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The Rubber Research Institute of India (RR11), under
the Rubber Board (Ministry of Commerce and Industry,
Governmentof India), had its inception in 1955. With a
very modest beginning, the RRII is now capable of
handling most of the problems associated with natural
rubber (NR) production technology, primary processing
and product development. The steady growth of the
RRII in its scientific worth and research contributions
has won it the recognition as an International Centre of
Excellence on NR research.

Location

The RRII is located on a hillock 8 km east of
Kottayam town in Kerala State and is easily accessible
by road. Kottayam is connected to all major cities in
the country by rail. The capital of the State is
Thiruvananthapuram, 160 km south, where there is an
international airport. The distance to New Delhi, the
capital of the country, is 2950 km

Functions

Undertaking, assisting and encouraging scientific,
technological and economic research and dissemination
of knowledge to the NR industry are the statutory
functions of the RRII.

Organization

For the efficient discharge of its functions, the RRII
has established major research divisions and research
supporting secUons at its headquarters and regional
research establishments at appropriate locations where

Hevea bmiliensis is commercially grown or is likely to
be grown.

Continued on inside back cover
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THE RUBBER BOARD

The Indian Rubber Board was constituted
under The Rubber (Production and
Marketing) Act, 1947, which came into force
on 19 April 1947. This Act was amended in
1954, 1960, 1982 and in 1994. The Act was
again amended by The Rubber
(Amendment) Act, 1994 (Act 33 of 1994),
which is now in force.

Organization

The Chairman is the principal executive
officer and exercises control over all
departments of the Board. The Rubber
Research Institute of India works under the
administrative control of the Board, the
Director being the head of the institution.
Besides RRII, there are six departments
under the Board, Administration, Rubber
Production, Processing & Product
Development, Finance & Accounts, Training
& Technical Consultancy and Licensing &
Excise Duty.

Chairman
Mr. S.M. Desalphine, IAS

Rubber Research Institute of India
Dr. N.M. Mathew
Director

Rubber Production Department
Dr. A.K. Krishnakumar
Rubber Production Commissioner

Administration Department
Secretary

Processing & Product Development
Dr. EV. Thomas
Director

Finance & Accounts Department
Mr. Abraham Chacko
Director

Training & Technical Consultancy
Mr. K.S. Gopalakrishnan
Director

Licensing & Excise Duty Department
Mr. T. P. Sivankutty Achari
Director
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DIRECTOR'S REVIEW

The achievements of the Indian natural
rubber sector during the last five decades have
been widely applauded in the academic and
policy circles. The significant achievements
made in various sectors of the NR industry are
mainly the outcome of the well co-
ordinated efforts initiated by the Rubber Board
since its inception. In any crop, R&D efforts
become meaningful only when the results
reach the farmers' field. The Rubber Research
Institute of India has, therefore, published a
compendium of scientific information on NR
production under the title "Natural Rubber :
Agromanagement and Crop Processing”,
documenting particularly the latest
developments in various aspects of rubber
cultivation and primary processing. Organised
in 34 chapters, this book is an attempt to
comprehend and provide up-to-date
information on agrotechniques and post-
harvest technology of natural rubber, covering
various aspects like history, botany, crop
husbandry and harvesting, crop protection,
processing and marketing, by-products, waste
management, plantation management, labour
legislation and eco-friendliness of the
commodity. This book will prove to be a very
useful asset to all those who are interested in
the NR industry.

A major area of work in agronomy was
on integrated nutrient management of
rubber. The optimum dose of N, P,0, and
KjO to ensure maximum yield in RRII 105
was found to be 30, 30 and 40 kg/ha.
Adoption of integrated weed management
involving cultural, physical and chemical
methods appeared to be more cost effective
and environmentally sound. In another
experiment, 100 to 250 silt pits in the field
could conserve 5 to 14 tonnes of soil per
hectare. Experiments to compare the

discriminatory fertilizer recommendation
and diagnosis and recommendation integrated
system (DRIS) have been in progress.

Transgenic plantlets were produced with
the gene coding for superoxide dismutase and
the antisense gene coding for ACC synthase.
For the identification of disease tolerant genes
RAPD analyses were carried out with random
primers using the total DNA isolated from
tolerant and susceptible lines. The effect of
polyamines, glutamine, casein hydrolysate,
gibberellic acid, light intensity, etc. on the
frequency ofsomatic embryogenesis and plant
regeneration have been studied in depth.

Investigations by the Botany Division
revealed that during the sixth year of tapping
the ten hybrid clones developed in 1982 and
now in the pipeline continued to show
superiority in yield over RRII 105, the yield
improvement ranging from 10 to 56 per cent.
The higher yield of other hybrid clones,
compared to RRII 105, was evident from the
results of small-scale trials obtained during the
year. A disease screening programme was
formulated for screening the wild germplasm
for sources of resistance to the major leaf
diseases. A laboratory was set up at CES
Chethackal for the screening work.

During the year there was severe incidence
of abnormal leaf fall disease and moderate
incidence of powdery mildew and
Corynespora diseases. New fungicides
including systemics, were tested for their
efficacy against major diseases. Special
attention was given to Corynespora leaf
disease. The isolates of Corynespora from
Karnataka and Kerala showed wide variation
in virulence.

Studies on drought stress in polyclonal
plants have indicated that peroxidase activity



in the leaves may be related to drought
tolerance. Further studieson low temperature
stress confirmed the existence of high light
induced down regulation of photosynthesis.
Increased drain of resources including ATP
through latex might be responsible for tapping
induced loss of biomass that is not reflected in
dry rubberyield. Field trials from the drought
prone North Konkan have clearly established
that the high intensity of solar radiation
aggravated the adverse effect of drought on
rubber plants.

Experiments on low frequency tapping
confirmed the sustainable yield increase in high
yielding clones under third daily tapping with
stimulation. Fourth daily and weekly tapping
with different levels of stimulation gave
comparable yield. Low yield during the initial
years of weekly tapping could be solved by
adjusting the frequency of stimulation.
Rainguarding was found essential for low-
frequency tapping systems.

Close interaction was maintained with
footwear manufacturing units for the
evaluation of styrene grafted natural rubber
(SGNR) in microcellular soles. A process was
standardized for deproteinization of NR latex
using the enzyme preparation Anilozyme P.
Incorporation of about 15 parts of epoxidised
natural rubber in nitrile rubber-silica
composites was found to improve the
technological properties significantly.
Necessary technical assistance was provided
to M/s Kochi Refineries Ltd. for the
commercial production of NR modified
bitumen. A solar - cum - smoke dryer was
installed at HBSS Nettana. The evaluation of
the sheet cleaning machine being patented by
the Institute indicated that over 60 per cent of
the sheets can be upgraded and the process is
found to be cost-effective.

A new methodology has been developed to
assess the comparative commercial yield

performance of Heivaclones. Astudy analyzing Hie
consequences of economic liberalization on the
Indian automotivetyreindustry, liasbeen completed.

Nutritional studies conducted in the North
East India yielded positive response on growth
and yield for application of N, PD . and KO
up to 60, 60 and 40 kg/ha/yr. An extensive
pests and disease survey carried out in the
North East reported high incidence of powdery
mildew disease and Secondary leaf fall (SLF)
disease in most plantations. Brown root disease
caused by PheUinus noxius was also noticed in
some locations. Preliminary yield data from
RRS, Nagrakatta revealed that rubber
cultivation will be viable in northern parts of
West Bengal. Rubber yield was significantly
influenced by the interaction between P and K
levels. Application of 20 kg P,Osand K ,0 per
hectare resulted in higher yield. Intercropping
of banana and pineapple with rubber was
found to be profitable under Tripura
conditions. Yield data from small-scale trials
over eight years revealed clone PB 235 as the
top yielder in the North East India. In the non
traditional tract in North Konkan (Dapchari,
Maharashtra) an annual yield of 1280 kg per
hectare was obtained when 23 blocks were
tapped third daily.

In the Research Component of the World
Bank-Assisted Rubber Project, which has been
under implementation from 1994, the seven
research schemes yielded very useful results and
the two consultancy projectswere concluded. An
on was spent on research

amount of Rs.90 mil
schemes and supporting services, training and
technical assistance, consultancy projects and
financial support to an NGO.

IndianJournal of Natural Rubber Research,
Volume 10, brought out during the year,
contained 21 research articles. The Institute
also maintained academic linkage with several
universities and other institutions of research
and learning.



AGRONOMY AND SOILS DIVISION

The Division continued to engage in the
investigations on various crop management
aspects of rubber cultivation aimed atreduc-
ing the immaturity period and improving
productivity. Studies on the integrated nu-
trient management of rubber at various
stages of growth constituted a major area of
work of the Division. A field experiment
being conducted with the loighyield ing clone
RRII 105 indicated that the optimum dose
of N(P,Oriand K,0 was 30,30 and 40 kg/ha
for maximum yield. Among the micro-
nutrients, zinc (Zn) is reported to be low
in many of the rubber growing soils and
experiments w'ere initiated to study the effect
of Zn application on the growth of
rubber seedlings

An experiment was initiated to quantify
the biomass production of popular legume
ground covers viz., Pneraria phaseoloides and
Miicmia bracteata under different age groups.
Experiments to find out the possibility of
using waste from latex centrifuging and
crumb rubber processing factories were in
progress. The bowl sludge obtained from
latex centrifuging factories was found to be
agood source of phosphorus, forboth young
and mature plantations. Experiments on
comparison ofsoil ecosystems under rubber
and other systems and on characterization
of soil organic matter were continued.
Effect of liming on soil properties and
plant growth was also under study during
the period.

Investigations on the effect of density of
planting on the growth of rubber were con-
tinued. During the initial years, plants in the
higher densities registered relatively better
growth. However, this trend was reversed
during the later period of immaturity. Stud-
ies on the effect of silt pits on tine growth and
yield of rubber and on conservation of soil
were also in progress. Another major area

of research of the Division was weed man-
agement. Adoption of integrated weed man-
agement involving cultural, physical and
chemical methods appeared to be more cost
effective and eco-friendly. The Division con-
tinued its research activities for generation
of ancillary income through intercropping.

The Division continued its service of
offering discriminatory fertilizer recommen-
dation to large Estates based on soil and leaf
analyses and case history of individual
fields.

1. Nutrient management
11 Nulrilional studies

On the nutritional aspects of rubber, three
field experiments are going on of which one
is in seedling nursery and the other two on
mature rubber. The nursery experiment was
aimed at assessing the effect of Zn applica-
tion on the growth of seedlings. Another
experiment examined the effect of selected
combinations of N, P and K fertilizers on
growth and yield of rubber. The third ex-
perimentexplored the possibility of sequen-
tial skipping of fertilizer application over
seasons and years.

An experiment was initiated at Central
Nursery, Karikkattoor, to study the influence
of Zn application on the growth of rubber
seedlings in ground nursery and the avail-
ability of Zn in soil. Different levels of Zn
through two different sources were com-
pared. The sources were ZnS04 7H,0
(21.0% Zn) and ZnO (60-80% Zn) and the
levels were 0,2.5,5.0,7.5 and 10.0 kg Zn/ha
as soil application. There was another fo-
liar spray treatment at a concentration of
0.5% ZnSOr

The field experiment started in 1989 to
study the NPK requirementofclone RRI1I 105
was in progress. Girth (2000) and girth in-
crement (1991-2000) did not indicate any sig-



nificant difference between treatments. N,
PX5and K ,0 at the rate of 60:30:40 kg/ha
recorded the highest yield (73.17 g/t/t)
which was comparable with 60:60:40 kg/ha
(63.85 g/t/t), 30:60:20 kg/ha (63.56 g/t/t)
and 30:30:40 kg/ha (63.32 g/t/t) under
1/'25 d/3 system of tapping.

The experiment to evaluate the effect of
sequential skipping of fertilizers for one or
more seasons/year, on the growth and yield
of rubber continued. Observations on
growth and yield were recorded.

1.2 Integrated nutrient management

Four experiments on the integrated nu-
trient management of rubber were in
progress. They were aimed at evolving a
nutrient management schedule for rubber,
integrating organic and inorganic sources. In
the first experiment, the effect of organic
manure alone and in combination with
chemical fertilizers on the growth of rubber
was investigated. In the second experiment,
organic matter under different ecosystems
was characterised. The third experiment
aimed atcharacterising the soil organic mat-
ter under different rubber based ecosystems.
P. phaseoloides and M. bracteata, the most
popular ground covers were compared in the
fourth experiment. All the experiments
progressed well during the period.

The experiment started at Shaliacary
Estate, Punalur in 1994 to study the effect of
organic manure alone and in combination
with chemical fertilizers on the growth of
rubber and soil properties was in progress.
No significant difference was noticed on the
growtli of plants with and without organic
manure.

Two experiments initiated in 1999 to
characterise the soil organic matter under
differentecosystems were in progress. In the
first experiment, the disintegration pattern
of litter from rubber, P. phaseoloides and
M. bracteata, were compared. Litter bags
were retrieved from the fields on a monthly

basis and weight losses recorded (Table Ag. 1).
The N content in the remaining M. bracteata
litter increased till 94 days, and decreased
slightly afterwards. In the case of
P. phaseoloides litter, N content decreased till
73 days and after that an increase was
noticed. All the other nutrients in both the
species showed a decreasing trend. In the
second experiment, surface soil and profile
samples were collected from rubber,
P. phaseoloides, M. bracteata teak and forest
systems. Litter samples were also collected
from all the systems. CI3BNMR studies were
undertaken for the samples and respiration
rate and biomass were estimated. Total
carbon (C) and nitrogen (N) were deter-
mined using CHN analyzer (Table Ag. 2).

Table Ag. 1. Nutrient remaining in M. bracteata and
P. phaseoloides litter

Time (days) N (%) P(%) K(%) Ca(%) Mg (%)
M. bracteatn
0 358 022 112 082 025
33 450 019 019 080 0.0
60 465 020 011 066 016
94 488 019 012 059 0.16
126 475 009 017 060 017
P.phaseoloides
0 352 027 120 072 024
39 306 018 016 069 0.8
73 287 020 015 072 015
101 344 010 032 060 020

An experiment was initiated at Erumely
Estate, Mukkoottuthara to fractionate and
characterise soil organic matter under
different rubber based ecosystems viz., ten
year old rubber plantation, rubber in
immature phase in association with
P. phaseoloides and rubber in immature phase
in association with M. bracteata. Pre-treat-
ment soil samples were collected and
observation points were marked for collect-
ing litter samples.

The experiment started at TR&T Estate,
Mundakayam to quantify the biomass



Table Ag. 2. Respiration rate, biomass C, total C and total N of litter and soil samples

samples Respiration rate* Biomass C** Total C (") Total N (%)
Litter

Rubber 03727 22681 54.77 145
P. phaseoloides 5.3561 49.8837 44.80 2.45
M. bracteata 1.8634 37.6673 43.60 2.98
Teak 3.7406 332791 4921 0.86
Forest 0.4933 6.8854 48.59 0.97
soil

Rubber 0017671 01591 4.42 024
P. pImseoloidcs 0.029646 0.3240 444 025
M. bracteata 0.016276 0.2474 354 022
Teak 0.040303 03653 4.30 030
Forest 0.103857 0.2690 6.36 038
' ‘mmol CO./g/soil/hour

“ mg C/g soil

production of P.phaseoloides and M. bracteata
under different age groups and to study
the effect of cover crop establishment on
soil physico-chemical properties was
in progress. The data on dry matter
accumulation indicated that both
P. phaseoloides and M. bracteata recorded the
highest dry matter accumulation at the age
of two years, which declined drastically in
later years (Table Ag. 3). The dataon nutrient
accumulation (Table Ag. 4) indicated that

Table Ag. 3. Dr)’ matter production (t/ha)

accumulation of nutrients was significantly
higher at the age of two years and then
declined subsequently.

1.3 Formsand methods of fertilizer application

Under this major area of research, nine
experiments were in progress. Effectiveness
of bowl sludge, a waste product from latex
centrifuge factory and sludge from crumb
rubber factory, were evaluated in two experi-
ments. The possibility of reducing the dose
and frequency of fertilizer application
through the use of controlled release fertil-

Age P. phaseoloides A bracteata izers was explored in another experiment.
1 334 263 Another experiment explored the possi-
2 gjg ;ji bility of substituting potassium with sodium.
j 260 392 Comparative efficiency of Rajphos (RAP)
5 2.45 3.32 and Mussoorie rock phosphate (MRP) in
sc 051 0.82 immature and mature rubber was evaluated
CD (P-0.05) 103 166 in two experiments. Other experiments in
Age N K ca Mg
3 M P M v P v P ™M
1 11213 84.60 9.68 520 8215 32.14 3202 1990  14.06
2 17417 23621  13.08 1521 10384 79.08 6535 5571  18.03 1457
3 10070 169.60 739 962  67.32 59.17 3019 4167 799 1068
4 9523 14051 6.30 895  47.87 63.90 27.07 3534 976 1227
5 81.07  97.99 515 518 4754 3134 2359 2157 766 837
SF. 1521 1518 125 113 1263 6.99 733 321 192 112
CD(P--0.05) 30.87  30.83 261 228 1564 14.2 14.89 651 392 228

P :P.phaseoloides M : M. bracteata



nificant difference between treatments. N,
P,Orand K.O at the rate of 60:30:40 kg/ha
recorded the highest yield (73.17 g/t/t)
which was comparable with 60:60:40 kg/ha
(63.85 g/t/t), 30:60:20 kg/ha (63.56 g/t/t)
and 30:30:40 kg/ha (63.32 g/t/t) under
1/2S d/3 system of tapping.

The experiment to evaluate the effect of
sequential skipping of fertilizers for one or
more seasons/year, on the growtliand yield
of rubber continued. Observations on
growth and yield were recorded.

1.2 Integrated nutrient management

Four experiments on the integrated nu-
trient management of rubber were in
progress. They were aimed at evolving a
nutrient management schedule for rubber,
integrating organic and inorganic sources. In
the first experiment, the effect of organic
manure alone and in combination with
chemical fertilizers on the growtli of rubber
was investigated. In the second experiment,
organic matter under different ecosystems
was characterised. The third experiment
aimed at characterising the soil organic mat-
ter under different rubber based ecosystems.
P. phaseoloides and M. bracteata, the most
popular ground covers were compared in the
fourth experiment. All the experiments
progressed well during the period.

The experiment started at Shaliacary
Estate, Punalur in 1994 to study the effect of
organic manure alone and in combination
with chemical fertilizers on the growth of
rubber and soil properties was in progress.
No significant difference was noticed on the
growtli of plants with and without organic
manure.

Two experiments initiated in 1999 to
characterise the soil organic matter under
differentecosystems were in progress. In the
first experiment, the disintegration pattern
of litter from rubber, P. phaseoloides and
M. bracteata, were compared. Litter bags
were retrieved from the fields on a monthly

basis and weight losses recorded (Table Ag. 1).
The N content in the remaining M. bracteata
litter increased till 94 days, and decreased
slightly afterwards. In the case of
P. phaseoloides litter, N content decreased till
73 days and after that an increase was
noticed. All the other nutrients in both the
species showed a decreasing trend. In the
second experiment, surface soil and profile
samples were collected from rubber,
P. phaseoloides, M. bracteata teak and forest
systems. Litter samples were also collected
from all the systems. CIBNMR studies were
undertaken for the samples and respiration
rate and biomass were estimated. Total
carbon (C) and nitrogen (N) were deter-
mined using CHN analyzer (Table Ag. 2).

Table Ag. 1. Nutrient remaining in M. bracteata and
P.phaseoloides litter

Time (days) N (%) P(%) K (%) Ca (%) Mg (%)
M. bracteata
0 3.58 022 112 0.82 0.25
33 450 019 0.19 0.80 0.10
60 465 020 0.11 0.66 0.16
94 488 0.19 0.12 0.59 0.16
126 4.75  0.09 0.17 0.60 0.17
P.phaseoloides
0 352 027 1.20 0.72 0.24
39 3.06 0.18 0.16 0.69 0.18
73 287 0.20 0.15 0.72 0.15
101 344  0.10 0.32 0.60 0.20

An experiment was initiated at Erumely
Estate, Mukkoottudiara to fractionate and
characterise soil organic matter under
different rubber based ecosystems viz., ten
year old rubber plantation, rubber in
immature phase in association with
P. phaseoloides and rubber in immature phase
in association with M. bracteata. Pre-treat-
ment soil samples were collected and
observation points were marked for collect-
ing litter samples.

The experiment started at TR&T Estate,
Mundakayam to quantify the biomass



lLible A>. 2 Respiration rale, biomass C, total C and total N of litter and soil samples

Samples. Respiration rate* Biomas-s C"* Total C (%) Total N (%)
Litter

Rubber 0.3727 2.2681 54.77 145
P. phaseoloides 5.3561 49.8837 44.80 245
M. bracteata 1.8634 37.6673 43.60 2.98
Teak 3.7406 332791 4921 0.86
Forest 0.4933 6.8854 4859 0.97
Soil

Rubber 0.017671 0.1591 4.42 0.24
P. phaseoloides 0.029646 0.3240 4.44 0.25
M. bracteata 0.016276 0.2474 334 0.22
Teak 0.040303 0.3653 4.30 0.30
Forest 0.103857 0.2690 6.36 038
* inmol COj/g/soil/hour

“ mg C/g soil

production of P. phaseoloides and M. bracteata
under different age groups and to study
the effect of cover crop establishment on
soil physico-chemical properties was
in progress. The data on dry matter
accumulation indicated that both
P. phaseoloides and M. bracteata recorded the
highest dry matter accumulation at the age
of two years, which declined drastically in
later years (Table Ag. 3). The data on nutrient
accumulation (Table Ag. 4) indicated that

Table Ag. 3. Dry matter production (t/ha)

accumulation of nutrients was significantly
higher at the age of two years and then
declined subsequently.

13 Formsand methods of fertilizer application

Under this major area of research, nine
experimentswere in progress. Effectiveness
of bowl sludge, a waste product from latex
centrifuge factory and sludge from crumb
rubber factory, were evaluated in two experi-
ments. The possibility of reducing the dose
and frequency of fertilizer application
through the use of controlled release fertil-

Age P. phaseoloides M. bracteata izers was explored in another experiment.
1 334 263 Another experiment explored the possi-
i :‘22 ;flz bility of substituting potassium with sodium.
N 260 3.92 Comparative »efflclency of Rajphos (RAI?)
5 2.45 3.32 and Mussoorie rock phosphate (MRP) in
SE 051 0.82 immature and mature rubber was evaluated
CD (P-0.05) 1.03 166 in two experiments. Other experiments in
Table Ag. 4 Accumulation of nutrients (kg/ha) in biomass
Age N 1 K ca Mg
P M P M M P M P M
1 11213 84.60 9.68 520 8215 3214 3202 1990  140b 725
2 17417 23621 1308 1521  103.84 79.08 6535 5571 1803 1457
3 10070 169.60 7.39 962  67.32 59.17 3019 4167 7.99 1068
4 9523 14051 6.30 895  47.87 63.90 2707 3534 976 1227
5 81.07  97.99 5.5 518 4754 31.34 2359 2157 766 837
SE 1521 15.18 128 113 12,63 6.99 7.33 321 193 112
CD(P=0.05) 30.87  30.83 261 228 2564 142 1489 651 392 228
P : P.plmseotoides M : M. bnidmta



this area were evaluation of the utility of
magnesium (Mg) contained in RAP and
MRP, studies on the effect of different levels
of P on growth and yield of rubber and
downward movement of surface applied
rock phosphate.

The experiment started in 1989 at TR&T
Estate, Mundakayam to evaluate the effec-
tiveness of bowl sludge, a waste product
from latex centrifuging factories, as asource
of P was in progress. No significant differ-
ence was observed between treatments with
respect to girth increment. All the P sources
viz., Super phosphate, MRP and bowlI sludge
gave significantly higher yield over control
(Table Ag. 5). No significant difference
was noticed with respect to yield among
the sources.

Treatment Yield (g/t/1)
buper phosphate 46.46
MRP 47.66
Bowl sludge 50.25
Control (No P) 28.03
SE 364
CD (P=0.05) 1091

The sludge from crumb rubber factory
contains three per cent N and two experi-
ments were initiated to evaluate the effec-
tiveness of this material as a source of N for
rubber. An incubation study was started
with urea and sludge at three levels and a
control to find out the release pattern of N

from the two sources (Table Ag. 6). The
results indicated that inorganic N content in
the treatments with urea increased during
the first two weeks of incubation, while a
steady but slow increase was noticed in the
sludge treatments. When the N application
was at the rate of 30 kg/ha, 78.78 ppm and
69.27 ppm was recovered as total inorganic
N forurea and sludge respectively and when
the rate of application was increased to
90 kg/ha, the increase in inorganic N was
marginally higher for urea than sludge.

A nursery experiment was initiated at
TR&T Estate, Mundakayam to explore the
possibility of using sludge as a source of N
in the seedling nursery.

The experiments started at CES,
Chethackal and Kuzhimattom, Kottayam to
study the effect of controlled release fertiliz-
erson the growth of rubber were in progress.
Data from the two experiments indicated the
possibility of reducing the dose and
number of splits of fertilizer application
using controlled release formulations
(Tables Ag. 7 and 8).

The field experiment started at
Malankara Estate, Thodupuzha during 1998
substituting K with various levels of Na was
in progress. Observations on growth and
yield were recorded.

The experiments on immature rubber
started at Boyce Estate, Mundakayam and
Malankara Estate, to compare the efficiency

Table AS. 6. Mean value of total inorganic N as influenced by sources and levels of application (ppm)

Source Levels Days after -
(kg/ha) 45 - 75 Mean
127.96 70.98 58.08 53.35 83,53 78.78
Urea 142.77 75.75 62,61 57.85 9407 86.61
Urea 146.49 107.14 121.61 73.37 151.69 120.06
z:ugge 72.13 64.20 64.30 6546 80.27 69.27
Sl:dgz 79.48 7420 73.30 67.43 119.46 82.81
86.26 7343 76.69 85.08 120.02 88.35



Table Ag. 7. Effect of controlled release fertilizers op girth (Kuzhimattom)
Recommended
dose (%)

Treatment

1rilled urea
NPKMg pellets
NPKMg pellets
NPKMg pellets
NPKMg pellets
Nimin-coated urea
Nimin-coaled urea
Neem cake mixed urea
Neem cake mixed urea

Number of

Girth ‘(cm)  Girth increment ‘=(cm)

application

Two
single
Two
single

Control (no manure) 41.13 34.17
CD (P=0.05) 3.33 3.39
“2000 "1995-2000

Table Ag. 8. Effect of controlled release fertilizers on
girth tCES, Chethackal)

recomm- Girth

Treatment ended dose  Girth * increment
(%) (cm) (cm)

Prilled urea 100 51.10 36.74
NPKMg pellets 100 53.56 38.17
NPKMg pellets 75 5218 36.63
Nimin-coated urea 100 52.05 37.40
Nimin-coated urea 75 52.82 38.99
Neem cake mixed urea 75 53.39 38.71
Control (no manure) 46.82 32.48
SE 1.08 131
CD (P=0.05) 333 4.04

*2000 -41995-2000

ot RAP and MRP, were in progress.
Observations on growth did notindicate any
significant difference among the treatments,
at both the locations. The experiments initi-
ated in 1997 at Boyce Estate and Malankara
Estate, to evaluate the effect of Rajphos and
MRP at different levels on growth and yield
ofrubber were in progress. Observations on
growth and yield did not indicate significant
difference among the treatments at both the
locations.

Apotculture experiment was conducted
to study the effect of different rock
phosphates on dry matter production
of P. phaseoloides. Application of rock phos-
phate alone or in combination with Mg
increased the dry matter production of cover
crop significantly over control (no Pand Mg).

However, no difference was noticed among
the various forms of rock phosphates.

The experimentstarted atMooply Estate,
Palappilly during 1997 to study the effect of
different levels of P on the growth and yield
of rubber was in progress. Observations on
growth and yield did not indicate any
significant difference among the levels of P
application.

An experiment was initiated to study the
downw-ard movement of P from surface
applied rock phosphates. Soil samples were
collected from two ongoing fertilizer experi-
ments. In Experiment I, P is applied at four
levels viz., 0, 15, 30 and 45 kg/ha and in
Experiment Il, at five levels viz., 0,10,20,30
and 40 kg/ha and analysis of samples were
continued.

2 Physical and chemical properties of soil

The experiment commenced in 1997 to
establish the relationship between organic
matter, organic C and available nutrients
continued. Correlation matrices were
worked out between organic C and
available nutrients. Negative correlation
was observed between organic carbon
and available Ca and Mg. Positive
correlation was noticed for available Ca
with available Mg and K and also between
available K and Mg.



The incubation experiment to study the
nutrient release from different types of leaf
litter and theircombinations was in progress.
The samples were analysed after six months
of incubation. Organic C content did not
increase even after six months of incubation
of soil with litter of rubber, P. phaseoloides,
M. bractcata or weed flora. Significantrelease
of K was noticed from P. phaseoloides and
M. bracteata. The combination of rubber with
M. bracteata released more K than the other
treatments except with inorganic fertilizers
and the P. phaseoloides released higher Ca
than other litter samples.

The experiment to study the soil solution
chemistry and nutrition of Hevea continued.
Soil and leaf samples were collected from
Kodumon Estate, Adoor at monthly intervals
and analytical data were generated.

An experiment was initiated to
characterise die soil under rubber in upland
paddy fields and low lying areas ofAlleppev
and Kottayam districts. Samples were
collected from soils under rubber raised in
upland paddy fields, low lying areas and
sandy tracts of Kottayam and Alleppev
districts for determination of physio-
chemical properties.

The nursery experiments started to study
the effect of liming on the growth of
seedlings at two locations viz., Central
Nursery, Karikkattoorand Regional Nurserv,
Perumpulickal were continued. Diameter
of the plants recorded from the experiment
at Perumpulickal indicated that application
of NPKMg alone or in combination with
various doses of lime were on par. Another
experiment started in 1998 at Boyce Estate,
Mundakayam tostudy the influence of lime
application on the growth of rubber and
availability of nutrients was in progress.
Observations on growth of the plants did
not indicate significant differences among
the treatments Liming did not influence
the pH oravailability of nutrients in surface
and subsurface soil.

An incubation experiment was also initi-
ated to study the changes in soil acidity due
to liming and its effect on nutrient availabil-
ity. The treatments were different levels of
lime and a control without lime. The results
indicated that pH increased significantly
with increasing level of lime application and
maximum pH was noticed when lime was
applied at full rate of lime requirement. As
incubation time advanced, pH decreased
significantly. Availability of P, K and Mg
decreased and availability of Ca increased
with increasing levels of lime.

3. Soil and water conservation

Two experiments on mature rubber were
iii progress to study the effect of silt pits on
die growth and yield of rubber. The extent
of conservation of soil and moisture by the
silt pits were also studied.

The experiment started in 1997 at TR&T
Estate, Mundakayam to elucidate the effect
of conservation pits on the yield of rubber
and to quantify the soil and nutrients pre-
vented from being lost through erosion was
continued. Evaluation ofyield data for 1998-
99 did not indicate significant differences
among the treatments. It was too early to
expect an improvement in yield resulting
from soil conservation. The experiment to
study the influence of silt pits on the growth
and yield of rubber and to explore the possi-
bility of applying fertilizer in silt pits was in
progress. Observations on growth and yield
of rubber and the quantity of soil conserved
in pits were continued.

4. Density of planting

The experiment initiated at CES,
Chethackal with five densities and two ma-
nuring regimes to study the effect of differ-
ent densities of planting of rubber on the
growth, canopy architecture and yield was
continued. The trees in the higher densities
had relatively higher girth during the initial
years. This tendency gradually faded out as



the age advanced. During 1999-2000, trees
under lower densities gave comparatively
higher girth increments.

5. Cropping systems

The cropping system experiment started
in 1993 at CES, Chethackal, was in progress.
Growth of rubber in the cropping system
was marginally superior to that of an
adjacent pure stand of rubber under normal
density (445 rubber trees per ha). About 75%
of trees attained tappability six years after
planting in the cropping system area com-
pared to 68% in the monoculture area. Pep-
per plants have good vegetative growth, but
flowering and fruit setting have been poor.
Coffee plants have started bearing and 42 kg
of fresh berries was harvested. Fodder grass
planted along the boundaries gave a cumu-
lative yield of 8.8 t since 1993.

6. Studies on pit size and incidence of
wind damage

Two field experiments at Rajagiri Estate,
Punalur were in progress, hi experiment I,
highest girth was recorded by the largest pit
size, viz., 90 x 90 x 90 cm, followed by the
second largest pit size viz., 75 x 75 x 75 cm.
The block with no pits gave the third
highest girth. In experiment Il, the growth
of the plants was not influenced by pit size.

7. Weed management

Weed control operations constitute a
major share of the total cost of cultivation of

rubber during immaturity period. Three
field experiments were in progress toevolve
effective and economic weed management
schedules.

The experiment at Shaliacary Estate,
Punalur, to evaluate different weed control
methods in planting strips was in progress.
Scraping and herbicide spraying in the
entire platform gave significantly better
weed control compared to other treatments.
An integrated approach with herbicide
spraying in the plant basins and slashing
the interspaces also resulted in satisfactory
control of weeds. Since this approach
offers scope for reducing the quantity of
herbicides applied and is comparatively
less labour intensive, this method can be
adopted for weed control in the planting
strips (Table Ag. 9).

The experiment at TR&T Estate,
Mundakayam to evaluate the relative effi-
ciency of 'Touch down' and to compare the
efficacy of Controlled Droplet Applicators
(CDA) and Knapsack sprayers was contin-
ued. Weed infestation was lowest when the
entire platform was scraped. During sum-
mer, the weed dry matter production (DMP)
was less in plots sprayed with glyphosate
(Round up) and sulphosate (Touch down)
at 2 L/ha with CDA, followed by scraping
and glyphosate and sulfosate application
with CDA at the lower dose (1.5 L/ha). The
weed density was maximum in paraquat

Table Ag. 9. Effect of different weed management methods on percentage weed infestation (angularly

transformed) and girth of rubber,
Treatment

Scraping entire platform

Slashing entire platform

Spraying Gramoxone + I-ernoxone in planting strips
Spraying Glyphosate in planting strips

Slashing interspaces and scraping plant basin

Slashing interspaces and spraying Gramoxone + Femoxone in the plant basin
Slashing interspaces and spraying Glyphosate in the plant basin

SE
CD (P=0.05)

Mean weed infestation (%)

(January 99 to December 99) Girth (cm)

25.05 34.75
4181 33.00
26.78 30.62
28.65 34.25
34.27 33.75
31.28 33.00
33.03 32.00
159 1.46
4.72 NS



Table Ag 10. Percentage weed infestation (angularly transformed) and weed dry matter production in different

weed control treatments
Meain weed infestation ()

Treatment (Sept 98 - Dec 99)
Scraping 33.82
Gramoxoiu- + Femoxone 39.71
Glyphosate 2 I/ha (Knapsack) 36.84
Glyphosate 2 1/ha (CDA) 33.79
Glyphosate 1.5 I/ha (CDA) 35.41
Sulphosate 2 I/ha (Knapsack) 36.15
Sulphosate 2 I/ha (CDA) 34.21
Sulphosate 1.5 I/ha (CDA) 36.90
SE 293
CD (P-0.05) NS

(Gramaxone) + 2,4-D (Femoxone) sprayed
treatments. During rainy season, weed
DMP was minimum In scraping followed
by the treatments where glyphosate and
sulfosate were applied with CDA at2 L/ha
(Table Ag. 10).

