


Rubber Research Institute of India

Annual Report 2001-2002"
ISSN 0970 2490
CODEN ARRIEU

Publisher
Dr. N.M. Mathew

Editorial Committee

Convener
Dr. K.R. Vijayakumar

Co-convener
Dr. Vinoth Thomas

Members

Mr. T.R. Chandrasekhar

Dr. Kochuthresiamma Joseph
Smt. Leelamma Varghese
Smt. S. Sreelatha

Dr. G.C. Satisha

Dr. Saji T. Abraham

Smt. Binni Chandy

Secretary
Mr. Kurian K. Thomas

Cover Design
Creative Minds, Kottayam

October 2003

‘ With particulars of personnel as on 31.03.2002

The Rubber Research Institute of India (RR11), under
the Rubber Board (Ministry of Commerce and Industry,
GovernmentofIndia), 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 RRH 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. There are two international airports, one
at Thiruvananthapuram, 160 km south and another at
Nedumbassery, 95 km north to RRII

Functions

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

Organization

For the efficient discharge of its functions, the RRII
has established major research divisions and research
supporting sections at its headquarters and regional
research establishments at appropriate locations where
Hevea brasiliensis is commercially grown or is likely to
be grown.
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THE RUBBER BOARD

The Indian Rubber Board was consti-
tuted 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 (Amend-
ment) Act, 1994 (Act 33 of 1994), which is
now in force.

Organization

The Chairman is the principal executive
officer and exercises control over all depart-
ments of the Rubber Board. The Rubber Re-
search Institute of India (RR11) works under
the administrative control of the Board, the
Director being the head of the institution.
Besides RRII, there are six departments un-
der the Board viz., Administration, Rubber
Production, Processing & Product Develop-
ment, Finance & Accounts, Training & Tech-
nical 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
Mr. M.K. Balagopalan Nair
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 unprecedented growth achieved by the
natural rubber (NR) industry in India has been
the resultofsustained research and development
(R & D) efforts in various sectors of the industry
by fixing priorities in tune with the policy pack-
ages over time. Under the protected policy re-
gime, the initiatives in the NR sector were moul-
ded with the perceived objective of attaining self-
sufficiency in the production sector. However,
the launching of economic reforms in India since
1991, exposed the NR sector to international com -
petitions. Reformulating the R&D priorities in
the NR sector with a shift from self-sufficiency
to relative economic viability of various sub-sec-
tors within the rubber sector has thus become
imperative. Enhancing the efficiency in produc-
tion and marketing in terms of cost-effectiveness
has become the main objective to be achieved
In this context, apart from achieving productiv-
ity enhancement, other means of cost reduction
have assumed greater in NR
research.

importance

The Rubber Research Institute of India
(RR1I) has made substantial achievements in the
field of exploitation research by evolving low
frequency tapping (LFT) systems without any
reduction in yield that has been obtained under
third daily tapping systems. The introduction
of LFT systems such as fourth daily and weekly
with stimulation has enabled the NR production
sector to reduce the cost of exploitation which
accounts for a major share in the total cost of
production of NR- Under the third daily tapping
system, yield can be enhanced upto 30% with
three or four stim ulations per year and the same
yield can be achieved by fourth daily or weekly
tapping with increased frequency of stimulation.
During the year under review, LFT was extended
to more than 20,000 ha. Controlled upward tap-
ping (CUT) of 1/4S cut at the third daily fre-
quency, with stimulation at 20 days interval, was
found successful for medium yielding clones in
all the onfarm trials. Miniand reduced spiral cuts
were found useful forearly opening of trees. The
International Rubber Research and Development
Board (IRRDB) has recognized RRII as the cen-
tre for co-ordinating international research efforts
in exploitation technology.

The crop improvement programmes, both

in the traditional and non-traditional regions,
focussed on evaluation and selection of clones
with higher yield and better secondary charac-
teristics. The five promising clones viz., RRII 414,
RRIl 417, RRII 422, RRII 429 and RRII 430 con-
tinued to record superior yield under small-scale
trials and 49 hybrid clones and eleven ortets
yielded better than RRII 105. Characterization
and evaluation of the wild accessions atmorpho-
logical and molecular level were in progress. The
budded plants raised in root trainers at Paraliar,
Tamil Nadu exhibited superior results over nor-
mal polybag plants both in terms of growth and
cost-effectiveness. Under Tripura conditions,
RRI11 203 recorded maximum yield and the Bra-
zilian wild accessions available there were main-
tained well. In Assam, RRII 203 and RRIC 102
showed better growth and RRIM 600 had maxi-
mum yield. Polyclonal seedlings also performed
well. At Nagrakatta, West Bengal, SCATC 88/13
and SCATC 937114 recorded the highest yield
and girth respectively

After extensive optimization experiments,
embryo induction and plant regeneration fre-
quency of embryogenic callus cultures of RRII
105 could be enhanced considerably. Small scale
field evaluation of tissue culture plants devel-
oped through somatic embryogenesis using i
mature anthers of Hei'ea (clone RRII 105) was
initiated at CES, Chethackal. Another 200 plants
were made available for field planting. The plant
regeneration frequency of transgenic RRII 105
integrated with SOD gene under the control FMV
34s promoter could be enhanced and 10
transgenic plants were hardened and transferred
to polybags. The genomic and cDNA sequences
coding for (5-1,3 glucanase have been sequenced
and found to be a single exonic gene. The gene
is expressed constitutively in latex vessels of all
the clones studied.

It was observed that 250 silt pits per ha are
ideal since it could conserve 34 kg N, 18 kg P
and 25 kg K annually. Application of translocated
herbicides through Controlled Droplet Applica-
tors (CDA) reduced the costof weed control. Soil
nutrient has improved the status and physical
properties. Rubber litter decom position and ad-
dition of biomass of leguminous cover crops.
Sludge from crumb rubber factories has been




identified as a source of nitrogen suitable for
seedling nursery application. Discriminatory
fertilizer recommendations were issued to 4400
small holdings and 580 individual fields from
20 large estates.

In the non-traditional region of Assam, 60
kg N per ha has resulted in the highest yield,
latex volume and DRC. In Tripura, the studies
on NPK and their interaction revealed that 60 kg
each of N and P has significant effect on growth
and yield. The trials on the ecological impact of
rubber plantation on physico-chemical proper-
ties of soil have showed maximum amount of
organic C, available Pand K in soils under rub-
ber compared to other plantation species, viz..
teak and gamair. To generate additional income
from rubber plantations, sustainable cropping
systems with rubber, tea and orange were under
evaluation at Tura in Meghalaya.

A survey conducted in the traditional re-
gions in clone RRII 105 to assess the incidence of
abnormal leaf fall diseaseindicated that prophy-
lactic spraying can be judiciously avoided only
in South Kerala and Kanyakumari regions. Par-
tial substitution of spray oil with rubber seed oil
was found to be effective. High intensity of pow-
dery- mildew disease was noticed in all the clones
in Kanyakumari district. With regard topink dis-
ease Mundakayam and Thodupuzha are the
most disease prone areas and RRII 105 and PB
255 are the highly susceptible clones. Screening
of germplasm could identify accessions show-
ing resistance to Phytophihora, Oidium and,
Corynespora. Corynespora leaf disease in
Karnataka was observed to start during the first
fortnight of March, become severe by April and
recede in May. Dusting with hexaconazole (294
was found effective in disease management. As-
sociation of aviroid in tapping panel dryness is
suspected, based on the evidences obtained from
molecular studies. Bee keeping using Apis cerana
utdica was found to be more remunerative than
A. wellifera. An extensive survey in the north-
eastern states indicated incidence of powdery
mildew disease in most of the locations and
Periconia leaf blight in some locations in Assam,
Arunachal Pradesh and Meghalaya.

Physiological investigations showed that
high intensity light caused more damage to mem-
brane systems when combined with drought or

high temperature stresses. M easurement ofpho-
tosynthetic oxygen evolution in leaves was iden-
tified as a screening technique for drought and
high light stress tolerance in rubber. The photo-
synthetic light use efficiency and quantum yield
for photosynthesis were lower in powdery mil-
dew affected Hevea leaves. It has been established
that down regulation in PSI1 activity is associ-
ated with low temperature-induced cold injury
in rubber plants. High yielding clones showed a
significantly higher ATP and glutamine synthase
activity in the c-serum.

In the rubber processing area, ENR was
identified to be acompatibilizer in rubber - silica
composites, leading to the possibility of replac-
ing the more expensive silane coupling agent. A
method was developed for the production of
deprotenised latex in a single stage centrifuging
process using a proteolytic enzyme preparation.
Astudy was conducted on thestorage behaviour
of sheet rubber. A preliminary survey was car-
ried out on the quality of sheets from rubber
growing regions of Kerala and Tamil Nadu.

The study on the impact of the WTO Agree-
ment provided a comprehensive assessment of
its implications on the NR sector in India. A
study on the impact of new trade control mea-
suresimposed during 2001 indicated thatas long
as the difference in prices between domestic and
international market is attractive, NR imports
through the duty free channel will continue, as
there are well defined limitations in backtrack-
ing from the liberalized trade policy initiatives
pursued since 1991. The study on the timber
yield potential of certain Hevea clones in India
reported the highest timber yield for the RR11 200
series clones, compared to RRIM 600 and irradi-
ated clones.

The Institute continued its academic liai-
son with national and international research in-
stitutes and universities. The Indian Journal of
Natural Rubber Research continued as the main
dissemination channel for scientific information
and Volume 14,2001 was brought outduring the
year. RRII has published more than 60 scientific
articles in addition to participation and presen-
tation of papers by scientists in national and in-
ternational conferences. The library through its
services and publications continued to serve the
NR industry for their information needs.



AGRONOMY AND SOILS DIVISION

The research efforts to develop suitable
agromanagement techniques for profitable
rubber cultivation remained the primary
objective of the Agronomy/Soils division.
In depth studies on nutritional requirement,
integrated nutrient management through
organic and inorganic fertilizers, soil acid-
ity management through liming and zinc
nutrition were continued for improving the
fertility and productivity of the soil. Experi-
ments on soil and water conservation, weed
management, density of planting etc. were
continued. Possibilities of intercropping cof-
fee and cocoa during the immature and
mature phases were envisaged through
three separate field experiments. Similarly,
cultivation of perennial intercrops like cof-
fee, garcinia, nutmeg and vanilla were also
initiated through two new field experiments.
The feasibility of interplanting timber spe-
cies in rubber as well asthe effect of density
of timber plants on growth of rubber were
investigated through separate field experi-
ments.

Studies on the phvMcal and chemical
properties of rubber growing soils xriz, char-
acterization of soil organic matter, charac-
terization of soil acidity, organic phospho-
rus status, soil solution chemistry, gravel
content and effective soil volume were con-
tinued. Studies on rhizosphere biochemis-
try were initiated to understand the special
adaptive mechanisms at the root level tor
uptake of phosphorus under low plant avail-
able P status. Development of Rubber In-
formation System using remote sensing and
Geographic Information System (G1S) tech-
niques wiis initiated Two uniformity ex-
periments. one in immature rubber and the
other in mature rubber were continued and
individual tree wxser ations on soil proper-
ties and plant performance were recorded
to sugK- -1 suitable modifications 11the de-

sign of field experiments, recording of ob-
servations and statistical processing of the
data.

Advisory service to the rubber grow-
ers were provided through discriminatory
fertilizer recommendation. Studies on Diag-
nosis and Recommendation Integrated Sys-
tem (DR1S) approach is being continued for
further refinement of the discriminatory fer-
tilizer recommendation.

1. Nutrient management
11, Nutritional studies

The seedling nursery experiment at
Central Nursery, Karikkatoor was repeated
for the third year to study the residual ef-
fect of applied Zinc(Zn). Results from the
second experiment indicated significant
positive effect of Zn application on growth
of seedlings.

No significant difference in yield and
girth of plants was noticed between treat-
ments in the 1989 field experiment with RRII
105. The application of NPK at the rate of
90:30:40 kg/ha recorded the highest yield
of 90.92 g/t/t. The highest girth of 73.34
cm was attained by the application of NPK
at the rate of 60:30:40 kg/ha.

Along-term experimentin mature rub-
ber was initiated to evaluate the effect of
sequential skipping of fertilizers tor one or
more seasons/years on growth and yield.
Pretreatment girth, yield and soil nutrient
status were recorded.

Experiments to find out the possibility
of substituting K with Na in the nutrition of
rubber was conducted through two experi-
ments one in seedling nursery and another
in mature rubber Results from the seed-
ling nursery experiment indicated that
growth of seedlings were not influenced by



different levels of substitution. In the ma-
ture rubber also growth and yield were not
influenced by substitution of K with Na or
with additional application of Na along
with K.

Mineral nutrient concentration in the
lattices of 14 clones was estimated in differ-
ent seasons during the second year of the
study. Significant clonal difference in P, K
and Mg content was noticed. Similarly
monthly variation in P content was noticed
in all the clones. The annual nutrient re-
moval through latex was also calculated.

12, Integrated nutrient management

Integrated nutrient management in
rubber through organic and inorganic fer-
tilizers were attempted. The field experi-
ment initiated in 1994 compared the appli-
cation of organic manure alone or in combi-
nations with inorganic fertilizers; supplying
varying levels of N, P and common dose of
K were conducted for sevenyears. The data
on girth did not show significant difference
betw een treatments. Among the various lev-
els of N and P no significant difference in
girth of plants was observed. Application
of 50 Kg PDgha registered the highest girth
of 51.27 cm. Another experimentin imma-
ture rubber comparing organic manure and
inorganic fertilizers aloneand/or their com-
binations indicated no significant difference
between treatments on mean girth of plants,
height of plants and number of leaf whorls.

Characterization of soil organic mat-
ter under Piieraria, Mucurn and rubber alone
were conducted through litter bag experi-
ments.  Litter bags were retrieved at
monthly intervals. Dry weights were re-
corded and the weight loses were estimated
(Table Ag. 1). In the case of rubber litter the
rate of decomposition was significantly
higher in the initial five months of decay
than the later periods.

In the case of Mucurn and Piieraria the

Table Ag. 1 Cumulative loss of dry matter (%) with

time

Month

(2001-2002) Rubber Mucuna Puernria
March 0 0 0
April 3257 4136 45.59
May 42.62 43.49 49.52
June 57.50 57.96 60.46
July 64.05 70.44 75.89
August 80.22 75.88 78.27
September 81.60 77.59 82.71
October 82.42 81.54 86.18
November 83.37 84.95 89.23
December 84.35 86.57 90.91
January 85.32 88.66 92.28
February 87.20 90.48 94.02
March 90.74 91.37 96.58
SE 157 1.62 171
CD (P=0.05) 441 455 4.80

decomposition rate was significantly faster
during the months of June and July and the
remaining periods it was less. Effect of rub-
ber cultivation on soil organic matter sta-
tus, physico-chemical and biological prop-
erties of the soil was studied through one
field experiment. Characterization of soil
organic matter under rubber-based ecosys-
tem was initiated in another experiment.
Litter samples from a 10 year old mature
rubber plantation and immature rubber with
Piieraria and Mucuna were collected through
litter traps. Humic and fulvic acid fractions
were estimated. The experiment compar-
ing Pueraria phaseoloides and Mucuna
bracteata under different age groups were
compared. In all age groups, except in one
year old field the cultivation of cover crop
improved the cation exchange capacity of
the soil compared to the adjacent bare land.

13, Forms and methods of fertilizer application

The experiment conducted at CES,
Chethackal for comparing the efficiency of
controlled release fertilizers with conven-
tional fertilizers was continued. The re-
sidual effect of controlled release fertilizers
was studied during the year. Data on
growth and yield showed that both conven-



tional and controlled release fertilizers re-
corded significantly higher girth and yield
than the control. No statistical difference
was observed between the different con-
trolled release fertilizer treatments and stan-
dard practice with respect to growth and
yield.

Comparative efficiency of Rajphos
(RAP) and Mussoorie rock phosphate (MRP)
as P source for young rubber was compared
through field experiments at two locations.
Results indicated that girth of rubber was
not influenced by P application through ei-
ther of the sources. Significant difference in
girth incrementwas noticed for both sources
over control in Boyce Estate. In Malankara
Estate, RAP was found to be significantly
superior over MRP. No difference was no-
ticed between RAP and MRP at Boyce Es-
tate (Table Ag. 2). Leaf analysis indicated no
significant difference for leaf N, P and K
between treatments. In the case of leaf Mg,
treatment effect was significant over control,
but no difference was indicated between
RAP and MRP. Soil analysis data indicated
no significant difference between treatments.

Table Ag.2. Effects of different rock phosphates on
girth and girth increment in 2002 (Jan)

Treatment Girth (cm) Girthincrement (cm)
Malankara Bovce Malankara Bovce
RAP 33.60 39.60 894 9.94
MRP 34.00 39.20 7.96 961
No P (control)  32.40 38.70 7.35 911
GM 33.30 39.20 7.88 9.55
SE 0.65 0.29 0.25 0.14
CD (P=0.05) NS NS 084 041

Two field experiments in mature rub-
ber initiated in 1997 to study the response
of rubber to P application at different levels
supplied through sources viz.,, RAP and
MRP were continued. No significant differ-
ence was observed in girth, girth increment,
yield, leaf P and Mg between different lev-
els of P application and also between two
sources of P supply.

Experiment on nutrient value of sludge
from crumb rubber factory on growth of
seedlings was repeated during the second
year. Significant difference between treat-
ments on diameter of seedlings was noted.
In general, application of N @500 kg /ha as
urea alone, sludge alone and the combina-
tions are comparable. Nitrogen at 500 kg
level and above irrespective of sources are
comparable. Combination of urea and
sludge are more efficient than urea alone in
increasing the diameter of seedlings.

Field experimentinitiated to study the
effect of advance manuring in planting pits
for the initial one to three years was contin-
ued. It was observed that enhanced pit
manuring of rubber did not significantly
influence the girth of plants.

Movement of phosphorus in the soil
was studied through soil column experi-
ments. The results indicated that though
there was increase in available P up to 60
cm depth, most of the applied P was con-
centrated in the 0-10 cm layer of the column
even after 30 days indicating slow down-
ward movement of applied P.

The downward movement of surface
applied N and K was studied through soil
column experiments. Highest availability of
ammoniacal nitrogen was observed on the
5thday of fertilizer application in the 0-10
cm layer of the soil column. On the other
hand, significantly higher nitrate N content
was noticed in the lower segment (below 30
cm), indicating considerable downward
movement of nitrate. In the column experi-
ment, K availability was improved up to 30
cm indicating slow downward movement
of applied K in the controlled conditions. In
the field situation, influence of K fertilizer
application on K availability was reflected
only in the 0-10 cm layer of the soil at the
15thday of application and decreased down-
wards.



2. Physical and chemical properties of

soil

Anew project on effective soil volume
and fertility assessment of rubber growing
soils was initiated to quantify the gravel
content and effective soil volume in rubber
growing soils and to relate it with soil and
leaf nutrient status and growth and yield of
rubber. The project on characterization of
soil acidity was continued. Soil samples
from eight dominant soil series were col-
lected and the acidity parameters i'iz., ex-
change acidity, potential acidity, total poten-
tial acidity, extractable acidity etc., were es-
timated. Lime requirement of the surface
soil bv four methods was also estimated.
Response of rubber to liming at different
growth phases was evaluated through sepa-
rate field and pot culture studies. Onenurs-
ery experiment for comparative evaluation
of liming materials on growth of rubber
seedlings is being initiated. Similarly a pot
culture experiment was conducted to study
the effect of liming on growth of budded
stumps and translocation and movement
of Cain the plant system. Field experiment
initiated in 1998 to study the influence of
liming on growth of rubber in the immature
phase and availability of nutrients in the soil
is being continued. Effectofliming on girth
of plants recorded during December 2001
indicated that all the treatments were nu-
merically superior to the absolute control.
Application of lime alone was also compa-
rable with the fertilizer alone or fertilizer
plus lime treatments, but the effect was not
statistically significant. One new experiment
in mature trees was initiated to study the
response of rubber to liming in the mature
phase.

Soil samples from the dominant soil
series were analyzed for the organic P sta-
tus to relate it with P availability. Distribu-
tion of total and different forms of zinc in
the rubber growing soils were assessed

through the analysis of profile soil samples
from the dominant soil series.

Studies on soil solution chemistry and
nutrition of Hevea were continued. Multi-
variate statistical techniques were applied
to the soil survey data. The 62 soil series
could be grouped into ten clusters and the
statistical exploration of soil survey data is
being continued for further refinement of the
classification.

To study the effect of planting pit size
on growth and yield of rubber, one new ex-
periment was initiated and polybag plants
Were planted in pits of varying dimensions.

3. Soil and water conservation

Effect of conservation pits on soil and
moisture conservation and yield in mature
rubber was studied through two field ex-
periments. The first experiment is a block
trial and the number of pits ranged from 100
to 250 per ha. It was observed that around
4.02 to 9.02 t/ha of soil was conserved and
thus prevented from being lost through ero-
sion when the number of pits was increased
from 100 to 250 per ha. All the treatments
except 100 pits per ha recorded significantly
higher girth increment than control. Positive
effect on yield was also obtained though not
statistically significant (Table Ag. 3).

hi the second experiment with smaller
plot size, the fertilizers were applied in the
silt pits and the combined effect on growth
and yield was monitored. The quantity of
soil conserved ranged from 4.66 to
10.34 t/ha as the number of pits increased
from 150-250. Increasing the number of pits
from 150 - 200 significantly increased the
quantity of soil conserved (fable Ag. 4). Sig-
nificant difference was not observed on the
growth and yield of plants with respect to
different treatments (Table Ag. 5). However,
the girth was lowest in the no pit, no fertil-
izer control. One more experiment was ini-
tiated during this year to study the effect of



Table Ag. 3. Effect of silt pits on growth and yield of rubber and quantity of soil deposited in pits

Treatment Yield (April, 2001
(No. of pits/ha) to March, 2002)

(g/tit)

0 3110

100 30.99

150 3343

20 3359

250 35.15

SE 216

CD (P=0.05) NS

Table Ag. 4. Quantity of soil conserved by pits

No. of pits / ha Quantity of soil

conserved (kg/ha)

150(5) 466
150 (P) 534
250 (S) 9.34
250 (P) 1034

SE 057

CD (P=0.05) 162

s - Surface application; P - Pitapplication

Table Ag. 5. Effect of conservation pits on growth and
yield of rubber

No.ol pits / ha  Girth (cm) Yield (g/t/t)
150 (5) 55.74 39.77
150 (P) 55.32 40.81
250 (5) 56.55 42.06
250 (P) 55.65 43.06
No pitand standard

5537 40.25
No pitand nio
fertilizer 53.45 41.12
SE 143 2.90
(D (P 0.05) NS NS

different soil and water conservation prac-
tices on growth and yield of rubber.

4. Density of planting

The experiment at CES, Chethackal
initiated in 1994 with five densities of plant-
ing and two levels of fertilizer application
was continued. Girth data indicated no sig-
nificant difference between treatments.
However, girth increment for the period
2001-2002 showed that plants at the lowest

Girth increment Quantity of soil
998-2002

deposited
(cm) in the pits(t/ha)
539 0.00
6.63 4.02
768 6.09
842 6.89
9.14 9.02
058 0.30
200 100

density (420 trees/ha) with less competition
for light and nutrients had significantly
higher girth increment.

5. Intercropping and cropping systems

The experiment initiated during 1993
at CES, Chethackal with rubber planted in
paired rows of 5-10 m apart is being contin-
ued. Now, pepper, coffee and fodder grass
are remaining in the system. Growth and
yield of rubber and intercrops were moni-
tored. Girth aswellas girth increment were
slightly superior in the inter-cropped area
compared to mono-culture under normal
spacing. Flowering and fruit setting con-
tinued to be very poor for pepper. Yield of
coffee was also poor.

Feasibility of intercropping coffee and
cocoa in the later immaturity phase and in
mature rubber were envisaged through
three separate field experiments.

Growth or yield of rubber was not sig-
nificantly affected by growing intercrops. In
the experiment in mature rubber, inter-
cropped with coffee and cocoa, yield and
the PAR availability were recorded. The
mean PAR intercepted in the system was only
10.14% of that in the open (Table Ag. 6).

Growth and yield of rubber were not
significantly affected by growing coffee. The
mean PAR intercepted in the system was
only 6.78% of that in the open (Table Ag. 7).



TableAg tv Effect of intercropping coffee and cocoaon growth and yield ofrubber and PAR availability

Treatment

Rubberalone

Rubber + Robusta-100%fertilizer for coffee
Rubber + Robusta - 50% fertilizer for coffee
Rubber + CxR -100% fertilizer dose for coffee
Rubber + CxR - 50% fertilizer for coffee
Rubber + Cocoa -100% fertilizer for cocoa
Rubber  Cocoa - 50% fertilizer for cocoa

3
CD (P=0.05)

Yield Girth PAR
2001-2002 2002 (% of open)
(g/tit) (cm)
48.45 55.52 9.7
52.47 56.15 9.7
48.61 54.50 123
53.69 54.12 8.0
49.65 58.57 10.7
51.99 55.62 10.0
47.83 56,92 10.6
5.10 0.95
NS NS NS

TableAg. 7. Effectof intercropping coffee (>ngrowth and yield of rubberand pAR availability

Yield Girth
Treatment 2001-2002 2002 (% of open)
(g7v/9 (cm)
Rubberalone 54.41
Rubber + Robusta -100% fertilizer for coffee 59.95
Rubber + Robusta - 50% fertilizer for coffee 61.59
Rubber + CxR -100% fertilizer dose for coffee
Rubber + CxR - 50% fertilizer for coffee 7501
Rubber with 100%of fertilizer for rubber and '
intercrops
Rubberwith 100%of fertilizer for rubberand sL00 5957 728
50%of the fertilizer dose for intercrops 51.99 58.32 475
SE
CD (P=0.Q5) 436 101 175
NS, NS

Feasibility of growing timber crops
along with rubber is envisaged through dif-
ferent field experiments. Interaction be-
tween Anjili and rubber in mixed stand and
the growth of rubber is assessed through an
on farm trial.

