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CHAPTER 1 
IN TRODUCTION



Natural products from plant sources provide a 
large number of essential raw materials. Plants produce 
varieties of substances, some of which are secreted in 
special cells or tissue systems for a defined purpose, 
while others are merely byproducts of metabolism. Plant 
products like essential oils, pigments, alkaloids, 
organic acids, tannins, latex, resins, enzymes, 
vitamins, hormones etc., are some of the most important 
materials of value to mankind. Among these, petroleum 
like products such as low molecular weight hydrocarbons 
(terpenoids) and high molecular weight hydrocarbons 
(isoprene rubber) are some of the most important 
products. Major population of the hydrocarbon plants 
are laticiferous in nature, and they usually contain 
latex vessels, cells, etc. (Fahn, 1982).

Laticiferous plants are distributed widely, all 
over the world, ranging from small annual spurges to 
large trees. Most of the laticiferous species are 
dicotyledonous except certain monocots like A11ium cepa 
('Hof f man , 1933 ) and a few members of A11 i smat a cea e and 
Butaceae (Stant, 1964). Certain pteridophytes like 
Regnellidium of Marsiliaceae (Mahabale, 1949) and fungi 
like Lactarius and Pezi za are also reported to contain 
rubber hydrocarbon in their cells (Pjadhan and Mishra, 
1982) .



About 12,500 laticiferous species belonging to 900 
genera (Esau, 1965), coming mainly under twenty families 
(Metcalfe, 1966, 1967) were reported. However, recent
reports claim that about 35,000 to 38,000 species 
contain latex (Pradhan.and Mishra, 1982). But, among 
these 35,000 species, only 2000 plants tontain rubber 
hydrocarbon in their latex.

Rubber was known to man about 500 years ago. But 
the first record of rubber was made soon after the 
discovery of the New World by Columbus. During his 
second voyage, Columbus noticed that the inhabitants of 
Hispaniola (Haiti) played with balls made from the gum 
of a tree fSeeligman _ê  al_. , 191 0 ; S chur er , 1958 ).Th e term 
"rubber" was first coined by an English Chemist, Joseph 
Priestly, in 1770, owing to the property of "Caoutchouc" 
to remove pencil marks by rubbing. The properties which 
make it so versatile and valuable include its plasticity 
and elasticity, its resistance to abrasion and 
electrical currents and also the fact that it is 
impermeable to liquids and gases.

Natural rubber is required in the manufacture of 
about 50,000 different products in the country (World 
Crops, 1957). But the indigenous production of natural 
rubber is not sufficient to meet the increasing demand.



The cultivation of Hevea b rasi 1 i ensi s in India is 
limited due to paucity of suitable areas, it would be 
better to encourage the search for other rubber bearing 
crops to exploit the potential of the subarid regions of 
the country (Menon, 1983). It is estimated that by AD 
2010, the demand for natural rubber would be around 
seven lakhs tonnes (Menon, 1983).

The main source of Natural Rubber is Hevea 
brasi1i ensi s which can be ideally cultivated only in a 
limited tropical zone. Any serious change in the 
political, economic or biological set up could endanger 
the world's supply of NR. The rubber plantations in 
South East Asia have escaped the devastating South 
American Leaf Blight. The USDA (1977) has given the 
warning that an accidental introduction of SALB spores, 
will bring the catastrophe. An alternative source or 
minor source of NR is highly essential to overcome any 
such situation. Of the laticiferous rubber bearing 
plant species other than H. brasil i ensi s, two apparently 
hold promise. These are Manihot glaziovii belonging to 
Euphorbiaceae and Parthenium argentatum, a member of the 
Asteraceae. The latter however requires mechanised 
cultivation procedures and mechano-chemical extraction 
techniques which are expensive. Moreover organised



large scale group activity is also necessary. These are 
seemingly not apt for a country where labour is cheap 
and available in plenty (Estilai and Waines, 1987).

Hence search for other potential sources for 
natural rubber will be highly rewarding. Exploratory 
activity should not be limited to mere identification of 
rubber bearing species, but should be oriented towards 
production potential, suitability for marginal areas, 
adaptability to stress situations and promise for 
cultivation in non-traditional zones. This can be 
followed by field testing and genetic improvement.

In recent years, there has been much interest in 
developing and using more effectively plants that are 
able to tolerate arid and semiarid areas, particularly 
for industrial nonfood uses (Davis ^  al^. , 19&3). The
use of new crops grown in underused land areas could 
supplement our need for fuels and chemicals, as well as 
stimulate industrial and economic growth (Buchanan and 
Duke, 1981; Bungay, 1982; Calvin, 1983; Princen, 1983). 
This is particularly of significance to India with a 
dense population and a vast extent of land comprising of 
varied agroclimatic situations from the socio-economic 
considerations.

Under this circumstances, a study on the 
potentialities of M. glaziovii was taken up.



CHAPTER 2  
REVIE W  OF L I T E R A T U R E



Natural rubber of comnerce, obtained from different species 
of wild plants, were earlier classified on the basis of 
their geographical origin (Seeligman , 1910). The
classification was mainly into four classes, viz., 
American rubbers (South American rubbers and Central 
American rubbers), African rubbers (West African and 
East African rubbers), Asiatic rubbers and Oceanic 
rubb er s .

The South American rubbers were obtained from 
different species of Hevea and Mi crandra, Man i h o t 
glazi ovi i , Hancornia speci osa, Calot ropi s procera and 
Sapium biglanduloum, while the Central American rubbers 
were collected from Cast i11oa sp . , Parthenium 
argent atum, Vahea sp . , Landolphia sp . , Calot ropi s 
procera, Fi cus elast i ca, Diandra sp., etc. The African 
rubbers were obtained from species of Landolphia, Fi cus, 
Urost igma, Funtumia, Carpodinus, Cli t andra, Vahea, 
Urceola, ' Cynachum, Hevea, Manihot, Parameria and
Cast i11oa. The sources of Oceanic rubbers were Fi cus 
elast i ca, Uri ceola, Digeria Calot ropi s, Willughbeia, 
Leuconot i s, Urost igma, Prohxa and Art ocarpus.

The sources of Asiatic rubbers were mainly Fi cus 
and introduced species of Urceola, Cynachum, Hevea, 
Manihot glazi ovi i , Cast i1la elast i ca , Parameria etc. 
(Table 1).



Among the 2000 species kn'own to contain rubber, at 
least 500 species have been exploited as rubber yielding 
plants (Bonner and Gal st on 1947 ). The rubber content of 
the latex in these plants varied from less than 1% to 
more than 20% of the dry weight (Raghavendra, 1991).
Most of the laticiferous plants screened for rubber 
hydrocarbon, are of the low molecular group (Mw 58,400 - 
15 7,000 compared to rubbers from Hevea b rasi1i ensi s (Mw 
1,310,000) and Parthenium argentatum (Mw 1,280,000 
(Swanson ^ . ,  1979; Carr and Bagby, 1987). However
Buchanan, ^  al_. , (1980 ) have remarked that such 
low-molecular weight rubbers may have additives in 
commercial processing of high-molecular weight natural 
and synthetic polyisoprenes and as hydrocarbon feed 
st ocks .

The most important plants which were exploited as 
source of extractable quantity of rubber are Hevea 
brasi1i ensi s Muell. Arg . (Para rubber). Manihot 
glazi ovi i Muell. Arg. (Ceara rubber) (Euphorbiaceae), 
Cast i11a elast i ca Cerv. Fi cus elast i ca Roxb. (Moraceae), 
Soli dago 1eaven worthi Torr. et Gray, Parthenium 
argent atum Gray. (Guayule), Taraxacum Kok-saghyz Rodm, 
Acorzonera t au-saghyz Lipschitz et Bosse (Compositae), 
Crypt ost egia grandi f1 ora R. Br, Asclepias subulata deena 

(Asclepiadaceae), Landolphia sp . , Funtumia elast i ca
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Stapt, Carpodinus laneceolatus K. Sehum. (Apocynaceae) 
Hancornia speci osa, Urceola and Vahea sp . , (Seeligman, 
^  a^., 1910 ; Mart in , 1942; Polhamus, 1962; Reynolds, 1971;
George and Panikkar, 1980). Recently there has been 
much interest in cultivating plants rich in 
hydrocarbon-1 ike materials as renewable sources of 
chemicals for use as fuel and chemical feedstock 
(Nielsen a ^ . , 1977; Buchanai aJ^. , 1978 a, b;
Calvin, 1979; Wang and Huffman, 1981; Lipinsky, 1981). 
Milkweeds also (Asclepiadaceae) have been proposed as a 
renewable source for fuel and chemicals (Whiting, 1943; 
Gaertner, 1979; Erdman and Erdman, 1981; Dehgan and 
Wang, 1983).

2 . 2 .  Manihot glaziovii

M. glaziovii commonly known as Ceara rubber 
belongs to the rubber family Euphorbiaceae . This 
species was discovered by a French Botanist Dr.Glaziow, 
in the neighbourhood of Rio de Janeiro and was later 
described and named after him by Muller in Martin's 
Flora Braz i 1 i ensi s , xi , part ii(Seelignsn et al ., 1910). Like 
the Para rubber tree H. brasi 1i ensi s , Ceara rubber tree 
also is a native of Brazil. It is also referred by the 
name Manicoba. Unlike H. brasi 1i ensi s, M. glaziovii 
does not originate at the Amazon basin, but in the 

states of Ceara, Piaui, Pernambouc and Bahia (Fig. 1) in



the central regions of the North East (Hamlyin Atlas,
IBll] Serier, 1988). These regions are characterised by
erratic agro-climatic conditions. The irregular
rainfall gives an annual average of 600-700 mm, with the
extremes from 0 to 1400 mm. Further there have been
years wherein there was no rain at all and years when
the country was inundated. The terrain goes up to 1000

Hm of altitude and contains acid salts weak in p .

In the genus Manihot , there are about 200 species, 
with a geographical distribution extending from the 
California Bay to Peru (Serier, 1988). The 
investigation report of Rogers and Appan (1970) revealed 
that there are only 98 species under the genus, and all 
the other reported species are repetitions, and the 
inventory is smaller if these repetitions are taken into 
account. The popular members of the genus are M. 
esculent a commonly known as manioc which yields the 
edible tuber 'tapioca' or cassava, M. glazi ovi i , M. 
hept aphy1la , M. palmat a , M. di chot oma, and M. 
paiuhyen si s (Polhamus, 1962; Chopra, 1977; Usher, 1984). 
Intermediate forms are also commonly seen especially in 
the regions where it was introduced. These are the 
natural hybrids of M. glaziovii and M. esculenta (Jones, 
1959) and commonly known as tree cassava.





M. glaziovii which produces the commercial Ceara 
rubber was exploited in Brazil for a considerable period 
before it was botanically identified by Dr.Glaziow. 
Around seventy species of Manihot are said to occur in 
Brazil, but it was generally stated until quite recently 
that M. glaziovii alone yielded rubber of commercial 
importance, though certain other species also were 
cultivated in South America for the purpose of rubber. 
M. piaui ensi s is one among them, which occurs more 
frequently in the states of Piaui and Bahia. The trees 
are comparatively smaller, of about 6-10 m height, with 
a bole of about one meter and has a bushy appearance. 
The bark shows close similarities to that of Hevea . 
Another cultivated species is M. di chot oma is a native 
of the dry region of the state of Bahia.

M. glaziovii is a tree which attains about 8 to 15 
m height, with a spreading canopy. Branches emerge and 
spread out trichotomously at a height of about 3 to 5 m 
above ground level. The trunk is terete and stout 
covered with a peelable leathery rhytidome. The leaves 
are palmately lo.bed usually with three lobes. The 
leaves are oblong-oval, glabrous, light green in colour 
and glaucascent.



The tree produces flowers at the age of 18 months. 
The panicles are 7 t o 9 cm long bearing unisexual 
flowers. Flowering is usually in March-April (Ramrao,
1914). The male flowers are seen at the top, having 
sepals much shorter than those of the female flowers 
which are located at the lower part of the panicle.

The fruit is a three lobed, globular capsule, 
distinguished by six grooves.

M. glaziovii is propagated in nature through seeds 
as well as by cuttings. Vegetative propagation is also 
possible. The crude method for propagation, adopted by 
the natives, was to burn the seeds with dry grass. But 
in the natural habitat, seeds germinate when the season 
becomes favourable.

However, different rapid multiplication techniques 
have been tried and recommended for propagating M. 
escul enta (Cock al^. , 1976; Kamalam e^ ' 1977;
Lozano a]^. , 1977; Dahniya and Kallom, 1983 ). Some of
these methods are likely to be applicable in the case of 
M. glaziovii also. However, a reliable standard method 
of propagation either through seeds or by cuttings is 
not available in the case of M. glaziovii .

Introduction of M. glaziovii to the African 
countries took place, a little before 1900. It was



introduced to Congo and Senegal. The plants survived 
well and best result had been obtained from Dar-es 
Salaam. In 1912 there were 45000 ha of manicoba, 
planted in the German Colonies of East Africa. Schultz 
(1942) had reported that among all the laticiferous 
plants introduced and tried in Argentina, M. glaziovii 
was the best rubber producing plant. M. glaziovii was
introduced to Ghana in 1900, as a rubber bearing plant
(Opoku, 1966). The species was introduced to the West 
Indies as a rubber yielding plant along with H. 
brasil i ensi s and Sapium sp . (Howard and Powel^ 1963 ).

Seeds and plants of M. glazi ovii were brought to 
Kew in 1876 by Sir Robert Cross. In 1877 a few plants 
and seeds were sent to Singapore, Calcutta and Ceylon. 
By the end of 1878, sufficient plants were multiplied in 
Ceylon and distributed to other botanical gardens. Thus 
the manicoba was spread to almost all over the world 
(Seri er , 1988).

2.2.1. Introduction and cultivation in India

Though there is some reference about the 
introduction of M. glaziovii in India (CSIR, 1962;
Serier, 1988) there is no clear evidence on any serious
attempts for commercial cultivation of Ceara rubber in 
the country. However, there is a record of its 
experimental cultivation in the Government owned



experimental gardens situated in the Nilgiris during 
1902. The report says that Ceara rubber, Castilla 
rubber and Para rubber were tried on experimental basis 
in Kallar and Burliar Estates situated at an elevation 
of 1300 m MSL during the reign of the British. Samples 
of dried rubber were sent to the Imperial Institute for 
analysis and the reports were published (Imp. Inst 
1911). It is interesting to note that samples were 
received from African countries and India (Table 2) as 
early as 1908. Experimental planting was done in 
Nilgiris in 1902 and opened for tapping in 1908. It is 
also reported that the plants were found in Malabar, 
Assam and Orissa (Umrao^ al., 1983).

Regarding the suitability of M. glazi ovi i to the 
dry forests, the remarks of the great explorer of the 
Amazon Valley, Sir Henry Wickham as shown in his book on 
'Para Indian Rubber', published in 1908 is worth 
ment i oning.

"The ceara, named after the Brazilian province of 
that name, is a tree of quite different character. Its 
native locality is high, stoney, arid and in places 
almost semidesert, " scrub - covered" country.

The latex from the ceara rubber tree, like that of 
the Hevea, is of the "film" formation type. If properly
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cured, the rubber resultant therefrom is remarkable for 
its strength and tenacity. The chracteristic bark of 
the manihots has a habit of flaking off in thin layers, 
somewhat in the manner of the European Birch Tree. In 
the East it has never, as yet, I think, had justice done 
to it. It has too often been set out on land, and under 
rainfall, totally unsuited to it. In Ceylon especially, 
there are large areas of dry forest lands, which should 
be admirably adapted to this tree; and considering the 
high quality of the rubber produced when well cured, it 
would, surely, be better planted out in such districts 
closely resembling as they do the natural requirements 
and conditions of this tree, rather than to try to plant 
the Hevea, a tree native to the Amazon Valley (Wickham, 
1908 ) .

The remark made by the father of the 'Para rubber 
Introduction' is exactly true in the case of ceara 
rubber. Though the British planters introduced and 
tried all the three rubber yielding plants viz., H. 
brasiliensis. Cast i1la elast i ca and M. glazi ovi i , owing 
to the several advantages and superiority of Hevea , the 
other two were neglected. Thus Para rubber found its 
respectable position in the most ideal agricultural 
fields of the Indian continent and the nearby islands of 
Ceylon, Malaysia, Indonesia and other S.E.Countries. 
But H. brasiliensis never economically survived in the



dry regions of these countries. In the meantime the 
suitable prospective life support species for such 
semi-arid regions was conveniently discarded.

Thus M. glaziovii became a museum specimen in the 
botanical gardens and certain research institutes 
(Magoon 1970; Nehru e^ al . , 1989 ). The
availability of its genetic materials in India is not 
reported elsewhere. George and Reghu (1993) have 
reported the occurence of a large population of 
semi-wild plants of M. glaziovii in the dry forests of 
Met tur Hills.

A number of diseases and pests have been found to 
attack M. glaziovii in the wild population as well as in 
the cultivated fields, especially in Africa (Golato and 
Meossi, 1977). Some new incidence of disease and 
pathogens were reported from Tanzania. The reports 
published since 1980, showed that M. glaziovii is 
affected by the pathogenic fungus Peri conia 
manihot i cola. Attack of Erynnyi s el 1 o on Ceara rubber 
plants caused defoliation in Brazil (Teri and Keswani, 
1981 ) .

Different pests are also reported to attack Ceara 
rubber. In North-Eastern Brazil, attack by the 
Tetrancychid mite, Mononychellu s t anaj oa, which feeds on 
the folliage causing severe damage is recorded (Bastos 
and Magalhaes, 1981; Bastos al̂ . , 1985). In the



Ceara state of Brazil about 88% of the plants of M. 
glaziovii, were found to have shoots with dry tips as a 
result of damage caused by the borer Hypothenemus 
ob scurus (Bast os a]̂  . , 1981 ) .

In Brazil, it is reported that the leaves of M, 
glazi ovi i are attacked by a dark grey caterpillar 
belonging to the Lepidoptera of the Sphynogidee family. 
The affected trees are stripped off completely without 
any foliage (Serier, 1988).

M. glaziovii is an important species in the crop 
improvement programme in Cassava. It is being used as a 
donor parent for resistance to cassava mosaic virus 
(CMV). The first hybrids between M. esculent a and M. 
glaziovii showing resistance to CMV were obtained in 
Tanzania (Nichols, 1947; Jennings, 1957; Hahn et al . , 
1973, 1980; Allemand Shahn, 1988).

2.2.2. Exploitation

The bark and laticiferous system of Ceara rubber 
is comparable to that of Hevea, with the exception of 
the peelable rhytidome. Hence almost a similar 
exploitation system was adopted in the earlier period by 
the natives. Different tapping systems were adopted 
from site to site. Pricking and incisions with sharp 
h/acking knives etc., were the common old practice 
(Serier, 1988). In West Africa, the methods adopted



were very crude, involving splitting and opening the 
bark in several places and allowing the latex to settle 
on the ground. The latex coagulum was in turn collected 
along with the dirt.

The Ceara rubber plants of the Brazilian forests 
were subjected to exploitation for latex usually at the 
age of three years. The average girth of the trees at 
that age would be around 25-40 mm. The ground
surrounding the base of the tree used to be cleared and 
banana leaves spread to collect the latex. The bark 
from the bottom of the trees upwards to a height of 
about 150 cm was split in several places in different 
directions. The Manihot latex, thicker than that of 
Hevea, flows slowly rarely reaching the ground. A major 
portion of the latex coagulates on the bark crevices 
itself. The trees were left for several days to 
facilitate natural drying and the rubber was detached 
either by rolling them into a ball or by folding the
coagulum. Without any further preparation the crude 
rubber was marketed as Ceara scrap s (Seelignan et al ., 1910).

Tapping is a skilled operation and the main point 
of skill is to cut as much latex vessels as possible
without any injury to the cambium which, lies. very, near to 
the latex vessel rows. The system takes into account
the anatomy of laticiferous system, convenience of 
tapping et c .



Different tapping methods were tried and suitable 
systems were developed and recommended in the case of 
Hevea. (Dijkman, 1951; Edgar, 1958; Dejong and Warrier, 

1955; Radhakrishna Pillai, 1980; Ridley, 1987).

When a tree is tapped, the latex is expelled out 
due to the turgor pressure. The flow stops after a 
while by an inbuilt coagulation system. The latex and 
rubber lost are regenerated during the interval between 
two tappings (Sethuraj, 1968 ). The laticifers are 
quite turgid vivo keeping a balanced equilibrium,
with the adjascent parenchymatous tissue.

No suitable tapping technique had been developed 
in the case of Manihot. Due to the lack of an effective 
tapping system, the quality of rubber also was poor. 
There were different qualities of Ceara rubber. The 
first quality was a blonde rubber collected in the 
beginning of the season. The second quality rubber was 
mostly collected at the onset of the rainy season. The 
third quality comprised of collections from the tree 
base, which naturally was filled with earth and dirt. 
The lack of a proper tapping and collecting system, 
reduced the industrial yield to below 50 percent.

An advanced method of tapping tried in Brazil was 
a 'V' cut tapping at the level of the collar region. It



was stated that the productivity of tapping diminishes 
when the height of the cut increases from the
ground (Serier, 1988). These observations were reported 
in the case of M. piaui ensi s .

This type of tapping leads to a harvest by a 
semi-buried system as the cup is kept below the ground 
level, which is a difficult position for tapping and 
collection. Moreover the latex gets polluted by light 
dirts brought by wind. Further the tapping wound is 
likely to get infected by various fungal diseases, 
subsequently leading to damage of yielding trees.

The earliest attempt of any planned exploitation 
for M. glaziovii was indicated by Leo Zehnter when he 
communicated in 1912 his experiences in tapping (Serier, 
1988). A clear response to wound manifesting in an 
augmentation of latex at the renovation of incision was 
narrated. However, it was only in 1951, a tapping 
experiment was conducted in the Boukodo Station, in 
Brazil (Borget, 1952) in a plot of Ceara rubber planted
in 1944. The result showed that the best yield was 
obtained in a frequent, but light, tapping system on the 
bark from which the periderm had been removed. An 
average yield of about 60 kg/ha/year was recovered. A 
recent experiment conducted in 1984-85 at Pernambouc,



had produced 25 kg of rubber per hectare per month in 
the dry season. It was interesting to note that, in the 
above experiment, 1% of the trees produced more than 25 
g of rubber per tree for each tapping,. .

Tapping tests for 15 days in dry season and 15 
days in rainy season were conducted at the University of 
Fortaleza at Ceara. An average yield of 415 kg were 
obtained from a stand of 400 trees (Serier, 1988). 
Recent report from Brazil states that the average 
production of Hevea NR was 468 kg/ha/year and that of 
Manihot was 414 kg/ha/year (Rodrigues et al.,1991].

2.2.3. Laticiferous system

M. glaziovii shows a lot of similarities with H. 
brasi 1 i ensi s . The chromosome number. ( 2n = 36) is the

s.

same (Nassar e_̂  aj^. , 1985). The laticiferous system in
both are also comparable in structure. However, studies 
in depth have not been carried out on the laticiferous 
system, as well as latex synthesis in Ceara rubber. TheV
works and reports in this field with regard to para 
rubber may be of relevance while discussing the less 
investigated Ceara rubber.

In both species the product of economic importance 
is rubber, which forms the major constituent in the 
latex. Latex is synthesised in the specialised latex 
vessels which is present in almost all parts except the



pith (Bobilioff, 1918', 1923; Aggelon-Bot, 1948;
Schweizer, 1949). The anatomical structure of the 
virgin and renewed bark of H. brasiliensis was reviewed 
by Panikkar (1974 ). The bark is delineated from the 
wood by a layer of carribium which by repeated divisions 
proliferate new tissues towards both sides. The mature 
bark has an outermost corky layer, and innermost soft 
zone, and an intermediate hard zone. The outermost zone 
comprises of the rhytidome. The rhytidome in the case 
of M. glaziovii is flaky and leathery, which can be
easily peeled off leaving the smooth bark.

2.2.4. Latex

The term latex is used for fluids, many with a 
milky appearance due to the suspension of small 
particles in a liquid dispersion medium, usually found 
in plants. The composition of latex varies in different 
species. According to Esau (1965), the dispersed
particles are commonly hydrocarbons of the terpene type 
which include essential oils, balsams, resins and 
rubber. Members of the Papaw.raceae contain alkaloids 
in their latex. Euphorbia latex is rich in Vitamin B1 
and that of Cari ca contains the proteolytic enzyme
papain. Other inclusions like crystals of oxalates and
malates and rarely starch grains also are present in 
latex of various species (Metcalfe and Chalk, 1950].



The latex of H. brasiliensis is a hydrosol and rubber is 
seen as dispersed particles (Bonner and Galston, 1947). 
Besides rubber it contains other substances like 
carbohydrates, proteins, resins, inorganic salts etc. 
(Archer e_̂  al^. , 1963; 1967; Archer, 1980). Latex is of
cytoplasmic origin and is often considered to be 
cytoplasm itself in a specialised form (Milanez, 1946; 
Andrews and Dickenson, 1960). Heusser (1930) reported 
that the rubber particles in latex are ovoid and 
spherical in shape while Andrews and Dickenson (1960) 
found them always spherical atleast in young plants. 
Tobler (1914) and Stewens and Stewens (1940) found.that in M. 
glaziovii both spherical as well as rod shaped rubber 
particles occur. The rubber particles in H. 
brasiliensis latex measure 50A° to 3.00/Lm in diameter 
with the majority around 0.5/U m (Gomez and Moir, 1979),
while those in the latex of M. glaziovii have a particle 
size of 10 microns (Heusser, 1930),

2.2.5. Latex and dry rubber

Studies on the latex and rubber content of M. 
glazi ovi i date back to 1918 (Serier, 1988). Apparently 
the interest was shortlived and the studies
discontinued. Lack of advanced studies on the
properties of Ceara rubber, creates difficulty to



The latex of M. glazi ovi i has a lot of similarity 
with that of H. brasiliensis. However latex of the 
former coagulates spontaneously. Spontaneous
coagulation leads to early cessation of latex flow 
resulting in poor yield. The latex is thicker than 
Hevea latex. Some attempts were made to develop devices 
to prolong the flow of latex through the tapping channel 
so that it could be collected in collection cups. A few 
drops of ammoniacal solution was allowed to run down the 
tapping cut. The latex thus obtained was later 
coagulated by adding common salt and dried in natural 
heat. Various stimulant materials like pepper also were 
tried to promote the flow of latex. The quality of 
rubber collected from the latex was reported to be far 
superior to that of the dried scrap collected from the 
bark of the tree (Polhamus, 196^ . The latex can also 
be coagulated by exposure to air or smoke (Marsland, 
1943 ; Hill , 1952) .

The latex of Manihot consists of homogeneous 
sticky mass with low extensibility. On coagulation, the 
particles form irregular clumps and finally fuse to form 
a homogeneous mass (Heusser, 1930). The latex coagulum, 
prepared from latex diluted by adding water gives a 
better quality rubber, which after drying gets a light 
tan to amber colour. This was usually a high grade of



rubber and Dannerth (1917) stated that since 1910 this 
type of rubber became popular in America for the 
manufacture of high grade products.

The earlier reports on the results of chemical 
examination of Ceara rubber was published in 1911 (Imp. 
Inst , 1911) in the Bulletin of the Imperial Institute.
Ceara rubber samples collected from the British Colonies 
and Protectorates, were examined in the Scientific and 
Technical Department of the Imperial Institute (Table 
2). From the chemical analysis results of samples of 
Ceara rubber collected from various countries belonging 
to different continents, the rubber percentage was more 
(82.5%) from the samples collected from South India. In 
the case of other non-rubber constituents also, the 
Indian sample was found to be of better quali ty . R^odrigues 
et al ■!, (1991) have reported that Hevea NR and Manihot NR 
have the same structure and close hydrocarbon contents. 
Slight difference in molecular weight has been reported 
by Bennet (1944) and Seifriz (1945).

2.2.6. Ancillary products

Ceara rubber seeds contain about 35-42% of a 
greenish yellow drying oil (CSIR ,1962). Serier (1988) 
has reported that the Manihot seed oil was once used in 
automobiles as a substitute for diesel oil, in Brazil.

Freeman and Wessel (1964) has reported that M. glaziovii 
has been widely cultivated as a shade tree in the cocoa



plantations in Nigeria. M. glazi ovi i is reported to be 
a good source of green manure. Menon and Ramankutty
(1962) have reported that paddy yield can be increased 
to more than 10 percent by applying M. glazi ovii green 
leaf at the rate of 6000 lbs per acre. It is undoubtful 
that the Ceara rubber population in a semi-arid marginal 
land will provide afforestation and subsequently enrich 
the poor soil, in addition to the returns from dry 
rubber .



CHAPTER 3 
MATERIALS AND METHODS



Manihot glaziovii Mu ell . Arg. growing in two 
entirely different agroclimatic regions were made use 
of for making various observations and conducting
different experiments.

The first site, referred in the thesis as
Location I, represents the trees growing in the 
Experiment Station of the Rubber Research Institute of 
India, Kottayam, Kerala. This station is located on a
hillock at an elevation of 73 m MSL. The area received 
a mean precipitation of 4080 mm per annum during 1992. 
The soil is mostly laterite and lateritic and well 
drained. A small area in the Experiment Station 
supports a vegetatively propagated population of M. 
glazi ovi i planted in 1981.

The second location is in the Mettur Hills of 
Tamil Nadu. This hillstation is situated about 60 km 
from Salem District and is a continuation of the 
Yer caud-Shevr oy Hill tract. The elevation is 1100 m 
MSL and the area is almost of granitic rocks (Fig . 2A) anc’. 
shallow soil. Almost all the valuable timber yielding 
trees in this area were cut and now there remains only 
shrubs and scattered semi-wild seedling population of 
M . glaziovii . Rainfall is scanty and highly erratic. 
The mean annual precipitation during the period 
1988-1992 was 934 mm.



3.2. Experimental materials

In Location I, the population of M. glazi ovi i was 
raised by vegetative propagation through cuttings, and 
planted in 1981, at a spacing of three metres apart. 
The trees were not tapped previously, and no cultural 
operations were carried out as they are meant as an 
alternative forage species for honey bees.

The trees in the second location are a population 
of wild seedlings of different age groups. The plants 
are not grown in a defenite spacing but are scattered. 
Most of the trees are found growing in the granite 
crevices and hard rocky grounds (fig. 2 B).

3.3. Brief description of the experimental trees

At both the locations a preliminary screening of 
the entire population was made based on girth 
measurements. The observational plants were selected 
from those having a girth range of 100-150cmat a height 
of 100 cm from the ground level. The trees in Location 
I, raised through cuttings, are well developed. Most 
of the trees show a leaning tendency and early 
branching. The trees in Location II are of seedling 
origin. The early history of these plants could be 
traced back to 1908, when an enterprising European



planter brought the seeds of M. glazi ovi i and Hevea 
brasiliensis for experimental planting. But due to the 
high altitude and the low rainfall conditions, Hevea 
became a failure and M. glaziovii got established. The 
trees were tapped for rubber for a few years. Later 
the area has been bought by a local person. Since 
then tapping was discontinued. In the meantime the 
trees produced seeds profusely and natural propagation 
took place in this locality and in the surrounding hill 
slopes resulting in the formation of a semi-wild 
popul at i on .