The experiment started during 1998 at
TR&T Estate, Mundakayam to study the
effect of herbicide rotation on the extent
of weed control was in progress.
Observation on weed infestation indicated
that all the treatments were equally
effective for weed control in planting
strips, and the treatments need be repeated
at 75% regeneration of weeds.

BIOTECHNOLO

Major research in the Biotechnology
Division focussed on developing transgenic
plants, in vitro propagation through shoot tip
culture, somatic embryogenesis and in vitro
micrografting, protoplast mediated genetic
manipulation, development of in vitro
haploid plants and in vitro fertilization
techniques for controlled breeding, molecular
control of growth and development,
identification and characterisation of genes
controlling tapping panel dryness (TPD),
biotic and abiotic stress etc., molecular

Weed DMP one month after imposition
of treatments (g/n\2)

summer Rainy season
1265
12.00 43.20
22.85
11.80 44.40
1.50 2385
4.95 40.80

227

6.70 491

8. Discriminatory fertilizerrecommendation

Discriminatory fertilizer recommenda-
tion based on soil and leaf analyses were of-
fered to 695 fields belonging to 23 large Es-
tates. A total of 1123 soil and 660 leaf samples
were analysed during the period.

In Diagnosis and Recommendation Inte-
grated System (DRIS) approach for fertilizer
recommendation, leaf nutrient values and
corresponding yield data from fields were
collected. Compilation of leaf nutrient val-
ues and corresponding yield data available
with the Economics Research Division was
initiated for developing database.

GY DIVISION

control of gene expression and disease
tolerance and tissue specific gene expression
and characterisation of tissue specific
promoters. Transgenic RRII 105 plantlets
incorporated with the gene coding for
superoxide dismutase were developed.
Methods were developed for high frequency
somatic embryogenesis and plant
regeneration using immature anther and
immature inflorescence as explants. DNA
markers were identified for conferring
tolerance to Phyfophthora.



1. Micropropagation

Attempts to develop a more efficient
micropropagation system through shoot tip
and nodal cultures have resulted in multiple
shootinduction and single bud sprouting in
the nodal cultures of RRII 105 and RRIM 600.
Multiple shoot formation from germinating
somatic embryos of Hei>ea could be achieved
in the presence of TDZ (2.0 (iM) or high lev-
els of BA (22.0 (jM). Individual microshoots
were rooted in hormone free medium. An
average of 3 microshoots per explant could
be induced by this system. The micro-
cuttings of the shoots were cultured in
elongation medium where axillary buds got
elongated. Later these cuttings were rooted
in medium fortified with IBA. An average
multiplication rate of 10 per somatic plant
could be achieved through this technique.

An efficient plant regeneration technique
through somatic embryogenesis is a
prerequisite to make the Agrobacterium me-
diated gene transfer technology a reality.
Two separate pathways using explants from
immature anther and inflorescence were
developed, which achieved a low frequency
somatic embryogenesis and plant regenera-
tion. Improvement over the existing path-
way was attempted by evaluating the influ-
ence.of auxins (2,4-D, picloram, NAA, IBA
& IAA), cytokinins (BA, 2ip, kinetin &
zeatin), GA”and ABA and different concen-
trations of sucrose (58-350 mM). Embryo
induction was favoured by both BA and
zeatin in the presence of low levels of NAA
or 2,4-D. Significant increase in embryo in-
duction frequency was observed in the pres-
ence of GAr Percentage maturation of the
somatic embryos was highest on hormone
free medium with a high sucrose concentra-
tion. Plant regeneration frequency was high-
eston media fortified with BA and GA ,along
with a low sucrose concentration. Hie same
protocol was extended to the explants of
RRIM 600, RRII 208, PR 255, PB 280 and

GT 1 and observed that different stages of
the pathway were highly genotype specific.

Callus induction, somatic embryogen-
esis and plantlet regeneration using imma-
ture anther explants were achieved. Fifteen
day old callus was found to be ideal for the
first subculture to embryo induction me-
dium. The best response of plant regenera-
tion was obtained when the culture medium
was supplemented with 50 mg/1 adenine
sulphate and the frequency decreased by in-
creasing the concentration beyond 50 mg/1.
To develop a high frequency continuous
plant regeneration system, a long-term
embryogenic system was initiated from the
primary embryogenic cultures.

Work was also initiated to develop asys-
tem of plant regeneration through somatic
embryogenesis / organogenesis from leaf ex-
plants. One week old leaves precultured in
liquid medium favoured callusinduction on
transfer to semisolid medium. For obtaining
good quality callus, optimum hormone
concentration was found to be 1.0 mg/1
BA and 1.5 mg/Il 2,4-D.

2. Genetic transformation

Among the different methods attempted
for the introduction of foreign genes into
Hevea, Agrobacteriwu mediated genetic trans-
formation system was found to be the most
suitable one. To develop transgenic plants
tolerant to drought and low incidence of tap-
ping panel dryness, genes coding for sorbi-
tol-6-phosphate dehydrogenase, superoxide
dismutase, isopentenyl transferase and
antisense ACC synthase were selected.

The selectable marker gene used in all
gene constructs in die present study was npt
1. This gene confers tolerance to four anti-
biotics - Kannamycin, Neomycin, Geneticin
and Paromomycin. To use these antibiotics
as alternative for the selection of transgenic
calli without affecting the normal growth
and development of the plantlets, kill curves
were determined (Table Biotech.1).



Table Biolech. 1. Optimum concentration required

for the selection of transformed
Hevea callus.
Optimum
P Concentration .
Antibiotic concentration
(mg/1)
(mg/n)
Neomycin 100-500 Insensitive even at
500 mg/I
Kannamvcin 100-500 300
Geneticm 50-250 100
Paromomycin 100-500 300

Low frequency plantlet regeneration was
obtained from the transgenic embryos of
RR 11105 with the gene coding for sorbitol-
6-phosphate dehydrogenase. Though
attempts weremade to harden these plantlets,
no plantlet survived.

Genetic transformation experiments
were carried with the SOD gene under the
control of 35S and 34S promoter. With the
35S promoter transformation experiments
were performed and 14 new transgenic cel]
lines were developed. Embryo induction
and plantlet regeneration were achieved.
Ten plantlets were obtained and these are
under acclimatisation for field transfer

Genetic transformation experiments were
also carried out with the SOD gene under
the control of34S promoter and experiments
on the effect of stress on embryo maturation
and plant regeneration are in progress. Water
stress was induced with different
concentrations of phytagel (0.2-1%) and
osmotic stress using PEG, mannitol and
sorbitol Effect of cold treatment on embryo
germination was also studied by maintaining
thecultures at 10°C for different time intervals
0f7,14,21 and 30 days. Induction of osmotic
stress at 6% PEG enhanced the frequency of
embryo induction. However, no significant
effect was noticed with cold treatment.
Transgenic cell lines with the antisense gene
forSOD were developed and embryogenesis
obtained.

Seventeen transgenic cell lines were
developed with the gene coding for

isopentenyl transferase. Experiments were
carried outwith varying nutrient composition
for embryogenesis from the transgenic calli.
Embryogenesis could be obtained from three
of these lines. Afew normal embryos formed
were tried for maturation and both shootand
rootinduction could be obtained, but further
growth was found arrested. Attempts were
made to increase the efficiency of
embryogenesis and plant regeneration.

In order to regulate the ethylene
biosysnthesis and thereby to reduce inci-
dence of TPD, experiments were initiated to
introduce antisense ACC synthase gene into
clone RRII 105, which is susceptible to TPD.
Many transgenic cell lines with antisense
ACC synthase could be obtained. Only five
cell lines have so far given rise to embryos.
Mature embryos developed from two cell
lines have germinated into full plantlets.
Eventhough these plantlets were growing
well in the initial stages, after reaching 2 or 3
whorls, senescence of the leaves followed by
gradual drying up of the plants was observed.

3 Protoplast culture of Hevea brasiliensis

A system for plant regeneration via so-
matic embryo induction from protoplasts
isolated from embryogenic cell suspension
of Hevea has already been developed.
Further studies to improve the efficiency of
this system have resulted an enhanced
embryo induction frequency with amino
acidsarginine and proline when incorporated
atlower concentrations (50-100 mg/1). Maxi-
mum embryo induction was observed at
1.4 jjM whereas the plant regeneration
frequency was highest at 2.0 jjM of GAV

4. Haploid plant production through
microspore/ovule culture

For pollen culture, the isolation tech-

niques, pretreatment of anthers and the nu-

trient media compositions for getting mi-

crospore division have been standardised.

The late uninucleate stage was identified as



the ideal stage for microspore culture. A
modified MS based nutrient medium
containing growth regulators such as BA
and 2,4-D were identified for the induction
of calli from unpollinated ovule. Medium
for calli proliferation as well as embryogenic
calli formation also has been identified.

5. Invitro fertilization and plantrecovery

Preliminary studies for establishing a
successful in vitro fertilization system
through different methods of in vitro polli-
nation have been carried out. Enlargement
of the ovary has been observed after in vitro
stigmatic pollination. Fluorescent micro-
scopic studies revealed the pollen tube
growth and entry into the ovules between
24 - 48 hours after pollination.

6. Molecular biology of Hevea

A quick, simple and reliable method for
the isolation of high quality intact total RNA
from bark tissues was developed. The first
strand cDNA was synthesized from this
total RNA using RT-PCR kit. Various
primers were designed and synthesized
for further gene amplification and expres-
sion studies.

Attempts were made to isolate and clone
the full gene corresponding to the RAPD

BOTANY

The Division conducts research on
hybridisation, ortet selection, clone
evaluation, on-farm trials, anatomy, cytology
and horticultural manipulation techniques
for vegetative propagation of clonal material.
Thrust area of activity of the Division is
identification of clones having more yield
and better secondary characteristics than
RRII 105. In the research on hybridisation
and selection, 28 experiments involving
artificial hybrid clones, 15 ortet trials using
the plus trees selected from open pollinated

marker identified earlier for conferring
tolerance to TPD. In the preliminary experi-
ments, the intensity of the amplified band
was very poor. Further work was in progress
to optimise the PCR conditions for amplifi-
cation of the full gene. To understand the
molecular mechanism of tolerance to leaf fall
disease caused by Phytophthora, RAPD analy-
ses were carried out with random primers
using total DNA isolated from tolerant and
susceptible lines. Among 100 random
10-mer primers, 8 were found to give good
polymorphic bands. Further analyses using
8 primers have resulted in three bands asso-
ciated with tolerant lines. Out of the three
markers a 2.5 kb band, which is present in
most of the tolerant clones was selected for
further studies.

Work has been initiated to characterise
the laticiferous specific promoters. A strat-
egy was developed for the isolation of pro-
moters. Primers were designed for the am-
plification of promoter by PCR. RAPD pro-
file studies on 37 clones using 80 primers
were conducted. Nine primers were identi-
fied tobe very good for generating polymor-
phicbands for studying genetic linkage and
identification of markers associated with
agronomically important traits.

DIVISION

seed trees from different estates are in
progress. Regarding the evaluation of both
indigenously developed as well as imported
clones, 13 large-scale trials and 12 on-farm
trials are under way. The trials, being
conducted both in the traditional and non-
traditional regions are under various stages
of evaluation. In the studies on anatomical
investigations, five experiments on bark
anatomy in relation to yield and TPD, two
studies on wood anatomy and two
collaborative experiments are in progress.



Apart from these, studies on cytology, stock
scion interaction, floral biology and fruit set
and morphological characterization of
various clones are also in progress. Nine
pipeline clones have been found to be better
yielding than RRII 105.

3. Plant breeding

Under the project on evolving high
yielding clones, 28 experiments involving
artificial hybrid clones, 15ortet trialsand two
trials with clones resultant of mutations,
polyploidy and irradiation are in progress.
Theclones are in various stages of evaluation.

In the 1985 trials, where 63 hybrid clones
and their parents are under evaluation, nine
hybrids of the crosses between RRII 105 and
RRIC 100 continued to show superiority in
yield over RRJI1105. Theyield improvement
ranged from 10 to 56% during the 6'hyear of
tapping (Table Bot. 1). In the 1990 trial, four
hybrids recorded yield on par with RRII 105
during the second year (Table Bot. 2).

In the 1988 trial, two ortets were found
to be superior to RRII 105 during the second
year oftapping (Table Bot. 3.) Out of 64 ortets
under evaluation at Cheruvally Estate, four
clones out yielded RRII 105 w'ith a mean
yield ranging from 49.85 t056.93 g/t/t in the
third year of tapping in the small-scale
evaluation trial. Mean yield of RRII 105 was
47.8 g/t/t. In the Mundakayam Estate, six
selections continued to show comparable

Table Bot. 1 Yield and heterosis of the pipeline clones

Gone Yield standard
(9/t/1) heterosis (A

82/3 82,59 27.99
82/4 7212 176
82/7 7115 1026
82/14 87.11 34.99
82/17 84.95 3164
82/21 100,67 56.00
82/22 82.30 27.54
82/29 8934 2845
82/30 76.13 1708
RRII 105 64.54

Clone Girth (cm) Yield (g/t/t)
29 63.08 50.84
213 57.65 46.43
347 69.71 45.25
758 51.00 45.00
RRII 105 58.29 48.20

yield with RRII 105 in the third year of
tapping. At Koney Estate, out of 47
selections, 11 clones indicated better
performance over RRII 105.

The project on evaluation of clones
comprises 13 large-scale trials and 12
on-farm trials being conducted in different
regions of the traditional as well as non-
traditional zones. In the 1985 trial at RRS,
Dapchari, highest yield was observed for
RRII' 105 (1332 kg/ha) followed by RRI1I 208,
PR 255, RRIM 605, RRIC 100 and RR11 6 during
the second year of tapping (Table Bot. 4).

In trial-1 of the multidisciplinary
evaluation of clones (1989), RRII 5 was
found to give significantly better yield and
in trial-11, eight clones (PB 235, PB 255,
PB 260, PB 280, PB 311, PB 312, PB 314 and
KRS 163) showed significantly better yield
than RRII 105.

In the onfarm trial at Manickal Estate,
RRII 105 recorded a mean annual yield of
1846 kg/ha during the 6thyear of tapping

Table Bot. 3. Performance of ortets and
Yield (g/t/t)

Clone Girth (cm)
Annual Summer
31 65.08 18.61 15.24
35 67.43 25.81 21.66
55 62.04 1333 12.22
99 52.19 1591 15.83
32/6 58.96 24.59 23.96
33/8 65.80 47.88 35.94
34/3 47.59 2261 19.05
38/1 58.31 24.28 22.83
39/1 56.00 2281 21.01
RRII 105 56.00 23.70 1937
Grand mean 56.05 22.84 19.40
5.14 7.26 8.29
cD. 1021 9,17 6.16



Table Bot. 4. Girth yield and of clones at Dapchari

Girth Yield
Clone

(cm) (9/t/0
RR1J5 51.6 226
RRII 6 55.7 258
RRII 105 51.8 3.1
RRII 208 592 278
RRII 308 49.2 233
RRIM 605 513 251
PB 260 513 258
PB 310 515 205
PB 311 50.5 24.0
RRIC 52 57.2 16.1
RRIC100 53.6 26.0
RRIC 102 54.7 215
RRIC 105 514 16.0
PR 255 50.4 27.0
PR 261 49.8 233

Table Bot. 5. Yield of clones in the on-farm trial at
Manickal Estate

Clone Yield (kg/ha/yr)
RRII 2 896
RRII 4 1384
RRIl 105 1846
RRII 300 1084
RRII 308 880
PB 235 1036
PB 310 1124
GT 1 849

(Table Bot. 5). In the trial at Koney, clones
PB 314 and PB 260 recorded 77 and 63.5
g/t/t while RRII 105 gave 53 g/t/t during
the fifth year of tapping (Table Bot. 6).

2. Anatomical investigations

Five experiments on bark anatomy in
relation to growth and yield, and TPD are
in progress. Two studies on wood anatomy
viz., conduit dimensions of clones grown
under two agroclimates and effect of ethrel
stimulation on wood quality, and two
collaborative experiments were also in
progress.

The study on effect of debarking on 30
TPD affected trees each of RRII 105 and
RRIM 600 from two locations continued. Hie
dry unproductive bark was removed and
wound dressing compound was applied.

Table Bot. 6. Growth and yield of clones in the on-
farm trial at Koney Estate

Clone Girth (cm) Yield
(9/t/1)
RRII 5 60.28 48.1
RRII 105 59.22 52,9
RRII 300 6036 60.5
PB 260 68.03 635
PB 314 63.20 77.0
PR 255 58.52 55.0
PR 261 58.35 565.5
SCATC 88/13 55.71 47.0

Seasonal bark anatomical features were
recorded from bark samples collected
monthly from clone RRII 105 (Table Bot. 7).
Number of LVR (Latex vessel rows) showed
higher values during the winter period and
least values were recorded during summer.
Girth recording was carried out in untapped
treesapplied with 5% ethrel in order to study
the effect of stimulation on the anatomy and
histochemistry of untapped trees. Different
methods of ethrel stimulation were imposed
on eleven clones from a large-scale
evaluation trial at CES, Chethackal, to study
die clonal response to stimulation. Periodic
observations on yield, DRC and panel length
were carried out. Monthly bark application
of ethrel (5%) was continued in two clones

Table Bot. 7. Seasonal changes in bark anatomical

characters
Thickness Latex vessel

Month of bark (mm) rows

SB HB SB HB
jul -97 4.27 4.10 10.88 144
Aug- 97 3.40 4.27 8.96 3.04
Sep -97 3.02 4.37 8.96 3.12
Oct -97 3.01 4.16 9.63 5.20
Nov- 97 253 5.69 9.44 8.36
Dec-97 2.85 5.35 9.56 5.92
Jan -98 3.30 471 1112 4.84
Feb -98 245 6.09 8.44 4.92
Mar- 98 2.97 5.04 9.40 4.44
Apr-98 2.83 554 8.08 4.72
May-98 294 5.4(1 9.12 3.44
Jun -98 3.29 5.43 10.16 4.92
cD 0.55 0.77 221 1.63
cv 15.41 13.39 9.47 37.91



viz., RRIl 105 and RRIM 600 to study the
effect of long term ethrel stimulation on
rubber wood quality.

Virgin and renewed bark samples were
collected from the small scale evaluation of
hybrid clones (1982). Number of latex vessel
rows recorded high value for 82/3 (36.36)
followed by 82/14 (34.33), 82/29 (29.66) and
for RRIlI 105 (28). Xylem ray cell
characteristics of three clones viz., RRIC 52,
RRH 105 and PR 261 from a drought prone
region (RRS, Dapchari) were determined and
compared with thatof the traditional region
(SFCK, Punalur) in order to study the
conduit dimensions in relation to water
translocation (Table Bot. 8).

Investigations on structural changes
occurring in Hevea callus revealed that
during the early phase, cells were active with
abundant cytoplasm and prominent nuclei.
Numerous developing embryos were also
noticed. During the later phase, cells were
inactive and mostly filled with phenolic
contents.

A few light microscopic stains could be
identified to improve the clarity of filler
distribution pattern in rubber, under optical
microscopy.

3. Propagation and planting methods

Girth recording
observations were continued in the trial on
budding height and depth of planting. In the
comparative study on tw'in stock and single
stock, no significant difference was observed
both in growth and yield. In the study on
delayed opening and pulling out on bud
uptake and establishment of budded plants,
maximum budding success and further
establishment was noticed in the treatment
which was opened 25 days after budding
and pulled out after 10 more days. In the
feasibility study on young budding
technique in rubber, better scion growth was
noticed after 10 months, in the young
budded plants than the conventional green
budded plants (Table Bot. 9).

and periodic

In the trial to assess the performance of
seven modern clones on different root

Table Bot. 9. Growth of scion

Budding technique Height (cm)  Whorls
Young budding
42 days old stock 135 2.9
49 days old stock 151 2.9
56 days old stock 161 35
Green budding (control) 121 2.9
cp 27 NS

Table Bot. 8. Mean conduit dimensions in Hevea clones from two locations (LI .punalur, L2- Dapchari)

Depth* Character
RRIC 52
| No/unitarea LI 20.80 % 0.76
L2 2269+ 0.76
HeighK jim) Ll 585.86 £22.76
L2 555.35 £22.92
Width (urn) LI 6041 % 1.43
L2 50.71 171
1 No/unit area Ll 20.45 % 0.35
L2 21.98 % 0.62
Height( nm) LI 547.33 £13.16
L2 533.21 +14.14
Width (jim) LI 5030+ 1.35
L2 50.92% 1.00

Clones
RRII 105 PR 261
2089 1.25 26.121 1,06
23.911 0.89 2692+ 0.67
535.07+£23.35 47435+ 8.28
510.71 £22.07 546.85 +17.40
49.85+ 421 41.35+ 1.28
4143+ 1.14 42.351 107
2158+ 0.97 26.181 1.03
2367+ 0.39 24.84 + 052

580.40119.59
491.21135.85
45.451 138
43.071 1.85

559.77118.68
494.92 + 17.42
38.071 1.72
38.421 121



Table Bot.10. Performance of clones on different root

systems
Treatment Mean girth  Mean yield
(stock x scion) (cm) (g/t/1)
RRII 105 x RRH 105 74.08 73.09
RRU 118x RRII 118 81.01 52.08
RRII 203 x RRII 203 82.59 52.35
RRI1 208 x RRU 208 71.02 63.88
GT1 xGTI 76.42 55.37
GlIxcll 77.42 46.84
RRIMG600 x RRIM 600 73.63 50.64
AS X RRII 105 70.04 9171
AS X RRU 118 83.03 47.68
AS x RRII 203 84.14 5171
AS x RRII 208 7052 50.84
ASXGTI 73.35 46.15
ASXGil 7113 42.08
AS x RRIM 600 71.88 49.20

A S:Assorted stock

systems, mean girth and yield of different
treatments are given in Table Bot.10.
Vigorous clones like RRII 203 and RRII 118
gained more girth and high yielding clones,

RRII 105 and RRII 208 recorded more yield
on all stocks.

4. Cytogenetical studies

The project envisages to understand the
chromosome behaviour and pollen biology.
Mitotic and meiotic studies were carried out
inan induced polyploid of the clone PR 107.
The somatic chromosome number was
2n=4x=72, confirming tetraploidy. Meiosis
was highly irregular in this tetraploid
showing the presence of univalents,
bivalents, tri valents and tetravalents in
varying proportion. Apart from the 3-zone
colporate pollen grains, 4 zone colporate
grains and micropollen were present. Pollen
stainability was reduced (70.24%) as
compared to the diploid (90.43%). Pollen
germination studies on different clones were
continued. The clones PR 255 and KRS 128
exhibited 38.36% and 42.67% pollen
germination respectively.

GERMPLASM DIVISION

The division is mainly concerned with the
introduction, collection, conservation and
evaluation of Hevea germplasm. At present,
the Wickham clones are being conserved in
the field gene banks of one clone museum
and five germplasm gardens, while the wild
germplasm isbeing maintained in eight con-
servation-cum- source bush nurseries. Apart
from the agronomic evaluation of the wild
germplasm, screening for biotic and abiotic
stress resistance and molecular characteriza-
tion are also being carried out.

1. Conservation and documentation
1.1 Domesticated genepool

The clone museum consisting of 166
Wickham clones was maintained and one
more clone was added to the existing collec-
tion. Data collection from the five-

germplasm gardens comprising 125
Wickham clones established at CES,
Chethackal was continued. Monthly cup
lump yield was recorded from Garden Il and
Il and annual girth was recorded from
Gardens I, I, IV and V. As data recording
in Garden | has been discontinued due to
high wind damage, it was decided to replant
two of the replications, while the third would
be retained for conservation purpose. An
experiment to examine the feasibility of
ratooning in Hevea was designed in two
replications before replanting this area.
Accordingly, trees from two replications
were felled at a height of 20 cms. Simulta-
neously, 39 clones of this garden were mul-
tiplied and raised in polvbags. The sprout-
ing and further growth in both the sets of
plants will be monitored i ally for a
period of one year.




Among the35 clonesin Garden Il. RRIM 703
had tlie highest annual yield in the thir teenth
year, while RRIM 604, RRIM 701 and
RRIM 607 recorded yield comparable with
that of the control clone RRII 105 (Table
Ger.l). Twenty two clones had an average
annual girth comparable with or higher than
RRII 105 over 13 years.

Table Ger.l. Yield and girth of selected clones
Clone Yield (%) Girth (cm)
RRII 105 100.00 87.70

RRIM 604 84.00 105.29

RRIM 701 85.00 90.60

RRIM 703 118.00 90.39

RRIM 607 92.00 105.86

The 16 clones in Garden 1l showed
significant clonal differences for annual girth
and yield. Among the clones, RRII 203,
PB 311 and RRII 5 were the high yielders and
RRII 118, RR11 300 and RRII 44 were the vig-
orous clones (Table Ger. 2).

In Garden IV, IRCA 111 and IRCA 130 had
higher annual girth than RRII 105. Scoring
of Gleasporiiuu for one season indicated 50%
resistance for IRCA 109 and IRCA 111.
Growth of the clones in Garden V in the
sixth year of planting was monitored in

Table Ger. 2. Yield and girth performance of 16
Wickham clones

Clone Mean Yield (g/t/t) Girth (an)
RRII'1 48.99 85.28
RRII 2 33.96 66.49
RRII 3 53.79 86.92
RRH 4 71.92 71.25
RRII 5 82.59 80.84
RRII 6 55.62 88.92
RRII 44 57.45 102.79
RRII 118 50.89 110.21
RRII 203 91.80 101.65
RR11 206 77.00 99.20
RRI1 208 52.61 78.56
RRII 300 56.32 104.33
RRII 308 73.01 80.47
PB 260 59.26 79.30
PB 310 82.55 87.05
PB 311 86.93 75.08

terms of the annual girth. Among the 20
clones, RRIC 100 showed the highest girth
(32.35 cm) while RRIC 102 (28.22 cm) and
RRII 178 (27.43 cm) were on par with
RRII 105 (22.31 cm) (Table Ger. 3). The
second round of visual scoring for Oidiuin
resistance was carried out in collaboration
with the Plant Pathology Division.

Table Ger. 3. Girth of 20 Wickham clones (Sixth year
after planting)

Clone Girth (cm) Clone Girth (cm)
RRII 12 2542 RRIC36 1811
RRII 15 1833 RRIC 100 32.35
RRII 20 2093 RRIC 102 28.22
RRII 22 2126 PB 255 25.41
RRII 23 2572 RRIM 609 27.30
RRII 27 1981  RRIM 618 15.41
RRII 105 2231  SCATC 88 413  20.90
RRII 108 1973 SCATC 93 wlld 22.74
RRII 168 2430 Haiken 1 22.87
RRII 178 2743 PR 255 14.25
CD (P =0.05) 7.90

Statistical analysis of the data on the ma-
ture plants from the experiment on multi-
variate analysis in 25 young and mature
clones of Heim, revealed that girth, rubber
yield, dry rubber content (DRC), plugging
index (P1), single leaf area (SLA), specific leaf
weight (SLW)/ total chlorophyll content and
biochemical parameters like thiols, inorganic
phosphorous (Pi), sucrose and magnesium
in the latex, showed highly significant clonal
differences (at 1% level), while total solids
content (TSC) in latex was significant at 5%
level. Relatively high genotypic coefficient
of variation (GCV) was seen for the four
latex biochemical traits and yield. Medium
to high heritability (H2broad sense)
followed by high genetic advance (GA) was
exhibited by yield, sucrose, thiols and mag-
nesium (Table Ger. 4). Anatomical observa-
tions of bark and leafsamples are in progress.

12 wild gencpool

A total of 3617 wild accessions are being
conserved in eight source bush nurseries.
Another 200 accessions from the non-tradi-



Table Ger. 4. Genetic parameters for 12 traits in 25

B GA
Traits PCV  GCV HIGA (as%of mean)
Yield" 39.76 28.87 52.74 43.19
Girth** 18.26 1395 58.40 21.96
DRC" 8.90 5.93 44.48 8.15
Tsc* 751 388 2678 414
Thiols*' 3319 2358 5048 3451
Pi” 29.92 22.60 57.08 35.18
Sucrose* 43.00 35.29 67.39 59.66
Mg** 4521 2945 4242 39.51
PI** 26.73  17.99 4530 24.95
SLA** 26.09 15.61 35.81 19.24
SLW** 17.9] 11.08 38.25 1411
Tot. Chi* 2346 1678 5115 2471

significant at 5 and 1%
levels respectively

tional region of NE India (Guwahati), were
multiplied and established in a polybag
nursery at RRIl main campus, Kottayam,
along with Lhree controls for field planting
in the ensuing season. Twenty accessions
with distinct morphological variations were
multiplied and planted in a polybag nurs-
ery for establishing a demonstration plot at
RRII main campus.

In a study involving 75 wild accessions
in one of the nurseries, girth, bark thickness
and total number of laticifer rows showed
relatively high correlation with yield. Path
analysis showed that total number of latici-
fer rows had the highest directeffecton yield.

Six accessions with promising juvenile yield
were identified from three of the nurseries.
Herbarium specimens of 126 genotypes
were prepared in the current year. In order to
induce flowering in the remaining accessions,
ring barking of 1100 trees was carried out.

2. Characterisation and preliminary
evaluation

445 wild accessions are under evaluation
at CES, Chethackal, in various evaluation
trials. Yield was recorded from the 1990 pre-
liminary evaluation treal (PET). Four clones
(MT 196, AC 163, AC 716 and 7.111) showed
relatively higher yield among the wild
germplasm. Average cup lump yield in the
first year of opening was recorded in the
peak season in the two PETs planted in 1992.
The data showed significant clonal variation.
The yield of AC 654 (10.98 g/t/t) and
MT 1056 (16.36 g/t/t) were statistically on
par with that of the control clone in the two
experiments. (9.72 g/t/tand 16.13 g/t/t re-
spectively). Several genotypes were found
to be more vigorous in growth than the con-
trol clone RRII 105. Fifteen genotypes had a
girth value more than 40.00 cm in compari-
son to 32.40 cm for the control clone in the
first experiment, while 12 clones in the sec-
ond experiment had values above 40.00 cm
compared to 37.25 cm for the control clone
(Table Ger. 5).

Table Ger. 5. Girth of selected clones

Experiment A

SINo  Genotype Girth (cm)
1 MT 1030 40.28
2 MT 948 40.41
3 RO 287 4047
4 RO 338 40.60
5 RO 322 41.31
6 RO 868 41.35

RO 352 4181

8 RO 859 42.28
9 AC 1043 4231
10 AC 626 42.45
1 AC 650 42.81
12 RO 361 44.60
13 RO 328 44.80
14 MT 944 45.16
15 MT 1025 49.25
16 RRII 105 32.40

Experiment B

Sl No Genotype Girth (cm)
1 MT 454 40.07
2 R0303 40.46
3 RO 329 40.66
4 MT 1056 40.78
5 RO 401 40.95
6 RO 273 41.28
7 MT 1032 41.38
8 RO 292 4241
9 MT 1022 44.12

10 RO 271 4438
1 RO 297 4477

12 RO 272 1897

13 RRII 105 37.25



Among die35donesinGarden II, RRIM 703
had the highest annualyield in the thirteenth
year, while RRIM 604, RRIM 701 and
RRIM 607 recorded yield comparable with
that of the control clone RRIlI 105 (Table
Ger.l). Twenty two clones had an average
annual girth comparable with orhigher than
RRI1I 105 over 13 years.

Table Ger .l. Yield and girth of selected clones
Clone Yield (%) Girth (cm)
RRII 105 100.00 87.70
RRIM 604 84.00 105.29
RRIM 701 85.00 90.60
RRIM 703 118.00 90.39
RRIM 607 92.00 105.86
The 16 clones in Garden Ill showed

significantclonal differences for annual girth
and yield. Among the clones, RRII 203,
PB 311 and RRII 5were the high yielders and
RRII 118, RRI1 300 and RRII 44 were the vig-
orous clones (Table Ger. 2).

In Garden IV, 1IRCA 111 and IRCA 130 had
higher annual girth than RRII 105. Scoring
of Gleosporium for one season indicated 50%
resistance for IRCA 109 and IRCA 111
Growth of the clones in Garden V in the
sixth year of planting was monitored in

Table Ger. 2. Yield and girth performance of 16
Wickham clones

Clone Mean Yield (g/t/1) Girth (cm)
RRII 1 48.99 85.28
RRil 2 33.96 66.49
RRU 3 53.79 86.92
KRIl4 71.92 71.25
RRII 5 82.59 80.84
RRU 6 55.62 88.92
RRII 44 57.45 102.79
RRU 118 50.89 11021
RRU 203 91.80 101.65
RRII 206 77.00 99.20
RRU 208 5261 78.56
RRU 300 56.32 104.33
RRII 308 73.01 80.47
PB 260 59.26 7930
PB 310 82.55 87.05
PB 311 86.93 75.08
CD (P = .05) 41.75 18.68

terms of the annual girth. Among the 20
clones, RRIC 100 showed the highest girth
(32.35 cm) while RRIC 102 (28.22 cm) and
RRU 178 (27.43 cm) were on par with
RRIl 105 (22.31 cm) (Table Ger. 3). The
second round of visual scoring for Oiciiimi
resistance was carried out in collaboration
with the Plant Pathology Division.

Table Ger. 3. Girth of 20 Wickham clones (Sixth year
after planting)

Clone Girth (cm) Clone Girth (cm)
RRU 12 2542 RRIC 36 18.11
RRN15 1833 RRIC 100 3235
RRU 20 2093 RRIC 102 28.22
RRU 22 21.26  PB 255 25.41
RRU 23 2572 RRIM 609 27.30
RRII 27 1981  RRIM 618 15.41
RRU 105 2231  SCATC 83 ml3  20.90
RRII 108 1973 SCATC 93 =114 2274
RRII 168 2430  Haiken 1 22.87
RRU 178 2743 PR255 14.25
CD (P =0.05) 7.90

Statistical analysis of the data on the ma-
ture plants from the experiment on multi-
variate analysis in 25 young and mature
clones of Hevea, revealed that girth, rubber
yield, dry rubber content (DRC), plugging
index (P1), single leaf area (SLA), specific leaf
weight (SLW), total chlorophyll content and
biochemical parameters like thiols, inorganic
phosphorous (Pi), sucrose and magnesium
in the latex, showed highly significant clonal
differences (at 1% level), while total solids
content (TSC) in latex was significant at 5%
level. Relatively high genotypic coefficient
of variation (GCV) was seen for the four
latex biochemical traits and yield. Medium
to high heritability (H2broad sense)
followed by high genetic advance (GA) was
exhibited by yield, sucrose, thiols and mag-
nesium (Table Ger. 4). Anatomical observa-
tions of bark and leafsamples are in progress.

