variation in. endurance
to cold waves of different types and intensities is
a clonal characteristic. Some selections show better
tolerance to advective type coW damage and some to
radiative type. To cite an example the Chinarbred
clone SCATO (South China Academy & Tropical
Crops) 93-114 appears so far to be the most resist-
ant to advective type of cold damage. Another clone,
Wuxing 1, seems to be more endurant to radiative
type, but not so tolerant to advective type as
SCATC 93-114.

The planting density in the wind prone areas in
China has been increased from 375 trees to 630
trees per hectare. With proper close spacing moiv
trees are maintained per unit area with a viw to
mfnimising wind damage.

Wind fast clones like Haikei | and PR 107 ar®
reported to have an yield potential of 1050-1500
kg/halyr in the 3rd year of tapping. For clone RRIM
600 yield level of 1800-2250 kg/halyr is reported
to bi expected in areas without pronounced wind and
cold damage. The per unit area yield of this clone
is only comparable to that of clone PR 107 in
and cold prone areas due to its susceptil*ty to ticse
iwo factors. The moderately cold endurant clone
GT 1 is reported to give an yield of 1050-1200 \g/
ha/yr In China’s south sub-tropical monsoon repon.
The most important clones developed by C”ina are
Haiken 1 noted for its wind fastness and SC/JC
93-114 notworthy for its high yield,, which is 750*
900 kg/hal/yr in regions where the climatic condi-
tions arc inhospitable for rubber.

Indonesia

The Rubber Conference held at Jakarta in 1914
marked a milestone for rubber selection in Indo-
nesia. Indonesia initiated commercial planting of
Hevea in 1918. The clones released initially were
Ct 3, Ct 9 and Ct 88. The Balai PeneUtian Perkc-
bunan Medan (BPPM) began breeding of Hevea
hrasiiiensJs as early as in 1920. They are the pioneers
in the selection of Hevea planting materials, nursery
testing of seedlings and development of budding tech-

niques.

* Thu authors are wiih the Rubber Kcscarch Institute of

Indie, Kottayam*686 009.



Prior 'o world war 1J. Herea breeding was done
by Government and Private Experiment Stations.
TTicse sJations were located in different provinces.
After the war most of the estates were owned by the
Govemmejit. Three Research Institutes for Estate
Crops (Medan, Brrgor and Sungi Putih) arc financed
by the Central Government and in addition there
are two developmental Rul:~r Research Centres
which are flnamwl by the estates. The Research
Institutes serve the estates as well as small holders
while the Research Centres, bein™ financed by the
c.vtates» serve only the estates. BI1? Medan and the
Rubber Research Centre, Tanjsmg Morawa, solve the
problem for the Provinces of West Sumatra, Jambt
and other Northern Sumatra region, BPP, Bofor, and
the Rubber Research Centre, Getas, serve the rest of
the country. All research activities on rubber are
amalgamated by the Central Rubber Research Insti-
tute with the main office at Sungi Putih, North
Sumatra. Indonesia developed a series of PR,
AVROS, BPM, LCB. PPN and RR clones. Natural
Rubber production during 1985 was 1,226,000 tcm-
nes and the total area under rabber cultivation
during 1985 had been 2,674,023 hectares,

GT J: The most popular clone evolved by In-
donesia is GT 1. It is a high yieWing clone with
desirable siecondary attributes. The trees have upr~ht
stem which is slightly kinked and sometimes fluted.
Branching habit is variable. Crown is narrow and
open with globular shape. Foliage is dense, dark
green and glossy with small leaves. Vigour at open-
ing is average. Girth increment on tapping fe ailso
average. Thickness of virgin bark is average while
that of renewed bark is below aver”~. The ctooe
shows good tolerance to pink disease and brown
bast; average to above average tolerance to wind
damage and average to beiow average tokrance to
Phytophthoro diseases. Tolerance to powdery mild”
shows variation from average to below avCTagc in
different centres. T7>e resppn.sc to h”~h intensity lap-
ping is good. Due to the high yiek! and good second-
ary characters this ck)nc is more soited to small
growers. Yield obtained from commerciBl jAanfeaiwns
in Malaysia during the first 15 years of t&p|Rng was
1723 kg/hal/yr. In India it has given 1359 kg/bal/yt
during the first 10 years of tttp~ng. Latex is wHie
and suited for concentration,