It was observed that Anjili had signifi-
cant negative effect on growth of rubber.
Girth increment of rubber with Anjili was
significantly low compared to rubber with-
out AnjiJi (Table Ag. 8). One new field ex-

TableAg.8 Effect of Anijili on growth of rubber

Girth Increment (cm)

treatment
Rubberwith Anjili 250

Rubber without Anjili 30

A S -

D (P=0.05)

periment was initiated to study the perfor-
mance of rubber interplanted with three tim-
ber trees viz., Anjili, Teak and Mahagony,
and perennial intercrops viz., coffee (ro-
busta), garcinia, nutmeg and vanilla. An-
other experiment was initiated to study the
effect of densities of timber trees inter-
gleanted with rubber on the growth of rub-
r.

6 Weed management

The field experiment initiated in 1998
to study the effect of herbicide rotation on
weed regeneration and to find out the opti-
mum number of rounds of herbicide spray-
ing for the control weeds in rubber was con-
tinued. Though there was significant differ-
ence in the mean percentage of weed infes-
tation, the growth of the plants was not af-



fected by repeating the treatments at 75%
regeneration of weeds indicating that treat-
ments need be repeated only at 75% regen-
eration of weeds (Table Ag. 9). Through a
separate field experiment initiated in 1998,
the efficacy of Controlled Droplet Applica-
tors and Knapsack sprayers were evaluated.
The relative efficiency of Touch Down (a
newly introduced systemic broad spectrum
herbicide) in controlling weeds in the plant-
ing strips of immature rubber was also
evaluated through this field experiment.
Mean percentage weed infestation did not
differ significantly among treatments indi-
cating that all treatments were effective in
controlling weeds. The weed dry matter
production (DMP) was minimum in the
scrapped plots followed by Glyphosate and
Touch Down @ 2 L/ha with CDA, which
were comparable. There was no significant
difference among treatments with respect to
the growth of plants.

7. Design of field experiments

Uniformity trials initiated in 2000, one
each in immature rubber and mature rub-
ber were continued. In immature rubber,
the variations in the experimental unit were
documented and observations were re-

corded to identify the most appropriate plot
size for field experimentation and to stan-
dardize the frequencies of recording obser-
vations. From the girth measurements it has
been observed that a sample size of 8-12
trees was necessary to keep the standard
deviation and coefficient of variation at rea-
sonable levels. The plant to plant variations
in girth, yield and yield attributes were re-
corded in the mature rubber.

8. Remote sensing and Geographic In-
formation System

Development of Rubber Information
System in traditional region of cultivation
was attempted using remote sensing and
GIS techniques. Rubber Information Sys-
tem containing rubber distribution map in
1:50,000 scale, soils under rubber, disease
map, socio-economic conditions in a given
region etc., put in GIS environment will be
developed.

9. Rhizosphere chemistry

A new project on studies on adaptive
mechanisms at the rhizosphere involved in
the acquisition of phosphorus and micro-
nutrients by rubber was initiated. Steps
i ted to set up hydroponic and

Table Ag. 9. Mean percentage of weed infestation and growth of rubber in different weed control treatments

Treatment*

Scraping
scraping followed by Glyphosate
scraping followed by Touch down.

p followed bv Gr +
Touch down followed by Gramoxone + Femoxone
scraping

scraping followed by Glyphosate.
Scraping followed by Touch down.

Glyp! followed by Gr +

Touch down followed Gramoxone + Fernoxone
SD

CD (P=0.05)

Treatments 1-5 are repeated at 50% r

MW1 (%) Girth 2002

April'01-March02 (cm)
29.93 2337
37.83 24.56
35.17 25.95
38.28 25.62
39.54 2533
41.93 23.37
4731 24.65
47.76 24.37
46.95 2511
4887 24.48
266 074
7.89 NS

of weedsand treatments 6-10. V repeated at 75% regeneration

of weeds.



rhizobox experiments with rubber seedlings.

10. Discriminatory fertilizer recommen-

dation

Twenty two large estates availed the
facility of soil and leaf analysis based fertil-
izer reccommendation. A total of 690 soil and
450 leaf samples were analyzed for assess-
ing the nutrient status and on the basis of
this fertilizer recommendations to 580 indi-

vidual fields were provided. On perusal of
the individual recommendations it was ob-
served that in general a high degree of sav-
ing was noted on the nutrient P followed by
N. In 50% of the situations K requirement
was found to be higher than the general rec-
ommendation- For further refinement of
fertilizer recommendation, work on Diag-
nosis and Recommendation Integrated Sys-
tem (DRIS) approach, is being continued.

BIOTECHNOLOGY DIVISION

The goals of Biotechnology research in
RRII are development of transgenic plants
integrated with desirable traits, in vitro
propagation through shoot tip culture and
somatic embryogenesis, development of
haploid and triploid plants, standardization
of in vitro fertilization techniques for con-
trolled breeding, molecular studies on the
control of growth and development, disease
tolerance and tissue specific gene expres-
sion, isolation and characterization of genes
controlling tapping panel dryness (TPD),
biotic and abiotic stress responses and char-
acterization of tissue specific promoters.

After extensive experiments, the plant
regeneration frequency of transgenic Hevea
clone RRII 105 integrated with SOD gene
under the control of FMV 34S promoter
could be enhanced and 10 such transgenic
plants were hardened and transferred to
polybags. The antibiotic, paramomycin was
identified as superior to kanamvcin for the
selection of transformed Hevea cells. Ger-
mination frequency of somatic embryos de-
rived from immature anther could be en-
hanced upto 85%. A small-scale field evalu-
ation experiment was started at CES
Chethackal. About 200 plants are now ready
for field planting. The genomic and cDNA
sequences coding for |J-l, 3-gJucanase have
been sequenced. The Hevea (i-1,3-glucanase
gene is a single exonic gene. The gene is ex-

pressed constitulively in latex vessels of all
clones. In the leaves it is expressed in the toler-
antclones only on induction with the pathogen.

1. Micropropagation

In the shoot tip explants of RRIM 600,
RRII 105 and seedlings cultured for in vitro
development, continued growth of the
shoots with formation of new flushes and
multiple shoot induction was achieved in
both seedling and clonal explants. Rate of
growth and maturation of multiple shoots
derived from seedlings were faster com-
pared to clonal explants. Comparison of the
rooting response between explants derived
from seedlings and clonal materials were
also made. Root induction was obtained
within one month. There were no signifi-
cant difference between die time taken for
rooting in seedling and clonal materials
Clonal shoot tips when subcultured for root-
ing in low sucrose and hormone free me-
dium exhibited an abrupt shoot elongation
as an indication of shoot rejuvenation. The
root induction frequency in seedlings was
more than 70% while in clonal materials it
was 20% only. The mature shoots obtained
from seedling multiple shoots rooted easilv
in half MS medium containing IBA (1.0 mg/1).

Experiments were carried out to en-
hance the frequency of somatic embryo in-
duction and further plant regeneration, es-



tablishment of plantlets and hardening.
Germination frequency of somatic embryos
derived from immature anthers of clone
RRII 105 could be enhanced to 80% using
the cytokinin TDZ. A culture protocol for
retaining the embryogenic capacity for over
3 years was established using primary em-
bryogenic callus aggregates as explants. A
culture density of 100 mg callus/tube with
50 days subculture interval was found to be
ideal for maintenance of embryogenic po-
tential. In the plantlets produced, the num-
ber of lateral roots were enhanced by incor-
poration 5 mg/1 IAA in the germination
medium. Scanning electron microscopic
studies revealed a very low level of cuticle
deposition in tine leaves of plantlets before
hardening. However, in hardened plants the
cuticular wax pattern was almost identical
to the mature field grown plants. Sand and
soil along with dried covvdung (1:1:1) un-
der sterile conditions was found to be the
most suitable planting substrate. A small-
scale field trial with plants produced
through somatic embryogenesis from imma-
ture anthers of clone RRII 105 was initiated.
About 200 such plants are now ready for
field planting in the coming season.

Effects of various levels of different
sugars, sugar alcohol, boric acid, adenine
sulphate, inclusion of liquid phase etc. on
induction of embryos and plant regenera-
tion frequency in the immature inflorescence
derived callus cultures were carried out.
Results have shown that the presence of
sucrose is highly essential at all the stages
of the pathway. None of the other sugars
when tried alone could promote embryo-
genesis as effectively as sucrose. However,
incorporation of maltose (50 mM) along with
sucrose significantly enhanced embryo in-
duction and further development. Among
the different sugar alcohols tried, mannitol
and myoinositol were found to have signifi-
cant effect on callus proliferation, embryo

induction and maturation. It was observed
that culturing the proembryogenic mass in
suspension cultures had astimulatory effect
on further proliferation and maturation.
Boric acid at 20 mg/1 was found to promote
embryo induction and faster growth of the
embryogenic callus. Adenine sulphate at 50
mg/1 was found to enhance plant regenera-
tion. Hardening of the plants and survival
rate were found to be better when the plants
were transferred to regeneration medium
fortified with 4% PEG about two weeks
prior to transplanting. While hardening, the
use of earthenware pots was found to be
beneficial in controlling the water retention
of the plants resulting in better survival of
the plants.

2. Genetic transformation

Agrobacterium mediated genetic trans-
formation experiments were continued with
the genes coding for superoxide dismutase,
isopentenyl transferase, antisense ACC and
Sorbitol-6-phosphate dehydrogenase to de-
velop transgenic Hevea plants tolerant to
tapping panel dryness, drought and differ-
ent types of environmental stress. Two
transgenic plants integrated with the gene
coding for SOD under the control of Ca MV
35S promoter obtained earlier could be
grown upto four whorl stage. Efforts are in
progress to produce more such plants.

Experiments to develop transgenic
Hevea integrated with the gene coding for
SOD under the control of FMV 34S promoter
were continued. WPM medium with half
strength major and full strength minor nu-
trients supplemented with the hormones
GA,, BA and IBA was found to be better.
For embryo germination and plant regen-
eration 200 mg/1 paramomycin was found
to be superior to kanamycin. About 20%
embryo germination was obtained with a
hormonal combination of 2.0 mM GA, and
1.5 mM each BA and IBA (Table Biotech. 1).



Table Biotech. 1. Effect of GA® BA and 1BA on germination of transgenic embryos integrated with the gene
coding for SOD under the control of FMV 34S promoter.

BA/FBAMM) GA,(MM)
05 1 1 2 25 -3~ -

0.0/ 0.0 > 3 3 5 2 0

05705 2 4 10 9 3

10710 3 6 14 17 1 4

1.5/15 3 9 16 20 12 5

20720 1 4 8 1 5 2

2-5/2-5 0 0 1 2 0

* Percentage of embry o germination

The survival rate of plants while hard-
ening, was enhanced by dipping them in
0.1% Akomin for 5 minutes. After harden-
ing 10 such transgenic plants were trans-
ferred to bigger polybags. Estimation of to-
tal SOD, glutathione reductase and ascor-
bate peroxidase enzyme activity of the nor-
mal and transgenic Hevea tissues during
different stages of somatic embryogenesis
was carried out. It was observed that SOD
activity was higher in the embryogenic cal-
lus and germinating embryos. On embryo
maturation the SOD activity started declin-
ing. The transgenic callus expressed a high
glutathione reductase activity than the nor-
mal callus. The transformation events in the
SOD transgenic plants were confirmed by
molecular analysis. PCR analysis was car-
ried out with GUS specific and cDNA based
SOD specific primers using genomic DNA
as the template. Southern analysis was also
carried out with GUS and npt-1l gene as the
probe using genomic DNA from normal and
transgenic plants.

In order to study the role of SOD in
the regulation of various plant functions, an
attempt was made to develop transgenic
plants integrated with the antisense gene
coding for SOD. Twenty five transgenic calli
lines were produced with this gene. By us-
ing embryogenic calli as the explants, the
transformation frequency was increased to
20%. Embryo induction was obtained in
medium supplemented with high sucrose
(60 g/1), 0.5% phytagel and 2.0 mg/1 zeatin.

The embryos are under different stages of
maturation.

Attempts were continued to develop
transgenic plants incorporated with the
antisense gene coding for ACC synthase for
the regulation of ethylene biosynthesis and
thereby to reduce the incidence of TPD.
Various levels of different microelements
such as Cu2; Co2', Mn2"Zn2and Bo2+were
incorporated in the embryo induction me-
dium of the transgenic calli keeping MS
micro nutrient level as the control. These
experiments revealed that Mn2* has got a
stimulatory effect. Embryo induction was
favoured when Co2 concentration was re-
duced to 1710 of that in the control. Boric
acid at 30 mg/1 enhanced the percentage of
embryo induction as well as proliferation of
the embryogenic calli.

In the earlier attempts to regenerate
transgenic plants integrated with
isopentenyl transferase, development of
many abnormal embryos were observed
probably due to the over production of cy-
tokinin. Therefore, further experiments
were carried out for the induction of nor-
mal embryos. Modification of the concen-
tration of the major nutrients like Ca, Mg
and K by the addition of potassium sulphate
and clacium nitrate favoured embryo induc-
tion. Addition of amino acids such as aspar-
agine, proline, cysteine hydrochloride,
serine and glutamine and organic supple-
ments like malt extract and casein hydroly-



sate helped in embryo induction and en-
largement. Addition of stress inducingcom-
pounds like polyethylene glycol (40 g/1) and
mannitol (20 g/1) also increased the embryo
induction frequency. Embryo induction
could be obtained in media devoid of cyto-
kinin but presence of abscisic acid
(0.2 mg/1) increased embryo induction by
30% and gibberellic acid (0.8 mg/1) helped
embryo enlargement. About 500 embryos
with apex induction after maturation could
be obtained and continued growth of api-
ces was obtained in 50 of them. Leafforma-
tion was obtained in 25 of them. PCR and
southern blotting were done with different
transgenic calli lines, embryos and germi-
nating embryos. Stable integration of the
ipt gene in all of them was confirmed.

In order to develop drought tolerant
Hevea clones by the accumulation of sorbi-
tol in the tissues, fresh genetic transforma-
tion was carried out with two different vec-
tors carrying the gene coding for sorbitol-6-
phosphate dehydrogenase (S-6-PDH). One
of the vectors carrying a gene sequence for
S-6-PDH which is cytoplasm specific and the
other with the sequence for a transit pep-
tide directing to chloroplasts and making it
chloroplast specific. Transgenic calli were de-
veloped and maintained for embryo induction,

3. Haploid plant production through
microspore /ovule culture

Experiments were continued to en-
hance micro colony formation from mi-
crospores. Static liquid cultures were found
to be advantageous for micro calli forma-
tion. Micro calli from microspores of
RRIM 600 formed faster than RRII 105. The
embryo induction frequency of ovule de-
rived calli was found to be enhanced by the
addition of zeatin (1.0 mg/1) and ABA
(0.2 mg/1). Medium supplemented with
glutamine (500 mg/1) and asparagine
(150 mg/1) promoted maturation of em-
bryos. N6basal medium supplemented with

banana powder (200 mg/1), casein hydroly-
sate (400 mg/1) and growth regulators such
as TDZ (0.4 mg/1) and GA, (2.0 mg/1) pro-
moted bipolar differentiation of embryos.

4. In vitro fertilization and plant recovery

The nutritional and hormonal factors
in the culture medium for ovule were opti-
mized for effective in vitro fertilization and
growth of embryos. Addition of boric acid
(100 ppm) in to the initial medium was
found to improve fertilization. Embryo de-
velopment was promoted by the addition
of Hevea endosperm extract 1.0 mg/l GA3
and 2.0 mg/1 Kn in the culture medium.
Embryos could be grown up to the heart
shape stage. Anatomical studies of the de-
veloping ovules, 30 days after pollination,
revealed the presence of a 2-layered outer
wall. The abundance of starch and lipids
were observed in the nucellar area. The
longitudinal section of a developing ovule,
90 days after pollination, showed a well
developed seed coat with a thin walled outer
zone and a thick walled inner zone with
sclerified radially elongated cells. The em-
bryos were not visible at this stage as it is
suspended in liquid phase.

5. Endosperm culture

Optimization of the composition of
nutrients and growth regulators in the cul-
ture medium for the induction of embryo-
genic callus were carried out. High levels
of sucrose and phytagel were found to be
essential for embryogenic calli formation. A
combination of growth regulators such as
NAA (0.4 mg/1), BA (0.4 mg/1), Kn (0.5 mg/
1), GA, (0.3mg/1) and 2-4-D (0.2 mg/1) along
with 400 mg/1casein hydrolysate promoted
induction of embryogenic callus.

6.  Molecular studies
6.1. Molecular mechanism of disease tolerance

Based on the published cDNA se-
quence of (J-1,3- glucanase from Hevea, two
primers were designed and synthesized:



GI- 5'TGC CCA GGT AGG TGT TTG C 3"
and G2- 5'CCC AGT TCT TTT CTG CAC
C3'. Under optimal PCR conditions a 968
bp band was amplified from the genomic
DNA. Total RNA from the latex and leaves
were used as template for the synthesis of
cDNA. Tineabove primers were used for the
amplification of cDNA and a 968 bp band
was amplified from the cDNA also. Clon-
ing of the PCR products were carried out at
the Smwil restriction site of the plasmid vec-
tor pUC 18 through blunt end ligation and
the nucleotide sequence was elucidated.
Both genomic and cDNA were found to
have similar sequence and has shown ho-
mology with the reported cDNA sequences.
The amplified fragment contains all the
nucleotides for the final functional protein.
As no introns were present in the coding
region of the mature protein, the Hevea (3
1,3- giucanase can be called as a single ex-
onic gene. Absence of introns may facilitate
the strong expression of the gene. To con-
firm the presence of the gene a genomic
southern was performed with DNA isolated
from abnormal leaf fall tolerant and suscep-
tible clones. About 3-4 bands were obtained
with the restriction enzymes tested, indicat-
ing the presence of a low copy number gene.
As no difference was observed between tol-
erant and susceptible clones, the difference
in tolerance to disease may not be due to
the presence/absence or difference in the
copy number of the gene but depends on
the regulation of gene expression.

Northern blot hybridization studies
were conducted to see the expression of
P-1, 3- giucanase gene in different tissues. It
was found that in the laticiferous tissues this
gene is constitutively expressed. This con-
stitutive expression of defense related genes
may provide an important contribution to
the plant defense mechanism by sanitizing
and sealing the wounded areas on the tree.

Fungal infection studies were carried

out with susceptible and tolerant clones. A
virulent strain of Phytophthora weadii was
grown in PDA medium and was inoculated
to the oats medium for sporulation. The
spores formed after two days were liberated
through heat shock and were inoculated to
young detached leaves of Phytophthora tol-
erant (RRIl 105) and susceptible (RRIM 600)
clones of Hevea. RNA was isolated after 48
and 72 hrs from the infected zones and
northern hybridization was performed with
the (3-1,3- giucanase gene probe. Tine gene
was found to be induced in leaf tissues in
response to fungal infection as strong sig-
nals were obtained in inoculated leaves com-
pared with control. However, timing and
magnitude of induction was different in the
case of tolerant and susceptible clones.

6.2. Tissue specific gene expression and character-
ization of promoters

Attempts were made to amplify the
promoter of rubber elongation factor, a gene
highly expressed in the laticiferous cells.
DNA was isolated from Hevea clone
RRII 105, restriction digestion was carried
out with Sail 3A1 & Bgl Il restriction en-
zymes and the fragments were purified.
Adapters were prepared with oligonucle-
otides synthesised based on restriction sites
and ligated to the restriction digested DNA.
Amplification of the upstream element was
carried out with adapter specific forw'ard
primer and REF specific reverse primer fol-
lowing standard PCR conditions. Fragments
were amplified between 400 bp and 1.2 kb
in size.

Tine gene coding for rubber elongation
factor cloned earlier was sequenced com-
pletely. A total of 1364 base pairs were se-
quenced. Total RNA was isolated from la-
tex of clone RRII 105. RT-PCR was per-
formed according to standard protocol.
Amplified cDNA was purified and cloned
into pUC 19 vector. Comparison of the se-
quence of cDNA and genomic DNA shows



that two introns were present in the genomic
clone corresponding to the 624 base pair
coding region of the cDNA. The size of the
introns were 299 and 452 bp.
6.3. DNA polymorphism in Hevea

Few distinct polymorphic bands were
identified during RAPD analysis with 37
clones and these DNA bands were cloned
into plasmid vector. One RAPD marker
(1.4 kb) was sequenced completely. The se-
quence data showed 42% homology with the
gene coding for a proline specific permease.
Out of 37 clones used for RAPD analysis,
the DNA marker was present in 14 clones
and absent in 23 clones. Two polymorphic
bands (1.2 kb and 1.3 kb) related to gene in-
trogression were identified which were

cloned into pGEM vector. Of the two cloned
fragments, the 1.2 kb fragment was com-
pletely sequenced.

Famasyl diphosphate synthase (FDP)
catalyses the synthesis of the last common
substrate in the isoprenoid biosynthesis and
hence is abranching pointand a likely regu-
latory enzyme in the pathway. Total RNA
was isolated from latex (RR11 105 clone) and
full length cDNA was synthesized by RT-
PCR using FDP gene specific primers. Af-
ter PCR amplification of FDP gene, gel pu-
rified and cloned into pGEM vector. The
cloned FDP gene was completely sequenced
and the sequence data has shown 100% ho-
mology with the earlier published FDP syn-
thase gene from Hei'ea.

BOTANY DIVISION

The Division continued its research
activity on the thrustareas like hybridisation
and clonal selection, ortet selection, evalua-
tion of clones for monoclonal and
multiclonal planting, stability studies, breed-
ing for biotic and abiotic stresses, evolving
clones for both latex and timber yield, com-
pact canopy type and incorporation of wild
Brazilian germplasm in hybridization
programmes. Priority was given for selec-
tion and evaluation of clones having more
yield and better secondary characters than
RRIlI 105. Emphasis was also given for cy-
togenetic and floral biology studies, bark
and wood anatomical investigations, stud-
ies on budding techniques and their modi-
fications, stock scion relationship and mor-
phological characterisation of clones.

1 Evolving high yielding clones for the
traditional area

1.1 Hybridization and clonal selection

In the 1985 small-scale trial (SST) of
RRI1400 seriesclones, five promising clones

viz., RRIl 414, RRII 417, RRII 422, RRII 429
and RRII 430 included in category Il of the
planting recommendations of the Rubber
Board, were found superior to RRII 105 for
yield in the first year of tapping from re-
newed bark (Table Bot. 1). Clone RRII 429
was significantly superior to RRII 105.
Nucleus quantities of the budwood of these
clones were supplied to 24 growers for es-
tablishing experimental on-farm trials.

Scrutiny of yield data of the 1989 SST
revealed that two of the 49 hybrid clones

Table Bot. 1. Initial yield and standard heterosis of
promising hybrid clones in the renewed
bark under 1/2S d/36d/7 tapping system

rinnps  Mean vield (u/t/t) Standard heterosis (%}
RRII 414 55.10 20.20

RRII 417 63.63 38.50

RRII 422 57.45 2532

RRU 429 72.86 58.94

RRII 430 5281 15.23

RRII 105 45.84

CD (P=0.05) 24.92



excelled RRII 105 with more than 20% yield
improvement during the 4Uyear oi tapping
hi another trial out of 49 hybrids, six clones
exhibited more than 20% yield improvement
over RRII 105 during the 3rdyear of tapping.
In the trial 1989C, out of 25 hybrid clones
one clone was found to excel RRII 105. In
the 1990 SST's, during the second year of
tapping, 19 hybrids showed better perfor-
mance than RRII 105 as control. During 2001,
three new trials were laid out where 46 hy-
brids and five parents are under evaluation.

In the hand pollination programme-
2002, a total of 3001 crosses involving eight
selected wild genotypes and eleven
Wickham clones were carried out. Female
parents used were RRII 105, RRII 118,
RRII 208, RRII 300, RRII 308, RRII 414,
RRII 429, PB 260, PB 310, PB 330 and
RRIM 605.

1.2. Ortet selection

At Cheruvally Estate, five ortets con-
tinued to exhibit more yield than RRII 105
(Table Bot. 2). A source bush nursery of all
high yielding ortets was established at CES,
Chethackal.

In the ortet trial at Mundakkayam Es-
tate, six ortets showed better yield over
RRII 105 ranging from 3.19 to 44.68% in the
4th year of tapping. Clone MO 45 was the
highest yielder with 72.02 g/t/t while
RRII 105 recorded 49.78 g/t/t," In a study
on disease reaction, 22 clones showed low
disease incidence. A source bush nursery of
Table Bot. 2. Mean yield and girth of promising selec-

tions over five years of tapping

Clone

Average Mean Percent
girth Yield increase
(cm) (g/t/1) over RRII 105
cyo41 99.90 64.20
Cvo048 85.70 60.86
Cy035 77.20 60.30
cyo72 60.40 57.48
cvo 30 67.40 55.61
RRII 105 56.71 52.90

all high yielding ortets and promising se-
lections from the Mundakkayam and Koney
trials was established at CES. Yield record-
ing was initiated in the trial where selections
from Kodumon Estate were planted. Three
selections are showing better performance
in growth than RRII 105.