12 Wild genepool

A total of 3617 wild accessions are being
conserved in eight source bush nurseries.
Another 200 accessions from the non-tradi-



Table Ger. 4. Genetic parameters for 12 traits i

B CA
Traits PCV ccv  IT-GA (as%of mean)
Yield** 39.76 28.87 52.74 43.19
Girth** 18.26 13.95 58.40 21.96
DRC** 8.90 5.93 44.48 8.15
Tsc* 751 3.88 26.78 414
Thiols" 33.19 23.58 50.48 3451
Pi* 29.92 22.60 57.08 35.18
Sucrose** 43.00 35.29 67.39 59.66
Mg** 45.21 29.45 42.42 3951
PI** 26.73 17.99 45.30 24.95
SLA** 26.09 15.61 35.81 19.24
SLw** 17.91 11.08 38.25 1411
Tot. Chi'* 23.46 16.78 51.15 24.71

* Clonal differences
respectively

ignificant at 5 and k&

tional region of NE India (Guwahati), were
multiplied and established in a polybag
nursery at RRIl main campus, Kottayam,
along with three controls for field planting
in the ensuing season. Twenty accessions
with distinct morphological variations were
multiplied and planted in a polybag nurs-
ery for establishing a demonstration plot at
RRII main campus.

In a study involving 75 wild accessions
in one of the nurseries, girth, bark thickness
and total number of laticifer rows showed
relatively high correlation with yield. Path
analysis showed that total number of latici-
fer rows had the highest direct effect on yield.

Six accessions with promising juvenile yield
were identified from three of the nurseries.
Herbarium specimens of 126 genotypes
were prepared in the current year. In order to
induce flowering in the remaining accessions,
ring barking of 1100 trees was carried out.

2. Characterisation and preliminary
evaluation

445 wild accessions are under evaluation
at CES, Chethackal, in various evaluation
trials. Yield was recorded from the 1990 pre-
liminary evaluation treal (PET). Four clones
(MT 196, AC 163, AC 716 and 7.111) showed
relatively higher yield among the wild
germplasm. Average cup lump yield in the
first year of opening was recorded in the
peak season in the two PETs planted in 1992.
The data showed significant clonal variation.
The yield of AC 654 (10.98 g/t/t) and
MT 1056 (16.36 g/t/t) were statistically on
par with that of the control clone in the two
experiments. (9.72 g/t/tand 16.13 g/t/t re-
spectively). Several genotypes were found
tobe more vigorous in growth than the con-
trol clone RRII 105. Fifteen genotypes had a
girth value more than 40.00 cm in compari-
son to 32.40 cm for the control clone in the
first experiment, while 12 clones in the sec-
ond experiment had values above 40.00 cm
compared to 37.25 cm for the control clone
(Table Ger. 5).

Table Ger. 5. Girth of selected clones

Experiment A

SINo  Genotype Girth (cm)
1 MT 1030 40.25
MT 948 40.41
3 RO 287 40.47
4 R0338 40.60
5 RO 322 11.31
6 RO 868 41.35
7 RO 352 4181
8 RO 859 4228
9 AC 1043 4231
10 AC 626 42.45
n AC 650 4281
12 RO 361 44.60
13 RO 328 44.80
1 MT 944 45.16
15 MT 1025 49.25
16 RRII 105 32.40

Experiment B

SI No Genotype Girth (cm)
1 MT 454 40.07
2 RO 303 40.46
3 R0329 40.66
4 MT 1056 40.78
5 RO 401 40.95
6 R0273 41.28
7 MT 1032 4138
8 RO 292 4241
9 MT 1022 44.12
10 RO 271 44.38
1 R0297 44.77
12 RO 272 48.97
13 RRII 105 37.25



Annual girth increment was recorded
from the three PETs planted in 1994. Sixteen
genotypes in the first one had girth compa-
rable with or higher than that of the control
(Table Ger. 6). AC 757 recorded the highest
girth followed by MT 940 and RO 867. Of
the 24 clones, MT 1012, MT 940 and RO 263
recorded relatively high test tap yield,
though much less than that of RRII 105.

Table Ger. b. Accessions with girth comparable with
or higher than that of RRI1I 105

Accession  Girth (cm)  Accession  GirthTemT
AC 442 29.07 MT 1012 3222
AC 649 28.99 RO 263 29.20
AC 664 33.20 RO 853 30.62
AC 666 3242 RO 867 34-25
AC 757 37.25 RO 871 32.10
MT 930 31.99 R0895 34.20
MT 938 31.79 RO 938 3161
MT 939 3075 RRII 105 2879
MT 940 35.37

CD (P=0.05) 475

In the second PET, 6 accessions had their
girth values on par with RRII 105. In the
third PET planted in 1994, 11 genotypes
showed higher girth values comparable
with or higher than that of the control
(Table Ger. 7). Six clones viz., RO 893,
AC 465, AC 645, RO 278, RO 846 and
AC 605 had a higher girth than the control.
RO 274, RO 278 and RO 846 were relatively
high juvenile yielders though not on par
with RRII 105.

Table Ger. 7. Accessions with girth comparable with
or higher than that of RRII 105

Genotype Girth (cm)
AC 465 3270
AC 605 30.56
AC 645 31.28
AC 651 29.91
AC 649 2821
AC 849 28.24
RO 278 30.16
RO 274 2812
RO 893 35.06
RO 884 29.08
RO 846 30.28
RRII 105 24.78
Gb (P «0,05) 531

A preliminary evaluation trial compris-
ing 46 ortet clones along with three controls,
was plantedin asimple lattice design with four
replications. Adequate measures were taken
to ensure properestablishmentand to provide
summer protection to the young plants.

Planting materials for two new PETscon-
sisting of 168 wild genotypes each, to be
planted at RRS, Padiyoor, were multiplied
and established in polybags.

3. Further evaluation and selection

Out of 80 wild accessions, 22 genotypes
showed higherannual average girth over the
control RRII 105 at the age of five years.
Maximum girth was recorded by AC 635
(23.75 cm) whereas RRII 105 had an average
girth of 16.5 cm. Test tapping at the age of
four years showed that only one genotype
MT 1707 (9.72 g/t/t) had comparable yield
with that of the control clone RRII 105 (9.40
g/ /). Forty three genotypes had higher bark
thickness over the control RRII 105. The
genotype MT 68 recorded maximum value
(3.63 mm) whereas RRII 105 had a bark
thickness of 2.5 mm. Visual scoring for pink
disease incidence was carried out. Two Mato
Grosso (MT 1674 and MT 191), two
Rondonian (RO 1347 and RO 136) and one
Acre genotype (AC 668) showed an indication
of field tolerance to pink disease which will
be further confirmed in subsequent seasons.

4. Screening
4.1 For biotic stress resistance

A laboratory was set up at CES,
Chethackal for routine screening of
germplasm genotypes. The first round of
scoring for resistance to Oidium was carried
outin collaboration with Pathology Division
in all the source bush nurseries. Wide
variability for the disease reaction was
observed. A few promising accessions with
desirable levels of resistance were identified,
which will have to be confirmed in the
subsequent seasons.



Field screening of the genotypes for
resistance to Oidium sp. was carried out in
the statistically laid out field trials too. In
the two 1992 trials, five genotypes ( RO 316,
AC 644, RO 254, RO 256 and RO 319) in the
firstexperiment and four genotypes (RO 297,
AC 457, AC 977 and RO 306) in the second
experiment showed relatively less infection
which will be further confirmed. Preliminary
data from the 1994 PET revealed that seven
genotypes showed less dian 30% disease
incidence of which AC 757 and AC 666
showed the least incidence of 7.5 and 17%
respectively. All the nine ortets in PET (Ortet)
1994 trial were highly susceptible.

Among the Wickham clones screened in
the Germplasm gardens, RRII 2 exhibited
relatively low disease incidence followed by
PB 310 among the 16 clones in garden 3. All
the IRCA clones in garden 4 were found to
be highly susceptible.

4.2 Forabiotic stress resistance

Screening for drought tolerance in wild
germplasm was continued with the selection
of 10 wild genotypes along with three con-
trols (RRII 105, RRIM 600, and Tjir 1) based
on the results of thermostability analysis car-
ried out in die previous year. Morphological
characters like plant height, girth, number of
leaf whorls, total number of leaves, total leaf
area and specific leaf weight were recorded.
The physiological parametersrecorded under
controlled conditions were transpiradon rate,
stomatal conductance, leaf temperature,

photosynthedc acdvity by chlorophyll fluo-
rescence, leaf water potendal and soil water
potendal. The data is being analysed.

For the screening of cold tolerance, 126
wild genotypes, selected on the basis of
vigour and otiier superior traits from both
traditional and non traditional areas, have
been multiplied and raised in polybags at
RRS, Nagrakatta, West Bengal and were field
planted.

4.3 Fortimber latex traits

Based on growth vigour, bole habit and
branching habit 19 genotypes were selected,
multiplied and established in a polybag
nursery at RRS, Padiyoor, along with six
control clones for laying out a field trial in
the ensuing season.

5. Molecular characterization

Genedc relations among 60 wild geno-
types through RAPD studies have been com-
pleted in collaboration with the Genome
Analysis Laboratory. The genotypes have
been grouped based on the genedc distance.
The resultsindicated geographical distinction
between the three provenances of Acre,
Rondonia and Mato Grosso. All the geno-
types showed genetic distincdveness without
any duplication. Mato Grosso genotypes
showed maximum genetic divergence com-
pared to other two provenances.

A new experiment on RAPD profiling
and evaluation of genedc diversity in wild
Hevea accessions was proposed.

MYCOLOGY AND PLANT PATHOLOGY DIVISION

The Division concentrated its research
activities on crop protection, microbial
manipulation of soil fertility, pollution control
and investigations on agrometeorological
basis for disease occurrence. The overall
disease situation during the year under

reportwas the severe incidence of abnormal
leaf fall (ALF) disease moderate incidence
of powdery mildew and Corynespora
diseases. The studies on Gloeosporium leaf
disease showed that the isolates of the fungus
causing raised spots were Colletotrichuni



acutahmi and those causing papery lesion and
anthracnose symptoms were C. glocosporioides.
The isolates of Corynespora from Karnataka
and Kerala showed wide variation in
virulence. Studies on molecular mechanism
of host pathogen interaction indicated the
involvement of (3-1, 3 glucanase in the
resistance of certain clones to the pathogen.
Among the stem diseases, pink disease
received more attention. Evaluation of
germplasm and pipeline clones for tolerance
to disease was also attempted.

The entomology unitconcentrated on the
management ol insects and non-insect pests
of rubber. Bee keeping was another area of
investigation and Apis melliferawas compared
with Apis indica in its performance. The
microbiology unit conducted studies on
microorganisms involved in soil fertility and
crop management. The unit also undertook
studies on pollution abatement. The presence
ofalow molecular weight RN A was implicated
to be associated with TPD syndrome.

The agrometeorological studies included
evaluation of the rainfall pattern of the
traditional rubber growing tracts for the last 22
years. Relationship ofenvironmental conditions
with progress of Corynespora disease inHBSS,
Nettana and powdery mildew disease at CES,
Chethackal were also studied.

1. Leafdiseases

11 Abnormal leaf fall

For the control of ALF, an experiment to
evaluate new formulations of spray oil
was laid out in areas planted with clone

RRIM 600 in three locations viz.,
Kulathupuzha Estate, Punalur; Cheruvally
Estate, Erumeli and Boyce Estate,

Mundakayam. Aerial spraying was carried
out in four hectare plots at each location
using the new formulation of IPOL spray oil
for dilution of oil dispersible copper
oxychloride (COC). Standard I0OC spray oil,
now recommended, formed the diluentin the

control plots. A dosage of 8 kg COC per ha
diluted in 401 of respective oils was followed
at all locations. The leaf retention recorded
at the different locations is presented in Table
Path.l. IPOL spray oil was observed to be
as usefulas 10C spray oil for rubber spraying.

Table Path. 1 Evaluation of spray oil formulations for
leaf retenHon (M

Location seray oil ttest
1POL loc
Kulathupuzha 14.39 13.13 NS
Cheruvally 69.80 69.74 NS
Boyce 58.80 67.80 NS

Rubber seed oil (RSO) was evaluated as
a carrier for copper fungicides in Pudukad
Estate in the clone RRIM 600. A 1:2 mixture
of RSO and mineral oil was tried. COC was
added at the ratio 1:5 to the mixture of oils
and sprayed using micron sprayers. Use of
COC in normal spray oil and unsprayed
areas were kept as controls. Percentage of
leaf retention showed maximum value for
spray oil alone (55.52), followed by RSO plus
spray oil (50.07) and unsprayed (17.72)
treatments respectively.

In the experiment to evaluate the crop
loss due to ALF laid out at CES, Chethackal
in clones RRIM 600, RRIlI 105, GT 1 and
RRII 118, the long term effect of leaving
unsprayed, year after year, on the disease
incidence and crop loss were assayed. A pre-
monsoon spraying with COC in oil at the
recommended dose using micron sprayer
was done every year. Leaf retention was
affected in RRIM 600, GT 1 and RRII 118
and severe crop loss recorded in RRIM 600
(Table Path.2).

Evaluation of the effect of dosage of COC
on the disease severity and its effect on crop
was carried outin an experiment laid out at
Chemoni Estate, Trichur in the clone RRU 105.
A pre-monsoon micron spraying was done
with 2,4,6 and 8 kg COC per ha in one hect-
are plots. There was no apparent difference



Table Path. 2. Evaluation of crop loss due to abnormal leaf fall disease

Leaf retention (%)

Yield (g/t/1)

Clone Sprayed Unsprayed Sprayed Unspraved
RRIM 600 R 11a7
RRII 105 71.02 6961 60:08 7513
GT1 57.13 3288 1222 4435
RRII 118 80.79 72.49 50.W 46,23

in leaf retention between 6 and 8 kg dosages.
The effect on the crop was only marginal
in dosages of 2, 4 and 6 kg. There was sig-
nificantly higher yield when the dose was
8 kg/ha (Table Path. 3).

Table Path. 3. Effect of COC on leaf retention and yield

Treatment Leaf retention Yield
(kg/ha) (%) (kg/240 trees)
2 60.84 881.70
4 63.36 881.70
6 61.05 827.75 -s

8 62.73 1139.00

The experiment to improve the efficacy of
Bordeaux mixtu re by the addition of RSO was
continued. The evaluation of leaf retention
indicated that addition of 1% RSO to 1%
Bordeaux mixture gave the maximum disease
control (62% leaf retention) as reported in the
previous year. However, addition of 1% RSO
t00.5% Bordeaux mixture was found as good
(54%) as the recommended 1% Bordeaux
mixture (55%) in controlling the disease.

Crown budding has been undertaken on
clones such as RRIM 600, RRIM 628 and
GT 1with Phytoyhthora resistant crowns like
RRII 33, Fx 516 and F 4542. The latex samples
collected from the experimental areas
(Punalur, Calicut, Thodupuzha - 1970 trial)
were analysed for dry rubber content (DRC),
specific gravity, TS, Po, PRI, Mooney viscos-
ity, etc. and compared with the control. The
specific gravity of latex was not found to be
affected by crown budding. The DRC of
latex from crown budded plants in clone
RRIM 628 was lower than control, whereas that
from the clone GT 1 recorded lower DRC
compared to the crown budded. Hie PRI of
latex from crown budded plants was higher in
RRIM 600, lower in RRIM 628 and atparin GT 1.

In another experiment in which PB 311
was crown budded with resistant clones like
RRIl 33 and Fx 516 at Malankara Estate,
Thodupuzha, yield recording was continued.
The observations onincidence of ALF disease
and powdery mildew were recorded. ALF
disease was negligible on crowns Fx 516 and
RRII 33. Oidium incidence was moderate ex-
ceptin Fx 516 in which itwas mild. The analy-
sis of the latex samples collected indicated that
the specific gravity was on par forcrown bud-
ded and control (PB311). The PRI was higher
in crown budded plants (Table Path. 4).

To evaluate clones for ALF, leaf retention
assessment was carried out in two trials at
RRII Farm. In Trial I, high leaf retention was
recorded in RRII 105 and the low'est in
RRIM 600. InTrial Il high leaf retention was

recorded in KRS128 and the lowest in PB 280.
1.2 Shoot rot

Aii experiment on shoot rotwas taken up

Table Path. 4. Latex properties in crown budded and
control plants of clone PB 311

Crown
Parameter PB 311 RRU33 Fx 516
Specific gravity 0981 0981  0.983
DRC (%) 368 349 339
TS (%) 39.1 376 367
Magnesium 0.048 005 0084
Sludge trace trace trace
Copper (ppm) 7.0 8.0 8.0
Iron (ppm) 18 10 1.0
Manganese (ppm) nil nil nil
Acetone extract {%) 33 3.6 29
Ash content (%) 027 032 0.24
Nitrogen (%) 059 062 0.49
Po 52 55 48
FRI 65 67 75
Accelerated Storage Hardening 28 27 17
Moonev viscosity 76 76 63



to evaluate the efficacy of a systemic fungi-
cide, Benlate and Bordeaux mixture (1 and
0.5%) mixed with 1% RSO. The results in-
dicated that spraying of 0.5% Bordeaux
mixture with 1% RSO was as effective as 1%
Bordeaux mixture in checking the disease
(Table Path. 5). The quantity of copper re-
tained was maximum on leaves sprayed
with 1% Bordeaux mixture + 1% RSO,
whereas the control recorded the lowest.
Compared to Bordeaux mixture, disease in-
cidence was more in Benlate sprayed plots.

Table Path. 5. Copper retention and incidcnce ofshoot

rot disease
Treatment Copper  PD1
(ppm)
1% Bordeaux mixture 764.0 28.0
1% Bordeaux mixture + 1>-aRSO 872.0 25.0
0.5% Bordeaux mixture + i1% RSO 422.0 30.0
Benlate 233.0 38.0
Unsprayed control 152.0 50.0

1.3 Powdery mildew

A preliminary survey was carried out to
assess the intensity of powdery mildew dis-
ease in Kanyakumari District. Thirty two
locations were surveyed. An assessment
scale of 1-5 was used based on the intensity
of defoliation. Severe disease intensity was
noticed only in 11 locations.

Observations were made on the incidence
of powdery mildew disease in the eight
evaluation trials of Germplasm Division and
also in five source bush nurseries. The inci-
dence of powdery mildew disease on the
pipeline clones planted in RRU Farm and in
Cheruvally Estatewas also recorded. For the
multidisciplinary evaluation of clones, ob-
servations on powdery mildew disease were
made from two trials of 13 clones each
planted in RRII Farm. In trial I, lowest dis-
ease incidence was noticed in RRII 5 and
highest incidence was noticed in PB 261. In
Trial I, lowest disease incidence was noticed
in PB 255 and highest incidence in PB 312.

14 Colletotrichum leaf disease

The field trial for the evaluation of
different fungicides at Manikal Estate was
continued for the third year. The experiment
was laid out with eight fungicidal treat-
ments, viz.,, Mancozeb (0.20%), Carbendazim
(0.025%), Hexaconazole (0.02%), two concen-
trations of Metalaxyl + Mancozeb (0.02% and
0.01%), Bordeaux mixture 1% and alternate
useofMancozeb and Carbendazim and their
combination and an unsprayed control. All
the fungicides tested significantly reduced
the disease incidence when compared to
unsprayed control. Alternate use and acom-
bination of Carbendazim and Mancozeb
were comparable to their separate use in con-
trolling the disease.

Experiment to evaluate the efficacy of
weekly and fortnightly application of six
fungicides laid outat Kaliyar Estate showed
that all the fungicides were on par in con-
trolling the disease (Table Path. 6). But in
general, weekly application was superior to
fortnightly application.

In astudy for the comparison of variabil-
ity of Colletotrichum isolates, infected leaf
samples which showed different types of
symptoms on different clones were collected
from Kottayam, Kaliyar and Mundakayam
and single spore isolations were made from
these samples. Isolates derived from anthra-
cnose lesions and from papery lesions exhib-
ited similar growth rate but faster than those
from raised type lesions on media. Colony

Table Path. 6. Incidence of Colletotrichum leaf disease

(PP1)
Fungicide Spraying
Weekly  Fortninhtlv

Hexaconazole (0.02%) 17.04"
Metalaxyl + Mancozeb (0.2%) 8.42 30.79
Bordeaux mixture (1%) 17.69
Carbendazim (0.05%) 18.00
Mancozeb (0.2%) 1167
Hexaconazole (.01%)

+Mancozeb (0.1%) 11.25 28.52

CD 1257



colour of anthracnose and papery lesions
isolates was light grey to dark grey while
isolates from raised spots were pink on PDA.
Conidial shape of isolates from anthracnose
and papery lesions were cylindrical while
isolates from raised spots were fusiform.
Isolate with fusiform conidia were identified
as C. acutatum and w'ith cylindrical conidia
as C.gloeosporioides by IMI. Molecular analy-
sis carried out also clearly distinguished
them into two major groups. While RAPD
profiles of isolates from anthracnose and
papery lesions were almost similar they
differed from the isolates from raised spots.
However, variability could be detected
within each group.
15 Corynespora leaf disease

For studies on variability of Corynespora
cassiicola isolates, infected leaf samples were
collected during the disease season from
various locations of Keralaand Karnataka, the
pathogen isolated and purified. Virulence of
these isolates was tested by detached leaf
technique on the five clones viz., RRII 105,
RRIM 600, GT 1, PB 260 and Haiken 1 by
spraying the conidial suspension. One isolate
each from Sullia, Teekoy and Adoor exhib-
ited more virulence than the others. Some of
the isolates from Nettana, Sullia, Sampaiji,
Karmayee, Kolichal, Panathady and
Karikattor also showed almostsimilar viniience
pattern on tested clones except on GT 1.

A study was initiated to identify the mo-
lecular mechanism of host-pathogen inter-
action in Hevea. Pathogenesis related pro-
tein (6-1, 3-glucanase activity in response to
infection of C. cassiicola was tested in four
clones of Hevea, viz.,, GT 1, RRII 105, PR 107
and RRIM 600. The (3-1, 3-glucanase activ-
ity was estimated and isozymes were de-
tected in PAGE gels. Variation in symptom
expression was observed between the clones,
hi RRII 105 and PR 107, the initial symptom
appeared in 24 h and visible symptom was
observed in48 h. In GT Lhypersensitive area

appeared in48 h. after induction. In RRIM 600,
the lesion development was observed in 72 h.
Very limited lesion formation was observed
in GT 1, while susceptible reaction was
recorded in all the other clones tested.

Three major p -1, 3-glucanase isozyme
bands (GI, G2 and G3) were detected in in-
duced leaves of GT 1 at 96 h. No positive
reaction was detected in other clones on both
induced and control leaves. The (-1, 3-
glucanase activity was maximum in GT 1,
where a typical tolerant reaction to
Corynespora was observed.

To study the physiology of resistance to
Corynespora, five different isolates (three
from Karnataka and two from Kerala), and
two Hevea clones RRII 105 and GT 1 were
selected. Leaves were inoculated with 10 f1
drops of spore suspension (2.3 x 104conidia/
ml). After 72 h of inoculation the lesion size
on the leaves were recorded. Toxin activity
was studied by leafwilting bioassay and leaf
puncture bioassay. The pathogenecity ofiiso-
lates could be correlated to their toxin pro-
duction. The culture filtrate showed toxic
activity only on the susceptible clone. There
was not much variation between the tested
isolates in their virulence.

2. Stem diseases

2.1 Pink disease

Hie experiment to evaluate the efficacy
of systemic fungicides such as
thiophosphate, validacin and hexaconazole
and the recommended chemicals such as
thiram in controlling pink disease was con-
tinued. Their efficacy in different carriers
such as Vinofan, Indtron and Rubberkote
was also compared. The systemic fungicides
validacin and hexaconazole were the most
effective fungicides, whereas there was no
significant difference among carriers. The
percentage recovery of trees in various treat-
ments is presented in Table Path. 7.



Table Path. 7. Effectof fungicides and carriers on pink
disease control
Recovery (%]

Fungicide

Indtron  Rubber kote  vinofan
Iniophi'sphatt> s3
Validacin 58 100
Hexaconazole b7
Thiram 58 67 67
Bordeaux paste (control) 50

In another study fungicide such as
validacin, hexaconazole, thiram and Bor-
deaux mixture were sprayed on loci of in-
fection and the disease control assessed. The
disease progress was monitored periodically.
Complete control wasnotachieved by spray-
ing these fungicides.

2.2 Patch canker

An experiment was initiated to study the
effect of various fungicides on the control of
patch canker. The treatments were applied
onto the wound by incorporating the fungi-
cides in rubber kote at the dosages indicated.
The fungicide treatments with Mancozeb,
Ridomil and Kitazin have givenslightly higher
percentage of recover)’, than the presently rec-
ommended Bordeaux paste (Table Path. 8).

Table Path. 8. Control of patch canker disease

. Dose per ki No. of tree's
rtne,i Rubberkjil, 8 c
Akomin (ml) 5 1n 9
Benlate (g) 4 1 10
Bordeaux paste (%) 10 u 9 818
Mancozeb (g) il u 11
Ridomil MZ <g) 3 n 11
Kilazin (ml) 4 u 1 1000
A:Treated B:Recovered C:% mrecovery-

3. Root diseases
3.1 Poria root disease

The field trial for the control of Poria root
disease at Kumbazha Estate was continued.
The base and the soil around the collar of
the infected and two neighbouring plants
were drenched with fungicide solution.
Treatments imposed were Calixin (1%),
Calixin (0.5%), Tilt (0.1%), Contaf (0.05%)

and Thiride (0.75%). All the fungicides
tested were equally effective in protecting the
neighbouring plants.
3.2 Purple root disease

Budded stumps from the infested nurs-
ery showing fruiting bodies at the collar re-
gion were uprooted and their shoot and root
pruned. The rootportion was dipped in any
one of the fungicide solutions viz., Calixin
(0.25%), Tilt (0.1%), Contaf (0.01%), Thiride
(0.75%) and planted in polythene bags.
When treated at the initial stages all the
fungicides used were equally effective in
controlling the disease but plants treated
with fungicides in the advanced stage
showed only 50% recovery. In another
experiment, rubber plants were uprooted
from infested nursery beds and beds were
treated with the above fungicides and 10
budded stumps were planted in each bed.
Results showed thatall the fungicides were
on par in controlling the disease in the
nursery bed.

4. Retention and residual studies of
copper in rubber plantations

An experiment was initiated at Pudukad
Estate, Trichurand CES, Chethackal to study
the retention and residual effect of copper
in rubber plantations. At Pudukad, treat-
mentsincluded (1) 1% Bordeaux mixture, (2)
1% Bordeaux mixture + 1% RSO, (3) RSO :
Spray oil : COC at5 : 10 : 3, (4) Spray oil :
COC at 15 : 3 and (5) Control (unsprayed).
At CES, Chethackal the treatments were (1)
COC:Spray oil at 1.5 (sprayed) and (2) Con-
trol (unsprayed). These treatments were im-
posed in four blocks, covering four clones
(RRII 105, RRII 118, RRIM 600 and GT 1).
Apart from the analysis of copper residue,
soil microflora is also being monitored.

5. Pests of rubber

The insecticides such as chlorpyriphos,
fenvalerate and endosulfan at various concen-
trations were tried against termite (Odonlotemics



Table Path, 9. Post-treatment percent termite re-infes-
tation in rubber plants

Treatment  Dosage (% ai) , After
4months 16 months

Chlorpyriphos  0.06 61 7n
Chlorpyriphos 010 57 62
Chlorpyriphos 014 52 66
Chlorpyriphos 0.20 41 67
Fenvalerate 0.02 4 65
Fenvalerate 0.04 40 54
Endosulfan 0.10 64 7
Endosulfan 0.175 60

Control 90 76
CD (P=0.05) 6.09 1232

obeses). Chlorpyriphos (0.2%) and fenvalerate
(0.04%) were effective for the control of ter-
mites for four months (Table Path. 9).

Against crickets, (Gryllacrys sp.) damag-
ing rainguards, application of different in-
secticides namely neem oil 10 mI/L,
malathion (0.1%), methyl parathion (0.1%),
dimethoate (0.1%), fenvalerate (0.02%), BHC
(0.2%) and phorate 2 g/L was done after di-
lution in water. Neem oil application has re-
sulted in decrease of damage.

Eco-friendly repellents such as castor oil,
kerosene +neem oil, phenyl, used engine oil,
mineral turpentine, neem oil, maroti oil and
cashew kernel oil were also tried against
Gryllacrys sp. Used engine oil, cashew ker-
nel oil and maroti oil were found effective.

Borer beetle infestation on rubber trees
was observed during September-October.
The experiment for the control of borer bee-
tles revealed that a combination of carbaryl
+ quinalphos and carbaryl + chlorpyriphos
were effective. The treatment with carbaryl +
malathion and lindane + quinalphos were the
next effective combinations.

The population of root-knot nematodes
and total nematodes from soil samples col-
lected from different rubber growing loca-
tions was assayed. The relative density of
root-knot nematode M. incognita was found
to vary in soil samples collected from differ-
ent regions. The infectivity of the soil
samples was tested on highly susceptible
plants such as tomato by evaluating the gall
indices.

The prior establishment of vesicular
arbuscular mycorrhiza (VAM) fungi by a
week or two, tended to mitigate the effect of
M. incognita on the plant growth of Pueraria
phaseoloides. The presence of root-knotnema-
todes interfered with mycorrhizal root infec-
tion and spore production. The gall forma-
tion by M. incognita and the multiplication
of nematodes were also found to be ham-
pered by the early establishment of VAM.

6. Pathological aspects of tapping panel
dryness

Tapping panel dryness (TPD) is wide-
spread in all rubber growing areas and is a
matter of serious concern. Work done so far
has only attributed TPD to physiological
changes and generally believed to be not
caused by any biotic agents. A study on the
detection ofetiology of TPD was undertaken
incollaboration with Indian Agricultural Re-
search Institute (IARI), New Delhi. Electro-
phoresis done by the technique of R-PAGE
showed the presence of a low molecular
weight RNA associated with TPD affected
trees.

Chemical treatment experiments for
symptom remission in TPD affected trees
(RRIl 105 and PB 235) conducted at
Malankara (Thodupuzha) and Vaniampara
(Trichur) Estates were continued. As in the
case of the previous year, no significant
effect of the treatments was observed.

As part of the molecular and biochemi-
cal studies on the etiology of TPD, total nu-
cleic acid extracts purified from leaf and bark
tissues of affected trees, were analysed by
polyacrylamide gel electrophoresis under
denaturing conditions of low salt and high
temperature. This showed the presence of
nucleic acids similar in electrophoretic mo-
bility to low molecular weight (LMW) RNA,
of 359 nucleotides such as potato spindle
tuberviroid (PSTVd). The LMW nucleic acid
detected from TPD affected samples was
found to be RNA based on its sensitivitv to



RNAase and insensitivity to DN Aase, phe-
nol and heat treatments. The LMW-RNA
was purified and cloned in aPV C 19 derived
vector using primers specific to PSTVd. The
cloned DNA, when random labelled and
used as probe, reacted specifically to nucleic
acid extracts from TPD affected trees but
not from healthy tissues in dot-blot hy-
bridisation assays. Based on the above
findings, a viroid etiology for TPD syn-
drome was proposed

A symptamatology study was initiated in
1999 when TPD affected plants of clone
RRIM 605 with special symptoms of bark
cracking were observed near Anchal in
Kollam District. Out of the 134 plants, 20%
showed the bark scaling symptoms with pink
colour at the time of opening. The nucleic
acid analysis of the samples from these
trees was carried out and the presence of
LMW-RNA was observed. The latex yield
and the DRC were less in affected trees. All
the trees showing this particular symptom
originated from a single nursery. A survey
was conducted in the nearby plantations
where the planting materials were supplied
from the nursery’. All the 28 smallholdings
surveyed had trees with same syndrome.

7. Bee keeping in rubber plantations

Survey on bee keeping in rubber planta-
tion and associated problems was carried out
in rubber growing areas in Kottayam and
Kasaragod Districts. Costofequipment and
inputs such as bee hives, bee stand, bee
colony, honey extractor, bee veil, bee net,
comb foundation sheet (only for Apis
meUifera), labour expenses, artificial feeding
(sugar, bengal gram) were studied. The vari-
ous sources of income from bee keeping
namely honey, wax and bee colony were also
recorded for the two types of domesticated
honey bees viz., Apis indicaand Apis mellifera.
The incidence of diseases, attack due to
predators and parasites were also recorded.
The total cost per hive was Rs. 755 and

Rs. 2900 and the total income per hive was
Rs. 800 and Rs. 3500 for the two kinds of bees
which showed only a marginal profit.

8. Vermiculture

Vermicomposting units were established

successfully at Malankara Estate,
Thodupuzha and Palampra Estate,
Kanjirapally.

9. Microorganisms for improving growth
of rubber and cover crops

In the study on nitrogen fixing microor-
ganisms, periodic observations were taken
on growth and spread of Mucuna bracteata
in the Bradyrhizobium inoculated and
uninoculated plots at RRS, Padiyoor. Dense
growth of M. bracteata plants and suppres-
sion of weeds were observed in plots inocu-
lated with Bradyrhizobium.

The tolerance of five isolates of Azotobacter
to the weedicide diuron was studied under
laboratory cond ns at the concentrations of
250 to 5000 ppm. The bacteria were found to
survive in these concentrations. Butnone of
the isolates survived exposure to glyphosate
at a concentration of 100 ppm.

Asurvey on the occurrence of Beijerinckia
in different locations of Kerala was carried
out. Twenty six soil samples were screened
and 10 Beijerinckia isolates were collected.

A pot culture study was conducted to
find the effect of coinoculation of Beijerinckia
with Pseudomonas, the plant growth promot-
ing rhizobacteria (PGPR) and VAM at dif-
ferent levels of N and P. After 10 months
growth, dual inoculation of Beijerinckia with
VAM or PGPR at 100% N and P gave signifi-
cantimprovement in girth and height of the
plants compared to control (NPK 100%) and
at50% N and P it was on par with the con-
trol (Table Path. 10).

To study the improvement in phosphate
uptake of rubber and cover crops through
micro-organisms and to find out the effect
of mycorrhizal inoculation on rubber seed-



Table Path. 10. Growth of plants after 10 months

Treatments
Bcijerinckia + 50% N + 100% P

Beijerinckia + 100% N + 100% P

Beijerinckia + PGPR + 50% N + 50%P
Beijerinckia + PGPR + 100% N + 100% P
Beijerinckia + VAM +50% N + 50% P
Beijerinckia + VAM + 100% N +-100% P
Bcijerinckia + PGPR + VAM + 50% N +50% P
Bcijerinckia + PGPR + VAM + 100% N + 100% P
100 %NPK-Control

CD (P =0.05)

lings under sterile condition, a pot culture
study was initiated. Eleven isolates of VAM
were used under three differentlevels of rock
phosphate application (50, 75 and 100% of
recommended levels). Growth of the plants
was monitored up to one year. Study revealed
thatrubber seedlings responded more to VAM
inoculation when the phosphate level was low.
Only a few isolates showed improvement in
growth of rubber seedlings at higher levels of
phosphate application.