3.4. Rainfall

Data on total rainfall and the number of rainy 
days have been collected from the agrimet ereol ogi cal 
records of the Rubber Research Institute of India and 
the estate records of Chandhappa Estate, Mettur for 
Location I and II respectively. The information 
relevant to the five year period 1988-1992 has teen 
summarised in Table 3. The mean annual rainfall in the 
Rubber Research Institute of India Experiment Station 
(Location I) has been 3377.8 mm and the number of rainy 
days being 135. In sharp contrast, the mean annual 
rainfall and the number of rainy days in Location II



are 934.0 mm and 59 respectively. It may be noted from 
the table that the total rainfall in Location I has 
been three and a half times of that in Location II.

Table 3. Rainfall and number of rainy days

Location I Location II

Mean annual rainfal1 (mm) 3377 . 8 934 . 0
Mean number of rainy days 135 59

The number of rainy days has been less than half in 
Location II compared to that in other experimental 
site.

3.5. Methods

3.5.1. Growth and morphology

The trees raised through cuttings (Location I) 
were observed for wintering habit and morphological 
characters. Leaf samples were examined for variation 
in the number of lobes. Laboratory observations on the 
distribution of stomata and occurrence of leaf diseases 
also were carried out. Visual observations on the 
commencement of wintering were taken from the beginning 
of the summer months and continued till refoliation.



Micromorphology of the leaves of the experimental 
trees in Location I has also been studied. Five mature 
leaves each from the experimental trees were collected. 
Leaf area was measured using a Licor Leaf Area Meter.

For stomatal studies two expanded mature leaves 
were collected from ten trees at comparable nodal 
positions of the branches. Collection was done between 
9 am and 10 am on the date of observation. Leaf bits 
were taken out from the middle portion of the leaflets. 
The samples were boiled for 7 to 8 minutes in 3 per 
cent KOH and washed in several changes of water as 
suggested by Senanayake (1969). Epidermal peels from 
the abaxial side and adaxial side were taken out for 
ob servat i ons.

Stomatal frequency was ascertained by counting 
the number of stomata per square millimeter by means of 
a calibrated CCD colour camera system attached to a 
phase contrast microscope. Ten camera fields per tree 
were scored for calculating the stomatal density. 
Similarly, the frequency of epidermal . cells per 
square millimeter was also ascertained. Since the 
stomatal distribution in the adaxial side (upper side) 
is restricted to the vicinity of the midribs and



veinlets in limited numbers, the density per unit area 
was not ascertained.

Computation of the stomatal index (number of 
stomata per unit area to the number of epidermal cells 
per unit area) was done by the method recommended by 
Meidner and Mansfield (1968).

General observations on growth pattern and 
morphology were recorded on the population available at 
Location II. Cuttings of ten genotypes selected at 
random from this location were brought to Location I 
where they were multiplied and established in the 
field. Observations on growth, morphology, etc. were 
made on these plants also.

3.5.2. Propagation

Seed propagation Propagation studies were
conducted both with seeds and with cuttings. Fresh 
seeds were collected from Location I and various 
treatments were tried to enhance maximum germination.

Seed coat grinding The frontal end of each seed 
was ground using a motorised grinding stone. The hard 
seed coat was thus removed at this portion until the 
kernel was just visible. 100 seeds were thus prepared



and soaked in water for 24 hours. The seeds were 
planted in germination beds.

Soaking in salt water 100 seeds were soaked in 
salt water for six hours. Then the seeds were planted 
in germination beds.

Acid treatment 100 seeds were soaked in
Con.H^SO^ for 6 hours and then washed thoroughly in 
fresh water. The seeds were then planted in 
germination beds.

Burning the seeds 100 seeds were spread over 
paper packing materials and burned in such a way that 
only the hard seed coat was slightly burnt. The 
treated seeds were then put on germination bed.

Control (untreated) 100 untreated fresh seeds 
were simultaneously planted as control.

All the germination beds were regularly sprinkled 
with water and the number of seeds germinated were 
re CO rded.
Vegetative propagation

Different types of cuttings were tried for 
propagation. Tender green, brown and mature branches 
were collected from the experimental trees in Location 
I. , The planting materials (cuttings) were prepared in



two lengths, ie., 20 cm and 40 cm and the experiment 
was laid out with four replications of 20 points each.

- tender green cuttings 20 cm length
“ brown cuttings 20 cm
“ mature with periderm 20 cm
- tender green 40 cm

Tg - brown 40 cm
T_ - mature 40 cm b

The cuttings were planted at random on raised beds at a 
spacing of 60 cm. The sticks were planted in such a 
way that about 10 cm, ie., one leaf scar, is buried in 
the soil. The experiment with the same treatments was 
repeated after waxing the top end of the cuttings in 
molten paraffin, to about 2 cm. Weekly observations 
were made and the number of cuttings sprouted was 
re corded.

3.5.3. Leaf disease

Disease symptoms appeared on certain plants were 
investigated. Young plants growing in Location I 
including the germplasm brought from Location II, were 
found affected by a mild yellowing symptom of the young 
leaves. Leaf samples showing lesions on the lamina 
were collected and examined in the laboratory. The 
leaves showed shrivelling. On the affected area minute 
dark spots and an ashy coating were noticed. The



affected leaf portions were tissue cultured in Potato 
Dextrose Agar medium (PDA) after surface sterilisation 
with 0.01% HgCl^.

3.5.4. Bark studies

Structure of the bark, latex vessels and related 
aspects were studied in detail for which ten trees of 
M . glaziovii of the same age were selected in Location 
I. Bark thickness at 100 cm height from ground level 
was measured using a Schlicpers' guage. Bark samples 
were collected from each of the ten trees, at a height 
of 100 cm. The samples were fixed in
formalin-acetic-alcohol (FAA). For comparison ten 
trees of H. brasiliensis (Clone GT 1) of the same age 
were also chosen and samples collected in the same 
mann er .

Free hand sections of the bark samples were taken 
at radial longitudinal, tangential longitudinal and 
transverse planes (RLS, TLS, CS) respectively using a 
base sledge microtome. Sections were taken at 30y(jim to 
60 /<m thickness and stained in Sudan III and Sudan IV. 
The stained sections were mounted in glycerine gelly.

To isolate the complete network of the laticifer 
system from the bark without sectioning, the procedure 
suggested by Zhao Ziu-Qian ( 1987) was adopted. Bark 
samples of 10-20 cm length were softened by boiling in



10% KOH for about 15-20 minutes. The softened samples
were then washed repeatedly in distilled water to be 
free of the dark brown contents. The peridermal layer
of the bark samples were then removed. The
laticiferous tissue thus exposed was gently dissected 
under a stereo scopic microscope. The laticifers were 
then dehydrated with methyl alcohol series, for about 
10-15 minutes in each grade. The dehydrated tissue was 
then stained in Sudan III or Sudan IV. The stained 
tissue was spread carefully on microslides and mounted 
in glycerine jelly.

Microscopic observations were made with the help 
of a Leitz Aristoplan Microscope and Wild M.8 Stereo
microscope. Quantitative anatomical observations and 
measurements were done using a calibrated CCD - TV 
attached to the Aristoplan microscope.
Photomicrographs were taken using Wild MPS 4/52 Photo 
Aut omat .

The following characters were recorded for bark 
anatomical investigations:

. Bark thickness (mm) ,
Total number of latex vessel rows,
Density of latex vessels per row per 1 mm 
circumference of the tree.
Diameter of latex vessels (yUm) ,



of latex vessels (latex vessel free zone) (mm).
Distance between latex vessel rows (mm) and

2Frequency of stone cells per 1 cm area of the
sampled bark.

For the estimation of moisture content in the
bark, samples were collected from the trunk of five
trees of M. glaziovii . For comparison, samples were 
also collected from five trees of H. brasi 1 i en si s of 
the same age. Collection was made during the peak 
summer season in February. The bark samples, 3 cm
square in size, were scooped out using a bark scooper, 
at a height of 100 cm from ground level. The marked 
samples were immediately stored in an airtight
container. The weight of each was recorded. The 
samples were then subjected to oven drying at 105°C for 
48 hours. The oven dry weight was recorded and the 
percentage of moisture content (MC) was calculated 
applying the formula:

MC = Fresh weight - Oven dry weight x 100 
Oven dry weight

For the determination of total chlorophyll in the 
bark, one square cm samples of bark of each were 
collected from the trees of M. glaziovii and H. 
brasiliensis of comparable age and growth. The samples



were tightly kept in small vials in the field and 
immediately brought to the laboratory for testing.

The outer corky zone of the bark at 1 mm 
thickness was removed from the samples and the total 
area and weight were recorded. The samples were then 
cut into 1 square mm pieces and incubated in 3• ml N, 
N-dimethyl formamide (DMF) under darkness for 24 hours 
to extract the chlorophyll pigments. The extract was 

then decanted into a spect rophot omet er cuvette and the 
absorption at 664 and 648 nm by using a Shimadzu 
Spectrometer was recorded. The total chlorophyll 
content was calculated using the formula suggested by 
Moran (1982).

Cl ( g/ml)= 7.04 A664 + 20.27 A647
(expressed in g/g fr. weight)

3.5.5 Exploitation and yield potential

Studies on yield was conducted both at Location I 
and Location II. Ten mature trees belonging to 1981 
planting were selected at Location I and ten seedling 
trees at random in the wild population at Location II. 
Only trees having a girth of 45 cm and above at a 
height of 100 cm from the ground level were selected



for yield studies. Regular alternate day tapping was done 
in Location I, for 12 months commencing from January to 
December 1992. Location II, being wild stand in a remote 
area without any facilities, only one round of recording 
of the yield data was undertaken (Fig. 3 A,B).

The periderm was peeled off from the portion of the 
trunk proposed to be opened. The angles of the tapping 
channel was demarcated using a specially fabricated 
template. The trunk was vertically marked into two equal 
halves. One half was again marked to get a half spiral 
at a slope of 30° angle. A groove was prepared along this 
line on the bark with the help of a marking knife (Fig.3C). 
A metal spout was fixed on the bark at the lower end of 
the channel to lead the flowing latex to the collection 
cup. The tapping channel was then renewed by shaving off 
a thin layer of bark on alternate days, following the S/2 
d/2 system recommended for Hevea . The latex thus 
collected in the cups from the experimental trees were 
subjected for various studies. The latex obtained on two 
normal tapping days per month were allowed to coagulate in 
the collection cups and the coagulum was collected and 
labelled on the next day. It was then pressed in a 
sheeting roller and kept for air drying for a day. It was 
then dried in the electric oven for 72 hours. The dried 
rubber was then weighed and the weight determined. Yield 
potential was estimated on the basis of the number of



tapping days on which the tree has been exploited during 
the year, using the formula:-

Estimated yield per ha per year = gt t̂  ̂ x d x s
1000

- 1 “ 1Where gt t = g per tree per tap
d = number of tapping days and
s = stand per hectare

The actual number of tapping days was 150 and the number 
of trees per hectare was assumed to be 450 at a spacing of 
460 cm X  460 cm.

3.5.6. Latex vessels and latex flow

Pre-tapping latex vessel turgor in the bark was 
measured using disposable manometers as described by 
Raghavendra a]̂ . (1984). No.49 polythene surgical
tubings were sealed at one end fitted with 21 guage 
hypodermic syringe needle at the other end. The periderm 
was removed and the manometer needle was inserted into the 
bark of the tree just below the tapping cut. The 
remaining air column was measured and the pressure 
potential was read from a standard graph. The recordings 
were taken at 7 am and the latex vessel turgor was 
calculated from the data. Plugging of latex vessels was 
also examined. Latex vessel plugging in M. glazi ovi i has 
been recorded in the wet and dry seasons in Location I and 
in dry season in Location II. The volume of latex 
obtained during the first five minutes after tapping has



been recorded with the help of a stop watch. Then the
total volume of latex also has been measured. Plugging
Index (PI) was calculated using the formula suggested by
Milford and Pardekooper (1969):

PI = Mean initial flow rate (ml/min) ^ ^qq 
T otal yield vol (ml)

Estimation of Magnesium level in the fresh latex of M. 
glaziovii has been done by EDTA titration method,

3.5.7. Properties of latex 
Colour and odour

Colour and odour of the fresh latex were examined 
and microscopic examination of the fresh latex was done^ 
and photomicrograph was taken using phase contrast 
microscope.
Vi scosity

Viscosity of latex was determined as per ISO D 
1652-1974 using a Brookfield viscometer model RVT at 
25°C. The latex sample was taken in a 600 ml glass 
beaker and placed in a water bath maintained at 25°C. 
Latex was stirred gently until its temperature became 
uniformly 25°C. The speed of rotation was selected as 
50 rpm, and after 30 seconds the equilibrium reading was 
taken. The reading was multiplied by the appropriate 
factor to get the viscosity in centipoises. 
pH

The pH of the latex was determined as per ISO D 
976-1977 using an ELICO pH meter equipped with glass



e l e c t r o d e .  The pH meter was f i r s t  c a l i b r a t e d  u s i n g  a 

0 . 0 1  M b or ax  s o l u t i o n  h a v i n g  a known pH of 9 . 1 8  at 2 5 ° C .  

A f t e r  c a l i b r a t i o n  the e l e c t r o d e  was washed w it h  water  and 

immersed in the l a t e x .  T he  r e ad i ng  was taken when the 

l a t e x  a t t a i n e d  2 5 ° C .

S p e c i f i c  g r a v i t y

S p e c i f i c  g r a v i t y  of l a t e x  was dete rmi ne d  f o l l o w i n g  

ISO 705-1 97 4  and u s i n g  a s ta nd ar d  s p e c i f i c  g r a v i t y  b o t t l e  

of 50 cm^ c ap ac i ty  at 2 5 ° C .

T o t a l  s o l i d s  content (TSC)

TSC was d ete rmi ne d  for  the l a t e x  a c c o r d i n g  to ISO 

1 2 4 - 1 9 7 4 .  About 2 g of the sample l a t e x  was taken in a 

w e ig h ed  p e t r i  d i s h  of a p p r o x i m a t e l y  60 mm d ia me te r  and the 

d i s h  a c c u r a t e l y  we ig he d  a g a i n ,  to f i n d  out the weight of 

the  sample .  The contents  of the d i s h  were g e n t l y  s wi r l e d  

to e ns ur e  that the l a t e x  covered the  bottom.  The  d i s h  was 

p l a c e d ,  u n c o v e r e d ,  in an a i r  oven at a temperature  of 7 0° C  

u n t i l  the sample lost  i t s  w h i t e n e s s  or for  at l eas t  16 h .  

The  d i s h  wi th  the contents  was cooled  in a d e s i c c a t o r  and 

w ei g h e d  a g a i n .  D r y i n g  and weighing- were  r epeated  t i l l  

s u c c e s s i v e  w e i g h i n g s  a g r e e d .  TSC was c a l c u l a t e d  as 

p e r c e n t a g e  by mass of the o r i g i n a l  l a t e x .

Dry  rubber  content ( d . r . c . ; (  ,

ISO 126-1982  was m o d i f i e d  for  the  d e t e r m i n a t i o n  of 

dry rubber  content of the l a t e x .  The  m o d i f i c a t i o n  was



that no a c i d  was us e d  for  c o a g u l a t i o n ,  as the l a t e x  

c o a g u l a t e d  on i t s  own upon d i l u t i o n .  About 5 g of the 

sample was weighed  by d i f f e r e n c e  from a 50 ml conical  

f l a s k  and waspoured  i n to  a 100 ml b e a k e r .  About 10 ml of 

d i s t i l l e d  water  was added and the l a t e x  s t i r r e d  well  and 

a l l o w e d  to s ta nd .  A clean  coagulum was o bt ai ne d  a f t e r  a 

f ew  h o u r s ,  which was p r e s s e d  i n to  a u n i f o r m  sheet of 

t h i c k n e s s  not e x c ee d in g  2 mm. The sheet was washed well  

i n  r u n n i n g  water  and d r i e d  in an a i r  oven at 7 0 ° C  u n t i l  it 

had no w h i t e  p a t c h e s .  The d r i e d  sheet was then cooled in 

a d e s i c c a t o r  and w e i g h e d .  D r y i n g  and w e i g h i n g  were 

r e p e a t e d  t i l l  s u c c e s s i v e  w e i g h i n g s  a g r e e d .  DRC was 

c a l c u l a t e d  as p e r c e n t a g e  by mass of the o r i g i n a l  l a t e x .

Spontaneous  c o a g u la t io n

The  tendency  of the Manihot l a t e x  to undergo 

s p on tan eo us  c o ag u l a t i o n  was f o l l o w e d  by mea suring  the 

v i s c o s i t y  of the l a t e x ,  p e r i o d i c a l l y  at room temperature 

( 3 0 ° C ) .  As spontaneous  c o a g u l a t i o n  i s  accompanied  by a 

g r ad ua l  t h i c k e n i n g ,  v i s c o s i t y  measurement at d i f f e r e n t  

i n t e r v a l s  of time p r o v i d e d  an easy method of f o l l o w i n g  

spon tan eo us  c o a g u l a t i o n .

E f f e c t  of d i l u t i o n

As d i l u t i o n  of the l a t e x  w i t h  water  caused severe 

d e s t a b i l i s a t i o n  and c o a g u l a t i o n ,  the e f f e c t  of extent of



d i l u t i o n  and p e r i o d  a f t e r  d i l u t i o n  were f o ll o we d  by- 

m ea s u r i n g  changes in  the v i s c o s i t y  of l a t e x .  The 

v i s c o s i t y  measurements  have  been made at room temperature  

( 3 0 ° C ) .

C o a g u l a t i o n  b e h a v io u r

L a t e x  of M. g l a z i o v i i  could be e a s i l y  c o ag ul at ed  by

d i l u t i o n  w i t h  w a t e r .  C o a g u l a t i o n  by a c i d  i s  not as

complete  as in the case of Hevea  l a t e x .  C o a g u l a t i o n  

b e h a v i o u r  was s tud ie d  v i s u a l l y  and by f o l l o w i n g  changes in 

v i  s c o s i t y .

3 . 5 . 8 .  P r o p e r t i e s  of dry  f i l m s  of the  l a t e x

I n  order  to f i n d  out the p r o p e r t i e s  of the dry f i l m  

from the whole  l a t e x ,  about 1 0 0  g each of the  sample

l a t e x  was poured  i nto  a 750 mm ( d i a )  g l a s s  p e t r i  d i s h  and 

g e n t l y  s w i r l e d  to ensure that the  l a t e x  f u l l y  covered the 

b ottom of the d i s h .  The  d i s h  was then p l a c ed  in an a i r  

oven at 70 ° C  and d r i e d  t i l l  the weight  of the d i s h  wi th  

the f i l m  became c o n s t an t .  The  f o l l o w i n g  p r o p e r t i e s  of the 

f i l m  were d e t e r mi n e d .

C o l o u r ,  tr a ns p ar e nc y  and p h y s i c a l  form

C o l o u r  of the f i l m  was observed  v i s u a l l y ,  w h i l e

t r a n s p a r e n c y  was a s s e s s e d  by m ea sur in g  the per  cent 

t r a n s m i t t a n c e  at 600 nm u s i n g  a Shimadzu U V - V i s i b l e



R e c o r d i n g  Spectroph otometer  wi th  a 5 x 1 cm s i z e  s tr i p  of 

the f i l m  a t t a c h e d  to a g l a s s  p l a t e  of the same s i z e .  

T r a n s m i t t a n c e  of the s u p po r t i ng  g l a s s  p l a t e  was a d j u s t e d  

to 100 in a l l  measurements .  The  p h y s i c a l  form of the f i l m  

was a l s o  examined v i s u a l l y .

A c e t o n e  extract

A c et one  e x t r a c t a b l e s  in  the dry f i l m  from l a t e x  was 

d e t e r mi n e d  u s i n g  a Soxhlet  e x t r a c t o r ,  f o l l o w i n g  ASTM D 

2 9 7 - 1 9 9 0 .  About 5 g of the sample f i l m  was cut i n t o  

small p i e c e s  and w ei ghe d  a c c u r a t e l y .  It was covered in 

Whatman f i l t e r  paper  N o . 41 and p l a c e d  in the e x t r a c t o r .

E x t r a c t i o n  was c a r r i e d  out for  16 h .  The  extract  in the

round bottom f l a s k  of the e x t r a c t i o n  assembly  was 

q u a n t i t a t i v e l y  t r a n s f e r r e d  to a w e ig h ed  250 ml b e a k e r .  It 

was then evaporated  to d r y n e s s , f i rst over a steam b ath  and 

f i n a l l y  in an a i r  oven at 7 0° C  for  16 h .  The  b e a k e r  was 

c ooled  in a d e s i c c a t o r  and w e i g h e d .  D r y i n g ,  c o ol i n g  and 

w e i g h i n g  were  repeated  t i l l  s u c c e s s i v e  w e i g h i n g s  a g r e e d .  

The  d i f f e r e n c e  in the o r i g i n a l  and f i n a l  w e i g h t s  of the

b e a k e r  gave  the  ac tu a l  weight  of the e x t r a c t .  It was

c a l c u l a t e d  and e xp r es se d  as per  cent by mass of the 

o r i g i n a l  sample t ake n.

N i t r o g e n  content

N i t r o g e n  content of the dry f i l m  was d e te rmi ne d  by 

a micro K j e l d a h l  method as per  ISO 1 6 5 6 - 1 9 7 4 ,  u s i n g  a



c a t a l y s t  m ixt ur e  c o n s i s t i n g  of 30 p a r t s  of p o t a s si u m  

s u l p h a t e ,  4 p a r t s  of copper s ul p ha t e  p e n t a h y d r a t e  and 1

part  of s el e ni um  powd er .  -About 0 . 1  g of an a c c u r a t e l y  

w e ig h ed  sample was taken in a 30 ml K j e l d a h l  f l a s k  and 

mixed wi th  about 0 . 6 5  g of the c ata lys t  m ixt ur e  and 3 ml 

of c o nc e n t r a t e d  s ul p h ur i c  a c i d .  The contents  were b o i l e d  

c a r e f u l l y  t i l l  the m ix t ur e  became c l e ar  green  in  c ol ou r .  

A f t e r  c o ol i n g  the dig es t  was d i l u t e d  w it h  10 ml of water  

and q u a n t i t a t i v e l y  t r a n s f e r r e d  to the d i s t i l l a t i o n  u n i t .

About 15 ml of 10 N sodium h y d r o x i d e  s o l u t i o n  was added

and the m ixt ur e  d i s t i l l e d  for  1 0 - 1 2  min c o l l e c t i n g  the 

d i s t i l l a t e  in 10 ml of 0 . 5  N b o r i c  a c i d  c o n t a i n i n g  a few 

dr op s  of a mixed i n d i c a t o r .  A f t e r  d i s t i l l a t i o n ,  the

d i s t i l l a t e  was t i t r a t e d  a g a in st  0 . 0 2  N s u l p h u r i c  a c i d ,  the 

colour  change b e in g  g reen  to v i o l e t .  A b l a n k  t i t r a t i o n  

a l s o  was c a r r i e d  out u s i n g  al l  the reagents  but wi th  no 

sample.  The  p e r c e n t a g e  of n i t r o g e n  in the sample was 

c a l c u l a t e d  from the formula

0 . 0 2 5

m

where  = the volume of 0 . 0 2  N s u l p h u r i c  a c i d  r eq ui re d

for the  sample,

= the volume of 0 . 0 2  N s u l p h u r i c  a c i d  r e q u ir e d  

for  b l a n k  and 

m = the mass in grams of the sample.



Ash content was d et er mi n ed  a c c o r d i n g  to ASTM D 

2 9 7 - 1 9 8 1 .  About 10 g of a c c u r a t e l y  w ei ghe d  sample,  cut 

i n t o  small p i e c e s ,  was wrapped in Whatman N o . 41 a s h l e s s  

f i l t e r  paper  and p l a c e d  in a 50 ml s i l i c a  c r u c i b l e .  The  

c r u c i b l e  was p l a c e d  in a m u f f l e  f u r n a ce  whose temperature  

was slowly  r a i s e d  to 5 2 5 ° C  and m a i n t a i n e d  at that level  

for  2 h .  When a l l  the carbon has  been o x i d i s e d ,  the 

c r u c i b l e  was cooled in  a d e s s i c c a t o r  and w e i g h e d .  A b l a n k  

d e t e r m i n a t i o n  was a l s o  done w i t h  the same type of f i l t e r  

pap er .

M in e r a l  com position

The  mineral  composition  of the  l a t e x  s o l i d s  was 

d e te r m i n e d  s t a r t i n g  w i t h  the  ash o b t a i n e d  from a known 

weight  (10 g) of the sample .  The  ash was e x t r a c t e d  wi t h

10 ml of 1 : 1 h y d r o c h l o r i c  a c i d  over a steam b a t h .  The

e xt ra c t  was f i l t e r e d  and q u a n t i t a t i v e l y  t r a n s f e r r e d  to a 

100 ml v ol u m e t r i c  f l a s k  and made up to the mark.  The

c o n c e n t r a t i o n  of c a lc iu m,  magnesium,  copper ,  manganese ,  

i r o n ,  sodium and p o t a s s i u m  were d e te rmi ne d  u s i n g  t h i s  

solu t i on .

D e t e r m in a t i o n  of i ron

T h i s  was d ete rmi ne d  as per  ISO 1 6 5 7 - 1 9 7 5 .  An

a l i q u o t  of 10 ml of the made up s o l u t i o n  was t r a n s f e r r e d

to a 50 ml v ol u m e t r i c  f l a s k .  10 ml of sodium



a c e t a t e / a c e t i c  a ci d  s o l u t i o n  and 1 ml of 1 , 

1 0 - p h e n a n t h r o l i n e  s o l u t i o n  ( 0 . 5  g d i s s o l v e d  in 500 ml 

w at er)  were  added and the  s o l u t i o n  made u pto  50 ml.  

A b s o r b a n c e  of the s o l u t i o n  was measured at 510 nm u s i n g  a 

s p e c t r op h ot o me te r .  The  r e ad i n g  was c or rected  by 

s u b s t r a c t i n g  the a b s o r b a n c e  of the b l a n k .

A c a l i b r a t i o n  curve was p r e p a r e d  u s i n g  a s tandard  

i ron  s o l u t i o n  c o n t a i n i n g  0 . 0 1  mg of iron  in 1 ml of 

solut i o n .

By means of the c a l i b r a t i o n  c urve ,  c o n c e n tr at io n  of 

i ro n  in the sample s o l u t i o n  was d ete rmi ne d  and from that 

i ron  content in the sample c a l c u l a t e d  and e xp r ess ed  as 

p a r t s  per  m i l l i o n .

D e t e r m in a t i o n  of copper

Copper in the ash was d et er mi n ed  as p er  I S O / R  

1 6 5 4 - 1 9 7 1 .  The method i n v o l v e d  for mati on  of copper 

d i e t h y I d i t h i o c a r b a m a t e  by r e a c t i o n  w it h  z i nc

d i e t h y l d i t h i o c a r b a m a t e  i n  c hl or of o rm.  The  o pt i ca l  d e n s i t y  

of the c hloroform s o l u t i o n  was measured at 435 nm u s i n g  a 

s p e c t ro ph ot o me te r .  A c a l i b r a t i o n  curve was p r ep a r e d  u s i n g  

s o l u t i o n s  of known copper c o n t e n t .  The c o n c e n t r a t i o n  of 

copper in the sample s o l u t i o n  was d ete rmi ne d  from the 

c a l i b r a t i o n  curve and e xp r es s ed  as p a r t s  per m i l l i o n .

D e t e r m in a t i o n  of manganese

Manganese  in the ash  was a l s o  d etermi ned  

s p e c t r o p h o t o m e t r i c a l l y  as per  ISO 1 6 5 5 - 1 9 7 5 .  Manganese



was o x i d i s e d  to pe rmanganate  by r e a c t i o n  w it h  p o t a s s i u m

p e r i o d a t e  under  stand ar d  c o n d i t i o n s .  O p t i c a l  d e n s i t y  of 

the  s o l u t i o n  was measured  at 525  nm u s i n g  a 

spect rop hot ome te r  and the manganese content was read from 

a c a l i b r a t i o n  curve p r e p a r e d  u s i n g  s o l u t i o n s  of known 

manganese  c o nt e n t .  The  r es ul t  was e xp re ss ed  as p a r t s  per 

mi 11 i on .

D e t e r m in a t i o n  of c a lc iu m ,  magnesium,  sodium and  p o t a s s iu m

C a l c i u m  and magnesium in the ash were  e sti mated  

u s i n g  an atomic a b s o r p t i o n  s pect rophot ometer  model GBC

9 0 2 .  The  c o n c e nt r at i on  of sodium and p o t a s s i u m  were 

d e t e r mi n ed  u s i n g  a flame p hot o me te r .

3 . 5 . 9 .  P r o p e r t i e s  of dry  rubber

Dry rubber of M. g l a z i  ovi i was p r ep a r e d  from fr es h

l a t e x  by a s l i g h t l y  d i f f e r e n t  method compared wi th  Hevea

r u b b e r .  The  l a t e x  was f i r s t  s i e v e d  through a 40 mesh 

s i e v e  to remove f o r e i g n  m a t t e r .  It was  then d i l u t e d  wi t h  

t w i ce  i t s  volume of wat er  in a s h a l l o w  d i s h  and a l l o we d  to 

stand o v e r n i g h t .  C o a g u l a t i o n  was complete'  and a soft but

coherent  coagulum o b t a i n e d .  The  coagulum was p a s s e d  4-5

times  through a set of smooth steel  r o l l s  to get a sheet

of a p p r o x i m a t e l y  3 mm t h i c k n e s s .  The  sheet was then

p a s s e d  once through a grooved  set of steel  r o l l s  to get a 

r i b b e d  s h e e t . The  sheet was washed  t ho roug hl y  in running



wat er  and a l l o we d  to d r i p  in  shade for a few hours  b e f o r e  

d r y i n g  in hot a i r  at a temperature  of 5 0 - 6 0 ° C .  The f i n a l  

m o i s t u r e  content of the sheet was l e s s  than 0. .02 percent  . 

P r e p a r a t i o n  of sheet rubber  from Hevea l a t e x  was c a r r i e d  

out as per  s tandard  p r o c e d u r e s  as d e s c r i b e d  by K u r i a k o s e  

and S e b a s t i a n  ( 1 98 0  ).

G r a d i n g

G r a d i n g  of the sheet was done by the v i s u a l  g r a d i n g  

system f o l l o w i n g  the Green  Book .  C olou r  and general  

a p p e a r a n c e  of the sheets  were v i s u a l l y  examined .

H o m og e n isat ion  of the  sample

F or  d e t e r m i n i n g  the v a r i o u s  p r o p e r t i e s  of the dry 

r u b b e r ,  the sample was f i r s t  homogenised  as per  ISO 

1 7 9 6 - 1 9 8 2 ,  u s i n g  a 150 x 300 mm two-roll mill  as d e s c r i b e d  

in ISO 2 3 9 3 - 1 9 7 3 .  For  t h i s  about 600 g of the sample was 

p a s s e d  through the mill  n i p  set at 1 . 3  mm. A f t e r  each 

p a s s  the rubber was r o l l e d  and the  roll  was i n t r o d u c e d  

e nd wi se  i n t o  the nip  for the  next p a s s .  On the t ent h  pass  

the  rubber  was sheeted  and u se d  f o r  the v a r i o u s  t e s t s .  

V o l a t i l e  m atter

About 10 g of the h omogeni sed  sample was weighed  

a c c u r a t e l y  and p l a c e d  in a g l a s s  d i s h  kept in an a i r  oven 

m a i n t a i n e d  at a temperature  of 1 0 0 ° C  for  1 h .  The sample 

was then cooled in a d e s i c c a t o r  and w e i g h e d .  H e a t i n g ,  

c o o l i n g  and w e i g h i n g  were r e p e a te d  t i l l  two s u c c e s s i v e



w e i g h i n g s  a g r e e d .  The  v o l a t i l e  matter  content was 

c a l c u l a t e d  as a p e r c e n t a g e  of the o r i g i n a l  mass a c c o r d i n g  

to ISO 2 4 8- 1 9 7 9 .