PR 2S5: It is high yicWm® cton? whh good
secondary characters. YieW obiained from commer-
cial plantations in Malaysia during 15 years of tap-
ping was 2017 kg/hal/yr. It shows above avcn”
resistance to pink disease and PhytopliHfcora. R eli-
ance to OidiQm is betew average io poor. This ckmc
exhibits got»d vigour at opening and average girth
increment on tMjping. Virgin and renewed bark
shows above average tWckncss. It is reported re-
cently that a race of CoBetotrtcham is especially
agres&ive towards this clonc.

PR 261 It Is also a high yielding clone givirif®
an average imnual yield of 1971 kg/hal/yr during f
years of tapping from commercial plantations =3
Malaysia. The ctenc shows good response to stinijt-
lation. H exhiWts good resistance to wind damaj];e
and average resistance to pink disease and aver&gt®
to bekm aver” resistance to Oldium. Thick&:;w
of virgin bark is average and that of renewed bf k
is above average. Girth increment on tapping is av :f-
age.

BPM 24: Report from the multilateral exchao”e
clofte trials ia MaUvsia has shown that ftift highe .t
yiekling clone is BPM 24 giving an average y ~ of
1563 kg/hal/yr over the first three years of tapping.
It is re~tant to Phytophthon and also shows arove
average vigour.

Sri Lanka
The rubber tree was introduced into South East
Asia through Sri Lanka (Ceylon) in 1876. The Rub-
ber Research Institute of Sri Lanka is the oldest Re-
search Centre for rubber in the world having started

its activities ia 1909, Breedii® of Hevea was com-
menced in 1939, The Institute is situated at Agala-
watta, Dartofi Field. The devetement of rubber

plantation in Sri Lanfca was not so fast & in Malay-
sia. In 1890, Ceylon had only about 125 ha under
rubber but a ste”y increase itf area was roconkd by
1910. Sri Umka first started export of natural nb-
ber in 1885. Natural rubber production for the year
1986 was 138,000 tonnes and the area under rvbber
20578 ha during 1.5,

A series of high yiekling and vigorous clores
have been erolyed by the Rubber Research 1.sU-
tute of Sri Lanka. .

17: It is reported to be vigorous and high
yiedding. In Lanka the mean vyield for five y”irs
of tapping from the ckme is estimaied to be a'r ut
2900 kg/hal/yr. In Malaysia from the clone tri®s the
mean yiekl over eight years of tapping is 1650 sg/
hal/yr. The clone shows average vigour at ope Ing
and good garth increment on tapping, TTie thicVnJSs
of firi™ t»rk is poor. It shoifs above average resist-
ance to pink and bek>w average resistani® to
Oldhnn. It is susoeptiMe to brown bast.

WfliEga 6Z7St It is a fairly high yielding cloik.
The mean yield in the ffiiall trial for fi'st eigbt
years of taf” g is reported to be'1940 kg/hal/yf. The
clone is sensitive to soil conditions and not soited
for very steep areas.

RRIC 36: This clone has rising yieW trend and
shows fairly good berk renewal. The girth increment
on tapping is above arersge to good. TWs cJone is
reported to give an average yWd of 1770 kg/halyr
for six years of tapping in the ctone trials. In Malay-
sia the averse yield of this clone is reported to be



1732 kg/halyr for six years of tapping. It is sus-
ceptible to bark rot and is not suited for areas
having heavy rain. In. India in a trial planting this
clone gave an estimated mean vyi~d of 1339 kg/
hal/yr over the first three years of tapping.