Geneticengineering of beneficial microbes
was another area of study. Mutation was in-
duced on Azolobacter and Beijerinckia using
physical mutagens (UV rays 254 run) and the
mutants were obtained. Growth and nitroge-
nase activity at different pH and biochemical
characters of both parents and mutants of
Azolobacter and Beijerinckia were studied. The
effect of curing on stress tolerance of the par-
ent and mutant strains was observed.

10. Waste management in rubber
processing

For the evaluation of the modified efflu-
ent treatment system of crumb rubber fac-
tory, effluent samples from soaking tank,
rubber trap, composite tank, aerator, clari-
ficr 1, clarifier 2, filler 1 and final water after
filler 2 were collected monthly and analysed
for pollution parameters. The final effluent
after the treatment was within the safe limit
specified for discharge into the environment.

Height Girth

(em) (cm)
14333 1233
138.67 12,00
10233 9.00
143.33 13.00
11233 1167
148.00 1367
125.67 11.00
138.00 12,67
115.33 10.67

2101 26.00

To study the performance of large size
anaerobic immobilized growth digester, di-
gesters having 10 and 15 m3capacity at-
tached with aerobic pond were constructed
in the RPS group processing centres. The
digesters were fitted with fixed film assem-
bly in order to enhance the surface area for
the micro-organisms to act. These digest-
ers were daily fed with 1500 L RSS effluent.
The effluent samples from various points
were collected and analysed for different
parameters. The quantity and quality of
biogas generated were also monitored. The
biogas generated contained 62% methane and
was used for thedrying of sheets. The colour
ofthe RSS produced using thisgas was golden
yellow. A special system for the burning of
biogas in the smoke house was developed.
Reduction in the various pollution parameters
was noted after the anaerobic digestion and
also after the aerobic treatment.

Water samples from the nearby wells of
RSS, TSR, latex concentrate and crepe pro-
cessing factories were collected and analysed
for indicator bacteria and other pollution
parameters. The pollution parameters were
within the prescribed limits for drinking
water in most of the samples tested. How-
ever, some samples showed the presence of
indicator bacteria.

Modification of the anaerobic digester
specific for rubber processing waste water
was also initiated. In a laboratory study,



natural rubber granules from TSR process-
ing and polythene shade net pieces were
used as fluidised beds in the anaerobic di-
gester as acarrier matrix for the bacteria. The
effluent before and after the treatment was
analysed for various pollution parameters.

Biogas generation and the time taken for the
treatment were also monitored. NR gran-
ules served, as a good carrier matrix for the
bacteria and hydraulic retention time in the
reactor was considerably low than the con-
ventional anaerobic digester.

PLANT PHYSIOLOGY DIVISION

The Division is carrying out research in
six major areas, viz., environmental physi-
ology, physiology of growth and yield,
stock-saon interaction, tapping panel dry-
ness, secondary metabolism and ecological
impact of natural rubber cultivation cover-
ing both traditional and non-traditional
zones. Undereach area, several experiments
are underway addressing both fundamen-
tal and applied aspects of Hevea tree
physiology

Studies on drought stress in polyclonal
rubber plants have indicated thatperoxidase
activity in the leaves may be related to
drought tolerance. Additional studies on
low temperature stress confirmed the exist-
ence of high light induced down regulation
of photosynthesis. Investigations on tapping
induced stresshave showed increase in both
alternative and cytochrome c oxidative path-
ways of respiration. Increased drain of re-
sources including ATP through latex might
be responsible for tapping induced loss of
biomass. Field trials have been initiated at
RRS, Nagrakatta and CES, Chethackal for
studies on the ecological impacts of natural
rubber cultivation.

1. Environmental physiology
11  Drought tolerance

A study has been going on at RRS,
Dapchari for physio-biochemical compari-
son of drought tolerant and susceptible
clones. Leaf and bark samples were col-
lected from the polyclonal trees with high

girth and yield and low girth and yield dur-
ing peak summer and stress free post-mon-
soon seasons. Biochemical composition of
leaf and bark (aminoacids, phenols, glu-
tathione, sugars and protein) and activities
of some critical enzymes (peroxidase,
polyphenol oxidase, ascorbate peroxidase
and superoxide dismutase) were analysed
w'ith an objective to relate any of these with
drought tolerance. The results showed that
peroxidase and ascorbate peroxidase
remained higher in the leaves in high yield-
ing trees than low yielding trees both dur-
ing summer and stress free periods. Leaf
peroxidase was also high in high girth trees
than low girth trees in both the seasons. In
the bark, polyphenol oxidase activity was
less in high yielding trees than low yielding
trees in both stress and stress free seasons.
High peroxidase and ascorbate peroxidase
in the leaf and low polyphenol oxidase ac-
tivity in the bark are suitable markers asso-
ciated with drought tolerance in Hevea.

1.2 Combined effect of drought and high light

The effect of different light regimes on
growth, photosynthesis and transpiration of
young rubber plants were studied in four
clones (RRII 105, RRIM 600, GT 1, PR 255)
using polybag plants. Three treatments
(open sun, 70% and 30% sun light) were im-
posed. higeneral, the plantheightand girth
were significantly high at 70% sun light.
There was 24 and 34% increase in leaf area
per plant in 70 and 30% light levels, respec-
tively compared to open sun. Specific leaf



weight (SLW) of plants decreased signifi-
cantly under low light. The SLW decreased
by 14% in 70% light and 26% in 30% light
compared to plants receiving full sun light.
Total chlorophyll content increased signifi-
cantly in all the clones grown under low light
conditions.

Though chlorophyll fluorescence index,
Fv/Fm in the dark adapted state in three
seasons did not show any clonal variations,
significant seasonal variations (p<0.05) were
observed under different light regimes (Table
Phy. 1). At 100% light the seasonal varia-
tions were not noticed except in clones
RRII 105 and PR 255, where Fv/Fm ratios
significantly differed in the months of
November and March. However, in 70%
and 30% light regimes, significant differences
in Fv/Fm ratios were observed in all the
clones between different seasons. The Fv/
Fm ratio was found low in the month of
March and maximum in November.

When diurnal variations in Fv/Fm were
measured in the forenoon (9 AM) and after-
noon (3 PM) hours (Table Phy. 2), significant
differences were observed only in plants
grown under open sunlight. Under drought
stress a significant difference in diurnal
Fv/Fm was observed in plants grown un-

TablePhy  pjurnal variations in dark adapted Fv/Fm
under irrigated and unirrigated conditions

Clone Irrigated
Forenoon Afternoon

open sun

RRII 105 0.80+.003 0.76.014
0.81+.004 0.77+.005
0.77+.010 0.70+.020
0.81+.004 0.794.(K)7

70% light

RRII 105 0.82+.002 0.81+.002

RRIM 600 0.82+.002 0.82+.003
079,001 0.79+.007
0.82£.004 0.79+.005

30% light

RRII 105 0.82+.002 0.81£.003
0.83+.002 081£CH)5
0.82+.001 0.81+.002

PR 255 0.82£.002 0.81£.004

Table Phv 1. geasonal variations in dark adapted
Fv/Fm ratios under different light

regimes
i_ione August November ~March
open sun
RRII 105 0.79+.004  0.81+.003  0.78+.007
RRIM 600 0.80+.005 0.81+.013 0.80+.004
GTI 0.78£.005  0.78+£.008  0.77+.005
PR 255 0.79£.003  081+.004  0.78+.005
70% light
RRII 105 0.78£001  0.82+.003  0.82+.0Q2
RRIM 600 0.78+.002  0.83+.001  0.83+.006
GTI 0.78£.005  080+.004  0.80+.002
PR 255 0.78+.005  0.824£.003  0.80+.002
30% light
RRII 105 0.79+.001  0.82+.001  0.82+.002
RRIM 600 0.80+.001  083+.002  0.83+.002
cT1 0.80+.003  0.82+.003  0.81+.003
PR 255 0.80+002  0.82+.003  0.83+.003

der open sunlight as well as 70% light. An
increase in initial fluorescence (Fo) and ade-
crease in maximum fluorescence (Fm) was
observed in drought stressed plants com-
pared tonon-stressed plants especially in the
afternoon.

In astudy to determine the structure and
function of photosynthetic apparatus of
young rubber plants in relation to its adap-
tation to high light and drought stress, C02
exchange rate (A) was measured during
morning hours periodically covering three

ratios in Hevea grown under different light regimes

L'nirrigated

0.75+.005
0.75+.007
0.74+.009
0.74£.004 0.70+.009
0.77 +.006
0.80£.008
0.78+.006
0.76+.007 0.73+.006
0.80+.005

0.80£.004

0.78 £.002

0.80+.002 0.78+.003



different seasons, during August, Novem-
ber and March (Table Phy. 3). During the
monsoon period (August) there was no dif-
ference in photosynthesis among the clones
grown under open sunlight except a slight
reduction in C0 2 assimilation rate in clone
PR 255. In August, at 70% light, GT 1 re-
corded maximum photosynthesis rate com-
pared to other clones. But at 30% light a
substantial reduction in photosynthesis was
observed in all the clones. In general, pho-
tosynthesis during November w-assame as
in August.

During summer (March) the open sun
grown plants recorded less A than other sea-
sons. The clones GT 1 and PR 255 showed
less A than RRII 105 and RRIM 600. There
was no significant difference between open
and 70% lightgrown plants in March. Shade
had only a modest effect on A in different
months. But significant reduction in A was
recorded inunirrigated plants (44 -57%). The
magnitude of drought mediated inhibition
in photosynthesis was more in open sunlight
grown plants than shaded plants indicating
aggravating effect of high light intensity.

The chloroplast polypeptides were pre-
pared from leaves developed at different
photosynthetic photon flux densities (PPFD)
and resolved on a 12% SDS PAGE. The gels
stained with comassie blue were scanned for
quantifying the interested bands, viz., the
large and small subunits of Rubisco (55 & 13
kDa) and light harvesting chlorophyll bind-
ing proteins LHCP (25-27 kDa). In general,
the relative amounts of the large and small
sub units of Rubisco progressively decreased
as the growth light intensity decreased and
the concentration of the LHCP increased in
the shade treatments. Thisis an adaptive fea-
ture of photosynthetic apparatus to low light
condition in order to harvestmaximum light
for photosynthetic reactions. Further experi-
ments are in progress.

13  Low temperature stress studies

A study has been going on to investigate
the harmful effects of concomitant occur-
rence of low temperature and high solar ra-
diation on young rubber plants. A total of
150 young polybag plants belonging to 14
Hevea clones were grown in a nursery at
Mattupetty, a hill station in the Western

Table Phy. 3 Variation in leaf photosynlhetic rate (A) of young Hex'ea plants in different light intensity
Carbon dioxide exchange rate (A)

Clone & light

August November
100% light
RRII 105 1147:0380  11.63+ .25
RRIM 600 11.820.430  11.01%0.45
GT1 102240.440 10624035
PR 255 9.62+0.217 113+0.38
70% light
RRII 105 10.66+ 0.60 11+ 052
RRIM 600 1185+ 081 115+ 043
GT1 13.5+0.50 9.3+ 053
PR 255 10.9+ 0.65 9.6+ 0.44
30% light
RRII 105 9.49+ 0.60 72026
RRIM 600 9.95+ 0.65 7.2+ 0.32
GT1 7.7 0.60 7.1140.34
PR 255 6.8+ 0.58 6.3+037

% SE isshown, n=b-8

March April
Irrigated  Unirrigated  inhibition

10.06+0.30 9.24 £0.42 4.15%0.25 55
10.140.60 9.64+0 52 4.18£0.13 57
9.05£0.35 9.11*0,33 3.88+0.15 57
8.94+0.45 8.68 £0.34 3.710.24 57
9.41+0.25 9.06+0.28 4.7610.08 49
10,8+0.30 9,44+0.54 4.9+ 03 47
9.8+0.31 9.02 £0.36 4.4 £0.15 51
8.86+0.32 8.26 £0.59 4.2£0.13 49
6.7 +0.60 7.1+ 0,26 3.27+0.13 54
6.68 £0.34 7.1£0.39 3.9£0.11 45
5.93+0.30 6.45 £0.37 3.14+0.13 51
5.46+6.00 6.5 £0.36 3.70£0.24 44



Ghats, in the farm of Kerala Livestock De-
velopment Board with a setofplants at RRII,
Kottayam as control. Initially all the plants
in both the environments were pruned to
equal height from the bud union to bring
uniformity in growth.

In spite of having successful sprouting in
all the clones, a distinct impact of low
temperature stress was noticed at
Mattupetty. The average height of the plants
at Mattupetty was only 14.3 cm in contrast
to 64.8 cm at Kottayam after four months of
growth. Almost all the plants grown in the
warm climate of Kottayam were in the two
whorl stage, while their counterparts in the
low temperature climate failed to develop a
complete whorl except in 15 plants. To
understand the mechanistic insights of such
low temperature effects on gas exchange,
chlorophyll fluorescence and biochemical
studies were conducted during December
1999 - January 2000. The CO, assimilation
rate (A) of Hevea was significantly lower at
Mattupetty both at low and high PFDs
(Table Phy. 4). Also, Hevea grown at
Mattupetty showed much smaller A than
several native species such as Rose, Seteria,
Napier and clover adapted to the Mattupetty
conditions. The maximum potential
quantum yield of PS Il photochemistry as
studied from the ratio of the maximum to

variable chlorophyll fluorescence (Fv/Fm) in
the dark adapted state was also significantly
reduced in the rubber plants grown at
Mattupetty.

Although effective PS Il quantum vyield
& PS Il) at a given PFD was lower at
Mattupetty, there was relatively more
electron transport rate (ETR) across PS Il in
the leaf for every mole of C 02assimilated in
the low temperature grown plants (Table
Phy. 5). This indicated low temperature
induced photoinhibition of photosynthesis,
which explains the stunted growth observed
in plants at Mattupetty.

Table Phy. 5. Effect of low temperature on PS 11

PPFD

(Mmol nr3s) Yield (0 PS 1T) (pm:ITnR”S )
Mattupetty

1450+ 5.7 0.239 + 0.020 13.58 + 0.80
536.4 £21.8 0.068 + 0.011 15.59 + 3.69
RRI1, Kottayam

1416+ 5.6 0581 + 0.006 3533+ 1.62
712.7+ 129 0.191 + 0.008 56.58 + 2.39

2. Physiology of growth and yield

Six experiments on the physiology of
growth and yield of Hez>ea are in progress.

or low temperature on gas exchange ot young Hevea plants at ligw and high PPFD
Gas exchange parameters

PPFD Leaf Stomatal
(Hmol m;s™) temperature (TL) conductance
) (gs) (mol nr-s)
Mattupetty
0'3
199.1 +25.2 22.3 00 0.123 £0.009
1206 £30.9 30.2£04 0.098 +0.007
RRII, Kottayam
2144 £12.6 312+ 03 0.50 0,033
6-2
11005  15.9 34.6 -1-9.499-

Transpiration

CO,Assimilation

(E, mmol nv! s') rate (A) A/gs
(jimol m3s ")
1.10 £0.34 1.02 £0.18 7.69 + 1.04
2.12+0.08 0.60 +0.24 6.85£1.79
_ 5.52%0.16 .. 5.70 £0.26 13.00 + 0.63
PN 0.6



21 Yield and yield components

In the ongoing study on yield and yield
components, observations from 12 clones
at CES, Chethackal were recorded. The clone
PB 235 recorded the highest girth (94 cm) fol-
lowed by RRU 118 (90 cm) and die lowest in
PR 107 (68 cm). RRII 105 continued as die
highestyielder (56.8 g/t/1) and RRIM 612 was
die lowest yielder (25.7 g/t in 1/2S d/2 sys-
tem). Clone RRII 105 showed higher initial
flow rate (IFR) and dry rubber content (DRC).
Clone RRIM 612 recorded higher mean plug-
ging index (P1) and very low DRC. The PI
values of clones G T 1, PB 235, RRIM 600 and
RRIM 703 ranged between 4.5 and 4.7
whereas thatofG11, PR 107 and Tjir 1 ranged
between 7.5 and 8.5.

22 Mechanism of tapping induced loss of biomass

A project was initiated in July 1997 with
five clones in a 1987 plantation at HBSS,
Nettana to find out the mechanism of loss in
biomass ofa rubber tree subjected to regular
tapping. The trees were opened for tapping
during July 1997 and one set of trees was left
untapped as control. The girth increment
during the second year of tapping in d/2
tapped trees was lesser than the control in
all the clones. Diversion of carbon sources
to rubber biosynthesis explains the loss of
biomass in tapped trees. The reduction in
tapping induced girth increment was more
in RRII 105 (59%) and less in PB 311 (30%).

The dark respiration mediated oxygen
uptake rate was measured in soft bark

tissue from tapping panel area of the d/2
tapped trees and from the corresponding
pointin the untapped trees during May 1999
and November 1999 representing summer
and post monsoon, respectively. During the
post monsoon season of 2000 onwards, die
measurement of respiration was also ex-
tended to RRIl 105 and PB 235 under d/3
tapping. The tapping panel respiration rate
was significantly higher than untapped con-
trol trees. The high rate of respiration re-
corded in the tapping panel area could be
due to die increased rate of metabolism for
biosynthesis of rubber molecules as well as
possible wound induced maintenance res-
piration. There was seasonal changes in the
respiration rate of tapped trees. Respiration
was higher in post monsoon (November)
than summer (March) in all the clones.
Among the tapped trees, clones PB 235 and
RRI11 105 recorded the maximum respiration
during summer and post monsoon,
respectively and clones PB 260 and RR11 300
recorded the minimum respiration (Table
Phy. 6). hi clone PB 235, d/3 tapped trees
recorded significantly less respiration than
d/2 tapped trees indicating that low fre-
quency of wounding leads to small respira-
tory activity. The total sugar content in tap-
ping panel area was higher than untapped
trees in all the clones in summer season but
the difference was not significant in post
monsoon. There was no difference in starch
content between tapped and untapped con-
trol trees in both the seasons.

Table Phv-h Park respiration rate of soft bark tissues in tapped and untapped Hevea clones

Clone summer
Untapped

RRU 300 2693 + 0830 4236+ 27.0

RRII 105 295.8 + 05.14 534.8 + 29.3
210.3 * 06.70 541.3+18.2
271.13 +14.60 472.9+ 17.1

PB 311 2535 +13.00 527.3£17.7

Respiration rale (n mole O. g-' dry wt. min ")

fw, mrmoinn--—--

339.4 £ 29.00 497.0 + 424

311.4 + 19.60 7084 £16.1

360.0 + 33.80 682.0 +46.8

178.0 + 08.87

255.0 + 08.50 69Z14+ 46.0 -



Table. 7. Sale of various pathways nf dark respiration and ATP content in tanned and

Fj"'TOte B
lotal respiration (n moles O./g dry vvt/min)
Cytochrome-c oxidase

Alternative oxidase

Residual respiration

ATP content in soft bark (n mole/gfresh wt)
ATP in C- serum (n mole/ml)

Untapped tree--—-——-—-* TTr,n,” tr~
266.9£16.9 ———sii 73£338
‘2;63 i:i 386.5 £25.6
o5 229 258.3 + 10.05
1688 +3.2
347 +129 473 £304
551 a7 2 2532 £ 77

23 Tapping induced respiration and ROS

scavenging

A study was taken up for examining the
interrelationship between the rate of
respiration, ATP content and ROS
scavenging activities in tapped and
untapped Hevea trees. The rate of dark
respiration was measured in softbark tissue
of tapped and untapped trees of RRII 105
with different inhibitors, namely, KCN to
inhibit cytochrome pathway and
salycylhydroxamic acid (SHAM) to inhibit
alternative oxidase (AO) pathway. The
tapped trees recorded significantly higher
rates of total cyt-c oxidase, cyanide resistant
alternative oxidase and residual respiratory
activities compared to the untapped tree
(Table Phy. 7). The ATP contentin untapped
bark tissue was found to be seven fold higher
than that in tapped trees when the samples
were collected after harvesting the latex.
Contrary to this, a very high ATP content was
noticed in C-serum of tapped tree. The
result indicated that a metabolically active
tapped rubber tree (as indicated by increased
respiration) produces enormous amount of
ATP, which islost through serum and hence
notdetected in the soft bark tissue. A tapped
tree is also loosing considerable amount of
resources through the non-phosphorylating
AO pathway.
2.4 Clonal variation in ATP pool and latex

regeneration

A project was started in November 1999
at RRII to study the clonal variation and
effect of stimulation in the adenylate content,
its biosynthesis and regulation in the latex

regeneration mechanism and thereby yield.
Clones RRII 105, RRIM 600 (high yielders),
RRII 38 and HP 20 (low yielders) were
selected. Latex samples were analysed for
sucrose, inorganic phosphorus and
adenylates. H' ATPase activity was
determined from lutoids and pH of C serum,
Bserum and latex was measured. The initial
results of this study showed significant
correlation of ATP content, ATPase activity
and C-serum pH with yield irrespective of
clones. This study is in progress.

25 Physiological changes in leaves during

wintering and refoliation

The project to study the changes in leaf
biochemical parameters of untapped and
tapped trees of Hevea during wintering and
refoliation was continued. The changes in
total chlorophyll, soluble protein, free amino
acid, sugar, starch, MDA and per cent
membrane damage during refoliation phase
were recorded. Correlation coefficients of
various leaf biochemical parameters from
pooled data of untapped and tapped trees
of Hevea during wintering are presented in
Table Phy. 8. The chlorophyll content during
the post maturation and wintering phases
was positively correlated with the contents
of soluble protein, sugar, starch contents of
the leaf and was negatively correlated with
free amino acid, MDA and per cent leakage.
The free amino acid content during
wintering phase was negatively correlated
with the soluble protein content. Soluble
protein content showed a positive
correlation with sugar and starch contents
and it showed a negative correlation with
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FAA
Chlorophyll' —_— 074
Protein 062
Free AA
Sugar
starch
MDA

~Significantat 5% level 5 Significantat'i% level

MDA and per cent leakage. Free amino acid
was negatively correlated with sugar and
starch contents and positively correlated
with MDA and per cent leakage. Sugar was
positively correlated with starch and was
negatively correlated with MDA and per
cent leakage. Starch showed a negative
correlation with MDA and per cent leakage.
.A positive correlation was observed
between MDA and per cent leakage during
wintering.

The correlation coefficients of various leaf
biochemical parameters from pooled data of
untapped and tapped trees of Hevea during
refoliation phase (Table Phy. 9) showed a
positive correlation among the various pa-
rameters during refoliation phase.

Intraclonal variations in yield and yield
attributes

2.6

An experimentwas conducted tostudy the
intraclonal variations in yield, yield attributes
and their associations in RRII 105 in a
plantation at Vennimala, Kottayam. Twenty
three healthy trees of the clone RRI1I 105 were
selected at random from 400 trees-, which were
planted in 1985 and opened for tapping in 1992.
The parameters viz., yield per tree per tap, DRC
and concentrations of sucrose, thiol and
inorganic in the latex were recorded monthly

Tgble Phy 9. Inter-relationships among biochemical properties

bi-ch-mif, prpCT,, es durin>,

Sugar Starch MDA % leakage
+0.85 * +0.89 -0.95 ** -0.96
+0.93 * +0.97 =+ -0.84 " -0.95 =
-0.50 * -0.57 * +0.74 »* +0.72 *e
+0.98 ** 0.67 ** -0.83 "
-0.73 = -0.88 "
+0.92 =

foraperiod oftwo years. The mean dry rubber
yield per tree per tap varied from 12 to 126 g
and the coefficient of variation of the monthly
mean rubberyield ranged from 22 to 46%. The
mean DRC varied from 29 to 50% and its
coefficient of variation ranged from 4 to 11%.
There were large variations in the mean PI
computed for each month. Hie concentrations
of sucrose, inoiganic P and thiol present in the
latex also showed fairly large coefficient of
variation for their respective means computed
for every month. Among the variables studied
here, DRC showed relatively smaller coefficient
of variation through out the year.

Path coefficientanalysis with yield as the
dependent and DRC, PI, sucrose, inorganic
P and thiols as the independent variables
was made. Results revealed that direct and
indirect effects of the variables Pl and
inorganic P were significant. DRC has
moderate influence on yield, while the other
two variables sucrose and thiols have no
influence on yield. Inorganic P was found
to be a crucial parameter in assessing the
yield capability of a clone just similar to PI.
The results of the study show the existence
of large tree-to-tree variation not only in
yield and yield attributes such as DRC but
also in the biochemical composition of the

during refoliailnn phase

1rotein Surar Srarch ~ W,
tare

Chlorophyll +0.75 +0.78 +0.72 « @ R" % leakage
Prolein +0.83 . - +0.70 "

- 0.59 ** +0.56 * 1081
; - +0.62 «
;;earAA +0.75 +0.68 40.93 ** 075 -
Starch +0.88 & +0.83 ** +0.75 **
MDA +0.73 * +0.81
+0.71 *+

* significant at5% level ” Significant at 1% level



latex within the clone RRII 105 grown in the
traditional rubber growing area.

3. Stock-scion interaction

An experiment was initiated at RR1l Farm
in May 1999 to observe the interclonal
variability in growth and yield. Monthly
recordings of yield, PI, DRC, etc. of 13 clones
were made from the first month of opening
the trees. Girth recording once in three
months, was also done. Biochemical analysis
was carried out inseven of the above clones.
Considerable coefficient of variation was
observed in all these parameters among the
trees within each clone suggesting genetic
heterogeneity of the root stock as the source
of the variations.

The experiment on upward (high panel)
and normal tapping of healthy and TPD
affected trees was continued in the clone
RRII 105 at CES, Chethackal. The study is
being conducted to find out whether
translocated type of incompatibility exists in
TPD affected trees.

3.1 Scion - scion interaction

Tostudy the performance ofbudded plants
having the rootstock and scion of the same
clone (for a homogenous condition for stock
and scion) a seedling nursery was raised at
RRIIcomprising of polyclonal and monoclonal
seedlings. Clones selected were RRIM 600,
G T1land PB 86. Now the seedlings are ready
for budding and replanting in polybags.

The project on scion-scion communica-
tion in terms of the wintering behaviour of
Hevea is in progress. After field planting of
single and double budded plants percentage
.survival of plants of each clone was noted.
Gap filling was done to compensate the casu-
alty. Priming was carried out in a uniform
manner.

4. Tapping panel dryness

Tapping panel dryness (TPD) decreases
the ability of the Hevea tree to synthesise

rubber and thus reduces the productivity of
the crop. Susceptibility to TPD was reported
to be related to high exploitation of the tree.
Despite the investigations on cytological and
pathological aspects as well as the latex
physiological and biochemical characteris-
tics associated with the onset of TPD, the real
cause of this disorder remains unclear. Ear-
lier studies have shown that the avail-
ability of carbohydrate substrates for cis-
polyisoprene biosynthesis was not a limit-
ing factor. Instead, the metabolic conversion
of sugars, the primary processor for rub-
ber biosynthesis, into IPP which is an ex-
tremely energy consuming process was
probably affected.

41 Biochemical changes

A study initiated in 1999 to assess the
biochemical changes associated with TPD
continued and biochemical components
were analysed in the normal and affected
trees of RRIM 600. The high peroxidase
activity and accumulation of phenols in the
soft bark tissue of Hevea trees indicate
possible oxidative stress in the TPD affected
tissue. The other free radical scavenging
systems like superoxide dismutase (SOD),
peroxidase (Px), thiols and phenols along
with sugars and proteinsin the soft bark tissue
from the wetand dry stretches in the tapping
panel and its back side in TPD affected trees
in comparison with normal trees (Table Phy.
10) were analysed. The over expression of
some of the free radical systems was noticed
during the advanced stagesof TPD. The bark
tissue of RRIM 600 also indicated the possible
oxidative stress during the onset of TPD as
shown earlier inclone RRII 105. Thus the bark
tissue are metabolically damaged due to the
oxidative stress, which inhibited the
metabolic conversion of sucrose into rubber
during TPD.

4.2 Respiration and ATP status

Studies were conducted in the clones
GT 1, RRIM 600 and RRII 105 to examine the
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Respiration 647 + 34 549 + 30

(n moles 0./g dry wt/min)

Total soluble sugars 42.7 - 250 523 £3.85

(mg/g fresh wt)

Starch (mg/g fresh wt) 471 £1.10 5054220

Clone GT 1

Respiration 669 + 55 465 + 20

(n moles 0,/ g dry wt/min)

Total soluble sugars 435 +1.44

(mg/g fresh wt)

Starch fmg/g fresh wt) 458 +2.33 811 £6.70

TPD
Non-yielding Yielding Back side of
stretch

772% 7 849+ 17 459 £ 26

51.3 +1.30 628+ 76 571 £ 8.85

57.7 £3.11 60.33.67 58.0 £1.09
901 + 52 659 + 55
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——Table Phy. 12. Different types of respiration in soft bark Ussup n( H,..*n -w —

RRFMAF;

Rel'P'ra"on RRII 105
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Total 558 + 19 670 + 25' 572 £27

SHAM inhibited (Cytochrome) 361 27 368 + 25 365+ 22 385 +18
KCI\;InTIbIIEd (AO) 275£22 346 = 22% 316 £20 403 + 20*
Residual 194 £08 221+ 14 147 4.48 166 = 24

ates of isoprene pathway such as HMG CoA
and mevalonate were found ata higher con-
centration in TPD affected tissues. Itappears
that poor conversion of mevalonate to IPP
due to the poor supply of ATP may be the
cause of retarded rubber biosynthesisin TPD
trees. Investigations are in progress

5. Secondary metabolism

Photosynthates are converted into
different secondary metabolites in plants.
Inositols are one of the secondary metabolites
found in rubber latex. A projectwas initiated
to study the inositols in Hevea latex.

51 Inositols

An experiment was carried out with 13
clonesviz., RRII 5, RRII 105, RR11 118, RRI1I 208,
RRII 300, RRII 308, RRIM 600, RRIM 703,
PR 255, PR 261, SCATC 88-13, SCATC 93-114

and Haiken 1 to determine the seasonal and
clonal variations in total inositol content in
latex. Yield, DRC, total latex volume and ini-
tial flow rate were also recorded. Total inosi-
tol contentin latex, estimated monthly ranged
from 0.16 to 0.89% by weight and varied with
the done and season. Clonal variation in in-
ositol-I-phosphate synthase was also ob-
served. The study is in progress.

6. Ecological impactofHevea cultivation

The first phase of this interdisciplinary
study to assess the impact of rubber cultiva-
tion on the microenvironment is nearing
completion. Studies on water consumption
by rubber and other forest tree species,
microclimate changes inside different
monoculture plantations, soil nutrient status,
litter production, decomposition etc. have
been carried out.

RUBBER CHEMISTRY, PHYSICS AND TECHNOLOGY DIVISION

Tine focus of research of the Division was
on natural rubber (NR) processing, chemical
modification, rubber composites, elastomer
blending/compatibility and latex technology,
evolving of methodologies to upgrade the
quality of different forms of NR and
identification of new areas of consumption.

Pilotplant production of styrene-grafted
natural rubber (SGNR) was initiated and the
material was supplied to a premier footwear
manufacturing unit for evaluation.
Epoxidised natural rubber (ENR) was iden-
tified as a reinforcement modifier in silica-
filled elastomersviz., NR, SBR and NBR and

efforts were made to patent the above find-
ings. Collaborative studies were initiated
with a major clay manufacturing industry
on the application of chemically modified
clays. By adopting the already developed
enzymatic deproteinization process, pilot
plant-scale trials were carried out to produce
low protein latex. Attempts were also made
to develop fimctionalized NR lattices for bio-
medical application.

A study was initiated to analyse the
quality and level of consistency of sheet
rubber being produced in four major rubber
The effect of storage of

growing regions



field coagulum under various conditions
prior to its processing to TSR, was also
studied.

1. Primary processing and storage

11 Primary processing

The study to assess the effect of drying
sheet rubber under direct sunlight was
concluded with five replications. It was
observed that though plasticity, mooney
viscosity and gel content of die rubber dried
under sunlight, fully or partially were high,
significant differences were not observed in
the breakdown behaviour. Comparatively
lower plasticity retention index (PRI) was
observed for sun dried samples and a slight
excess exposure to sun deteriorated the
quality/appearance of the sheet rubber.
Drying in sunlight during tine initial period
with subsequent drying in smoke house
render sheets conforming to grades not less
than RSS 4.

A study to find the factors affecting
coagulation of fresh NR latex with the
objective to standardise a method for rapid
estimation of the dry rubber content (DRC)
of fresh NR latex was initiated. It was
observed that fresh NR latex coagulates
quickly by addition of acids in presence of
definite quantities of higher fatty acid soaps.
Theefficiency of fatty acid soapsin increasing
the coagulative power of acid depends on its
solubility in water. Other factors which were
examined for their role in coagulation of latex
were pH and DRC of latex and concentration
of metal ions present in latex. Based on a
seriesofexperiments acalibration graph was
made. The DRC of NR latex can be obtained

directly from the calibration curve by noting
the value of DRC corresponding to the
volume of acid required for coagulation.
Action was taken to refine the method.

A study was undertaken to identify a
coagulantwhich is as effective as formic acid
butcheaper and having less adverse effect on
properties of rubber. The preliminary obser-
vations of the coagulum mixture in compari-
son to formic acid are given in Table Chem. 1.

The major marketable form of NR avail-
ablein India is tineribbed smoked sheet (RSS),
that is predominantly produced by the small
grower sector. The visual grading system has
constraints in assessing die quality and level
ofconsistency of the sheet rubber. Therefore,
astudy has been initiated to assess the above’
parameters of RSS 4 grade sheets produced
in the major rubber growing regions. Regions
and centres of collection were identified and
amethod of sampling with statistically sound
layout was derived. Sample collection has
been initiated.

1.2 Storage of NR

Longer storage of NR leads to hardening
which adversely affects its processing
behaviour. Also it could lead to mould
growth on the surface of the sheet, making
it unacceptable in the market. The factors
such as humidity, temperature and mode of
stacking could influence the storage
behaviour of rubber, hi the present context,
different storage spells could be expected at
the level of farmer/dealer/other procure-
ment agencies. Hence, a study was initiated
to investigate the effect of storage on the
properties of NR and to optimize the condi-
tions of storage.

Table Chem. 1. Comparison of coagula

Parameter

Minimum maturation time required for
sheeting the coagulum

Clarity of serum

pH of serum

Drying time of sheet

Coagulant
FOTﬂ;lgﬂdd Coagulant mixture
" 45h
Clear serum Almost clear (like control)

51
Same as control



The properties of the NR samples stored
in differentenvironment of temperature and
humidity were tested periodically. Mooney
viscosity and gel content were observed to
increase as the storage period increased.
Plasticity (Po) value recorded an increase up
to 6 months find then remained more or less
the same. PRI of samples kept in low
humidity region remained more or less
constant whereas a reduction in PRI was
observed for samples kept in a high
humidity condition. Acetone extractables
were observed to decrease with storage
period. Volatile matter of sheets kept in both
locations increased and the increase was
more pronounced in the low humidity
region. Sheets stored in high humidity area
were affected by mould growth after three
months. The samples are proposed to be
stored for a period of two years.