D i r t  content

T h i s  was dete rmi ne d  on the homogenised  sample as per 

ISO 2 4 9 - 1 9 7 4 .  About 10 g of the sample,  cut i nto  small 

p i e c e s ,  was kept under  mineral  t u r p e n t i n e  c o n t a i n i n g  1 g 

of rubber  p e p t i s i s i n g  agent ( t o l yl  mer captan)  in a

s top p er e d  coni cal  f l a s k .  A f t e r  16 h the f l a s k  and the 

cont ents  were h e at e d  to 1 3 0 - 1 4 0 ° C  u n t i l  a smooth s o l u t i o n  

was o b t a i n e d .  The s o l u t i o n  was then f i l t e r e d  through a 

w ei g h e d  45 ^ m  s i e v e .  T h e  r e s i d u e  on the s i ev e  was washed 

s e ve ral  times wi t h  hot solvent  u n t i l  it was f re e  from 

r u b b e r .  F i n a l l y  the s i ev e  was washed tw ic e  w i t h  p e tr ol e um  

s p i r i t  and d r i e d  at 1 0 0 ° C  for  30 min .  The dirt  content

was c a l c u l a t e d  as a p e r c e n t a g e  by mass of the dry r u bb e r .  

Mooney v i s c o s i t y

T h i s  was dete rmi ne d  on the homogenised  sample u s i n g  

N e g r e t t i  Mark I I I  Mooney v i s c o m e t e r  a c c o r d i n g  to I S O / R  

289  - 1963  at 1 0 0 ° C .

P l a s t i c i t y  (Po) and p l a s t i c i t y  r e t e n t i o n  ind ex  (PRI)

T h e s e  were de te rmi ne d  on the homogenised  sample as 

per  ISO 200 7-19 81  and ISO 2 9 3 0 - 1 9 8 1 ,  u s i n g  a W a l l a c e  R ap id  

P l a s t i m e t e r  and a PRI  A g e i n g  O ve n .  About 30 g of the 

homog eni se d  sample was p as s e d  thr e e  times  through the

m i l l ,  the nip  h a v i n g  been a d j u s t e d  to get a sheet



t h i c k n e s s  of about 1 . 7  mm. The  sheet was immediately  

d o u b l e d  and l i g h t l y  p r e s s e d  b etw ee n h a n d s .  Six  test 

p i e c e s  were  punched out from the d ou bl e d  sheet and these  

were d i v i d e d  i nto  two sets of three  e ac h ,  one set for  test 

b e f o r e  a g e i n g  (Po)  and the other set fo r  test a f t e r  a g e i n g

The second set was p l a c e d  in a t ra y  which  was p l a c e d  

in  the oven m a i n t a i n e d  at 1 4 0 ° C ,  e x a ct l y  for  30 min . 

A f t e r  30 min the tray  w i t h  the test p i e c e s  was removed 

from the oven and was a l l o w e d  to cool to room temp er atur e .  

P l a s t i c i t y  of the aged and unaged  test p i e c e s  was 

d e t e rm in ed  u s i n g  the W a l l a c e  R a p i d  P l a s t i m e t e r  h a v i n g  10 

mm p l a t e n s .  The median v a l u e s  for  the p l a s t i c i t y  numbers 

of the unaged  and aged test p i e c e s  were taken as Po and 

P^g  r e s p e c t i v e l y ,  from w hi ch  PRI  was c a l c u l a t e d  as

PRI  = P 30  X  100

Po

A c c e l e r a t e d  storage  h a r d e n i n g  test

Test  p i e c e s  f or  t h i s  were p r e p a r e d  as in  the case of 

P o / P R I  d e t e r m i n a t i o n .  One set of test p i e c e s  was used  for  

t e s t i n g  P o ,  and the other  set kept over p hosphorus  

p e n t o x i d e  in a stoppered  g l a s s  b o t t l e ,  at 7 0 ° C  for  24 h .  

A f t e r  24 h the p l a s t i c i t y  of the  aged set was a l s o  

d e t e r m i n e d .  The  number of u n i t s  i n c r e a s e d  as a r esult  of 

a g e i n g  over ^ 2*^5 found out .



M a s t i c a t i o n  b e h a v i o u r  was a s s e s s e d  u s i n g  a 150 mm x. 

300 mm two-roll mi xi n g  m i l l .  About 600 g of the

homog eni se d  sample was u s e d .  The rubber  was p as s e d  twi ce  

b etween  the r o l l s  without  b a n d i n g  w i t h  the  n i p  set at 0 . 2
mm. It was then banded  w i t h  the ni p  set at 1 . 9  mm. A

stop watch was s ta r t e d  immed iate ly  a f t e r  b a n d i n g .  About 

50 g of the rubber  was w ith dr awn  at d i f f e r e n t  i n t e r v a l s  of 

time and the Mooney v i s c o s i t y  of each sample wi thdrawn was 

m e a s u re d .  The m a s t i c a t i o n  b e h a v i o u r  of the rubber was

e a s i l y  a s s e s s e d  from a plot of Mooney v i s c o s i t y  a ga i n s t  

time of m a s t i c a t i o n .

The ash c on t en t ,  n i t r o g e n  content and a ce to ne  

e xtract  of the dry rubber  were d e t e rm in ed  as in the case 

of the t o t al  s o l i d s  f i l m .

I n f r a r e d  Spectrophotometry

A s o l u t i o n  of 0 . 5  per  cent c o n c e n t r a t i o n  was 

p r e p a r e d  by d i s s o l v i n g  the  rubber  in s p e c t r og r ad e  

c h lo ro fo r m  and a t h i n  f i l m  was cast on an NaCl d i s c .  The 

IR spectrum was r ecorded  u s i n g  a Shimadzu FT-IR 

Spectrop hotome te r  Model 8101  M.

Gel  content

About 0 . 4  g of the rubber sample was p l a c e d  in  100 

ml t o l u e n e  in a stoppered  coni cal  f l a s k  in  the d a r k .  

A f t e r  20 h ,  e x a c t l y  10 ml s o l u t i o n  was t r a n s f e r e d  i n t o  a



d r i e d  and w ei ghe d  p e t r i  d i s h  and the solvent evaporated  

u n t i l  a constant mass was o b t a i n e d .  Gel content was 

d e t e rm in ed  as f o l l o w s :

A X 10 = B

Gel , % = (C-B  ̂ j^OO

C

Where A = Mass of the d r i e d  s o l u t i o n  (10 ml)

B = Mass of the t o t al  d r i e d  s o l u t io n  

C = Mass of the o r i g i n a l  sample

D e t e r m i n a t i o n  of v i s c o s i t y  av er a g e  m o le cu lar  weight  (M^) 

by  U b b e lo h d e  v is co m e te r

The  r e l a t i v e  v i s c o s i t y  ( ^  r e l ) of the rubber

s o l u t i o n  in t o lu en e  was d e t e rm in ed  at four  d i f f e r e n t

conc en t ra ti o ns  from 0 . 0 5  - 0 . 2  per cent at 2 5 ° C  u s i n g  an

U b be l oh d e  v i s c o m e t e r .  The v i s c o s i t y  number ( '3?red) was

c a l c u l a t e d  u s i n g  the e q u a t io n  y  red = (“̂ r e l ”  ̂ ) and it

C

was p l o t t e d  a g a in st  c o n c e n t r a t i o n .  The i n t r i n s i c  

v i s c o s i t y  ( )  was d et er mi n ed  by e x t r a p o l a t i n g  to zero 

c o n c e n t r a t i o n .  The v i s c o s i t y  av er a ge  m o l e c u l a r  weight  

(Mv) i s  g i v en  by the Mark - Houwink - Sakurada  e q u a t i o n .

3 . 5 . 1 0 .  P r o c e s s i n g  p r o p e r t i e s  of mixes

C ure  c h a r a c t e r i s t i c s

Cure  c h a r a c t e r i s t i c s  of the rubber  were d etermi ned  

on a gum and b l a c k  f i l l e d  mixes  for  whi ch  r e c e i p e s  are  

g i v e n  in T a b l e s  4 and 5 .  The  mix was p r ep a r e d  f o l l o w i n g  

the  same s tandard  and c ur in g  c h a r a c t e r i s t i c s  d ete rmi ne d



u s i n g  a Monsanto Rheometer R 100 at 1 5 0 ° C .  The v a r i o u s  

cure p ara me te rs  were found out from the r he og r ap h .  The 

gum mix was moulded to optimum cure at 1 5 0 ° C  i n t o  sheets  

of about 2 . 0  mm t h i c k n e s s  u s i n g  a 450  mm x 450  mm 

h y d r a u l i c  p r e s s  h a v i n g  steam he a t e d  p l a t e n s .  Dumbbell  

test p i e c e s  were punched  out from the sheets  which  were 

c o n d i t i o n e d  for  24 h at 2 5 ° C  and 65 R . H  b e f o r e  t e s t i n g ,  

for  v a r i o u s  p h y s i c a l  p r o p e r t i e s  such as t e n s i l e  s t r e n g t h ,  

m od ulus ,  e l o n g a t i o n  at b r e a k ,  h a r d n e s s  and a g e i n g  

r es i  stance  .

Mooney scorch time

Scorch time of the u n v u l c a n i z e d  mixes  was measured 

u s i n g  a N e g r e t t i  Mark I I I  Mooney v i s c o m e t e r  at 1 2 0 ° C .  

T h i s  was dete rmi ne d  as the t o t al  time from the start to 

a t t a i n  5 Mooney u n i t s  r i s e  in  v i s c o s i t y  a f t e r  p a s s i n g  

through the minimum.

3 . 5 . 1 1 .  P h y s i c a l  p r o p e r t i e s  of v u l c a n i z a t e s

T he  p h y s i c a l  p r o p e r t i e s  of v u l c a n i z a t e s  p r ep ar e d  

from both the gum and f i l l e d  mixes  were de te rmi ne d  

a c c o r d i n g  to the  relevant  ASTM test methods .

T e n s i l e  p r o p e r t i e s

Modulus at 300 per  cent e l o n g a t i o n ,  t e n s i l e  s tr ength  

and e l o n g a t i o n  at b r e ak  were measured  on dumbbell  

specimens u s i n g  a Zwi ck 1 4 7 4  u n i v e r s a l  t e s t i n g  machine at 

2 5 ° C ,  f o l l o w i n g  ASTM D 4 1 2 - 1 9 8 7 .  The  speed of p u l l i n g  was 

500 mm per m i nu t e .  The  specimens were cut from moulded



she ets  of a p pr o xi ma t el y  2 mm t h i c k n e s s  wi t h  the l e n g t h w i s e  

p o r t i o n  p a r a l l e l  to the g r a i n  d i r e c t i o n .  T e n s i l e  s trength  

and modulus  were c a l c u l a t e d  b a se d  on the o r i g i n a l  cross  

sect i onal a r e a .

T e a r  r e s i s t a n c e

T h i s  was d etermi ned  a c c o r d i n g  to ASTM D 624-1986

u s i n g  an u n n i c k e d  9 0 °  a n g l e  specimen (Di e  C)  on a Zwi ck 

1474  u n i v e r s a l  t e s t i n g  machine  at 2 5 ° C  and at a speed of 

p u l l i n g  of 500 mm per  m i n u t e .  The  t e a r i n g  forc e  in N was 

d i v i d e d  by specimen t h i c k n e s s  in mm to get t e a r  r e s i s t a n c e  

i n  k N / m .

R e s i l i e n c e

D unl op  T r i p s o m et er  was used  to measure rebound

r e s i l i e n c e  as per  BS 9 0 3 ,  p t . 22 ,  1 9 5 0 .  The  sample was

h e l d  in p o s i t i o n  by s uc ti on  and was c o n d i t i o n e d  by

s t r i k i n g  wi th  the i n d e n t o r  s ix  t i m e s .  Th e  temperature  of 

the specimen h o l d e r  and the pecimen was m a i n t a i n e d  at 

3 5 ° C .  Rebound r e s i l i e n c e  was c a l c u l a t e d  as f o l l o w s ;

00

an

Where and ^ ^ e  i n i t i a l  and rebound

g l e s  r e s p e c t i v e l y .  was 4 5 °  in  a l l  c a s e s .

H a r d n e s s

Shore A type durometer was employed to f i n d  out 

h a r d n e s s  of v u l c a n i z a t e s  a c c o r d i n g  to ASTM D 2 2 4 0 - 1 9 8 6 .



T a b l e  4

ASTM lA FORMULATION (ASTM D 3 18 4  - 1 989 )

I n gr e d i  ent s P a r t s  by weight

N a t u r a l  rubber 100
Z i n c  ox i de 5

S t e a r i c  a c i d 0 . 5

Mercapt o b e n z o t h i o z o l e 0 . 5

S ul phur 3 . 5



Th e  instrument  u s e s  a c a l i b r a t e d  sp ri n g  to p r o v i d e  the 

i n d e n t i n g  f o r c e .  R e a d i n g s  were taken a f t e r  15 sec of 

the i n d e n t a t i o n  when f i rm  contact has  been e s t a b l i s h e d  

w i t h  the spe ci men s .

C om pression  set

Samples of 1 . 2 5  cm t h i c k n e s s  and 2 . 8  cm d i a m e t e r ,

compressed to a constant d e f l e c t i o n  of 25 per  cent were

kept in  an a i r  oven at 7 0 ° C  for  22 h ' a s  per  ASTM D 

3 9 5 - 89, method B .  A f t e r  t h i s  p e r i o d  the samples were 

r e l e a s e d  from compressi on ,  cooled  to room temperature  and 

we re  a l l o w e d  to recover  for  30 min ,  and the f i n a l  

t h i c k n e s s  measured .  Compression  set was c a l c u l a t e d  a s .

Compression s e t ,  % = - t 2

■where t^ and t^ were the i n i t i a l  and f i n a l  t h i c k n e s s  of 

the  specimen and t ^ ,  the t h i c k n e s s  of the spacer  bar  u s e d .

Heat build- up

G o o dr i ch  Fle xome te r  conforming  to ASTM D 6 2 3- 1 97 8 ,

method A ,  was us e d  for mea su ri n g  heat b u i l d - u p .  The  test

was c a r r i e d  out w i t h  c y l i n d r i c a l  specimens of 2 . 5  cm 

h e i g h t  and 1 . 9  cm d i a m e t e r .  The  oven temperature  was 

m a i n t a i n e d  at 5 0° C  and the str ok e  a d j u s t e d  to 4 . 4 5  cm. 

The  load  was 1 0 . 9  k g .  The  sample was p r e c o n d i t i o n e d  to 

the  oven temperature  for  20 m in .  The  heat d e ve lop ed  at



T a b l e  5

FORMULATION OF TREAD TYPE COMPOUND

I n g r e d i  ent s P a r ts  by weight

N a t u r a l  rubber 100
Z i nc  ox id e 5

S t e a r i c  a c i d 2
A n t i o x i d a n t  4010  NA 1

HAF b l a c k 50

A r oma ti c  oil 5

P VI  5 0 0 . 2
CBS 0 . 65

Sul phur 2 . 5



the b a s e  of the specimen was sensed by a thermocouple  and 

r e l a y e d  to a d i g i t a l  temper atur e i n d i c a t o r .  The 

te mp er a tu re  r i s e  ( A t ,  ° C ) at the  end of 20  min was taken 

as heat b u i l d - u p .

O zo ne  r e s i s t a n c e

R e s i s t a n c e  to ozone c r a c k i n g  was measured a c c o r d i n g  

to ASTM D 1 1 7 1 - 1 9 8 6 ,  u s i n g  the t r i a n g u l a r  test s peci men .  

A Mast ozone chamber was us ed  where ozone c o n c e n t r a t i o n  

was m a i n t a i n e d  at 50 p a r t s  p e r  hun dr e d  m i l l i o n  and 

t emp era ture  4 G ° C .  The time for  c racks  to appear  was no te d  

in ea ch c a s e .

A b r a s i o n  r e s i s t a n c e

R e s i s t a n c e  to a b r a s i o n  was d e te r m i n e d  a c c o r d i n g  to 

DI N  5 3 5 1 6 -1 9 7 7  u s i n g  a T o y o s e i k i  A b r ad e r  N o . 2 7 6 .  

C y l i n d r i c a l  test specimens were moulded to optimum cure 

and c o n d i t i o n e d  for 24 h b e f o r e  t e s t i n g .  Al umi ni um  ox id e  

a b r a s i v e  cloth  h a v i n g  a g r a i n  s i z e  of 60 was u s e d .  

A b r a s i o n  r e s i s t a n c e  was e x p r e s se d  in terms of volume l o s s  

of m a t e r i a l  in one run .

C rac k  growth

T h i s  was measured u s i n g  a De M a t t i a  F l e x i n g  Ma ch ine  

f o l l o w i n g  ASTM D 813-1 98 7  at room t em p e r a t u r e .  Moulded 

test specimens  h a v in g  c i r c u l a r  g roov es  at the c e n t r e ,  were 

u s e d .  A cut of 2 mm l e n gt h  was i n t r o d u c e d  at the c entr e  

of the g ro ov e  u s in g  a s p e c i a l  p i e r c i n g  tool as  s p e c i f i e d



in  the s t a n d a r d .  The machine was run at 300 c ycles  per  

min and the l e ng th  of the creack measured p e r i o d i c a l l y .  

C rack  growth was e xp r es s ed  as the number of c yc l es  

r e q u i r e d  to reach a s p e c i f i e d  crack l e n g t h .

A g e i n g  r e s i s t a n c e

R e s i s t a n c e  to a g e i n g  was d etermi ned  u s i n g  a 

t u b u l a r  a g e in g  oven as p er  ASTM D 8 6 5- 1 9 8 8 ,  at 70°C  for 

240 h and at 1 0 0 ° C  for  72 h .  The  degr ee  of a g e i n g  was 

a s s e s s e d  by meas ur ing  changes in t e n s i l e  p r o p e r t i e s  and 

was exp re ss ed  as the  p e r c e n t a g e  r e t e n t i o n  in p r o p e r t i e s .

3 . 5 . 1 2 .  Wood and Seed O i l

Wood str u c tu re

Two h e a l t h y  t r ee s  of M. g l a z i  ovi i about 12 y ea r s  

growth were chosen for  the  the  study of wood f e a t u r e s .  

Wood d i s c s  of 5 cm t h i c k n e s s  were sawn out at 150 cm 

h e i g ht  from the ground l e v e l .  For  s tr u c t u r a l  s t ud i es  

cubic  b l o c k s  of 2 x 2 x 2 cm s i z e  were p r e pa re d  from 

each wood d i s c  a lo ng  the d ia me te r  and f i x e d  in FAA 

f i x a t i v e .  For  microscopy  s le d ge  microtome s e c t i o n s  of 

15 micrometer  t h i c k n e s s  were  t aken ,  s t a i n e d  wi th  

t o l u i d i n e  b l u e  ' O '  ( ' O '  B r i e n  1 9 6 4 )  and mounted

in  D . P  .X . mountant . For  the d i a m e ns i on a l  s tu d i e s  of 

f i b e r s ,  wood t i s s u e s  of 2 x 2 x 2 mm s i z e  were macerated 

f o l l o w i n g  J e f f e r e y ' s  method (JohanS-en, 1 9 4 0 )  s ta in ed



w i t h  mordant s a f r a n i n  (Be rl yn  and M i k s c h e ,  1 9 7 6 )  and 

mounted in g l y c e r i n e  j e l l e y .  Hundred  f i b e r s  at random 

were  c on si d er ed  for  r e c o r d i n g  the d ia m en si o na l  a s p ec ts  

of wood f i b e r s .  P r i o r  to b l o c k  p r e p a r a t i o n  the wood 

d i s c s  were p hot og rap he d  in g re en  sawn c o n d i t i o n  and 

mic rop ho t og r ap h s  were ta ke n  u s i n g  W i l d  MPS 4 6 / 5 6  

Phot oaut omat .

Wood p r e s e r v a t i o n  treatment

Ceara rubber wood has  been s u b j e c t e d  to 

p r e s e r v a t i v e  i mp re g na t io n  treatment to a s c e r t a i n  i t s  

chemical  p e n e t r a t i o n  c a p a c i t y .

Logs  of about 120 cm l e n g th  were s e l e c t e d  from the 

trunk wood of M.  g l a z i o v i i . For  comparison logs  of H .  

b r a s i l i e n s i s  of i d e n t i c a l  age  were a l s o  s e l e c t e d .  Wood 

p l a n k s  at 120 x 10 x 4 cm s i z e  were sawn and d i pp e d  in

10% B o r i c  A c i d  E q u i v a l e n t  (BAE) for  about 12 to 14 h r s .

Then the p l an ks  were s u b j e c t e d  to chemical  i mp re gnat ion  

a d o p t i n g  o c i l l a t i n g  Vacuum P r e s s u r e  method ( I S  4 0 1- 1967 )  

as  shown in T a b l e  b e l o w :

Type  of p r e s e r v a t i v e  Water  s o l u b l e  ( l e a c h a b l e )  type

Name of p r e s e r v a t i v e  B o r i c  A c i d  and Borax  w i t h

Rip C O  rd .

C o n c e n t r a t i o n  5%

Method of chemical Vacuum P r e s s u r e  method (150

Imp re gn ati on  P S I  p r e s s u r e



L o a d i n g  time of

p r e s e r v a t i v e  20  c yc le s

Time of maximum p r e s s u r e  1 . 5  to 2 h r s .

Time of i n i t i a l  vacuum 15 m t s .

Time of f i n a l  vacuum 15 m t s .

A f t e r  p r e s e r v a t i v e  i mp re g na t io n  the t r e a t e d  

p l a n t s  were seasoned  in a steam h e a t i n g  hot a i r  k i l n  

(at 6 5 ° C  and 39-40 R . H . )  for  about 7 to 10 d a y s .  The 

seasoned  p l an ks  were  then s u b j e c t e d  to d e n s i t y  t e s t ,  

f i n a l  moisture  p e r c e n t a g e  and p r e s e r v a t i v e  p e n e t r a t i o n  

a d o p t i n g  standard  test p r o c e d u r e s  at K e r a l a  Forest  

R e s e a r c h  I n s t i t u t e ,  P e e c h i , T r i s s u r .

O i l  content in  seed k e rn e l

The oil content of the seed k er n e l  was esti mated  

by solvant  e x t r a c t i o n  w i t h  n-hexane u s i n g  a Soxhlet  

e x t r a c t o r .  The e x t r a c t i o n  was done for  about 6 h and 

the e xt ra ct  e v ap or ate d  to d r y n e s s  in  a tared  b e a k e r .  

The b e a k e r  wi t h  the contents  was cooled in a 

d e s c i c c a t o r  and w e i g h e d .  D r y i n g  and w e i g h i n g s  were 

r e p e a te d  t i l l  c o n s e c u t i v e  w e i g h i n g s  a g r e e d .  The oil 

content was c a l c u l a t e d  a s .

O i l  c ont ent ,  percent  = W2 .
—  X  100 
W1

Where W1 = the weight of the sample taken and 

W2 = the weight  of the  extract  .



A c i d  v a l u e

A c i d  v a l u e  i s  the  number of m i l l i g r a m s  of 

p o t a s s i u m  h y d r o x i d e  r e q u i r e d  to n e u t r a l i s e  the free  

f a t t y  a c i d s  in one gram of o i l .  For  t h i s  about 10 g 

of the sample was c a r e f u l l y  w e ig h e d  and d i s s o l v e d  in 

50 ml of n e u t r a l  ethyl a l c oh o l  in  a 250 ml coni cal  

f l a s k .  The s o l u t i o n  was t i t r a t e d  wi t h  0 . 1  N sodium 

h y d r o x i d e  s o l u t i o n  u s i n g  p h e n o l p h t h a l e i n  i n d i c a t o r .  

The  end poi nt  was the  a pp e a r a n c e  of a p i n k  c olour .  

A c i d  v a l u e  was c a l c u l a t e d  a s .

A c i d  v a l u e  = 5 6 . 1  x 0 . 1  x V

W

Where V = the volume of 0 . 1  N sodium h y d r o x i d e  and

W = the weight  in  g of the sample t a ke n .

S a p o n i f i c a t i o n  v a l u e

It i s  the number of m i l l i g r a m s  of p o t a s s i u m  

h y d r o x i d e  r e q u ir e d  to s a p o n i f y  1 g of the sample.  

About 2 g of an a c c u r a t e l y  w e ig h e d  p o r t i o n  of the oil  

was mixed w it h  25 ml of a l c o h o l i c  p ot as h  and r e f l u x e d  

in a 250 ml coni cal  f l a s k  for  30 min .  The  mixt ur e  was 

cooled and then t i t r a t e d  w i t h  stand ar d  h y d r o c h l o r i c  

a c i d  u s i n g  p h e n o l p h t h a l e i n  as i n d i c a t o r .  The end 

p oi n t  was the d i s a p p e a r a n c e  of the p i n k  c ol our .  

S a p o n i f i c a t i o n  v a l u e  was c a l c u l a t e d  a s .



S a p o n i f i c a t i o n  v a l u e  = 5 6 . 1  x N x V

W

Where N = n o r m a l i t y  of the h y d r o c h l o r i c  a c i d ,

V = volume of the  a c i d  r e q u ir e d  and

W = weight  of the sample t a k e n .

I o d i n e  v a l u e

I o d i n e  v a l u e  i s  the  number of grams of i o d i n e

a b s o rb e d  by 100 g of the  o i l .  It was esti mat ed  by

Hanus  method.  I o d i n e  v a l u e  was c a l c u l a t e d  a s .

I o d i n e  v a l u e  = V x N x 1 2 6 . 9

10 X  W

Where V = volume of t h i o s u l p h a t e  s o l u t i o n ,

N = n o r m al it y  of t h i o s u l p h a t e  s o l u t i o n  and

W = weight of sample t a k e n .



A. Wild seedling trees of M. glaziovii

at 1100 MSL - Mettur hills.

B. M. glaziovii seedling tree on

granitic ground (Location 2).





A. Vegetatively propagated trees 

under tapping (Location !)•

B. Seedling tree under tapping 

(Location 2),

C. Tools used for exploitation.





CHAPTER  4 

RESULTS



4 . 1  Growth and morphology 

The  b o l e

C l e a r l y  d i s t i n g u i s h a b l e  d i f f e r e n c e s  were observed  

between  the b o l e s  of the s e e d l i n g  t r e e s  and the 

v e g e t a t i v e l y  p ro pa ga t ed  t r e e s .  S e e d l i n g  t r e e s  are  mostly 

s t r a i g h t  growi ng  t a l l  t r e e s  w i t h  a stout t e r e t e  b o l e ,  

w h i l e  the  t r e e s  r a i s e d  from c u t t i n g s  showed a tendency  for 

l e a n i n g  growth- T he  canopy of the  s e e d l i n g  t r e e s  are  

r e s t r i c t e d  to the top and the c u t t i n g s  showed a wi de  

spre ad  heavy canopy ( F i g . 4 A , B ) .

B r a n c h in g

F i e l d  o bs e r v a t i o n s  of the t r i a l  p l a n t i n g  of 

s e e d l i n g s  and c u t t i n g s ,  showed that b r anc he s  emerge in  the 

s e e d l i n g s  a f t e r  two to three  y e a r s .  T he  t r e e s  d eve l op e d  

from the c u t t i n g s  p rod uc e  e arly  b r a n c h i n g  even from the 

f i r s t  y ea r  of p l a n t i n g .  B r a n c h i n g  s t a r t s  at a h e ig h t  of 1 

to 2 meter and r a m i f i e s  tr i ch o to mo us ly  ( F i g . 5 A ,  B ) .

L e a v e s

The l e a v e s  ar e  p al m a t e l y  lobed  and the number of 

l o b e s  v a r i e d  from 3-5.  R a r e l y  2 ,  3 ,  4 and 7 l o b e s  ar e

obs er ve d  ( F i g .  6A ) in L o c a t i o n  I I .

F l o w e r i n g

M. g l a z i o v i i  p r o d u c e s  f lo w e r s  at the  a ge  of 12  to 18 

m onth s .  However in the e x p e r im en t al  p l a n t i n g s  of the 

s e e d l i n g s  as  well  as c u t t i n g s ,  f l o w e r i n g  was observed even



at the  age  of 8 months ( F i g .  6B ) . The  f lo we r s  do not show 

much v a r i a t i o n ,  except a b l u i s h  t i n g e  in those c o l l e c t e d  

from L o c a t i o n  I I  ( F i g .  6C) . U s u a l l y  the f l o w e r i n g  season 

i s  March-April  , but of f-season  f l o w e r i n g  a l s o  has  been 

obs er ve d  in the s p e c i e s  d u r i n g  O c t o b e r  to December .  

F r u i t s e t  i s  c om pa rat i ve ly  low d u r i n g  off-season  f l o w e r i n g .  

Se ed s

T he  f r ui t  i s  a t r i c a r p e l 1 a r y , s ix  g roo v ed ,  g l o b u l a r ,  

dr y  d e h i s c e n t  c a p s u l e .  Each f r u i t  c o n t a in s  t h r ee  t i n y  

p lano-convex  seeds wi th  prominent  m o t t l i n g s  ( F i g .  7 A ,  B ) .  

Each seed we ig hs  about 0 . 5 8  g and about 1740 seeds  are 

r e q u i r e d  to make one k i l o g r a m .  Seeds  ar e  h a v i n g  a very  

t h i c k  shell  of about 1 - 1 .5 mm t h i c k n e s s ,  which  under

normal c o n d i t i o n  seldom b r e a k s  ( F i g .  7 C ) .

Shoot shedding

T he  young s e e d l i n g s  of 1 to 2 y e a r s  growth under  the 

s t r e s s  c o n d i t i o n s  show a p e c u l i a r  a d a p t a t i o n .  By the 

onset of surmner the  l e a v e s  a r e  g r a d u a l l y  shed a c r o p e t a l l y  

and  the f o l i a g e  i s  r e d uc ed .  At the peak sunmer season 

complete a b c i s s i o n  takes  p l a c e  g i v i n g  a lean  s t i c k  l i k e  

a p p e a r e n c e  ( F i g . 8 A ) .  D u r i n g  t h i s  p e r i o d ,  as  a second 

s t a g e ,  the shoot and buds  down to the lower node  start 

d r y i n g  ( F i g .  8B ) . T h i s  phenomenon slowly  c ont i nue s  from 

the top downwards .  In the t h i r d  s t a g e ,  a c e r t a i n  length  

of the  shoot g e t s  d e t a c h e d .  By the onset of the 

f a v o u r a b l e  season one of the  a x i l l a r y  buds  de ve lop  and



c o n t in u es  g r owt h .  T h i s  h ab i t  i s  seen in both  l o c a t i o n s .

It i s  a l s o  noted  in  the mature t r e e s  ( F i g .  8C ) .  A f t e r  

complete w i n t e r i n g ,  the  b r a n c h l e t s  start d r y i n g  upto  2 - 4  

i n t e m ' o d e s  downwards and the d r i e d  p o r t i o n s  are  shed of f .

Wint e r in g

O b s e r v a t i o n s  on the commencement of w i n t e r i n g  were 

taken from the b e g i n n i n g  of the summer months .  Y e l l o w i n g  

of l e a v e s  s t a r t e d  by the end of December and c ont in ue d  

t i l l  J a n u a r y .  By the end of Ja nua ry  w i n t e r i n g  l e a f - f a l l  

wasmore  or l es s  complete ( F i g .  9 A ) . Almost a l l  the t r e e s  

in L o c a t i o n  I I  have  u n de rg on e  complete d e f o l i a t i o n .  