RRIC 52: It is a very vigorous clone. Mean
yield for six >«ars of tapping in the done trial is
about 1430 kg/hal/yr. llie trees of this clone are
tall and develop a heavy canopy. It is reported to
normally reach tappable girth one year earlier than
most clones. It is tolerant to both I*ytofththora and
Oidhim. In India the estimated mean vyield for the
first three years of tappkig is 992 kg/hal/yr from a
trial:

RRIC 1001 This clone had shown a high degree
of adaptability to tapping at reduced frequencies. It
is also a high vyielding done. Mean yield for five
years of tapping in tdic done trial is reported to be
1570 kg/hal/yr. In the multilateral exchange clone
trials*in Malaysia the yield for three years of tapping
is 1350 kg/hal/yr. This done gave an estimated mean
yield of 1740 kg/halyr for first three years of tap-
ping in an experimental planting in India.

RRIC 102: This is also a vigorous clonc. The
mean yield for eight years of tapping in the clone
trial is 1820 kg/hal/yr. In the multilateral exchange
ctone trials in Malaysia yield for three years of tap-
ping is 1150 kg/hal/yr. The clone sh<ows satisfactory
bark renewal. It is less susceptible to Phytopiithoni.
From a tria! planting in India this clone gave an
estimated mean vyield of 1578 kg/hal/yr over three
years of tapping.

RRIC 104: This is a high yiekling clonc. It is
reported to be less susceptible to bark rot and vigor-
ously growing in drier areas. In the small scale trials
at Sri Lanka this done is reported to give an esti-
mated mean yield of 2715 kg/hal/yr over 16 years
of tapping. In India, in a large scale trial planting
this clone showed an estimated imcan yield of 1490
kg/halyr over three years of tapping.

The names of clones, along with their origin,
developed in different countries, arc given below.

Fx 3810
Fx 3925
Fx 4065
Fx 4073
Fx 4068
Fx 43-443
Fx 43-448
Fx 43-651
Fx 43-655

IAN
IAN
IAN
IAN
IAN
IAN
IAN
IAN
IAN
IAN
IAN
IAN
IAN
IAN
IAN
IAN
IAN
IAN
IAN
TAN
IAN
IAN
IAN
IAN
IAN
IAN
IAN
IAN
IAN
IAN
IAN
IAN
IAN
IAN
IAN
TAN
IAN
IAN
IAN
IAN
IAN
IAN
IAN
IAN
IAN
IAN

45-710
45-713
45-717
45-873
2361
2363
2489
2491
2570
2667
2668
2744
2750
2829
2833
2878
2897
2899
2879
2900
2920
2921
2954
2958
2960
2965
2664
3434
3457
3460
3646
3702
3787
3793
3795
3803
3819
3827
3828
3892
3893
6163
6165
6497
6584
6640

F 4542 x
F 4542 x AVROS 363
F 4542 x
F 4542 X

AVROS

PB 86
PB 86

F 4542 X PB 86

PB
PB
Fx
Fx
PB
PB
PB
PB
PB
PB
Fx
Fx
Fx
Fx
Fx
Fx
Fx
Fx
Fx
Fx
Fx
Fx
Fx
Fx
Fx
Fx
Fx
Fx
Fx
Fx
Fx
Fx

86 X Fx 2251
86 x Fx 2251
213 x AVROS
213 X AVROS
86 X F 409

86 X F 409

86 X F 4542

86 x F 1717

86 X Fx 4371
86 x Fx 4371
4068 x Tjir 1
4068 x Tjir 1
4068 x Tjir |
4068 X PB 86
4068 X PB 86
4068 x Tjir 1
4068 X Tjir |
516 X PB 86
516 X PB 86
516 X PB 86
516 X PB 86
2831 X PB 86
2831 X PB 86
516 X PB 86
516 X PB 86
516 X PB 86
4073 X PB 86
4073 X PB 86
4073 X PB 86
4073 x PB 86
4068 X PB 86
4371 X