13.  Special techniques in breeding

In the trial on the clones resultant of
polyploidy and mutation, six clones showed
higher girth than RRIlI 105. One clone
showed yield comparable with RRII 105.
Annual girth recording was done in the 1992
trial. Clone 294 which recorded highest girth
during immaturity period recorded the
highest yield also

2 Evaluation of clones
2.1, Large scale evaluation

In the large-scale mixed clone trial,
regular recording of yield and secondary
characters were carried out. Among the
clones, PB 310 and RRIM 600 recorded bet-
ter yield and RRIl 44 showed vigorous
growth (Table Bot. 3).

In the trial at North Konkan, mean
monthly dry rubber yield of the clones dur-
ing 2001 indicated better yield in clone
RRII 6 (39.9 g/t/t) followed by RRII 208
(39.0 g/1/1). RRII 105 was third in rank with
33.5 g/t/t. Lowest yield was recorded by
RRIC 105 and RRIC 52 (20.0 g/t/t). In the

Table Bot. 3. Performance of clones during the 12" year

of tapping
Treatment Girth (cm) Yield (g/t/1)
RRII 44 102.79 57.54
RRII 45 76.64 40.45
RRII 105 76.03 49.84
PB 235 88.34 50.86
PB 260 77.62 4153
PB 310 92.58 62.69
PB 311 86.37 55.00
PR 255 83.80 47.23
PR 261 91.76 40.28
RRIM 600 90.30 61.41



multi-disciplinary evaluation trial, fourth
year yield data revealed PB 255 to be the
highest yielder (89.92 g/t/t) followed by
PB 314 (80.47g/t/t) and PB 280 (74.2 g/t/t).
In the large-scale clone trial 1989A, PB 312
gave the highest yield of 70 g/t/t while
RRII 105 recorded 48 g/t/t. In the second
trial planted in the same year, among the
eight clones RRI1I 105 recorded highest yield
of 56.7g/t/t followed by SCATC 88/13
(41.8 g/t/t) and RRIM 600 (38.3 g/t/t).
SCATC 93-114 recorded yield of 20.9 g/t/t
in the third year of tapping.

Influence of weather parameters on
growth of Hevea trees during immature
phase both in the traditional as well as non-
traditional rubber growing zones was also
studied. Preliminary analysis indicated
evaporation to be the most important fac-
tor influencing girth. Linear regressions in-
dicated that if the monthly evaporation ex-
ceeds 6 mm, growth stops completely un-
der rainfed conditions. Thus, evaporation
appears to be a promising meteorological
parameter for further exploration.

2.2. Onfarm evaluation

At Chithelvetty, where 12 clones are
under evaluation, RRII 105 recorded high-
est yield (1396 kg/ha) followed by PB 310
(1310 kg/ha).

At Manickal Estate, of the eight clones
in the seventh year of tapping, RRIlI 105
ranked highest in yield (2736 kg/ha) fol-
lowed by RRII 4 (2014 kg/ha) and PB 235
(1745 kg/ha). Of the eightclones at Koney,
PB 260 showed the best performance (2015
kg/ha) followed by PB314 (1852kg/ha) and
RRII 105 (1693 kg/ha) during the fourth year
of tapping. Evaluation of seven clones at
Shaliakary Estate revealed RRII 105 to be the
highest yielder (1497 kg/ha) followed by
PR 255 (1472 kg/ha) and RRU 176 (1217 kg/ha).
In the onfarm trial at Chemony, PB 260 was
the highest yielder (1148 kg/ha) in the third

year of tapping. Among nine clones under
evaluation at Sasthankotta, six clones
showed better girth than RRII 105.
23.  Investigations on genotype x environment in-
teraction
Quarterly girth recording of the trials
in two locations viz., Kanyakumari and
Nagrakatta revealed that trees can be
opened for tapping during 2003

2.4.  Studies on clonal composites

The trial at CES was opened for tap-
ping. Mean yield over the first six months
revealed that the clones in all the blends
were comparable with each
(Table Bot. 4).

other

Table Bot. 4. Mean yield of the different combinations
over the first six months

Blend Mean yield (g/t/1)
35.41

2 35.79
35.94
36.38

5 38.24

RRII 105 (monoclone) 37.19

3. Breeding for other specific objectives
3.1. Compactcanopy

Among the four morphotypes in the
trial on genetic variants, normal
morphotype yielded 54.5 g/1/1, which was
comparable with RRII 105 (53.8 g/t/t).
Other morphotypes did not show satisfac-
tory growth and yield. Ten progenies, re-
sultant ofcrosses involving dwarfwith RRII
105 and RRIM 600 as female parents and
their reciprocals were selected based on test
tap yield and a small scale evaluation trial
was laid out at CES, Chethackal.

32. Droughttolerance

There was significant variation in girth
ofclones in the five SST planted in 1998 and
1999. Thirty-nine clones showed greater
vigour than RRI1 105. Incidence of pink dis-



ease ranged from 0 to 25% with 32 clones
remaining unaffected. Fortythree hybrids
evolved by crossing drought tolerant par-
ents were planted in two SST during 2001.
A polybag nursery of these clones has been
established for studying physiological pa-
rameters of drought tolerance. Two more
trials, one with 30 hybrids and six parents
and another with 14 clones were laid out at
CES, Chethackal.

3.3. Disease resistance

The experiment on nursery screening
for Qidiutn was wound up. Clones having
stable tolerance to Oidiuni disease (PB 86,
SCATC 93-114, RRII 208 and RRIM 703)
were crossed with high yielding clones
RRII 105 and PB 260.

34.  Latex timber clones

Hybridisation programme using se-
lected parents was carried out and recorded
observations on morphological parameters
of seedlings in the nursery.

35.  Polycross progeny evaluation

Yield of 150 clones belonging to 10
progenies being evaluated in field trials
ranged from 10.30 to 75.74 g/t/tin the first
year of tapping. Of these, 50 clones showed
improved yield over RRII 105. Early results
indicated great promise for pursuing the
polycross breeding approach for evolving
superior clones. Halfsib seedling progenies
of 11 popular clones showed significant
variation for test tap yield, girth and bark
thickness. Progenies of clones PB 255,
RRII 203, PB 260, RRII 105 and GT 1showed
high performance index coupled with a high
recovery of superior seedlings indicating
prepotency.

Yield of polyclonal progenies at RRS,
Dapchari, varied from 720 kg to
960 kg/ block. Mean yield over eight years
of tapping works out to about 800 kg/block
(Table Bot. 5).

Table Bot. 5 Annual rubberyield from two blocks of

iolyclonal seed trees over eight years of

Year of Dry rubber yield (kg) Annual
tapping totals
From latex FromFC

716.0 44.5 760.5
7143 359 750.1
677.9 42.0 719.9
7 880.8 80.6 961.4
7345 81.4 815.8
9 690.6 100.7 7013
10 741.8 84.8 826.6
n 640.9 87.7 728.6
Mean 7246 69.7 794.3
Share (%) 91.2 8.8 100.0

* About 300 trees per block FC = Field coagulum

It appears that even though North
Konkan experiences more than three months
ofhigh temperature and drought conditions,
yield is not suffering much. This indicates
scope for planting polyclonal seedlings in
drought-affected areas.

4. Cytogenetics and floral biology
4.1, Cytogenetical investigations

A detailed cytopalynological study of
the clone SCATC 93-114 was done. The re-
sults indicated that it is a male sterile clone.
The morphology of the male flower was
similar to that of the normal fertile clone but
the flowers were comparatively smaller in
size except that the anther column seems to
be shrunken in appearance. Female flow-
ers were normal. Cytological studies re-
vealed that meiotic division was normal up
to the formation of tetrad stage after which
there was complete degeneration of cyto-
plasm and nucleus in the microspore result-
ing in sterility

In vitro pollen germination and pollen
stainability studies of three clones viz.,
RRII 300, RRII 308 and SCATC 93-114 were
carried out. Pollen stainability and germi-
nation was 92% and 25% in RRII 300 while
in RRII 308 it was 83.5% and 40.78%. Pollen
tube of RRII 308 was highly coiled but in



RRII 300 it was straight, narrow and elon-
gated. In SCATC 93-114, none of the pollen
grains germinated.

42.  Studies on storage of Hevea pollen

A study on cryo-storage of Hevea pol-
len grains at -196 °C was carried out. Pol-
len of the clones RRII 105, RRII 118, PB 260
and RRIM 600 was used in the study. The
results indicated retention of viability of the
pollen up to four weeks. The percentage
stainability recorded was 32, 50, 55 and 60
respectively. Post-storage germinability
ranged from 8 to 20% after one month of
storage. In a field study, pollen grains of
RRII 105 stored for one month was used in
pollination on female parents (PB 260 and
RRIl 118). Fruit set realised was 2%. Fur-
ther studies on optimisation of pollen stor-
age are in progress.

5 Anatomical investigations

51 Bark anatomy

To study the effect of seasonal changes
in bark anatomy and latex yield, an experi-
ment was initiated with six clones each at
CES, Chethackal and RRS, Dhenkanal

(Orissa). Monthly bark sampling was done
and microscopic observations were carried
out. To study the subcellular changes asso-
ciated with TPD, bark samples together with
cambium from normal, TPD affected and re-
generated bark on the debarked TPD af-
fected area were collected and processed for
transmission electron microscopy.

Bark anatomical features of 11 modern
clones planted in Kanyakumari region was
studied. IRCA 111 recorded highest values
for bark thickness and six clones recorded
higher values for LVR than general mean,
hi another study on the progenies of 1982
HP, latex vessel rows and ray characteris-
tics showed significant clonal variation
while bark thickness was not significant
(Table Bot. 6).

Anatomy of 30 and 90 days old in vitro
fertilised ovules were studied. Localization
of starch and lipids was noticed in the nu-
cellar area. A longitudinal section of 90 day
old developing ovule showed a well devel-
oped seed coat with thin wall inner zone
with radially elongated cells. The seed was
single layered in the chalazal region. The

Table Bot. f> Bark anatomical features of 11 modem clones

Clone Bark thickness Latex  Raydimension (mm)
(mm) vessel rows Height
RRII 403 8.06 36.36 439.74 Z;z
RRII 410 8.36 26.67 476.09 5280
RRII 414 8.43 32.38 2;2.2: 67,‘25
RRII 415 7.22 13.73 X o
RRII 417 8.49 29.88 490.19 a0
RRII 421 8.02 30.01 411.14 780
RRII 422 7.58 28.96 480.36 s
RRII 423 8.49 21.68 510.06 o35
RRII 425 8.63 26.25 481.17 e
RRII 427 7.96 21.27 519.19 160
RRII 428 6.87 21.66 474.76 o
RRII 429 6.93 31.99 527.57 57.24
RRII 430 7.97 28.68 452.64 o7
RRII 105 8.24 32.08 446.42 X
741 35.69 5.89

CD (P=0.05)



embryo was suspended in the liquid phase.
Scanning electron micrographs of the leaf
of the in vitro plants before and after hard-
ening showed cuticle covering on epidermis
on the abaxial side of the leaf almost similar
to that of RRII 105.
52.  Woodanatomy

Monthly ethrel application (5%) in
clones RRIlI 105 and RRIM 600 in connec-
tion with the studies on effect of ethrel
stimulation on rubber wood quality has been
completed. Wood logs were collected from
both normal and stimulated trees during
summer. Standard size specimens were pre-
pared to study physical and mechanical
properties of the wood. Samples were also
collected and preserved for wood anatomi-
cal studies.

6. Studies on propagation
6.1.  Buddingtechniques

Among the different treatments in the
trial on budding height and depth of plant-
ing no significant difference was found
Girth and other secondary characters were
recorded from the trees in the comparative
study of twin stock and single stock. Polybag
plants attained more girth than other treat-
ments (Table Bot. 7)

In the experiment to study the effect
of delayed opening and pulling out on bud

Table Bot. 7. Mean girth of plants in different treat-

Treatment Mean girth/tree (cm)
Twin stock in polybag plants 39.15
single stock in polybag plants 38.82
Twin stock seed at stake plants 30.56
single stock seed at stake plants 31.79
Twin stock budded stumps 30.91
single stock budded stumps 3561
3711

Polybag plants (Control)

intake and establishment of plants in
polybags, grafts opened after 20 days and
pulled out after 15 days showed better
growth performance (Table Bot. 8).

Yield and secondary characters of the
trees from the field evaluation of bench
grafts were recorded. Difference between
thebench grafts and nursery grafts were not
significant. Clone RRII 105 yielded better in
both types of grafting. In the trial on deep
planting of two whorled bag plants, bag
plants planted 5 cm deep showed compara-
tively better yield and girth. Among the
treatments in the the trial on effect of long
snag and nicking of snag buds on the estab-
lishmentof greenbudded stumps there was
no overall difference.

6.2.  Genetic basis of stock scion relationship

In a trial, RRII 105 recorded more yield
and RRII 118 more girth irrespective of stock,
however the differences were not statisti-

Table Bot. 8 Growth perfomanceof the plants on the effect of delayed opening and pullina ool on bud intake

and establishment of plants in polybags

Bud grafts
Opened after Pulled outand Height (cm) Diameter (cm) Number of leaf whorls
(days) planted after (days)

53.88 10.26 2.03

62.97 11.38 319

55.85 10.05 2.74

54.63 976 273

46.74 974 2.43

61.73 9.90 271

61.42 4.49 273

44.89 9.13 263

44.87 9.10 2.42



cally significant. In the other trial on 3 x 3
stock-scion combination, both RRII 203 and
RRII 105 performed better in yield while
RRH 203 was better among the two in vigour.

7. Morphological characterisation of
popular clones

A manual on Identification of Hevea
Clones was published. This manual elabo-
rates in an easily comprehensible form, the

important distinguishable morphological
features of a large number of rubber/Hevea
clones, cultivated in India. The publication,
is a very useful tool for clone identification
to extension officers, estate managers, plant-
ers, nursery owners, small growers, scien-
tists, researchers and others. The descrip-
tions of technical terms and their lucid il-
lustrations make this book unique and user
friendly.

GERMPLASM DIVISION

The major activities of the division are
introduction, collection, conservation and
evaluation of Hevea germplasm. The Hevea
germplasm collection comprises both the
domesticated gene pool of clones derived
from the original Wickham collection of
1876, and the wild germplasm collections
from the 1981 IRRDB expedition. Apart from
maintaining the Wickham collection, conser-
vation of the wild germplasm, its agronomic
evaluation, screening for disease, drought
and cold resistance, timber latex traits and
molecular characterization are also being
carried out.

1. Conservation and documentation
1.1, Wickham collection from secondary centers of
diversity

175 Wickham clones are being con-
served in field gene banks consisting of a
clone museum at RRII Farm, Kottayam and
five germplasm gardens established at CES,
Chethakal. Screening for resistance to
Oidiuni was carried out in Germplasm Gar-
dens I, IIl, IV and V, comprising 75
Wickham clones. Monthly cup lump yield
was recorded from Gardens Il and 111, while
annual girth was recorded from Gardens I,
111, IV and V. Fifty one clones in one repli-
cation in Garden | were maintained for con-
servation. Clones were identified for estab-
lishing a nursery with all the domesticated
Wickham germplasm, classified under cat-

egory Il of the Board's planting recommen-
dations, as well as other interesting recom-
binants from hand pollination programs.

Among the 35 clones in Garden II,
RRIM 604, RRIM 607, RRIM 612 and
RRIM 703 recorded annual yield comparable
with that of the control clone RRII 105
Twentyone clones had ahigher average girth
than RRII 105. There were significant dif-
ferences between the 15 clones in Garden
111 for the annual yield and girth. RRII 203
recorded the highest yield (90.74 g/t/t) fol-
lowed by PB 311 (86.29 g/t/t) and RRII 118
(81.91 g/t/t). RRII 118 had the highest girth
(113.17 cm) followed by RRII 300 (108.62
cm), and RRII 203 (106.21 cm). These clones
were also screened for resistance to
Phytophthora disease in collaboration with
the Pathology Division.

Of the five clones in Garden IV in their
tenth year of growth, two clones, viz., IRCA 111
and IRCA 130 had a significantly higher
girth while IRCA 130 had girth increment
comparable to that of RRH 105 (Table Ger. 1). All
the five clones had acomparable bark thickness
with RRII 105. IRCA 230 had the highest bark
thickness (6.7 mm) and lowest in IRCA 111 (5.3
mm). The mean dry rubber yield for the peak
season was computed. IRCA 130, and IRCA 18
had a significantly higher yield than the control
RRH 105 while that of IRCA 109 and IRCA ill
were comparable



Table Ger. 1 Growth and yield performance of IRCA

clones
Summer Annual Bark Mean
Clone ~gith  gith  thickness  peak
increment  (cm)  (mm) vield
%) (g/t/t)
IRCA 18 055 48.7 56
IRCA 111 0.37 57.4 53 5286
IRCA 109 079 528 6.1 4577
IRCA 130 1.01 56.1 6.4 71.93
IRCA 230 0.82 514 6.7 29.97
RRII 105 1.25 49.4 6.1 44,83
CD (P=0.05) 0.36 6.01 0.80 12.73

Among the 20 clones in Garden V,
RRIC 100 showed significantly higher girth
(61.55 cm) and the remaining clones were
comparable with the control clone

In the experiment on the feasibility of
ratooning in Hevea, though the percentage
of sprouting was higher in the polybag
plants than in the tree stumps, the ratoons
that sprouted from the tree stumps were
much more vigorous and showed four times
greater girth and height than the corre-
sponding clones in the polybags in the first
year of growth (Table Ger. 2).

In the experiment on multivariate
analysis in Wickham clones, the data at ju-
venile and late mature stages of growth were
analyzed and compared. At the immature
stage, number of intact whorls in the sec-
ond year, scion diameter, number of latex
vessel rows, laticifer area index and inor-

1A AT A

Time taken to sprout (months)
Girth (cm)

Height (cm)

Total number of leaf whorls produced
Number of whorls retained at the end of the first vear
Fresh weight of single leaflet (g) :
Dry weight of single leaflet (g)

Leafsize (cm*)

ganic phosphorous content of the latex
showed relatively higher genotypic corre-
lations with test tap yield. Number of latex
vessel rows had the highest positive direct
effect on yield and also a high genotypi,
correlation with yield in the late mature
phase. Among the 34 parameters recorded
in the juvenile phase, only number of latex
vessel rows and bark thickness were corre-
lated with late mature yield.

Genetic divergence assessed in the
mature and immature phases resulted in five
and seven cluster, respectively (Table Ger. 3)
One large duster each comprising 18 and
19 clones in immature and mature phases
respectively were obtained with 16 clones
incommon in the two phases. Factor analy-
sis reduced the 27 traits recorded in the
mature phase into 10 hypothetical factors

Table Ger. 3. Clustering of clones in Uie mature phase

Cluster No.ofclones Clone

RRIM 501, RRIM 519,
RRIM 526, RRIM 600,
RRIM 602, RRIM 604,
RRIM 605, RRIM 610,
RRIM 6L1, RRIM 620,
RRIM 622, RRIM 628,
RRIM 636, RRIM 701,
RRIM 703, RRIM 704,
RRIM 705, |AN 873, Harbel 1.
RRIM 615, RRI1105
RRIM 607, RRIM 612
RRIM 603

RRIM 706

cal characteristics of ratoon andpolyl,..

Ratoons Polybag plants t value
3.06 1.27 11.144%*
12.02 2.77 23.222%%

35921 87.17 23.912%%
7.35 3.42 15.397"
4.05 241 7.625"

26 0.62 13.688**
118 0.27 13.929**

122.72 47.44 12.187%*
0.96 0.57 20.984
45.8 44.64 1.759



while the 34 traits in the immature phase
were reduced to 9 hypothetical factors. The
performance of the clones in the two stages
was also assessed. RRII 105 was ranked first
in die mature phase and 7thin the immature
phase (Table Ger. 4). Step- wise regression
of mature yield on the immature traits
showed that among the various morphologi-
cal, anatomical and biochemical traits stud-
ied, number of latex vessel rows explained
only 20% of the variability in mature yield

Toestablish agarden with all the avail-

Table Ger. 4. Performance index for clones at the juve-

nile stage
Clone Index value Rank
RRIM 501 214.0972 16
RRIM 519 221.8459 1n
RRIM 526 218.5694 13
RRIM 600 221.8403 12
RRIM 602 232.9889 6
RRIM 603 206.4219 19
RRIM 604 215.7082 15
RRIM 605 240.3315 4
RRIM 607 184.7110 24
RRIM 610 224.3923 9
RRIM 611 204.8052 20
RRIM 612 164.8285 25
RRIM 615 2239153 10
RRIM 620 207.5147 18
RRIM 622 213.1958 17
RRIM 628 216.8499 1
RRIM 636 185.1405 23
RRIM 701 191.2435 22
RRIM 703 268.0724 1
RRIM 704 241.9573

RRIM 705 2272735 8
RRIM 706 204.4129 21
IAN 873 238.4124 5
RRII 105 228.6909 7
Harbel 1 260.4253 2

able species of the genus Hevea, Rubber Re-
search Institutes of Sri Lanka, Malaysia, Cote
d'lviore and Indonesia were contacted of
which, Sri Lanka has offered to supply two
species. Indonesia and Cote d'lvorie are
willing to supply four and 10 accessions re-
spectively. Further correspondence with
these countries and NBPGR regarding the

export/import and quarantine formalities
are in progress.
12. Wild gene pool

A fresh census of the wild germplasm
in the conservation nurseries at CES,
Chethackal indicated the existence of 3576
accessions. Annual maintenance like cutting
back and identity mark renewal of the ac-
cessions were carried out. The third round
of screening for Oidium resistance was com-
pleted in collaboration with Pathology Di-
vision and screening for Phytophthora dis-
ease resistance was continued.

During the flowering season, 186 speci-
mens of 62 wild Hevea germplasm were col-
lected and herbarium prepared. Prov-
enance-wise sorting of 150 herbarium speci-
mens comprising 50 accessions prepared
during last year were done for easy identi-
fication. Fifty-eight wild Hevea accessions
received from RRS, Agarthala were planted
along with the control clones (RRII 105 and
RRIM 600) at CES, Chethackal in an aug-
mented RBD with five plants per genotype.
Two hundred and eight wild accessions mul-
tiplied from SBN 1991a was established in a
separate arboretum.

2. Characterization and preliminary
evaluation

Annual girth was recorded from all the
ongoing preliminary evaluation trials
(PETs). Fifteen accessions recorded better
girth than RRII 105 in (Table Ger. 5). Height
of first branching was recorded for identi-
fying accessions having high timber poten-
tiality. Fourteen wild clones recorded abole
volume higher than the popular clone RRII
105. Screening for Oidium and Phytophthora
resistance was carried out in collaboration
with Pathology Division.

In the PET 1992 monthly dry rubber
yield was very low. Screening for Oidium
and Phytopthora was carried out. Thirty-six
genotypes in experiment | and 12 in experi-



Table Ger. 5. Acccssions with higher girth than RRH 105 (10" year of growth)

Accession Girth (cm) Genotype
62.80 MT 181
60.33 AC 628
50.80 RO 95
58.50 AC 162

MT64 52.50 MT 185

rnent Il recorded higher annual girth than
that of the control. Bark samples were col-
lected from the trials for study of anatomi-
cal features.

In PET 1994A out of 24 clones, AC 757
had the maximum girth (45.44 cm), which
was significantly higher than RRII 105 (32.99
cm). Fourteen accessions had girth compa-
rable to RRIl 105. In PET 1994B, 17 acces-
sions were comparable to that of RRII 105
(37.13 cm). In PET 1994C seven wild acces-
sions viz., AC 726, AC 737, AC 636, AC 958,
RO 353, RO 860 and RO 893 had significantly
higher girth values (29.75 cm, 29.31cm,
28.97cm, 28.48cm, 32.63cm, 30.53cm and
40.66cm, respectively) compared to RRII 105
(27.93 cm). In the Ortet trial 1994, OM 1124
had a significantly higher girth (37.74 cm)
than the control (40.80 cm) while the remain-
ing ortets were inferior after eight years of
growth

In PET (Ortets) 1999 with 46 wild
clones, OR 1180 and OM 1107 had higher
growth than the control clones. Thirtytwo
wild accessions had girth values comparable
with RRII 105.

In PETs 2000 A, B and C vacancies were
filled and all the genotypes were morpho-
logically characterized at juvenile phase. In
PET 2000C recording of data on girth,
height, number of whorls and total number
of leaves was done to compare the initial
establishment and growth of the wild acces-
sions. Morphological characterization of
these genotypes was also completed as per
the descriptor.

Girth (cm) Genotype Girth
57.00 AC 698 54.50
56.33 AC 635 54.28
55.70 AC 638 53.50
55.33 AC 750 53.00
55.06 RRII 105 44.69

Fortyeight wild Hevea accessions along
with the control clones (RRII 105,
RRI1208 and RRIM 600) were multiplied and
raised in nursery at RRS, Padiyoor for plant-
ing in the ensuing season.

3. Further evaluation and selection

In the Further evaluation trial with 80
accessions, summer girth and summer girth
increment in the 6thyear and annual girth in
the 7* year were recorded and analysed. Out
of the 80 accessions studied, 64 genotypes
comprising 17 Acre, 17 Rondonia and 30
Mato Grosso had their summer girth com-
parable with the control, RRII 105. There
were no significant differences between the
accessions for summer girth increment.
Girth of 73 genotypes (Acre-19, Rondonia-
19 and Mato Grosso- 35) at the age of seven
years was comparable with that of RRII 105.

Physio-biochemical studies have been
initiated in collaboration with Plant Physi-
ology Division. Based on girthing pattern,
20 genotypes were identified (10 genotypes
each from high girtli and low girth catego-
ries) and their wintering pattern examined.
Leaf samples were collected and detailed
biochemical analysis of the selected geno-
types was in progress.