To evaluate the effect of preprocessing
conditions on the quality of NR, latex
samples were allowed to auto coagulate and
the coagulum was processed into crepe rub-
ber periodically. Samples were dried and the
PRI and initial plasticity were determined.
It was observed that the PRI of samples de-
creased with increase in storage period.
Immersing the coagulum in different alka-
line media did not improve the raw rubber
properties. GPC measurements have shown
that the molecular weight of samples stored
for four weeks prior to processing reduced
considerably with low molecular weight
fractions predominating.

2. Chemical modification

NR could be modified into different
forms to make it suitable for specific appli-
cations. ENR, thermoplastic NR, graft co-
polymers and chlorinated NR are the com-
mercially significant chemical modifications
of NR. Focusing was initiated on two modi-
fied forms of NR viz.,, SGNR and NR modi-
fied with functional monomers.

In the project on graft copolymerisation
of styrene onto NR, the effect of age of field

latex, stabilizers and sensitizer on the graft-
ing efficiency was studied. The technology
for the production of SGNR was transferred
to P&PD Department and necessary techni-
cal support was offered during its produc-
tion. Asaprocess of seed marketing, SGNR
was supplied to one of the premier footwear
manufacturing units. The material is being
evaluated as a reinforcement modifier in
microcellular soles.

In the study to develop aprocess for the
production of functionalized NR lattices for
biomedical applications, initial trials were
conducted to graft copolymerise glycidyl
methacrylate (GMA) onto NR in latex stage
using gamma irradiation. The stability of
the modified latex was observed to becom-
paratively less when the monomer content
was above 10 phr. Efforts were started to
improve the same using different antioxi-
dant combinations.

3. Blends /Compatibilizers

Elastomerblends have gained much impor-
tance due to theirsuperior propertiescompared
to single elastomers. Hie blending of small
amount of ENR with NR SBR and NBR was
found to substantially improve the dispersion
ofsilicaand therefore the technological proper-
ties of the filled system. The focus was to ex-
plore the possibility of using ENR as low cost
modifier in place of the costlier silane coupling
agents which are being used at present.

Studies to ascertain the effect of ENR as
a reinforcement modifier in NR-silica com-
posites were continued. Rheological char-
acterization of NR-silica composites were
done in a capillary rheometer. Lower vis-
cosity was noticed for the ENR modified
samples, especially at lower shear rates.
Experiments were also initiated to study the
effect of ENR in SBR-silicacomposites. Cure
characteristics, technological properties and
resistance to ageing were found to be im-
proved with incorporation of ENR.

The NBR-silica system containing ENR
as a reinforcement modifier were compared
with 1SAF and silica filled systems contain-



ing silane coupling agent. Two accelerator
systemsin theabove compoundsviz.,, CBS and
CBS/DPG were evaluated. Both single and
binary accelerated systems showed improve-
ment in properties with ENR addition. To
assess the rubber-filler interaction, bound rub-
ber content was measured and the same for
few typical mixes are given in Table Chem. 2.

Table Chem. 2. Effect of modifiers on the bound
rubber conlenl

Mix Bound rubber
NBR-Silica 2716
NBR-10ENR-Silica 40.44
iVBR-ISEfsfR-Silica 41.59
NBR-2%Si69 2012
NBR-8%Si69 31.36
NBR-IASF 34.82

NBR-silica system containing ENR as the
modifier was observed to have higher bound
rubber content. Also these compounds ex-
hibited ageing resistance comparable to those
modified with conventional coupling agent.

4. Rubber composites

Various rubber composites are being used
for different applications. The potential of
NR modified bitumen asphalt mixes to im-
prove the service life of highways have
been well established. To overcome the
constraints experienced in carrying out
the bitumen-latex blending at the work
site, it was proposed to effect the blend-
ing at the refinery level. This ensures
more effective control of the processing
conditions and hence better consistency for
the modified bitumen.

Necessary technical support was given to
Kochi Refineries Limited for the production
of rubber modified bitumen on apilot plant
at the refiner}’. The quality parameters re-
quired for the latex to be used for modifier
were finalised.

Coconut shell powder (CSP) at present
finds application as a flooring material and

as acomponent for hard/smoothly finished
thermoplastic mouldings. A study was ini-
tiated to evaluate the use of the same as a
filler in rubber compounding. It was ob-
served that the Hexamethylene/Resorcinol/
Silica treated CSP improved all properties of
the vulcanizates In comparison with the un-
treated CSP and other semi-reinforcing non-
black fillers. Also the incorporation of CSP
was observed to impart high abrasion resis-
tance, low heat build up and better electri-
cal resistance.

As clays are mostly semi-reinforcing and
have lower cost than other fillers, any at-
tempt to improve its reinforcing potential
deserves attention. The surface modifica-
tions of clays can significantly improve the
properties of resulting vulcanizates. The
study was proposed in collaboration with a
major clay manufacturing unit. The amino
silane and mercapto silane modified clays
were observed to have improvements in
properties compared to the conventional
clays. Evaluation of less costlier grades of
modified clays was initiated.

5. Latex technology

NR latex products are facing serious chal-
lenges owing to the allergic effects of extract-
able proteins (EP). Several techniques are
being adopted for manufacturing product
with very low EP content, so that allergic ef-
fects can be minimised. Use of low protein
centrifuged latex could substantially reduce
the EP content of the products. Action was
taken to standardise a method for produc-
tion of deproteinised latex using a proteolytic
enzyme in a single centrifuging process.

Sulphur vulcanization essentially re-
quires accelerators which may lead to re-
sidual nitrosoamines. Radiation vulcaniza-
tion has been suggested to overcome the
above problem. However, inferior strength
properties of radiation vulcanized NR latex
(RVNRL), compared tosulphur vulcanizates
imposes limitations on its wider applica-



tions, especially in the biomedical field. Ef-
forts are being carried out to overcome the
above aspects.

51  Enzymatic deproteinizalion of NR latex

Pilot plant studies were carried out at
Pilot Latex Processing Centre, Chethackal,
adopting the method standardised earlier.

Compounds were prepared using the
above lattices and tensile properties and age-
ing characteristics of the film were deter-
mined. The EP content of the films were de-
termined before and after wet/dry gel leach-
ing (70 °C for 2 min). The properties of the
raw latex and latex film vulcanizates were
found to be satisfactory. EP content of
vulcanizates from the low protein latex was
low, even before leaching.

The enzyme treated sample has compa-
rable level of EP content with double centri-

fuged latex. Also the former was found to
be suitable for dipping operations and the
vulcanizate properties of the same were
satisfactory.

Towards upgradation of the quality of
RVNRL, the effect of maturation on the prop-
erties of RVNRL was attempted. The RVNRL
films were prepared, dried at room tempera-
ture and leached for 24 hours. The proper-
ties of the films were evaluated. The initial
studies showed that the storage period of
latex up to 45 days before irradiation showed
better strength properties.

6. Characterization of molecular param-
eters of lattices of different clones
Collection of three sets of samples was
completed and the characterization of mo-
lecular parameters of the selected 13 clones
was continued.

AGRICULTURAL ECONOMICS DIVISION

The Division concentrated on studies
pertaining to economic aspects of natural
rubber cultivation, processing, marketing,
end uses, ancillary sources of income and by-
products. Inter-divisional collaborative
studies were also undertaken to analyse the
economic viability of experimental findings.

During the period under review four ma-
jor projects were completed by the Division,
which included one interdivisional collabo-
rative project. Results and findings of two
major projects were published by the Divi-
sion as monographs, viz., (1) '‘Commercial
yield performance of Hevea clonesin India: A
comparative analysis' and (2) 'Indian Rubber
Products Manufacturing Industry: Evolution-
ary Dynamics and Structural Dimensions.'
These monographs are expected to be valu-
able sources of reference material for plant-
ers, researchers, policy makers as well as those
interested in the development of Indian rub-

ber products manufacturing industry. The
Division has eleven ongoing projects.

1. Commercial yield performance of Hevea

The study was undertaken with the ob-
jectives of (a) analysing the trendsin yield and
related factors of Hevea clones during differ-
ent decades (b) comparing the yield perfor-
mance and other factors during different
phases (c) examining the clonal stability in
yield over seasons, locations and age of the
tree and (d) assessing the overall performance
of clones in a comparative perspective of the
planting material recommendations in India
vis-a-vis Malaysia. A comprehensive report
has been published in the form of a mono-
graph covering yield and related aspects of
27 clones under commercial cultivation in
India. The study forms part of a continuous
commercial yield evaluation scheme initiated
by the Rubber Research Institute of



Table Age.l. Yield and related variables over decades (1-10 vear phase)

variables 1055
Yield (kg/ha) 1100
Yield /tree (kg) 362
Tappable stand (no./ha) 208
Share of field coagulum (%) 29.2
Tapping intensity (%) o
Immature phase (years) 8.4

India in 1974. Information on yield per ha,
yield per tree, share of field coagulum,
tapping intensity and tappable stand of
different clones were analysed for different
phases. The reported mean duration of
immature phase of the 27 clones was 8.01
years, the clonal difference being 5.7 years
in the case of PB 260 to 9.3 years in the case
of PB 5/63 and RRIM 628. Information on
yield was supplemented with an analysis of
seasonal and locational yield stability. The
peak season (October to January) and lean
season (February to March) accounted for
45.4 and 19.6% of the annual yield
respectively. The high yielding clones
reported lower seasonal stability compared
to low yielders. Except in the case of G1 1,
PB 235, RRII 105 and PB 217, which are
reported to have higher level of locational
stability during the 1-5 year phase, all other
clones showed asteady increase in locational
stability in the 5-10 year phase.

Mean yield and related attributes of the
plantations belonging to the 1-10 year phase,
established during the decades between 1950
and 1980 are given in Table Age.l.

Mean yield during the 1-10 year phase
was 1100,1229,1389 and 1514 kg/ha respec-
tively during the four decades. The steady
increase in yield/ha over the decades can be

o
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attributed mainly to the adoption of mod-
em high yielding varieties and improved
cultural practices.

2. Rubber products manufacturing sector

A comprehensive report in the form of a
monograph was published analysing the
origin, evolutionary growth and current sta-
tus of Indian rubber products manufactur-
ing industry and its structural dimensions.
The analysis on the evolutionary growth
identified the historical, economic and po-
litical factors contributing to the develop-
ment of the nascent industry. The major
structural dimensions of the industry were
analysed from sectoral and regional perspec-
tives so as to draw relevant guidelines for
appropriate policy inputs. Based on the rela-
tive shares in the total consumption of NR
in the country during 1996-97, theimportant
NR consuming states were grouped as high,
medium and low propensity states (Table
Age.2). The main objective of the classifica-
tion was to assess the growth potential of NR
consumption in the country.

Table Age.3 shows the growth rates in
NR and total rubber consumption across the
states. The most important trend evident
from Tables Age. 2 and 3 is that among the
four states, which have recorded higher
growth rates in NR consumption, three

Andhra Pradesh
Delhi

Goa & Daman
Karnataka
Madhya Pradesh



Table Age3.  Compound rate of growth in the con-
sumption of different types of rubber
_ (1985-86 to 1996-97)
State NR SR RR  Total
Andhra Pradesh 926 14.08 13.44 106
Delhi 3.60 2.89 724 3.72
Goa & Daman 1115 3.69 7.09 9.61
Gujarat 11.96 1256 1183 12,03
Haryana 329 0.94 4.27 279
Karnataka 4.41 240 5.56 4.05
Kerala 554 933 3.63 6.15
Madhya Pradesh 2156 17.59 31.05 21.14
Maharashtra 3.28 3.17 231 315
Punjab 5.97 3.62 2.82 5.09
Rajasthan 9.77 5.07 6.79 5.63
Tamil Nadu 4.37 3.13 2.79 3.93
Uttar Pradesh 4.95 452 3.32 472
West Bengal 269 004 (-)0.04 188
Others 2.% (-)14.40 557  (0.86
All India 5.53 4.55 353 514

states (Madhya Pradesh, Goa and Daman
and Andhra Pradesh) belong to the low pro-
pensity group and the remaining one
(Gujarat) in the medium propensity group.
A positive aspect of the observed trend is
that the combined share of these four 'high
growth statesin total rubber consumption
is only 15.49% and therefore, the potential
for the growth of NR based industries is
relatively higher in the new regions. Con-
versely, among the high propensity states,
Kerala has achieved maximum growth in
total rubber consumption (6.15 %) and it
is important to note that the State has a
higher growth rate in SR consumption
(9.33 %) compared to thatin NR consump-
tion (5.54 %).

3. Impact of economic reforms on auto-
motive tyre industry

The study is perceived in the backdrop
of the ongoing process of economic reforms
in Indian economy and the objective was to
assess the impact of economic reforms on
production, export and import of the major
tyre segment, viz., the truck and bus tyres.

The analysis indicated that there are well-
defined limitations in sustaining the domes-

ticdemand-driven exportgrowth to reap the
advantages ofscale economies. The tyre pro-
duction sector in India is on the verge of a
major shake up with the entry of multi-na-
tional corporations (MNCs) in the post-re-
forms phase with its concomitant conse-
quences on the structure of production un-
derlying the need for rationalization of prod-
uct-mix favouring radial tyres with large-
scale investment.

4. Rubber by-products sector

The studies on the production and con-
sumption of ancillary products viz., rubber
wood, rubber seed and honey are continu-
ous in nature. During 1999-2000 the esti-
mated availability of rubber wood was 1.40
million m3 But the actual production dur-
ing the period was around 20% lower than
the projected availability due to slackened
demand and low prices. The stem wood,
which forms 60 per cent of the total is used
for industrial purposes and the branch wood
as fire wood. The end use pattern of stem
rubber wood shows that56.50% of the stem
wood is consumed by the packing case in-
dustry (Table Age.4)

TableAge.4. Consumption pattern of stem rubber wood
Consuming sector Consumption (%)

Packing cases 565
safety matches 30
Plywood 265
Processed wood * 12.0
Others 2.0

*includes rubber wood treated through diffusion pro-
cess also.

The estimated production of rubber
honey during the period remained 1750 t.
The production of rubber seed oil and cake
was estimated to be 20001and 32501respec-
tively (Table Age. 5).

Table Age.5. Production of ancillary products

Production Quantity
Rubber wood 112 (000 m3
Rubber seed oil 20001
Rubber seed cake 32501
Honey 17501



Table Age.l. Yield and related variables over decades (1-10 year phase)

Variables 19505

Yield (kg/ha) 1100

Yield/tree (kg) 3.62
304

Tappable stand (no./ha)
Share of field coagulum (%) 29.2
Tapping intensity (%) 9
Immature phase (vears) 8.4

India in 1974. Information on yield per ha,
yield per tree, share of field coagulum,
tapping intensity and tappable stand of
different clones were analysed for different
phases. The reported mean duration of
immature phase of the 27 clones was 8.01
years, the clonal difference being 5.7 years
in the case of PB 260 to 9.3 years in the case
of PB 5/63 and RRIM 628. Information on
yield was supplemented with an analysis of
seasonal and locational yield stability. The
peak season (October toJanuary) and lean
season (February to March) accounted for
45.4 and 19.6% of the annua] yield
respectively. The high yielding clones
reported lower seasonal stability compared
to low yielders. Except in the case of G1 1,
PB 235, RRII 105 and PB 217, which are
reported to have higher level of locational
stability during the 1-5 year phase, all other
clones showed asteady increase in locational
stability in the 5-10 year phase.

Mean yield and related attributes of the
plantations belonging to the 1-10 year phase
established during the decades between 1950
and 1980 are given in Table Age.l.

Mean yield during the 1-10 year phase
was 1100,1229,1389 and 1514 kg/ha respec-
tively during the four decades. The steady
increase m yield/ha over the decades can be
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attributed mainly to the adoption of mod-
em high yielding varieties and improved
cultural practices.

2. Rubber products manufacturing sector

A comprehensive report in the form of a
monograph was published analysing the
origin, evolutionary growth and current sta-
tus of Indian rubber products manufactur-
ing industry and its structural dimensions.
The analysis on the evolutionary growth
identified the historical, economic and po-
litical factors contributing to the develop-
ment of the nascent industry. The major
structural dimensions of the industry were
analysed from sectoral and regional perspec-
tives so as to draw relevant guidelines for
appropriate policy inputs. Based on the rela-
tive shares in the total consumption of NR
in the country during 1996-97, the important
NR consuming states were grouped as high,
medium and low propensity states (Table
Age-2)- The main objective of the classifica-
tion was to assess the growth potential of NR
consumption in the country.

Table Age.3 shows the growth rates in
NR and total rubber consumption across the
states” The most important trend evident
from Tables Age. 2 and 3 is that among the
four states, which have recorded higher
growth rates in NR consumption, three

Low propensity states
(relative share less than 5%)
Andhra Pradesh

Delhi

Goa & Daman

Karnataka

Madhya Pradesh



TableAge3.  Compound rate of growth in the con-
sumption of different types of rubber
(198586 t0 1996-97)
state NR SR RR  Total
Andhra Pradesh 926 1408 1344 106
Delhi 3.60 289 724 372
Goa & Daman 1115 3.69 709 961
Gujarat 1196 1256 1183 1203
Haryana 3.29 094 427 2.79
Karnataka 441 2.40 556 4.05
Kerala 554 933 363 615
Madhya Pradesh 21.56  17.59 3105 2114
Maharashtra 3.28 317 231 3.15
Punjab 5.97 362 2.82 5.09
Rajasthan 9.77 507 679 563
Tamil Nadu 437 3.13 279 3.93
Uttar Pradesh 495 452 332 472
West Bengal 269 004 ()004 188
Others 296 (1440 557 ()0.86
All India 553 455 353 514

states (Madhya Pradesh, Goa and Daman
and Andhra Pradesh) belong to the low pro-
pensity group and the remaining one
(Gujarat) in the medium propensity group.
A positive aspect of the observed trend is
that the combined share of these four 'high
growth' states in total rubber consumption
isonly 15.49% and therefore, the potential
for the growth of NR based industries is
relatively higher in the new regions. Con-
versely, among the high propensity states,
Kerala has achieved maximum growth in
total rubber consumption (6.15 %) and it
is important to note that the State has a
higher growth rate in SR consumption
(9.33 %) compared to that in NR consump-
tion (5.54 %).

3. Impact of economic reforms on auto-
motive tyre industry

The study is perceived in the backdrop
of the ongoing process of economic reforms
in Indian economy and the objective was to
assess the impact of economic reforms on
production, export and import of the major
tyre segment, viz., the truck and bus tyres.

The analysisindicated that there are well-
defined limitations in sustaining the domes-

ticdemand-driven export growth to reap the
advantages ofscale economies. The tyre pro-
duction sector in India is on the verge of a
major shake up with the entry of multi-na-
tional corporations (MNCs) in the post-re-
forms phase with its concomitant conse-
quences on the structure of production un-
dedying the need for rationalization of prod-
uct-mix favouring radial tyres with large-
scale investment.

4. Rubber by-products sector

The studies on the production and con-
sumption of ancillary products viz., rubber
wood, rubber seed and honey are continu-
ous in nature. During 1999-2000 the esti-
mated availability of rubber wood was 1.40
million m3 But the actual production dur-
ing the period was around 20% lower than
the projected availability due to slackened
demand and low prices. The stem wood,
which forms 60 per cent of the total is used
forindustrial purposes and the branch wood
as fire wood. The end use pattern of stem
rubber wood shows that 56.50% of the stem
wood is consumed by the packing case in-
dustry (Table Age.4)

TableAge.4. Consumption pattern of stem rubber wood

Consuming sector Consumption (%)

Packing cases 56.5
Safety matches 3.0
Plywood 265
Processed wood* 120
Others 2.0

*includes rubber wood treated through diffusion pro-
cess also.

The estimated production of rubber
honey during the period remained 1750 t
The production of rubber seed oil and cake
was estimated to be 20001and 32501respec-
tively (Table Age. 5).

Table Age.5. Production of ancillary products

Production Quantity
Rubber wood 1.12 (XX)m3
Rubber seed oil 2000 t
Rubber seed cake 32501

Honey 17501



4.1 Rubberseed processing industry
The study is based on primary surveys
conducted during 1996 and 1999. During
1996, data was collected from 20 rubber seed
dealers and 10 seed processing units in
Kerala and Tamil Nadu. Data for the period
from 1996-97 to 1998-99 was collected in 1999
from 10 processing units in Tamil Nadu. The
study revealed that the rubber seed process-
ing sector was enveloped by hurdles at pro-
curement, processing and marketing front
such as declining collection of seeds, diffi-
culties in getting molasses, falling prices and
declining demand for oil, competition from
substitutes etc. Further, rubber seed proces-
sorscannotavail the benefits of promotional
schemes enjoyed by other oil processors
since rubber seed oil is still included in the
category of hill products. The volume of
rubber seeds collected is declining annually
and most of the former full time processors
have switched over to other non-edible oil

seeds and rubber seed processing is confined
to the slack season of other seeds. Due to
the low procurement price of seed and high
wage rates, the annual collection is expected
to decline in the forthcoming years as well.
The rising cost of processing and the diffi-
culties at the marketing front also predict a
bleak future for this industry. R & D activi-
ties toidentify commercially sustainable uses
are vital in improving the status of the rub-
ber seed processing sector.

Other studies such as operational effi-
ciency of rubber plantations under different
levels of management, an investigation into
the development and structural changes of
Indian rubber plantation industry during the
colonial era (1902-1947), analysis of stock-
holding practices of the rubber small grow-
ersin Kerala, analysis of the impact of price
change of NR on investment and employ-
ment in rubber smallholdings sector and
price stability and growth of rubber cultiva-
tion in Kerala are in progress.

WORLD BANK-ASSISTED RUBBER PROJECT
RESEARCH COMPONENT

1. Exploitation studies

Low frequency tapping trials laid outin

\ ousestatesand medium holdings as well
as in experimental farm at RIT, Pampady

progressed well during the period undor
report. In general, 15-30% sustainable yield
increase is possible under d/3 frequency of
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Location

ping in other clones

Panel
HML, Cheruvally ~P02U 11 IT5 [ W ——— ~
New Ambadi, Kulasekharam KRIM 600 a0 MT3(UH) 1WUMWL 1708(116) 1795(122)
New Ambadi, Kulasekharam B 1573(100) 1936(123) 1827(116) 1991(126)
BO2 1363U°0) 2364(127) 2351(126) 22<WMr»

stimulation -1'B217 (3-5)1®TM 600 (4 \[TCTT&TT

Table Wb. 3. Yield performance (ke/400
Locatieon

Lnitri o f
—s~yearMmder d/4 frequency in the Slh v «r n
lone o8 — e

}'frtapping

Clon
Kannukuzhy, Kottayam " RRIL105 8O-1 1713
TR & T Estate, Ambanad g?”lws BO-1 2173
New Ambadi, Kulasekharam BO-1 1143 1219%
HML, Konney RRIM 600 BO-1 1049 2047 1013
PB 217 BO-1 Y05 posdd o

There was go slow during peak season

Under d/6 frequency of tapping, with
monthly stimulation, there was higher yield
from third year. Low yield during the ini-
tial years of tapping could be solved by ad-
justing the frequency of stimulation. Cost
benefit analysis of the data from
Vengathanam Estate showed that in clone
RRII 105, in a tapping block of 400 trees,
mean annual additional income generated
was Rs.66347- per block. Additional income
for the tapper was Rs.604/- per block. In
clone RRIM 600 (New Ambadi Estate),
stimulation under d/3 frequency resulted
in additional mean annual income of
Rs.7414/- per block. Additional income for
the tapper was Rs.706/- per block.

In the experimental farm at RIT, yield
under d/3 and d/4 frequencies of tapping
with stimulation was comparable. How-
ever, under weekly tapping there was sig-
nificant yield depression during the initial
two years.

Three year data on yield performance in
the rain guarding experiment showed a sig-
nificantyield reduction 0f38% in the absence
of rainguard under d/2 frequency of
tapping. By stimulation, yield loss could not
be reduced. Similar reduction in yield un-
der d/3 frequency of tapping was 44% in
the absence of rainguard, which could be sig-
nificantly reduced (22%) by stimulation.
Data from controlled upward tapping
(CUT) experiment (clone GT1) showed that,

under monthly stimulation, alternate daily
tapping of 1/4S cut was more productive
than third daily tapping. Results of the
minicut experiment showed promising
results and yield from stimulated minicuts
were comparable to that of 1/25 d/3.

2. Latex diagnosis studies

Latex diagnosis studies conducted in
smallholders' plots from North and South
regionsin the traditional area, showed maxi-
mum variation in thiol levels and were lower
than the base value fixed under optimum
yield in the Central region. The levels of in-
organic phosphorous, sucrose and DRC
could explain the differences in exploitation
pattern practised in these two locations.

ATPD survey of RRII 105 under d/2 and
d/3 frequencies in small holders' plots cov-
ering North, South and Central regions of
the traditional rubber growing tract revealed
that up to 5% of trees were affected by total
dryness in the BO-1 panel, 5 to 9% in the
BO-2 panel and upto 15% in the BI-1 panel.
The trees affected by partial dryness were
up to 10%, 12% and 20% in the BO-1, BO-2
and BI-1 panels respectively.

In an experiment laid out at RIT,
Pampady with clone RRII 105 under 1/2S
d/3 frequency in BO-1 panel, latex
diagnosis parameters did not show any
significant difference with the control



Location Clone Year of planting
Kamalghal

Falikcherra RRIM 600 1982
Taranagar RRII 105 1
Fatikcherra RRI1105 1982
Kamalghat GT1 1980
Anandanagar GTI 1055

suggesting that the stimulation treatment
imposed did not affect tlie health of the tree.

3. Clone evaluation

In thel994 trial at Arasu Rubber Corpo-
ration, Keeriparai, Tamil Nadu, among the
11 clones, four clones recorded significantly
higheryield than RRII 105. In the trial at RRS,
Padivoor, IRCA 230showed the highest girth
followed by PB 314. A new clone trial was
initiated at Dhenkanal, Orissa and field
planting for the trial was completed.

In die 1994 onfarm trial at Arasu Rubber
Corporation, Keeriparai, six test clones
recorded better growth rate than the control
clone (RRII 105) of which PB 235 ranked first.
Lowest girth was recorded for PR 261. In
the onfarm trials at Pullengode and
Thirumbadi Estates and in the smallholdings
at Manappally, Suranadu, Vallikunnam and
Thamarakkulam, recording of girth and
disease occurrence was carried out. At
Suranadu, Oidium was severe on PB 260
while at Vallikunnam, severe pink inci-
dence was noticed in the testclone (RRI1 351).

To study the performance ofclones in the
mature phase at Agartala, all the three
Category 1 clones, viz., RRIl 105, RRIM 600
and GT 1 were selected from four different
locations. The observations and results are
given in Table Wb. 4. The results showed that
clone RRIM 600 attained more girth than
RRII 105 at Fatikcherra, while RRII 105
recorded better growth at Taranagar.

Mean dry rubber yield of the clones
revealed that RRIM 600 at Fatikcherra and
RRH105 at Taranagar have comparable yield.

Table Wb, 4. Growth and yield performance of clones

Girth (cm; Feb 2000)
~Zpste

Yield (g/t/t)-—
42.90
42.80 36.80®.10
32.90 34.-0
38.96 37.00 67.80
2050 __ 28.20 56.20
35ii8 3167 62.38

Clone RRIM 600 ranks first in yield followed
by RRII 105 and GT 1. In all the clones
studied, November is the peak- yielding
month regardless of the locations. Dry rubber
content (DRC) declined from October
onwards and it was lowest during January,
in all the clones. Clone GT 1 at Kamalghat
and RRII 105at Taranagar showed the highest
DRC, whilethatof GT 1at Anandanagar w'as
the lowest. Regardless of the clones, DRC was
comparable atotherplaces. Regardless of the
clones DRC was comparable at other places.
Poor yield and low DRC of GT 1 noticed at
Anandanagar might be due to poor
management of the plantation.

During immature phase, four clones, viz.,
RRH 105, RRIM 600, GT 1 and PB 235 were
selected from one location to study their
performance. During immature phase
GT 1attained highest girth followed by RRIM
600and RRII 105. Annual girth increment also
showed GT 1asthe vigorous clone after seven
years. Clone PB 235 attained a mean girth
of 40.4 cm and an annual girth increment
of 6.6 cm after six years (Table Wb. 5).

4. Biotechnology

The effect of polyamines, glutamine,
casein hydrolysate, gibberellicacid, lightetc.
on the frequency of somatic embryogenesis
and plant regeneration revealed no signifi-

Table Wb.5. Growth of planting performance of clones
in immature phase

Clone Year Girth (cm; Feb-2000)
1992

RRII 105 1992

GTI 1992

PB 235 1993 404

Mean

45.1



cant effectof polyamines. Embryo induction
efficiency was promoted by supplementing
glutamine at 150-200 mg/1 and casein
hydrolysate at 400 mg/1. Incorporation of
low levels of gibberallic acid (2.0 mg/1)
stimulated embryo induction and plant re-
generation. Plantlet regeneration frequency
increased athigher levels (3-5mg/1), however,
the transfer of germinated embryos to hor-
mone free medium was required. Dark
incubation favoured induction and prolifera-
tion of callus and embryogenesis.

Transgenic plants initially developed
with the gene coding for sorbitol-6-phos-
phate dehydrogenase did not grow satisfac-
torily alter the second leaf stage. Efforts are
underway to overcome this problem.
Transgenic plants transformed with SOD
gene were produced successfully.

5. Germplasm evaluation

In the 1996, trial where 36 Brazilian
germplasm clones were under evaluation at
RRS, Sukma, Chathisgarh, significant varia-
tion in growth was observed among the
clones. The Wickham clones showed more
vigour, compared to the gennplasm clones.
High girth incrementwas recorded for R05554
(8.48 ¢cm), MT 2594 (8.28 cm), RO 5363
(7.61 ¢cm), RO 2635 (7.42 cm) and RO 2629
(7.12 cm). Low girth increment 0f5.52 cm,
4.83 ¢m, and 4.50 cm was recorded in AC
685, AC 607 and AC 707, respectively.

hi the trial for cold tolerance laid out at
the RRS, Nagrakatta, Brazilian clone AC 68
showed highest girth in the second year of
planting followed by RO 5408. The Wickham
clones had less vigour and the girth ranged
from9.0an inGT 1to 7.1 cm in RRII 105. The
lowest girth recorded was for AC 607.

51 Genome analysis

RAPD profiling of 60 wild genotypes
along with two cultivated clones (RRII 105
and GT 1) was done using 22 informative ran-
dom primers and a database of the RAPD

profiles was constructed from the images, for
genetic analysis. The study indicated consid-
erable genetic variation among the wild geno-
types from three different provenences
namely, Acre, Rondonia and Mato Grosso of
Brazil. Primers have been identified which
could detect geographic distinctness of the
genotypes.

Two hundred primers (20 random prim-
ers from each OPA to OPJ series) were
screened against Phytophthora tolerant (RRI1
105) and susceptible (RRIM 600) clones, for
identifying a marker for the disease. The
primers, identified for polymorphism in tol-
erantclones, have been subjected to tests for
the consistent polymorphic pattern for dis-
ease resistance against 15 genotypes, includ-
ing 12 popular clones. Preliminary studies
have indicated that a =0.6 kb RAPD frag-
ment may be a marker for resistance to
Phytophthora leaf fall disease. Furthercon-
firmatory studies are in progress.

Astudy on RAPD profiling of Con/nespora
isolated from different regions, has revealed
the existence of seven different genotypes of
Con/nespora cassicola among the Kerala and
Karnataka isolates. Considerable genetic
variations were detected among the Kerala
isolates, and three of them were expected to
be different species. Putative virulence spe-
cific RAPD profile of Corynespora was iden-
tified among the isolates where the disease
became epidemic.

In another study, the 26 isolates of
Clomerella could be classified into two sub-
groups, which showed distinctness in
relation to the type of disease symptoms.
Wide genetic variability of the pathogen was
observed among the isolates under each sub-
group.

6. DRIS fertilization

Results from the experiments on appli-
cation of fertiliser based on two types of rec-
ommendations, viz., Discriminatory Fertil-



izer Recommendation (DFR) and Diagnosis
and Recommendation Integrated System
(DRIS), did not give significant difference.
In the regional and satellite laboratories a
total of 16152 soil and 1350 leaf samples were
collected. 14736 soil and 1312 leaf samples
were analysed and 8000 discriminatory fer-
tilizer recommendations were offered. Be-
side these, 7411 latex samples were collected
and 7207 samples analysed. Conducted 57
numbers of mobile soil testing programmes
in central and regional laboratories at vari-
ous places. Fertiliser recommendations were
offered on the spot.

On the basis of the survey report on the
rubber growing soils of Kerala and
Tamilnadu, conducted by NBSS & LUP, a
new project on “the refinementof DFR" was
initiated. For this study, three locations at
Kozhikode, Pala and Adoor were selected.
Six smallholdings in each series were iden-
tified and initial work such as plot marking
and tree numbering were completed.

7. Rubberbasedsustamablefanningsystem

Four experiments under this project
were in progress. All the trials except the
4* one, were laid out at Taranagar Farm,
RRS, Agartala. Tlie fourth trial was con-
ducted at a farmer's field near Taranagar
Farm. Annual crops were taken as inter-
crops in this trial. Pineapple and banana
were planted as intercrops in model 1 & 11
and tea in model ill.

.Annual average yield of banana in alter-
nate row intercropping over three years was

lear
nneapple

1998
1999
Mean

655 kg per hectare from of 416 plants. In strip
intercropping combined with pineapple,
the annual average yield was 688 kg per
hectare from 476 plants. The annual aver-
age yield from a pineapple population of
2770 plant in alternate row intercropping
was 1144 kg per hectare, whereas from strip
planting of banana and pineapple the yield
was 1350 kg per hectare from a population of
3572 plants/ha (Table Wb. 6).

Intercrops of banana and pineapple
produced higher amount of biomass in
model I. This was in comparison to that of
model Il and was mainly due to a higher
stand per unitarea. Nutrientrecycling stud-
ies also revealed higher recycling of all nu-
trients except K and Ca in model I. In gen-
eral, total nutrients added through fertilizer
and manure exceeded the nutrient removal
and maximum nutrientremoval occurred in
the case of K followed by N.

The commercial crop ginger was tried in
the gaps available between two bananaplant
points in model Il. Ginger produced 0.5 kg
of rhizome per square meter. Tea leaf har-
vesting in experimental plots have been ini-
tiated in model 1.

In the fourth experiment, chiili, ground-
nut, pigeon pea and sesame were inter-
cropped with rubber. All the intercrops ex-
cept chilli recorded high yield. Growth of
rubber girth and height increment was
also highest in the intercropped plots which

i different years

Bunch/ha
1204 Kfi/ha
240 1084
1576
1179 b 654
90 325
167
1165 sy 688
1030
1226
151 645
1081 T
289
1144
149 655



CES, CHETHACKAL

may be due to additional application of fer-
tilizers in the intercropped area compared
to a pure rubber stand.