Tjir 1 X Fx 652
Tjir 1 X Fx 652

Fx
Fx
Fx
Fx
Fx
Fx
Fx
Fx
Fx
Fx
Fx
Fx
Fx

516 X Tjir 1
516 X Tjir |
516 X Tjir 1
4371 X PB 86
516 x Tjir 1
567 X PB 86
617 x Tjir 1

363

183
183

516 X AVROS 363

516 X AVROS 3
617 x Tjir 1
617 X Tjir |
43-443 X Tjir 1
43-448 X Tjir 1

IAN 2828 x PB 86

Fx
Fx

43-651 X PB 86
43-655 X PB 86
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1. BRAZIL
Clone Parentage
V 4542 Hevea b«ithamlana
Fx 349 F 4M2 x Tjir 1
Fx 505 F 4542 AVROS 363
Fx 516 H 4542 AVROS 363
Fx 567 4542 AVROS 363
Fx 590 4542  AVROS 363
Fx 614 4542 Tjir 1
Fx 645 4542  Tjir 1
Fx 1042 1425 PB 186
Fx 2261 1619 AVROS 183
Fx 2818 4542 AVROS 363
Fx 3432 4542 PB 86
Fx 3899 F 4542 AVROS 363
Fx 4098 PB 86 B 74
Fx 637 F 4542 Tjir 1

INDONESIA
AVROS 255
AVROS 427
AVROS 529
AVROS 1191
AVROS 1279

Primary clonc
AVROS 214 XAVROS 25%,

AVROS 279 Xx AVROS 281
AVROS 256 X AVROS 317
AVROS 256 X AVROS 374



AVRCS 1518
AVROS 1754
AVROS 1128
AVROS 1350
AVROS 2012
AVROS 2037
GT 1

hCB 1320
PR 107

PR 23»

PR 248

PR 251

PR 253

PR 255

PR 258

PR 259

PR 261

\VR IOl
»PM 1
BPM 3

BPM 22
BPM 24
BPM 26

PR 302

PR 305

PR 306

PR 307

PR 309

SRI LANKA

Clone

RRIC 7
RRIC 9
RRIC 13
RRK: 14
RRIC 16
RRIC 17
RRIC 24
RRIC 28
RRIC 31
RRIC 32
PRIC 33
R.RIC 35
RRIC 36
RRIC 37
RRIC 3«
RRIC 39
RRIC 40
RRIC 41
RRIC 42
RRIC 45
RRIC 47
RRIC 48
RRIC 51
WUuUC 50
RJIIC 52
RRIC 54
RRIC 55
RIUC 59
RRIC 60
RRIC 61
RRIC 62

AVROS 214 x AVROS 256
AVRAS 214 XAVROS 374
AVROS 214 x AVROS 317
aVROS 256 x AVROS 185
AVROS 152xAVRAS 161
AVROS 256 x AVROS 252

Primary clone
Primary ck»c
Primary done

BR 2 x PR 107
BD 5 X PR 107

Pil A 44 x PR 107
Pil A 44 x PR 107
Tjir 1 X PR ICf7
BR 2 X Tjir 16
Tjir 1 X BR 2
Tjir 1 X PR 107
Primary clone

AVROS 163 x AVROS 30R

Tjir 1 X AVROS 152
TT 5 X AVROS 1734
OT 1 x AVROS 1734
GT 1 X AVROS 1191
Tjir 1 X PR 107

Tjir 1 XBD 2

Tjrr 1 X PR 107

Tjir | X PR 107

Tjir 1 X PR K)7

Pnmila~c

Primary done

RRIC 8 X MU 3/2
RRIC 8 X Mil 3/2
RRIC 8 X Wag 627"

RRIC 8 X MU 3/2
RRIC 8 X MH 3/2
RRIC 8 X Mil 3/2
RRIC 8 X Hi! 28
RRIC 8 X Tjir 1
RRIC 8 X H 24
RRIC 8 X DaJ 5315
PB 86 x Tjir 1

PB 86 x PR 107
RRIC 8 X Diy 1
PB 86 X PR 107
RRIC 8 X Tjir 1
RRIC 8 X Hil 28
RRIC 8 X Tjir |
RRIC 8 X Tjir 1
RRIC 8 X Tjir 1
Diy 1 X Mil 3/2
TKD 113 x RRIC 48
RRIC 8 X Mil 3/2
Tjir 1 x PB 86
Primary clonc

PB 86 X Wag 6278
PB 86 X Wag 6278
RRIC 8 X Hil 28
RRIC 8 X HiJ 28
PB 86 x RRIC 8
PB 86 x RRIC 8