4. Screening
4.1. Biotic stress resistance

Screening for resistance to major dis-
eases was conducted in collaboration with
the Pathology Division. Screening for

Phytophthora, Oidiuni and Corynespora resis-
tance was initiated.




4.2 Abiotic stress resistance
Droughttolerance

For the evaluation and screening of
wild Hevea germplasm for drought tolerance
25 selected accessions were multiplied for
conducting a field experiment at RRII. For
the proposed field planting at RRS, Dapchari
a polybag nursery with 161 wild genotypes
was raised. The sprouting success was re-
corded after one month of establishment to
assess the genotypic difference in sprouting
in drought prone area. While 22 accessions
completely died off, 5 accessions showed
100% success in sprouting, while 0-10% suc-
cess was recorded in 28 accessions, 11-50%
success in 61 accessions and 51-90% success
in 67 accessions. Out of this, field planting
of 63 wild accessions was carried out for
their screening, under Dapchari conditions
in augmented RBD, with a plot size of 5 and
spacing of 2.5 x 2.5 m.

Out of 63 wild accessions planted in
the field, 22 accessions recorded casualties
in the field ranging from 20-67%, four
months after planting in (Table Ger. 6).
Growth performance of the genotypes re-
vealed wide variability in the early growth
phase.

Ten accessions, which recorded very
high girth increment compared to the three
control clones, are listed in (Table Ger. 7),

Table Ger. 6 Initial casualty status in the field (after 4

months)
Accession  Percentage  Accession  Percentage
casualty casualty
RO 141 66.67 MT932 25.00
RO 20 50.00 AC 157 25.00
AC 448 50.00 MT 899 33.33
RO 1301) 25.00 AC 2539 66.67
AC 153 50.00 AC 4266 25.00
MT54 20.00 AC 161 3333
MT 1649 20.00 RO 268 3333
AC 649 2000 RO 4184 50.00
AC 776 20.00 MT 1591 40.00
AC 609 60.00 RO 2524 2000
MT67 20.00 AC 404 25.00

Table Ger. 7. ypes with high girth increment rate
Accession Girth increment (%)
MT 2594 223.82

RO 2704 180.03

AC 448 166.15

RO 1300 156.01

AC 2532 153,59

RO 2504 149.72

AC 609 144.58

MT 1619 14155

AC 3307 136.38

MT54 134.07

RRII 105 76.30

Thir1 88.29

RRIM 600 126.14

indicating the very vigorous girthing habit
of these accessions

Genotypes identified based on their
superior performance in the early growth
phase for a set of characters identified Mato
Grosso genotypes for their superiority com-
pared to the accessions from the other two
provenances.

4.2.2. Cold tolerance

From the evaluation trials at RRS
Nagrakatta, a set of growth characters such
as girth, number of leaf whorls and total
number of leaves were recorded during the
pre winter period in October 2001 and in
the post winter period in March 2002. Geno-
types RO 2387, RO 2567 and MT 915 were
the best in terms of their girth, while
MT 3452, RO 3229, AC 3810 and RO 2908
were superior for number of leaves pro-
duced. Morphological characterization of
the wild genotypes was completed using a
descriptor.

4.3. Timber latex traits

Juvenile characterization of the acces-
sions in the trial for screening for timber la-
tex traits was done using 22 morphological
traits at the age of 18 months. Wide vari-
ability was observed in the wild accessions
for these traits. Data on juvenile girth of the



selected clones revealed that in general the
wild accessions recorded comparatevely
higher girth than that of the Wickham clones.
Of the 19 wild accessions, 18 and 15 geno-
types each were comparable with RRII 118
and RRIM 600 respectively while 14 and four
wild genotypes showed significantly higher
girth than the Wickham clones, PB 260 and
PB 235. Among the wild accessions, AC/S/
11-11/348 had a maximum girth (11.08 cm)
followed by RO/0OP/4-20/15 (10.12cm) and
MT/IT/16-34/199(10.08 cm).

In order initiate the screening of the
germplasm for timber quality traits through
lignin biosynthesis studies, a laboratory Ball

MYCOLOGY AND PLANT

The Division continued investigations
on protection of Hevea from pathogens, in-
sect pests and root-knot nematodes by
chemical and biological methods. Studies on
diversity of pathogenic fungi, etiology of
tapping panel dryness, crop improvement
and management of effluent from rubber
factories by using microorganisms were also
continued.

A survey conducted to assess the inci-
dence of abnormal leaf fall (ALF) disease in
clone RRII 105 in the traditional rubber
growing tract indicated that in mpst of the
areas mature plantations require prophylac-
tic spraying to avoid crop loss. It was ob-
served that, Rajprol spray oil can also be
used as an effective carrier for copper oxy-
chloride (COC) for the control of ALF dis-
ease. Partial substitution of spray oil with
rubber seed oil (RSO) was found to be prom-
ising. Fungicides namely hexaconazole 2%
dust and carbendazim 0.05% spray gave
better control of powdery mildew in field
and nursery respectively. Occurrence of
pink disease on different clones in various
locations indicated that Mundakayam and
Thodupuzhaare highly disease-prone areas

mill was fabricated locally for powdering
wood samples for the preparation of Extrac-
tive free Xylem Residue (EXR). The stan-
dardization of protocol for the processing
of wood samples prior to ball milling was
completed and initiated the preparation of
EXR for lignin estimation.
5. Molecular characterization

Leaf samples of 143 genotypes were
collected from CES. DNA extraction from
all the genotypes using the mini prep proto-
col was completed. RAPD analysis was run
for a set of genotypes using four primers.
Further refinement of the protocol was done
during the period.

PATHOLOGY DIVISION

and that the clones RRII 105 and PB 255 are
highly susceptible. A new fungicide coptrel
was superior to Bordeaux paste for control
of pink disease. Field and laboratory screen-
ing of Hevea germplasm for resistance to
various diseases identified promising acces-
sions for Phytophthora, Oidium, Corynespora
and Corticium tolerance. RAPD analysis
showed differences among Phytophthora and
Corynespora isolates. Spread of TPD could
not be arrested by sterilising tapping knife
with various anti-viroid chemicals.

Natural infection of bark feeding cat-
erpillar by an entomopathogenic fungus
Beauveria bassiana was noticed in the field,
which opens up anew avenue forbiocontrol.
Two larvae of Meloidogyne incognita per
gram of soil was recorded as threshold level
for root-knot nematode damage in host
plants.

Bee keeping activity revived during
this year and Apis cerana indica was found
to be more remunerative than A.niellifera.
Inoculation of rubber seedlings with differ-
ent beneficial microorganisms stimulated
plant growth. Irrigation with raw effluent
from a TSR processing factory altered the



soil chemical and biological properties but
did not have any deleterious effect on
growth of test plant (Capsicum sp).

The Division provided training
programme on apiculture, biogas and mush-
room cultivation. Guidance to nine post
graduate and a doctoral student was also
given by the scientists of the Division.

1 Leaf diseases
11 Abnormal leaf fall

Rajprol, a new' spray oil formulation
developed and supplied by
M/s. Ram Charan Co., Chennai was sub-
jected to large-scale field testing in four lo-
cations. Recommended COC-spray oil ra-
tio of 1:5 and the dosage of 40 L/ha was
maintained in all locations. Currently rec-
ommended (IOC) spray oil was used as con-
trol. Leaf retention assessment showed that
Rajprol spray oil is as effective a carrier for
COC as the currently recommended spray
oil for ALF control. The new formulation
was recommended for use (Table Path. 1).

The trial on partial substitution of rub-
ber spray oil (mineral oil) with RSO was
continued. RSO and mineral oil mixed in the
proportion of 1:2 was evaluated in compari-
son with mineral oil alone as carrier for
COC. Results indicated that the use of rub-
ber seed oil for partial substitution of spray
oil was promising (Table Path. 2).

Table Path. 2. Evaluation of RSO for partial substitu-
tion of spray oil

Leaf retention (%)

Treatment Pudukad CES
RRIM 600  RRII105 GTI
RSO +spray oil 48.08 7597 6550
Spray oil alone 42.58 7138 63.16
Unsprayed control 5.93 5283 4154
CD (P=0.05) 22.93 1468 1605

The experiment to evaluate the efficacy
of micron sprayers by attaching Micronair
AU 8120 atomiser for spraying in mature
rubber plantations was repeated. The use of
Micronair atomiser gave comparable pro-
tection to that of micron atomiser. This at-
tachment was observed to give higher throw
and finer particles as reported earlier.

Effect of leaving areas unsprayed on
the crop yield was studied over a full tap-
ping cycle. The normal tapping in the clone
RRIM 600 has been completed during 2001.
The area has been included under slaugh-
ter tapping prior to felling. The leaf reten-
tion and yield recorded in the experimental
plots are presented in (Table Path. 3). There
was significantly higher leaf retention in
sprayed plots in clones RRIM 600, GT 1and
RRII 118 but the crop loss was high in the
former two.

The experiment to evaluate the dosage
of COC on disease severity and yield was
continued. The recommended dose of

Table Path. 1. Evaluation of spray oils for spraying COC in rubber

Location Clone Treatment Method of application Leaf retention (%) cD
Kanjirappally PB 311 1oc Micron 87.53
Kanjirappally PB 311 Rajprol Micron 89.55 NS
Thodupuzha RRIM 600 1oc Micron 66.64
Thodupuzha RRIM 600 Rajprol Micron 62.29 NS
Ranni RRIM 600 1oc Micron 52.44
Ranni RRIM 600 Rajprol Micron 61.28 NS
Ranni GTI 1oc Micron 63.16
Ranni GTI Rajprol Micron 68.64 NS
Punalur RRIM 600 [le}e} Aerial 82.31
Punalur RRIM 600 Rajprol Aerial 75.03 NS

NS: Not significant



Table Path. 3. Crop loss due to abnormal leaf fall disease

Leaf retention (%)

Sprayed Unsprayed
RRIM 600* 50.34 28.02
RRII 105 64.28 52.83
GTI 58.74 4154
RRII 118 73.37 48.28

’ Under slaughter tapping from April 2001

8 kg/ha gave highest leaf retention and con-
sequently better yield. Yield was very low
in the area sprayed with 2 kg/Zha compared
to all other treatments though the reduction
in leaf retention was statistically significant
only when compared with 8 kg/ha dosages.
This could be due to the cumulative effect
of low leaf retention in the past that might
have affected the subsequent crop.

Attempts were made to spray combi-
nations of Bordeaux mixture, RSO and spray
oil with low volume spray applicators
Micronair atomiser was attached to the mi-
cron sprayer for obtaining maximum verti-
cal throw. Only one pre-monsoon spraying
was carried out. The spray fluid was deliv-
ered to more than 20 m height with fine par-
ticle size (50-100]im). The spray fluid re-
quirement was only 800 L, which is only 25%
of the recommended spray volume. Severe
abnormal leaf fall was noticed in the plots
sprayed with Bordeaux mixture or Bordeaux
mixture + oil combinations using low volume
sprayers suggesting its ineffectiveness.

Though the commercial biofungicide
Bioflora was effective in controUing growth
of the pathogen under laboratory condi-
tions, it was not effective in controlling ALF
disease in the field (Table Path. 4).

Yield recording in the crown budded
experimental area with clone PB 311 was
continued. No definite trend could be no-

50 far on Vield Phytophthorc incidence
was severe in PB 311, whereas the crowns
with RRII 33 and Fx 516 retained more
eaves. Girth of crown-budded trees (1970

Yield (g/t/t) Crop loss (%)

Sprayed Unsprayed
2040 129.70 115.17 25
NS 64.21 70.62 _
16.49 55.27 30.00
18.68 51.36 44.88 6

NS: Notsignificant

Table Path. 4. Evaluation of bioflora for ALF control
(RRIM 600)

Leaf retention (%)

Kumarankudy Malankara pudukad
Bioflora 10.46 6.95 14.78
coc 88.68 59.68
Control 14.90 32.11 5.93
Bioresumeonly ~— — — 5.10
€D (P=0.05) 17.82 23.27 20.77

trial) in clone GT 1 was measured and the
trees crown-budded with F 4542 (Hevea
benthamiana) recorded significantly lower
girth (77 cm) compared to trees crown-bud-
ded with Fx 516 (114 cm) and control
(108 cm)

Samples from crown-bud experimen-
tal area in Kaliyar Estate with trunk clone
RRIM 628 and crowns RRI1I 33, Fx 516, F 4542
and control were analysed for latex proper-
ties such as specific gravity, DRC, total sol-
ids, Mg, acetone extract, ash content, nitro-
gen, initial plasticity (Po), plasticity retention
index, accelerated storage hardening
(ASHT), Mooney viscosity, copper and iron
contents. Variations in these parameters
were observed depending on crown clones.

The clone RRII 105 which has high level
of leaf retention under normal spraying, was
found to be severely affected in the tradi-
tional rubber growing areas when majority
of the areas were left unsprayed. To assess
t e incidence of the disease, a survey was
conducted in the traditional rubber grow-
mg zone' The study indicated that in most
of the areas, mature plantations of RRII 105



need protection by prophylactic spraying,
to avoid crop loss. Spraying can be judi-
ciously avoided only in South Kerala and
Kanyakumari regions where leaf fall was
less than 25%. However individual disease-
prone pockets in this region need
prophylatic protection.

Field screening of Hevea germplasm for
resistance to ALF disease in evaluation tri-
als 1992 and 1994 were carried out. Nine
accessions in evaluation trails 1992, and one
in evaluation trial 1994 were identified to
be consistently resistant. Sixty one acces-
sions that gave more than 50% leaf reten-
tion in the field were screened against
Phytophthora in the laboratory by detached
leaf technique. Twenty accessions showed
moderately-tolerant to tolerant reaction.
The experiment is being repeated for con-
firmation.

Screening for ALF, was also done in
the two trials at RRII. In Trial I, the highest
leaf retention was recorded in clone RRII 118
(71.86%) and the lowest in RRIM 703
(33.30%). In Trial 11, the highest leaf reten-
tion was recorded in RRIl 105 (78.46%) and
the lowest was in PB 280 (42.80%).

Eight new isolates of Phytophthora from
different locations were collected during the
last year, of which five were subjected to
RAPD analysis. Among die isolates tested,
an isolate found infecting the inter-specific
hybrid Fx 516 at Malankara Estate showed
a difference in the banding pattern when
screened with three primers.

12 Shootro»

A field experiment was initiated at
Malankara Estate, Thodupuzha to compare
the efficacy of Bordeaux mixture when used
with adjuvants including rubber seed oil in
controlling shoot rot disease. The retention
ofcopper on leaves was also assayed. There
was no significant difference in the copper
retention between the treatments.

A field study was carried out using five
bacterial antagonists against shoot rot dis-
ease at Malankara Estate. The bacterial an-
tagonist RP 6 gave better disease control.

13 Powdery mildew

An experiment to control this disease
in mature plantation was conducted at
Cheruvally Estate in a field planted with
clone PB 5/51. Application of systemic fun-
gicide, hexaconazole dust was tested at 1%
and 2% concentrations in comparison with
sulphur. Significant control was obtained
with 2% hexaconazole followed by 1%
hexaconazole.

A nursery trial was carried out at CES,
Chethackal on polybag plants of RRII 105
to evaluate benzothiadiazole (Bion), che-
lated zinc, flowable sulphur, carbendazim
and wettable sulphur. Carbendazim re-
corded better control while all other treat-
ments were comparable.

A survey was conducted to assess the
intensity of powdery mildew disease in
Kanyakumari District. High disease inten-
sity was noticed in all the clones evaluated.

Screening of germplasm accessions
planted at CES in source bush nurseries,
germplasm gardens and evaluation trials
against powdery mildew disease was un-
dertaken. A total of 22 and 37 accessions
showed less than 25% disease intensity in
evaluation trials 1992 and 1994 respectively.

Observations were made on the inci-
dence of powderj’ mildew disease in the two
clone trials laid out in RRII farm. In Trial I,
the lowest disease intensity was noticed in
the clone RRI1 308 (30.08%) and the highest
in the clone RRII 300 (67.16%). In Trial I,
the lowest disease intensity was noticed in
the PB 311 (36.86%) and the highest in the
clone PB 310 (58.88%).

Observations on wintering/refoliation
pattern and incidence of powdery mildew



disease in the 1993 large-scale trials (Trial |
and Trial 1) at CES indicated that all the
clones are susceptible to the disease with
more than 60% disease intensity. In Trial I,
the done RRII 414 recorded the lowest dis-
ease intensity. Since the wintering and
refoliation were relatively early in this clone,
the leaves matured early and was less af-
fected. In Trial 1l, RRII 410 recorded the
highest and RRII 422 the lowest disease in-
tensity. The clones RRII 410, RRI1I 434 and
RRII 454 showed late wintering. Powder)’
mildew disease intensity’ was also assessed
in the 1981 clone evaluation trial. AH the
clones showed more than 82% disease in-
tensity except PB 310 (53.55%.)

14.  Colletotrichum leaf disease

A field experiment was undertaken at
Malankara Estate for the evaluation of fun-
gicides for control of Colletotrichum leaf
disease in clone RRII 105. Fungicide appli-
cation was made at weekly intervals. Mini-
mum disease intensity was observed in Saaf
(carbendazim + mancozeb) followed bv
mancozeb and carbendazim.

The compatibility of the six Trichodermi
isolates from different sources with three
fungicides viz., carbendazim, mancozeb and
metaiaxyi MZ was studied. None of the iso-
lates could grow in the presence of
carbendazim even at the lowest concentra-
tion (10 ppm) tried whereas the isolates grew
even at the levels of 1000 ppm of the other
two fungicides.

In the physiological studies using two
species of Colletotridnnn namely; o=,
and c. gheosporioiies. showed good sporu-
lation and maximum dry mycelium weight
at PH range of 5.5 to 7.5. At pH range-of
2.0 to 3.5 both the species showed slaw
growtli and poor sporulation

15, Corynespora leaf disease

Pathogenicity of 12 different isolates of
C. cassiicola collected during 2000-2001 dis-

ease season was studied. Pathogenicity was
estimated by measuring the size of necrotic
lesions developed after 72 h of conidial in-
oculation in the clones RRII 105 (susceptible)
and in GT 1 (tolerant). RRIl 105 showed sus-
ceptible reaction while GT 1 was tolerant to
all the isolates. However, two isolates were
found to be more pathogenic on tolerant
clone GT 1 compared to others.

The production of toxin by these iso-
lates was estimated by leaf wilting bioassay
using their crude culture filtrates. All the
isolates showed higher per cent wilting in-
tensity in the susceptible clone RRI1 105 and
variation in intensity was observed between
isolates. Wilting intensity was less in GT 1
compared to RRII 105.

Sixteen isolates of C.cassiicola were
tested for their sensitivity to two fungicides
viz., carbendazim and mancozeb using poi-
soned food technique. All the isolates were
highly sensitive to carbendazim at 25 ppm
At 15 ppm and 5 ppm carbendazim, the iso-
late 235 showed 88.88 and 94.40% inhibition
and the isolate 305 showed 83.33 and 93.33%
inhibition respectively, while all the other
isolates showed 100% inhibition. With 250
and 100 ppm of mancozeb, the isolate 235
showed maximum inhibition. The inhibition
of isolates 305 and 309 was also high when
compared to other isolates. At 5 ppm
carbendazim, the isolate 303 was fungistatic.

For screening of Hevea germplasm, 669
accessions were tested against Con/nespora
in the laboratory by detached leaf technique.
Observations on lesion size was recorded
after 72 h of inoculation. Among the acces-
sions, 19 from Mato Grosso, 83 from Acre
and 101 from Rondonia showed moderately-
tolerant/tolerant reaction to Corynespora.

Phenylalanine ammonia lyase (PAL)
activity was tested against C.cassiicola induc-
tion in four clones of Hevea, viz., GT 1, RRII
105, PR 107 and RRIM 600. In GT 1,40 pm

rot/min of PAL activity was estimated in



24 h,while only 10 Jamactivity was observed
in RRIM 600. In the clones RRII 105 and PR
107, lower enzyme activity was observed
than uninoculated control. Maximum (60
pm Prot/min) of PAL activity was estimated
in GT 1at 96 h, while a decrease in enzyme
activity was observed in RRIM 600
(Table Path. 5).

Genetic variability of thirteen isolates
of C. cassiicola was studied and all the iso-
lates except the one collected from the clone
GT 1 during 2002 gave uniform amplifica-
tion with the three primers tested. The GT 1
isolate gave a distinct banding pattern with
all the primers.

Another study on detection of genetic
variability of isolates consequent to the in-
teraction with fungicides was initiated. Four
isolates of Corynespora were screened in vitro
by using both systemic and contact fungi-
cides. Carbendazim (Bavistin) and
mancozeb (Dithane M- 45) were used. These
isolates were grown on graded levels of the fun-
gicide-amended media and their DNA isolated
and subjected to RAPD analysis.

2. Stem diseases
2.1, Pink disease

Survey on pink disease distribution
was undertaken in the different regions of
traditional area of rubber cultivation. Dis-
ease occurrence on different clones in vari-
ous locations indicated that Mundakayam
and Thodupuzha were the high disease -
prone areas and the clone RRII 105 remained

highly susceptible in all the regions. The
clone PB 255 was also observed to be highly
susceptible.

In the field experiments on disease
management, it was observed that addition
of RSO, linseed oil or neem oil to Bordeaux
paste enhanced the disease control. A new
fungicide Coptrel (1%) was evaluated using
three different carriers viz., Vinofan, Indtron
and Dipicol. Recovery was 85, 85 and 80%
respectively compared to 60% for Bordeaux
paste. Pink disease incidence in the 1998
clone evaluation trial at Cheruvally Estate
was recorded. Higher pink disease incidence
was recorded in RRII 429 with 55.5% dis-
ease incidence followed by RRII 105
(37.19%), RRII 414 (24.6%) and 417 (23%).
RRI1 410 (5.38%) recorded lower disease in-
cidence.

22. Bark rot disease

Field evaluation with different sys-
temic and non-systemic fungicides against
bark rot disease was initiated in Lahai Es-
tate. Treatments comprised chorothalonil
(Kavach) 2.5g/L, cymoxinil M8 (Curzate
M8) 2.0g/L, strobilurin (Amistar) 4ml/L,
metalaxyl + mancozeb (Ridomil MZ) Ig/L
and mancozeb (Indofil M 45) 5g/L of
water.

3. Root diseases
3.1 Brown root disease

A field trial for the control of brown
root disease was conducted at
Mayilallampara, Calicut using tridemorph

Table Path. 5. PAL activity (lim Prot min)

24 48
c IN c
GTI 20 40 20
10 20 10
30 20 30
RRII 105 20 15 20

C-Control; IN-infected

Time (h)

72 96
IN c IN C IN
46 20 55 20 60
15 10 10 10 10
15 30 15 30
15 20 10 20



(Calixin) 1% & 0.2%, thiram (Thiride) 0.75%,
propiconazole 0.1% & 0.5%, hexaconazole
(Contaf) 0.02%, hexaconazole + captan
0.25% and a bio-control formulation
(Bioresume + Bioflora). The base and soil
around the collar of the infected and two
neighbouring plants on the same contour
row were drenched with fungicide solution.
No differences among the treatments were
observed six months after application.

4. Retention and residual studies of cop-
per in rubber plantations

The experiment was conducted at
Pudukkad Estate, RRII Nursery' and CES,
Chethackal to study the retention of copper
on the leaves, the copper content in the soil
and its effect on soil microflora. There was
areduction of copper on the leaves from 40-
50% within a month after spraying. There
was not much variation in the copper con-
tent in the soil and the soil microflora.

5. Pathological aspects of TPD

Bark and leaf samples of diseased and
healthy trees from various locations were
tested using the R-PAGE technique to con-
firm the presence of viroid. Eight diseased
trees were continuously showing the pres-
ence and six healthy trees the absence of vi-
roid. As a part of the transmission studies
16 rubber seedlings were screened' for vi-
roid of which nine were negative.

A field experiment to study the vari-
ous aspects of bark scaling of rubber trees

e 7. & Rl s

and monthly recording of girth, TPD inci-

The trees sHomgaé%vs%ﬁm% had lower

girth compared to others. The volume of
latex was also very less but the DRC was
comparable. s

fr-PAGE analyses of various plant parts
from trees showing bark scaling were car!

ried out. Presence of viroid bands could be
observed in the samples collected from the
remnants of the bud wood plants from
which all the bark scaled plants are sus-
pected to have originated. TPD trees with
bark necrosis were also analysed for viroid
and out of 12 plants, 8 showed the presence.
Bark sloughing with drying of plants was
observed in clone PB 28/59 in Nagercoil
area. Among four such trees one showed
the presence of viroid and among the
healthy two showed viroid bands .

In order to study the effect of various
anti-viroid chemicals in preventing the pos-
sible disease spread through tapping knife
an experiment was initiated at Malankara
and Vaniampara Estates. The chemicals
used were Glutaril, Combatan, Sodium hy-
pochlorite and triSodium orthophosphate.
Tapping knife was dipped in these chemi-
cal solutions before each tap. The disease
spread was monitored by counting and as-
sessing the fresh occurrence of TPD. In both
the locations arrest in the spread of disease
could not be observed even after six months
(Table Path. 6).

6. Pests

The bark feeding caterpillar (Aetherastis
circulata) infestations could not be effectively
controlled with spraying E.C formulations
ot insecticides by using a long lance. Spray-
ing could be done only up to 6m height and
this resulted in the control of the pest for
only less than 45 days. Two rounds of dust-
ing with 2% methyl parathion gave 34% con-

¢ | dayS'“ was observed that up to
f t~u ca,erPil]ars were naturallv in-
jected by an entomopathogenic fungus
Becmoerm bnssimm in April just before pupa-
tion. The life history studies indicated that
the eggs of A circulata hatched during Sep-
tember lo November. The larval, pupal and
adult periods lasted for 134, 14 and 4 days
respectively.