However few g enot yp es  among the w i l d  p o p u l a t i o n  s t i l l  

r e t a i n e d  a p o r t i o n  of the f o l i a g e .  The i n t e r v a l  between 

d e f o l i a t i o n  and r e f o l i a t i o n  was c om pa r at i ve l y  p r ol on g e d  in 

M.  g l a z i o v i i  compared to Hevea . W i n t e r i n g  in H.  

b r a s i l i e n s i s  i s  no rma l ly  completed w i t h i n  about 2 months 

and r e f o l i a t i o n  takes p l a c e  s h o r t l y .

Stomatal  d i s t r i b u t i o n

M. g l a z i o v i i  i s  amp his toma ti c  and the stomata are  

d i s t r i b u t e d  in the  a b a x i a l  and a d a x i a l  e pi de rmi s  of l e a v e s  

, ( F i g . 9  B ) .  However ,  in the^ a d a x i a l  s id e  they are c o n fi n ed  

to the v i c i n i t y  of m i d r i b s  and v e i n l e t s  of the e pi de rmi s  

in  l i m i t e d  numbers and c om pa r at i ve l y  l a r g e r  in s i z e  ( F i g . 9 

C ) .  A few stomata a r e  a l s o  n o t i c e d  in the p e t i o l e s .



The  f r eq ue nc y  of stomatal  d i s t r i b u t i o n ,  epidermal  

c e l l s ,  and stomatal i nd ex  of the a b a x i a l  s i d e  of the 

l e a v e s  were a s c e r t a i n e d  ( T a bl e  6 )- The number of stomata 

per  one square m i l l i m e t e r  ranged  from 510 - 660 and the

a v e r a g e  number observed  was 5 9 3 .  The number of epidermal  

c e l l s  per  one square m i l l i m e t e r  ranged from 2450  - 3 3 7 0 ,  

the  a v e r a g e  v a l u e  b e i n g  3 0 5 2 .

The stomatal i n d ex  i e . ,  the number of stomata per 

u n i t  a r ea  to the number of epidermal  c e l l s  per  unit  are a  

i s  16 . 4 2 .

T a b l e  6
L e a f  a r e a  and  stomatal  frequency

Tree

Number

L e a f  area 

cm^

Number of Number of 

stomata/mm^ epidermal  

c e l l s / m m 2
St omatal 

i nd ex

1 408 . 34 625 2690 18 . 85

2 4 1 3 . 5 8 630 2 450 20 . 45

3 302  .97 550 2 7 50 16 . 67

4 2 60  .56 535 2600 17 . 07

5 2 9 3 . 2 7 660 3290 16 . 71

5 243 .30 600 3370 15 .11

7 455 .39 580 3430 1 4 . 4 6

8 302 .57 510 3330 13 . 28

9 3 7 3 . 4 1 650 3340 16 . 29

10 281  . 16 590 3270 1 5 . 2 8

Mean 3 3 3 . 4 6 593 3 05 2 1 6 . 4 2

SE : 21 .94 14 .99 1 1 3 . 9 0 .63



4 . 2 .  P r o p a g a t i o n

4 . 2 . 1 .  Seed p r o p a g a t io n

G e rmi n a t i o n  of seeds under  a l l  the f i v e  treatments  

were  obs er ved  at weekly  i n t e r v a l s .  15 percent  g e r m i n a t i o n  

was f i r s t  recorded  d u r i n g  the t h i r d  week in the f i r s t  

treatment ( g r i n d i n g )  ( F i g .  1 O A ) .  The  rat e  of g e r m i na t io n  

was i n c r e a s e d  to 21 and 24 p e rce nt  d u r i n g  the fo ur t h  and 

f i f t h  week r e s p e c t i v e l y .  G e r m i n a t i o n  was continued  upto 

the seventh  week and l a t e r  no more g e r m i na t io n  was 

r e c o r d e d .  The next e f f e c t i v e  treatment was the l ight  

b u r n i n g  of the seeds  where 11 percent  g e rm i n a t i o n  was 

record ed  from the f our th  week t i l l  the e ig ht h  we ek ,  w it h  

the  h i g h e s t  p e r c e n t a g e  in the s i x t h  week .  S a l t wa t er  

treatment was found to be  e f f e c t i v e  to the minimum level  

of 5 p e r c e n t ,  and that too a f t e r  a l ap s e  of f i v e  w e e ks .  

No g e r m i n a t i o n  was observed  in the a c i d  t re a t e d  seeds  and 

in  the control  ( u n t r e a t e d )  ( T ab le  7 ) .

The o b s e r v a t i o n s  r e v e al e d  that when the endosperm i s  

g i v e n  the o pp ort uni ty  to i mbibe  w a t e r ,  the seed 

g e r m i n a t e s .  The  maximum g e r m i n a t i o n  p e r c e n t a g e  ob ta i ne d  

in  the g r i n d i n g  t e c h n i q u e  can be a t t r i b u t e d  to t h i s  

f a c t o r .  W h i l e  in a l l  the other  cases  it was observed  that 

the s hell  g e ts  d i s i n t e g r a t e d  slowly  a f t e r  the t re at me nt ,  

a l l o w i n g  wat er  a b s o r p t i o n .  But s i n c e  the se  treatments  

have  no u n i f o r m  a c t i o n  on the seed c oat ,  g er mi n at io n  time
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G r i n d i n g  of the shell  i n  the f r o n ta l  s i d e ,  in  such a 

way that the endosperm i s  just  e xp o se d ,  i s  the most 

e f f e c t i v e  treatment to i n d u c e  g e rm i n a t i o n  in Ceara  rubber 

s e e d s .  It was a l s o  observed  that s e e d l i n g s  r a i s e d  in 

p o l y b a g s  w i t h  punch h o l e s  gave maximum s ur vi v al  in  the

f i e l d  d u r i n g  t r a n s p l a n t i n g  ( F i g .  l O B ) .

4 . 2 . 2 .  V e g e t a t i v e  p r o p a g a t io n

O b s e r v a t i o n s  on s p r o u t i n g  of the c u t t i n g s  were made 

from the f i r s t  week a f t e r  p l a n t i n g .  F i r s t  s pr ou t in g  

p r o t T U s i o n s  -were observed  on the  t h i r d  week in  tr eat ment s  

and and g r a d u a l l y  p r o g r e s s e d .  S pr out i ng  p e r c e n t a g e

ranged  from 2 . 5 0 - 8 0 .  Maximum s p r o ut i ng  of 80% was 

obs er ve d in the treatment where 40 cm long brown

c u t t i n g s  were u s e d .  No s p r o u t i n g  were observed  in the

t end er  g re en  s t i c k s  of t r e a t m e n t .  However ,  in  w it h

40 cm long g reen  c u t t i n g s  2 . 5 0  per ce nt  s p r o ut i ng  was 

o bs er ved  (Table  8 ).

The  r e s u l t s  i n d i c a t e  that for  v e g e t a t i v e  p r o p a g a t i o n  

of M,  g l a z i  ovi i , brown s t i c k s  of 40 cm le ng th  ar e  most

s u i t a b l e  than other types of c u t t i n g s .  However ,  mature

s t i c k s  w it h  h ar de ne d  p e r i d e r m  a l s o  can be used  wi th

s a t i s f a c t o r y  s p r o u t i n g .  Green  shoots  gave the lowest

s uc ces s  of 2 . 5 0  p e r c e n t ,  and t h i s  can fce a t t r i b u t e d  to i t s

t e n d e r n e r s  which causes d r y i n g  a f t e r  p l a n t i n g .
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Si mu lt an e ou s  wi th  the above e xp e ri me nt ,  c u t t i n g s  

were  a l s o  p l a n t e d  a f t e r  g i v i n g  a 2 cm wax c overing  on 

the top cut end .  No a p p r e c i a b l e  d i f f e r e n c e  was n o te d  by 

imp os i ng  wax c o a t in g .

As in the case of s e e d l i n g s ,  c u t t i n g s  r a i s e d  in 

gr ound beds  r e s u l te d  in  se ve ral  c a s u a l i t i e s  w h i l e  

t r a n s p l a n t i n g .  T h i s  may be due to the p u l l i n g  out shock 

and r e s u l t a n t  root damage.  C u t t i n g s  r a i s e d  in 15 cm x 

25 cm p o l y b a g s  wi th  punch h o l e s ,  gave maximum s ur vi v al  

on t r a n s p l a n t i n g  to the f i e l d  ( F i g , 10 C , , D ) .

4 . 3 .  L e a f  d i s e a s e

On m i c r os c op i c  e xa mi nat io n  of the d i s e a s e  a f f e c t e d  

specimens  s i n g l e  c e l l e d  h y a l i n e  e l on g a t e d  c o n i d i a  w i t h  

rounded  ends were n o t i c e d  in p l e n t y .  The  p a r a s i t i c  

fungus  has  been i d e n t i f i e d  as G1 oeosporium s p s .  The 

s u r r o u n d i n g  p l a n t a t i o n s  of H .  b r a s i l i e n s i s  in L o c a t i o n  I 

i s  a f f e c t e d  by the fungus and i noc ul um of the pathogen  

i s  a v a i l a b l e  in p l e n t y .

4 . 4 .  Bark  s tr u c tu r e

The most important e c o no m ic al ly  important part of 

M.  g l a z i o v i i  i s  i t s  b a r k ,  which  on s ys te mat ic  wounding  

p r o d u c e s  the  l a t e x .

The  te nder  bark  i s  g reen  and mature b a rk  i s  dark 

brown i n  c o l ou r .  T he  t h i c k n e s s  of b ar k  v a r i e s  from tree



to tree  and ranged from 5 . 0 0  to 1 1 . 0 0  mm wi th  an average

v a l u e  of 8 . 4 5  mm at the age of t we lve  y e a r s .  The  i n ne r

b a rk  i s  smooth and p r o t e c t e d  by an outer  well  d e f i n e d  

t h i n ,  har d and p e e l a b l e  p e r i d e r m  c h a r a c t e r i s e d  by 

adhe re nt  f l a k e s  of rhytidome ( F i g .  11 A ,  B ) .  The

t h i c k n e s s  of p e r id e r m  v a r i e s  from 2 . 0 0  to 3 . 5 0  mm.

Numerous l a r g e  and e lon ga t ed  l e n t i c e l s  are  d i s t r i b u t e d  

h o r i z o n t a l l y  in p a r a l l e l  l i n e s  throughout  the p e r i d e r m  

( F i g .  11 C ) .  However ,  l e n t i c e l s  a r e  ab sent  in the zones 

wh e re  the  rhytidome i s  p r o t r u d e d  as  s c a l e y  s t r u c t u r e s .

The  b a rk  bene at h  the p e r i d e r m  lay er  i s  smooth wi th  

p ron o un c ed  p r o t r u s i o n s  of the l e n t i c e l s .  When the 

p e r i d e r m  i s  p e e l e d  off  the b ar k  a pp e ar s  wh i te  or green 

i n  colour ( F i g .  11 C , D ) .  The  g r e e n i s h  bar k i s  r ic h  in 

t o t al  chlor op hy ll  compared to the b a r k  which  i s  w hi t e  in 

c o l o u r .  The b a r k  r e t a i n s  h i g h  m o i s t ur e  content 

throughout  the  s eason s .

G e n e r a l l y  the b ar k of M. g l a z i  ovi i c o n s i s t s  of the 

f o l l o w i n g  th r ee  z o n e s .

An outer  h ar d  zone (p e ri de r m wi th  rhytidome)  made 

up of p h e l lu m ,  p h e l l o g e n  and p h e l l o d e r m ,

a m id dle  semi-hard zone comprising  of the 

s econdary  phloem e le me nt s ,  secondary  l a t i c i f e r o u s  

t i s s u e  and s c l e r i f i e d  c e l l s  and



an i nner  soft zone ( c o n t i g u o u s  to cambium)

c o n s i s t i n g  of secondary  phloem and secondary

l a t i c i f e r o u s  t i s s u e s .

4 . 5 .  L a t i c i f e r o u s  system

The l a t i c i f e r o u s  system of M. g l a z i o v i i  i s  a 

compound,  a r t i c u l a t e d  a n a s t a m o s i n g  network ( F i g .  12

A B ) . From cambium outwards t h e i r  d i s t r i b u t i o n  i s  

c o nf i n e d  as i n d i v i d u a l  rows or r i n g s  sandwiched by

s econdary  phloem ( F i g .  12 C)  s i m i l a r  to that of H.

b r a s i l i  ensi  s . The l a t e x  v e s s e l s  w i t h i n  a row are  

t a n g e n t i a l l y  i n t e r c o n n e c t e d  u l t i m a t e l y  forming a

network  l i k e  s t r u c t u r e .  Ho we ve r ,  between rows such 

i n t e r c o n n e c t i o n s  are  absent  or i l l - d e f i n e d .

The number of l a t i c i f e r  rows ar e  maximum in the 

soft b ar k  zone cont ig uous  to cambium and t h e i r  number 

g r a d u a l l y  d i m i n i s h e s  towards the hard  b ark  r e g i o n .

Mo re o ve r ,  in  the soft bar k  r eg ion  the l a t i c i f e r  rows 

ar e  found to be a rr ang ed  cl os e  to each other and those 

found in the hard  bark  are  kept w i d e l y  apart ( T ab le  9 ) .  

C e r t a i n  rows of l a t e x  v e s s e l s  found in the har d bark  

zone o ft en  show d i s c o n t i n u i t y  due to the oc cur rence  of 

stone c e l l s  d e v e l o p i n g  from phloem rays and phloem 

parenchyma ( F i g .  12 D ) .  The stone c e l l s  are

c h a r a c t e r i s e d  by i t s  n a r r o w  lumen and 1 i g n i f i c a t i o n .
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Ho we ve r ,  u n l i k e  in H e v e a , the stone c e l l s  are  o r i e nt ed  

more or l e s s  p a r a l l e l  to and a l t e r n a t i n g  w it h  the 

l a t i c i f e r s  in M a n i h o t . T h e r e f o r e  m a j o r i t y  of the 

l a t i c i f e r s  in the  bark  of the l a t t e r  ar e  not d is r up t  in 

t h e i r  c o n t i n u i t y .

The secondary  phloem i s  composed of s ie ve  t u b e s ,  

companion c e l l s ,  phloem parenchyma and p h l o i c  r a y s .  

Th e  p h l o i c  rays ar e  mostly  b i s e r i a t e  and r a r e l y  

u n i s e r i a t e  and m u l t i s e r i a t e  w i t h  w e l l  d i s t i n c t  u pr igh t  

and procumbent c e l l s .  The ploem parenchyma occurs  in 

n a r r o w  b an ds  w i t h  compactly a r r a n ge d  a n g u l a r  c e l l s  

w i th out  any i n t e r c e l l u l a r  s p ac e s .

O b s e r v a t i o n s  on the an ato mi ca l  t r a i t s  are 

summarised in  T a b l e  10 .  T r e e  to tr ee  v a r i a t i o n  was 

n o t i c e d  in a l l  the a nato mi ca l  p ar a me te r s  s tu di e d  as 

well  as t r ee  g i r t h .  Except  the  d i s t a n c e  between  

cambium and i n n e r  row of l a t i c i f e r s  and the mean 

d i s t a n c e  b etw ee n l a t i c i f e r s ,  a l l  the  other c h ar a c t e r s  

showed lower mean v a l u e s  in Manihot b ark  compared to 

those  of Hevea b a r k .  The t h i c k n e s s  of l a t i c i f e r  free  

zone c o n t i g uo u s  to cambium in  M.  g l a z i o v i i  was 24% more 

compared to that in H .  b r a s i 1 i ensi  s . The  av er a ge  

d i s t a n c e  between  l a t i c i f e r s  was h i g h e r  by 75% in the 

former compared to that of H e v e a .
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number of l a t i c i f e r  rows and the f r eq ue nc y  of stone

c e l l s  b etween  the bar k of the two s p e c i e s .  The mean

number of l a t i c i f e r  rows was 1 5 . 7  and 3 4 . 4  in the

former and l a t t e r  r e s p e c t i v e l y ,  and the d i f f e r e n c e  was

found to be more than d o u b l e .  S i m i l a r  s i t u a t i o n  was

a l s o  observed  in the f r eq ue nc y  of stone c e l l .  Manihot

2
b a rk  had 3 3 4 . 6 9  stone c e l l s  p er  1 cm cross  s e c t io n a l

2
a r e a ,  compared to 4 8 8 . 2 7  per  1 cm in H e v e a .

The l a t i c i f e r  rows ar e  o r i e n t e d  wi de  apart  in 

Manihot as i n d i c a t e d  by the h i g h e r  mean v a l u e s  ( 0 . 3 2 7  

mm) compared to that of 0 . 1 8 7  mm in  Hevea  b r a s i 1 i ensi  s .

4 . 6 .  Bark  m oisture

Mean f r e s h  weight  of M.  g l a z i o v i i  samples was 1 . 2  

g and the mean weight of the oven dry samples was 0 . 4 2

g .  MC content in the b ar k  was found to be 186% .

F re s h  weight and oven dry weight  of the bark  

samples of Hevea b r a s i  1 i ensi  s ar e  1 . 4 4  and 0 . 7 1  

r e s p e c t i v e l y .  The mo is t ur e  content was found to be 

1 03 % .  MC in the b a rk  of M. g l a z i o v i i  i s  83 percent  

more than that in H .  b r a s i l i e n s i s  ( T ab le  l i ) .

4 . 7 .  Bark  chlorophyll

C h l o r o p h y l l  content in the t i s s u e  of the ceara 

r ub b er  t r e e s ,  h a v i n g  green b a r k ,  i s  c o n s i d e r a b l y  h i g h e r
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T a b l e  12. C hl or op h yl l  content in the b ar k t i s s u e

Speci  es C hl or op h yl l  content 

(mg/g f r . wt )

M. g l a z i o v i i 36 . 00

(green  b a r k )

M. g l a z i o v i i 8 . 25

(wh i t e b a r k )

H .  b r a s i l i e n s i s 17 . GO



(36  mg p e r  gram fresh  w e i g h t )  compared to the tr ees

h a v i n g  w h i t e  b a rk  under  the p e r i d e r m  ( F i g .  11 C ,  D)

( 8 . 2 5  mg/g  f r e s h  w e i g h t ) .  The  reason for  t h i s

s i g n i f i c a n t  v a r i a t i o n  i s  not known.

Bark  c hl or op h yl l  in  H .  b r a s i l i e n s i s  has  been 

e st i ma t ed  as 17 mg/g f r e s h  weight  ( T ab l e  12  ) .

4 . 8 .  L a t e x  v e s s e l  turgor

The tur gor  p r e s s u r e  of M. g l a z i  ovi i was measured 

as 1 . 0  MPa ( Table  1 3 ) .  W h i l e  the tur gor  p r e s s u r e  of

Hevea  b r a s i l i e n s i s  i s  1 . 5  MPa ( But te ry  and Boatman,  

1 9 5 4 ,  1 9 5 5 ,  1 9 6 7 ;  M i l f o r d  ^  aj^. , 1 9 5 9 ;  Ra ghavendra

al ■, 19 8 4 ] ,  which is  s l i g h t l y  h i g h e r  than M.  g l a z i  ovi i .

It was  a l s o  observed that the l a t e x  v e s s e l  turgor  of M. 

g l a z i o v i i  suddenly  d e c r e a s e d  w i t h i n  5-10 m i n u t e s .

4 . 9 .  L a t e x  v e s s e l  p lu g g in g

Very s i g n i f i c a n t  d i f f e r e n c e  in p l u g g i n g  i nd ex  

(PI  I was observed  in the data  c o l l e c t e d  from L o c a t i o n  I 

and I I .  The a v er a ge  P I  of the t r e e s  in L o c a t i o n  I was 

1 6 . 7 2  w h i l e  that in L o c a t i o n  I I  was 1 0 . 9 8  ( F i g .  13 ) .  

I n i t i a l  f l o w  rate in L o c a t i o n  I was 1 1 . 2 5  ml per  

m i n u t e ,  w h i l e  that in L o c a t i o n  I I  was 3 . 5  m l / m i n u t e .  

In total  volume a l s o  marked d i f f e r e n c e  was n o t e d .  

However ,  in both the l o c a t i o n s  p l u g g i n g  i nd ex  was much



T a b l e  1 3 .  T ur gor  p r e s s u r e  of M. g l a z i o v i i  and other 

l a t i c i f e r o u s  s p e c i e s .

Speci  es T ur g or  p r e s s u r e  Source 

(MPa)

Manihot g l a z i o v i i 1 . 0 Pr es ent  study

Hevea  b r a s i l i e n s i s 1 .5 B u t t e r y  and 

Boatman ( 1 9 6 6 )  

Mi 1 f oritiet al . 
( 1 9 6 9 )

Ra ghavendra  

et a l . ( 1 9 8 4 )

F i c u s  e l a s t i c a 1 . 0 B u t t e r y  and 

Boatman ( 1 9 6 6 )

C r y p t o s t e g i a  g r a n d i f l o r a 1 . 2 Ra gh ave nd ra  

(unpub1 i s h e d )

E u p h o r b i a  p ul c h e r r i m a 0 . 8 B u t te r y  and 

Boatman ( 1 9 6 6 )

Ne ri um ol eander 0 . 6 Downtown (1981



h i g h e r  than that in H.  b r a s i l i e n s i s  ( T a bl e  14 ,  15 ) .  

O b s e r v a t i o n s  f urthe r  showed that P I  v a r i e s  from tree  to

tr ee  and l o c a t i o n  to l o c a t i o n  a l s o .

4 . 1 0 .  Y i e l d  and y i e l d  p o t e n t i a l

Dry rubber y i e l d  of ten M. g l a z i o v i i  t r ee s  in 

L o c a t i o n  I p r op a ga t ed  through v e g e t a t i v e  methods d u r i n g  

d i f f e r e n t  months in the y e a r  1992  i s  p r e s e n t e d  in T a b l e  

16. The  mean y i e l d  ranged from 2 . 5 8  g to 5 . 7 6  g ,  

o b t a i n e d  d u r i n g  the months of July  and March 

r e s p e c t i v e l y .  June-July-Augu st q u a r t e r  of the y e a r  

record ed  and a v er ag e  of 3 . 4 7  g .  Mean h i g h  y i e l d  of 

5 . 4 9  g was ob ta in ed  d u r i n g  the month of J a n ua r y ,

F e b r u a r y ,  March and December .

The c o e f f i c i e n t  of v a r i a t i o n  in y i e l d  between 

p l a n t s  i s  low ( 7 . 8  to 1 6 . 4  p e r c e n t )  whi ch  i n d i c a t e s  

that t r ee  to tree  v a r i a t i o n  in y i e l d  i s  n e g l i g i b l e ,  in 

L o c a t i o n  I .  T a b l e  16 a l s o  shows that the monthly

c o n t r i b u t i o n  to total  y i e l d  was l e s s  than 5% only 

d u r i n g  J u l y .  D u r i n g  the month of peak y i e l d  1 0 . 4 4 %  of 

the annual  y i e l d  was c o n t r i b u t e d  in  Ma rch .  December ,  

J anua ry  and F e br uar y  . had a monthly c o n t r i b u t i o n

of above 9 . 5 %  towards t otal  y i e l d .  That the se  four 

months are  r e s p o n s i b l e  for  40% of the annual  y i e l d ,  i s  

of i n t e r e s t  in commercial e x p l o i t a t i o n ,  when a p p l i c a b l e



T a b l e  14 . L a t e x  v e s s e l  p l u g g i n g  ( L o ca ti o n  I)

T ree

number

Ini  t i al  v o l .

5 minut es ( m l )

T ota l  v o l . 

(ml )

P l u g g i n g

i ndex

1 12 14 17 . 14

2 8 9 17 . 70

3 14 16 17 . 50

4 11 13 16 . 92

5 10 12 16 . 66
6 13 16 16 . 25

7 12 14 17 . 14

8 9 12 15 . 00

9 11 14 15 . 71

10 13 15 17 ,33

Mean

SE

1 1 . 3

0 . 5 7

13 .5 

0 . 54

16 . 72 

0 . 26



T a b l e  1 5 . G i r t h ,  bark t h i c k n e s s ,  volume of l a t e x  and P I  of M. 

g l a z i o v i i  in  L o c a t i o n  I I

T r ee  

No .

Gi rt h 

( cm)

Bark 

thi ck- 

ness 

(mm)

Ini  t ial  

vol .

5 minutes  

(ml )

Vol . of lat ex 

per t a pp i n g  

(ml )

PI

1 1 1 2 15 7 15 9 . 3 2

2 107 16 22 32 13 . 75

3 130 17 23 47 9 . 78

4 1 1 2 16 11 22 1 0 . 0 0
5 115 16 11 30 7 . 33

6 142 15 24 38 12 . 63

7 140 16 20 34 11 . 76

8 140 15 23 39 11 . 79

9 1 22 14 16 28 11 . 42

10 118 13 18 30 1 2 . 0 0

Mean 123 . 8 1 5 . 3 1 7 . 5 3 1 . 5 10 . 98

SE 3 . 95 0 .35 1 . 81 2 . 7 0 . 56

CV 11 . 00 7 . 2 32 . 7 27 . 0 16 . 12
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to A u g u s t ,  e s p e c i a l l y  in June and J uly  w i l l  a l s o  have 

r e l e v a n c e .  C o n s i d e r a b l y  low y i e l d  of 3 . 4 7  g was 

o b t a i n e d  d u r i n g  J u n e -July-August q u a r t e r .  Y i e l d  

p o t e n t i a l  of the tree  was c a l c u l a t e d  on the b a s i s  of 

a v a i l a b l e  t apping  days per  y e a r .  M.  g l a z i  ovi i i s  

e xp ec te d  to grow in r e g i on s  where r a i n f a l l  i s  low.  As 

such un de r  a l t e r n a t e  day t ap ping  system,  about 150 

t a p p i n g  days w i l l  be a v a i l a b l e .

A sp ac ing  .of 4 . 6  x 4 . 6  m can be c on si d er ed  as 

r e a s o n a b l e  for prop er  growth and development of M. 

g l a z i  ovi i  . Assuming  t h i s  s p a c in g  an are a  of one 

h e c t a r e  w i l l  have  a p l a n t i n g  d e n s i t y  of 479  t r e e s .  It 

is  r e a s o n a b l e  to c o n s i d e r  that about 450 trees  w i l l  be 

a v a i l a b l e  for e x p l o i t a t i o n ,  a l l o w i n g  about 30 t re es  

for  n a t u r a l  f a i l u r e s .

T a k i n g  i n t o  account the  mean y i e l d  per tr ee  per 

tap o b ta in e d  d u r i n g  each month and the r e s p e c t i v e  

number of ta p pi ng  days in a month,  the p r o d u c t i v i t y  

per  month ranges from 2 5 . 8  g p e r  tree  in J uly  to 7 4 . 8 8  

g per tre e  in March ( T ab l e  17 ) .  The  total  annual  

y i e l d  p e r  tree  a c t u a l l y  recorded  d u r i n g  1992  i s  thus 

7 0 1 . 1 9  g .  Assuming  a mature stand  of 450 tree  per 

h e c t a r e  for  e x p l o i t a t i o n ,  the,  e st ima t ed  p r o d u c t i o n  

p o t e n t i a l  i s  thus  315 kg per  h e c t a r e  per  y e a r .



T a b l e  2,7- Y i e l d  and e s ti mat ed  y i e l d  p o t e n t i a l  of M. 

g l a z i o v i i .

Month Mean y i e l d  

dry rubber

(g /t  r e e / t a p )

A v a i 1 a b l e

number of 

t app ing  

days per 

month

E s t i m a t e d  y i e l d

per  tree  per 

month (g)

J anuar y 5 . 33 13 59 . 29

F ebruary 5 . 43 13 70 . 59

March 5 . 7 6 13 74 . 88
A p r i l 4 . 89 13 63 . 57

May 4 .44 13 57 . 72

June 3 . 02 10 30 . 20

Jul y 2 . 5 8 10 25 . 80

August 3 . 81 13 49 . 53

Sept ember 4 . 9 2 13 63 . 96

Oct ober 4 . 75 13 61 . 75

November 4 . 8 5 13 63 . 05

December 5 . 45 13 70 . 85

Total 150 7 0 1 . 1 9  g



D u r i n g  the course of the e x p l o r a t i o n  for  w i l d  

germplasm of M. g l a z i o v i i , a few days o b s e r v a t i o n a l  

t a p p in gs  were done on s e l e c t e d  s e e d l i n g s  of the w i l d  

p o p u l a t i o n .  The o b s e r v a t i o n  was c a r r i e d  out d ur i n g  

F e b r u a r y  1 9 9 2 ,  when the re  was no rai n  at a l l  ( Tabl e  3 ) .  

The  r e su lt  showed an e n t i r e l y  d i f f e r e n t  perfor ma nc e  in 

L o c a t i o n  I I  (George and Re g hu ,  1 9 9 3 ) .

The volume of l a t e x  measured  for  the ten t re es  

ranged  from 15 to 47 ml w i t h  an a ver ag e  l a t e x  y i e l d  of

3 1 . 5  ml.  The v a l u e s  of bar k  t h i c k n e s s ,  g i r t h  and

p l u g g i n g  i ndex  ranged from 13 to 17 mm, 107 to 142 cm 

and 7 . 3 3  to 1 3 . 7 5  r e s p e c t i v e l y .  The av er a ge  v a l u e s  for 

t he s e  c h ar a c t e r s  were  1 5 . 3  mm, 1 2 3 . 8  cm and 1 0 . 9 8  

r e s p e c t i v e l y  ( T ab le  1 5 ) .  C o e f f i c i e n t  of v a r i a t i o n

e s ti mat ed  was h i g h e s t  for  the c h ar a c t e r  total  valume of 

l a t e x  ( 2 7 . 0 )  f o ll o we d  by p l u g g i n g  i n d e x ,  g i r t h  and bark 

t h i c k n e s s  ( 1 5 ,  12 ,  1 1 . 0  and 7 . 2 ) .  W h i l e  the dry rubber

y i e l d  in L o c a t i o n  I I ,  where the t r ee s  had a g e n e r a t i v e  

p r o p a g a t i o n  h i s t o r y ,  could not be e s t i m a t e d ,  an 

a pp ro xi mat e  assessment  can be made assuming  an a ver ag e  

d . r . c .  of 2 3 . 6 %  which  was recorded- in L o c a t i o n  I d u r i n g  

the summer months.  Bas ed  on t h i s ,  the y i e l d  per ta p pi ng  

i s  7 . 4 4  g compared to the mean y i e l d  p e r  tree  p er  tap of

4 . 5  g in L o c a t i o n  I .  Above a l l ,  of the ten t r ee s  of



comparable  growth ,  the v a r i a t i o n  in volume y i e l d  of 

l a t e x  per  tap was from 15 ml to 47 ml.  At the same

time the v a r i a t i o n  in bark'  t h i c k n e s s  d i d  not

i n f l u e n c e  the  y i e l d  much ( T a b l e  1 5 ) .

4 . 1 1 .  P r o p e r t i e s  of l a t e x

The important o b s e r v a t i o n s  on the

c h a r a c t e r i s t i c s  of l a t e x  from Manihot ar e  summarised 

in T a b l e  19,  in comparison w i t h  those  of Hevea l a t e x .  