RRIC 64
RRIC 65
RRIC 66
RRIC 74
RRIC 75
RRIC 76
RRIC 77
RRIC 79
RRIC 86
RRIC 87
RRIC 88
RRIC 89
Nab 15
Nab n
Nab 20
Mil 3/2
HU 28
Waj? 6278
RRIC 100
RRIC VO
RRIC 102
RRIC 103
RRIC 104
RRIC 105
RRIC 106
RRIC 107
RRIC 108
RRIC 109
RRIC no
RRIC 111

RRIC 112
RRIC 113
RRIC 114
RRIC 115
RRIC 116
RRIC 117
RRIC 118
RRIC 119
RRIC 120
RRIC 121
RRIC 122
RRIC 123
RRIC 124
RRIC 125
RRJC 126
RRIC 127
RRJC 128
RRIC 129
RRIC 130
RRIC 131

LIBERU
Harbel |

THAIIMD
KRS 21
KRS 23
KRS 25
KRS 26
KRS 29
KRS 41
KRS 48
KRS 57

PB S/139 x TKD 113
PB 5/139 x TKD 113 =
PB 5/139 x TKD 113
PB 86 x PR 107
RRIC 8 x Tiir 16
TKD 113 x RRIC 8
PB 86 x Wag 6278
PB 86 x M 162
Primary clone
Primary ckmc
Primary clonc
Primary clone
Primary cloiw
Primary ck>nc
Primary clone
Primary clonc
Primary clonc
Primary clonc

RRIC 52 x PB 83

ai 26 x RRIC 7
RRIC 52 x RRIC' 7
RRIC 52 x PB 86
RRIC 52 x Tjir 1
RRIC 52 x Tjir |
PB 5/139 x RRIC 52
RRIC 52 x PB 86
RRTC 36 x Ch 26
Ch 26 x RRIC .36
LCB 1312 x RRIC 7

RRIC 52 x PB 5/139
RRIC 41 x Ch 26
RRIC 52 x RRIC 36
RRIC 45 x FX 408
RRIC 45 X FX m s
RRIC 88 x Fx 4078
RRIC 45 x IAN 45-873
RRIC 52 x RRIC 52
IAN 343 x RRIC 52

RRIC 36 x Fx 5M)

PB 28/59 x IAN 45-873
LCB 1320 x RRIC 52
IAN 45-710 x 26
Ch 26 x RRIC 11l
RRIC 102 x RRIC 89
RRIC 103 x Ch 26
Ch 26 x 1458

RRJC 101 x Ch 20

Cli 26 x RRIC 100
L\N 46-710 x RRIC 52
PB 86 x F 1633

Primary Clcwc

PB 86 x KRS 13
Primary clone
Primary clone
i‘rima*y cbiK
Primary clone
FB 8 x G Il
PB 86 x i-CB 1320
PB 86 x LCB 1320



KRS 88
m KRS NO
V KRS 116 )
, KRS 122
KRS 127
KRS 128
N KRS 130
"KRS 131
KRS 156
KRS 160
KRS 163

6. CAMBODIA
KHA 1
KHA 7
KHA 10
KHA 11

7. CHINA
MSI
W 193
RY 88-13
HK 2
TP 95
SCATC 88-13
SCATC 93-114

8. VIETNAM
TR 3702
IRCI 7
IRCI 13
IRCI 22
IRa 23
IRCI 30
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Anthesis and Pollen Germination in Hevea brasUiensis Muell. Arg)

ABSTRACT

Anthesis, pollen germinaliun and tube growth of RKII 33,
a clone of Hevea brasiUensis. >vete investigated. Anthesis of
male flowers takes place between 1:30 and 1:45 pm and that
of female flowers tetween 3:1S and 4:00 pm. Pollen stain*
ability was 94.7% and pollen size ranged from 35 Mm to
45 gm. PoUen grains recorded high germination and tube
growth in the medium comprising 20%sucrc” with 100 ppm
each of calcium, boron, magnesium and potassium.