Table Path. 6. Tapping knife sterilization and TPD

occurrence
Noof TPD trees

Malankara ~ Vaniyampara
Initial Final Initial ~Final

Control 1 5 7 13

Glutaril 4 2 5 7

Combatan 10 4

Sodium hypochlorite 7 4 2 2

Trisodium orthophosphate 9 10 8 12

To find out the effect of temperature
and rainfall on the population and incidence
of nematodes on Pphaseoloides, three sites
were selected and soil samples collected at
monthly intervals from September to June
and the nematode population estimated.
Plants were also assayed for presence of
galls. Total monthly rainfall and mean tem-
perature were also recorded (Table Path. 7).

Nematode population declined from
September to December. From December
there was an increase in nematode popula-
tion with peak population in March. The
nematode population and its incidence de-
clined in succeeding months after a heavy
rainfall.

Soil samples were collected at random
from a depth of 10 to 30 cm from different
rubber growing areas and root-knot popu-
lation was estimated. The density and fre-
quency of root-knot nematodes was also

Table Path. 7. Mean monthly temperature, total rain-
fall, nematode population and root
knotsin P.phaseoloides

Tempeature Rainfall Populationper No.ofgalls/

Month

o (i) 250gsoil plant
September 273 4148 533 6.25
October 27.0 3532 488 5.67
November 272 149.6 366 3.56
December 27.4 30.0 710 7.54
January 217 8.6 976 9.34
February 28.7 12.4 1000 10.04
March 29.2 61.7 1400 1717
April 29.4 1231 1200 11.88
May 28.6 477.1 976 8.71
June 26.7 456.7 350 3.00

calculated (Table Path. 8).

Infectivity of soil samples were tested
by using indicator plants. The incidence of
Meloidogi/ne sp. is indicated by the relative
extent to which the roots get infested. Soil
samples showed variations in infectivity
with respect to gall indices. A minimum
population of two larvae within one gram
of soil could induce galls on rootlets of in-
dicator plants and is regarded as an opti-
mum damaging threshold level of root-knot
nematode, M.incognita on host plants.

Seedlings of Hevea (15 days old) were
inoculated with juveniles of M. incognita in
log series 0f0,10,100,1,000 and 10,000 and
their effect on the growth of the seedlings
were monitored.

Table Path. 8. Density and frequency of root-knot nematode, M.incognita in rubber plantations

No. of No. of Absolute
Location samples infested density
collected  sample
Malankara 18 14 700
Manjeri 10 6 700
Kanjikulam 15 15 2050
Ulickal 10 7 434
Alakode 15 15 9%
Perumpulickal 10 10 300
Peruvannamoozhy 15 12 868
Paraliar 10 3 95
Dapchari 5 2 36
Nettana 10 2 50

i 1-100 nematodes/250 g soil

++ 101-1000 nematodes/250 g soil

Relative  Absolute  Relative  Level of
density q quency i i
(%) (%)
1429 70 1081 ++
1429 60 9.27 -+
41.86 100 15.44 +++
8.86 70 10.81 ++
1.96 100 15.44 +
6.13 100 15.44 ++
17.72 80 12.35 ++
194 30 4.63 +
0.74 40 6.18 +
102 20 3.08 +

+1001-5000 nematodes/250 g soil



7.  Bee keeping

During 2001-02, bee keeping with Apis
cerana indica was more remunerative than
A. mellifera. Honey yield per hive during
the year in A.cerana indica was 8 kg and that
of A.mellifera was 11 kg/hive. Nectar flow
continued up to the end of April. Bee keep-
ing activity had revived during the year. A
long and favourable honey flow season pre-
vailed in Palakkad and Malappuram dis-
tricts. The colony development and honey
production of A.mellifera declined.
A.mellifera is less preferred for migratory
bee keeping.

8. Vermiculture

The experiment to compare effect of
vermicompost and chemical fertilizer on
growth of rubber showed that there was no
significant difference in height and girth in
the first year.

9. Microorganisms for improving
growth of rubber and cover crops

In the experiment to study the effect
ot Bradfrtmabhtm inoculation on the cover
crop Mucum bracteata. fresh Mucttm and lit-
ter added by it were collected from the trial
area and the biomass from unit area esti-
mated. Biomass production was more in
the Bradyrhizobium inoculated plots.and th.
entire area was covered bv the cover cron
In the uninoculated area small patche. ,,f
weeds remained.

Theeffect of four commonly used fun-
gicides Bavistin, Indofil M-45, Suite
arid Fvtoian at concentration ranging from

fumoT On "togenaseactivit:
(limole ethylene produced/h/100 ml broth

off.vemAzotabaCer isoiates was studied
While Fytolan and Indofil M-45 were found

found to be regsinl%%elba}%ir\y/?‘%uq?éllsglﬂso re-

tratkm”itr0”enaSe actlvity at higher concen-

Growth of rubber seedlings inoculated
with four Beijerinckia isolates at
50, 75 and 100% of recommended levels of
nitrogenous fertiliser was monitored for one
year and girth and height of the plants were
compared to uninoculated plants with 100%,
N as control. Results showed that at 75% fsj
application growth of the plants inoculated
with two Beijerinckia isolates was higher than
uninoculated control plants and the growth
of the plants at lower levels of N was com-
parable with control plants. When full dose
of N fertiliser was applied there was lesser
effect of inoculation. The rhizosphere micro-
bial population increased upon inoculation
with various Beijerinckia isolates.

Growth of rubber seedlings inoculated
with mycorrhizal fungi was monitored for
one year. Even though during the early
stages of growth combined inoculation gave
better growth response, in 12 month old
plants those inoculated with Acaulospora also
gave comparable growth response to that
of combined inoculation at 50 and 75% of
recommended rock phosphate levels. Re-
sponse to inoculation was lower when full
dose of Pfertiliser was applied. Mycorrhizal
colonisation in roots of mature trees from
16 locations were studied. Plants showed 67
to 92% colonization. Roots collected from
Mundakayam area showed highest AM in-
fection.

The study on the effect of continuous
application ofphosphobacteria on the build-
ing up of their population in soil and on the
growth of rubber seedlings was continued
at Central Nursery, Karikatoor. Treatments
included 50 and 75% of recommended rock
P osphate application in phosphobacteria
inoculated plots and 100% rock phosphate
in uninoculated control plots. The increase
m phosphobacteria! population of the in-
ocu ated plots got gradually reduced over
a long time. Girth and height of the
Phosphobacteria inoculated plants at low



levels of rock phosphate was comparable
with uninoculated control plants grown
with full dose of fertiliser.

10. Waste management in rubber pro-
cessing

Water samples collected from various
stages of treatment from the anaerobic im-
mobilized growth digestor in the RSS pro-
cessing unit were analysed for pollution pa-
rameters in comparison with raw effluent.
Considerable reduction in total solids, bio-
chemical oxygen demand, chemical oxygen
demand and total nitrogen was noticed

The raw effluent and the water from
model TSR factory after each stage of treat-
ment from an effluent treatment plant (ETP)
with activated sludge system were analysed
for the various physico-chemical and bacte-
riological properties. Reduction in all the
parameters was achieved due to the treat-
ment, which was within the recommended
safe limits (Table Path. 9). Presence of
coliforms especially the E.coli in the final
effluent warrants the chlorination of the
same before disposal.

In order to study the effect of TSR ef-
fluent on soil properties and plant growth
characters, a potculture study was initiated.
Analysis of soil for physico-chemical and
microbial properties were carried out at dif-
ferent intervals. Increase in pH, available P
and K was noted in treated, raw and 50%
raw effluent. Increase in microbial populations
due to the irrigation of raw effluent was
also observed after 56 days (Table Path 10).

Effect of the effluent at two concentra-
tions (50 and 100%) and the treated effluent
on the growth characters of Capsicum sp.
was studied. No significant difference in
plantheight, number of leaves and girth was
noted due to the various treatment. At the
same time, no deleterious effect was ob-
served due to irrigation of TSR effluent.

An anaerobic upflow filter, which is a
packed bed reactor, was fabricated. This unit
consists of 120 x 40 x 30 cm container with
packed bed of TSR granules. The effluent is
let in at the bottom of the filter and an up-
ward flow passing through the bed of inert
support medium is maintained. The bacte-
ria would normally proliferate on the sur-
face of the medium as well as in the void.
The treated effluent overflew from the top of
the bed. The biogas collected was measured.

Table Path. 10. Population of microorganisms in soil

Marne of o After56 davs
organism day REwW RE* TE Control
Total soil

bacteria

(cfu/gxl0g 75 3065 1685 365 30.0
Total fungi

(cfu/gxio*) 70 445 240 130 85
Phosphate

solubilizer

(cfu/gxlo) 70 70 15 20 50
Actinomvecete

(cfu/gxl04 25 40 50 35 55
Nitrogen fixing

bacillus

(cfu/gxlo3 58.0 925 2025 1780 106.0

RE = Raw effluent; TE= Treated effluent

Table Path. 9, Pollution parameters in the ETP of TSR factory

Effluent Source ks EC Ts DS SS
7.24 0625 865 552 307
7.35 0663 690 540 155
7.48 0636 592 500 93
Polishing tank 7.57 0636 577 498 79
7.57 0.608 509 450 60
Pressure sand filter 7.64  0.589 429 397 32

BOD COD IN AmmoN, O.G Sulphide
22.90 46.06 13.01 8.83 16 3.69
1122 29.40 3.67
7.49 2828 842 4.24 1 176
6.37 2634 6,65

6.03 3.60
3.92



Experiments were carried out in six
major areas, viz., environmental physiology,
physiology of growth and yield, slodk-scion
interaction, tapping panel dryness, second-
ary metabolism and ecological impact of
natural rubber cultivation. Laboratory and
field experiments were carried out in tradi-
tional and non- traditional areas.

High lightintensity' caused more dam-
age to membrane systems when combined
with drought or high temperature stresses.
Measurement of photosynthetic oxygen evo-
lution in leaves was evaluated as a screen-
ing technique for drought and high light
stress tolerance in rubber. The photosvn-
thetic light use efficiency and quantum yield
for photosynthesis were decreased in pow-
dery mildew affected Hevea leaves. It has
been established that down regulation in
PS Il activity is associated with low tempera-
ture induced cold injury in rubber plants.
The unaccountable biomass loss in a tapped
tree of rubber was attributed to the presence
of more non-phosphorylating alternative
respiration in the laticiferous tissue. The high
yielding clones showed a significantly
higher ATP content in the latex.

Several molecularbiology experiments
were conducted to study the molecular ba-
sis of various physiological processes such
as mechanism of drought tolerance, genetic
conflict between rootstock and scion and
identification and characterization of win-
tering related genes, TPD etc.

Carbon isolope discrimination (A) ii
In Hiin(kntn.__ /l=m

Category of trees

(Summer 2001)
High girth -26.86+ 0.27*
Low girth -2551a: 0.40

1. Environmental physiology
1.1. Drought tolerance

Composition of the stable isotopes of
carbon and oxygen in the stem (-2.5 cm di-
ameter) and leaves of high and low girth
trees (collected from RRS, Dapchari during
the stress period of 2001) were carried out
atthe Crop Physiology Department, Univer-
sity of Agricultural Sciences, Bangalore.

In general the high girth trees showed
more carbon discrimination than thatof low
girth trees (Table Phy.l). However three trees
namely Tree nos. 34,19 & 48 had their A val-
ues less than their mean for the high girth
trees. Among these trees Tree No. 34 had a
A value in its stem that was less than the
mean Avalues of high girth as well as low
girth categories indicating that it has
drought tolerance characteristics.

12 Identification of the molecular basis fordrought

tolerance in Hevea

To understand the molecular basis of
droughttolerance several molecular biology
protocols have been standardized. Leaf
samples were collected from plants (high
girth and low girth trees) of the seedling
population at RRS, Dapchari and RAPD
analyses were done. Isolated the genes
HaDhnl and HaDhn2 (responsible for
drought tolerance in Helianthusannuus) from
plasmid to perform Southem/northern hy-
bridization analyses using the DNA/RNA
isolated from Hevea leaf tissue.

leaves isotope discrimination

8 "“Oleaf(%0)

(November 2001) (Summer 2001)
-21.35% 0.42

-20.59+0.27 ns

13.4+ 0.33
12.6+ 0.39 ns



13. Irrigation requirement of mature rubber in

North Konkan

The study aim at examining the extent
to which irrigation can be reduced in a ma-
ture yielding plantation with no adverse ef-
fect on its physiology and no significant re-
duction in rubber yield. The treatments were
rainfed trees (A)( partially irrigated (deep
soil area) (B) and 1.0 ETc irrigation (shallow
soil) (C).

During summer 2002 in the treatment
B( the irrigation level was continued as in
summer 2001 (1/5 ETc) i.e.. one irrigation
in three weeks.

Measurement of photosynthetic O,
evolution rate reconfirmed that reduced ir-
rigation did not reduce the photosynthetic
activity. Further reduction of the irrigation
level from 1/4 to 1/5 ETc did not reduce
the yield in deep soil, hi shallow soil con-
tinuous 1 ETc irrigation for one more year
during this year did not give any yield im-
provement over the previous year yield
(Table Phy.2). The delta 13c values for ma-
ture leaves revealed that the rain fed trees
were more efficient in using water for
growth during severe water deficit stress in
summer.

1.4. Combined effects of drought and high light
stress on nursery plants

1.4.1. Growthand PS Llactivity
The study was undertaken to evaluate

the influence of water deficit and high light
stress on chlorophyll degradation in leaves

and to establish clonal variation in Heiea.
Laboratory studies showed that high light
caused more damage to membrane systems
when combined with drought or high tem-
perature stresses. The photosynthetic oxy-
gen evolution in leaves decreased with in-
creasing water deficit and high light.
14.1.1. Effect o fPolyethyleneglycol (PEG) and high light

stress on chlorophyll degradation

Leaf discs (1 cm diameter) collected
from RRII 105, GT 1and RRIM 600 were in-
cubated in various concentrations of PEG
solutions viz., 0,40, 60 and 80% (with water
potentials of 0, -15, -40, and -60 bars, respec-
tively) and exposed to open sunlight (maxi-
mum PFD observed was 1400 |imol m-2s 1)
from 10 A.M. to 4 P.M. In mature leaves the
degradation due to high light stress was
slow compared to young ones. There was a
concentration dependent reduction in chlo-
rophyllcontent in all clones. Leaf discs kept
in water and in 40% PEG did not show any
variation from the control. However signifi-
cant decrease was observed in 60 and 80%
PEG treated leaf samples. The leaf discs
turned partially yellow.

The reduction in chlorophyll content
of mature leaves was found to be more in
RRII 105, supposed to be a drought suscep-
tible clone compared to GT 1and RRIM 600,
the drought tolerant clones. On exposure to
open sunlight in the presence of PEG on sec-
ond successive day the chlorophyll content
drastically reduced in all clones. The leaf
discs were more yellowish and the clonal

Dry rubberyield of clone RRIM 600 under different levels of irrigation in Dapchari (summer 2001

and summer 2002)

Projected yield'1(Kg/ha)

Irrigation

Unirrigated
Partial irrigated
(deep soil)

1.0 ETc irrigated
(shallow soil)

*January - May

<

Yield (g/t/t)



difference was not prominent.

When young leaves were exposed to
high light in the presence of PEG, the pro-
cess of degradation was faster. The clonal
variations were not prominent as that of
mature leaves. The percent reduction in
chlorophyll content was between 30-35. On
the second day of exposure the leaf discs
were completely yellow. More than 60% of
the chlorophyll content degraded in young
leaves of RRII 105 and GT 1.

Clonal variations were further studied
using 60% PEG and exposed to sun light
from 10A.M to 4 P.M. Percentage reduction
in chlorophyll content was estimated from
the control values and significant clonal
variations were observed. The clone Haiken
1 was less affected compared to the PB 235
and PB 260, which exhibited an increased
degradation under stress. The clone SCATC
93/14 was intermediate among the treated
clones.

1 4-2-stnrt'ire and function ofphotosynthetic appa-

ratus ofnatural rubber in relation to its adapta-
tion to high light and drought stress.

The dark respiration rate was com-
paratively higher in open light grown plants
than shade pants. The photosynthetic O
evolution rate gradually increased as the
measurement actinic light (red LED) in-
creased in all light grown plants. In shaded
plants the light saturation level reached
earlier than open light grown plants. Ihi
light compensation point was progressively
declined as the growth light intensity de-
creased in both RRII 105 and RRIM 600 and
itwasattnbuted to less dark respiration m
the Shade leaves. The apparent quantum
yield of oxygen evolution also decreased in
shade plants. This result revealed that the
light use efficiency of shade grown plants
were better than open plants under low
measurement light but it was lesser than
LI

condition P measl™ <

1.43. Photosynthesis and respiration in powdery mil-

dew affected leaves

Oidiuni infection severely inhibited the
rate of photosynthehc oxygen evolution in
both young and mature leaves (Table Phy.3)
Oidiuni infection resulted in substantial in-
crease in the dark respiration rates of leaves
and this increase was more in mature leaves
(37%) than in young leaves (24%). This in-
crease in tissue respiration was possibly
contributed by the pathogen in addition to
stress-associated changes in the leaf metabo-
lism.

Table Phy. 3. Dark respiration and photosynthetic oxy-
gen evolution rate (at 400 pm/ mVs) of
healthy and Oidium infected leaves of

Hevea
sample Respiration Photosynthesis
(Pm0./m*/S)  (pm 0 2/m;/s")
Young healthy 2.98 £0.28
Young infected 3.70+0.23 2.80 038
Mature healthy 2.80£0.18
Mature infected 3.85+ 0.24 4.00 £0.32

The lightcompensation point was sub-
stantially increased in the disease-affected
in both young and fully mature leaves
(Table Phy.4). The maximum potential quan-
tum yield for PS Il photochemistry was simi-
lar in the uninfected young and mature
leaves, but Oidiuni infection led to a substan-
tial reduction in Fv/Fm in both the leaf age
groups.

Chlorophyll content of the leaves de-
creased due to Oidiuni infection. Oidiuni in-
fection increased Chi a/b ratio in mature
eaves but not in young leaves suggesting
that the fungal infection preferentially de-
pleted chlorophyll b in mature leaves.Thus,
the over all effect of the Oidium infection in
terms of the reductions in rate and efficiency
of photosynthesis of young as well as ma-
ture leaves and the eventual shedding of the
young leaves (loss of total photosynthesiz-
*>g area) can lead to a substantial biotic
stress to the trees.



Table Phy.4.

Light compensation point, apparent quantum yield of photosynthetic oxygen evolution (QY),
maximum potential quantum yield of PS Il activity (Fv/Fm) and concentration of chlorophyll
pigments in healthy and Oidium infected young and mature leaves of Hevea,

Lightcompen-

QY(mol Fv/Fm Chi a Chi b Total Chi
Sample sation point  Oj/mol (mg/g) (mg/g) Chi ajb
(pm/nv/s)  photon) (mg’g)
Young healthy 69+53 0026+00010 078+0.009  1.17+0.070  0.48+0.040 165+0.106 2.46x0.110
Younginfected 152 £6.9 0.014% 0.0005 0.64:0.028 0.945:0.048 0.3940.021 1.34+0.068  2.4+0.050
Mature healthy 58 +8.6  0.027+0.0015 0.78:0.007  1.64:0.180  1.39+0.360 3.03+0320  i.2+0.058
Mature infected  125+9.4  0.01840.0127  0.75:0.006  1.28+0.040  0.66+0.023 1.94+0.062 1.96%0.048

1.4.4.Studies on mechanism ofdroughttolerance

The experimenthas been initiated with
six clones viz. RRII 105, RRII1 208, PR 261,
RRIC 100, RRIM 600 and RRIM 605. Drought
treatment and partial shade (50% incident
light) were imposed during summer months
of 2002. On the basis of the growth perfor-
mance up to May-2002, RRIM 600 and RRII
208 were selected as good and RRII 105 as
not doing well. Diurnal variation in CO,
assimilation was studied. The maximum
potential quantum yield of PS Il (dark
adapted Fv/Fm) was measured during pre-
dawn, forenoon and afternoon hours.
Quenching analysis and energy utilization
was studied through the measurement of
chlorophyll fluorescence. Data analysis is on
progress.

1.5. Studieson low temperature stress

Detailed studies on photosynthesis,
chlorophyll fluorescence and biochemical
aspects were conducted in different seasons
on different clones in RRII, Kottayam and
Mattupetty. Forenoon CO, assimilation rate
(A) in saturating light was reasonably good
in PR 261 and RRIM 600, but relatively low
in RRIl 105 at Mattupetty. However, this
was comparable in these clones at RRII. Re-
duction in afternoon A was more in RRII 105
than the other two clones at Mattupetty,
whereas that in control plants of all clones
at RRII, Kottayam was marginal. Maximum
potential of PSII quantum yield (dark
adapted Fv/Fm) of PR 261 was higher than

the other two clones at Mattupetty and com-
parable with all the control plants at
Kottayam. Reduction in Fv/Fm was more
in RRI1I 105 during afternoon hours than the
other two in Mattupetty, whereas such re-
duction in Kottayam was marginal. Energy
utilization and dissipation through photo-
chemical and non-photochemical quenching
has been studied in both the locations. The
clones RRII 105 and RRIM 600 could not
tolerate the heavy chilling weather and these
plants lost almost all of their leaves. Under
such a strong winter condition clone PR 261
maintained relatively higher net photosyn-
thetic rate. Though some photoinhibition in
PS Il in PR 261 due to low temperature is
noticed in terms of Fv/Fm, the inhibition in
other two clones were very substantial in-
dicating the tolerant nature of PR 261 to low
temperature.

Pre-dawn and post-dusk Fv/Fm data
suggest that recovery from the low tempera-
ture induced photoinhibition in PS Il was
higher in PR 261. This strongly indicates the
photosynthetic acclimation and adaptive
feature of PR 261 in chilling temperature
(Table Phy.5).

Anempirical assessment of their recov-
ery potentialities after one month of frost
damage revealed the following order - PR
261>RRIM 600>GT 1>PB 260>PB 235>PB
217>RRI1I 105>RRII 208 indicating that PR
261 was the best performer.

CO, assimilation rate (A) in all the



clones increased in the post-winter season
than the winter at Mattupetty. This was also
evident from the dark adapted Fv/Fm ratio
(Table Phy.5). Studies on energy capture and
partitioning to photochemical and non-pho-
tochemical events have also been carried out
in both the locations in these clones. Bio-
chemical analysis of the leaf samples col-
lected is in progress.

2. Physiology of growth and yield
21, Yield and yield components

High incidence of TPD was observed
in clones RRII 105, GT 1, PB 235, RRII 300,

TablePhy.5 Pre-dawn and post-dusk maximum po-
tential of PSII quantum yield (dark
adapted Fv/Fm) during winter and post-
winter period in Mattupetty

. Pre-dawn Post-dusk

cion

Fv/Fm Fv/Fm

PR 261 0.756 0.719

(0.018) (0.007)

PB 260 0.716 0,693

(0.014) (0.007)

RRII 208 0.648 0615

(0.016) (0.026)

PR 261 0.788 0.769

(0.004) (0.008)

PB 260 0.777 0762

(0.005) (0.006)

RR11208 0.756 0.710

(0.012) (0.007)

Values under parentheses are standard ei

Biomass (kg/tree)

Tapped Untapped
RRU 105 468.0+ 53 959.2 :
GTI 547.8+ 51 9324 ;
PB 237 967.3:132 1202.3 ;
RRII 118 866.4+ 79 10809 i
RRIM 600 556.3% 45 74733
RRIM 703 449.4+ 53 505.4 d
RRIM 501 3134+ 23 4857 i
Tjir 1 555.0+ 78
RRII 300 628.3% 46 10545 +213
ZT 1107 3842t 33 4483 + 108
RRIM 612 zigé: :2 presE 9

Tjir 1,and RRIM 703. The low incidence was
observed in RRIM 501, RRIM 612, RRIM 600,
PR 107 and Gl 1 (Table Phy. 6). The observa-
tions on biomass accumulation on tapped
and untapped trees, yield and yield com-
ponents were continued. In untapped trees
highest biomass was observed in clone
PB 235, followed by RRII 118 and RRII 300
(Table Phy. 6). Clones RRIM 501 and PR 107
accumulated very low biomass compared
tootherclones. The high yielding clone RRII
105 lost more than 50% of its biomass due
to tapping. No variation in bark thickness
was observed in virgin (V) bark of tapped
and untapped trees measured at 155 cm
height. However significant variation was
observed in renewed bark (BI-1 panel) of
tapped trees.

Clone PB 235 was the highest yielder
and RRIM 612 the lowest. The dry rubber
content was high in clones RRII 105,
RRII 118, RRII 300 and PR 107 and low in
RRIM 600, RRIM 703 and GI 1. Plugging in-
dex was low in high yielders like RRII 105,
PB 235, RRIM 600 and high in low yielders
like PR 107, RRIM 612 etc.

2.2.  Mechanisms of lapping induced loss of biomass

The annual girth increment in d/2
tapped trees was lesser than that of un-
tapped trees from the first year of tapping

trees and percentage of

Bark thickness (mm)

TV T(c) UT(v)
81 9.1 29
88 7.0 9.3 33
92 75 8.7 29
6.9 8.1 26
o1 77 8.2 13
89 81 97 30
6.3 81 9
75 8.3 30
9.2 75 88 3
87 7.0 8.2 13
92 7.6 8.6 14

76 105 = 10



onwards in all the five clones studied.