The l a t e x  was m il ky  w h i t e  in a p p e ar an c e  as in the 

case of H e v e a . No seasonal  v a r i a t i o n  in colour  was 

n o t i c e d .  V a r i a t i o n  in  the colour  of the l a t e x  among 

the i n d i v i d u a l  t r e es  was a l s o  not o bs e r v e d .  The 

l a t e x  h as  a c h a r a c t e r i s t i c  odour which  i s  d i s t i n c t  

from that of Hevea l a t e x .  Both rod shaped and oval

p a r t i c l e s  are  seen in  the l a t e x  in br ow ni an  movement

( F i g . 1 5 ) .

The  a c i d i c  or a l k a l i n e  r e a c t i o n  of a l a t e x  i s  

u s u a l l y  measured in terms of p H.  Hevea l a t e x  i s  very  

n e a r l y  n e u t r a l  w i t h  a pH v a r y i n g  between  6 . 5  and 7 . 0 .  

Ho we ve r ,  Manihot l a t e x  h as  a s l i g h t l y  lower pH,  in 

the range  of 6 . 3  to 6 . 5  w it h  a t y p i c a l  v a l u e  of 6 . 3 5 .  

The  s p e c i f i c  g r a v i t y  of Manihot l a t e x  is  1 . 0 0 7 5  w h i l e  

that of Hevea l a t e x  i s  only 0 . 9 8 2 8 .  It i n d i c a t e s  

that the l a t e x  from Manihot i s  s l i g h t l y  h e a v i e r  than 

wa t er  w h i l e  the rubber  p r e p a r e d  from it i s  l i g h t e r  as 

i s  seen l a t e r .



T a b l e  1 8 . P r o p e r t i e s  of l at ex

Prop ert y Manihot Hevea

C olour M i l k y  wh i te  Mi l ky  whit

pH 6 . 35 6 . 80

S p e c i f i c  g r a v i t y 1 . 0075 0 . 9828

B r o o k f i e l d  v i s c o s i t y ,  Cps 51 43

T o t a l  s o l i d s  c o nt e nt ,  % 3 2 . 3 35 . 6
Dry rubber c o nt e nt ,  % 25 . 3 33 . 7

Non-rubber s o l i d s ,  % 7 . 0 2 . 9

E f f e c t  of c oagulants  

( i ) Formi c aci  d Coagulat  es Coagulat  es

( i i ) Acet i c aci d Coagulat  es Coagulat  es

( i i i ) Wat er Coagulat  es No c o ag ul a ti

Sp ontaneous  c o a gu la t io n ViJithin 7 h W i t h i n  8 h



V i s c o s i t y  of a l i q u i d  i s  a measure of i t s  

r e s i s t a n c e  to f l o w  and i s  e x p r e ss e d  in c e n t i p o i s e s .  

The  v i s c o s i t y  of Manihot l a t e x  i s  h i g h l y  v a r i a b l e  and 

i s  found to be in the range of 42-56 cps.  T h i s  i s ,

in  f a c t ,  close  to that of Hevea  l a t e x  of comparable

s o l i d s  c o nt ent .  V i s c o s i t y  of the Man i h o t l a t e x  i s  

found to i n c r e a s e  s i g n i f i c a n t l y  w i t h  s torage  and on

d i l u t i o n  wi t h  w a t e r ,  as i s  d e s c r i b e d  l a t e r .

To ta l  s o l i d s  content of Manihot l a t e x  i s  only 

in  the range of 27 to 33 p e r c e n t ,  w i t h  a t y p i c a l  

v a l u e  of 3 2 . 3  p e r c e n t ,  w hi ch  i s  lower than that of 

Hevea  . Dry rubber content of the l a t e x  i s  found to 

be much l owe r ,  in  the range of 20-26 percent  wi t h  a 

t y p i c a l  v a l u e  of 2 5 . 3  p e r c e n t .  However ,  it must be 

p o i n t e d  out he re  that the Man i h o t t r e e s  were tapped 

almost d a i l y  d ur i n g  the course of the se  

i n v e s t i g a t i o n s ,  w h i l e  Hevea l a t e x  was c o l l e c t e d  from 

t re e s  w hi ch  were tapped only on a l t e r n a t e  d a y s .  One 

of the most s i g n i f i c a n t  d i f f e r e n c e s  b etween  l a t e x  

from Hevea and Manihot i s  the markedly  h i g h e r  

non-rubber  s o l i d s  content in  the l a t t e r .  It v a r i e s  

between  6 . 0  and 8 . 0  pe rce nt  by weight  wi t h  a t y p i c a l  

v a l u e  of 7 . 0  p e r c e n t .  T h i s  i s  more than d oub le  the

v a l u e  observed  in the case  of H e v e a .

.Hevea l a t e x  i s  c o ag ul a te d  w i t h  f a t t y  a c i d s  such 

as formic a c i d  and a c e t i c  a c i d .  E f f e c t  of the se



c o a g ul a nt s  was s t u d i e d  in  the case of Manihot l a t e x .  

A l t h o u g h  the l a t e x  was found g e t t i n g  c oag ul a te d  w it h  

both  the a c i d s ,  c o a g u l a t i o n  was found not complete in 

most cases  w it h  the serum re ma ining  t u r b i d .  However ,  

it was observed  that the l a t e x  was found to c o ag ul at e  

comple tely  on k e e p i n g  for  a few minutes  a f t e r  

d i l u t i o n  w it h  w a t e r .  A l t h ou gh  d i l u t i o n  w it h  wat er  

was found to cause an i n i t i a l  t h i c k e n i n g  of Hevea 

l a t e x ,  the same was found d e c r e a s i n g  on f u r t h e r  

d i l u t i o n ,  wi th  no c o a g u l a t i o n .  T h i s  d i f f e r e n c e  in 

b e h a v i o u r  was f u r t h e r  s t u d i e d  f o l l o w i n g  changes in 

the v i s c o s i t y  of l a t e x  on d i l u t i o n  and stor ag e  and 

t he  r e s u l t s  ar e  d e p i c t e d  in F i g u r e s  16' and 17 .

B a c t e r i a l  a c t i v i t y  in l a t e x  causes  formation  of 

v o l a t i l e  f a t t y  a c i d s  w hi ch  u l t i m a t e l y  l e ad s  to 

c o a g u l a t i o n .  T h i s  is  c a l l e d  spontaneous  c o ag u l a t i o n  

w h i c h ,  in the case of Hevea  l a t e x ,  takes  p l a c e  over a 

p e r i o d  of time r an gi n g  from a few hou rs  to o v e r n i g h t .  

When both  the l a t i c e s  were  observed  s i m u l t a n e o u s l y ,  

un de r  i d e n t i c a l  c o n d i t i o n s ,  it was found that Hevea 

l a t e x  c oag ul ate d  w i t h i n  8 h w h i l e  Manihot l a t e x  in 7

h .  The  changes in v i s c o s i t y  of the l a t i c e s  d ur in g  

s t o ra g e  are  d e p i c t e d  in F i g u r e s  18 and 19 .

4 . 1 2 .  P r o p e r t i e s  of dry  f i l m  of the  l a t e x

Upon d r y i n g ,  e s p e c i a l l y  at a low temperature ,  

the e n t i r e  s o l i d s  content of l a t e x  gets  d r i e d  up i n t o



a f i l m ,  which  i s  the most i de a l  m a t e r i a l  for s tudying  

the composition  of l a t e x .  In the p resent

i n v e s t i g a t i o n s  samples of l a t e x  from both  Manihot and 

Hevea  were d r i e d  in g l a s s  p e t r i  d i s h e s  at 7 0 ° C  in an 

a i r  oven.  The  r e s u l t i n g  f i l m s  were  s u b j e c t e d  to

f u r t h e r  i n v e s t i g a t i o n s .  The  r e s u l t s  ar e  g i v e n  in 

T a b l e  19 .

The  f i lms  were coherent in  both  the cases  w it h

the colour much d ee pe r  in  the case of M a n i h o t . Both

the f i lm s  were s-emi t r an sp ar ent  ( t r a n s l u c e n t ) .  But

the  t r a n s p a r e n c y ,  measured  in terms of percent  

t r a n s m i t t a n c e  at 600 nm, was only 1 2 . 5  in the case of 

Manihot a g a i n s t  66  for  H e v e a . T h i s  s i g n i f i c a n t  

d i f f e r e n c e  might be c o n t r i b u t e d  by the p r e s e n c e  of a 

much l a r g e r  q u a n t i t y  of non-rubber  s o l i d s  in the

f o r m e r .

The n i t r o g e n  content of the whole  l a t e x  f i l m  

was found to be 1 . 7 3  per ce nt  in  the case of Manihot

as a g a i n s t  0 . 7 2  p e rce nt  in  the case of H e v e a .

N i t r o g e n  i s  c o n t r i b u t e d  mostly  by p r o t e i n s  in  l a t e x .  

The  n i t r o g e n  content can be c onverted  i n t o  p r o t e i n

content by m u l t i p l y i n g  w i t h  a f a c t o r  of 6 . 1 5 .  Thus 

the total  p r o t e i n  content of Manihot l a t e x  was found 

to be  of the  order of 1 0 . 6 4  p e rc en t  as a g a i n s t  4 . 4 3  

p e rc en t  in H e v e a . The a c e t o n e  e xt ract  of the whole



T a b l e . 1 9 .  P r o p e r t i e s  of t otal  s o l i d s f i l m

P r o p e r t y  - Manihot Hevea

A .  P h y s i c a l  chara ct eri  st i c s

Col our D ark  brovm Brown

App ea ranc e Coherant Coherant

f i l m f i l m

T r a n s p a r e n c y ,  %

t r a n s m i t t a n c e  at 600 nm 12 . 5 66  . 0
B .  Chemical  composition

A ce tone  e x t r a c t ,  % 7 . 8 3 . 96

N i t r o g e n ,  % 1 . 73 0 . 72

P r o t e i n s ,  % 10 . 54 4 . 43

Ash c o n t e n t , % 3 . 96 2 . 03

M i n e r a l s

Sodium,  % 0 . 0 3 8 9 0 . 0743

P o t a s s i u m ,  % 0 . 3 4 7 0 0 . 6 7 4 0

C al c i u m,  % 0 . 0215 0 . 018

Magnesium,  % 0 . 207 0 . 054

I r on , % 0 . 0250 0 . 0154

Ma n ga n es e ,  ppm 7 .75 T r a c e s

Copp er , ppm 0 .75 7 . 5



latex film indicates its total resin content, which 
includes fats, fatty acids, sterols, sterol esters, 

phospholipids, etc. The acetone extract of the film 
was found to be in the range of 6.25-10 percent with 
a typical value of 7.8 percent, as against 3.96 
percent for Hevea. Thus the resin content of Manihot 

latex also is much higher than that of Hevea latex.

The total mineral content of Manihot latex is 
also significantly higher as indicated by the ash 
content which is 3.95 percent as against 2.03 percent 
for Hevea . The ash was subjected to further chemical 
analysis to study the composition of the minerals in 

the latex. The results indicate that some of the 

common metallic ions are higher in Manihot while some 

others are lower, as is seen from Table 19. Thus 
manganese and iron are slightly higher in Manihot 
while magnesium is significantly higher. However, 

copper, sodium and potassium are found to be lower in 

Manihot than in Hevea.

4.13. Dry rubber properties

Dry rubber was prepared in the form of ribbed 
sheet as described in Chapter III from both Manihot 

and Hevea latices. The various properties of the dry 
rubber were measured using standard test procedures 
and the results are given in Table 20- When the



Property Manihot Hevea

61
94
78
03
26

Grade of sheet RMA :
Dirt content, % 0.22
Volatile matter, %
Nitrogen, %

Proteins, %
Ash cont ent, %
Acetone extract, %

Po 
PR I
Mooney viscosity, ML(1+4)I00°C
Gel content, %

Viscosity average molecular 
weight (Mv )
Accelerated storage hardening 
test ,

A  Po 6
Specific gravity 0.972
Minerals,

Sodium, % 0.0158
Potassium, % 0.0309
Calcium, % 0.0180
Magnesium, % 0.185
I r on , ppm . 188
Manganese, ppm 7
Copp er , ppm 0 . 3

1 
0 
5 
1 
4 
47 
64 
104 
38 .7

1.16 xlO^

RMA 2 
0 . 11 
1 . 12
0 . 39 
2 . 40 
0 . 26 
2 .91 
40 
85 
80 
62

1 . loxio'

20
0 . 964

0.0117 
0 . 0632 
0 . 0036 
0.0523 
83
Traces
Traces



sheets were graded as per the conventional visual 
grading system, the details of which are available 

in the Green Book (International Rubber 
Manufacturers' Association, 1962) , the sheets from 
Hevea were found to have RSS 2 grade, but for colour 
while those from Man i h o t belonged to RSS 3 grade. 
The difference in the grade was mostly owing to the 

less translucent nature of the sheets from Manihot. 

Colour was light (in both cases) as in the present 
study the sheets were dried in hot air. However, a 
significant observation in the case of Manihot , was 
the appearance of a white powdery deposit on the 

surface of sheets which was developed on stretching. 

The extent of powder formation was more if the latex 
was coagulated without dilution.

The degree of contamination in dry rubber is 
assessed in terms of dirt content. This was found to 

be a little higher (0.22 percent) in the case of 

Manihot . Volatile matter indicates the degree of 
dryness and this was also higher (1.61 percent) in 
Man i h o t than in Hevea (1.12 percent). The higher 
protein content of Manihot latex results in a higher 

protein content in the dry sheet rubber (5.78 percent 

as against 2.4 percent in Hevea rubber) . The 

presence of higher protein content in rubber prepared



after dilution and coagulation indicates that a major 

portion of the proteins in Manihot latex is 
associated with the rubber particles. The higher 
protein content associated with the rubber particles
might be responsible for the difficulty in

coagulating the latex fully with acids. It is also 

possible that the isoelectric point of some of these 
proteins might be much lower than that of the 
proteins in Hevea latex. As in the case of the whole 
latex film, dry rubber prepared from Manihot latex 

also has a higher acetone extract (4.26 percent as 

against 2.91 percent for Hevea), indicating that some
of the resins, at least, are associated with the
rubber phase.

The higher mineral content of Manihot rubber 

was indicated by its ash content which was 1.03 

percent as against 0.263 percent for Hevea . It is 
noticed that the ash content in the sheet rubber is 
much lower than that in the whole latex film. But 

this difference in the ash content of the sheet 

rubber and that of the whole latex film is more in 

Hevea than in Manihot. Both magnesium and iron are 
significantly higher in Manihot rubber. Sodium, 
manganese and copper are also slightly higher in 
Manihot.



Plasticity of a rubber sample is a measure of 

its resistance to deformation and is determined in

terms of the Wallace rapid plasticity number, Po. 

The higher the Po, the higher the resistance to 

deformation, and the more difficult its 
processability . Too low a value (values less than, 
say 30) are also not advisable. A Po of 47 recorded 

for Manihot rubber is well within the range recorded 

for Hevea rubber. Plasticity retention index is a
measure of the resistance of the rubber to oxidation 
and a higher value is always considered advisable.
PRI of Manihot rubber is found to be slightly lower 
compared to that of Hevea rubber. The lower PRI 

might be resulting from the higher manganese and iron 

contents of the rubber.

Hevea rubber usually undergoes hardening during 
storage. The extent of hardening is measured in 
terms of Po. In the accelerated storage hardening 

test, Po of normal grades of Hevea rubber increases 

significantly. The increase is usually of the order 
of 15-25 units. However, in the case of Man i h o t
rubber the increase in Po in the accelerated storage 
hardening test is only 6 units which is within the 

specification limits for viscosity stabilised natural 

rubber. Like plasticity, Mooney- viscosity also is a



measure of the processability of rubber, the lower 
the value, the easier the processabi lity . In the
case of Manihot rubber, M ooney viscosity is 

considerably higher. The higher iVboney viscosity is 

possibly resulting from the higher concentration of 

non-rubber constitutents in Manihot rubber. However, 
gel content (macrogel) is found to be higher for
Hevea rubber.

The viscosity average molecular weight of
Manihot rubber has been found to be 1.16 x 10^. This 

is close to the value obtained for Hevea rubber (1.10
X 10®) .

The Fourier Transform Infrared spectra of

Manihot and Hevea rubbers are given in Figures 20 and 

2 1 . These spectra are usually used to characterise 
the various chemical groups in the molecule and are 
very indispensable in the characterisation of 
polymeric materials. The spectra are found to be 

very much identical in the case of the two rubbers.

4.14. Processing properties

In order to study the vulcanization and 
reinforcing characteristics of Manihot rubber, it was 

compounded in an ASTM formulation (Table 4 ) and in 

a typical tyre tread formulation (Table .5 ). Hevea 

rubber was also compounded using the above



formulations for the purpose of comparison. The 
various processing characteristics of the mixes are 

given in Tables 21 and 22.

Mooney scorch is a measure of the tendency of a 
rubber mix to undergo premature vulcanization. A 
higher scorch time ensures longer shelf life for the 
mix. Both the rubbers are having almost identical 

scorch times in both the formulations. In the ASTM 

formulation, Mooney viscosity of Manihot rubber is 

found to be lower. A lower Mooney viscosity of the 
mix, in spite of a higher Mooney viscosity of the raw 
rubber indicates that the rate of break down was more 

in the case of Manihot . The vulcanization 

characteristics, measured using a Monsanto Rheometer 
at 150°C are also found to be identical in both the 
rubbers.

4.15. Physical properties of vulcanizates

Properties of the gum vulcanizates (ASTM lA 

formulation) are given in Table 23 and those of the 

tyre tread formulation in Table24. Hardness of the 
gum vulcanizates from Manihot rubber is noticeably 
higher. However, when black is added to the rubber 
no difference in hardness was observed. Modulus 

values are also higher in the case of the gum 

vulcanizates from Manihot rubber. In this case also 
addition of black causes the difference to disappear.



Tab!e 2 1  . Processing characteristics of gum compounds

Character i st ic Manihot Hevea

Mooney scorch at 120°C, m i n . 12 .56 11 . 33
Mooney viscosity, ML(l+4) 100°C 

Rheometric properties.

30 36

(i) Minimum torque, d.N.M. 6 5

(ii) Maximum torque, d.N.M. 43 43

(iii) Cure time, min. 13 . 5 13 . 5
(iv) Cure rate index 9 . 091 9 .52



Table 22. Processing characteristics of HAF filled 
compounds

Charact eri st ic Manihot Hevea

Mooney scorch at 120°C, min 11 . 5 11 . 12

Mooney viscosity, ML(l+4) 100°C 
Rheometric characteristics.

48 50

(i) Minimum torque, d,N.M. 8 9
(ii) Maximum torque, d, N.M. 61 71

(iii) Cure time, min 12.5 13

(iv) Cure rate index 10 .53 9 .80



Table 23. Properties of gum vulcanizates

Property Man i h o t Hevea

Hardness, Shore A 38 32
Modulus at 100% elongation. N/mm^ 1 . 12 0 .77
Modulus at 300% elongation. N /mm^ 2 .08 1.47
Tensile strength, N/mm^ 19 . 6 23
Elongation at break, % 1493 1439
Tear st rength ,kN/m 26.5 29 . 3



Property Manihot Hevea

Hardness, Shore A 64 64

Modulus at 100% elongation, N/mm^ 2 . 4 2 .54
9Modulus at 300% elongation, N/iiJiii 8 . 9 9 .25

oTensile strength, N/mm 22 . 7 26
Elongation at break, % 725 752
Tear strength, kN/m 39.6 43 .9
Resilience, % 4 6.34 50 . 94
DIN abrasion loss, mm^ 136 . 8 106 . 4
Heat build-up, AT, at 50°C 32 .5 29 . 4
Compression set, 22 h at 70°C 22 . 8 23
Crack growth resistance, kilocycles 110 88

Ozone resistance at 50 pphm ozone Crack f ormed Crack
and 40°C in 2 h f ormed

Ageing properties.
Retention of properties after ageing for 10

in 2 h 

days at 70°C
Tensile strength, % 92 .1 95 . 7
Elongation at break, % 79 .4 76 . 7
10 0% Modulus, % 134 .6 134 . 6
300% Modulus, % 119 131 . 2
Retention of properties after ageing for 3 days at 100°C
Tensile strength, % 57.3 52.9
Elongation at break, % 46 . 6 44 .7
100% Modulus, % 154 . 2 142 .1
300% Modulus, % 153 . 0 128 , 5



Tensile strength was found to be lower for Manihot 
rubber both in the gum and the filled formulations. 

As expected, the increase in tensile strength as a 

result of addition of black was not found 
significant. However, elongation was found to be 
more or less identical. Tear strength of the gum 

vulcanizate was slightly lower in Manihot. Addition 

of carbon black was found to cause significant 
increase in tear strength in both the rubbers. Even 

in the black filled vulcanizates tear strength was 
found to be slightly inferior in the case of Manihot.

Resilience is a measure of the rebound 
property of rubber and is an important basic 
character of any rubber. Results in Table24 indicate 
that Manihot rubber is less resilient than Hevea 
rubber. A lower resilience leads to higher beat 

build up and the present results confirm this. 

Compression set is again a measure of the elasticity 

of a vulcanizate. A lower set is always desirable. 
In this case also both the rubbers are more or less 
similar. Unsaturated rubbers like NR are easily 
attacked by even traces of ozone and this leads to 

cracks in rubber under strain. When the vulcanizates 

were exposed to 50 parts per hundred million of ozone 
at 40°C, as per ASTM D 518-Method B, both the rubbers 
developed cracks in less than 2 h.



Resistance to crack growth due to cyclic flexing 

was found to be higher in the case of Manihot rubber. 
However, abrasion resistance was found to be slightly 

inferior compared to Hevea rubber as is indicated by a 

higher abrasion loss.

Ageing is the process of degradation in 
properties of rubber when exposed to heat and air for 
long periods. Resistance to thermal ageing was 
measured in terms of the percentage retention in some 

of the critical properties after exposure of 

vulcanizates in an air oven at 70°C and 100°C. The 
results, as given in Table 24, indicate that ageing 
resistance of Man i h o t rubber is similar to the of 
Hevea rubber.

4.16. Ceara rubber wood

General structure

The wood of M. glaziovii is diffuse porous,
straight grained, medium coarse textured and

3moderately lovi density (400-450 kg/m ) light hardwood 

with whitish yellow colour when freshly cut and turns 

straw colour during drying. The exposed and debarked 
zone of green timber is prone to fungus infection
within two to three days after felling and then
gradually shows susceptibility to insect (borer) 

attack. However, the intensity of insect attack is



The heart wood formation is ill-distinct and the 
growth rings are absent or ill-defined. However, the 
finished surface of wood disc displays growth ring 
like structures (Fig. 22 A) which are formed due to 

the orientation of the apotracheal banded axial 

parenchyma in the form of concentric rings in 

association with the tension wood arcs on either sides 
of these bands as observed in the cross sectional view 
of the wood sections (Fig.22 B).

The wood tissue is composed of vessel elements 

(pores) fibers, axial parencyma and ray parenchyma. 
The vessel elements are medium to large and are 
distributed as solitary as well as radial multiples 
(Fig. 22 B). The vessel is characterised by its

bordered pitted walls (Fig. 23 c). Unlike Hevea wood, 

majority of the vessels of ceara wood are lacking 
tyloses in their lumen though tyloses are seldom seen 
in few vessel lumen.

The fibers are libriform and aseptate similar to 
that of Hevea wood. The fibers are short or long and 
their length is ranged from 1080-1950 m with an 
average value of 1577 m. The average width of fibers 
is 40 m within a range of 30-50 m.

Tension wood formation is a common phenomenon in 

ceara wood similar to that of Hevea wood. Tension



wood is either compact or diffuse with well developed 
gelatinous fibers, distributed as successive arcs or 

bands separated by apotracheal axial parenchyma 
(Fig. '22B). In addition to this, gelatinous fibers 
occur in discrete groups in the matrix of normal
fibers (Fig. 23 A).

The gelatinous fibers are characterised by its 
unlignified or partially lignified secondary 
cellulosic layer, usually detached from the adjacent 
well forming convoluted violet rings when stained with 
toluidine blue 'O' (Fig. 23 A). The gelatinuous

fibers are also displays a violet colouration in their 

radial (Fig. 23 B) and tangential plane (Fig. 23 C).
Neverthless, the normal fibers are lignified and do 
not possess the secondary cellulosic layer and thereby 
manifests a deep blue stainability (Fig. 23 A, C).

The axial parenchyma is apotracheal or
paratracheal in distribution and the former types
formed as wavy bands alternating with wood fibers 
(Fig. 22 B ) .

The rays are uninseriate, biseriate or 

multiseriate and heterocellular with distinct upright 

and procumbent cells (Fig. 23 C) the ray cells are 
abundant with starch grains and other reserve 
metabolites. Crystal deposites are observed in axial 
parenchyma cells (Fig. 23 D) whereas ray cells are



devoid of crystal deposits.

Wood processing

As ceara wood is susceptible to fungal and 

insect attack, attempts were made to ascertain the 
penetration capacity of water borne wood preservative.

The preservative penetration is found to be 
through and through in both ceara wood and Hevea wood.

3The mean density of treated ceara wood is 402.3 kg/m 

at 15.9% moisture whereas the density at the same
3moisture level of Hevea wood is 538.4 kg/m (Table25).

Table 25 . Density, moisture percentage and chemical
penetration of Boron treated ceara wood and 
Hevea wood.

Tree type Sample D ensi ty
kg/m3

M.C .% Chemi cal

Si 402 . 7 15.5
S2 404 .3 IB . 1

Ceara wood S3 401 . 3 15.4 Through and
through

S 4 400 . 3 15 . 7
Mean 402 . 3 15 . 9
CV 0.4 3 . 0

Si 531 . 3 15.4
S2 526 . 5 16.6

Hevea wood S 3 553 . 8 15 . 9 Through and
through

542 . 0 15 . 8

Mean 538 . 4 15 . 9



The oil content of Manihot seed kernel was 
estimated by Soxhl et extraction with n-hexam and was 

found to be 40.88 percent. The important physical 

characteristics of the oil were determined by standard 
methods and the results are given in Table 26 . .

Table 26. Physical characteristics of the seed oil of 
M . glaziovii

Physical properties

Iodine value 129.24

Saponification value 200

Acid value 1 . 95



A. Leaning growth of the trees raised 
by cuttings .

B. Spreading canopy of the vegetatively 
propagated tree •



FIG. 4



A. Young seedlings in the 
experimental plot. .

B. Early branching habit of young 
plants raised through cutting.





A. Leaves of M. glaziovii showing 
variation in the number of lobes. •

B. Early flowering and fruitset in one 

year old plant (Cutting).

C. Flowers showing colour variation. ^





CHAPTER 5  
DISC USSION



1. M. glazi ovi i in 
good laterite 
soil and good 
rainfall

2. M. glazi ovi i in 
dry granitic 
soil and low 
rainfall

3 . H . brasi 1 i ensi s 
in good laterite 
soil and good 
rainfall

Fig. 13. Latex vessel plugging in M. glaziovii in two 
agroclimatically different localities and li­
bra si lien sis



(%)

10

Jun Jul Aug
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Of the 3000 species of plants used by man for 
food and other purposes only 150 species have been 

commercially exploited for the day to day 

requirements. Now these limited numbers are further 
shortened to only 20 crop species (Randhawa, 1988). 
These high yielding varieties are now being threatened
by various virulant disease pathogens and the man-made

green house effects. This critical situation warrants 

suitable "Life Support Species" for the continuous 
supply of products. In spite of our rich flora that 
offers great promise, we are still relying only upon a 

very small fraction of the plant wealth. The need for

producing more agricultural products for rapidly

increasing human and livestock population in the 

second half of the current century necessitated 
bringing under the plough of more and more 'marginal 
lands'. It also necessitated the acceleration of 

degraded soils enrichment and fertility through 

afforestation. This has raised a serious thought to 

the concept of 'adopting plants suited to the 
environment'. Agricultural scientists are now active 
to collect, introduce and evaluate the vast array of 
underutilised plant species and also to breed for 

varieties which can well adapt themselves to the harsh 

environmental and degraded soil conditions. Their



attenpts resulted in the screening and identification of a 
large nunber of food plants, fodder and energy plants and 
industrial and hydrocarbon plants belonging to 

various agro-ecological habitats.

A great deal of interest and speculation has 
risen concerning the use of plant latex as a 
substitute for petroleum (Neilson a_l̂ . , 1977;
Calvin, 1979a, 1983; Dehgan and Wang, 1979; Maug,

1979 ). Among the other hydrocarbon plants, 

especially for NR, certain promising genotypes of 
guayule rubber, such as Arizona 2 and HG 8 were found 
to be of great potentialities. Moreover, the energy 
requirement and cost of the production of synthetic 

rubber is about 12 times more than that of NR 

(Spedding, 1981) in addition to the pollution 
hazards. A tree which can provide rubber, without 
pollution but protecting the sub-marginal lands will 
be more preferable. Calvin (1977; 1979; 1980),

Buchanan ^  a ^ . (1978a, 1978b, 1979), Wang and

Huffman (1981), Roth e_̂  a^. (1984); Maxwell al .
(1985); Mechesney and Adams (1985); Carr al .
(1986); Carr and Bagby (1987), Marimuthu ^  al . 
(1989) and several other investigators have screened 

a large number of species for fuels, hydrocarbons, 

industrial oils and other energy sources. The most 
important source of NR is H. brasi 1 i ensi s f,or -v\iiich a



suitable successor or alternative species has not yet 
been identified to take over charge in the event of a 

catastrophe. An intensive search in this line 
resulted in the identification of a hitherto not cared 
species which can thrive under hostile environments. 
Thus Manihot glaziovii has been investigated to bring 

out its hidden qualities for enlisting it as a 

prospective alternative source of NR and its merits 
and rectifiable demerits are discussed.

5.2. Morphology, propagation and diseases
General growth and morphology of M. glazi ovi i 

varies with agroclimatic conditions and propagation 
methods. When propagated through cuttings, the trees 
takes its natural course of growth leading to slightly 
crooked stem. This is due to the early branching 

habit of the vegetative cuttings, which during 

subsequent growth undergo self pruning seasonally 

leaving a single leading stem. In such plants 
girthing of the stem was found to be more than in the 
seedlings of the same age. Dijkman (1951) has 
reported the same phenomena in Hevea, where the rate 

of girthing is more after the formation of branches 

and development of crown. However, for the ease of 
tapping low branching is not advisable and all 
branches should be pruned upto a height of about 2.5 m 
leaving a healthy and clean trunk (Radhakrishna



Pillai, 1980). The bole of such population in the 
natural habitat are mostly having stout and straight 

stem. Here the wild trees are having the light spread 

canopy, which is mostly restricted to the top. The 
leaves are palmately lobed, usually with 3-5 lobes. 
However in Location II where the tree has to face a 
hostile thermal stress, showed a further lobing from 

2-7 in certain observed cases. This appears to be a 

xerothermic adaptation of the species to reduce the 

leaf area as in the case of other species growing in 
the arid regions.

Another peculiar habit of M. glazi ovii is the 
shedding of shoot and buds. One of the most important 

drought resistance mechanisms of plants involves 

reduction in transpiring surface. Thus natural 
shedding of leaves and other plant parts reduces the 
transpiring surface area during a period of soil 
drying and prevents dehydration of plants to lethal 

levels. Seedlings of 1-2 years growth show symptoms 

of leaf shedding by the onset of summer. It takes 
about a month to shed the leaves and during that 
period the growth will be arrested. After complete 

shedding of leaves, the stem remains green for another 

period, of about a month. Then it starts slow drying 
from the tip to downwards. Along with this the 
axillary buds also will be shed. The slow drying 
proceeds downwards from internode to internode. The



process is so slow that about 5-10 cm length of the 
shoot get dried in a month. When the season becomes 

favourable one of the dormant buds will sprout giving 
rise to a new shoot.