INTRODUCTION

ature trees of Hevea brasiUensis undergo winter-
ing, refotiation and Howering during the period
December-February. In some trees there is

occasionally off-seasonal flowering during September*

October. A knowledge of anthesis and germination
potential of pollen grains is an essential pre-requisite
in breeding programmes. However, work on this
aspect is only fragmentary. Dijkman (2) gave a
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COMPENDIO

Se estudio la antesis, la gvnninacion del polen y el creci*
miento del tubo germinativo del cion RKII 33 de tlevea
brasUiensis. La antesis de las flores masculinas se Ueva a cabo
entre las 13:30 y 13:45 horas, mientras que las flort-.s feme-
ninas lo hacen entre las 15:15 y las 16:00 horas. La tincion
del polen fue de 94.7% vy el tamano vario de 3S mhi a
45 Mm. La germinacion del polen y el crecimiento del tubo
germinativo fueron altas en medio conteniendo 20%de saca-
rosa con 100 ppm de cada uno de los elementos calcio, boro,
magnesio y potasio.

general account of floral biology and generative selec-
tion in Hevea. Germination of pollen grains and
anthesis of a few clones of Hevea were aiso rep>)rted
(4, 6, 7, 8). in the present investigation an attempt is
made to study the anthesis, germination of pollen
grains and effect of calcium, boron, magnesium and
potassium on pollen germination and tube growth
with respect to one clone of this species.

MATERIALS AND METHODS

The clone used for the study was RRU an
ortet selection of Hevea brasiUensis Muell. Arg, made
by the Rubber Research Institute of India. The clone
has been found to be amodest seeder. Hive trees of the
clone were selected, and from each tree five branches
were selected at random for regular observation of
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anthesis. Male flowers just prior to anthesis were
collected for pollen studies. Pollen grains were dusted
in 1:1 acetocarmine-glycerol mixture and slainabillty
»es assessed after one hour. Pollen morphology was
studied by acefoJysis (3). Measurements of 50 poHen
grains were taken for the observations. Germination
was studied by dusting pollen to a drop of the
medium on a glass slide and the slides were in|ferted in
a Petri dish containing two glass rods. The Petri dishes
were lined with moist filter paper. Different concen-
trations of sucrose (10,15. 20 and 25%) were employ-
ed for a preliminary assessment of pollen germina-
ilon. Based on the observations, a 20% sucrose
medium was chosen for further study, with the
following treatments:

1. 20% sucrose with 100 ppm of Ca.
2. 20%sucrose with 100 ppm of B.
20% sucrose with 100 ppm each of B and Ca.
4. 20% sucrose with 100 ppm of Mg.
20%sucrose with 100 ppm of K.
6. 20% sucrose with 100 ppm each of Ca, B,
Mg, and K.

o

Each treatment consisted of a minimum of five
replicates and the average values were calculated. The
data were subjected to statistical analysis. The growth
of the pollen tube could be studied only with treat-
ments one, two, three and six as the percentage of
germination was very poor in treatment four and five.
Fifty germinated pollen grains were chosen randomly
to ascertain the tube length, which was measured
after 3 h.

RESULTS

The clone KKII 33 is a complete wintering type
whose refoliation starts after wintering by the middle
of January. Anthesis of the male flower takes place
between 1:15 pm and 1:45 pm. The anthesis of
the female flower takes place between 3:15 pm and
4:00 pm. The stainability of pollen grains in aceto*
carminc-glycerol mixture was 94.7%. The pollen
grains are 3-zonicolporate. They showed a size rang-
ing from 35-45 flbw Among the four treatments of
different concentrations of sucrose alone, the
medium containing 20% recorded the maximum
pollen germination (35%), whereas the medium
containing 25% sucrose showed 15%gerniination, and
15% sucrose produced 10% germination. There was no
pollen germination in the 10% sucrose solution. Based
on this, Ca, B, Mg. and K alone and in combinations
were incorporated into a 20% sucrose basal medium.
The results are summarized in Table 1. There is
significant variation in the germination percentage
between the treatments. The highest percentage of
pollen germination (86.44% ) was recorded in the