The shoot biomass increment during
the fourth year of tapping in d/2 and d/3
trees was lesser than untapped trees in all
five clones. The annual biomass increment
in d/3 system was higher than d/2 in
clones PB 235, RRII 105 and RRII 300.

The total sugar content in tapping
panel area of clones RRII 105 and PB 260
was significantly higher than their respec-
tive untapped trees in summer. But in post
monsoon, d/2 trees of all the clones re-
corded higher sugar in the soft bark tissues
than untapped. In summer, exceptin PB 235,
there was no significant difference in starch
content of tissues between tapped and un-
tapped trees.

When compared to untapped trees the
tapped trees recorded higher rate of cyto-
chrome-c and alternative oxidase (AO)
mediated respiration (Table Phy.7).

23.  Clonal variation and effect of stimulation in the
ATP pool and regeneration mechanism of latex
Analysed the contents of ATP and

glutamine synthatase activity in latex of dif-

ferent clones viz., RRII 105, RRIM 600 (high
yielding) and HP 20, RRI11 38 (Low yielding).
Total volume and DRC were also recorded
The results showed that among the high
yielding clones RRII 105 showed a signifi-
cantly higher glutamine synthetase activity
in the c-serum compared to low yielding
clones. No significant difference was noticed
in clone RRIM 600. Latex ATP content
showed a significant difference between
high and low yielding clones
23.1. Physiology ofleaves oftapped and untapped trees

ofHevea brasiliensis during refoliation, matura-

tion and wintering

Changes in the physiology of the leaves
were monitored for their entire lifetime in
tapped and untapped trees of Hevea
brasiliensis. At periodic intervals measured
the contents of chlorophyll, soluble proteins,
free amino acids (FAA), starch, soluble sug-
ars and malondialdehyde (MDA) and also
the extent of membrane leakage of leaves.
FAA and MDA contents in the leaf increased
during maturation and remained fairly con-
stant before their concentrations increased
drastically during wintering. The total chlo-
rophyll/soluble protein ratio decreased

rate of soft bark tissues m eu”d in upped and

untapped trees of five Hevea clones during summer (A) and post-monsoon (B) in HBSS, Nettana.

Respiration (n m O, /g dry wt tissue/min

Table Phy. 7. Dark respiration <nmole O,gdry wt- 1
Untapped

Total Cyt-c AO Total
A.Summer
RRII 105 235:£14,9 165:11.40 81.0+9.2 621+43
RRII 300 349+11.8 297+08.64 101.1¢6.2 574%15
PB 235 293+19.7 230+14.30 85.2+7.8 699%32
PB 260 236+23.0 185+20.10 73.0¢7.4  510%23
PB 311 172415.0 120409.20 75.0+7.6  461%41
B. Post-monsoon
RRU 105 2474123 194+06.4 99.0:86 611:26
RRI1 300 3304150 301143 118.3:90 551:18
PB 235 2564180 189£150 880293 67638
PB 260 218422,0 179:18.0 58.0*8.0 54123
PB 311 244+21,0 181+09.1 82.0%9.6 574428

+SE is shown, n=6-10

d/s2 d/3

Cytc AO Total Cytc

449247 188.0£14.1 565+31 42614 14115
398+41.0 163.4%13.0

4804240 266.0+21.6 584+31  443%27  171%16
367+17.0 196.0+12.6

343+28.0 181.0+07.6

430+27 289%16.5 550+25 332%#13 2019
423428 183£07.4

504435 213+14.0 61837 487425 21815
379422 168+13.0

450+28  189%13.0



sharply and FAA/Soluble protein and
MDA/total chlorophyll ratios increased
abruptly during wintering. Accumulation ol
MDA ndicated severe peroxidative damage
of membrane systems leading to increased
membrane leakage during wintering. Re-
sults also show that tapping led to increased
concentrations of starch and soluble sugars
in the leaves possibly due to the increased
photosynthesis as a result of increased sink
activity (harvesting of latex). There was
more accumulation of MDA and increased
membrane damage suggesting increased
stress in the leaves of the tapped trees com-
pared to the untapped trees.

3. Stock-scion interaction
31, Stock- scion interaction (Upward tapping)

The incidence of TPD in normal and
upward tapping in TPD affected and nor-
mal healthy trees of RRIlI 105 at CES,
Chethackal was recorded once in every
month. A new experiment was started at
CES, to study the influence of different tap-
ping systems (normal and upward tapping
at different heights from the budunion on
incidence of TPD. About 2.5 hectares was
planted with polybag plants of RRII 105.
32, Airlayeringwith ownand double rooted plants

Own-rooted, double rooted and
budgrafted plants of three clones were
planted in field at CES, Chethackal during
July-August 2001.

33- Genetic conflict in budgrafted Hevea

Bark samples from rootstock and scion
portions of twelve trees of healthy and TPD
affected trees of the clone GT 1 were col-
lected from CES, Chethackal and the RAPD
analysis is being carried out.

3.4. Scion to scion communication in terms of the
wintering behaviour of Hevea

Four clones were selected (RRII 105
RRIM 600, GTI and PR 107) which have dis-
tinct wintering patterns. A complete winter-
ing clone (RRIM 600) and a partial winter-

ing clone (RRII 105) are budgrafted to one
single rootstock. Similarly a late wintering
clone (GT 1) and an early wintering clone
(PR 107) are budgrafted to one single root-
stock. They have been field planted. After
pruning the dominant scion twice growth
was monitored to check whether both the
clones reached almost same level of growth.
4. Tapping panel dryness
4.1, Involvement of ethylene in Heven yield and

TPD occurrence

Protocols were standardized for the
assays of ethylene and ethylene
biosynthesising enzymes (ACC synthase) in
the Hevea bark tissue for studying the en-
dogenous ethylene activity in the bark tis-
sues of normal trees and TPD trees having
varying degrees of TPD incidence.

An experiment was designed at RRII
plantation to study the effect of ethylene
inhibitors in TPD trees. Twelve year old
RRII 105 plants were selected and the TPD
incidence in these trees were classified fur-
ther into 100%, 60-90% and less than 50%
TPD. Healthy trees were selected as nor-
mal controls. An ethylene action inhibiting
compound, silverthiosulphate (STS), was
applied on the bark (10 cm wide) below the
tapping panel of the experimental trees in
10 days intervals for a period of one month.
Untreated control trees were maintained in
all the groups including healthy trees. Tap-
ping rest was given to all these trees during
the treatment time. A period of 2 weeks af-
ter the last treatment, tapping observations
were made on the TPD status and latex yield
in individual trees. The observations were
continuing at weekly interval. The initial
data indicated some positive effect on the
reduction of the TPD incidence.

4-2. Relationship of biochemical and ionic compo-
sition of latex with yield and susceptibility to

TPD in different Hevea clones

The trees belonging to seven clones
were monitored for the occurrence of tap-



ping panel dryness. Out of the 12 trees in
each clone, two trees of clone Tjir 1 and one
tree each of clones RRII 38, RRII 105 and GI
1 became completely dry. Partial dryness
was observed in one tree each ofclones RRII
308, RRII 38, RRII 105 and GI 1.

4.3.  Studies on Free radicals (FRs) and FR scaveng-

ing systems related to TPD incidence in Hevea
tissues

Thiourea is reported to be capable of
quenching the free radicals produced in bio-
logical system. An experiment was there-
fore designed at RRII plantation to investi-
gate the effect of thiourea in normaland TPD
trees. The experimental tress were selected
as mentioned in 4.1. The antioxidant com-
pound, thiourea, was applied on the bark
(10 cm wide) below the tapping panel of the
experimental trees in 10 days intervals for a
period of one month in 4 groups of experi-
mental trees (normal, 100%TPD, 60-90%
TPD and less than 50% TPD tree groups).
Untreated control trees were maintained in
all the groups including normal trees. Tap-
ping rest was given to these trees during the
treatment time. A period of 2 weeks after
the last treatment, tapping observations

were made on the TPD status and latex yield
in individual trees. The observations are
continuing at weekly intervals.

5. Secondary metabolism

51.  Quantification and identification of inositols in

Hevea brasiliensis

For the study, 13 clones (RRI1 105, RRU
118, RRII 208, RRU 300, RRII 308, RRII 5,
RRIM 703, RRIM 600, PR 255, PR 261,
SCATC 88/13, SCATC 93/114, Haiken 1)
from field 11l trial were selected. Data col-
lected at monthy intervals on total inositol
content, initial volume, total volume and
yield were analyzed donewise and season wise.

During the first phase of the experi-
ment A- serum was concentrated by lyo-
philization. For concentrating large quanti-
ties, spray-drying technology was tried.
From seven litres of A- serum 38g of dried
sample was obtained. (pH=8.3) From this
0.5g samples with 6 replicates were taken
for biochemical analysis and found that the
spray dried material contained 0.4% phenol,
1.2% free aminoacids. The total sugar and
total inositol were not detected in the spray-
dried sample.

RUBBER CHEMISTRY, PHYSICS AND TECHNOLOGY DIVISION

The division continued its research ac-
tivities on primary processing, chemical
modification, blends of NR with other elas-
tomers and plastics, rubber composites and
latex technology. Effect of long tem storage
of sheet rubber on its raw mbber properties
and processing behaviour was evaluated.
The quality survey of the sheet rubber ob-
tained from different locations of the coun-
try was also continued. The use of graft co-
polymers of NR as impact modifiers for
SAN was established. Attempts were also
made for the industrial utilization of the
‘coupling' properties of ENR.

1.  Primary processing and storage
1.1. Primary processing

In connection with the survey on qual-
ity of sheet rubber, samples collected from
40 locations in four regions were tested and
the results were analyzed statistically. Sec-
ond round of collection of the samples was
done and the testing was completed. Stud-
ies to prevent degradation of field coagu-
lum were continued.

12, Storage of NR

Studies on storage of sheet rubber at
different warehouses were completed. It



was observed that Mooney viscosity and
Initial plasticity increased and plasticity re-
tention index decreased during storage up
to one vear (Table Chem. 1). However, the
technological properties remained more or
less unaffected during the above storage pe-
riod. After three months storage mould
growth was observed in all the samples.

Table Chem 1. Effectof storage on Mooney Viscosity
(ML (1+4) atlO(TC)

Location 1 Location 2 Location 3
Dealer RRIl Dealer RRII Dealer RRII

(Months)
0 82 82 83 82 s3 82
83 85 87 84 86 85
6 86 88 90 88 90 89
12 92 95 96 93 95 95

2. Chemical modifications

Studies on improving the quality of
SGNR showed that by increasing styrene
content and bv using cenex as the starting
material instead of preserved field latex, the
properties of SGNR could be improved.

Conditions for the preparation of NR/
PMMA core shell particles were optimized
MMA was polymerized in NR latex using a
redox initiator system in a semi-continuous
method. The particles so prepared were melt
blended with SAN to improve its impact
strength. Maximum impact strength of
15.6KJ/m: was obtained for the blend at 20%
rubber content. The improvement in tough-
ness depended on percentage grafting and
cross-link density of the rubber core and the
rubber content in the blend.

3. Blends
Studies on the ageing resistance of the
blend of NBR with ENR-25 and ENR-50

showed that ageing resistance could be im-
proved by blending NBR with ENR.

Reinforcement characterization of sul-
phur cured NR-silica compounds with and

without modifiers (ENR and Silane) at dif-
ferent filler loadings were conducted. ENR
or silane modified NR/silica system showed
higher reinforcement than the unmodified.
Studies on the effect of temperature of cure
on ENR modified silica filled NR showed
that increase of temperature above 150 °C
decreased modulus, tensile strength, abra-
sion resistance and tear strength.

NR and ENR-50 blends were prepared
at different ratios up to 50:50. Silica rein-
forcement of these blends were compared
with that of silane modified NR/silica sys-
tem. Cross link density, modulus, hardness
and heat build up increased as the concen-
tration of ENR increased in the blend and
abrasion resistance showed a maximum at
about 10 to 20% ENR content. Addition of
ENR in silica filled SBR improved the age-
ing resistance of the vulcanizates.

Effect of cure systems and vulcaniza-
tion temperatures on the mechanical prop-
erties of NR/ZENR-50 blends were studied.
Vulcanizates were prepared from a 50:50
blend of NR and ENR-50 using CBS-DPG,
CBS-TMTM and MBS-MBTS cure systems
at temperatures 140, 150, 160 and 170 °C.
The effect of cure temperature on the
vulcanizate properties were marginal and
best properties were given by CBS - TMTM
cure at 150°C.

The meltrheological behavior of SAN/
NR-g-SAN blends was studied using capil-
lary rheometer. The viscosity of SAN as well
as the blends (containing 10 and 20% rub-
ber) decreased with increase in shear rate,
shear stress and temperature. At higher
shear stresses (>1.6 x 10sPa) or shear rates
(> 400 s “) the influence of rubber modifica-
tion of the SAN on viscosity was so small
that it could be neglected in describing the
processing operations. The activation energy
at constant shear rate and shear stress re-
mained constant.



4. Rubber composites

Rubberized bitumen samples were pre-
pared using latex and tyre crumbs to study
the changes in properties on storage at el-
evated temperature.

Studies on coconut shell powder (CSP)
filled NR composites showed that better me-
chanical properties are imparted by CSP of
lower particle size. (Table Chem. 2). CSP
increased the electrical resistivity with im-
provementin modulus and hardness main-
taining the good tear behaviour of NR
vulcanizates. However, it increased the
abrasion loss and heat build up especially
at higher loadings. It was concluded that
CSP could be used as a low cost, less rein-
forcing filler for NR products which require
low electrical conductivity.

5. Latex technology
5.1. Enzymatic deproteinisation of NR latex
(EDPNRL)
The technical feasibility of the process
is being evaluated in collaboration with a
latex goods manufacturing unit. The
EDPNR latex produced and products made
from it are being evaluated.
5.2. Radiation vulcanization of NR latex (RVNRL)
The mechanical properties of NR latex
films subjected to gamma irradiation before

(Table Chem. 3). Films prepared from
creamed latex after irradiation (Method 1)
showed better mechanical properties as
compared with films prepared from latex
irradiated after creaming (Method 2).

Table Chem. 3. Properties of the irradiated latex

Properties Method 1 Method 2
Tensile strength, MPa 24.94 23.49
Modulus, 300%, MPa 230 2.09
Modulus, 500%, MPa 2.99 241
Elongation atbreak,% 1010.00 1100.00
Tear strength, kN/m 279 241

6.  Characterization of molecular param-
eters of latex

Testing and statistical analysis of 13 se-
lected clones were completed. Significant
clonal and seasonal variations were ob-
served on the latex and raw rubber proper-
ties.

7 NR processing

The R&D activities on NR processing
included studies on drying of NR, up-gra-
dation of low quality sheets, development
of solar cum smoke dries, thermoplastic
natural rubber, accelerated test for early pre-
diction of latex quality parameters and de-
velopment of rubber products.

Studies on the drying of three forms of
NR coagulum viz., latex coagulum crumbs,
field coagulum cmmbs and latex coagulum

Table Chem. 2. Physical properties of NR vulcanizates containing CSP

and after creaming were analysed
Parameter 1
Tensilestrength, MPa 28.00 26.20

Modulus, 300°.., MPa 1.47 2.07

Elongation at break,% 1070.00 950.00
Tear strength, KN/m 30.40 28.90
Hardness, shore A 34.00 38.00
Din abrasion loss, cc 138.00 192.00

Heat buildup, °C 4.00 5.00
Resilience % 80.00 78.00

Formulation of mixes
sulphur2.5 phr.

rubber- 100, 2nO -4, sieain acid

CsP, phr -
20 50
24.60 22.30 17.60 14.80
237 281 283 334
860.00 790.00 700.00 600.00
3050 30.30 31.00 28.90
42,00 44.00 50.00 52.00
206.00 241.00 279.00 301.00
600 8.00 1000 1200
77.00 72.00 70.00 69.00

H%I - 1CT-0, 10, 20, 30, 40 and 50. CBS-0.6 and
HSL -



for sheets indicated that the effect of humid-
ity and temperature on drying depends on
the nature of coagulum. The initial and fi-
nal drying stages of the coagulum were in-
fluenced both by humidity and temperature
and also by porosity deliberately created to
increase the surface area. A semiautomatic
machine for cleaning of surface contamina-
tions and fungus on rubber sheets was de-
veloped. A patent application has been filed
for this item. A modified design of the ma-
chine has been prepared bv incorporating
new features based on the evaluation of the
performance of the first machine. Fabrica-
tion of the modified machine is in progress.

Thermoplastic natural mbber (TPNR),
prepared by melt blending of polypropylene
and NR showed improved processing char-
acteristics when tinemolecular weight of NR
was reduced. Better ageing resistance could
be achieved by using quinoline type anti-
oxidant. Sample pieces of caps, rings, bush
and root trainer were prepared bv injection

moulding, using the TPNR developed by
RRIL. Initial results on early prediction of
some of the quality parameters such as MST,
viscosity and KOH number of centrifuged
NR latex concentrate indicated good corre-
lation between the parameters determined
by an accelerated test developed by RRIl and
the actual values of these parameters, after
storing the latex for three to sbhc months. The
results are being reconfirmed by testing
more samples collected from different
sources.

Installation of one solar cum smoke
drier each at RRS, Dapchari and HBSS,
Nettana was completed. Evaluation of these
driersis in progress. The furnace of the drier
at RRS, Dapchari was modified to improve
the performance.

Developed axil pad and rubber grip
used in crutches and transferred the know-
how to M/s Dynamic Elastomers, Kalady,
which is a small scale rubber products
manufacturing unit.

AGRICULTURAL ECONOMICS DIVISION

During the period under review, the
Division has reported the results of one re-
search project in the farm management sec-
tor, two each in foreign trade, primary oial-
keting and ancillary products sectors anc;
one under collaborative programme with
the Agronomy Division. Apart from the
above, seven projects in the Division are in
different stages of progress. The observa-
tions/findings of the completed projects are
given below.

1. Implications of WTO agreement on
Indian NR sector

The study is a pioneering attempt to
provide a comprehensive assessment of the
implications of the WTO Agreement on the

NR sector in India in the larger context of
theevolutionary dynamics of GATT and the
consequent trade policy measures initiated
by the Government of India since 1995j The
monograph is organised in two volumes.
Volume 1titled, The Genesis of WTO and the
Aftermath deals with the major milestones
in the evolutionary process of multilateral
trading system. This volume contains five
chapters: (t) Globalisation, (2) Genesis of
CATT, (3) Geneva to Tokyo, (4) Uruguay to
Marakesh and (5) Progress, Compliance and
Implications. Volume Il titled, WTO ami
Natural Rubber Sector in India attempts to
focus on the major provisions relevant to the
NR sector and formulate compatible policy
options. This volume consists of three chap-



ters: (1) WTO Agreements and Structure, (2)
Major WTO provisions relevant to Trade in
Goods and Trade Policy in India and (3)
WTO Agreement and the NR Sector. The
scope of the study on the trade policy mea-
sures initiated in India is limited to the year
2001-02. Based on the findings of the study
the Division has so far provided 15 detailed
explanations and policy inputs to the Min-
istry of Commerce on various aspects re-
lated to external trade policy on rubber and
rubber products.

2. An analysis of stockholding practices
of the rubber small growers in Kerala

The study analysed the stockholding
practices of rubber growers at different lev-
els of price expectations during the two
phasesof price changes. Itwas observed that
stockholding prevailed among growers dur-
ing both the phases of price changes. Dur-
ing the phase of higher price expectations,
the stock held as a proportion of produc-
tion was 27% compared to 16% in the con-
text of price uncertainty. The major contrib-
uting factors influencing stockholding
behaviour of the growers were asset levels,
price expectations, liquidity position and
growers perception about the market. While
the main motive of stockholding during first
phase was higher price expectations, asset
levels and consumption requirements influ-
enced stockholding during the second
phase. Therefore, it is difficult to generalise
the stockholding behaviour under different
price levels and price expectations across
and within the size classes.

3. Changing dynamics of Indian NR
marketing
In the post-reforms phase, the major
developments affecting the prevailing struc-
ture of the primary marketing have been the
market integration and declining prices with

uncertain market prospects since 1997. An-
other notable change has been the futility of
market intervention schemes pursued by the
institutional agencies since 1997, to a large
extent strengthened by the prominence ac-
corded to the private dealer network even
in the procurement operations. In the
changed scenario, there has been consider-
able internal restructuring in the network of
primary marketing as well as discrimination
of small growers' RSS grades so as to main-
tain the marketing margin at the desired lev-
els. The emerging trends highlight growing
concentration of big dealers in the primary
market and uncertain farm gate prices vis-
a-vis the respective quality differences of
RSS grades.

4. NR in the post-QRs regime

The impact of the new trade control
measures imposed during 2001 for contain-
ment of the crisis arising from the cumula-
tive effect of lower NR prices and the po-
tential free imports of NR, isanalysed in this
study. The new control measures are: (1)
declaration of statutory minimum prices for
RSS 4 and RSS 5 effective from September 12,
2001; (2) restriction of NR imports only
through the designated ports of Kolkata and
Visakhapatnam effective from December 10,
2001 and (3) mandatory quality standards
for both domestically processed and im-
ported NR in conformity with the standards
specified by the Bureau of Indian Standards
(B1S) effective from December 12, 2001. But
the trends in imports after December 10,
2001, indicate that as long as the difference
in prices between domestic and world mar-
ket is attractive, NR imports through the
duty free channel will continue as there are
well-defined limitations in backtracking
from the liberalized trade policy initiatives
pursued since 1991. However, the absence
of nexus between exported products and



imported inputs in the DEPB scheme re-
quires thorough scrutiny in order to prevent
unhealthy trade practices. In a comparative
sense, the mandatory quality control mea-
sures have to be pursued with the required
support to ensure the export promotion of
value added rubber products for more
meaningful results.
5. Typeofplanting materials and imma-
ture phase of natural rubber:
A comparative analysis of polybag
and budded stump planted fields

The database of die study consisted of
information collected from the regional of-
fices of Rubber Board on 2285 fields planted
during 1986 and 1987. The polybag and bud-
ded stump planted fields recorded an im-
mature phase of 6.99 and 7.19 years respec-
tively and the difference was statistically
significant as budded stump planted fields
reported a higher annuity. Polybag planted
fields required an immature phase of 6.75
years to attain an annuity equivalent to that
of budded stump planted fields. Alterna-
tively, an assumed higher yield of 2.6% for
polybag planted fields was sufficient to at-
tain an annuity equal to that of budded
stumps. Hence the study revealed that the
economic advantage of the adoption of
polybagged plants cannot be exclusively
assigned to shorter immature phase alone
but to the cumulative impact of different
positive virtues such as lower vacancy, uni-
form establishment, higher tappability,
shorter immature phase, higher yield, etc"

6. Monitoring of ancillary products

The monitoring of ancillary products
sector was continued. The estimated avail-
ability of sawn timber suitable for process-
ing was 0.42 million nr during 2001-2002
The production of rubber seed and cake
were estimated to be 1100 and 17001respec-

tively. Decline in production during the cur-
rent year was mainly due to the weather
conditions unfavourable to seed production.
Production of rubber honey during the year
was 45001, depicting a 3.6 times rise in pro-
duction compared to the previous year
which was mainly due to favourable
weather conditions. Consumption pattern of
stem rubber wood shows that the major
share is consumed by the packing case in-
dustry (59%) followed by plywood indus-
try (20%), secondary processing industry
(14%), safety matches (4%) and others (3%).
The increase in the share of secondary pro-
cessing industry appears to be the result of
a growing commercial importance of units
with large scale processing capacity'.

6.1. Timberyield potential of Hei'ea Clones in In-
dia: A preliminary assessment

The study is a pioneering attempt to
estimate the timber yield potential of Hevea
clones in India. It brings out some impor-
tant aspects of a few Hevea clones grown in
Indian conditions, viz., irradiated clones,
RRIM 600 and RRII 200 series, with respect
to the timber yield and related attributes.
Assuming a final stand of 250 trees per ha
at the time of felling, the timber yield has
been the highest for RRII 200 series (193 m 7
ha) followed by RRIM 600 (167 m Vha) and
irradiated clones (112 m3/ha). An essential
pre-requisite of a perspective plan for an
integrated planting policy is a detailed
multi-disciplinary analysis on the region and
clone-specific latex timber potential of the
popular as well as the pipeline clones. This
proposition assumes added significance in
the context of a liberalised policy regime in
which priority shall be on maximisation of
net income per unitarea rather than tine uni-
lateral focus on latex yield potential as pro-
mulgated under a protected policy regime.