The Benefit Cost Ratio (BCR) of banana
in normal planting was found to be 274

However, tor the strip planting it was higher
than normal planting. The BCR ofpineapple
in normal planting was 1.47, which was
higher than that in strip planting. The BCR
will increase substantially if family labour
is inducted. Yield and profitwise intercrop-
ping of banana and pineapple in strips in
model | showed good prospect. The banana
cultivation seemed to be more economic
with round the year marketing facility.

8. R&D activities on NR processing

As part of the project on improvement of
drying conditions of sheet rubber in
smallholdings, establishment of solar cum
smoke dryers at HBSS, Nettana was com-
pleted and that of Dapchari is in progress. In
the trials on sun-cum-smoke drying of sheet,
as the intensity of sunlight was low, the dry-
ing time of sheets during April to August var-
ied between 5 and 6 days. Drying trials re-
vealed that more than 50% firewood savings
during summer season and 15-20% in rainy
season could be accomplished with the new
drying system. For popularising the design,
demonstrations were conducted.

Upgradation of low quality sheets by the
sheet cleaning machine was tested by clean-
ing 500 kg of fungus affected sheets received
from GAICO, Kuravilangadu. The sheets
were graded before and after the cleaning.
Natural Rubber - Polypropylene blends
having a blend ratio of 60 NR and 40 PP were
prepared. To avoid the molecular weight
mismatch of the components of the blend,
natural rubber was masticated to different
levels for reducing its molecular weight.
GPC analysis showed that NR of molecular
weight 7.5 lakhs can be reduced to 4.3 and
3.7 lakhs respectively by 10 and 15 minutes
of mastication. Mastication of NR was found
toimprove the processability without affect-
ing the technological properties of the blend.
Dynamic vulcanisation of the rubber phase
using DCP and sulphur improved the tech-
nological properties. However, reducing the
molecular weight of NR to below 3 lakhs ad-
versely affected the technological properties.

9. UPASI component

In the projectbeing implemented through
UPASI, 2152 soil and 352 leaf samples were
analysed. Numberofgrowers benefited was
1350. Training classes on soil collection and
campaigns and exhibitions were conducted
for popularising the discriminatory fertiliser
application.

CENTRAL EXPERIMENT STATION, CHETHACKAL, KERALA

The Central Experiment Station was
established in the year 1966 with the main
objective of conducting experimental projects.
The Station is situated at a distance of about
50 km from RRII, Kottayam. The Station has
a total area of 254.79 ha and is divided into
two divisions for efficient management. The
entire areahas been utilized for different trials,
which include progeny trials, exploitation
trials, intercropping trials, density trials, etc.
In addition, the .screening of over 4000

genotypes of wild Brazilian gennplasm as
well as their conservation is being undertaken
in this Station.

During the period under report, total crop
realized was 14724 t A total of 297 tapping
days was possible in the year and 19844
mandays were engaged for tapping. The total
mandaysengaged was 61616. The dispensary
caters to the needs of the workers and the total
patients attended during the reported year
were 9742.



REGIONAL RESEARCH STATION, GUWAHATI, ASSAM

The thrust areas of research of the Station
are evaluation of clones, assessment of
nutritional requirement under different
fertility status of soil, disease and pest
management and evolving suitable
exploitation systems. The research projects
undertaken by the Station can be broadly
classified into four categories, viz., crop
improvement, crop management, crop
protection and exploitation studies. During
the reporting period the Station had 14
projects under four different categories :
three under crop improvement, six under
crop management, four under crop
protection and one under exploitation
systems. Results revealed positive response
on growth and yield up to the application
of NPK @ 60:60:40 kg/ha/year. Insoluble
forms of phosphatic fertilizer (MRP) were
found better than soluble forms of P (SSP)
for growth during immature phase. High
dose of K (40 kg/ha) along with Mg (75 kg/ha)
recorded better growth during immature
phase overcontrol. Maximum yield (72,3g/t/t)
was observed under 1/2S d/4 6d/7 with
three months rest during winter. Clone
RRIM 600 continued to be the best
performer in terms of growth and yield.

1. Crop improvement

11 Evaluation of clones
In the 1985 clone trial, highest girth over

JLY* S WFS observed 1llclone RRIM 600
(69.07 cm) followed by RRII 118 (68 51 cm)
and RRfl 203 (68.28 cm) and the minimum
in PB S/51 (50.16 cm). Annual mean yield
f' Li)/”:orded was highest in RRIM 600
(33.75) followed by PB 235 (32.63) and mini-
mum in PB 5/51 (22.53). Maximum dry rub-
ter content (DRC) was recorded in PB 235

Neal) mmmum “ Gl 1<2935) (Table

In the 1986 clone trial, clone RRIC 102
registered highest girth (72.27 cm) foUowed

Growth and yield performance of len

Table Nea.l
Hevea clones (1986 clone trial)
Annual mean
Clone Girth (cm) Yield DRC
@ty (%)
RRII 105 50.71 3095  31.04
RRII 118 685.1 3026 3273
RRII 203 68.28 26.86  30.27
RRIM 600 69.07 3375 3228
RRIM 605 63.98 2579 3156
PB 86 67.94 2629 3051
PB 235 65.05 3263 3291
PB 5/51 5016 2253 30.24
GT1 64.61 3055 3137
Gil 55.11 2528 2950
1.29 170 168
CD (P=005) 358 479 NS

by PB 310 (64.97 cm) and minimum in
RRh 5 (60.79 cm). The annual mean yield
(g/t/t) recorded was highest in PB 311
(38.97) followed by PB 310 (32.92) and mini-
mum in PR 255 (20.87). DRC recorded was
highest in PR 255 (32.09) followed by PB 310
(31.98) and minimum in RRIC 105 (27.79)
(Table Nea. 2).

Table Nea. 2. Growth and yield performance of eight
Hevea clones (1986 clone trial!

cl Annual mean

Girth (cm) vield  DRC

@/t (%)
7227 23.60 3056
RRII 105 63.33 23.23 27.79
RRII 208 64.45 2756 20.34
RRII 5 60.79 2766 3154
PB 260 60.87 25.08 2037
PB 310 64.97 32.92 3198
PB 311 63.22 38.97 30.10
PR 255 6292 20.87 32.09

211

CD (P=005) 555 "o o

12 Evaluation ol polyclonal population

Out of the 278 polyclonal trees, 177 tnvs
w «e tapped (1/2S d/2) and the crop effi-
ciency (g/cm) of 15 selections in terms of yield
was found tobe promising (Table Nea. 3). The
annual mean yield (g/t/t) recorded highest



Selections Girth Annual girth
Code No, (cm) increment (cm
68.7
738
76.5
815
825
62.2
62.5
672
60.5
510 63.1
511 68.5
512 825
513 70.0
514 95.0
515 56.6
“Polyclonal 623
seedlings

in selection SI (111.89) and minimum in se-
lection S15 (48.85). The stability of increas-
ing yield trend in 10 different selections out of
15 was also maintained for the last four years.
Among the selections, S14 showed highest
girth (95.0 cm) followed by S5 (82.5 cm) and
minimum was in S15 (56.6 cm).

13 Evaluation of wild germplasm

Growth parameters were recorded
during pre- and post-monsoon and also in
pre- and post-winter periods for evaluation
of vigour and cold tolerance among 150 out
of the 200 wild genotypes raised in polybag
nursery (100 each in 1997 and 1998). No
indication of cold injury was noticed in 70
genotypes in 1997 polybag nursery.
Symptoms of cold injury were noticed in
1998 polybag nursery where five genotypes
out of 80 dried up. Cataloguing of 70 wild
genotypes in 1997 polybag nursery was
completed.

2. Crop management
21 Nutritional studies (Mature phase)

The 1987 nutritional trial at Nayekgaon
in Kokrajhar, to find out the optimum
requirements of N, P and K for the growth
and yield of Hevea under the agroclimatic

>polyclonal seedlings

Length of Crop efficiency
Jing panel (cm) (g/7cm)
4L0 272
445 188
47.0 187
495 182
48.0 175
345 165
38.0 162
36.0 159
34.0 157
40.0 156
40.0 152
54.0 148
475 144
535 142
346 141
375 057

condition of Assam was continued. Results
showed that treatments have significant
effect on average girth and yield. Effect of
N application on girth increased with higher
doses but the significance is mainly
confined to 40 kg N/ha. However, highest
dose of N (60 kg/ha) resulted in highest
mean yield. In the case of P, though
application of highest doses (40 kg/ha) was
found numerically superior in terms of
average girth, its effect on average yield was
not significant. In the case of K, significant
increase in girth as well as in yield was
observed due to imposition of the
treatments. However, significance was more
pronounced with application of 20 kg/ha
(Table Nea. 4). It was also observed that the
effect of treatments on annual girth
increment was non-significant. Interaction
effects among the treatments on growth,
annual girth increment and average yield
were calculated and found non-significant
except N x P on yield.
2.2 interaction effect of K and Mg on growth and yield
Growth data under both the trials
(Sorutari and Nayekgaon) revealed that the
effect of treatments on average girth and
annual girth increment were non-significant.



Table Nea. 4. Effect of NPK on average girth, annual girth incrementand mean yield

Average girth
(cm)

Nutrient level

Nitrogen (N)
5131
5353
5538
55.38
CD (P=0.05) 157
Phosphorus {P;0
54.28
5271
54.68
0.49
CD (P=0.Q5) NS
Potassium(K.O)
53.10
54.47
5435
049
CD (P=0.Q5) 136
CD (P=0.05)

NS (0.982)
NS (0.982)
NS (0.850)

YT
ine values ol Sh are give

Highest doses of Mg (15 kg/ha) effected sig-
mlicant increase in yield in both the trials,
However, significant increase in yield due
to K application was restricted only to
Sorutari. Interaction effect between K and
Mg on average girth, annual girth increment

Table Nea. 5. Interaction effect of K
Nutrient level
(kg/ha) -———-Q h™incmj
55.93 55.74
54.32 5455
5?75_'_ 55.43
S 059
CD (P=0.Q5) -
im0 T
56.60 5433
55.30 55.57
54.10 55.81
v o151t
CD (P=0.05) 039
NS NS
bt lor K x Mg
CDforkx Me 2oz 103
NS NS

Annual girth Mean yield
increment (cm) (g/tit)
196 2851
173 35.88
41.24
5278
153
4.25
187 36.70
1.66 39.67
174 42.44
132
3.68
169 36.76
18l 40.15
178 41.89
01.32
3.68
NS (0.22) 7.36 (2.64)
NS (0.22) NS (2.64)
NS (0.19) NS (2.30)
38) NS (4.60)

as well as average yield was. fimnd non-sm-
nificant (Table Nea 5)

Rock phosphate and Super phosphate as source
of P for mature rubber

Girth data under the two trials, which
were laid out in two different locations

23

ield
Sifth inerempnt (M) “Average yield (g/t/t)

_ Sorutari Nayekgaon Nayekgaon
232 212 30.38 32.17
;j? 165 33.83 34.70

8 19 38.89 38.15
0.25 020 0.55 1.9
NS NS 165
2.76 32.29 26.94
170 178 34.46 35.64
231 2.07 36.35 42.43
0.20 0.55 196
043 NS 165 5.87
. 05 0.95 339
NS NS NS NS



(Sorutari and Nayekgaon) revealed (hat ef
feet of treatments on average girth and an-
nual girth increment was statistically non
significant. At Sorutari, the plants receivine
water insoluble phosphatic fertilizer regis
tered highest average girth as well as high-
estannual girth increment compared to other
treatments. In case of Nayekgaon, the treat-
ment T. (water soluble P a 60 kg/ha) is nu-
merically superior in terms of average girth
compared to other treatments whereas T
(water insoluble P 0 40 kg/ha) resulted in’
highest annual girth increment during the
year reported upon. Effect of treatments on
yield was statistically significant in both the
experiments. It was also observed that ap-
plication of rock phosphate effected signifi-
cant increase in yield compared to other
treatments. Significant increase in leaf ni-
trogen was observed at Sorutari (Table Nea.
6) due to imposition of treatments. How-
ever, effect of treatments on leaf P and K was
non-significant.

TableNea.6. |pfluence of treatments on leaf
nutrients (%) at RRS Sorutari
N 3 K
3.66 024 125
346 022 110
T3 352 0.24 114
T4 2.97 0.22 113
0.06 001 012
CD (P=0.05) 0.18 NS NS

K dynamics in the rubber growing soils
Seventy two surface and subsurface soil
sampleswere collected from three districts of
Assam, viz., Kamrup, Goalpara and Kokrajhar

2.4

physicochemical prgggnig'%gll%?r?ﬂgsggf< r

25 Effectof sulphur on growth of immature Hevea

Two experiments were carried out under
is project. In the incubation study to
assess the dissolution pattern of sulphur in
soi , representative soil samples were
collected at the depth of 0-30 cm from
ifferent rubber growing areas and pH,
total and available sulphur were estimated.
“8 each of the soil samples were filled
in plastic containers. Different levels (0,20
40, 60 80 and 100 ppm) of sulphur were
applied. The soil moisture was maintained
at about 27-30% (field capacity). Soil
samples were collected from each potat 15
30,60,90,120,150 and 180 days interval for
analysis of total and available sulphur and
soil pH. In the second experiment, where
effects of different concentration of sulphur
to young rubber was studied, budded
stumps of RRIM 600 were planted in
polybags. Agricultural grade sulphur was
applied in six different doses. Pre-treatment
and post-treatment morphological
parameters were recorded and presented in
Table Nea. 7. The data revealed that effect
of treatments on girth was significant,
whereas it was non-significant with respect
to plant height and number of whorls.

Comparative efficiency of cover crops
Obijectives of this experiment were to
compare the influence of the two cover crops,
viz. Puerarinphaseoloides and Mucuna bracteata
on soil nutrient enrichment, building up of
microbial population, improving soil
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Table Nea. 7. Effect of sulphur on morphological parameters of young Hevea

Ssulphur (ppm)
Average girth (cm)

401

20 383
40 3.76
60 4.39
80 389
100 483
025

073

CD (P=0.05)

Morphological parameters

Plant height (cm) No. of whorls

1472 4.0
1334 36
1406 38
152.4 4.0
1413 38
1824 44

135 03

NS NS



moisture retention, soil nutrient recycling,
suppression of weeds and growth of Hezea
during immature phase. The experiment
was laid out atJorhat, Assam, in 1999 as an
on farm trial with clone RRIM 600. The
plants were raised and cover crops
established. Pretreatmentsoil samples were
collected for nutrientanalysis. Pretreatment
girth dataofHeim plants were also recorded.

3. Crop protection
31 Surveyofdiseases and pests

Incidence and severity of various pests
and diseases and the damages caused by
them in non-traditional areas such as North-
East and northern part of West Bengal are
notsimilar to that of die traditional zone of
rubber plantation. Therefore, a survey was
carried out to highlight the association of
pests and diseases with rubber in 88
locations covering 24 different rubber
growing tracts in Assam, Meghalaya,
Tripura, Arunachal Pradesh and Northern
part of West Bengal. High intensity of
powdery mildew disease was noticed in
certain locations in Assam, Tripura,
Meghalaya and northern part of West
Bengal, which caused repeated premature
defoliation, die-back of twigs and branches
and dlying of flowers. The incidence of
secondary leaf fall disease was noticed on
tender leaves in both mature trees and
nursery- plants during June to September in
some of the locations in Assam, Meghalaya
and northern part of West Bengal The
intensity of the disease was very high in
nursery plants where severe premature
defoliation was noticed. Leaf blight disease
was noticed on tender leaves during
November to March in nursery plants in
most of the locations surveyed In some
locations in Assam and Meghalaya leaf
blight also caused severe premature
defoliation and dieback of shoots.

Purpleroot disease, which caused a total
loss of affected plant, was noticed on one-
year-old Hevea seedling in nursery at

Jenggitchakgre in Meghalaya. Intensity of
the disease atJenggitchakgre was 45% and
the incidence of the disease was a new re-
port from North East region. Brown root
disease was noticed in some plantations at
Sorutari, Tulakona, Nagorlung and Subroom.
The intensity of brown root diseaseat Subroom
plantation (Tripura) wasfiveper cent. Mild at-
tack of weevil {Hypomeces squaniosus) was
noticed only in nursery plants at Sorutari
(Assam) during February/March. Minor in-
festation of scale insects, termites, slugs and
snails were also noticed in some plantations
in Assam and Meghalaya.
32 Isolation, identification and maintenance of

fungal pathogens

Isolation of fungal pathogens from vari-
ous diseased samples collected from differ-
ent locations during the survey was made
in the laboratory and identified after cultural
and microscopic studies. Fungal pathogens,
viz., Corynespora cassiicola, Fusarium solani,
Colletotrichum gloeosporioides, Phellinus noxius
Penconia Ueveae and Helicobasidium
compactwn were cultured in the laboratory
and studied under microscope for regional
strain differentiation.
3.3 Control of powdery mildew disease

I'or evaluation of the economic efficacy i3
sulphur dusting in the control of powdery
mildew disease, a trial was initiated in ma-
ture rubber (RRII 105) at RRS, Nagrakatta
(West Bengal). Dusting of agricultural grade
sulphur (85%) was carried outin other trials
at Sorutari Farm (Assam) and completed by
three rounds because of late wintering. After
final round of dusting the incidence oi pow
dery mildew disease was assessed and found
below 20% except in 1985 clone trial.

Tofind out the role of zinc in the control
o powdery mildew disease in RRIM 600 at
nursery stage, a trial was initiated at RRS,

agrakatta. Different treatments like

untreated control, Chelazin 5 mI/L of water
as ioliar application, Chelazin 7.5 ml/L of



Table Nm. 8. Variation in growth anH vi»u of H

Treatment
T1 - 1/2Sd/2 6tl/7 - regular tapping
T2 - 1/25d/2 6d/7 - one month rest (Feb.)

T8 - 1psdredr -

T4 - 1/25d/2 6d/7 - three months rest (Jan-March)
T5 - 1/25d/3 6d/7 - continuous tapping 5 Stim.
T6 - 1/25d/3 6d/7 - onemonth rest -do-

17 - 1/25d/36d/7 - 2monthsrest -do-

T8 - 1/25d/3 6d/7 - 3months rest -do-

T - ipsdiaedr -

T10 - 1/25d/46d/7 - Imonthrest -do-
Til - y2sd/4 6d/7 - 2months rest -do-
T12 - 125d/46d/7 - 3monthsrest -do-
Sem +

€D (P==005)

water in soil application near root base, Zn
SO :Trasco zinc active (21%) 3g/L of water as
soil application near root base, S; (no dusting
of sulphur) and S2dusting with sulphur 85%
agricultural grade were completed for the first
year. Aftercompletion of all treatments for the
first year, the incidence and severity of
powdery mildew disease was assessed in
different experimental plots. Plants under
treatments T3S, and T2, showed very low
incidence of powdery mildew disease as
compared to control and other treatments.

4. Exploitation systems

An experiment on tapping rest and fre-
quency interaction studies in Hevea was initi-

two months rest (Feb & March)

continuous tapping - 7 Stim.

Asterns

Girth tjirth increment Yield
(cm) (cm)
116
56.49 109
57.65 075
136
61.49 119 44.96
6553 123 5171
63.75 125
6355 135 60.35
6287 127 59.49
6313 133 50.84
6261 141 56.82
6332 162 7283
235 019 537
NS NS 1504

ated during 1999 with clone RRIM 600. Nor-
mal tapping (1/2S d/2 6d/7) with and with-
out rest is being compared with other tapping
systems, viz., 1/25d/36d/7and 1/2Sd/46d/
7 where stimulation has been imposed. De-
tails of treatments and data on average girth,
girth increment and mean yield are presented
in Table Nea. 8. The data revealed that treat-
ments are non-significant with respect to girth
increment. However, the yield was signifi-
cantly influenced by the treatments. Maxi-
mum yield (72.83 g/t/t) was noticed for the
treatment Tu followed by T, (70.27 g/t/t).
Maximum annual average yield was obtained
under the treatment T, (1391 kg/ha) followed
by T7(1377 kg/ha).

REGIONAL RESEARCH STATION, AGARTALA, TRIPURA

The thrust area of research in the Station
is the development of suitable agrotech-
nology for this region. Rubber based sus-
tainable farming system experiments were
in progress under World Bank assisted
project. Studies on nutritional aspect, clone
evaluation, physiology and embryo culture

were also continued. Higher fertilizer dose
up to 60:60:40 NPK kg/ha has shown posi-
tive response to growth and yield. The or-
ganic carbon (C) content of soil under rub-
ber was found to be on par with that of for-
estsoil and also substantially higher than in
barren land. Clone PB 235 recorded highest



yield in the clone trial. Selected clones were
taken for onfarrn evaluation. In exploitation
study, the higher yield was recorded in
1/2S d/2 system of tapping with 10-10 °C
rest during winter. Efforts to predict yield.
by using antecedent atmospheric parameters
were also in progress. The advisory service
on fertilizer recommendation and process-
ing technology continued.

1. Agronomy and soils

The experiments on the effect of different
planting densities and fertilizer levels and the
impact of rubber on physico-chemical prop-
erties of soil were continued, hi the planting
density trial, three densities with three NPK
combinations were studied in two clones
(Table Net. 1). During this year also, highest
girth and yield per tree were recorded in the
lowest density planting. Clone RRII 118
showed higher girth than RRU 105 whereas
yield showed reverse trend.

Table Net. 1. Effect ofdifferent densitiesand fertilizer
doses on rubber under 1/2S d/3 system

of tapping

Planting density Yield
(g/tit)

425

B

278

mi <**40:20kg/ha)
M2 (t5060:30 kg/ha)
M3 (80:80:40 ke/ha |
CD (P=0.05)
Cl1 (RRU 105)
C2 (RRII 118)

In the nutritional trial, three combina-

were experimented on clone

) To wHODbT \edfhat60  Nand
VviP,H h produced significantly higher
yield whereas the effect of K,0 was not
sigmficant though increasing levels of K O
increased the yield (Table Net. 2).

The study of changes in physico-chemi-
properties of soil under different plant.!-

Table Net. 2. Average yield at different nutrient Ip,,,i,
Average yield"TTTT) -

Nutrient 1

P
K

CD (P=0.05)

*under 1/2S d/3. systemrof tapping
total number of tapping days was 67

tions was initiated during the report period
Soil samples were collected from plantations
of rubber {Hevea brasiliensis), teak (Tectona
grandis) and gamai (Gnielinaarborea) and bar-
ren land surrounding the area. Soil analysis
showed that the organic C, available P,0
Caand Mg content were significantly higher
in soils under rubber, teak and gamai com-
pared to barren land. Significant differences
werenotobserved in available K contentand
pH of soil under various plantations and
barren land.

2. Biotechnology
Immature embryos (2-16 weeks old) of
clones RRIlI 105, RRIM 600, GT | and
SCATC 93-114 were excised outand cultuicd
on media containing different concentrations
and combinations of Kinetin, NAA and 2ip
It was observed that 7-8 weeks old embryos
ot all me clones responded very well in this
experiment. Pre-treatment with Kinetin 1.0
mg/Lfor 10-20 days induced multiple shoot
buds, which developed into multiple shin.ts
when cultured on the medium containing
Kinetin 0.5 + 2,p .LOmg/L. Higher per cent
~a« f,n mbryOSponded lor
RRU 105 (55 60 /»)followed by GT 1(45- 50’7)
Maximum number of shoots per explant

B2 iowed Y%A 5925 BRE) 49

Seco gary roots whr% O%F{arrqgés anen the
2 2 " T transferred on the medium
without cytokmins but with 1BA (1.5 mg/L).

3-  Breeding and selection

ofl IS f*“ f 30® * f°rbreedinS and selection
ofsuitable planting materialsfor the North East



region fall under four categories, viz evalua
lion of exotic/indigenous clones, recombina
Hon breeding, evaluation of polycross pros
enies and conservation, evaluation and u tit
zation of wild Brazilian germpiasm

31 Evaluation of cloncs

Four clone evaluation trials, two each in
mature and immature phase were continued
Among the 20 clones being evaluated over
the years, clone PB 235 continued to give
highestyield. Other promising clonesselected
for ortfarm trials were RRII 203, RRIM 600
RRI1 208, RRII 118, RRIM 703, Haiken 1and
SCATC 88-13. Clone evaluation during
immature phase revealed that clones 82/17
and 82/29 were promising.

Recombination breeding has resulted in
sufficient number of hybrids Involving
Wickham and Amazonian accessions.
Evaluation of polyclonal seedlings has
resulted in identification of a few ortets for
further evaluation. Two hundred and forty
two wild Brazilian accessions were
maintained in a gene pool garden and action
was taken for field evaluation for secondary
characters.

Treesof two clone trials, viz., 1979 and 1987
were under tapping. Yield over ten years in

for reC’ rded the hi8h«tyield

Aegression L Iv !

1Zu _y‘eid °ver “ vironmental
yield ortwo regn%es was carried out wit

clones PB 235 and RRIM 600. The regres-
sions were of cross over type, where the
meeting points of regression lines repre-
sented the threshold yield (28 g/t/t).
Estimation of coefficient of variation in yield
over months found RRII 5, RRII 203, PB 235
and GT 1 as having the lowest values. A
covariance analysis of yield data through
bifurcating lean and peak yielding periods
revealed RRII 5, RRIM 703, PB 5/51 and
PB 235 as consistent over the periods.
Analysis of girth data from the second
clone trial (1987) revealed Haiken 1, PR 107
and SCATC 93-114 to be with highest
stability (Table Net. 4). Bifurcation of yield
contributions during two regimes revealed
RRI1 208 to be with near equal contributions.
Calculation of per cent yield contribution
during regime | showed RRII 208 with least
depression. RRII 208 exhibited an ascending
trend from July onwards, which was a

Table Niel. 3. Projected yield of 15 clones over ten years

Clone Yield (kg/ha)
90-91 91-92 92-93  93-94  94-95 9596  96-97  97-98  98-99  99-2000
PB 235 1554 1333 1844 1557 1785 1680 2030 2212 2845 1943
RRI1 203 875 1102 1347 1477 1414 1193 1711 2117 2800 2021
RRIM 600 1085 1207 1501 1502 1417 1232 1466 1494 2250 1940
RRII 118 859 1001 1312 1291 1340 1326 1743 2033 1995 1615
RRIM 703 906 1053 1473 1074 1309 1053 1.557 1666 2254 14%
RRII 105 1011 1092 1305 1120 1211 1053 1400 1344 1956 1403
PB 86 749 889 1092 1078 1092 976 1064 1211 1816 1231
RRIC 105 836 973 1116 955 1078 850 966 1326 1697 126b
RRIM 605 752 780 1211 1064 1032 780 1050 1169 1491 1379
GT1 577 707 833 1001 969 864 1123 1169 1516 1458
RRII'S 665 710 861 840 808 777 1113 1155 1806 1266
RRIC 52 521 689 833 815 1018 833 931 125 1711 1153
PB 5/51 665 717 854 787 1011 840 955 1067 1494 964
Harbel 1 472 707 766 689 742 357 717 878 1337 828
cl1 497 556 710 570 675 374 525 553 948 601

no 2 Panel from October 1993; Bl 1 Panel from September 1999; Tapping system
days : 100; Trees/hectare : 350; Data fro

:1/25d/2td/7; No. of tapping
large-scale clone trial; Season: May to January



Table Net. 4. Stability and yield of cloncs

Stability varianct? ~Regression coefficient Mean yield Unit yield
Cta* for girth (bi) foryield over four years (g/cni)
(g/t/t)
RRII 208 8.936 0.937 42.9 1.25
RRIM 600 7979 1.353 28.2 0.62
PR 107 0.265 0.629 129 0.38
SCATC 88-13 4.116 1153 26.3 0.81
SCATC 93-114 1834 0.567 13.0 0.38
Haiken 1 0.226 1.360 27.9 0.80

desirable attribute since the clone assures
higher yield during all months. These
observations clearly demonstrated the utility
of RRII 208 as a potential clone to be
evaluated. Analysis of yield data through
calculation of regression coefficient (bi)
under two yielding regimes revealed RRII
208, SCATC 93-114 and PR 107 to be the most
stable clones (Table Net. 4). Depiction of
yield and regression coefficient rationalize
the supremacy of RRII 208 in terms of
stability and yielding potential. When
parameters like girth and yield were
considered, selection goesin favour ofRR11208,
SCATC 88-13, Haiken 1 and RRIM 600.

In the third trial (1995) having 10 clones,
analysis of girth data through calculation of
regression coefficient (bi) revealed that
SCATC 93-114 was the most stable for girth
followed by SCATC 88-13, Haiken 1and PB 311.
In the fourth trial (1996), among the 13 clones
the hybrid clone 82729 attained the highest
girth followed by RR11203,82/30 and PB 217.
Test tap yield revealed 82/17 as' the highest
yielding clone (Table Net. 5).

Onfarm clone trials were undertaken for
confirmation of the results from experiments
for future planting material recommenda-
tions. A clonal block trial with 300 trees
involving eight clones (RRII 118, RRII 203,
RRII 208, RRIM 600, RRIM 703, PB 235,
PB 260 and Haiken 1) was initiated at Bagafa
(TFDPC Centre).

Evaluation of polycross progenies

A field trial of full sib progenies of 1993
hybridization programme was opened for

3.2

Table Net. 5. Performance of 13 clones in large-scale

trial
Clone Girth Yield
(cm) (9710 tapping)
RRII 5 19.9 57.0
RRII 105 181 61.3
RRII 176 18.7 54.4
RRII 203 215 56.4
RRIM 600 19.2 56.5
PB 217 20.3 52.7
PB 235 18.2 48.7
RRIC 100 16.5 39.5
82/14 19.9 42.0
82/17 18.4 78.6
82/22 176 50.7
82729 23.3 60.7
82/30 205 59.4
Mean 19.4 55.2
CD (P=0.05) 301 24.01

test tapping and identified a few potential
selections for further evaluation. A total of
75 hybrid progenies evolved from seven
cross combinations during 1998 were main-
tained in the field and these attained a mean
girth of 9.63 cm at a height of 50 cm. The
progenies of 1999 season from 12 crosses
were maintained in the polybae nursery for
field planting.

Growth, yield and secondary attributes
of apolyclonal seedling evaluation trial were
compared with a multiclonal bud grafted
population. Based on the yield performance
of individual trees over five years, ten high
yielding elite trees having secondary at-
tributes were selected and multiplied for
evaluation in small-scale trial with RRIM 600
as control. The trial with 49 half-sib revealed
that progeny of PB 5/51 attained the highest

girth. However, early yield revealed that



Female parent
Parent

Progeny
PD 5/51 28.0 37.50 (33.97)
PB 86 347 34.80(00.29)
GTI 35.6 41-10(15.45)
RRII 213 36.6 36-50 (-0.27)
RRIM 600 $5.6 37.00 (10,40}

Values in parenthesis indicatepercent increment m girlhIH ~iikT

progenies of done GT 1 gave the highest yield
incomparison with their parents (TableNet. 6).

3.3 Evaluation and utilization of wild germplasm
Two field trials were laid out with 87 wiJd
genotypes and RRIM 600 as control. Early
girth data showed that among the prov-
enances Rondonia and Acre genotypes were
vigorous than Matto Grosso genotypes. A
screening programme for resistance to Oidiwn
Iteveae involving various genotypes during
nursery phase giving due importance to
Amazonian clones has been envisaged
through creation of epiphytotic conditions.
Twelve wild germplasm accessions, nine ori-
ental clones and three polyclonal selections
showing various levels of resistance, judged
through visual observations, have been mul-
tiplied and laid outin anursery trial with sus-
ceptible clone PB 5/51 as spreader rows.

4. Physiological and exploitation studies

Low winter temperature is one of the
stresses in the North East region. Late drip-
ping isacommon phenomenon during win-
ter period which may lead to TPD syndrome.
Experiments were conducted to fix the tap-
ping rest during this period and also to in-
crease yield during low yielding period by
stimulation. The study on the response of
scavenging enzymes in TPD affected and
non-affected genotypes is also in progress.

Table Net. 6. Girth and test lap vield of fomai
i —— > --_Jg™aleparents and their half-sib

Vield (g/t/ii ~
Parent _Progem1_

361 8.08(123.82)

5.32 4,02 (-24.43)

9.96 (156.71)

454 6.82(50.22)
6.82 691 (1.32)

41 Effect of different tapping systems in

combination with tapping rest during winter

The experiment was continued and the
annual yield data for three consecutive years
showed that the 20-20 °C rest in any combi-
nation of tapping system had significantly
low yield in comparison to that of the con-
trol (continuous tapping). Moreover, the
15-15 °C and 10-10 °C rest in 1/2S d/3 also
showed significantly low yield. Dataon TPD
revealed that in all the combinations of
1/2S d/1, the percentage of TPD occurrence
was higher than any other combination.
Among 1/2Sd/2 as control, the 10-10°C and
15-15°C combinations and 1/2Sd/3 as con-
trol, 15-15 °C rest showed lowest TPD. Un-
der 1/2S d/2 frequency rest during 15-15 °C
was found optimum (Table Net. 7) whereas
under d/3 frequency all the three rest peri-
ods resulted in lower yield. A similar study
was conducted with clone RRII 105 in grow-
ers field, where the temperature rest treat-
ments were 15-15 °C, 12-12 °C, 10-10 °C and
17258 d/27d/7system of tapping as control.
From the last two years result, it was ob-
served that there was significant difference
among the treatments. However, no signifi-
cant differences were observed in yield
among the control, 12-12 °C and 10-10 °C
temperature rests. However, the 12-12 °C

Table Net. 7. Average annual yield kg/ha over three years (400 plants per ha)—

Tapping system --------------—-E S d
128 d/1 1871
112sd/2 1872

1/28d/3 1967

lo-iojc BBS®
1874 1700 1442
2006 1839 1188
1544 1356



treatments performed better when the occur-
rence of TPD was considered. This experi-
ment was initiated at Tura and Nagrakatta
also under 1/28d/1,1/28 d/2 and 1/25d/3
tapping systems with four regimes of tap-
ping rests based on minimum temperature
of 20-20 °C, 15-15 °C, 10-10 °C and control.

4.2 Effect of stimulation

Another experiment was initiated to
study the effect of stimulation during low
yielding period with tapping rest during
winter (rest below 12 °C) with five clones,

z., RRII 105, RRIM 600, PB 235, RRII 203

and RRII 118. The preliminary resultshowed
that the effect of stimulation on yield was
more in clone RRII 105 compared to other
clones. In the majoryield component study
in clone RRIM 600 the highest yield was ob-
served during November. The initial flow
rate, plugging index and dry rubber content
have shown decreasing trend in cold stress
period.
43 Biochemical sfudies on TPD

A study on isozyme banding pattern in
C-serum of TPD tolerant and susceptible
healthy genotypes was initiated during 1999
to know the variations in super oxide
dismutase (SOD) and peroxidase (POX) -
scavenging enzymes. Seasonal variations in
the isozyme pattern of these two enzymes
were noticed. DRC during winter was
found to be lower in all the genotypes and
occurrence of TPD increased with time.