Table I.  Germinaci6u of pollen grains.
Percentage
Treatment Medium pollen germi-
No. nation.
Mean
1. 20%suciose with 100 ppm 39.95
of Ca, (41.26)
2. 20% sucrose with 100 ppm 60.33
each of B + Ca (75.28)
3. 20% sucrose with 100 ppm 63.06
of B. (79.28)
4. 20% sucrose with 100 ppm 13.98
of Mg. {58
5. 20% sucrose with 100 ppm 11.71
of K. ( 4.38)
6. 20% sucrose with 100 ppm 68.41
each of Ca, B, Mgand K (86.44)

SE. =141 C.D.=4.12

Note: 1. S.E. and C.D. are for angles obtained using arc sine
transformation.
2. The figures w-ithin brackets indicate respective
germination percentage.

medium containing 100 pm each of Ca, B, Mg and K
in addition to 20% sucrose. This was followed, in
order, by 20% sucrose with 100 ppm boron alone
(79.28%) and 20% sucrose with 100 ppm each of
boron and calcium (75.28%).

Observations on the growth of the pollen luue,
measured in terms of tube length after three hours
of treatment, are given in Table 2. Among the five
treatments, highest tube growth (294 flm) was
recorded in the treatment containing 100 ppm each
of Ca, B, Mg and K in addition to sucrose. The
medium with 100 ppm Ca alone, in addition to
sucrose, recorded the lowest tube growth (HS Hm),
while the other two treatments were in between.

DiscussroN

Among the different concentrations of sucrose
solution tried, 20% solution was found to be the
optimum for pollen grain germination. The germina-
tion of pollen grains as well as the growth of pt)licn
tubes were high in the medium comprising
20% sucrose with 100 ppm of Ca, B, Mg and K. In



the presence of buron, the germination was accelerat-
ed, whereas the tube growth was greater in the
presence of Ca and B compared to B alone. Media
with K and Mg showed only low percentages of
germination. But traces of these chemicals along with
Band Ca in the medium appeared to enhance germi-
nation and tube growth. Some chemicals stimulating
pollen germination as well as tube growth, e.g. boron,
calcium and imgnesium, were first noted in the stig-
matic fluid in which the pollen naturally germinates
(11). Importance of Ca and B for germination and
tube growth had been investigated by Vasil (12) and
John and Vasil (5). The role of calcium ions in pollen
tube growth was reported by Brewbaker and Kwack
(1). Ground nut pollen showed high germination and
tube growth in a basal medium comprising Ca, Mg,
KandB (JO).

Pollen grains are considered to constitute one of
the central units in the biological cycle of plants.
Information pertaining to pollen viability is essential
to attempt a generative improvement programme in
any crop. Ramaer (9) indicated that Hevea pollen
will not germinate in aqueous sucrose or glucose, but
Mujumder (6) had shown a fairly high percentage of
germination in the same medium. Majumder (6) and
Samaranayake et al. (8) showed that the percentage
of sucrose solution required for germination was
15%. Markose and Bhaskaran Nair (7) reported that
8 20% sucrose solution gave better germination. In
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K lole of calcium ions in pollen germination and
poUen tube growth. American Journal of Botany
| 50:859-865.

t DINKMAN, MJ. 1951. Hevea-. 'Diirty year* of research
in the Far East. University of Miami Press, p. 178-
o 180.

3. ERDTMAN, G. 1952. Pollen Morphology and Plant
Taxonomy: Angi‘osperms. Waltham, Mass. USA.

4. GEORGE, P.J.; PANIKKAR, A.0.N.; NAIR, V.K.B.
1966. Observation on the floral biology and fruit
set in Hevea brasiliensis Muell. Arg. Rubber Board
Bulletin 9:18-27.

5. JOHRI. B.M.; VASIL, |.K. 1962. Physiology of pollen.
Botanical Review 27:325.

6. MAJUMDER, S.K. 1964. Studies on the germination of

1 pollen of Hevea brasiliensis in vivo and an artificial

media. Journal of the Rubber Research Institute of
MaUysia 18:185-193.

the present investigation, it was observed that very
good germination and tube growth was obtained *n
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present studies indicate that pollen sterility is not
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