6.2.  Commercial exploitation of rubber honey: Prob-

lems and prospects

The study examined the issues con-
fronting production, procurement, process-
ing and marketing of honey from rubber
plantations in Kerala. The results of the
study indicated that the indigenous variety,
viz., Apis Cerana Indicn is more popular com-
pared to Apis Mellifera (exotic variety). The
reported commercial yield of the indigenous
variety is only 12 kg per hive per annum,
whereas, the Mellifera variety reported an
average yield of 39 kg per hive per annum.
The primary marketing is dominated by lo-
cal societies and price determination de-

EXPLOITATION

Based on extensive long-term experi-
ments and onfarm trials, low frequency tap-
ping (LFT) with stimulation using ethepon
was launched for adoption by planters.
Unlike the earlier approach of break-even
yield, where the objective of LFT was to
maintain the net return, the present achieve-
ment is low frequency tapping without any
reduction in yield so that cost of produc-
tion could be substantially reduced. In this
respect, the results, particularly that of
weekly tapping, are novel. It was found that
sustainable yield increase (15 to 30%) can
be achieved under 1/2Sd/36d/7 frequency
of tapping with 3 to 4 stimulations per year
and that the same yield level of more than
2200 kg of dry rubber per 400 trees can be
achieved by fourth daily or weekly tapping
with increased frequency of stimulation.
LFT was extended to more than 20,000 ha
area under lab to land programme. Various
LFT experiments and trials were continued
in various locations in Kerala, Karnataka
and Tamil Nadu.

pended largely on the purchase policies of
the Khadi and Village Industries Commis-
sion (KVIC). The average procurement price
of raw honey was Rs. 42 per kg and the sell-
ing price of processed and bottled honey
was Rs. 108 per kg. The estimated net in-
come varied from Rs. 3000 to Rs. 9000/ha
depending on the variety' of honeybee and
region. Bee keeping in rubber plantations is
found to be feasible in those areas where the
size of holding, multiple-cropping and use
of family labour are higher. Since the north-
ern region of Kerala complies with many of
these conditions, popularisation ofbee keep-
ing has to be focused in this region.

TECHNOLOGY

Mini and reduced spiral cuts can be
used for early opening of trees so that the
immaturity period of 7 years can be reduced
by one year. Trees of clone GT 1 opened at
45cm girth with 10cm cut gave 787 kg/400
trees (88% of a 1/2S d/4 block) in the first
year. These trees attained tappable girth of
50cm within one year.

Among various methods of stimula-
tion, panel application (1.5 to 2 cm band just
above the tapping cut) on the freshly tapped
area was found to be the most effective.
Stimulation at 20 days interval in controlled
upward tapping (CUT) of 1/4S cut at third
daily frequency was found successful for
medium yielding clones in all the onfarm
trials. Tapping on reduced spiral cut (1/3S)
under d/3 or d/2 frequency also resulted
in good yield, but with slightly higher inci-
dence of TPD.

1. Low frequency tapping (LFT) system

The experiment on effects of different
tapping and stimulation frequencies on



clone RRII 105 (BO-1 panel) showed com-
parable yield under d/3, d/4 and d/6
(weekly) frequencies during the fourth year
(2000-01) also (Table Ex.I). Yield obtained
under these low frequencies are sustainable
whereas that under d/2 frequency declined
from the third year.

Experiments in estates in different lo-
cations under d/3 frequency of tapping with
stimulation also showed sustainable yield
increase of 15 to 30% (Table Ex. 2). Annual
dry rubber yield in various block trials un-
der d/4 frequency of tapping in clones
RRII 105, GT 1, RRIM 600 and PB 217 con-
tinued to record good yield in all the loca-
tions. Among the 3 levels of stimulation,
medium level of six to seven stimulations/
yea®is found optimum to achieve good per-
formance. Results of all the onfarm trials

RRU105 d'fferenf Upping and stimu,ation

TO-1/25d/2 bd/7 1810 ab
TI-1/25 d/3 6d/7 ET25% Pa 37y 1919 ab
T2- 112Sd/36d/7ET2.5% Pa gy 1805 b
T3-12Sd/3 6d/7 ET25% Pa 5 1%7a
T4-1/2Sd/4(SA/TET2.5%. Pa.5/y 14;
Ti-/S /4 6d/7 ET25% Pa 77y 0 cae
To-12Sd/4 f>d/7 ET25%. Pa g/y 1618 bed
T7-12S d/6 6d/7 ET25%. Pa 10/ 1me
T8-1/2Sd/'fi6d/7 ET2.5%. Pa. 1268
1™ 1/25d/66d/7ET2.5% Pa. 1361 de
CD (P=0.05) 28
Vengalhanam RRI1105
Kalarickal RRII 105 S(?é
Palampra RRII 105 BOL
Cheruvallv PB 217
BO1

New Ambadi GTI BO2
New Ambadi RRIM 600 BO1
TO: bnstimulated control  TI "p &:x N« T jor

> - & T3 Different levels o

conducted in a large number of blocks in
Kerala (34blocks) and Karnataka (28 blocks)
confirmed the experimental results.

Data of the 1997-2001 period on the
yield performance of clone RRII 105 under
weekly tapping showed much better aver-
age yield than all the other systems with the
lowest cumulative incidence of TPD
(Table Ex. 3). However, it became compa-
rable to those under higher frequencies of
tapping from fourth year. Ten month's yield
from clone RRII 105 under weekly tapping
at CES, Chethackal was 2.4 t/400 trees with
average per tap yield of57 kg and the high-
est per tap yield of 132 kg for 400 trees.
Estate trial at Malankara on d/7 frequency
of tapping on various clones at different
stages of exploitation of basal panels indi-
cated the feasibility of successfully introd uc-

frequencies on mean annual dry rubberyield of clone

Mean annual dry rubber yield (kg/ha)

2817a 2085 b
2590 ab 2602 a
2880 a 2809 a

27432
2385 be 2580 a

2395 ab
2578 ab 2606 a

2581 a

2458 ab

2652a 2713 a
405 465 o84

igwith stimulation

Mean annual dry mbber yield (kg/400 trees)

TO TI

2001 2353 2428
2549 2558
2302 2434
1425 1528 1567
2364 2351 2265
1936 1827 1991

n, .. "
minimum 3 replication



Table Ex. 3. Performance of tapping systems in clone RRII 105 at Mullumala Estate (1997-2001)

Tapping system

1/25d/66d/7'*
1/35d/36d/7"
1/28d/26d/7
1/35d/26d/7
1/25d/36d/7

97-98

2199
2066

2376

Mean annuril drv rubber yii

98-99

2779

99-00 00-01 Mean TPD (%)
2313 2109

2478 1843 2017

2127 2149

1700 2407 2029

2044 1493 1489 22

375 trees per block of one hectare without re-blocking to date * ET5% La 12/y(m)

Table Ex. 4.

Clone/
Field

RRII 105
44A
37A
47A
48
25
28
1A

e217
1A
108
1A
12A
36A

PB 235

308
11B
6E

PB 260

6B
36

PB311

PB5/51

Dry rubber yield of various clones
under 1/2S d/6 6d/7 system of tapping

(April 2001 - February 2002)

Year of
planting

1977
1978
1979
1980
1981
1982
1994

1984
1985
1985
1986
1990

1984
1984
1985
1986
1987
1988
1989

1988
1989
1990

1990

1987

No.of
trees

1360
2040
1775
1471
5647
3938
1611

1322

1118

1890

605

5180
1796
2557

Yield
(kg/4CK) 1)

1643
2010
2007
2132
1711
1783
1129

1727

1540

1977
2351
999

1972

1433
1338
1182

ing weekly tapping in many clones
(Table Ex. 4).

In the on-farm trials with weekly tap-
ping in newly opened RRII 105 trees in
Manikal Estate (6 blocks) and Vijayadri Es-
tate (5 blocks) expected yield of 1.5 t/400
trees was obtained in the first year of tap-
ping with fortnightly stimulation.

From the experiment on interval be-
tween stimulation and tapping, it is evident
that under weekly frequency of tapping
stimulant must be applied between 48 to 72
hours before tapping (Table Ex. 5).

Table Ex. 5.  Effect of different intervals between
stimulation and tapping on dry rubber
yield of weekly tapped newly opened
trees of clone RRII 105

Cumulative
Treatment yield
(kg/400 trees)’

T1- Two days before tapping (48 h) 15482
T2 - Three days before tapping (72 h) 14942
T3- Four davs before tapping (% h) 1176b
T4 - Five davs before tapping (120 h) 1136b

T5 - Six days betore tapping (144 h)

Values sharing the common letter/s do not differ sig-
nificantly at P<0.05, LSD = 203.
*10 months yield

In newly opened trees tapped under
d/7 frequency of tapping, fortnightly stimu-
lant application at is required to overcome
the low yield problem in the first two years
(Table Ex. 6).



Yield response of weekly lapped newly

Table ! » n
opened trees of clone RRII 105 to differ-
Drv rubber

Tappingand o B vield

(Kg/400 trees)’
1/25d/36d,<7 1710
1 25d '66d."7ET 2.5% Pa.l2/v (m) 1492
1/25d/66d/'7 ET 2.5% Pa.24 v(2w) 1714
1/25d/6 6d/ 7 ET 2.5% Pa.36/v(10davs) 1760
2002

1725d/66d /7 ET 2,5% Pa.48/y (w)

* 10 months yield

Among various methods of stimulant
application conducted in RRII 118 on panel
BO-2, panel application (1.5 to 2 cm band
just above the tapping cut) on the freshly
tapped area was found to be the best
(Table Ex. 7).

Effectiveness of different methods of
stimulant application on dry rubber
yield

Table Ex. 7

Yield- (/t/1)
ET25% ET50% ET10.0%

Method of application _

Lace 843 835 76.7
Groove
738 81.6 779
Panel 115.4
Bark X 102.4 87.8
66.9 93.9 815
Control

Mean of 6 years; weekly tapping
2. Other experiments
2.1, Effect of panel change on yield

The experiment on panel change on
yield performance of clone RRIl 105 shows
-hat annual y,.eld can be considerably in-
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of tapping and stimulation are also reduced
Incidence of panel dryness is reduced by
50% by panel change.

22, Croplossdue to rain and recovery by stimulation

The experiment to study yield loss due
to rain and extent of recovery possible un-
der d/2 and d/3 frequencies of tapping was
continued. The crop loss is more than 30%
under alternate daily tapping and nearly
40% under third daily tapping. Under al-
ternate daily tapping, stimulation did not
result in recovery of crop loss. However,
under 1/2S d/3 6d/7 system, 50% of the
crop loss could be recovered through stimu-
lation. It is also observed that in the absence
of rain guarding comparable yield to that
of alternate daily tapping (1/2S d/2 6d/7)
can be obtained by third daily tapping
(1/2 d/3 6d/7) with stimulation.

2.3.  Performance of mini and reduced spiral cuts

The experiment for evaluation of the
performance of stimulated mini and re-
duced spiral cuts under d/3 frequency of
tapping with that of unstimulated
1/25d/36/d7system show that good yield
can be obtained from mini cuts (more that

oof 1/2 S d/3 6/d7). With appropriate
stimulation, 10 cm spiral cuts or 1/4S cuts
can be tapped once in three days without
w ~ ft?1Sing yield comPared to that of
/ d/36d/7 with stimulation. Other ad-
vantages are more girthing compared to the
girthing of trees under 1/2S d/3 6d/7 tap-
ping system with possibilities of early open-
ing, increased task, increased duration of
on virgin bark and increased eco-
nom’c life. There are three on farm trials on
reduced spiral cut.

3-  Studies on latex diagnosis

BaSe Vallles of iatex diagnosis param-
eters were fixed for clone RRII 105 under



Table Ex. 8 Average productivity and latex diagnosis parameters of small holding under three RPS (2000)

RPS No.of Yield Tapping

plots g/t/t days
Aimcompu 25 5431 136
Chirakadavu 129
Edakunam 36 140
Base values 67.50-75.00

1728 d/3 frequency of tapping which en-
sures an optimum production regime in the
central zone of the traditional rubber grow-
ing tract (Table Ex. 8). The base values were
subjected to field testing for assessing the
exploitation status of 86 smallholdings un-
der three Rubber Producer's Societies (RPS)
in the central zone of the traditional rubber
growing tract during 2000.

The average productivity of die small
holdings were lower than the optimum limit
which could be due to the intensive exploi-

Thiol Pi

Sucrose DRC
(mM) (mM) (mM) (%)
0.24 2383 8.91
0.32 1931 1331
0.42 25.44 10.43 37.35
0.30-0.45 20.70-30.15 5.22-10.37 35.00-44.00

tation practiced by the small holdings. La-
tex diagnosis test values of individual hold-
ings is required for assessing the produc-
tivity status of respective holdings

Field studies are being conducted in
more number of smallholders plots to ar-
rive at a model to predict over exploitation
leading to TPD. Studies on fixing of base
values (region wise) of latex diagnosis pa-
rameters in RRII 105 are being continued in
the north and south zones of the traditional
rubber growing tracts.

CLONE EVALUATION

To assess the regional performance of
clones field experiments were in progress
in different locations.

1 Large scale trials

11. 1994 trial at Arasu Rubber Corporation, Tamil

Nadu

In the 1994 trial for the large scale
evaluation of clones at Arasu Rubber Cor-
poration, Keeriparai, Tamil Nadu, monthly
girth recording was continued. The field was
opened for tapping. Data on girth of the
clones, at opening and mean girth increment
over six years (Table Ce. 1) show that
IRCA 111 continued as the highest girthing
clone followed bv IRCA 230 and PB 255. No
incidence of pink disease was observed in
the field. Highest girth increment was re-
corded for PB 255 and IRCA 111 followed
by PB 314.

Table Ce. 1. Girth at opening and girth increment
over six years at Kanyakumari region

Clone Girth Girth increment*
(cm) (cm)

RRII 105 446 7.7

IRCA 18 47.0 8.0

IRCA 109 50.1 8.8

IRCA 111 54.9 9.4

IRCA 130 46.5 7.9

IRCA 230 53.9 9.3

PB 28/59 431 7.7

PB 255 54.1 9.4

PB 314 52.7 9.0

PB 330 50.5 86

RRIM 703 514 88

Mean 49.9 86

SE 1.90 04

CD (P=0.05) 5.60 1

* Mean of six years



12 199 trial at Padiyoor

The]996 clone trial at Padiyoor was
maintained well and monthly girth record-
ing of the clones was continued. IRCA 230
continued as the highest girthing clone fol-
lowed by PB 314 and IRCA 130. Pink dis-
ease was prevalent in this region. IRCA 18,
PB 330 and IRCA111 showed some sort of
tolerance (Table Ce. 2).

TableCe. 2 Girth of 11 Hrvea clones at Padiyoor

(March 2001)
Clone Girth (cm) Pink(%)
RRIT105 239 305
IRCA 18 296 13.0
IRCA 109 291 24.0
IRCA 111 29.4 205
IRCA 130 26.6 37.0
IRCA 230 314 415
PB 28/59 253 25.0
PB 255 27.0 220
PB 314 311 25-6
PB 330 266 17.0
RRIM 703 231 204

13. 1999 trial at Orissa

In the large scale [rial at Orissa include-
11 clones planted in RBD, RRII 357 followed
by PB 28/59 continued as the vigorous
clones in terms of stem diameter, plant
height and number of leaf whorls.

2. On-farm trials

The trial at Arasu Rubber Corporation,
Keeriparai, Tamil Nadu, monthly girth re-
cording was continued. Six clones recorded
better growth than tine control (RRII 105).
Annual recording of wintering and flower-
ing was also done.

In the trail initiated in 1996 at different
agroclimatic regions, RRIl 51 and RRII 357
continued as vigorous clones. At this loca-
tion pink disease was high in RRII 51 and
RRII 105. Clone RRII 357 continued as the
vigorous clone at Malabar region also.

3. Intraclonal variations and associa-
tions in RR1I 105

The two experiments to assess the na-
ture and magnitude of intraclonal variations
in RRII 105 and to evaluate the importance
of stock in clonal performance are in
progress. Oneisanursery study for the com-
parison of stock sources for establishment
and growth of grafted plants in the field,
grown over one year in the field. A part of
the data was analysed. Field establishment
recorded significant variability due to stock.

In the other experiment, growth obser-
vations at six monthly intervals and yield
recordings on mature plants at monthly in-

th., fl.n . flappms,.c,, ;wmpa”wﬁgf tapping and untapped sides

Characters Sides
Total bark thickness (mm) Tapped
Hardbast (%) #—';}%ﬂed
Latex vessel rows (No.) W
Latex vessel density (nos/2.5mm) ?;;‘Pfed
Widith of latex vessels (m) %'a‘mxﬁ‘ed
Ray height/widith ratio ;Jm
Tanmferous ceils Zunit area (%) ‘}Ja%ped
Untapped

Mean sD cv w
5.44 0.4889 9.00 0.65896
5.35 0.4703 8.79

71.95 5.0838 7.07 0.71296

70.92 5.2550 7.41

13.28 1-2619 950 2.13246%*

12.62 1.1637 9.23
554 0.3622 5.54 1.90813
5.35 0.4154 777

22:00 2.1655 9.84 0.05675

21.95 4.7407 21.60
787
o290 1.1617 14.77 1..30000
hge 13732 16.56

. i

1 3.3620 717 3.229547*

4332 5.0672 11.70



tervals were being Continued. Bark anatomi-
cal characters of tapping side and untapped
side of die trees under tapping stress were
recorded. The data on anatomical charac-
ters (Table Ce. 3) showed that tapping side
recorded slightly greater values than the

untapped side. For two characters, number
of latex vessel rows and percentage of
tanniferous cells the differences were statis-
tically significant. The results indicated a
stimulating effect on growth with significant
high formation of laticifer rows.

GENOME ANALYSIS

The genome analysis laboratory has
been established as a central facility for mo-
lecular characterization of Hevea genome
and fungal pathogen. The research projects
initiated at the Genome laboratory and re-
sults achieved so far in each project have
been described.

1. Establishment of genetic relation-
ships among wild Hevea germplasm
through RAPD studies

Genetic diversity, as the measure ge-
netic variation among the wild genotypes
of Hevea has been assessed following poly-
merase chain reaction (PCR) based RAPD
technique. Sixty wild Brazilian genotypes
representing the three provinces (Acre,
Rondonia and Mato-Grosso) have been used
in the initial studies and work has been com-
pleted successfully. Acquired knowledge
about genetic variability exists among the
selected wild Hevea genotype could be
exploited further in Hevea improvement
program.

2. Development of RAPD marker(s), for
resistance to Phytophthora leaf fall
disease

Development of RAPD marker for re-
sistance to Phytophthora leaf fall disease in
cultivated Hevea clones as well as in wild
germplasm has been continued. In the dis-
easescreening studies, RAPD fragmentgen-
erated in tolerant Hevea genotypes was
cloned in a plasmid. Recombinant plasmid

was then isolated and purified for further
characterization of the cloned fragment
through restriction analysis and sequencing.
More Operon primers are being screened
simultaneously to identify polymorphism
between tolerant and susceptible Hevea
clones. Putative molecular marker devel-
oped for Phytophthora disease resistance
may have valuable role in the diagnostic
prediction of the plant performance against
fungal pathogen at the very early stages of
development and very useful in perennial
crop like rubber.

3. Molecular characterization of the fun-
gal pathogens

31  Corynespora leaf disease

Results generated through molecular
studies of Con/nespora isolates, revealed the
existence of seven different genotypes of
Corynespora cassicola between the Kerala and
Karnataka isolates with variable
pathogenecity. Putative virulence specific
RAPD profile of Corynespora was identified
among die isolates where the disease be-
came epidemic in Karnataka.

3.2 Colletotrichum leaf disease

Molecular studies, RAPD and riboso-
mal DNA RFLP, revealed the existence of
two different species of Colletotrichum asso-
ciated with Hevea and involving in the de-
velopment of three different disease symp-
toms upon infection. The species were iden-
tified as Colletotrichum acutatum causing



raised spot symptom and

C. gloeosporioides causing both anthracnose
and circular lesions. Association of
Colletotrichum acutatum with Hevea has been

reported for the first time from India and
now believed to be the major pathogen of
Colletotrichum leaf disease of Hevea besides
C. gloeosporioides.

DRIS FERTILISATION

The DRIS unit, formerly under World
Bank Aided Rubber Project is presently en-
gaged in four major projects in addition to
advisory service to small holding sector

1 DRIS fertilization

To test the efficacy of DRIS fertilization
(amodem approach in fertilizer reccommen-
dation), field experiments conducted at four
locations indicated that there was a signifi-
cant difference among the various treat-
ments viz.. Discriminatory Fertilizer Recom-
mendation (DFR), Diagnosis and Recom-
mendation Integrated System (DRIS) Gen-
eral Fertilizer Recommendation (GFR).
However response to fertilizer was obtained
only in Pala and Kanjirappallv

Refinement of discriminatory fertil-
izer Recommendation (DFR)

Based on the implications of resource
soil survey report of rubber growing soil,
of Kerala, field experiments were under-
taken to formulate soil series based fertil-
izer recommendation in different locations
comprising North, Central and Southern re-
gions of Kerala.

The preliminary results revealed that

rteld T \ S,g"ificant incresse in rubber
yield due to fertilizer application in
fAlirapally Kumathur and Kadambanad
soil series while m TTiiruvanchoor soil se-
vielH Waf n° SI8nificanl difference in
Meld among; the treatments. In Kunnathur
and kadambanad soil series at Adoor an
plication of 54:54:54 ke NPK/ha '

3. Hydrological functions and the
erodability characteristics of soils un-

der Hevea

The project is initiated to study the
hydraulic properties and the erodability of
major soils under Hevea in relation to vary-
ing slope conditions. During the reporting
year, adetailed topographic survey was con-
ducted on terraced hill slopes to identify
sites for study as per the programme of re-
search. Topographic variables (Table Dri. 1)
and soil samples from three depths viz., sur-
face soil (0-15 cm), soils at 30 cm and 60 cm
under different slope conditions were col-
lected.

Results on physico-chemical properties
of soils (Table Dri. 2) under Hevea vary ing
terram revealed that there was a decrease
m sand content and corresponding increase
inclay content from the upper to lower slope
gradient. The organic matter content and
cation exchange capacity of soils were de-
creased with increase in slope gradient.

4-  Phosphorus fixation study

Phosphorus fixation by three different
soil series was studied and results show that

phosphorus fixation was highest in
anprapally soil series followed by
Kadambanad and lowest was in

niruvanchoor soil series.
5- Small holders advisory service
laborat Centra”™ regional and satellite

aborones, atotal of 8220 so.land953le.it
samples were analysed and 4400 discrimi-



Table Dri. 1. Topographic features of soil sites

Topographic

variables Mundakayam Valikulam

slope aspect South-north facing

West-east facing

Location
Kadanad

slope length 60 m 30m fg”n“h"”e“ facing  East-west facing
Slope gradient 3sm

Range, degrees  15c6,-20°98" 8°82"-14°0F - )

Mean, degrees 18¢69' 11°4T ey 0-2@29'
Slope length factort 0.50 0.46 0.40 (l) 40r

4
Land use Mature rubber Mature rubber Mature rubber o
Floor structure Micro terraces Terraced Tertaned Maluredru er
Terrace

Dispersed grass patches

Grass patches

Grass patches Dispersed grass patches

tRenard etai (1997) i.e. m=b/(I+ b), where b _ (sin 4/0.0896)/3.0 sin q+0.56)

Table Dri.2 Physico-chemical properties of surface soil under rubber varvinB slopes

Mean slope sand silt

Cla>

(%) (%) (%)

18°69 51.26 1153 29.85
11°4' 42.02 12.50 37.50
7°97 40.06 13.30 43.20
FaT 30.90 14.65 49.85

- Organic matter (organic carbon x 1.724)

natory fertilizer recommendations were of-
fered. In addition, 15950 latex samples were
analysed for DRC and 107 samples for Vola-
tile Fatty Acid (VFA). Fertilizer recommen-

CENTRAL EXPERIMENT STATI

The Central Experiment Station is con-
ducting experimental projects on intercrop-
ping trails, progeny trails, exploitation stud-
ies, density trails etc. of the different research
divisions of RRII. The station has a total area
of 254.8 ha. The station is of about 50 km
from Rubber Research Institute of India. A
nursery of about 4000 genotypes of wild
Brazilian Germplasm has been established
and these genotypes are being systematically

pH om* CEC
(1:2.5 w/v) (9/kg) (cmolfp+i/kRL

435 29.00 1230

4.20 42.93 15.50

430 27.40 12.00

4.30 4392 1450

dations were also offered on the spotby con-
ducting 58 mobile soil-testing programmes
at different locations in Kerala and Tamil
Nadu.

ON, CHETHACKAL, KERALA

screened for disease resistance and other
desirable characters. The total crop realized
was 144462.22 kg. A total of 296 tapping
days was possible in the year and 66 tapers
were engaged for tapping. The total
mandays engaged in the station were 61520.

A dispensary with a full time doctor
and a part time lady doctor caters to the
needs of the workersand 8615 patients were
attended during the period.



The thrust areas of research of the Sta-
tion are crop improvement, management,
protection and exploitation studies.

1. Crop improvement
11 Evaluation of clones

In the 1985 clone trial of ten clones,
highest girth over 16 years was observ ed in
the clones RRIM 600 (71.60 cm), RRII 203
<1.56cm) and RRII 118 (71.00 cm) and low-
est was in PB 5/51 (51.39 cm). The clone
RRIM 600 recorded highest annual average
yield (37.88 g/t/1) followed by GT 1 (34.28
g/t/t) and minimum was in PB5/51 (23.76
g/t/t) under 1/2S d/2 6 d/7 system of tap-
ping without tapping rest and with taping
rest the maximum yield was recorded in
RRIM 600 (44.92 g/t/t) and minimum was
rm PB 5/51 (25.99 g/t/t). Highest rubber
content was recorded in RRIM 605 (32.89%)
and minimum was in Gl 1 (30.27%) in the
trees tapped without rest while in normal
tapping trees, a maximum of 33.49%
(RRIl 318i and a minimum of 29.68%
(PB 5/51) was recorded.

In the 1986 clone trial the clone Ri?rr

highestyield (29.3 g/t/t) and RRI1I 5 ule [owv
est (22.2 g/t/t). Though normal tapped
plants produced more latex (130.1 ml/t/t)
than test tapped plants (96.1 m1/t/t).