5. Processing

The study on the processability of latex
into forms other than sheets showed that the
major portion of latex produced in the North
East India is processed into sheets and only
negligible quantity is processed into centri-
fuged latex and pale latex crepe (PLC), The
latex produced in other north eastern states
at present is insufficient to establish process-
ing factories other than sheet processing The
study further revealed that the transportation
of processed latex to other states and procure-

mentofchemicals and otheraccessories is dif-
ficultin Tripura. Advisory servicesin process-
ingand small-scale productdevelopmenthave
been rendered to 13 growers/manufacturers
during the reporting period.

6. Prediction of yield using atmospheric
parameters

The antecedent and prevailing environ-
mental parameters which significantly influ-
enced daily yield during the winter and non-
winter tapping periods were quantified and
regression equations were formulated for
fiveclones, viz., RR11203, RR1I 118, RRIM 600,
RRI11 105 and GT 1in the region. Optimum
agrometeorological conditions for the five
clones were found out. Dependence ofyield
on the observed and computed parameters
were also studied by working out the means
with respect to different lag periods from
1to 30 days prior to tapping. The estimated
soil moisture storage value was found to be
the most important factor for predicting
yield in rubber. The relative lag in soil
storage corresponding to three days prior to
tapping during the winter period showed
higher association with yield compared to
that of one day prior during the non-winter
period. Clones RRIM 600 and RRII 105 with
high yielding tendencies showed prime de-
pendence on average temperature of the pre-
vious day of tapping during the non-wmter
period. Clones RRII 118 and RRII 105 were
more susceptible to water deficit conditions

~n‘er laPPin8 Period<while
KK1M 600 performed wellunder water stress

RRINZ6S 5 TG o B LR IRB AP 86704

ter deficit conditions.

7-  Advisory services

During the reporting period, 1096 soil
samples and seven leaf samples were col
ected and analysed. Discriminatory fertil-
izer recommendations were given to 548
growers from South, North and West
Tripura.



REGIONAL RESEARCH STATION, TURA, MEGHALAYA

The Station was established in 1985 to
study various aspects of rubber cultivation
under the agroclimatic conditions of this
region.

1. Evaluation of clones

Results from the 1985 trial at Ganolgre
Farm indicated highest girth m RRIM 600
(75.12 cm) followed by RRII 118 (73,93 cm)
PB 235 (73.63 cm) and RRII 203 (72.58 cm)
while for yield, RRIM 600 (43.8 g/t/t) ranked
first among the ten clones followed by RRII
203 (33.6 g/t/t) and RRII 118 (33 g/t/t). In
the 1986 trial highest girth was recorded in
RRIC 105 (75.23 cm), PB 311 (73.67 cm), RRII
118 (72.13 cm) and PB 310 (71.83 cm) while
lowestgirth was recorded in PR 255 (58.95cm).
On the basis ofyield, PB 311 (38.2 g/t/1), RRII
208(31.1 g/t/t) and RRII 118 (30.9 g/t/t) were
performing better than the other clones.

Girth data were recorded at monthly in-
tervals from the polyclonal seedlings plan ted
in 1999, in an area of 0.25 ha at a spacing of
3 x3m at600 in altitude. Population aver-
age girth was 50.j8 cm. Even seedlings, in
the population showed vigorous growth and
were under observation for their perfor-

("umauuii, ozu ui msg. csraonsnmenr or a
budwood nursery of the selected trees was
in progress.

Rubber based cropping system
This trial was started in 1987 with rubber
(RRIM 600, spacing 6.6 x 3.3 m; no. of plants
125), tea (spacing 60 x 90 cm; total no. of
plants 3000) and orange (spacing 15 x 15 it,
no. of plants 300) planted in separate block
(each block of 0.25 ha) to assess the perfor-

.. “uucta tnat plants
attained an average girth of 40.2 am while
maxm"™ yield was recorded in September
and 0 ctobi'r. Generally it has been noticed
that rubber and tea are performing better in
lerms of S™wth and vield while orange
Plan,s showed poor growth,

Plant physiology

During 1992, a project was initiated to find
out <he effect of low temperature on growth,
~ d and foliage pattern of Hr'vaat 600 m al-
«ude of Garo Hills. It was noticed that when
average air temperature dropped below 10 °C,
growth and yield of all clones were adversely
affected. All clones defoliated in the second
week of February and remained so till air tem-

perature rose to 15 °Cwhich normally observed

UP to second week of March in the region.

An experiment was laid out during 1992

in 1987 block plantation to assess the effect

of different aspect of slopes. One hundred

plants of RRIM 600 clone has been selected

West aspect of slope attained an average
girth of 64.3 cm while plants growing in
North North Eastaspect of slope attained an
average girth of 60.5 cm.

Uuri"K the ear 1998'" experimentwas
initiated to find out the low temperature et-
fed on growth, yield and yield components
of Ham clone at 600 m altitude. Three hun-
dred plants of RRIM 600 were selected for
monthly girth data recording and 35 plants



treatments performed better when the occur-
rence of TPD was considered. This experi-
ment was initiated at Tura and Nagrakatta
also under 1/28d/1,1/28d/2and 1/25d/3
tapping systems with four regimes of tap-
ping rests based on minimum temperature
of 20-20 rC, 15-1.5 °C, 10-10 °C and control.

4.2 Effect of stimulation

Another experiment was initiated to
study the effect of stimulation during low
yielding period with tapping rest during
winter (rest below 12 °C) with five clones,
viz., RRIl 105, RRIM 600, PB 235, RRII 203
and RRII 118. The preliminary resultshowed
that the effect of stimulation on yield was
more in clone RRII 105 compared to other
clones. In the major yield component study
in clone RRIM 600 the highest yield was ob-
served during November. The initial flow
rate, plugging index and dry rubber content
have shown decreasing trend in cold stress
period.
4.3 Biochemical studies on TPD

A study on isozyme banding pattern in
C-serum of TPD tolerant and susceptible
healthy genotypes was initiated during 1999
to know' the variations in super oxide
dismutase (SOD) and peroxidase (POX) -
scavenging enzymes. Seasonal variations in
the isozyme pattern of these two enzymes
were noticed. DRC during winter was
found to be lower in all the genotypes and
occurrence of TPD increased with time.

5. Processing

The study on the processability of latex
into forms other than sheets showed that the
major portion of latex produced in the North
East India is processed into sheets and only
negligible quantity is processed into centri-
fuged latex and pale latex crepe (PLC). The
latex produced in other north eastern states
at present is insufficient to establish process-
ing factories other than sheet processing. The
study further revealed that the transportation
of processed latex to other states and procure-

mentofchemicalsand otheraccessories is dif-
ficultin Tripura. Advisory servicesin process-
ingand small-scale productdevelopmenthave
been rendered to 13 growers/manufacturers
during the reporting period.

6. Prediction of yield using atmospheric
parameters

The antecedent and prevailing environ-
mental parameters which significantly influ-
enced daily yield during the winter and non-
winter tapping periods were quantified and
regression equations were formulated for
five clones, viz., RR11203, RR11 118, RRIM 600,
RRII 105 and GT 1in the region. Optimum
agrometeorological conditions for the five
clones were found out. Dependence of yield
on the observed and computed parameters
were also studied by working out the means
with respect to different lag periods from
1to 30 days prior to tapping. The estimated
soil moisture storage value was found to be
the most important factor for predicting
yield in rubber. The relative lag in soil
storage corresponding to three days prior to
tapping during the winter period showed
higher association with yield compared to
that of one day prior during the non-winter
period. Clones RRIM 600 and RRII 105 with
high yielding tendencies showed prime de-
pendence on average temperature of the pre-
vious day of tapping during the non-winter
period. Clones RRII 118 and RRII 105 were
more susceptible to water deficit conditions
» ™ g ‘he winter tapping period, while
RRIM 600 performed well under water stress
Df “I1S!116™ tertaPP~gperiod,
1203 was four>d to be susceptible to wa-

ter deficit conditions.

7 Advisory services

During the reporting period, 1096 soil
samples and seven leaf samples w-ere col-
lected and analysed. Discriminatory fertil-
izer recommendations were given lo 548
growers from South, North and West
iripura.



REGIONAL RESEARCH STATION, TURA, MEGHALAYA

The Station was established in 1985 to
study various aspects of rubber cultivation
under the agroclimatic conditions of this
region.

1. Evaluation of clones

Results from the 1985 trial at Ganolgre
Farm indicated highest girth in RRIM 600
(75.12 cm) followed by RRII 118 (73.93 cm),
PB 235 (73.63 cm) and RRII 203 (72.58 cm)
while for yield, RRIM 600 (43.8 g/t/t) ranked
first among the ten clones followed by RRII
203 (33.6 g/t/t) and RRII 118 (33 g/t/1). In
the 1986 trial highest girth was recorded in
RRIC 105 (75.23 cm), PB 311 (73.67 cm), RRII
118 (72.13 cm) and PB 310 (71.83 cm) while
lowest girth was recorded in PR 255 (58.95 cm)
On the basis of yield, PB 311 (38.2 g/t/t), RRII
208 (31.1 g/t/t) and RRII 118 (30.9g/t/t) were
performing better than the other clones.

Girth data were recorded at monthly in-
tervals from the polyclonal seedlings planted
m 1999, in an area of 0.25 ha at a spacing of
3x3m at 600 m altitude. Population aver-
age girth was 50.38 cm. Even seedlings, in
thepopulation showed vigorous growth and
were under observation for their perfor-
mance. On the basis of growth, bark thick-
ness, disease resistance, TPD and yield per-
formance, ten trees from the plantation at
Bagapha (1967 plantation, 400 m msl) and

n mother trees were selected from an

area of two ha plantation at Tebrongre (1974
plantation, 620 m msl). Establishment of a
oudwood nursery of the selected trees w'as
1m progress.

Rubber based cropping system
Rmu~  1WiS Star,ed “ 1987 with rubbCT
RRIM 600, spacing 6.6 x 3.3 m; no. of plants
1 mm (spacing 60 x 90 cm; total no. of
no. land orarlKe (spacing 15 x 15 ft,
(earh n ants Panted in separate block
1 Chblock °{0-25 ha) to assess the perfor-

ancc. In the current year, 388.5 kg green
tea leaves worth Rs.2331 /- were h alted
yield were collected from RRIM

* been notjced *at plszg

600cin
ittaineJT N

attained an average girth of 60.2 cm Wl
maximum yield was recorded in September
“arm “2eneiall>'il has . noticed
that ru%ger and tea are perpormlng better in
terms of growth and yield while orange
plants showed poor growth.

3. Plant physiology

During 1992, a project was initiated to find
out the effect of low temperature on growth,
yield and foliage pattern of Hm a at 600 m al-
titude of Caro Hills. It was noticed that when
average air temperature dropped below 10°C,
growth and yield of all clones were adversely
affected. All clones defoliated in the second
week of February and remained so till air tem-
peraturerose tol5 °C which normally observed
up to second week of March in the region.

An experiment was laid out during 1992
in 1987 block plantation to assess the effect
of different aspect of slopes. One hundred
plants of RRIM 600 clone has been selected
from two different aspect ofslopes, i.e., West
South Westand North North East to find out
the suitable aspect of slope for the region.
Girth data were recorded at quarterly inter-
vals from both the slopes and the results in-
dicated that plants growing in West South
West aspect of slope attained an average
girth of 64.3 cm while plants growing in
North North Eastaspect ofslope attained an
average girth of 60.5 cm.

During theyear 1998, an experiment was
initiated to find out the low temperature ef-
fect on growtli, yield and yield components
of Hevea clone at 600 m altitude. Three hun-
dred plants of RRIM 600 were selected for
monthly girth data recording and 35 plants



for yield and yield components analysis at
monthly intervals. Results indicated that
RRIM 600 has attained an average girth 0f60.2
cm but girth increment was lowest (0.01 cm)
when air temperature dropped below 10 °C
for three months (December - February).
Similarly, minimum yield (9.0 g/t/t), latex
volume (50 ml/t/t) and DRC (26%) were
recorded from December to February. During
winter period, low temperature adversely
affected growth and yield of Hei'ea clone
under agroclimatic conditions of Garo Hills.

4. Pathology

The secondary leaf fall (SLF) disease
caused by G. alborubrum was noticed affect-
ing the young rubber plants. However, the
PDI calculated was always negligible.

During March-April, a severe outbreak
of Powdery mildew disease was noticed in-
fecting newly flushed leaves leading to de-
foliation. During asurvey, 86.4% of PDI was
recorded at DDC, Jungitchakgre where re-
peated defoliation was noticed. In other pri-
vate holdings, the recorded PDI varied from
9.7 % at Chibragre to 80.8% at Danakgre in
West Garo Hills.

Anew root disease, commonly known as
purple root disease, caused by Helicobasidium
compaction was noticed infecting the seed-
ling nursery at DDC, Jenggitchakgre. The
disease has been occurring in a severe form

and as a result a number of seedling died
off. An experiment with different fungicides
to control the disease are in progress.

Soil samples from forest, rubber, bamboo
stands and barren land were collected to as-
say the qualitative and quantitative distri-
bution of microbial population. It was ob-
served that the minimum population was re-
corded during January and thereafter the
population increased gradually. A few
saprophytic fungal species were found to be
very common and widely distributed.
Among the species, Penicilliuni spp., Mucor
hiemalis, filamentous yeast, Cladosporium
Iterbanmi and Fusarium spp. were isolated
with avery high percentage of relative abun-
dance. There wasnotmuch difference in the
distribution of microbial population and the
above ground vegetation does not seem to
exert any influence in the composition of
fungal species.

To assay the role of Rhizobiuin sp. on the
growth ofleguminous cover crops, an experi-
ment was initiated in polybags. The soil
samples were sterilized by autoclaving and
cover crop (Pueraria phaseoloides) seeds were
sown. After germination, the seedlings were
thinned to four per polybag and Rhizobium
sp. were inoculated. Monthly harvesting will
be done and various growth parameters will
be recorded. The study is in progress.

REGIONAL RESEARCH STATION, KOLASIB, MIZORAM

The Station is conducting experiments
mainly to identify suitable clones of rubber
for the Mizoram region. In addition, the sta-
tion is also engaged in finding out suitable
tapping systems, optimum fertilizer dose to
make rubber cultivation more economical.

1. Nutritional trial

This experiment was initiated in 1998 to

find outoptimum fertilizer dose with NPK coill
binadons in foothili condition. There are four
fertilizer treatments in RBD wit), clone
KRIMfiOO. Girth datawere recorded at monthlv
interval and is presented in Table Nez. 1.

2. Evaluation of clones



TableN<?z. | Effect of different doses of fertilizers on
growth

Nutrients Girth (cm) Annual girth
(N:P:K kg/ha) in Feb. 2000 increment (cm)
0:0:0 44.0 5.8
20:20:20 44.7 59
3535:35 46.9 6.9
50:50:50 455 72

CD (P=0.05) NS NS

ditions in different land forms. The perfor-
mance of these clones in different land forms
viz., foot hill, mid hill and hill top were re-
corded in terms of growth (girth) and yield.
The highest mean girth was observed in mid
hill condition and the clones SCATC 93-114
showed the highest girth among the clones.
The highestyield was observed under foothill
with respect to mid hill and hill top condition
(Table Nez. 2). Among the clones, PB 235 per-
formed well in foot hill and hill top condition.

3. Effect of tapping systems on yield
The principal objective of this experiment

was to identify a suitable tapping system
under Mizoram conditions. The average drv

TableNez 2 Vieid of clones in different land ,om,,
under 1/2S d/2 system ot Unpin.
Yield (g/t/1)
Footlullwig hill Hill top
op 235 s 38.1 242
RRI1 300 371 o1 b
g 39.1 25.7
GTI 28.2 32.9 29.5
RRII 118 332 335 213
RRII 105 211 319 24.2
RRLM 600 335 253
34.1 327 26.2

rubber yield (g/t/t) of the seven Wended
clones for seven months under different tap-
ping systems is presented in Table Nez. 3.
Hie highest yield per tree was obtained in
1/2S d/3 system, however, the annual yield
was high in 1/2S d /1 system of tapping due
to more number of tapping days.

Table Nez. 3- Yield under different tapping systems

Tapping system Yield (g/t/1)
1/125d/1 SB--
1125d/2 342
1125d/3 429

REGIONAL RESEARCH STATION,
NAGRAKATTA, WEST BENGAL

Research priorities of the station are to find
out the suitable clones for the region, evolv-
ing appropriate fertilizer recommendations
and developmentofsuitable exploitation sys-
tem for the region. Ten experiments are in
progress, outof which four are on clone evalu-
ation, two on nutritional studies and one each
onclone blending, Genotype x Environment
uiteraction and exploitation system.

Nutritional studies
data during the third year of tap-

nolfox m nutr’~ona* requirement trial
dr ~ caled hosignificant effect. Higher
°ses of N showed depressing effect on
Or y*eld. NPK combination at 30 kg N,

0 kg P and 40 kg K/ha recorded maximum
yield (32.31 g/t/t) while 0 kg N, 20 kg P
and 0 kg K/ha recorded the lowest yield
(13.34 g/t/t). In the trial on split fertilizer
application also, significant effect was
noticed on girth.

A study on of intercropping rubber with
tea was initiated. Rubber was planted at five
different spacing (5x5m, 10x2.5m, 10x 5
m, 12 x 2.5 mand 3 x 3 x 18 m). All cultural
operations were completed for planting tea
during June 2000.

2. Evaluation of clones

Observations from the 1990 trial, where
11 clones w'ere under evaluation, highest



girth (58 an) was recorded for RRIM 703 and
the lowest (47.07 cm) for PB 5/51. Clones
SCATC 93-114, Haiken 1, RRI1 203, and RRD 118
recorded similar girth. Meld recorded for dif-
ferent clones produced significant effect.
Among thedifferentclones, SCATC 88-13, PB 235
and PB 311 recorded significantly higher yield
during the second year of tapping compared
to other clones. Clones Haiken 1, RRIM 703
produced lowestyield (Table Nag. 1).

TableNag. 1  Clone wise girth, girth increment and
mean rubberyield during second year
Clone Girth (cm) Meld (g/t/t)
PB 311 54.10 3167
RRI11 300 52.97 23.49
Haiken 1 57.80 14.72
SCATC 88-13 54.80 35.92
GTI 52.93 19.77
SCATC 93-114 57.97 20.11
RRIJI 203 56.43 19.77
RRIM 703 58.00 17.14
PB5/5] 47.07 23.82
RRII 118 56.28 21.87
PB 235 5623 35.71
SE 161 3.87
CD (P=0.05) 4.76 11.38

In another trial, where seven clones were
under evaluation, RRIM 612 recorded the
highest girth (59.33 ¢cm) while PR 107 re-
corded the lowest girth (51.43 ¢cm). In the
second year of tapping differences in yield
was notstatistically significant (Table Nag. 2).

In the 1991 trial, PB 235 recorded highest
girth (54.77 ¢cm) and SCATC 93-114,
RRIM 600, PB 86, RRII 208, PB 310 recorded
almostsimilargirth and PR 107 recorded low-
est girth (45.86 cm). In 1993 trial, RRIM 600
and RRII 105 recorded significantly higher
girth (42.6cm), while RRIC 104 and RRII 308
recorded lowest girth (310 cm).

Table Nag. 2. Clone wise girth, girth increment and

mean rubberyield during second year

of tapping n

Clone Girth (cm) Mem1yield (g/1/t)
PB 86 56.33 19.45
RRII 105 54.07 20.10
RRIM 605 57.50 14.40
RRIM 612 59.33 15.23
RRII 208 55.60 19.88
Gl 52.87 15.92
PR 107 51.43 15.64
SE 0.92 1.66
CD (P=0.05) 0.92 NS

Among the different genotypes in the
1996 multi-locational trial, RR11 203 recorded
significantly higher girth (44.58 cm) during
the fourth year of planting. Similar girth was
recorded in RRII 51, RRII 105, RRIM 600,
PB 217, 82/14, 82/17 and 82/30.

3. Exploitation system

An experiment on the effect of combina-
tion of tapping systems (1/2Sd/1,1/2Sd/ 2,
1/2S d/3) with tapping rest based on tem-
perature regime (18-18°C, 15-15°C and 12-12°C)
and control without rest was started and
treatments were imposed. The design of the
experiment was split plot with tapping sys-
tem asmain plot and temperature restas sub
plot treatment.

4. Evaluation of germplasm

A trial to evaluate the Hevea germplasm
(4 Wickham, 4 Mato Grosso, 6 Acre and 11
Rondonia accessions) for cold tolerance
was planted in 1998 in simple lattice de-
sign with two replications. During the sec-
ond year no significant effect on girth was
noticed.

REGIONAL RESEARCH STATION, DAPCHARI, MAHARASHTRA

Major thrust areas of this station are
development ot su,table planting materials
and location spechc agrotechnology for this
drought prone reg.on. Expenments to

evaluate low frequency tapping systems,
studies on the growth and yield potential of
various clones / polylones and a clone
evaluation trial with 15 clones including



RRII 105 are being carried out. The total crop
production during the period was 18950 kg
from 23blocks. The total number of labourers
engaged in 1999-2000 was 11425 (mandays).

1. Environmental physiology

The research concentrated on evaluation
ofsuitable clones for this agroclimatic region
with desired characters like tolerance to
water and high temperature stress. Tliree
irrigation-based experiments were con-
ducted to study the effect of irrigation and
irrigation system on yield of rubber.

The irrigation experiment started in 1987
with ETc based Basin (1.00 ETc, 0.75 ETc and
0.50 ETc) and drip (0.75 ETc, 0.50 ETc, 0.25
ETc) irrigation treatments in clone RRII 105
continued. The objective was to standard-
ize and evaluate the advantages of drip irri-
gation system over basin irrigation in terms
of water saving and total economy in the
quantity of water and methods of irrigation.
From February 2000 onwards the 0.75 ETc
basin and 0.50 ETc drip were reduced to 0.25
ETc (basin and drip) with an objective to test
whether irrigation requirement can be fur-
ther reduced. Observations on the fort-
nightly cup lump weight, monthly girth
measurements and seasonal DRC, PI, TP
were recorded.

A trial to study the effect of different lev-
els_of irrigation (1.00 ETc, 0.75 changed to
0-25 ETC from February 2000 onwards and
1 0 ETc) on yield and yield components of
clones indicated that clone RRIl 118 per-
°phCd be*ter in terms of growth while

‘el 105 showed better yield and yield
Parameters in response to different levels
otligation treatments.

In the cost evaluation trial, the expenses
incurred towards various inputs, farm prac-
W7 anc* irrigation were monitored since
Rr  ‘n irrigated and unirrigated trees of

I No significant reduction in block
1. anc* growth was observed in mature

6Seven a”er reducing the irrigation level

M &“38 ftﬁf}{ il vatité’l:l: I;_vg?aln*b%}eﬁ"&cigg
oiMe hvIf
depth is good (Table Dap.l).

Table Dap. 1. Yield of clone RRIM 600tllld crdifftr
enl levels o( irrijjalion (Feb-May 20001
Irrigation Projectyield Yield
USSiSia - S.S|
) 2957 223% 17
P soi 7075 53147

2. Exploitation studies

Based on the evaluation of low frequency
tapping system (1/2S d/3), two experiments
were laid out to identify exploitation svstem
suitable to North Konkan conditions.

Two trials were initiated forevolving the
optimum stimulation schedule under 1/2S
d/3 tapping system in RRII 105 (Trial I) and
RRIM 600 (Trial Il) under irrigation. Trial |
was started in December 1999 with RRII 105.
Stimulation treatments TO (control, no stimu-
lation), T1 (2/y), T2 (4/y) and T3 (6 /y) were
implemented as per schedule under irriga-
tion (0.50 ETc). Observations on DRC before
and after stimulation, annual girth increment
and TPD were monitored. Among the vari-
ous treatments cumulative yield kg/tree/ha
was highest in T3. Results indicated high
rubber yield in the ethephon treated plants
ascompared tocontrol. With alow incidence
of TPD, ethephon stimulation (6/y) appeared
to be optimum without any significant effect
on growth under irrigation in this non-tradi-
tional agroclimaticregion. No change in DRC
was noticed after stimulation.

Trial Il was started in February 2000 with
clone RRIM 600. (BOI panel) under 1/2S d/
3 system of tapping. Stimulation treatments
T1(2/y), T2 (4/y), T3 (6/y),and T4 (8/y) were
implemented as perschedule under irrigation
(0.50 ETc) to all treatments. Observations on
DRC before and after stimulation, annual
girth increment and annual scoring of TPD
were recorded.



An experiment was started in 1999 to
stud>- the tapping rest-cum-stimulation in-
teraction under low frequency tapping sys-
tem (1/2S d/3) in clone RRII 105 under
rainfed condition with an objective to find
out best tapping rest period during summer.
Higher yield was observed in treatment with
tapping restin May and June with four stimu-
lations/year, withoutany significant effecton
the growth of trees. Results indicated that
stimulation did not affect the DRC atall.

Plant breeding
The clone evaluation trial, started in 1985
with an objective to evaluate growth and
yield performance of 15 modern clones in-
dicated that clone RRII 208 performed bet-
terin terms ofgrowth, whereas RRI1I 105 was
better in terms of yield (Table Dap. 2). hi
another trial, promising polyclonal trees se-
lected during 1996 were categorized as high
girth, low girth, high yielderand low yielder
trees. The selected trees were cut back to
generate sprouts, which were used for mul-
tiplication through budding. Observation on
fortnightly yield, seasonal girth, soil mois-
ture and yield components were recorded,
the growth and yield of latex were pooled
and stable high yielders were identified for

3.

regional research stati

The Station concentrates its research activi-
ties on agromanagement techniques, water
conservationand evaluation ofclones tolerant
to drought condition existing in the region.
1-  Evaluation of clones
In the clone trial planted in 1987, with
threeeliteclones (RRIM 600, GT 1and RRH 105)

difference in girth was observed'
Both GT 1(51.5cm) and RRIM 600 (50.1 cm)
girth than

~ ~ e r

Regularobservations were collected from
the polyclonal seedlings planted in 1989.

ion,dhenkanal,

Growth and yield of Hevea clones

Table Dap.
(March 2000)
Clone Mean girth (cm) Mean yield (CTFI"I_I'
RRII 5 53.30 28.40
RRII 6 57.19 31.49
RRII 105 5284 33.16
RRII 208 60.12 36.15
RRnN 308 50.91 24.02
RRIM 605 52.03 26.32
PB 260 53.08 30.12
PB310 53.67 26.33
PB 311 5236 2265
RRIC 52 58.97 17.03
RRIC 100 55.29 29.34
RRIC 102 55.88 24.00
RRIC 105 52.61 1741
PR 255 51.75 29.02
PR 261 51.32 26.05
SEs 2.35 3.26
CD (P=0.05) 481 6.67

further selection. Selected mother trees with
good yield throughout the year including
drought season were studied.

Plant pathology

Experiment was started to evaluate the
susceptibility / tolerance of various Heita
clones and polyclonal seedlings to powdery
mildew. Results indicated no incidence of

powdery mildew disease in this region. [his
mightbe due to prevailinghigh temperature.

ORISSA

4.

Variations in girth was vexy high. Tappinn ot
sfirt’\ S ~aVea™a’ned tappable girth was
~ Promisi"g seedlings have
been identified. The highest average yield
was recorded for tree 26 (76.4 g) and mini-
mum in tree 280 (23.3 g) during 1998-99
ditferencd% dg?rttr%“avlvaso planifipegt
93 114 m f,llh.was recorded in SCATC

(505cm,w hiSITC 8 H~ *21!. T
lowest girth (41 52on)™ recorded the

§

arflheUr“f1waS“ totedin1»1 tocom
fferent Hevea

are the performance of

&



clones with polyclonal seedlings. Clones did
not differ significantly on girth while
polyclonal population recorded highest
girth (49.5 cm). Lowest girth was observed
in PR 255 (35.7 cm). Maximum girth
increment was noticed in PR 261 (21.5%)
and PR 255 (19.8%).

2. G xEinteraction in Hevea

An onfarm trial was started at Regional
Research Laboratory campus, CSIR,
Bhubaneswar and 12 clones were planted
during 1996. Three years after planting,
maximum girth of 19.4 cm was recorded in
clone PB 217 and RRIC 100 followed by 82/
30 (19.3 ¢cm), 82/17 and RRII 203 (19.0 cm).
Clones 82/14 and RRI1 176 showed the low-
estgirth of 16.7 and 17.5cm respectively. The
result showed that 82/30, RRIC 100, PB 217,
RRI1203,82/17,RRIM 600 and RR1I 105 were
stable clones.

The World Bank assisted project on clone
evaluation was laid out in 1999-2000, to
evaluate the growth and yield performance
of few modern clones of Hevea under the
environmental condition of Orissa. Growth
and morphological parameters were col-
lected. The trial is under progress.

3-  Nutritional studies

The experiment was laid out to assess the
nutritional requirements and the efficiency of
Nand P biofertilizers on the growth of Hevea
seedlings. The treatments included N and P
biofertilizers alone and in combination with

lahleOri. I.

FYM having NPK fertilize in three levels
All th 10p™) °f tIW recom™ nded dose.
A thegrowth parameters were recorded dur-
mg the period. Soil and leafsamples were col-
for micrebial and chemical analysis.

Treatments N IPIK | found superior for
all the growth parameters (growth, height
and number of whorls). Maximum girth and
number of whorls in seedling nursery was
observed at 75% doses each of N, P and K
fertilizers along with the biofertilizers
(Azospirillum and PSM), height of the plants
were on paramong them. Itsaved 25% each
of N, P and K fertilizer.

Trial was laid out with RRIM 600, to
study the effect of water soluble and water
insoluble forms of P on growth of Heim and
the effect of higher dose of NPK fertilizer
with appropriate number of split applica-
tion needed for optimum growth of rubber
in Orissa. During the period under report
all growth parameters were recorded (Table
Ori. 1). The trial is under progress.

4. Disease management

An observation trial to study the status
of powdery mildew disease in rubber plan-
tations of non-traditional areas was started
in 1998. The objective was to evaluate the
susceptibility/tolerance of various Hevea
clones and polyclonal seedlings planted in
these areas against powdery mildew disease.
Till now rubber plantation was not affected
by powdery mildew disease. Experiment is
under progress.

Effect of water-soluble and water insoluble forms of P fertilizers on the growth of Hevea
stem diameter (cmT~

Whorls (cm)

w 124.40
144.20

124.70

193 144.70
1.85 121.90
149 118.30
2.03 141.00
~mr 13.05



REGIONAL RESEARCH STATION, SUKMA, CHATTISGARH

The major research activities of the Station
are identification of suitable planting mate-
rial for the region and refinement of
agromanagement recommendations for op-
timal growth and yield of rubber. To meet
these objectives, experiments on performance
of modern clones, polyclonal seedlings and
germplasm material are in progress.

In the trialsinitiated during 1990,1992 and
1993, girth was recorded at regular intervals.
In the 1990 trial, an average girth of 56 and 50
cm were recorded for RRII 105 and RRIM 600
respectively. Polyclonal seedlings planted in
1997 were growing satisfactorily and have at-
tained an average girth of 20 cm.

The trial on screening of Heim germplasm
fordrought tolerance showed wide variations
ingrowth and adaptability. Morphological and
phonological studies also showed significant
variations suggesting good scope for selection
ofgenotypes with desired traits for the region
Budded stumps of Hevea germplasm were
generated at the station for a trial on screening
forcold tolerance at RRS, Nagrakatta. Astudv
on phenology and architecture of Hevea
germplasm was conducted. Significant
variation was observed among the clones.
Brandling behaviour varied significantly. The
lowest number of primary branching was
observed in AC 707 and highest in RO 5069
and MT 196 respectively.

REGIONAL RESEARCH STATION, PADIYOOR, KERALA

The Station was established in 1994 in an
area of 40 ha in Kannur District with the
majorobjective of developing clones suitable
for the region and for screening ofclonal tol-
erance to drought/disease incidence. The
long-term field trials initiated include evalu-
ation ot Brazilian germplasm, investigations
on Genotype \ Environment interaction,
clone evaluation, large scale testing of po-
tential hybrid clones, multiclone blend trial
and disease evaluation.

1. Physico-chemical properties of soil
Tlieexperiment was initiated in 1998 with
the objective of building a database on soil
physico-chemical properties. Survey of the
entire experimental areahas been completed.

Grouping the area into different slope classes
using the Abney levelis in progress.

2. Water requirementin seedling nursery

The purpose of this experiment is to
study the water requirement of Hevea seed-
lings in the nursery. The treatments com-
prised of five irrigation regimes, viz., irriga-
tion at 0, 25, 50 and 75% depletion of avail-
able soil moisture (dasm) and an unirrigated
control. Observations on growth and soil
moisture were carried out at periodic inter-
vals. Fifty percentdepletion of available soil
moisture was found to be the optimum level
of moisture depletion for growth of rubber
seedlings (Table Pad. 1).

Table Pad. 1. Plant diameter (cm) at periodic intervals

—Interval after treatment imposition fnw I*T

042 058
0.46 0.60
0.47 062
0.46 057
048 059
CD (P=0.05) mt s

074 093 112
97 093 1.03
076 091 101
0.67 0.79 0.89
064 069 0.79
~(U)2 ~ 003" «0.04
0.06 019



HEVEA BREEDING SUB-STAT.ON, NETTANA, KARNATAKA

Theexperimental farm comprisesan area
of 47.6 ha wherein different trials on clone
evaluation and other breeding trials have
been laid.

1. Yield and exploitation systems

Two experiments are constituted in this
trial, one planted in 1987 and the other in
1988 to compare the effect of different sys-
tems of exploitation on the yield of the con-
stituent clones and also tile growth ofclones
Each experiment comprised of five clones
planted in a split plot design. In the first
experiment, clone PB 235 was superior in
growth in terms of average girth (74.73 cm)
while RRII 300 was poor in girth (60.48 cm)
(Table Kar. 1). The percentage contribution
to the annual growth was more during the
second quarter (40.41 %) followed by the first
quarter (30.41 %). The last quarter contrib-
uted the least to the growth (12.58 %). In the
second experiment, clone RRII 118 showed
better growth by means of average girth
(72.22 cm) while PR 255 was poor in girth
(52.83 cm). The highest percentage contri-
nntfnot0 § rovvt® vvns by the third quarter
(. Q08 %) while it was lowest during the last
quarter (21.84 %).

The trial initiated during 1987 was under
thud year of tapping. The data on dry mbber

Mean girth (cm)

tap * * *

S h iystm8oTt"

Snd PB 311 RRn 105"~ 300,PB2® . PB260

foOield Amonte thaigd Signifi= » variation
oryield among the clories tapping systems

months as well as interaction between these
factors. RRII 103 recorded the highest yieki
of 83.73 g/t/t, while RRII 300 recorded the
lowest (42.611 g/t/t,. Similarly, under the
different tapping systems, system 5 regis-
e«c ? ! Mhestyield of 106.97g/t/t while
1/-. d/4 6d/7 with stimulation level 2
system of tapping recorded the lowest yield
of 38.47 g/t/t. The peak yielding months
were November (106.31 g/t/t) followed
by December (94.99 g/t/t) and October
(92.21 g/t/1).