This natural adaptation of the tree is a 
continuous process through out the life span. Mature 

trees in both the locations also showed this 

character. The branchlets get slowly dried, after 
wintering. By self pruning the dried branchlets will 
be detached from the tree. The shedding of branches 

of plants of arid regions is a common drought 

resistance adaptation (Orshan, 1963, 1972). The tree

is having a ramified canopy due to its repeated 
trichotomous tranching. But through this self pruning 
mechanism, it is capable of maintaining an optimum 

canopy. Canopy control to an optimum level is a 

desirable character for a species exposed to hostile 

environments. Moreover the biomass deposits help to 

increase the fertility of the poor soil.

This is one of the characters which qualifies M. 
glaziovii as a suitable species for the dry regions.

Early flowering is considered to be a desirable 
character in crops which are meant for its seeds. 
Most of the tree species produce flowers after 3-5 
years. From the breeders' side this is a very long 

time, so that various flower induction techniques has



to be attempted. In Hevea, during the course of the 
crop improvement programmes different techniques like 

ring-barking and chemical sprayings were tried to 
induce early and off season flowering (Camacho and 
Jimenez, 1963; Cannel, 1971; Saraswathyamma, 1975;
Premakumari and Nair, 1976). But the most attractive 

habit noted in M. glaziovii is its early natural 

flowering habit. Usually March-April is the flowring 

season and fruits are formed by May-June. This 
further enables the collection of fresh seeds for 
propagation during the preceeding planting season. 
Crop improvement through breeding can be achieved 

without waiting for a long period.

Leaves of most of the deciduous trees of the 
temperate zone are shed in the beginning of summer.
Deciduous tree like H. brasi1i ensi s sheds its leaves

by January-February and refoliation takes place in a 

short period (George a]̂ . , 1967) even before the
summer months are over. But in M. glaziovii ,
defoliation starts only by January-February and the 
trees remain leafless until the summer season is over. 

However early refoliation may occur if the plant

receives sufficient pre-monsoon showers. There is 

considerable variation in annual leaf shedding in 
tropical climates because of variations in humidity



and seasonal distribution of rainfall (Kozlowski, 
1973). One of the most important drought resistance 
mechanism of plants involves reduction in transpiring 
surface, during the period of soil drying. In Brazil, 
where Ceara rubber is a native, the leaves of 

practically all deciduous trees abscise with the onset 
of a drought and are replaced when the drought ends 
(Alvim, 1964). Leaf shedding is an adaptation of the 
deciduous tropical perennials to overcome the thermal 
stress (Longman and Jenik, 1974). The considerable 

time gap between defoliation and refoliation exhibited 
by M. glazi ovi i is an adaptation of the plant to 

overcome drought stress.
2In M. glaziovii the number of stomata per 1 mm 

ranges from 510-660 and the average number observed 

is 593. The species shows a higher frequency of 

stomata compared to 411.69 in H. benthamiana, 447.76

in H. spruceanana and 465.17 in a clone of H.
brasi1i ensi s (Senanayake, 1969). Similarly the number

2of epidermal cells per 1 mm also shows a higher 

average value of 3052.

The number of stomata per unit area varies not 

only between species, but also within any one species 
due to the influence of the environmental factors. It 

was reported that more cells per unit area and more



A. Transection of wood showing gelatinous fibers with 
unlignified convoluted cellulosic layers (at 
arrow) and lignified normal fibers (at arrow head) 
X 320.

B. Radial section of wood showing gelatinous fibers 
(at arrows) and normal fibers (at arrow head) 
Stereo photomicrograph X 100.

C. Tangential section of wood showing vessel elements 
with bordered pitted walls (at arrow head) and 
rays contiguous to normal and gelatinous fibers 
(at arrows)
Stereophotomicrograph X 75.

D. Tangential section of wood showing crystal 
deposits (at arrows) in the axial parenchyma cells 
Photomicrograph (Phase contrast X 560).





A. Cross-sawn wood disc of M.
glaztovi (Ceara wood) showing
banded axial parenchyma (at

arrows) and tension wood arcs (at 
arrow heads) X

B. Transaction of wood showing
distribution of pores, apotracheal 
banded axial parenchyma (at
arrows) and distinct tension wood 
fibers (at arrow heads) X 50.





Photomicrograph (Phase contrast) 
of fresh latex of M. glaziovii 
showing rod shaped (at arrows) and 
round (at arrow heads)
particles X 2000.
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A. Tangential view of compound, 
articulated and anastomosing 
laticiferous net work. 
Stereophotomicrograph X 100.

1

B. Tangetial view of latex vessels 
with interconnetions (at arrows) X

C. Radial section of bark showing 
parallelly arranged rows of latex 
vessels (at arrows) X 130.

D. Cross section of bark showing 
distribution of stone cells (at 
arrows) and laticifer rows (at 

arrow heads). • "
Stereophotomicrograph X 12 ■* 'f,





A. The bole showing flaky rhytldome.

B. Periderm with lenticels. 
Stereophotomicrograph X 12.

C. Smooth, inner green bark showing 
parallelly arranged lanticels 
(at arrows).

D. Smooth, inner white bark.





A. Seed showing ground portion of the 

shell (at arrow) prior to sawing 
Stereophotomicrograph X 14.

B. Seedlings of M. glaziovii raised 

in polybags.

C. Polybag plants of cuttings in the 
nursery.

D. Polybag plants of seedlings in the 
nursery.





A. Wintering in M. glaziovii >

B- Stomatal distribution in the

abaxial epidermis of leaf. Photo­
micrograph (Phase contrast X 512).

C. Stomatal distribution in the
adaxlal epidermis of leaf. Photo­

micrograph (Phase contrast X 512).
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A. Shoot drying of young seedlings in 
natural habitat. «

B. Different, stages of shoot drying.

C. Shoot drying in the mature tree.





A. Seeds of M- glaziovii (X •

B. Seed showing mottlings.
Stereo photomicrograph X 14.

C. Cross section of seed showing 
thick shell and kernel.
Stereo photomicrograph X 12- .





stomata per unit area are seen in leaves of plants 
growing in dry soil and low humidity compared with 
those growing in moist soil and high humidity (Meidner 
and Mansfield, 1968).

Stomatal movements are closely affected by water 

supply to the plant. Stalfelt (1955) has reported 

that stomatal opening is closely dependent upon the 
hydrostatic pressure within the epidermium. During 
water deficit stomata gets closed due to hydroactive 

closure. Heath and Mansfield (1962) have found that 

the stomatal sensitivity to CO 2 increased enormously 

in leaves with a high water deficit. As the water 
deficit increased, the stomata became more closed and 
the C© 2  sensitivity increased progressively resulting 
in stomatal closure. This helps the plant to cutting 

down the transpirational water loss. In the case of M. 

glaziovii at the peak of water stress, the entire 
foliage is shed and the role of stomata seems to be of 
not much importance during the dry months. However, 

the high number of stomata present in the leaves of 

the refoliated tree, when sufficient water supply is 

regained, help the tree to start photosynthesis at a 

rapid rate, thereby to restore the carbohydrate 
reserves exhausted during the inactive summer season.



Propagation by seed is an important technique 

for raising agricultural crops worldwide. This method 
is of extreme importance to the propagation of woody 
plants, whether for forestry or plantation use. Seed 
is generally a low cost . method of propagation, 
compared to vegetative propagation. Moreover, rate of 

growth and ability to establish following 

transplanting is very often faster due to seedling

vigor. But there are certain limitations to 
propagation by seed. Genetic variation will be so 
high that uniformity in yield will be difficult. 
There will be difficulties in germination due to seed 

dormancy and hard seed coat. In such seeds it is 

necessary to carry out pre-sowing treatments to remove 
the hard or waxy seed coat for successful germination 
(Macdonald, 1986 ) .

The seeds of M. glazi ovi i also need

pre-treatment for efficient germination to remove a 

portion of the hard seed coat. Of the various
techniques tried, grinding a portion of the seed coat 
was found to be the most reliable method giving 72% 

germination. Acid treatment is a usual method to 

soften the seed coat of similar type seeds. But the 

shell is having a thickness of about 1 to 1.5 mm (Fig. 
7C) . Due to this thickness, the common abrasion
techniques also was found to be of no use. Among seed 
treatment techniques, light burning of the seeds was



found to gain 11% germination. In this technique, 

though the method can accelerate germination, it was 

observed that about 10% of the seeds were killed due 
to over heat .

The observations revealed that when the 
endosperm is given the opportunity to imbibe water, 

the seed germinates. The maximum germination 

percentage obtained in the grinding technique can be 
attributed to this factor. While in all the other 
cases it was observed that the shell gets 
disintegrated slowly after the treatment, allowing 
water absorption. But since these treatments have no 

uniform action on the seed coat, germination time also 

showed much difference.

Since the seed is very small in size (Fig. 7A ) 
and weigh only 0.50-0.60 g, it is very easy for 

storage and transportation. One kilogram seeds 

contain about 1750 numbers.

The seeds of M. glaziovii remain viable for a 
very long period.

M. glazi ovi i can be successfully propagated 
through vegetative cuttings also. This is a great 
advantage over the tedious budgrafting method adopted 
in the propagation of H e v e a. Joseph and Saraswathy



(1992); Ooi e1̂  al (1976;: RRIM (1964); and Webster
(1989), have explained the various vegetative 
propagation techniques such as brown budding, green 
budding, benchgrafting, etc in H. brasi1i ensi s . These 
techniques have got many disadvantages like 

stock-scion interaction (Abbas and Ginting, 1981) poor 

budding success, high maintenance cost, initial growth 

retardation, etc. In M. glazi ovi i , after the 
selection of a desirable genotype, cloning can be done 
quickly, without the intermediate stock plant. From 
the experiment it was found that brown wood cuttings 

taken from the mature trees are the best material for 

vegetative propagation. Though 20 cm log cuttings 
produced about 50% sprouts compared to 40 cm, most of 
them are shotlived. This may be due to the 

insufficiency of nutrition for the fast growing shoot. 

There is not much difference between the sprouting of 

brown and mature cuttings. However the only 
disadvantage observed in the experimental field is the 
early branching, which was discussed earlier. 
Cuttings develop trichotomous branches at an average 

height of about 150 cm. But this can be rectified by 

corrective pruning. Best result was obtained when 
cuttings are planted in punched polybags of 30 cm x 25 
cm size. The sprouted (rooted) cuttings can thus be



transplanted in the field without affecting the 
growth. This cheaper method of propagation is an added 
advantage of M. glazi ovi i .

In this context it is worth noting that the cost 
of raising a one year old polybag plant of H. 
brasi 1 i ensi s will be about five times more than that 
of M. glazi ovi i .

Various fungal diseases and pests are reported 
to attack M. glazi ovi i in the wild stand as well as in 
the cultivated fields, causing severe defoliation, dry 
shoots and bark damage (Golato and Meossi, 1971; Teri , 
1980; Teri and Keswani, 1981; Bast os and Magalhaes,
1981 Bastose ^  a]^. , 1981 ; Bastose and Flechtmann,
1985; Serier, 1988). But none of these diseases and 
pests are reported so far in India.

Secondary leaffall (SLF) is common in the rubber 
plantations (Hevea brasi1i ensi s ) throughout South
India during the months of April, May, September and 
October. Damp environments and high humidity are the 
pre-requisites for the spread of the disease 
(Ramakrishnan and Radhakrishna Pillai, 1961; 
Radhakrishna Pillai ^  aJ., 1980 ). This is the first 
report that M. glazi ovi i as an alternate host plant 
for the fungus G1oeosporium sp.



The symptoms of the disease was first observed 
in the mature trees in Location I. But the secondary 
leaf fall was not so serious to warrant any plant 
protection operation. The disease is not observed in 
Ceara rubber trees or its samplings growing in 
Location II (Mettur Hills). This might be due to the 
dry atmosphere and scanty rainfall of locality. Such 
environment is unfavourable for the growth of the 
fungus. However, it is observed that the germplasm 
brought from Location II, which are being grown in 
Location I, are found affected by the disease. In 
Location I, the spores ‘of the pathogen are plenty due 
to the extensive area planted with Hevea brasili ensi s . 
This clearly shows that M. glaziovii can be grown in 
the dry regions without being affected by SLF caused 

t>y G1 oeosporium.

The general habit and morphological features of 
the species are of a special nature, especially suited 
to the hostile environment. The morphological 
features of the bole give an appearence of a very 
rough bark, because of the flaky rhytidome. But this 
protective mechanism helps the tree a lot to escape 
from severe sunscorch. Most tree crop species need 
protective shading, white washing of the stem, thick 
mulching (Watson, 1989) and foliar sprays etc to 
overcome the summer season. But M. glaziovii never



requires any protection against sunscorch.

The seasonal defoliation of the tree helps it to 
reduce excessive loss of water during summer. Such 
trees are grouped under 'summer deciduous' plants, 
where its abscission is correlated with moisture 
stress (Addicott and Lyon, 1973 ). However, the long 
time gap between defoliation and refoliation may 
affect the photosynthetic activity of the tree.

The drought survival adaptation of the seedlings 
also shows its self defensive ability. When the 
seedling nurseries of other important crop plants need 
careful shading, mulching and watering, in M. glaziovii 
the seedlings takes a fast growth during the 
favourable season and prepare itself to face the 
stress by shedding a portion of the shoot. Romberger 
(1963) has reported that a number of woody species 
terminate a flush of shoot growth by abortion and 
abscission of shoot tips rather than by formation of a 
terminal bud enclosed in bud scales. Thus it is 
evident that the cost of cultivation and maintenance 
of M. glaziovii trees will be considerably low, when 
compared to the expenses to be incurred for other crop 
speci es .

Early flowering habit, coupled with simple 
vegetative propagation facilities offer great chances



5„3. Bark structure

Bark anatomical investigations of a latex 
bearing tree is of much importance as the 
productivity is mainly based on the laticiferous 
system present in the bark. 'Bark' is a
non-technical term that describes all tissues 
exterior to the vascular cambium (Esau, 1965; 
Srivastava, 1964), comprising of epidermis, cortex, 
primary phloem and the complex secondary phloem 
tissue (Kozlowski, 1971). The outer bark in a mature 
tree is an aggregation of dead tissues cut off by the 
periderm or rhytidome (Eames and Me Daniels, 1947; 
Esau, 1955). The remaining living tissues of the 
bark, phloem and the phellogen and phelloderm, are 
collectively termed as inner bark (Eames and Me 
Daniels, 1947; Whitmore, 1963). The functional 
laticiferous tissue of a latex bearing tree is 
concentrated in the inner living bark tissue in 
association with other secondary phloem elements.

Bark can be classified into smooth bark, 
furrowed bark, scale bark, ring bark and winged bark 
based on their appearance, texture and external 
morphology (Borger, 1973). M. glaziovii is a smooth 
barked tree characterised by a superficial periderm 
layer with flacky rhytidome and horizontally



elongated lenticels. The hard and waxy analogue of 
the peelable periderm/rhytidome is an additional 
feature of Man i h o t bark which in turn protects the 
tree against intense evaporation and thereby helps to 
retain moisture content in the bark (George, 1993). 
The high moisture content of Manihot bark reported 
elsewhere confirms this, indicating the drought 
resistant adaptation of this tree species.

It has already been proved that majority of the 
species forming periderm also form lenticels (De 
Bary, 1984; Esau, 1965; Eames and Me Daniels, 1947). 
Lenticels of Manihot bark are multi-layered and made 
up of loosely arranged complementary cells with 
intercellular spaces. Such numerous airfilled 
intercellular spaces associated with the lenticels in 
Manihot bark may provide thermal insulation and 
protect the cambial zone from rapid termperature
changes as suggested by Cooke (1948), Hare (1965), 
Martin (1963) and Stickel (1941) in various smooth 
barked angiosperm species. This type of bark 
characteristics of Manihot glazi ovi i can also be 
considered as an adaptability of this tree species to 
drought and other hostile environments.

The internal structure of Manihot bark is more 
or less similar to that of Hevea bark. However,



structural variation has been noticed with respect to 
certain characteristics.

The hardness of bark depends on the quantity of 
sclerified stone cells present in the outer bark zone 
and the nature and development of stone cells have 
been received much attention in relation to tapping 
(Bobilioff, 1919; Gomez, 1982). The less frequent 
stone cells in the outer bark zone of Man i h o t when 
compared to that of Hevea bark reveals that the 
former is softer than the latter whereby tapping can 
be done smoothly. Moreover, the alignment of stone 
cells, in the outer zone of Manihot bark is more or 
less in lines alternating with laticifers without 
disturbing the continuity of most of the laticifers 
unlike in Hevea bark where the stone cells are 
distributed randomly making the laticifers present in 
the outer zone of the bark discontinuous. Because of 
this feature more laticifers in Manihot glazi ovi i are 
functional in nature.

The quantity of laticiferous tissue produced 
by a tree depends not only on the number of laticifer 
rows but on the number (density) of latex vessels 
within a row also (Gomez, 1982). Mendonca and Maria 
Silvia de (1992) have reported that the distribution



of laticiferous vessels and their density are greater 
in the liver bark (soft bark) of M. glazi ovii. The 
present study also showed the maximum distribution of 
laticifers in the soft bark zone. In this study the 
total number of laticifer rows of Man i h o t bark is 
considerably lower than that of Hevea bark and the 
difference between them is more than 50%. Similarly 
the density of latex vessels per row per 1 mm 
circumference of the tree is also found to be lower 
(28.5) in Manihot bark in comparison with that of 
Hevea bark (33.72). The low mean values of these two 
characters in Manihot glazi ovi i may be some of the 
reasons for the low yield of this species. The lower 
mean values of the thickness of bark in Manihot also 
may be a factor which limits the number and density 
of laticifer tissue in the species.

The diameter of latex vessels plays a 
significant role on the rate of flow of latex during 
tapping (Frey-V7y ssling, 1930; Riches and Gooding,
1952). Ashplant (1927, 1928) observed a good
correlation between diameter of latex vessels and 
yield in Hevea brasiliensis. The mean diameter of 
latex vessels of Man i h o t glaziovii in the present 
study, is 14.15ptn indi cat ing that the latex vessels 
are narrower in the former which in turn also results 
in low latex yield. However, the interaction of the



physiology of latex flow, length of tapping cut, the 
rate of late flow etc. are considered to be the major 
factors directly or indirectly related to the latex 
yield suggested by De Jonge (1969a, b). Southern and 
Gomez ( 1970 ) in Hevea brasiliensis . In this context, 
the results of the earlier studies conducted by Gomez 
et al . (1972), Narayanan aĵ . (1973, 1974); and Ho
et al . (1973) in Hevea brasiliensis also deserves
much attention and consideration. The bark 
anatomical traits which are contributing yield and 
productivity of M. glaziovii can be improved through 
crop improvement and breeding programmes. However, 
the relation between the anatomical parameters and 
latex flow and thereby latex yield needs further 
detailed investigations.

Considering the effeciency of tapping the 
distance between cambial zone and the inner row of 
secondary laticifers play a major role. The tapping 
is done in such a way that the tapping cut should not 
wound the cambial cells. Usually the tapper is 
advised to exploit the bark up to a depth leaving 
about 1 mm residual bark close to the cambium. In 
Hevea brasi1i ensi s the residual bark left untapped 
during exploitation leaves about 40% of the 
laticifers left uncut. The efficiency of tapping



and the desirable depth of tapping cut without 
wounding the cambium and the percentage of 
laticiferous tissue to be left uncut etc., have not 
been ascertained in M. glaziovii so far. However, 
these are vital aspects to be considered for 
commercial exploitation of the species. The present 
study on the structure of bark of this species
reveals that the thickness of latex vessel free zone 
continuous to cambium in M. glaziovii is about 4.2% 
of the total thickness of bark whereas it is only 
about 3.06% in Hevea b ra si 1 i en si s . This clearly 
indicates that the percentage of laticifers left 
uncut during tapping is minimal in M. glazi ovi i
thereby maximum exploitation of latex is possible 
without wounding cambial layer. It has already been 
reported by De Jonge (1969 a, b ) that deep tapping so 
as to severe maximum number of laticifers will be 
more effective for increasing yield in Hevea. In 
Manihot however, the situation need not held true as 
the residual bark will not contain many laticifers.

The study on the average of the distance
between laticifer rows in M. glazi ovi i (0.327 mm) and 
that of H. brasili ensi s (0.187 mm) indicated that the 
laticifer rows are less closer in the former. It has 
already been established that the formation of



laticifers is a rhythmic process and are
differentiated from the fusiform initials of the
vascular cambium (Panikkar, 1974)). The laticifer 
initials produced by the fusiform initials lead to 
laticifer formation, whereas other cells
differentiated from fusiform initials lead to the
formation of sieve elements and other phloic tissues. 
Hence the increase in the distance between laticifer 
rows in M. glazi ovi i may be due to the decrease in 
the rate of laticifer initial differentiation. The 
reduction in the number of laticifer rows in M.
glazi ovii also helps to confirm this result.

In drought affected regions many species shed 
their leaves when stressed for moisture as an
adaptation to prevent water loss through
t ranspi rat ion .

M. glazi ovi i is a deciduous species, which 
shows a prolonged leafless period. The plant grows 
in the dry rocky areas where moisture stress will be 
very severe. Under such circumstance, the tree 
retains certain amount of water by means of moisture 
conservation in the bark.

M. glaziovii latex contains an average of 30% 
total solids. The remaining portion is mainly water. 
During tapping, along with each ml of latex 70% water



is likely to drain from the trees. While in H. 
bra si 1i en si s the latex contains about 60% of water. 
The summer yield of latex in M. glazi ovi i is 
comparatively more and the drainage was found not 
affecting the tree during the period of the 
experiment. This again gives a point for further 
investigation on the adaptation of the species 
against stress conditions. But after removing the 
periderm, the exposed bark dries quickly. Hence for 
tapping a careful removal of the periderm is needed 
(for which a special knife is required for the easy 
operation and it was designed and developed during 
the course .of the inv est igat i on((Fi g . 3C}̂

The species M. gl azi ovi i is highly tolerant to 
prolonged drought and thrives well at high 
elevations. Certain drought resistant adaptations of 
the tree have been discussed earlier. The soft bark 
beneath the periderm conserves considerable 
percentage of moisture. Another peculiarity observed 
is the presence of chlorophyll in the bark. 
P redom inftnt ly green and yellowish white are the two 
types of bark observed in M. glaziovii . In this 
study a 200 percent higher level of chlorophyll 
content was observed in the green bark of M. 
glazi ovi i (Table 7) compared to Hevea bark. The



green bark is usually seen on the side of the stem 
facing sunlight. Appreciable photosynthesis of 
branches and bark often occurs in drought deciduous 
plants of arid regions (Jaezer, 1955; Pearson and 
Lowrence, 1958).

The pioneering work on the role of bark on 
phot osynthat e production was done in Aspen (Populus 
sp .) in the late 1950's (Jaeger, 1955; Pearson and 
Lowrence, 1958 and Edlin, 1975). They observed that 
the chlorophyll content in the bark start increasing 
at the onset of wintering. They also established the 
accumulation of photosynthate resultant of the 
activity of bark chloroplast. Some population of
aspen have bark of yellow-green colour in content 
with the more familiar powdery white bark. Cottam 
(1954) has observed that the Aspen tree with greenish 
bark are found at high elevations and well adapted to
the stress due to cold and summer.

The role of high percentage of chlorophyll in
the bark needs further investigations.

5 .4 .  ^ ie ld  influencing factors and! yield

Natural rubber is the most important economic 
product of the rubber yielding species. In species 
like Parathenium argentatum, the method followed for



mechano-chemical. This method will have to be 
considered for extraction of rubber in laticiferous 
herbs also if and when such species are considered as 
potential alternative sources. In tree species,
however, the latex is contained in the specialised 
tissue system mostly confined to the bark. Both in 
H . brasi1i ensi s and in M. glaziovii where the rubber 
containing latex is synthesised in the specialised 
articulated anastomosing laticifers. Latex can be 
collected by different types of cuts and pricks. The 
widely adopted method of tapping in H. brasi1i ensi s , 
consists of controlled wounding at specified
intervals so as to open the latex vessels. This
method is equally applicable in the case of M. 
glaziovii .

Duration of latex flow and total yield of latex 
collected on each tapping are influenced by various
physiological and biochemical factors. In H. 
brasi 1 i ensi s latex vessel turgor (?lv  ̂ latex
vessel plugging (PI) are the two major factors 
reported to influence yield (Sethuraj, 1981)).

Other factors like number and diameter of latex 
vessel rings are also influencing the yield. Since 
the anatomical features of the bark of M. glazi ovi i



are more or less similar to those of H. brasiliensis 
the above factors may be of much relevance.

Turgor pressure of the laticifers is an
important factor influencing the flow of latex. The 
laticifers are quite turgid in vivo, but keeping an 
equilibrium with the adjacent tissues. Opening of 
the laticifers results in the release of turgor 
pressure. Thus latex exudation is a pressure flow 
phenomenon. Gradually the flow stops because of the 
gradual reduction in pressure as well as flocculation 
and sealing of the cut ends of the laticifers. 
Boatman (1966) and Southern (1969) have further
explained the reasons for the cessation of latex flow 
in Hevea . When a cut is made on the bark of the
laticiferous tree, latex flows out quite rapidly, 
because of the very high turgor pressure in the 
laticifers (Buttery and Boatman, 1964; Raghavendra 
a l ., 1984). The rapid initial flow is also due to
the elastic contraction of the walls, as the fluid
cellsap of the laticifers is expelled after a sudden 
release in their turgor (Boatman, 1970; Buttery and 
Boatman, 1976; Gomez, 1983; Southern, 1969). As the 
turgor pressure falls to low levels, further flow of 
latex will be slowly limited. The turgor pressure of 
various laticiferous plants were studied by different



MPa) in H. brasiliensis and low (0.6 MPa) in Nerium 
oleander. M. glaziovii recorded a mean PLV of 1 MPa 
which is less than that in H. brasiliensis where the 
maximum Pĵ y reported is 1.5 MPa. Turgor pressure is 
an important factor which is easily influenced by the 
water relations of the plant (Buttery and Boatman,
1964; Gomez, 1983; Pakianathan aj^. , 1989). Though 
the initial flow rate is high in M. glaziovii it 
decreases rapidly and the flow ceases in about 10 to 
20 minutes. While in H. brasiliensis the flow is 
prolonged to about 2-2.5 hours giving a high total 
volume. It is evident that the latex vessel turgor 
pressure is active only for a few minutes in M.
glaziovii . Buttery and Boatman (1967) found that 
turgor pressure is a clonal character and varies from 
clone to clone. In the wild seedling trees of M. 
glaziovii this variation has been observed. hence
there is scope for improving the duration of latex
flow through breeding and clonal selection.

A general concept on latex flow was proposed by 
Ariz (1928), Frey-Wyssling (1932) and Gooding (1952 
a and b) on the basis of their studies conducted in 
Hevea . It was further modified with the evidence 
that latex flow is blocked by plugging of latex



vessels after tapping (Boatman, 1966; Buttery and 
Boatman, 1967). A physical plug forms near the cut 
end of the latex vessel and blocks further flow of 
latex and finally the exudation completely stops 
(Boatman, 1966; Southern, 1969). The total yield of 
a latex yielding tree is thus determined by the 
initial rate of flow and the rate of plugging. The 
PI may be changed by environmental stresses, 
especially water stress and exploitation techniques 
(Raghavendra , 1991). In M. glazi ovi i a high plugging 
index is recorded in the location where soil moisture 
was more due to distributed annual rainfall. Ideal 
soil and good rainfall are totally unsuitable to 
ceara rubber (Wickham, 1908). Whereas Hevea performs 
well only in such conditions. Prolonged severe soil 
moisture stress and high summer temperaturr are the 
major environmental constraints for growth and 
productivity of para rubber. Effects of these 

adverse conditions on growth of Hevea (Sethuraj 
a] 1989; Bhaskar ^  aj^. , 1990) and effects of
extreme stress conditions on yield and yield 
components etc. are well studied (Gururaja Rao 
al . , 1988; Devakumar 1988; Vijayakumar ^

al., 1988). Though the initial floW rate is satisfactory

for the first five minutes in M. glaziovii, it contributes 
little to the total volume of latex. In M . glaziovii



unlike in Hevea the flow stops within 10 to 20 

minutes and spontaneous coagulation takes place 
blocking the latex vessels. This flow restriction 
mechanism is due to certain particles contained in 
the latex, which in turn influence plugging. 
Detailed investigations on the physiology of latex 
flow in M. glazi ovi i are needed to find out the 
components responsible for high latex vessel plugging 
and spontaneous coagulation.

The physiological basis of yield potential of 
high yielding and low yielding clones of Hevea had 
been studied by Sethuraj ^  al̂ . (1973). It was found 
that the initial flow rate was positively correlated 
with yield and the plugging index was negatively 
correlated. With this view point the high PI and low 
yield of M. glaziovii can be interpreted in another 
way. When tapping is done, the flow of latex is 
rapid, but the latex on contact with the humid air, 
starts forming a film of coagulated latex. This film 
formation continues resulting in total coagulation of 
the naturally thick latex. This peculiarity was 
observed in the latex collected. That the latex in 
M . glazi ovi i coagulates on adding water strongly 
indicates that water or humidity play major role in 
the spontaneous coagulation. This is in sharp



contrast to the nature of latex in H. brasi 1 i ensi s 
where coagulation takes place only with the help of a 
coagulating agent, the commonly used ones in 
commercial practice being dilute formic acid or 
acetic acid.

The latex vessel rows also influence yield. In 
Hevea, the correlation analysis between the rows of 
latex vessels and yield and between the rows of latex 
vessels and initial flow rate, showed that the number 
and rows of latex vessels were positively correlated 
with both yield and the initial flow rate. In M. 
glazi ovi i however the latex vessels apparently are 
not influencing PI, but contributes towards initial 
f 1 ow rat e .

Beaufils (1957) and d'Auzac (1960) have 
investigated the reasons for premature coagulation of 
latex at the tapping panel and reported that it is 
associated with high magnesium content and Mg/P 
ratio. It has been observed that Hevea clones with 

low P/Mg ratios in latex have a tendency for higher 
plugging index (Yip and Gomez, 1980). Magnesium 
content of 2280 ppm estimated in the fresh latex of 
M . glaziovii may be one of the major reasons for the 
spontaneous coagulation and low yield.



Y i e l d

The dry rubber recovered from the latex exuding 
out on tapping is the true measure of the 
productivity. In the ceara rubber tree, productivity 
is dependent on many factors. Of the several factors 
influencing the total quantity of dry rubber, volume 
of latex obtained on tapping, the dry rubber content 
of the latex, girth and bark thickness of the tree 
and the environmental condition to which the-tree is 
exposed to are important. Above all, the genetic 
constitution of each individual genotype is all the 
more important. The extent and nature of the 
laticiferous tissue, especially of the bark, are also 
factors which govern productivity.

The data generated from the present study bear 
ample testimony to the potentialities of M. glaziovii 
as an alternative source of NR and also point out to 
the vast scope for productivity improvement through 
conventional genetic recombination and selection. It 
has to be remembered in this context that almost 
exclusively NR of commerce is obtained from a single 
species, H. brasi1i ensi s and also that little 
attention has been given to M. glaziovii either in 
India or abroad. As such the stage which M. 
glaziovii now has can be compared with the 
pre-commercialisation status which H. b rasi1i ensi s 
had during the latter half of the 19th Century.