2. Crop improvement
2.1 Evaluation of ortet clones

This trial constituted of three experi-
ments laid out with the common control
clones RRII 105, RRIM 600 and GTI. The first
two experiments have 17 clones each and the
third experiment had 14 clones. Among the
control clones, RRIM 600 showed better

Table Kar-1 Growth performance of different clones in 1987 and 1988 experiments

Percentage girth increment,

cieni
r~ APr il M1 October January
1.002 1134 0522 0571
1.620 2195 0.622 0.492
1806 0632 0345
1164 1.803 0.926 0718
1070 1424 0934 0631
1332 1770 0.727 0551
1320 1.180 2.280 1830
1.450 1.260 1510 0.980
0.980 1.560 1610 1220
1.490 1.470 1.500 1.250
1.210 1.370 1650 0.840
1.290 1.368 1710 1224
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Thefirstexperiment for the evaluation of
rmxtern clones was planted in 1989 and con-
sisted of 14 clones. The second experiment
for the evaluation of second selections and a
fewmodern clones was planted in 1990 and
consisted of 15clonts

In the 1989experiment, RRII 203 registered
better growth (70.44 cm) while Haiken 1con-
tinued to show poor growth (46.49 cm). In
the 1990 experiment, clone PB 235 registered
better growth (58.35 cm) while Tjir 1exhibited
the lowest growth (48.38 cm) (Table Kar. 2).

2.3 Composite clone trials

This constitutes of three small - scale ex-
periments planted in 1991. The first experi-

w2 Performance of clones in large-scale Irials
1969 Experiment 1990 £xperiment

Clone Girth cm)  Clone Girth (cm)
RRfl 105 59.19 bed RRII 105 54.00 a-c
RRI1 203 7044 a HP 185 52.97 a-f
RRII 300 58.90bed  HP 187 50.65 c-f
RRI1 308 60.83bed  HP 204 50.09 def
RRIM 600 55.78 de HP 223 56.50 ab
PD 255 59.78bed  HP 372 56.46 ab
PR 255 50.10 fg PB 217 53.70 a-f
PR 260 57.50 cd PB 235 58.35 a
KRS25 60.98bed  PB 260 5820 a
KRS128 64.02b PB 311 5371 a-f
KRS 163 61.81 be 1128 52.67 b-f
SCATC 88 -13  52.21 ef MIL3/2 5437 ad
SCATC93-1H 5091efg  GTI 55.86 abe
Haiken 1 46.49 g Gil 48.83 ef

Tiir 1 48.38

- Clone’s followed by same letters are not significantly
different by DMRT at 0.05

mrt* a#it**ied at 16done* while «<*m"Witrory
m d thtrd e%pertmenl* included 13 clones
tack with GT 1» the common control.
Oe»ld**, RRIl 105 ha* been included in
r*pert/nenl land 2 while RRIM 600 included
in experiment 1 and 3. GT | recorded an
average girth 0f49.17,49.26 and 46.51 cm in
fhe three experiments respectively. In the
experiment 1, clones vtz-, PB 235, PB 2£0, PB
217. PB 310, PB 314 and RRIC 100 showed
better growth performance. In the second
experiment RRII 5, RRIl 308 and Nab 17
recorded better growth performance.

24 Estimation of genetic parameters

This trial consisted of 12 clones and their
respective half-sib progenies planted during
1990 with the objective of estimating the ge-
netic parameters. Considering the growth of
the clones, PB 235 registered the highest
growth (80.97 cm) while Tjir 1 recorded the
least (69.12 cm). Among the half-sibs, the
progenies ofclone PB 235 recorded the high-
est growth (66.00 cm) while the progenies of
IAN 873 registered the least (43.67 cm).

2.5 l'olycross garden

This trial consisted of nine pre-potent
clones that were planted in a polycross fash-
ion in order to evaluate their performance.
Girth recording has been initiated in 3 se-
lected plots of 9 x 9 dimension.

3 Crop protection

Survey on Con/nespora leaf disease was
conducted in major rubber growing areas of
Mangalore, Kundapur (Karnataka) and
Kanhangad (Kerala). In Coastal Karnataka,
higher disease incidence was noticed in
Subramanya where the CLP disease was first
observed in damaging dimensions. Puttur,
Sullia and Madikere, the adjoining areas of
Subramanya, recorded moderate incidence.
Kundapur and Belthangady registered fewer
incidences. In North Malabar, Kanhangad
recorded higher incidence followed by
Hosdurg and Nileshwar (Table Kar. 3).
Among the clones surveyed, the popular



jfrtoKM. 3. Average incidcnce of Corynespora leaf fall disease in different locations during three survey seasons

Location 1998

26.42 (3n.00) be
24.85 (20.17) ¢

36.00 (36.26) be
40.46 (38.82) abc
32.50 (33.94) be
52.26 (46.57) a

45.42 (42.12) ab

Disease intensity (%)
1999

31.14 (3330) b
29.83 (32.51) ¢
5856 (5032) a
58.96 (51.44) a
53.11 (47.04) ab
66.00 (56.12) a
6135 (52.13) a

2000
1745(23.%) d
15.82(22.98) d
32.87(34.07) abc
34.20(34.93) abc
31.64(33.04) a-d
36.56(36.47) ab
38.80(37.76) a
18.00(24.44) cd
3.80(27.95) bed
39.40

Figures in parentheses indicate arcsine transformed average values.
Location means having same letters under each season are not significantly different by L.S.D test at 5% level.

done RRII 105 widely planted in these loca-
tions showed severe infection as compared to
otherclones (Table Kar. 4).

Experiment conducted to evaluate the
water dispersible powder formulations of
fungicides for the control of Corynespora leaf
disease at Sampaje Estate, Sullia, Karanataka
showed that Mancozeb and Carbendazim
were superior lo copper oxychloride (COC)
and Bordeaux mixture (1%).

Experiments were conducted in rubber
plantations owned by Karnataka Forest De-
velopment Corporation Ltd. (KFDC) with oil
dispersible powder formulations of

(mixed) liquid formulation of Mancozeb.
Results of the experiment indicated that
Mancozeb both liquid and powder formula-
tions were more effective and recorded less
disease incidence. COC mixed with
Mancozeb and COC alone were also found
to be effective for disease control.
Experiment carried out at plantations of
KFDC Subramanya division with
Hexaconazole (2% dust), Carbendazim (1.5%
dust) and Tridemorph (1.5% dust) indicated
that Hexaconazole dust was more effective.
However, Carbendazim and Tridemorph dust
also recorded less disease incidence and were
equally effective for the disease control.

Mancozeb, COC and Mancozeb + COC

different clones in nine locations
Clone KPR BTD PTR SLA SBM MDK
RRII 105 281a 230a 320a 315a  3.37a Loob
PB 260 1.40be  122b  180b 168b  220b 117b 221D ;g:g oo
GTl 050d 047d  0.67c 082c  086c 065c 0.75e o97d 080
RRIM 600 0.80cd  0.78¢ 1.00¢ 0.84c 117¢  097¢ ;;;S 107 .
PB 217 1.47b 123b  179b 157b  212b  213b 22 be
PB 235 207b  200b  204c

KGD: Kanhangad, NLS: Nileshwar, HSD: Hosdurg
Clone means having same letters under each location

Diseasescore: 0.00: No disease; 0.01 - 1(X): Very light; 1.01 - 2.00 Light, tu

401 - 5.00; Very severe

i...iqd lestat si:, level
Moderate: 3.01 -4.00: Severe;

HEVEA BREEDING SUB-STATION, PARALIYAR, TAMIL NADU

The research projects being pursued in
Ihis station are two onfarm trials at New
Ambadi Estate, Maniankuzhy, three large-
scale clone evaluation trials initiated as part
°fWorld Bank Assisted Project and one unit

of the multilocational done evaluation trial,
undertaken by the Botany Division.

Evaluation of clones
With a view to generate new clones with



Green budded stumps of RRII 105and PB 215
A A . A were planted in root trainers and polybaes
bree_dlng orchards were laid out in an nd observations were recorded evprv
area of five ha and a totgl of 51 parental month. Pattern of root development was
clones were planted at wider spacing. By  ;pqop 0 by visual and destructive sam
constant pruning and pollarding of pling. Initially growth was found better in
branches, the canopy of the parental plants polybags, but growth was found to be more
were maintained in such a way that hand  \jgorous in root trainers from second whorl
pollination could beatfempted conveniently  gnwards. Tap root reached bottom of
from theground itself. Hand pollination was  polybags 6 to 8 weeks alter planting and
attempted with different parental combina-  coded inside. In root trainers, coiling was
tions. 11,e hybrid plants obtained from hand  avoided completely. They were planted in
pollination, carried out during 1997 and  field m RBD with four replications.

high yield and promising secondary charac-
ters, this project was initiated during 1987.

3~ Polyclonal seed garden
A project was initiated to establish a se-

40 As P ff
ielders wer K'>d.md With PAV r | s dSarde"sinthisre...

H:lﬁgwood nurdafydens LerE ity Xmodem high yielding dones as parents.
A seed garden was initiated at New Ambadi

Standardisation of root trainer nursery ~ Estate, Maniankuzhv. Plantingw ashed
A field trial was initiated to compare the ~ outasone-directional polycross design ofnine
performance of plants in root trainers and rental’ ,  fiCent M 'bag plants of the pa-
polybag, after transplanting to the field ental clones have been maintained for \'i-
cancy fillmg during the nextplanting seasc,n.

evaluation.13156" AN PAary

°rtet selection programme

2.

LIBRARY and documentation centre
The library continued its important role
of communicating and disseminating infor- ®~W utesasper request and also pro-
mation on natural rubber and allied subjects  cured 16 numbers of photocopies/renrints
. . of articles by inter-library loan servKv:.!
m icfs a'd . (E’Jlec n' lgformf‘mqn
ices and publicafions. The library facili’ 3, computerization activities

s
sen
iTdr
[P — :
Ladhd Hoiars and %ﬁ:aaéntsqumm rﬁ‘lsvtg :

faX‘ended ® “ ufacturers

d
B e
esearch sc

1. Library resources development
E vl from the above databases.

4m  Publications

S S S & N S S W sfcratfilhh has5r° Ughtouta hook,
i oM W =

) _ _ Crop PISSEsiy " as A %evise @ EN&NY
Documentation and Information services

Productfont'iH"ndbOok Natural Rubber

X b«L "r PUbUshed d‘™ S 1980.

cultivation NPA/cts of natural rubber

crop The centre al*3”~ processing of the

2.

articles were sent to various librar-



agrometeorology

Monthly rainfall datj for 22 years since
1976, covering 12 districts of Kerala was col- of dall
lected from the Indian Meteorological Depart- ~ District No. of year Mann-Kendall rank
ment (IMD). Rainfall data was also collected  Trivandrum Correlation coefficient
Kollam oo

from the plantation tracts representing each 8
Alieppy

district. Mann-Kendall rank statistic testat95% | i 0.31
level of confidence was used for finding the ¢ -\iiam 0.05
trends in rainfall, if any. No specific trend has  Thrissur g;;
beenobserved in any of these districts and the ~ Palghat 0.06
state as a whole (Table Agromet. 1). Planta- ~ Malappuram 0.03
tion area showed an increasing trend in an- ‘fvaa';::ad 0.15
nual rainfall. Contribution of post monsoon .- - 0.04
rains to the annual rainfall is notable. How-  asaragod g;z

ever, more data are to be analysed to confirm
theresults. Disease initiation and progress at
HBSS, Nettana and CES, Chethackal has been
observed in the unsprayed areas to find out The meteorological data recorded from
theenvironmental conditions congenial forthe  gjfferent stations are summarised in Table
outbreak of the diseases. Weekly disease in-  Agromet. 2.

tensity has been calculated in the case of pow-
dery mildew disease.

Table Agromet. 2. Meteorological data from different station

iviax. Mm RH %) Wind Sunshine Evapo- Rainfall
Temp Temp. speed () raion  (mm)
c) (c) AM PM (km/h) (mm)
33.0 215 84 49 14 78 41 000
346 233 88 51 16 85 46 041
353 246 90 57 19 8.4 013
324 245 87 69 17 48 204
306 23.7 93 78 13 45 565
303 233 95 80 13 5.6 612
29.4 229 97 86 16 32 25 474
303 234 9% 84 17 5.6 215
32.0 234 95 80 16 72 4.0 061
304 229 87 74 14 45 23 796
326 23.0 93 64 10 45 23 209
333 224 90 56 10 76 37 007
343 19.8 85 62 15 5.2 008
35.4 20.0 89 45 8.1 126
35.9 223 o1 48 91 49
32.5 22.9 o1 70 5.3 432
31.0 231 92 78 39 541
305 2256 93 73 5.8 536
29.3 22.4 9 82 3.3 580
30.3 224 91 7 52 244
318 223 92 64 7.0 119
307 22.4 92 70 43 961
32.9 21.6 91 61 6.9 97
34.0 20.9 88 54 45 out



Guwabhati
January
February
March
Aprii

May
June
July
August
September
October
November
December

Agartala
January
February
March
April

May

June

July
August
September
October
November
December

Tura
January
February
March
April

May

June

July
August
September
October
November
December

Kolasib
January
February
March
April
May
June
July
August
September
October
November
December

Table Agromet. 2. Meteorological data from different station (continual)
RH (%)

Max
Temp.

248
295
32.6
335
314
332
31.9
318
32.1
30.0
29.1
259

27.0
28.3
335
34.5
32.9
31.7
311
30.7
31.4
30.7
304
27.9

25.5
283
312
311
305
30.4
30.2
28.3
29.6
29.5
27.6
258

28.6
331
35.1
36.1
343
34.3
34.1
33.6
33.8
33.3
317
29.5

Min
Temp.

[ A

115
148
146
19]
20.6

242
243
247
24.0
224
182
12.9

25.5
249
25.6
25.3
25.7
24.7
241
198
124

7.7
106
128
19.0
20.1
225
21.8
223
20.5
195
156
309

1.7
126
153
211
21.4
22.4
22.8
229
226
227
17.4
133

Wind

2.7

12
0.6

71
72
75
4.0
23
3.2
2.4
4.8
25
59
59

Sunshine Evapo-

(h)

4.7
5.4

71

8.1
6.4
45
35
35

3.9
5.0
76
7.9

6.5
71
7.2
75
4.0
23
3.2
2.4
4.8
25
59
59

ration
(mm)

14
25
3.8
45
35
2.6
3.0
3.4
2.6
2.0

19

24
2.7

35
3.0
26
2.8
25
2.3
2.8
31
2.3

2.7
3.1
2.0
14

0.9
0.9
18
2.3

Rainfall
(mm)

000
000
000
017
158
220
240
311
135
136
002
013

000

117
008
216
270
470
338

273
001
002

000
000

285
289
438
171
515
034

000
000

000
000
129
045
405

343
281
302
199
017
001



Min. o C__ ol smmmmt N
Month Wihd Sufshine Evapo- Rainfall

Temp Temp speed e
c) (°c) AM PM  (km/h) (mm)
Nngrakatta
26.8 55 94
ey mio s w o opoopo 1m
78 21 000
March 306 125 87 a2 06 84 32 016
April 320 218 84 57 038 59 as 203
May 311 247 94 70 01 4.9 4.6 313
June 315 24.7 96 75 0 3.9 19 487
July 317 257 96 84 30 26 1158
August 307 24.9 92 82 24 a1 i
September 31.3 25.1 90 78 47 3.1 524
October 308 22.2 90 67 5.9 16 143
November 29.7 16.0 90 54 8.3 19 082
December 26.8 108 95 55 78 19 000
Dapchari
January 304 13.1 95 81
February 34.0 17.1 92 69 000
March 36.1 186 85 65 000
April 36.6 22.7 20 000
May 35.0 25.7 31 008
June 319 25.6 89 72 13 568
uly 29.1 25.1 93 88 14 640
August 20.1 251 93 88
September 30.7 24.0 95 76
October 332 218 90 67
November 33.6 17.0 84 49 8.9 - 000
December 32.6 14.1 83 45 838 000
Dhenkanal
January 215 8.9 87 44 83 33 000
February 317 14.9 93 42 9.0 45 000
March 38.1 19.1 84 35 9.2 6.3 000
April 413 242 o1 86 95 79 014
May 36.8 23.2 84 7 7.8 58 16
June 33.2 236 89 83 58 3.4 194
luly 316 23.8 %0 76 3.3 34 253
August 31.6 229 91 80 45 13 410
September 31.0 23.0 92 81 39 25 193
October 208 21.0 93 82 72 3.2 583
November 27.2 142 94 76 78 14 000
December 263 121 89 75 8 28 000
Nettana
January 34.0 15.4 88 44 000
February 36.7 17.7 89 36 91 000
March 37.0 220 87 40 82 9%
April 49 036
353 22.7 87
May 72 398
June 315 22,9 91 G b
uly 29.8 223 92 1718
27.4 222 93 88 836
August 200 22.7 92 81 220
September 315 22.2 a1 70
October 315 22.6 92 84 3: 7e0
November 335 20.1 87 68

2Sgember 335 173 85 55



Table Agromet. 2. Meteorological data from different station (continued)

Ma* RH (%) Wi"dl Sunshine Evapo- Rainfall
Temp Temp, - spm (h) ration  (mm)
_J19__ cQ AM PM  (km/h) (mm)
Paraliyar o
January 32,0 21.0 93
52

February 336 225 93 52 79 ors
March 35.4 22.8 89 49 8.1 007
April 325 24.2 91 69 } ol
May 30.8 24.2 93 73 o
June 30.2 235 93 73 2o
July 29.7 243 83 72 ot
August 31.2 23.9 o1 e
September 33.0 22.9 92 61 %00
October 20.7 23.0 97 83 o4
November 316 22.8 95 o o
December 318 216 89 57 o

annual expenditure

Expenditure.ataglance 1999-2000ai.yyy-/uuu
~e-—mms r

Head of Account

General charges

Schemes

Projects (CES) ™f
Total 11453
Plan 550-53

General charges

Schemes 110.99

NERDS Research Component i ol
Total HERY 136-36
World Bank Project 421.82

170.59

Grand Total
1142.94
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TV. Kurian Assistant Farm Superintendent



Plant Physiology and Exploitation Division

'K.R. Vijayakunw, M .Se.(Ag.), Ph.D.

James Jacob, M .Sc.(Ag.), Ph.D., DIC, Ph.D.

*N. Usha Nair, M.Sc.(Ag), Ph.D
P. Sobhana, M.Sc

Molly Thomas, M.Sc., Ph.D.
*K.U. Thomas, M.Sc., Ph.D

R. Krishnakumar, M.Sc., Ph.D.

*R. Rajagopal, M.Sc., M.Phil., Ph.D, Dip. Stat

K. Annamalainathan, M.Sc., M.Phil, Ph.D
D.Bhuvanendran Nair, M .Sc., Ph.D.

s. Sreelatha, M.Sc

Badre Alam, M.Sc., M.Tech., Ph.D

K. Karunaichamy, M.Sc., Ph.D

M.B. Mohammed Sathik, M.Sc., M.Phil
*+Jayasree Gopalakrishnan, M.sc., M.Phil
N. Geetha, M .Sc., Ph.D

s. Visalakshy Ammal, B.Sc.

C.C.loseph

*C.G. Varghese

Rubber Chemistry, Physics and Technology Division
Baby Kuriakose, M .Sc., LPR1, Ph.D., PGDPM

K.T Thomas, M.Sc., LPR1, M.Tech., Ph.D
N.M.Claramma, M .Sc
Mariamma George, M.Sc. Ph.D

N. Radhakrishnan Nair, M.Sc., M.Tech.,, PGDHRM, Ph

Jacob K. Varkey, M .Sc., M.Tech
Leelamma Varghese, M.Sc., PGDHRM

Rosamma Alex, M.Sc., LPRI, M .Tech, Ph.D

*siby Varghese, M.Sc., Ph.D
K.N. Madhusoodanan, M.Sc

Benny George, M.Sc

C.K. Premalatha, B.Sc., LPRI, Dip. NRP
C. Madheswaran, B.A

Agricultural Economics Division
K. Tharian George, M.A_, Ph D.
P. Rajasekharan, M.Sc.(Ag.), Ph.D.
Toms Joseph, M.A
Binni Chandy, M.A., B.Ed
S. Mohanakumar, M.A., M.Phil.
S. Veeraputhran, M.A., M. Phil
P.K. Visvvanathan, M.A
S. Lekshmi, M .Sc.(Agj

World Bank Scheme
'M.A. Nazeer, M.5k., Ph.D.

Joint Director

Deputy Director

Senior Scientist (BC)

Plant Physiologist

Scientist S3

Scientist S3

Scientist S3

Plant Physiologist

Plant Physiologist

Scientist S3

Scientist $3

Environmental Physiologist
Scientist (ES)

Scientist S2

Scientist S2

Junior Scientist

Assistant Technical Officer
Assistant Farm Superintendent
Assistant Farm Superintendent

Joint Director (Rubber Technology)
Deputy Director

Rubber Chemist

Scientist S3

Scientist S3

Scientist S3

Scientist S3

Rubber Technologist

Scientist (Rubber Technology)
Rubber Chemist

Scientist S2

Assistant Technical Officer
Technical Assistant (Glass Blowing)

Deputy Director
Economist
Economist
Scientist S2

Junior Scientist

Junior Scientist

Junior Scientist
Junior Scientist

Joint Director (PM)



Regional Research Stations
Thomson T. Edathil, M.Sc., Ph.D
Statistics Section
T.V. Mathew, M.C.A,, M.CS.E
Ramesh B. Nair, M.Sc.(Ae. St)
’B. Biju, M.Sc., PGDCA
Library and Documentation Centre
Mercy Jose, B.Sc., M.L.1.Sc
Accamma C. Korah, B.Sc., M.L.1.Sc
Kurian K. Thomas, B.Sc., M.L | Sc
AS. Ajitha, M.A, B.L.1.Sc.
Instrumentation Section
S. Najniul Hussain, M.Tech., AMIETE
Thomas Baby, M.Sc,, M.Phil Ph D
R- Rejikumar, M.Sc., M.Tech’
Art/Photography Section
K.P Sreeranganathan
Maintenance Wing
E.R. Subramanian
Administration Section
T.R. Mohankumar
PC. Joseph
T.M. George
Annamma Joseph
K.P. Chandrasekharan Nair
Accounts Section
*G. Rajasekharan Nair
PJ- Franklin Raphy
R-Muraleedharan Pillai
J- Anandavally Amma
Experiment Station at RRH
S. George
Security Wing
C.K. Abraham, B.A., B.Ed.
Chethackal, Kerala
Jacob Pothen, M.Sc.(Ag.)
Jacob Abraham, B.Sc., M.B.B.S.
Zacharia Kurian, M.Com., AC.A
Mary Varghese, M.Sc.(Ag.)
N- Bhargavnn
M.D. Isaac
K.S. Thomas
Annamma Andrews, H.S.C.
'eT. Varghese
M.T. Varghese
T.R. Divakaran

Deputy Director

Programme Analyst
Assistant Statistician
Computer Assistant

Documentation Officer
Senior Librarian

Junior Publication Officer
Librarian (Documentation)

Instrumentation Engineer
Instrumentation Officer
Assistant Instrumentation Officer

Senior Artist/Photographer

Assistant Estate Officer

Deputy Secretary (up to 14.12.1999)
Assistant Secretary

Administrative Officer

Assistant Section Officer
Assistant Section Officer

Dy. Director (Finance)
Assistant Director (Finance)
Assistant Accounts Officer
Assistant Section Officer

Assistant Farm Superintendent
Assistant Security Officer

Deputy Director

Medical Officer

Accounts Officer

Junior Scientist

Farm Superintendent

Ass,slant Estate Superintendent
Assistant Section Officer

Nurse (HC)

Assistant Farm Superintendent
Assistant Security Officer
Assistant Farm Superintendent



Regional Research Station, Padiyoor, Kerala
Radha Lakshmanan, M.Sc.(Ag.), Pli.D.
P.M. Narayanan

Regional Research Station, Guwahati, Assam
Dhurjati Chaudhuri, M.Sc.(Ag.)
Gopal Chandra Mondal, M.Sc., Ph.D.
Ram Phool Singh, M.Sc,(Ag.), Ph.D.
Debashis Mandal M.Sc.
Tankesvvar Gohain, M.Sc.(Ag.)
AX. Hazarika, M.Com.

Regional Research Station, Agartala, Tripura
Sushil Kumar Dey, M.Sc., Ph.D.
P. M. Priyadarshan, M.Sc., Ph.D.
'M X Sudhasoumyalatha, M.Sc., Ph.D.
Gitali Das, M.Sc, Ph.D.
Shammi Raj, M.Sc., Ph.D.
Krishna Das, M.Sc., Ph.D.
S. Sasikumar, M.Sc.
“Santhanu Roy, M.Sc.(Ag.)
Mrinal Chaudhuri, M.Sc.(Ag.)
Joy Joseph, M.Sc.
Jiban Chakraborty, B.Com.
*K X Kunjachan
N X. Balasubramaniyam

Regional Research Station, Kolasib, Mizoram
G.C. Satisha, M.Sc.(Ag.)

Regional Research Station, Tura, Meghalaya
A P. Thapliyal, M.Sc., Ph.D.
HX. Deka, M.Sc., Ph.D.
M.J. Reju, M.Sc.
K. Arunkumar, M.Sc., M.Phil.

Agronomist
Assistant Farm Superintendent

Deputy Director

Plant Pathologist

Scientist S2

Scientist S2

Junior Scientist (up to 19.11.1999)
Assistant Accounts Officer

Deputy Director

Plant Breeder

Scientist (CE) (resigned on 12.05.1999)
Plant Physiologist
Agrometeorologist

Scientist S2

Junior Scientist

Junior Scientist

Junior Scientist

Assistant Rubber Processing Technologist
Accounts Officer

Assistant Farm Superintendent
Assistant Section Officer

Soil Chemist (on study leave)

Deputy Director

Scientist S2
Junior Scientist
Junior Scientist

Regional Research Station, Nagrakatta, West Bengal

Haradhan Bhowmik

Regional Research Station, Dapchari, Maharashtra

Meena Singh, M.Sc.(Ag.), Ph.D.
Gawai Prakash Pandharinath, M.Sc.fAg.)
K.N. Vijayachandran Nair

V.J. George

Regional Research Station, Dhenkanal, Orissa

Chandra Gupta, M.Sc.(Ag-), Ph.D.
T.S. Sukumaran Nair
P.J. George

Assistant Farm Superintendent

Plant Physiologist (from 24.05.1999)
Scientist S2

Assistant Section Officer

Assistant Farm Superintendent

Agronomist
Assistant Section Officer
Assistant Farm Superintendent



Regional Research Stalion, Sukma, Madhya Pradesh

*Bal Krishnan, M.Sc., Ph.D. . .
KN Ra0. M.SC.(A Scientist (Germplasm Evaluation)
- Nageswara Rao, M.Sc.(Ag.) Junior Scientist
Hevea Breeding Sub-station, Netlana, Karnataka
K.K. Vinod, M.Sc.(Ag.) Plant Breed
M.J. Manju, M.Sc (Ag) 3 _an S .reel.ei
M. Sasikumar, M.Sc (Ag) uniorscientis
Junior Scientist
C.K. Thomas . :
Assistant Farm Superintendent
Hevea Breeding Sub-station, Paraliar, Tamil Nadu
T.A. Soman, M.Sc., M.Phil., Ph.D. L
- Scientist S3
V. Vijayan N N
Assistant Farm Superintendent

Regional Soil Testing Laboratory, Adoor, Kerala

Thomas Happen, M.Sc. . I
Junior Scientist
Regional Soil Testing Laboratory, Muvattupuzha, Kerala
C.P. Mary, M.Sc.
s Assistant Technical Officer
Regional Soil Testing Laboratory, Calicut, Kerala
Joyce Cyriac, M.Sc. R L
PK. Madh ddh B.S Junior Scientist
1% Madhusoo anan, B.3¢. Senior Scientific Assistant

* Under World Bank Scheme
Under World Bnnk Scheme on working arrangement



research

establishments

rubber RESEARCH INSTITUTE OF INDIA
Rubber Board, Kottayam - 686 009, Kerala, India

Phone :353311-20 (10 lines,

"1™ « r«M*rboard.co,n

REGIONAL RESEARCH STATIO\ S

Centra] Experiment Station
RRII, Rubber Board, Chethackal
Inompikandom P.O.

Ranru, Pathanamthitta - 689 676
Kerala.

Phone: 91473 526130 / 561176

Regional Research Station
RRII, Rubber Board, Bhalukjn Tilla
Kunjaban P.O.

Agartala-799 006

Tripura.

Phone :91 381 225287

Fa* : 91 381 323149

Email: agtns@dte.vsnl.net.in

Regional Research Station
RRII, Rubber Board
Padiyoor P.O.

Kannur - 670 703

Phono :91 498 273003

Regional Research Station
RRIIl, Rubber Board

Central Block Il (1» fioor)
Housefed Complex

Beltola Basista Road

Dispur, Guwahati - 781 006
Phone : 91 361 228220 / 228245

Email: dydirectl@sanchamet.in

Regional Research Station
RRIIl, Rubber Board
Dapchan - 401 610

Thane District
Maharashtra.

Phone :91 2521 20071

Fax : 9! 481 353327

E-mail: rrii@vsnl.con,

Hevea Breeding Sub-station
RRII, Rubber Board

College Road, Kadaba -574 221
D.K. District Karnataka

Phone : 91 8251 60336

Hevea Breeding Sub-station
RRII, Rubber Board
Tliadikarankonam P.O.
Kanyakumari - 629 851, Tamil Nadu
Phone: 91 4652289119

Regional Research Station
RRII, Rubber Board

Dhenkanal-759 001, Orissa.
Phone : 91 6762 34946

Regional Research Station
RRU, Rubber Board, Sukma - 494 111
Bastar, Chattisgarh.

Phone : 91 778284 2301

Regional Research Station
M« rBMrd' Tura-~ 001
Phone : 91 3651 23965

EBf\“’n 31 Roseai'cl’ Station
Il. Rubber Board

Grassmore, Nagrakatta

BLBAd9Yr 585 733, g est Benoal

RR?] OR ai,ReSCarch Slalio"’

Sram bbCTB°ard'Ko,- b-~081

Phone: 91 3837 20357


mailto:rrii@vsnl.con
mailto:agtns@dte.vsnl.net.in
mailto:dydirectl@sanchamet.in

REGIONAL SOIL TESTING LABORATORIES

Regional Soil Testing Laboratory
Hevea Breeding Sub-station

RRII, Rubber Board

College Road, Kadaba - 574 221
D.K. District, Karnataka

Phone : 91 8251 60336

Regional Soil Testing Laboratory
Rubber Board Regional Office
Taliparamba - 670 141

Kerala.

Regional Soil Testing Laboratory
Rubber Board, East Nadakkavu
Kozhikode - 673 Oiil.

Kerala.

Regional Soil Testing Laboratory
Rubber Board, Peramangalam

Manappady, Trichur - 680 545, Kerala.

Regional Soil Testing Laboratory
Rubber Board, P.O. Junction
Moovattupuzha - 686 661

Kerala.

Regional Soil Tesiing Laboratory
Rubber Board, T.B. Road

Pala - 686 575
Kerala.

Regional Soil Testing Laboratory
Rubber Board, Arm’s Buildings
Old Church Junction

Kanjirappally-686 507
Kerala.

Regional Soil Testing Laboratory
Rubber Board,

Parvathy Mandiram

K.P. Road,

Adoor - 691 523

Kerala.

Regional Soil Testing Laboratory
Rubber Board

East Benglow

Nedumangad - 695 541

Kerala.



Research divisions and functions

The major research divisions are Agronomy and
Soils; Biotechnology; Botany; Germplasm; Mycology
and Plant gy; Plant gy and i
Rubber Chemistry, Physics and Technology and
Agricultural Economics.

The thrust areas of research of the Agronomy and
Soils Division are investigations on the nutritional
requirements of rubber, soil and water conservation,
intercropping, weed management and the study of the
rubber growing soils. Development of tissue culture
and anther culture systems for propagation and crop
improvement of Hevea are the important areas in which
the Biotechnology Division is engaged. The important
fields of research of the Botany Division are breeding
evaluation and selection of new clones, propagation
techniques, planting methods, anatomical studies and
cytogenetic investigations. The Germplasm Division
is concentrating on the introduction, conservation and
evaluation of Hevea germplasm. The Mycology and
Plant Pathology Division is engaged in investigations
on thediseases and pestsof rubber and associated cover
crops and their control. The Plant Physiology and

i Division tsshjdies on i icati
of characteristics related to yield, physiology of latex
flow and yield stimulation. The Rubber Chemistry,
Physics and Technology Division concentrates on
improvement in primary processing of rubber, its
chemical modification, rubber product manufacture and
quality control of processed rubber. The Agricultural
Economics Division undertakes studies on economic
aspects related to rubber plantations

The research supporting sections include Library
and Documentation, Instrumentation, Statistics,
Computer and Art/Photography. There is also a small
experimental farm of 33 ha at the headquarters of the
RR

Central Experiment Station

The 255 ha Central Experiment Station at
Chethackal (Ranni), 50 km away from Kottayam, was
started in 1966. Field trials laid out by the research
divisions cover almost the entire area.

Regional Research Stations

fhe RRII has established a North-Eastern Research
Complex with headquarters at Agartala, having
regional research stations at Agartala in Tripura,
Guwabhati in Assam, Tura in Meghalaya and Kolasib in

Mizoram. The RRII has also set up regional research
establishments at Dapchari (Maharashtra), Dhenkanal
(Orissa), Nagrakatta (West Bengal), Sukma
(Chattisgarh), Paraliyar (Tamil Nadu), Nettana
(Karnataka) and Padiyoor (Kerala)

Regional soil testing laboratories have been
established at Mangalore, Thaliparambu, Kozhikode,
Thrissur, Muvattupuzha, Pala, Kanjirappally, Adoor
and Nedumangadu. Mobile units for soil and leaf
analysisareavailable at the Kozhikode, Muvattupuzha
and Adoor laboratories, apart from that at the
headquarters.

National /International collaboration

The RRII is a member of the International Rubber
Research and Development Board (IRRDB), an
association of national organizations devoted to
research and development on natural rubber. The
Rubber Board isa member of the Association of Natural
Rubber Producing Countries (ANRPC).

The RRII has research/academic linkages with the
Banaras Hindu University (Varanasi), Kerala
Agricultural University (Thrissur), Kerala University
(Trivandrum), Mahatma Gandhi University (Kottayam),
Cochin University of Science and Technology (Kochi),
Indian Agricultural Research Institute (New Delhi),
Indian Institute of Sciences (Bangalore), Indian Institute
of Technology (Kharagpur), National Chemical
Laboratory (Pune), University of Agricultural Sciences
(Bangalore) and University of Goa (Goa)

Publications
Books

Natural Rubber; Agromanagement and
Crop Processing

Rubber Wood : Production and Utilization

Plant and Soil Analysis

Serials

Indian Journal of Natural Rubber Research
RRIl Annual Report

Correspondence

The Director

Rubber Research Institute of India
Kottayam - 686 009, Kerala, India
Phone 91 481 353311 (10 lines)
Fax © 91 481 353327

Email rrii@vsnl.com

Website : www.rubberboard.com
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