That vegetative means as can be assumed, is an 
effective method of propagation and establishment of 
a more or less uniform population of M. glaziovii, 
las immense significance and potentialities. The 
■nean monthly yield of the trees, in Location I, which 
are resultant of propagation through cuttings 
exhibited only a narrow range from 4.19 to 5.59 g per 
tree per tap. The coefficient of variation in yield 
between plants is low (7.8 to 16.4 per cent) which 
indicates that the tree to tree variation in yield is 
negligible. Monthly variation in yield also followed 
the same trend. The mean yield ranged from 2.58 g 
recorded during the month of July to 5.76 g per tree 
per tap obtained during March. The quarter June to 
*\ugust showed the period of lowest production, the 
/ield of rubber per tree per tap being only 3.47 g.
rhe period December to March v/as the high yielding
season, the mean yield per tree being 5.49 g per tap 
(Table 14). The quarter June to August, which 
recorded considerably low yield, enjoyed maximum 
precipitation. The total rainfall obtained during 
this period was 2563 mm, distributed in 82 raining 
days. The relative humidity was also high during
this p eri od.

In the case of M. glaziovii only July, June, 
August and May recorded in order; a production less



than that of the mean monthly production during the 
year. This is in sharp contrast to the situation in 
the para rubber tree H, brasi 1i ensi s , where all the 
months from February to August recorded a production 
less than that of the monthly average (Rubber Board, 
1993). The production was minimum during February 
followed by March, June, July, April, August and May 
in order. The monthly contribution trends towards 
annual dry rubber yield in M. glazi ovi i and H. 
brasi 1 i ensi s are presented in Fig. 14 and Fig. 24 
respectively. NR being a vitally strategic 
industrial raw material, steady assured supply round 
the year is always welcome. In a situation where 
proper package of practices for M. glazi ovi i is 
developed and the species cultivated on a commercial 
scale, the low production from one during a 
particular part of the year can be compensated by the 
comparatively high production from the other on a 
complementary basis.

Compared to the more or less uniform population 
in Location I, the standing trees in Location II were 
highly variable in nature. M. glaziovii is a cross 
fertilised species, with a long life cycle. The 
species is thus highly heterozygous because of the 
breeding behaviour and seed propagation under natural
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F i g .  2 4 .  Monthly contribution  (% I  towards annual dry 
rubber y ie l d  in  H .  b r a s i l i e n s i s



condition. While the mean DRC of the latex from the 

trees of Location I and II did not differ much, being 
23.6% in the former and 23.44% in the latter tree to 
the variation was very vide in Location II. Variation
in DRC ranged from 21.7 to 25.7 in the first Location.
Compared to this variation in the other location was 
from 15.0% to 33.1% with 60% of the trees having a DRC 
less than the mean of the population. Dry rubber 
yield and volume yield of latex also showed the same 
trend. These observations clearly show that the 
population of M. glaziovii in Location II are having 
high genetic variation. Compared to the limited 
germplasm resources available in H. brasili ensi s in 
the early part of genetic improvement programmes 
(Schultz, 1977; Swaminathan, 1977; Panikkar e;̂  al . , 
1980 and Annamma, 1992), the germplasm resources of M.
glaziovii available within the country at present is 
very rich. Volume of latex and the dry rubber it 
contains are important factors governing dry rubber
yield (Sethuraj, 1968, 1977, 1992; Sethuraj and Usha,
1980). In Location II, 2% of the population
contributed to 27.8% of the total rubber yield of the 
population. Serier (1988) has reported that 1% of the 
trees in a population of M glaziovii was outstanding. 
These observations open out the immense scope for



genetic improvement in M. glazi ovi i by judicious 
planning of parental combinations and vegetative 
propagation of the highly promising recombinants.

The average productivity of the M. glaziovii 
population in Location I was estimated to be 701.19 g 
per tree per year (Table 15). Considering a stand of 
450 trees per hectare, this works out to an estimated 
productivity of 315 kg dry rubber per hectare. 
Genetic improvement of the species and adoption of 
scientific methods of cultivation can improve 
productivity substantially has been clearly 
established in the case of H. brasi 1 i ensi s . The 
productivity was only 284 kg per hectare per year in 
1950-51, which improved to 1154 kg during 1992-93 
(Rubber Board^ 1994) during a span of less than 50 
years. Carefully planned tree improvement programme, 
if implemented scientifically, can be expected to 
result in the identification of superior genotypes in 
M. glaziovii as well in a reasonable span of time.

The uncared seedling genotypes of M. glaziovii 
in Location II amounts to around 2000 seedling trees. 
Even the observations of a few randomly selected 
seedling trees have indicated an yield variation from 
4.21 g per tree per tap to 10.55 g tree per tap. In 
the case of volume yield the range has been from a



lowest of 15 ml per tap to 47 ml. In the case of drc 
the minimum recorded was 15.0%, the maximum being 35.5 
percent. Systematic observations of the population, 
based on factors like total volume, dry rubber 
content, tree girth, etc, which directly influence 
yield can be thought of as a means of identifying 
superior genotypes in this wide range of genetically 
different tree population. That propagation by 
cuttings can easily be adopted, the time involved in 
bringing out potentially promising selections can be 
drastically brought down. During the early phase of 
the cultivation of the para rubber tree, 
identification of elite trees form among genetically 
divergent seedling populations and establishment of 
primary clones had paid rich dividents (Dijkman, 
1951). In fact this method of ortet selection is even 
nov/ adopted for establishment of location specific 
cultivars in H. brasi1i ensi s in almost all NR research 
institutions.

5 . 5 .  C h a r a c t e r i s a t i o n  of l a t e x  and rubber  

P r o p e r t i e s  of la t e x

Like most colloids latex from gl azi ovi i is white 
in colour and its general appearance is similar to 
that of Hevea latex. At least in the latex stage the 
non-rubber constituents in Manihot latex are not found



influencing its colour. No significant variation in 
colour was observed among the individual trees.

The viscosity of a liquid is a measure of its 
resistance to flow. Manihot latex is having a 
viscosity in the same range as that of Hevea latex. 
Generally viscosity of a rubber latex increases with 
its rubber content (Blackley, 1966). However, in the 
present case Manihot latex is found having a slightly 
higher viscosity in spite of a lower rubber content. 
It is believed that the comparatively higher viscosity 
of Manihot latex is contributed mostly by its higher 
non-rubber content.

Specific gravity of Manihot latex is very nearly 
unity. However, compared to Hevea latex this is 
slightly higher, in spite of the fact that the 
specific gravity of dry sheet rubber prepared from 
Manihot latex is very close to that of Hevea rubber. 
It may also be noted that the drc of Manihot latex is 
lower. It is therefore inferred that the higher 
specific gravity of Manihot latex is contributed by 
the presence of non-rubber constituents.

Both total solids content and dry rubber content 
are found to be lower in the case of Manihot latex. 
However, it may be noted that the Manihot trees were 
tapped almost daily during 1993 for these
investigations, while the Hevea trees were tapped only



on alternate days. Tapping intensity has been 
reported to be one of the important factors 
contributing to the solids content of Hevea latex 
(Jacob ^  a]^. , 1989 ). One of the most significant
differences between latex from Hevea and Manihot is 
the markedly higher non-rubber solids content in the 
latter. This is found to be more than double the 
value obtained in the case of Hevea. It must be 
pointed out here that the actual non-rubber solids 
content of the latex is much higher than the values 
shown in Table 18, as the drc film obtained from the 
latex still contains substantial quantities of 
non-rubber constituents.

The non-rubber solids content of the Manihot
latex comprises mostly proteins, resins and minerals.. 
Proteins and resins are associated more with the 
rubber particles as is indicated by the substantially 
higher protein and acetone extractable content of the 
sheet rubber (Table20). The size of rubber particles 
in Manihot latex has been reported to be in the range 
of 600-1800 A as against 1000-15000 in the case of 
Hevea (Stavely a]^. , 1961). The lower average
particle size causes association of a higher 
non-rubber content with the rubber phase as the 
non-rubber solids are forming a protective layer over 
the particle surface.



Although Manihot latex is coagulated by formic 
acid and acetic acid, coagulation is not found 
complete, with the serum remaining slightly turbid. 
It is probable that the higher protein content of the 
latex is responsible for the incomplete coagulation by 
acids. It is also probable that the isoelectric point 
of the proteins in Man i h o t latex is lower than that 
of the proteins in Hevea latex. As the latex is 
coagulated by acids, it is inferred that the particles 
in Manihot latex are negatively charged.

Manihot latex is found to undergo spontaneous 
coagulation as in the case of Hevea latex. 
Spontaneous coagulation is caused by the action of 
bacteria on the carbohydrates in latex. It is found 
that spontaneous coagulation takes place in Manihot 
latex almost at the same rate as in Hevea latex. 
Spontaneous coagulation of latex could be followed by 
changes in viscosity. Figures 16 and 17 show the 
changes in viscosity during storage of Man i h o t and 
Hevea latices respectively. The figures indicate that 
spontaneous coagulation is a slow process and takes 
place over a period of 7-8 h.

A very significant observation is the 
coagulation of Manihot latex upon dilution with water. 
Diluted latex, upon storage, rapidly thickens and 
finally forms of a lump of coagulum. In the case of



Hevea latex also dilution with water causes an 
increase in viscosity initially which disappears on 
further dilution. It is known that when latex is 
diluted, the lutoids burst releasing their content 
(B-Serum) which consists of an acid serum enriched 
with divalent cations (Ca^^ and Mg^^) and cationic 
proteins. B-serum is thus capable of provoking 
formation of microflocs of rubber particles (Southern 
and Yip, 1968) causing the viscosity of latex to 
increase. It is probable that the lutoid content of 
Man i h o t latex is much higher and that its B-serum 
contains sufficient cationic proteins and divalent 
cations to cause complete coagulation of latex. The 
fact that Man i h o t latex contains a substantially 
higher magnesium and calcium supports this. It is 
also seen from Table 20 that the concentration of 
magnesium and calcium in the dry sheet rubber from 
Manihot latex is very close to those of the total 
solids film. This clearly indicates that both 
magnesium and calcium are getting chemically linked to 
the rubber particles on coagulation, further 
supporting the conclusion that coagulation of Manihot 
latex is resulting from the action of divalent metal 
ions released into it by the bursting of the lutoid 
particles on dilution.



The total solids film, prepared by drying the 
latex, is the right material for studying the chemical 
composition of latex. The film obtained from Manihot 
latex is found to be coherent, as in the case of Hevea 
latex. The colour of the film was, however, found to 
be much darker in the case of Manihot. It was also 
found to be less transparent. Both these differences 
are contributed by the higher non-rubber content of 
Manihot latex.

The chemical composition of Manihot latex is 
significantly different from that of Hevea latex. The 
difference is clearly observed with respect to the 
protein and resin contents. The total mineral content 
of Manihot latex also is higher than that of Hevea 
latex. The mineral composition is also different. 
One of the important observations is that copper 
content is much lower in Manihot . This might be 
caused by the fact that no copper based fungicide was 
applied for Manihot. The most significant difference 
between the two latices is the concentration of 
magnesium, which is almost four times its 
concentration in Hevea latex.
P r o p e r t i e s  of dry rubber

Table 20 summarises the properties of sheet 
rubber prepared from the two latices. When graded by



the visual grading system the sheet prepared from 
Manihot latex was found to belong to RMA 3 while that 
from Hevea latex RMA 2. The difference in the grade 
was mostly due to its darker colour and lower 
transparency. Thus the presence of higher non-rubber 
constituents causes downgrading of Manihot rubber, 
unless adequate precautions are taken to remove most 
of the non-rubber constituents while preparing sheet. 
Dirt content was found to be slightly higher in 
Manihot rubber. As both the sheets were prepared 
under identical conditions of sieving and 
sedimentation, the higher dirt content could be 
resulting from the higher viscosity of the latex after 
dilution which causes the sedimentation process 
slower. It is also possible that some of the proteins 
and resins in the rubber get precipitated and form 
part of the dirt content.

The appearance of an off-white powdery deposit
on the surface of sheet, subjected to stretching, is 
also caused by the non-rubber constituents in the
Manihot rubber. This fact is confirmed by the fact 
that the intensity of the deposit decreases with
higher dilution of latex before coagulation and 
thorough washing of the wet sheet .

A substantial portion of the proteins in the



hence even after conversion of latex into sheet 
through coagulation, about 45 percent of the original 
protein content is found retained in the rubber. This 
is found to be to the same extent in both the rubbers. 
However, as the original protein content in Man i h o t 
latex is much higher, a proportionately higher protein 
content is observed in the sheet prepared from it.

Ash content of Man i h o t rubber is found to be 
higher than that of Hevea rubber. But it is 
substantially lower than that of the total solids 
film. This shows that a major portion of the mineral 
matter is remaining dissolved in the serum and are 
removed during preparation of sheet rubber. A closer 
examination of the results indicate that the 
percentage retention of ash in the sheet rubber 
(compared to that of the total solids film) is higher 
in Manihot (26 percent) than in Hevea (12.8 percent). 
This indicates that more mineral constituents are 
associated with the coagulum in the former than in the 
1 at t er .

PRI is a measure of the resistance to oxidation 
and this is found to be significantly lower in the 
case of Manihot rubber. Lower PRI is usually 
attributed to the presence of proxidants like copper, 
manganese and iron (Watson, 1959). The lower PRI of



Manihot rubber is believed to be due to the higher 
manganese and iron contents. It is also possible that 
the natural antioxidants are less in Manihot rubber or 
those which are present, are less effective.

Results from the accelerated storage hardening 
test indicate that Manihot rubber possesses constant 
viscosity character. When Hevea rubber is stored, its 
viscosity is found to be increasing. This phenomenon 
of storage hardening is known to involve carbonyl 
groups in rubber, since hardening is almost fully 
suppressed by the addition of reagents that could 
block carbonyl groups (Wood, 1953; Sekhar, 1962). The 
fact that the plasticity of Manihot rubber does not 
increase significantly during accelerated storage 
suggests that carbonyl groups are less in Manihot 
rubber. This is a striking superiority of Man i h o t 
rubber. In the case of Hevea rubber, in order to 
achieve stable viscosity, it is necessary to add 
special reagents like hydroxylamine salts into latex 
before coagulation. The results indicate that this is 
not necessary in the case of Manihot rubber.

The FT-IR spectra of both the rubbers are shown 
in Figures 20 and 21'. The spectra are very much 
identical. Therefore, it is concluded that the 
chemical structure of Manihot rubber is identical to



that of Hevea rubber. The viscosity average molecular 
weight of Man i h o t rubber is also found to be very- 
close to that of Hevea rubber.
P r o c e s s i n g  p r o p e r t ie s

Mooney viscosity values of the mixes from 
Manihot rubber are found to be slightly lower than 
that of the corresponding mixes from Hevea rubber, in 
spite of the fact that the former had a higher Mooney
viscosity in the raw stage. This suggests that the
rate of mill breakdown is higher in Manihot rubber.
The vulcanization behaviour, including scorch time and 
optimum cure time are more or less identical in both 
the rubbers.

P h y s ic a l  p r o p e r t ie s  of v u l c a n i z a t e s

The gum vulcanizates of Manihot rubber were 
found having higher modulus and hardness. This is 
believed to be due to the presence of higher 
concentration of non-rubber constituents like 
proteins.

With the addition of carbon black, the 
difference in the modulus and hardness of the 
vulcanizates was found to be disappearing. Tensile
strength was found to be lower in the case of Manihot 
rubber. The addition of black did not cause any



significant increase in tensile strength. The 
reasonably high tensile strength of the gum 
vulcanizate indicates that Manihot rubber also is 
capable of undergoing strain crystallisation as in the 
case of Hevea rubber.

Man i h o t rubber has been found to be slightly 
inferior to Hevea rubber with respect to tear 
resistance, resilience, heat build-up and abrasion 
resistance. The lower resilience and the higher heat 
build up might be resulting from the higher protein 
content of Manihot rubber. Crack growth resistance 
was found to be higher for this rubber. Resistance to 
Ozone and thermo-oxidative ageing have been found to 
be more or less identical in both the rubbers.

5 . 6 .  C eara  rubber  wood and seed oil

The survey of literature reveals that the 
information on the structural features and utilization 
of ceara wood is still obscure. Hence the present 
study also aims at the understanding of certain 
physical properties, anatomical features and the 
capacity of wood for chemical impregnation of water 
borne wood preservatives.

Ceara wood is diffuse porous. It is a very 
light hard wood according to the classification 
suggested by Findlay (1975) and Bhat (1985) based on



the basic density values of wood. In comparison to 
Hevea wood, which also is a light hard wood, the basic 
density is lower in ceara wood. The attractive white 
yellowish colour, medium coarse texture and straight 
grains of ceara wood, similar to that of Hevea wood, 
indicate its potentialities for various end uses.

The fibers are long and broad in ceara wood with 
an average value of 1577 pm and 30 ^ m  respectively 
which are higher than that of Hevea wood. The fiber 
length of H. brasiliensis wood varies from 1189 ̂ m  to 
1500 p m  (Guha and Negi, 1969; Silva, 1970; Bhat ^  

al . , 1984; Reghu ^  1989) with an average width
Jof 27 p m  (Reghu a ^ . , 1989). This dimensional

feature of ceara wood may be attributed to its 
potential use as a raw material for pulp industry.

Unlike Hevea wood, the wood of M. gl azi ovi i is 
characterised by the absence or rare occurrence of 
tyloses in the vessel lumen. This special feature of 
ceara wood indicates its premeability and penetration 
capacity of wood preservatives during chemical
impregnation. It has been reported that the presence
of numerous tyloses in the vessel lumen usually makes 
the wood less permeable to liquids and preservatives 
(Kramer and Koz! ,1 owi ski , 1960; Akachuku, 1985). The
chemical impregnation of water borne boron compounds



by vacuum pressure method done in the present study 
also justifies the high 'through and through' 
penetration capacity of ceara wood.

The major demerits of ceara wood noted from the 
present study is its susceptibility to fungus and 
insect attack and the occurrence of tension wood 
similar to that of Hevea wood. The susceptibility to 
fungus and insect attack may be due to the presence of 
high soluble sugar and starch contents and also due to 
the absence of heart wood formation. This defect can 
be rectified by means of chemical impregnation of wood 
preservatives. Tension wood formation is a common 
natural defect of various hard wood species which 
ultimately affects the seasoning property of wood 
during drying and the intensity of this defect can be 
minimised up to a certain extent by adopting 
controlled seasoning schedules during the course of 
wood drying.

In this context it may be recalled that during 
1950's Hevea wood has been considered unimportant in 
the replantation scheme (Silva, 1970) and were being 
used only as fuel wood. But in recent years, it has 
been well proved that Hevea wood could be upgraded as 
a substitute for guality timber after appropriate 
preservative treatments and seasoning (Teik, 1982;



Gnanaharan and George Mathew, 1982; Hedley, 1987; Hon 
et al . , 1982; Ti sseverasinghe, 1969; Sonti al . ,
1982). Now-a-days, though Hevea wood is a light hard 
wood, it is being used as a potential raw material for 
various wood based industries such as match industry, 
packing cases, plywood, composite wood, furniture, 
textile accessories and even for building 
constructions (Todd, 1970; Sekhar, 1989);.

The inadequate availability of good quality 
timber and its ever increasing demand will always 
necessitate search for alternative source of timber. 
Ceara wood may be a potential timber for various wood 
based industries, if and when available on a large 
scale, after adopting appropriate prophylactic and 
preservative treatments.

Seed o il

M. glazi ovi i flowers profusely and sets seeds. 
Manihot seed is a potential source of oil. It was 
observed that one tree gives about 250 g of seeds per 
annum. Assuming a stand of 400 trees per hectare 
about 100 kg of seeds could be expected from 1 hectare 
of M . glaziovii p1 antat i on.

The average seed weight is 0.57 g. The kernel 
accounts for around 20 percent of the weight of seed.



Thus, the yield of kernel is estimated to be in the 
range of 20 kg per annum. The oil content of the 
kernel has been tested and found to be 40.88 percent 
by weight. Therefore, 20 kg of kernel may give an 
yield of about 8 kg of seed oil. The annual yield of
oil from one hectare of Man i h o t plantation is thus
estimated to be approximately 8 kg.

The important physical properties of the seed 
oil are given in Table26 . Properties of the seed oil 
from Hevea have been reported by Pushpadas al .
( 1980 )) and are reproduced in the same table for 
comparison. Iodine value and sopanification value of 
the Manihot seed oil are found to be very close to 
those of Hevea seed oil. The high iodine value
indicates that the oil is a semidrying one and hence 
could find applications in paints and also in the 
plastics industry. The acid value of the oil is found 
to be much lower compared to that of Hevea seed oil. 
However, it must be pointed out here that the Manihot 
seed oil was tested immediately after extraction,
which could be one of the reasons for the low acid 
value obtained.



CHAPTER 6 

SUMMARY AND FUTURE PROSPECTS



6 .  Sunrmary and fu t u r e  p r o s p e c t s

Natural rubber is one of the most important raw 
materials of plant origin. Statistics reveal that 
during 1992 the country's consumption was 414,105 
metric tons of NR, while the production was only 
393,490 metric tons, creating a gap which demanded 
import. The only species cultivated for NR is Hevea 
bra si 1 i ensi s , a tree native to the Amazon rain 
forests. Scarcity of suitable land and the peculiar 
agro-climatic preference of the species limits its 
cultivation. More over the crop is being threatened 
by various diseases and environmental stresses.

Under such a situation, the search for a 
potential alternative source was carried out and 
Manihot glaziovii, a species belonging to 
Euphorbiaceae has been sorted out after screening a 
number of laticiferous species and detailed 
observations were carried out on its potentialities as 
an alternative source of NR.

The main reasons for the selection of M. 
glaziovii (Ceara rubber) for this study are its (1) 
early introduction (1902) and acclamatisation, (2)
adaptability to the most harsh drought affected 

marginal lands, (3) simple and inexpensive cultivation



and maintenance, (4) easy exploitation facility, (5) 
cis-poly isoprene rubber content in the latex, (6 ) 
afforestation and biomass deposits, (7) xerothermic 
habit and (8 ) it fulfills the requirements for a 'life 
support species' for para rubber.

The yield data collected from the ceara rubber 
trees selected for the study, showed that the 
intrinsic potential is about 310 kg per hectare per 
year. This is comparable to the yield of H. 
brasi 1 i ensi s of the pre-crop improvement stage of 250 
kg per hectare, ^^ubber yield has increased ten times

during the last 35 years. The studies on M. glazi ovi i 
reveal that the species is amenable to genetic 
improvement for various yield contributing factors.

The thermotolerance of M. glaziovii is the most 
attractive character to propose it for the semi-arid 
regions. Even under such environment the tree retains 
life saving moisture and produces latex.

The biomass production of the species throughits 
shoot and leaf shedding habit enriches the degraded 
soil .

The bark of M. glazi ovi i is smooth and soft and 
thereby exploitation can be done easily. The number, 
density and diameter, etc. of laticifers have



influence on yield and can be improved through 
breeding.

The waxy analogue of the hard and peelable 
periderm and flaky rhytidome, large and elongated 
lenticells, high bark moisture percentage, etc, in M. 
glaziovii are certain important characters revealing 
its xerothermic habit.

Investigations on the yield influencing factors 
have revealed that M. glaziovii has high plugging of 
latex vessels, short duration flow, high magnesium 
content in the latex, lesser number of latex vessels, 
slightly higher level of non-rubber constituents in 
the latex etc. These characters show genetic 
variability and offer scope for genetic improvement.

The species can be propagated both through seeds 
and by vegetative means. Pests and diseases are 
comparatively few that it warrants no expensive plant 
protection operations.

Exploitation of the tree also is comparatively 
easy, that no mechano-chemical methods are needed. By 
simple tools latex can be collected.

Rubber obtained from M. glazi ovi i is



b rasi 1 i ensi s . Appearance of the rubber also is very- 
similar to that of Hevea rubber. The main differences 
are the higher non-rubber constituents and the 
consequent influence on properties like modulus, 
resilience and heat build-up. The rubber does not 
undergo any significant level of hardening during 
storage and in this respect it is found to be similar 
to the viscosity stabilised grades of Hevea rubber. 
Latex of M. glazi ovi i is found to undergo coagulation 
on dilution with water. This could be advantageously 
used for the production of sheet rubber. In general 
it is revealed that the rubber from M. glaziovii could 
very well be used as a substitute for Hevea rubber.

M. glaziovii being a species which thrives well 
under semi-arid and marginal situation, is 
particularly important for a country like India. One 
third of the area in the country is subjected to 
characteristic features of aridity (Fig.25) and it is 
(CAZRI, 1979) estimated that 956,750 sq. km. enjoys 
semi-arid conditions (Bhandari, 1991). Quite a good
portion of this area could be brought under crops 
specifically adapted to these zones with appropriate 
package of practices. Even then a substantial portion 
could be left uncovered. Even if it is assumed that 
only one percent of this could be brought under ceara





rubber, the extent is enormous being 9,567.5 sq. km or 
over 9.5 lakh hectares. This is substantial 
considering that the present area under the para 
rubber in the country is only just 5 lakh hectares 
(Rubber Board, 1994).

It is possible that M. glazi ovi i could be bred 
for improved rubber yields and quality. If this were 
done using the available genetic resources, ceara 
rubber could provide a part of the country's rubber 
requirement, without encroaching the fertile land 
occupied by other crops or causing any change in the 
land use pattern.

A major source of hydrocarbon whether it is low 
molecular weight or high molecular, is petroleum, 
which is now widely believed to run out within few 
decades. Exploitation of this source also affects the 
environment in different ways. So a plant, that 
produces hydrocarbon warrants immediate attention.

As an alternative source of natural rubber M. 
glaziovii thus holds bright potential in view of its 
adaptability to semi-arid and marginal situations, 
easy exploitation, n on - cumb er some post harvest 
technology and immense scope for genetic improvement 
in yield and yield contributing factors.
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CEARA RUBBER (Manihot g l a z i o v i i )  : A DROUGHT RESISTANT  

TREE FOR SEMI ARID  AND MARGINAL AREAS

( P . J . G e o r g e ,  D eputy  D i r e c t o r ,  Germplasm D i v i s i o n )

The  C eara  rubber  tree  (Man i h o t g l a z i o v i i  M u l l .  

A r g . )  i s  a n a t i v e  of the B r a z i l i a n  p r o v i n c e  C e a r a ,  was 

one of the  source  of n a t u r a l  rubber  in  the  early  part 

of the  C e n t u r y .  The  tree  was e x p l o i t e d  in  B r a z i l  as 

w i l d  rubber  for  a long  p e r i o d ,  even b e f o r e  it was 

b o t a n i c a l l y  i d e n t i f i e d . The  s p e c i e s  was d is c o v e r e d  

by Dr . G l a z i  ovii  , a F r e n c h  B o t a n i s t ,  in  the 

n e i g h b o u r h o o d  of R io  de J a n e i r o ,  and was d e s c r i b e d  and 

named a f t e r  him  by M u e l l e r .

M. g l a z i  ovi i i s  a member of the fam ily

E u p h o r b i a c e a e  to w hich  the  Hevea  rubber  tree  b e l o n g s .

Though  the o r i g i n  of the genus  Manihot is  in  the Ceara

P r o v i n c e  and the  n e a r l y  p r o v i n c e s  of P i a v i  and B ah ia

of North-East  B r a z i l ,  i t s  g e o g r a p h i c a l  d i s t r i b u t i o n

e x t e n d s  from C a l i f o r n i a  Bay up to P e r u ^ ^ .  The  best

known s p e c i e s  of the genus  i s  Manihot e s c u l e n t a ,

o t h e r w i s e  known as C a s s a v a  or t a p i o c a .  Though the

e a r l i e r  i n v e s t i g a t i o n ,  r e p o r te d  that there  are  200
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s p e c i e s  un de r  the  genus  , R o g e r s  and Appan (1970) 

r e p o r te d  that there  a r e  only  98 s p e c i e s  under  the 

g enus  M a n i h o t ,



The  c e r t a i n  r e g io n s  of the north-east  B r a z i l ,  to 

w h ich  Manihot  b e lo n g s  a r e  c h a r a c t e r i s e d  by i r r e g u l a r  

r a i n f a l l  and ve ry  h a r s h  c l i m a t e .  The  annual  av er a g e  

r a i n f a l l  of t h i s  r e g io n  i s  600- 700  mm w ith  the 

extrem es  r a n g in g  from 0-1400 mm. The  a l t i t u d e  goes up 

to 10 00 m MSL.

Man i h o t grows w e l l  in  dry rocky  g roun d ,  and so 

can be c u l t i v a t e d  in  a r e a s  u n s u i t a b l e  for  most other 

c r o p s ^ .  In the p r o v i n c e  of C e a r a ,  it i s  rep orted  that 

the  p lan t  t h r i v e s  w e ll  in  semi a r i d  r e g io n s  and even 

in  g r a n i t i c  rocky a r e a s .  The  p lan t  r e s i s t s  the  d r ie s t  

w e a t h e r ,  and when every other  form of v e g e t a t i o n  is  

d e s t r o y e d  under  the  i n f l u e n c e  of the s c o r c h in g  w i n d ,  

it  t h r i v e s  and y i e l d s  g e n e r o u s l y  a p r o f i t a b l e  q u a n t i t y  

of l a t e x

Manihot  g l a z i  ovi i has  been  i n t r o d u c e d  to In d i a  

d u r i n g  1 8 7 7 - 7 8 .  It was brought  to Kew in  1876  by 

Robert  C r o s s ,  and l a t e r  in  1 8 7 7 ,  the p l a n t s  were sent 

to S i n g a p o r e ,  C a l c u t t a  and C e y l o n .  A g a in  in  1 8 7 8 ,  

p l a n t i n g  m a t e r i a l s  were b rought  from Kew to Madras  and 

C a l c u t t a ^ ^ .  The  q u ick  growth  and easy p r o p a g a t i o n  of 

ceara  rubber  a t t r a c t e d  the  a t t e n t i o n  of many. The 

only  l i t e r a t u r e  a v a i l a b l e  on i t s  c u l t i v a t i o n  in  I n d i a



i s  the  r e p o r t s  a p p e a re d  in  the  B u l l e t i n  of the 

Im p e r ia l  I n s t i t u t e ^ .  The  report c o n t a in s  the 

a n a l y t i c a l  r e s u l t s  of ceara  rubber  samples c o l l e c t e d  

from K a l l a r  and B u r l i a r  E s t a t e s  in  the  N i l g i r i s .

C e r t a i n  draw back s  of ceara  rubber  compared to 

the  a d v a n t a g e s  of p a ra  rubber  p ushed  a s i d e  i t s  

c u l t i v a t i o n  and caused  g r a d u a l  d i s a p p e a r e n c e  from the 

s c e n e .  Though  the p lan t  t h r i v e s  w e l l ,  the humid 

c l im a te  i s  u n f a v o u r a b l e  for  rubber  p r o d u c t i o n ,  w h i l e  

u n d e r  the  same c l im a te  Hevea  g i v e s  more r u b b e r .  The 

sp o n tan eo u s  c o a g u l a t i o n  of the  l a t e x  i s  an oth er  

d r a w b a c k .  In t h i s  c o n t e x t ,  it  i s  w orth  m en tio n ing  the 

o p i n i o n  of S ir  Henry  Wickham ,  " t h e  C e a r a ,  named a f t e r  

the  B r a z i l i a n  p r o v i n c e  of that name,  i s  a tree  of 

q u i t e  d i f f e r e n t  c h a r a c t e r .  I t s  n a t i v e  l o c a l i t y  i s  

h i g h ,  s to n y ,  a r i d  and in  p l a c e s  almost semi d e s e r t , "  

s c r u b "  covered  c o u n t r y .  The  l a t e x  from ceara  rubber  

tre e  i s  l i k e  that of H e v e a , and i f  p r o p e r l y  c ure d ,  the 

rubber  r e s u l t a n t  th e r e f r o m  i s  r em arkable  for  i t s  

s t r e n g t h  and t e n a c i t y .  In the E a s t ,  it has  n e v e r ,  as 

y e t ,  I t h i n k ,  had  j u s t i c e  done  by i t .  It has  too 

o f t e n  been  set out on l a n d ,  and u n d e r  r a i n f a l l ,  

t o t a l l y  u n s u i t e d  to i t .  In  Ceylon  e s p e c i a l l y ,  there  

a r e  l a r g e  a r e a s  of dry  fo r e s t  l a n d s ,  which  should  be 

a d m ir a b l y  ad a p te d  to t h i s  t r e e ,  and c o n s i d e r i n g  the



h i g h  q u a l i t y  of the  rubber  when well  c u r e d ,  it  w o u ld ,  

s u r e l y ,  b e t t e r  p l a n t e d  out in  such d i s t r i c t s ,  c l o s e l y  

r e s e m b l in g  as th e re b y  do the n a t u r a l  re quirem ents  and 

c o n d i t i o n s  of t h i s  t r e e ,  r a t h e r  than to try to p lan t  

the  H e v e a , a tr e e  n a t i v e  to the  heavy  r a i n f a l l  of the 

Amazon V a l l e y " ^ ^ .

D u r i n g  1 9 0 3  to 191 2  a c o n s i d e r a b l e  q u a l i t y  of 

c eara  r ub b e r  had been e x p o rt e d  from B r a z i l , .  T h i s  was 

m a in l y  due to the  a t t e n t i o n  g iv e n  to C eara  r ub b e r ,  

when the  Hevea  p l a n t a t i o n s  w e re  b a d l y  a f f e c t e d  by SALB 

(South  A m erican  L e a f  B l i g h t ) .

Manihot g l a z i  ovi i , Mu e l l .  A r g .  i s  a t a l l  tree  

a t t a i n s  a he ig ht  of 10 to 15 m, w i t h  a r a m if i e d  

b r a n c h e s  and b r a n c h l e t s .  The  l e a v e s  are  p a lm a te ly  

lob e d  w ith  three  l o b e s ,  r a r e l y  2-7 l o b e s  of oblong 

oval s h a p e ,  g l a b r o u s  and l i g h t  green  in  c o l o u r .  It 

p r o d u c e s  p r o f u s e  f l o w e r s  in  about 1| y e a r s .  F lo w e r i n g  

i s  u s u a l l y  seen a f t e r  the  p r o l o n g e d  w i n t e r i n g  p e r i o d .  

F l o w e r i n g  commences by J u n e ,  a f t e r  the  fu l l  

r e f o l i a t i o n .  F lo w e r s  a r e  u n i s e x u a l  w ith  the male 

f l o w e r s  c l u s t e r e d  at the  top of the  p a n i c l e .  The  

f r u i t  i s  a three  lobed  g l o b u l a r  c a p s u l e  d i s t i n g u i s h e d  

by s ix  g r o o v e s .  The  s eeds  a r e  com pa rat ive ly  sm a ll ,  

oval p lano- convex  about 12-15 mm long  and 7-8 mm 

b r o a d ,  w i th  a to ug h ,  b r i l l i a n t ,  m ottle d  in t e g u m e n t .



100 gm of seeds c o n t a in  about 175 n o s .  of f r e s h  s e e d s .  

Manihot  can be p r o p a g a t e d  through  se e ds  and v e g e t a t i v e  

cut t i n g s .

The  tre e  a t t a i n s  an a v e r a g e  g i r t h  of about 50 cm 

w i t h i n  a p e r i o d  of around  4 y e a r s .  The  b ar k  of the 

m ature  trunk  i s  covered  by a p e e l a b l e  r hy t id o m e ,  which  

i s  t h i n  and l e a t h e r y .  B e n e a th  the  r hytidom e ,  the 

smooth and soft bark  a p p e a r s  w ith  s c a t t e r e d  

l e n t i c e l l s .

The  rhytidom e h e l p s  the  tr e e  to r e t a i n  m oisture  

in  the  b a r k ,  even d u r i n g  the  h o t t e s t  w e a t h e r .  The 

b ar k  i s  s u f f i c i e n t l y  t h i c k  that t a p p in g  cut can be 

done  e a s i l y .  Though  the  t r e e s  were  e x p l o i t e d  long  

b a c k ,  there  i s  no record  of a prop er  t a p p in g  system 

f o l l o w e d  for  ceara  r u b b e r .  However it w i t h s t a n d s  a 

' V '  cut and g i v e s  a q u ic k  f l o w  of l a t e x  but c o a g u l a t e s  

w i t h i n  few  m in u t e s .  T he  r esp onse  of the  t r e e  to 

d i f f e r e n t  ta p p in g  i n t e n s i t i e s  and  s t i m u l a t i o n  i s  yet 

to be s t u d i e d  in d e t a i l .

The  l a t e x  i s  w h i t e ,  t h i c k  w i t h  an av era g e  drc  of

3 0 .  For  p r o c e s s i n g ,  no n e e d  of a d d in g  a c i d .  Just

b u l k  the l a t e x  w ith  s u f f i c i e n t  w ater  and keep  in  a

d i s h  for  o v e r n i g h t ,  and  the  l a t e x  c o a g u l a t e s

p e r f e c t l y .  P r e l i m i n a r y  s t u d i e s  and p r e v i o u s  r e p orts  

1 8



M. g l a z i o v i i  g i v e s  only  a v e ry  low  q u a n t i t y  of 

l a t e x  per  tr e e  per  t a p p i n g .  The  e a r l i e r  report g i v e s  

an i n d i c a t i o n  that i t s  p o t e n t i a l  i s  415  Kg p e r  h e c t a r e  

p e r  y e a r .  U n l i k e  in  Hevea  and  G u a y u l e , there  are  only 

w i l d  t r e e s  in  M a n i h o t . No h i g h  y i e l d i n g  s t r a in  is  

d e v e l o p e d  through  b r e e d i n g  and s e l e c t i o n  or as 

vi  t ro p la n t  s .

But d u r in g  our e x p l o r a t i o n  to the M ettur  

f o r e s t s ,  we come a c r o s s  w i l d  tr e e s  w i t h  y i e l d  

v a r i a t i o n  from 8 gm to 10 gm per  t a p .  T h i s  

p r e l i m i n a r y  survey  i n d i c a t e s  that the re  are  g e n e t i c  

m a t e r i a l s  h a v in g  a p o t e n t i a l  of around  500 

k g s / h a / y e a r .  F i v e  h u n d r e d  k i l o g r a m s  p o t e n t i a l  

e x h i b i t e d  by stray  t r e e s  g row ing  in  a drought  a f f e c t e d  

g r a n i t i c  h i l l  of 3500  f t . ,  w i t h  scanty  r a i n f a l l ,  

w i th o u t  u n d e r g o i n g  any crop improvement a t t e m p t s ,  

p o i n t s  to the chances  of g i v i n g  more economic y i e l d  i f  

p r o p e r  crop improvement programmes a r e  a t t e m p t e d .

B e s i d e s  r u b b e r ,  the  wood a l s o  i s  good for

s i m i l a r  u s e s  as  that of Hevea  . The  seeds  c o n t a in  more

than 40% o i l ,  w hich  once u s e d  as fuel  for  the

B r a z i l i a n  motor v e h i c l e s .  The  l e a v e s  of ceara  rubber  

c o n t a in  25-30% p r o t e i n  in  dry  m a t t e r ,  which  a f t e r  the 

removal of h y d r o c y a n ic  a c i d ,  i s  c o n s i d e r e d  to be a 

good c a t t l e  f o d d e r ^ ^ .



M. g l a z i  ovi i i s  now  b e i n g  u s e d  in  I n d i a  by the

T u b e r  C rops  S c i e n t i s t s  as a source  of C a s s a v a  M o s s a ic
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V i r u s  (CMV) r e s i s t a n c e  ' and as an a l t e r n a t e  

h ost- p la nt  fo r  hon ey- b ee ,  at the  Rubber  R e s e a r c h  

I n s t i t u t e  of India^*^ .

The  once d i s c a r d e d  g u a y u l e  (P a r t h e n i u m  

a r g e n t a t u m ) w ith  a l l  i t s  low  p r o d u c t i o n  p o t e n t i a l  and 

cumbersome p r o c e s s  of e x t r a c t i o n  is  now g a i n i n g

3
a t t e n t i o n  in  the  USA ,  w i t h  hug e  r e s e a r c h  b a c k i n g  , as 

an a l t e r n a t i v e  source  of n a t u r a l  r u b b e r .  Why not we 

too h a v e  an a l t e r n a t i v e  source  for  NR? T he  a c c i d e n t a l  

i n t r o d u c t i o n  of a spore  of Mi c r o c y c l u s  u l e i  ( S A L B ) can

e a s i l y  b r i n g  down out r ub b e r  p r o d u c t i o n  from Hevea

T . . .  2 , 1 6 2  to the lowest l e v e l .  T h i s  i s  evident
p l a n t a t i o n s

from the  report that the  Hevea  p l a n t a t i o n s  of Amazon 

b a s i n ,  even up to 1978  gave  only  250  k g / h a  due  to the 

i n f e c t i o n  of S A L B ^ ^ ,  We h ave  not re se rve d  any l i f e
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support p lan t  to overcome such s i t u a t i o n s  .

The  x e r o t h e r m i c  c h a r a c t e r  of M.  g l a z i o v i i  is

w e ll  e v iden t  from r e p o r ts  and from the e x p e r i e n c e  we

h ad  d u r i n g  our e x p l o r a t i o n .  I f  one could  p i n p o i n t  the 

gene  r e s p o n s i b l e  for  the  ' x e r o t h e r m i c '  c h a r a c t e r  in

such p l a n t  s p e c i e s ,  it may be  a v a l u a b l e  tool for  the

g e n e t i c  e n g i n e e r i n g  in  the  f i e l d  of gene  t r a n s f e r  

te c h n o lo g y  to s y n t h e s i s e  t r a n s g e n i c  p l a n t s  a d a p te d  to



en v ir o n m e n t al  s t r e s s  i n c l u d i n g  g r e e n  house  e f f e c t  .

T he  tre e  n e e d s  the  im m ediate  a t t e n t i o n  of the 

r ub b e r  r e s e a r c h e r s  to i n v e s t i g a t e  the  p o s s i b i l i t i e s  in  

the  f o l l o w i n g  f i e l d s :

1 .  S e l e c t i o n  of p l u s  t r e e s  from the a v a i l a b l e  

semi-wild  s e e d l i n g  p o p u l a t i o n  l o c a t e d  in  

Tamil  Nadu .

2 .  B r e e d i n g  v a l u e  of the  p lan t  and i t s  

m u l t i p l i c a t i o n  t e c h n i q u e s .

3 .  S u i t a b l e  t a p p in g  method and s t i m u l a n t s .

4 .  I n v e s t i g a t i o n s  to overcome the p roblem  of 

sp on tan eo us  c o a g u l a t i o n ,  rubber  s y n t h e s i s ,  

et c .

5 .  T e s t i n g  the s e l e c t e d  g e n o t y p e s  in  the drought  

prone  m a r g in a l  l a n d s .

6 .  T e c h n o l o g i c a l  p r o p e r t i e s  of the  r u b b e r .

7 .  Econom ic  u t i l i s a t i o n  of the  b ye- p rod uc ts  l i k e  

wood and seed o i l .

The  vast  s t r e t c h e s  of sem i- arid  b a r r e n  land  w ith  

i t s  th o u s an d s  of s t a r v i n g  human p o p u l a t i o n ,  i s  w a i t i n g  

for  a s u i t a b l e  p a r a s o l .  It may be r e w a r d in g  i f

O
s e l e c t e d  s t r a i n s  of M.  g l a z i o v i i  i s  p l a n t e d  and 

e v a l u a t e d  in such l o c a t i o n s .
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C O L L E C TING  CEARA RUBBER (Manihot  g l a z i o v i i  M u e l l .  A r g . )

AND IT S  P O T E N T I A L I T I E S

P . J . G G o r g e * a n d  C . P . R e g h u * *

R u b b e r  R e s e a r c h  I n s t i t u t e  of I n d i a ,  K o tt ay a m  - 686  009

A B S T R A C T

I h G  r e s t r i c t e d  c u l t i v a t i o n  of Hevea  b ra si 1 i en si s 

in  the  t r o p i c a l  zo nes  due  to i t s  a g r o c l i m a t i c  

p r e f e r e n c e ,  n e c e s s i t a t e s  an a l t e r n a t i v e  source  of 

n a t u r a l  r u b b e r  fo r  the s e m i- ar id  m a r g in a l  land-^. 

P r e l i m i n a r y  s t u d i e s  showed that Manihot  g l a  o '̂ ' 

as  c e ar a  r u b b e r ,  i s  a p o t e n t i a l  plant  5 

se m i- a r id  m a r g in a l  l a n d s .  T he  p l a n t  was i n t r o d u c e d  to 

I n d i a  in  1 902  d u r i n g  the  regim e  of the B r i t i s h .  It is  

w e l l  a d a p t e d  to the  dry  g r a n i t i c  h i g h  la n d s  w ith  scanty  

r a i n f a l l .  Under  such s t r e s s  a f f e c t e d  c o n d i t i o n s  the 

u n s e l e c t e d  w i l d  p l a n t s  y i e l d  an a p p r e c i a b l e  q u a n t i t y  of 

l a t e x  c o n t a i n i n g  more than 80% r u b b e r .  S i n c e  th e re  is  

no o r g a n i s e d  c u l t i v a t i o n  of M.  gl a z i  ov.; in  I n d i a  

g e n e t i c  m a t e r i a l s  a r e  not commonly availeible  An 

e x p l o r a t i o n  to the  se m i- arid  h i l l  t r a c t s  of T a m ’ ’ Nadu 

r e s u l t e d  in  the d i s c o v e r y  of a l a r g e  semi-wild  s t ' d l i n g  

p o p u l a t i o n .  M ature  t r e e s  were  ta p p e d  at random ernd on 

th e  b a s i s  of the  p r e l i m i n a r y  o b s e r v a t i o n s  on the  bark  

c h a r a c t e r i s t i c s ,  l a t e x  f l o w  p a t t e r n  and m o r p h o l o g ic a l  

v a r i a t i o n  germ plasm  of ten g e n o t y p e s  were  c o l l e c t e d  and 

b r o u g h t  to the R u b b e r  R e s e a r c h  I n s t i t u t e  of In' for

* D e p u ty  D i r e c t o r ,  G e rm p la sm  D i v i s i o n ,  R R I I

**  B o t a n i s t ,  Germ plasm  D i v i s i o n ,  R R I I



N a t u r a l  rubber  i s  one of the  most important  raw 

m a t e r i a l s  o b t a in e d  from p lan t  s o u r c e s .  Among the 

3 5 0 0 0  l a t i c i f e r o u s  s p e c i e s  r e p o r t e d ,  only 2000  c ontain  

r u b b e r  h y d ro ca rb o n  in  t h e i r  l a t e x  (P r a d h a n ,  1 9 8 2 ) .  

N a t u r a l  rubber  i s  us e d  as an i n d u s t r i a l  raw m a te r ia l  

fo r  m a n u f a c t u r i n g  more than 3 0 , 0 0 0  v a r i o u s  p r o d u c t s .  

T he  most important  economic  source  of n a t u r a l  rubber  i s  

Hevea  b r a s i 1 i ensi  s (Pa ra  r u b b e r )  w h ich  i s  a crop 

a d a p t e d  to s p e c i f i c  a g r o c l i m a t i c  c o n d i t i o n s  and hence  

i t s  c u l t i v a t i o n  i s  r e s t r i c t e d  to c e r t a i n  r e g io n s  in the 

t r o p i c a l  z o n e .

The  demand f o r  n a t u r a l  rubber  i s  ever i n c r e a s i n g ,  

w h i l e  the  p r o d u c t i o n  i s  not in  p r o p o r t io n  to i t .  

A v e r a g e  p r o d u c t i o n  of n a t u r a l  rubber  in  I n d i a  d u r in g  

1992- 93  was 3 9 4 0 0 0  m e t r ic  to n n e s  a g a i n s t  the dom estic  

consum ption  of 4 1 4 0 0 0  m e t r ic  tonnes  ( e s t i m a t e d ) .  I n d i a  

i s  ran ke d  f o u r t h  among the  n a t u r a l  rubber  p r o d u c in g  

count ri  e s .

For  every  crop an a l t e r n a t i v e  source  or l i f e  

support  s p e c i e s  i s  h i g h l y  n e c e s s a r y .  Moreover  it i s  

t o d a y ' s  n e e d  to c u l t i v a t e  the  m arg in al  l a n d s  and 

u p g r a d e  the  poor s o i l  w ith  those  s p e c i e s  a d a p te d  to the 

extreme  h o s t i l e  e n v ir o n m e n t .  Such s p e c i e s  could  be 

u t i l i s e d  in  times  of ne e d  (Randhawa 1 9 8 7 ,  Pa rod a  1 9 8 7 ,



Smith  1 9 8 7 ) .  T he  m ajo r  r u b b e r  y i e l d i n g  crop Hevea  i s  

u n d e r  a p o t e n t i a l  th r e a t  from  South  A m e r ic a n  L e a f  

B l i g h t  ( SALB cause d  by M i c r o c y c l u s  u l e i  (Thomson 1 9 8 6 ,  

N a t i o n a l  A c a d .  S c i .  1 9 7 7 ) .  T h e  i n c r e a s i n g  demand for  

n a t u r a l  r ub b e r  and  p a u c i t y  of s u i t a b l e  a r e a s ,  w a r r a n t s  

th e  i d e n t i f i c a t i o n  of a s u i t a b l e  s t r e s s  t o l e r a n t  

s p e c i e s  a d a p t e d  to the  d r o u g h t  p r o n e  sem i- arid  m ar g in al  

l a n d s  (Menon 1 9 8 3 ) .

U n de r  t h i s  c i r c u m s t a n c e s ,  Manihot  g l a z i o v i i  

( c e a r a  r u b b e r  was  exa m ined  as  the  p o t e n t i a l

a l t e r n a t i v e  r u b b e r  y i e l d i n g  p l a n t  w i t h  c e r t a i n  extent

of d r o u g h t  t o l e r a n c e .  M .  g l a z i o v i i  was  one of the

s o u r c e s  of n a t u r a l  r u b b e r  in  the  e a r l y  part  of the

C e n t u r y  ( S e e l i g m a n ,  1 9 1 0 ,  P o l h a m u s ,  1 9 6 2 ) .  It i s  a

n a t i v e  of the C e n t r a l  r e g i o n s  of NE B r a z i l  and

i n t r o d u c e d  to I n d i a  in  1 9 0 2  ( S e r r i e r ,  1 9 8 8 ) .

T h e r e  a r e  r e p o r t s  on the  o c c u r r e n c e  of f e w  t r e e s  

of M.  g l a z i o v i i  i n  d i f f e r e n t  p a r t s  of South  I n d i a

(Um rao ,  1 9 8 3 ) .  It i s  a l s o  grown  i n  the  C e n t r a l  T u b e r  

C r o p s  R e s e a r c h  I n s t i t u t e ,  T r i v a n d r u m  fo r  c a s s a v a

b r e e d i n g  p u r p o s e .  Two o t h e r  s p e c i e s  v i z . ,  M. di  chot oma 

ul e an d  M.  p l u h y  e ns i  s ul  e a r e  a l s o  r e p o r t e d  to be 

a v a i l a b l e  i n  the  B o t a n i c a l  G a r d e n s  at C a l c u t t a  and



We e x p lo r e d  a l a r g e  s e e d l i n g  p o p u l a t i o n  of M. 

g l a z i o v i i  g ro w in g  in  a semi-arid  c o n d i t i o n ,  v a r y i n g  

from huge  t r e e s  to small s e e d l i n g s ,  in  the M ettur  

H i l l s  of Tam il  N a d u .  T h i s  h i l l  s t a t io n  i s  s i t u a t e d  

about 60 km from Salem D i s t r i c t  and i s  a c o n t i n u a t i o n  

of the  Ye rcaud- Shevroy  H i l l  t r a c t .  We i d e n t i f i e d  50 

s e e d l i n g  t r e e s  and conducted  a p r e l i m i n a r y  s c r e e n i n g .  

Out of t h is  10 g e n o t y p e s  were  t e n t a t i v e l y  s e l e c t e d  on 

the  b a s i s  of c e r t a i n  a t t r i b u t e s ,  and c o l l e c t e d  

germ plasm .
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RESULTS AND DISCUSSION

M. g l a z i  ovi i i s  a q u i c k  g r o w i n g  t r e e  b e l o n g s  to 

th e  f a m i l y  E u p h o r b i a c e a e . It  t h r i v e s  w e l l  in  a r e a s  

w h e r e  s o i l  i s  d e g r a d e d  and  r o c k y .  A d v e r s i t i e s  l i k e  

lo w  r a i n f a l l ,  l o w  h u m i d i t y ,  d r o u g h t  and  other  s t r e s s  

e n v i r o n m e n t s  s e ld om  a f f e c t  th e  s u r v i v a l  of the  p l a n t .  

It can g r o w  w e l l  at h i g h  a l t i t u d e  up to  1800  m M S L .

T h e  t r e e  grow s  to a heigl>t of 8-12 m w i t h  

r a m i f i e d  t r i c h o t o m o u s  b r a n c h e s  and  c a n o p y .  G i r t h i n g  

of th e  t r u n k  i s  fas t  that  i t  a t t a i n s  40-50  cm at 4th 

y e a r .  It can be  p r o p a g a t e d  th r o u g h  s e e d s  as w e l l  as  

t h r o u g h  v e g e t a t i v e  c u t t i n g s .  W i n t e r i n g  s t a r t s  from 

J a n u a r y  to A p r i l  an d  f l o w e r i n g  f o l l o w s  a f t e r  

r e f o l i a t i o n .  F l o w e r i n g  h a s  a l s o  b e e n  o b s e r v e d  (George  

1 9 9 3 ) .  T h e  tr u n k  of t h e  t r e e s  i s  alm ost  s t r e : j h t ,  

c o v e r e d  by a l e a t h e r y ,  p e e l a b l e  r h y t id o m e  un der  w h ich  

the  smooth b a r k  i s  v i s i b l e  w i t h  nu m erous  l e n t i c e l s .

L e a v e s  a r e  a l t e r n a t e ,  oblong- o val  and p a l m a t e l y  

l o b e d .  L e a f  l o b e s  v a r y  from 2- 7 .  Flowei  a r e



m onoceious  and u n i s e x u a l .  M a le  f l o w e r s  a r e  seen at 

the  top of the p a n i c l e s .  Female  f l o w e r s  a r e  l o c a t e d  

at the  lower  p e d i c e l s .  F lo w e r  co lou r  v a r i e s  from 

w h i t e  to v i o l e t .  F l o w e r i n g  s t a r t s  at the  age  of 18

m o n t h s .

F r u i t  i s  a c a p s u l e  w i t h  thre e  l o c u l e s .  Seeds  

ar e  s m a l l ,  p la n o - c o n v e x ,  w i t h  m o tt le d  tough tegum ent .  

Each  seed w e ig h s  about 0 . 5 0  gm. The  endosperm 

c o n t a i n s  about 4 0 . 8 8 %  o i l .

Bark  of M. g l a z i  ovi i i s  smooth and soft b e ne ath

the  r h y t id o m e .  Bark  co lou r  v a r i e s  from w h i t e  to

g r e e n .  T he  g r e en  b a r k  c o n t a i n s  c h l o r o p h y l l .  Bark  

r e t a i n s  m o is t u r e  d u r i n g  d rought  season  (G e o r g e ,  1 9 9 3 ) .

The  l a t i c i f e r s  in  M. g l a z i o v i i  are  compound,

a r t i c u l a t e d  and an a s to m o s in g  as in  H e v e a . The 

i n t e r - c o n n e c t e d  l a t e x  tub e s  a r e  san dw iched  w ith

se c o n d ar y  phloem  e lem ents  (Sco or  1 8 8 4 ,  G e o r g s  1 9 9 3 ) .  

T a b l e  1 d e p i c t s  the  v a r i a t i o n  i n  the  g i r t h ,  bark  

t h i c k n e s s  and b ar k  a n a to m ic a l  t r a i t s  of samples

c o l l e c t e d  from M e tt u r  h i l l s .

The  t r e e s  can be tapped  for  l a t e x  c o l l e c t i o n ,

when they  a t t a i n  a g i r t h  of 40-50 cm at a h e ig h t  of

100 cm from ground  l e v e l .  T he  rhytidom e  has  to be

removed p r i o r  to ta p p in g  from the p o r t i o n  of the  trunk 

marked  for  opening  the  c h a n n e l .  T he  t a p p in g  channel



may be op ened  at a s l o p e  of 3 0 ° ,  u s i n g  a Jebong  k n i f e .  

H a l f  s p i r a l  cut and  ' V '  shap ed  cuts  a l s o  can be t r i e d .  

D u r i n g  e ' e r y  l a t e x  c o l l e c t i o n  o p e r a t i o n ,  the  c h a n n e l s  

a r e  to be  r e o p e n e d  by  s h a v i n g  o f f  a t h i n  l a y e r  of 

b a r k .  T a p p i n g  may be  d one  on a l t e r n a t e  d a y s .  Tlie 

l a t e x  th u s  o o z in g  out w i l l  be d i r e c t e d  through  a spout 

to th e  c o l l e c t i o n  c u p s .

T a b l e  1 ,  V a r i a t i o n  in  the  g i r t h ,  b a r k  t h i c k n e s s  and 

b a r k  a n a t o m i c a l  t r a i t s

T r e e  

N o .

Gi rth 

( cm)

Ba rk 

t hi  c k - 

ne s s  

(mm)

No . of 

1 at ex 

v e s s e l  

rows

D e n s i t y  of D i a m e t e r  

lat  ex v e s s e l /  

mm c i r c u m f e ­

r e n c e  of the  

p l a n t

1 112 15 19 . 7 34 . 0 17 . 3 9

2 107 16 29 .7 36 .0 1 6 . 4 5

3 130 18 10 . 0 35 . 4 18 . 3 6

A 112 16 25 . 5 32  . 6 1 3 . 7 9

5 115 16 11 . 6 36 . 0 1^ . f

6 142 15 24 .5 47 .4 14 . 40

7 140 16 8 . 0 39  .4 1 6 . 2 0

T h e  w i l d  p o p u l a t i o n  of M.  g l a z i  ovi i showed w i d e  

v a r i a t i o n  i n  t h e i r  v a r i o u s  c h a r a c t e r i s t i c s  l i k e  b a r k  

c o l o u r ,  l a t e x  f l o w  d u r a t i o n ,  vo lu m e  of l a t e x ,  rubber  

c o n t e n t  e t c .  Dry  r u b b e r  y i e l d  v a r i e s  from 4 . 6  g to 10 

g p e r  t r e e  per  t a p .  T he  e s t i m a t e d  p o t e n t i a l  y i e l d  i s  

2 7 6  to 600  k g / h e c t a r e  p e r  y e a r .



L a t e x  i s  m ilky  w h i t e  and  t h i c k .  U n l i k e  in  

H e v e a , the l a t e x  f l o w  i s  a f f e c t e d  by sp on tan eo us  

c o a g u l a t i o n .  P r e l i m i n a r y  s t u d i e s  showed that low

lat  ex v e s s e l  turg or and h i g h  p l u g g i n g  i n d e x  ( P I ) a r e

c e r t a i n  prom inent  a d v e r s e  c h a r a c t e r s  p resent  in the

sp e ci e■ s .

Tabl e 2 . Lat ex f 1 ow c h a r a c t e r i s t i c s  of M. g l a z i o v i i

T r e e In i  t ia l  vol  . T o t a l  v o l . P l u g g i n g  Dry

N o . of l a t e x of l a t e x  in d e x rubb er

ml (5 mt s ) (mm)

1 7 15 9 . 3 3 7 . 97

2 22 32 1 3 . 7 5 9 . 04

3 23 47 9 . 7 8 . 10 . 55

4 11 22 1 0 . 0 0 7 . 81

5 11 30 7 . 3 3 7 . 37

6 24 33 1 4 . 5 5 6 . 92

7 20 34  1 1 . 7 6 7 . 78

It ha s a l s o  b e e n  o b se rve d  that upon d i l u t  ion wi th

wat er the  v i s c o s i t y of l a t e x  i n c r e a s e s si gni  f i c a n t ly

e v e n t u a l l y  r e s u l t i n g in  c o a g u l a t i o n .

P r o p e r t i e s  of a i r  d r i e d  sheet p r e p a r e d f rom

M anihot  l a t e x  have  b e e n  a s s e s s e d  in  com parison  w ith  

that of Hevea  l a t e x .  T h e  a p p e a r a n c e  of sheet rubber  

i s  s i m i l a r  to that of H e v e a . H o w e v e r ,  ash  content 

( 1 . 1 8 % )  and n i t r o g e n  content ( 0 . 9 9 % )  of Manihot rubber  

are  h i g h e r  than  that of H evea  r u b b e r .  A ce t o n e  e x t r a c t



i s  s i g n i f i c a n t l y  h i g h e r  ( 5 . 6 4 % )  in  the  case  of the  

former  i n d i c a t i n g  a h i g h e r  c o n c e n t r a t i o n  of r e s i n s .

M .  g l a z i o v i i  can be l i s t e d  a s  a p o t e n t i a l  

a l t e r n a t i v e  s o u r c e  of n a t u r a l  r u b b e r .  C e a r a  rubber  

p l a n t a t i o n  w i l l  be  a s o l u t i o n  f o r  th e  a f f o r e s t a t i o n  of 

m a r g i n a l  l a n d s  w i t h  d e g r a d e d  s o i l  u n s u i t a b l e  fo r  other  

c r o p s .  The  d r a w b a c k s  e x p e r i e n c e d  in  l a t e x  p r o d u c t i o n  

can be  e l e m i n a t e d  t h r o u g h  b r e e d i n g  and  s e l e c t i o n .  No 

crop  improvement  attempt h a s  so f a r  been  made w ith  a 

v i e w  to i n c r e a s i n g  r u b b e r  p r o d u c t i o n  in  M. g l a z i  ovi i . 

G e n e t i c  r e s o u r c e s  a v a i l a b l e  at s tra y  l o c a t i o n s  h av e  to 

be  c o l l e c t e d  and  c o n s e r v e d  b e f o r e  they  are  d e s t r o y e d .  

B r e e d i n g  c y c l e  and  s e l e c t i o n  c o n s t r a i n t s  can be 

r e d u c e d  c o n s i d e r a b l y  due  to the  e a r l y  f l o w e r i n g  h a b i t  

and  v e g e t a t i v e  p r o p a g a t i o n  f a c i l i t i e s .

It may a l s o  p r o v i d e  employment and e a r n i n g s  to 

the  m a r g i n a l  la n d  d w e l l e r s .  Im portant  t e c h n o l o g i c a l  

p r o p e r t i e s  of M a n i h o t r u b b e r  i s  c om pa rab le  w ith  that 

of H e v e a  r u b b e r .  In  a d d i t i o n  to r u b b e r ,  the  tree  

y i e l d s  wood and seed  o i l .  C e a r a  r ub b e r  G a r d e n  i s  the 

most i d e a l  p l a c e  f o r  b e e - k e e p i n g  ( N e h r u ,  1 9 8 9 ) .
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