12, Evaluation of polyclonal population

Evaluation of polyclonal population in
terms  growth and yield was continued at
RRS' Sorutari farm. Ten promising
P0,yck)nal trees were selected based on yield
efficiency (g/cm) and multiplied for raising
1m budvvood nursery. Amongst the selec-
tions' maximum annual mean yield was re-
corcleci hi selection S, (111.18 g/t/t) and
mmimum ™ selection S~ (58.67 g/t/t). High-
est girth over 14 >ears was observed in se-
lection $» <105-6 cm) and minimum in selec-
don  (~4-5cm),

13.  Evaluation of wild gennplasm

ncic*ence and severity of powdery
mildeiv disease assessed in 246 wild acces-
~oOnsconserved at RRS, Taranagar Research
arm, Agartala. Seventy accessions did not
show anYsymptom of powdery mildew dis-
ease.



significant increase in yield was observed
due to imposition of the treatments. The
effect of treatments on annual girth and in-
teraction effects among the treatments on
girth, girth increment, yield and DRC were
found to be non-significant.

A new experiment on the influence of
NPK combination, on mature rubber was
initiated during the year 2000 at Bargang,
Sonitpur (about 300 km from Guwahati) in
a grower's field to study the optimum re-
quirement of NPK fertilizers for the popu-
lar clone RRIM 600. The current year results
showed that there were no significant effects
with any treatment combination on girth,
girth increment, mean volume and DRC.
Maximum ofabsolute girth (65.27 cm), girth
increment (4.33 cm) mean yield (38.78 g/t/t),
mean volume (113.55 ml/t/t) and DRC
(30.88%) were observed under the treatment
combination of Nfl Pw K4 kg/ha.

2.2, Interaction between K and Mg

Trails, laid out in two locations
(Sarutari and Nayekgaon) in 1987 showed
that highest doses of K (40 kg K,0/ha) and
Mg (15 kg MgO/ha) significantly increased
theyield. Maximum yield (63.15 g/t/t) was
found under the treatment combination of
40 kg KD/ ha with highest doses of Mg
(15 kg MgO/ha) followed by K40 Mg 7.5
kg/ha (56.40 g/t/t) and minimum was in
control (KOMgO0). Application of K and Mg
influenced the total mean volume signifi-
cantly. Interaction between K and Mg on
average girth, annual girth increment as well
ason average yield and mean volume were
found non-significant.

2 Rock phosphate and super phosphate as source
of P for mature rubber

Two trials, laid out Sarutari and
Nayekgaon on mature rubber are being con-
tinued with water soluble and water in-
soluble phosphatic fertilizers and their com-
binations. The resultat Sarutari showed that

absolute girth and girth increment were
highest under water insoluble P (70.41 cm)
followed by combination of water soluble
and water insoluble P (67.94 cm) and mini-
mum was m control (64.03 cm). No signifi-
cant increase in yield was noticed in treated
plots and maximum yield was recorded
under MRP: SSP = 50:50. A building up of
soil available P was obsen ed and yield/tap
was improved due to application of P-fer-
tilizer. The result at Nayekgaon showed that
appUcation SSP at the rate of 60 kg/ha nu-
merically increased the mean girth (61.40
cm) but MRP at the rate of 20 kg/ha effected
highest girth increment (1.5 cm) during the
reporting year compared to other treat-
ments.

24.  Effectof sulphur on growth of Hevea

The study on the effect of different
doses of sulphur on growth of Hevea under
nursery condition was repeated for the sec-
ond time. No significant differences of girth,
plant height and number of leaf whorls were
recorded during the initial growth period.

25.  Comparative efficiency of cover crops

There was significant effect on dry
matter yield, number of nodules/plant and
dry nodule weight. Maximum dry matter
yield, number of nodule and dry nodule
weight were recorded under Mucuna
bracteata in 1 m2 patches followed Pueraia
phaseoloides planted in Im 2patches and mini-
mum was in P. phaseoloides cover crop
planted in double strips. Improvement of the
soil moisture was also observed during the
winter/summer period for M. bracteata and
P. phaseoloides planted in patches.

26.  Potassium dynamics in the rubber growing soils
of Assam

In continuation of the work on general
survey and status of potassium in the rub-
ber growing soils of Assam, samples were
collected to assess the availability of potas-
sium and its mobility down the profile.



K-fixation capacity of the soils {0-30 cm) was
determined in portion of 5 g soil by adding
Kin the form of KC1solution at the levels of
10,20,50 andO 100 ppm. All the soils showed
an increasing trend in K-fixation with in-
creasing levels of applied K though the per
cent of K fixation with added K tended to
decrease gradually with increased levels of
K application.
2.7, Weed control

Weed survey study was initiated to
identify different weed species in rubber
plantations of Assam under different age
groups and also to find out noxious weed
species during early groth period.

3 Crop protection
3.1, Survey on diseases and pests

Survey on pests and diseases was car-
ried outin 74 locations in the north eastern
part of India covering 38 different rubber
growing tracts in Assam, Meghalaya,
Arunachal Pradesh, Tripura and northern
part of West Bengal. The incidence of pow-
dery mildew disease was noticed in most
of the locations surveyed. The severity of
powdery mildew disease was high in block
plantations of NRETC at CMC para,
Laxmandepha, Rishidas Colony, Nagichera,
Tulakona, Madhuban, private growers plan-
tation of such locations in Tripura and also
at DDC, Jenggitchakgre and Umsiang in
Meghalaya and at Sorutari in Assam. Mi-
nor incidence of brown root disease was
observed in immature rubber plants at
Konabam. K.C. Para, Madhuban, Rishidas
Colony except Thaibong where incidence of
this disease was high as compared to that
of other locations in Tripura, Assam,
Meghalaya and Arunachal Pradesh Hieh
incidence of Periconia leafblight disease was
observed up nursery at some locations in
Assam, Arunachal Pradesh and Meghalaya
Minor incidence of purple root disease (be-
low 10A) was observed in seedling nursery

at DDC, Jenggitchakgre in Meghalaya and
also in private grower's nursery at
Avayapuri in Assam. A herbaceous plant
(Eupatorium odoratum) was observed in the
field adjacent to nursery at DDC,
Jenggitchakgre as an alternate host with
fructification of the fungal pathogen near
root base. Incidence of pink disease was
observed in immature rubber plants (RRII
105 and RRIM 600) of private growers at Jiti
and Rongo Rubber Estate and also at RES,
Nagrakata in northern part of West Bengal
during September, 2001. High incidence of
pink disease was noticed only in nursery at
Sorutari farm in Assam. Minor infestations
of scale insect, termites, slugs and snails
were also noticed in most of the locations
surveyed in N.E. region and northern part
of West Bengal.

32. Isolation, identification and maintenance of

fungal pathogens

Amongst five morphologically differ-
ent isolates of Colletotrichum gloeosporioides
causing secondary leaf fall disease of Heven
in N.E. region, two distinct strains were
identified by RAPD analysis.

33.  Control of powdery mildew disease

Evaluation of economic efficacy of sul-
phur dusting for the control of powdery
mildew disease was continued at RES,
Nagrakata in mature trees of clone RR11 105.
Severity of powdery mildew disease was
very high in undusted control block (3.0) as
compared to the dusted block (1.3), which
resulted in an annual crop loss of 28.52%.
The benefit cost ratio (10.1:1) indicated that
the cost of dusting for the control of pow-
dery mildew disease is economical.

Evaluation of chelated Zinc (Chelazin
liquid) against the management of powdery
mildew disease was continued at RRS,
Nagrakatta (clone RRIM 600). The incidence
and severity of powdery mildew disease

were 00/ and 4.1% respectively in



undusted control plots. Plants showed poor
growth vigour. Experimental plants treated
with Zinc chelate (at the rate of 5mi/litre of
water) plus dusting of sulphur and without
sulphurshowed very low incidence and se-
verity of powdery mildew disease and also
registered, high growth vigour as compared
tocontrol and the other treatments. Analy-
5s of Zinc status in pre and post-treatment
leaf and soil samples are in progress.

4. Exploitation technology

The experiment on tapping rest and
frequency interaction studies initiated dur-
ing 1999 with clone RRIM 600 was contin-
ued. The tapping system 1/2S d/2 6d/7
with and without rest is being compared
with other tapping systems viz. 1/2S d/3 6d/7

onhas
been imposed. The data on girth, cirth m

r“umb"l, ~ ean.y'eld’ projected yield and
number of tapping days revealed that treat-
ments were not significant with respect to
girth increment. Maximum girth (66.03 cm)
mr S~thmcrement (1.96 cm) were recorded
in 1/2Sd/46d/7 system with seven stimu-
lations and three months rest (T12 ) and
minimum in 172 S d/2 6d/7 system with
one month rest. Maximum vield (76.63 g/t/t)
was recorded for the treatment T12, and mini-
mum (30.13g/t/t) m1/2Sd/36d/7system with
two months rest (T3). Maximum projected yield
(2018.88 kg/ha/year) was noted for treatment
T7 (1728 d/3 6d/7 with five stimulations
and two months rest) and the minimum
(1349.82 kg/ha/year) for treatment T3.

REGIONAL RESEARCH STATION, AGARTALA, TRIPURA

The Station continued to engage in the
investigations on various aspects of natural
rubber cultivation. Emphasis was given for
soil nutrient mapping in NR cultivated ar-
eas of North East region. Studies on nutri-
tion management, intercropping, crop im-
provement through breeding and selection,
etc., were also in progress. Work on Biotech-
nology was mainly concentrated on anther
culture, immature embryo culture and in
vitro propagation through shoot tip culture.
Studies on effect of low temperature stress
ongrowth of rubber and latex outfort were
continued. The study on identification of
suitable rubber growing areas based on an-
nual rainfall index was in progress. Sup-
port to the rubber growers of North East
region through advisory and discriminatory
fertilizer recommendation was continued.

Agronomy and soils

Fertility status of the rubber growing
s°ils of the North-Eastern states was evalu-
ated and classified as low, medium and high,

based on the nutrient index value. The nu-
trient index value for organic carbon is 1.78
and fertility rating is medium for the region.
Nutrient index value for organic carbon was
highest in Mizoram and lowest in Tripura.
The available P status is low in the region
and the nutrient index value is 1.03. Nutri-
ent index value for available K is 1.77 and
fertility rating is medium for the region.
Potassium is low in Tripura and Assam, and
medium in rest of the states in the region.

In the study on the effect of different
fertilizer doses on different densities of two
RRII clones viz., RRII 105 and RRII 118, the
highest per tree yield (45.6 g/t/t) was ob-
served in lowest density compared to the
other two higher densities. No difference in
yield was observed due to fertilizer doses
and clones. However, significant difference
was observed among the densities. Data
obtained from the trial on the effect of NPK
and their interactions on growth and yield
of Hevea revealed that 60 kg N and 60 kg



PjO, have significant effect on the girth and
yield, Effectsof different levels of K on girth
and yield was not significant. The trial on
ecological impact of rubber plantations on
physico-chemical properties of soil has
showed maximum amount of organic car-
bon. available P and K in soil under rubber
compared to other plantation species viz.,
Teak (Tectona grandis) and Gamair (Gmelina
arboreal (Table Net. 1). Significantly higher
amount of available nutrients was observed
in surface as well as sub-surface soil under all
plantation crops compared to barren land.

Three different rubber based multi-spe-
cies field experiments were in progress un-
der sustainable farming system project.
Pineapple, coffee, tea and turmeric were in-
tercropped in these experiments. Growth
performance of coffee as intercrop in rub-
ber was better than monocrop without
shade. Average girth (at5 cm height) of in-
tercrop and monocrop coffee were 4.8 cm
and 3.7 cm, respectively. Higher yield of
pineapple was in strip intercropping
(1532 kg/ha) compared to alternate row in-
tercropping system (1034 kg/ha). Average
girth of tea plans was 9.1 cm at5 cm height.
Monthly average yield of tea leaves was 36
g, m and the highest yield (59.4 g) was re-
corded m the month of October. Area inter-
cropped with tea occupied 18% of total area
rubber plantation. Turmeric cultivated un-
der five-year-old rubber plantation yielded

Location
Rubber
0-30 0.95
30-60
Teak 020 073
30760 0.88
Gamair 0.30 0.68
30-60 o8
Barren land 0-30 056
- 0.53
30-60 0.40

only 0.5kg/m2whereas monocrop yielded
3.4 kg/m:. Analysis of soil samples showed
sufficient organic carbon availability to all
the crops irrespective of the model. Concen-
tration of nitrogen in rubber leaves also cor-
roborated this observation. Available K con-
centration in soil was within the range of
sufficiency.

2. Biotechnology

Immature anthers of RRII 105 and
SCATC 93/114 were cultured on different
media supplemented with different organic
nutrients and phytohormones. Successful
callus development was observed in the
medium using MS macro-and micro-nutri-
ents in half the concentrations. Induction of
somatic embryogenesis was observed from
the yellowish white callus using different
concentration and combinations of phyto-
hormones. Kinetin 1.0 mg/L along witii IAA
0.1 mg/L produced maximum somatic em-
bryos. Clone RRII 105 was better than that
of SCATC 93/114 for somatic embryogen-
esis. Histological studies of the globular and
torpedo shaped somatic embryos were per-
formed to confirm the origin of somatic
embryos.

Shoots obtained by culturing immatu re
embryos of RRII 105 ta the previous
were cultured on the media modified for de-
velopment of lateral roots. Phytagel was
found to be better gelling agent than agar

bamn
K(mg/100g) pH (1:2:5)
104 553 186
0.63
4.24 464
0.81 :
5.02 458
061 .
421 4.29
081 -
481 438
0.40 :
434 438
0.29
456 467
0.20 :
3.89 452
064 018

ns 021
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and promoted lateral root development
when supplemented with 8% sucrose and
4% activated charcoal. Immature zygotic
embryo culture studies were extended to
RRII 417, RRII 429 and RRIC 100 clones.

3. Breeding and selection

Evaluation of clones, recombination
breeding and selection, evaluation of
polycross progenies and evaluation of
germplasm are the main lines of breeding
research. There are four clone evaluation
trials supported by two on-farm trials and
aclonal demonstration trial. Progenies of
recombination breeding are being evaluated
in three sets viz., 1933-94, 1998 and 1999.

3.1.  Evaluation of clones

In the clone trial with 15 clones,
RRII 203 (70.9 g/t/t) recorded highest yield
followed by PB 235 (63.9 g/t/t), RRIM 600
(56.19 g/t/t), RRIM 703 (54.7 g/t/t) and
RRII 105 (46.8 g/t/t). RRII 203 showed a
steady increase in yield over the year. In
thesecond trial with 12 clones RRII 208 was
the high yielder (38. 7 g/t/t) followed by
RRII 118 (30.6 g/t/t), PB 86 (28.9 g/t/t) and
RRIM 600 (28.7 g/t/t). In the third clone trial
laid during 1995 with 10 clones, highest and
lowest girth was recorded for PB 311 (38.1 cm)
and SCATC 93/114 (29.4 cm) respectively.
In the fourth clone trial to assess GxE inter-
actions with 13 clones, girth data showed
RRII 429 to be the high vigour clone.

In the on farm trials conducted at
Killamura, Tripura, girth data (at 150 cm)
indicated better growth in RRH 203 (154 cm),
followed Haiken 1 (14.9 cm), RRH 208 (13.7cm),
RRIM 600 (13.4 cm), PB 235 (11.3 cm) and
PB 260 (11.2 cm). In another trial, eight po-
tential clones viz., RRIl 118, RRII 203,
RRH 208, PB 235, PB 260, RRIM 600,
RRIM 703 and Haiken | are under evalua-
tion at Bagafa. The clonal demonstration
trial (BRTF - 1994-95) with PB 235,

M 600, RRII 105 and GT 1 has attained

T ' f PB 2 h'&' Ih
?o owed by RRIM 880 RRII ,05' ;" ]
Action has been taken to commence tapping!

32.  Evaluation of polycross progenies

ttle ful* sit> Pregenies of 26
combinations progenies PB 86 x SCATC 88/13

PRfLXT ™ 600' PB 86 X RRII_105 and
1B 86 x Gl 1 exhibited higher girth. The com-
binations with higher unit yield (g/cm)
Gl 1 x RRIM 600 and PB 86 x SCATC 88/13
have been multiplied for an evaluation with
RRIM 600 as check.

33. Evaluation and utilization of wild germplasm

The Brazilian accessions available at
this Station are being maintained in the gene
pool garden. Field grown plants of
germplasm evaluation garden of 1993 at-
tained a mean girth of 38.44 cm with an an-
nual girth increment of 6.85 cm. Mean girth
of plants of 1994 germplasm garden was
39.57 cm increment of 7.0 cm.

4.  Studies on exploitation and physiology
4.1.  Exploitation systems

Average annual yield for the three dif-
ferent tapping systems viz., 1/2 S d/1,
17/2Sd/2 and 1/2Sd/3 in combination with
four different winter temperature rests
0-0 °C, 10-10 °C, 15-15 °C and 20-20 °C
showed that, in d/2 system of the 15-15 °C
tapping, showed significantincrease in yield
(Table Net. 2). Due to higher incidence of

Table Net. 2. Trend of yield (g/tree/month) in differ-
ent tapping systems

Month 1/28d/1  1/2sd/2  1/28d/3

March 565 508 369

April 773 623 468
603 546 420
571 473 416

July 839 758 561

August 621 532 430

September 708 562

October 710

November 702 721 627

CD (P=0.05) 38.8 50.9 48.2



TPD and exhaustion of tappable bark, the
d/3 tapping system was discontinued.

A tapping rest experiment in growers'
Held in RRII 105 under 1/2S d/2 system of
tapping with different low temperature
based restreveled that the 12-12 tC rest treat-
ment, considering the effective months, re-
sulted in significant higher yield than that
of the other combination of rest treatments
viz., the control, 10-10 °C and 15-15 °C The
occurance of TPD was negligible.

The experiment on tapping rest and
frequency interaction studies was continued
with two clones viz., RRIM 600 and RRII 105.
The results revealed that the yield was sig-
nificantly different among the treatments.
Maximum annual yield was 1605 kg/300
trees for RRII 105 and 2277 kg/300 trees for
RRIM 600 were recorded for 1/2Sd/2 6d/7
tapping system with two months rest (Feb-
ruary and March). However, 1/25d/36d/7
tapping system (5 stim) with two months
rest (February and March) was comparable
to 1/2S d/2 system.

42.  Physiological studies

The experiment to assess the variabil-
ity in polyclonal seedlings to withstand In,,
temperature was continued. Based on a
tain growth parameters, a few dlin-s
contrasting m theirgrowth (High vigour HV
and tow vigour, LV seedlings) were sele, ted
to comparative growth during winter

" chan ge studies were conducted
“ Ponded leaves from shoo:

wep ot
apex. A higher mean assimilation rat ,f
HV s'H 1 C°-’/mVs was observed m
co i£ f."?*C°mpared to 29 mm,,l,

n SeedImSs witi>lhe stomatal
onductance ofO 26 mole and 0.22 mole re
= ely. At a given g, average ow
C1 (1065 ppm] m HV seedlings implies bet
er mesophyll efficiency when compared to

1363 ppm of Ci in LV types. Selected seed

lings were exposed to in vitro low tempera-
ture of 10 °C for two days to assess the chlo-
rophyll degradation as an index of stress.
The chlorophyll degradation was 7.2% over
control in HV types where as 33.3% in LV
types. A study on membrane leakage dur-
ing the exposure of these selected seedlings
to low temperature of same severity and
duration revealed that LV plants suffer se-
vere membrane leakage (56.6%) where as
the HV plants recorded 40.5% of leakage.

5. Processing

A survey on processing of raw rubber
in the north-eastern region was conducted
and found that sheet making is the only
method adopted in these regions except a
centrifuging unit in Tripura owned by
Tripura Forest Development and Plantation
Corporation. Itwas also observed that 95%
of the growers are processing the latex with-
out sieving. Also 34% of the growers are
still sun drying the sheets. Only 56% of the
growers in the small growers sector are us-
ing the correct dosage of acid for process-
ing. About 24% of the growers are not col-
lecting the scarp rubber and the earth scrap
is not at all collected anywhere in these re-
gions. Processing campaigns were con-
ducted in Guwahati, Tura, and Orissa.
Quality sheet making was demonstrated at
Tripura, Assam, Meghalaya, Mizoram, West
Bengal and Orissa. Advisory service in pro-
cessing and product manufacturing had
been rendered to the interested parties t >v,
2000 tones of imported rubber at Kolkata

“ Per ft*
6. Advisory services

T1?8 M° bile Soil and Tissi"' Testing
Laboratory caters the needs of the growers

ofthe entire north-eastern region. Soil and
af samples were collected and analyzed
and discriminatory fertilizer recommend*-



tions (DFR) are given based on the test re-
sults to the growers of the region. During
the reported period DFR were given to 395
growers based on analysis of 790 samples

ollected from the growers' fields from West

South and North Tripura districts (Tripura)
Cachar and Kanmganj (Assam), Kolasib
(Mizoram) and liribam (Manipur).

REGIONAL RESEARCH STATION, TURA, MEGHALAYA

The Regional Research Station, Tura
conducts research on evaluation of clones,
selection from polyclonal population, evolv-
ingsuitable exploitation systems, aspects of
slopes for plantation and disease and pest
management under the agroclimatic condi-
tions of Meghalaya.

1. Crop improvement

In the 1985 clone trial, girth and yield
of 10 clones were recorded and results indi-
cated highest girth in RRIM 600 (82.56 cm)
followed by PB 235 (79.58 cm), RRII 203
(79.29 cm), RRII 18 (78.76 cm). PB 86 (75.8
cm) GT 1(72.30 cm), RRIM 605 (71.65 cm),
RRII 105 (68.69 cm), GT 1(64.69 cm) and PB
5/51 (64.13 cm). RRIM 600 (45.40 g/t/t)
ranked first yield in BO-2 panel and PB 5/
51 (20.90 g/t/t) ranked lowest. In the 1986
clone trial, among the ten clones, PB 311 reg-
istered the highest girth (80.96 cm) and yield
(37.90 g/t/t) while PR 255 and RRIC 105
registered the lowest girth and yield respec-
tively. Average girth of clonal population
was 62.0cm while average yield of the popu-
lation was 25.50 g/t/t and it varied from
12.0 g/t/t to 61.0 g/t/t. Budwood nursery
of selected mother plants has been estab-
lished for conducting further studies.

2. Cropping systems

Performance of rubber (RRIM 600)
planted with tea and orange were evaluated.
Rubber plants attained an average girth of
67.3 cm and die dry rubber yield was 23.5
g/t/t. About 601.5 kg of green tea leaves,
which fetched anetincome of Rs. 4511/- was
harvested from 0.25 ha. The total expendi-

ture for different operations in tea plantation
was Rs. 4125/-.

During the year an experiment on the
effect of different mulching on the growth
of rubber seedlings was carried out. The
rubber seedlings of the paddy straw-
mulched plots were showed better growth,
followed by mulching with broad leaves,
bamboo leaves, black polythene and white
polythene mulch respectively.

3. Plant physiology

In Garo Hills of Meghalaya, low win-
ter temperature is one of the stress condi-
tions, which adversely affect growth, yield
and prolonged refoliation pattern The share
of girth increment in winter was 8% while
that of summer, monsoon and postmonsoon
are 25, 50 and 17% respectively. Low yield
also was recorded in winter period (19%)
and 36% yield was recorded in post mon-
soon period. During winter period from
November second week to last week of Janu-
ary the suitable time for tapping is 8.00 to
9.00 am. Clone RRI1I 203 showed maximum
TPD (27.5%) while in RRIM 600 it was only
2.8%.

Performance of clone RRIM 600 was
assessed at west-south-west (WSW) and
north-north-east (NNE) aspects of slopes.
Plantsin WSW aspect of slopes showed vig-
orous growth (72.9cm) and low yield (21.90
g/t/t) while NNE aspect plants showed
lower growth (69.0 cm) and higher yield
(23.30 g/t/t). In soil, organic carbon, P and K
content was higher in NNE than WSW aspect
and uptake of nutrients was more at NNE as-
pect of slope than WSW aspect of slope.



4.  Pathology and microbiology

Visual survey for rubber diseases was
carried out regularly during the year. It was
observed that the outbreak of powdery mil-
dew disease was severe in four locations and

the PDI of powdery mildew at
Jenggitchakgre, DDC, Danakgre and
Damjonggre was 97.7, 97.5, 93.6 and 68.4%
respectively. Repeated defoliation was no-
ticed in these locations.

REGIONAL RESEARCH STATION, KOLASIB, MIZORAM

The Regional Research Station, Kolasib
is conducting experiments mainly to iden-
tify suitable clones of rubber under Mizoram
condition. In addition, the Station is also
engaged to find outsuitable tapping systems
and optimum fertilizer dose to make rub-
ber cultivation more economical.

1 Evaluation of clones

An experiment to identify suitable
clones for this region, was in progress. Seven
clones were planted in RBD design and the
performance of these clones in different land
formsviz., foothill, mid hill and hill top were
recorded in terms of growth and yield. The
highest mean girth was observed in the mid
hill condition and the clone SCATC 93/114
showed the highest girth (Table Nez. 1)
Though mean values are comparable, there
was clonal variation in growth and yield in

for™s- Among the clones
SCATC 93/114 did wellin all the land forms.

root hil

2. Nutritional trial

This experiment was initiated to find
outthe optimum fertilizer dose of NPK com-
bination in the foot lull condition. There are
four fertilizer treatments in RBD design and
the clone is RRIM 600.

Girth of RRIM 600 was highest (54.0
cm) with fertilizer combination of
35 :35:35 kg N:P:K per ha. However, the
annual girth increment was not significant
among the treatments.

3.  Effect of tapping systems on yield

The main objective of this experiment
was to identify the suitable tapping system
under Mizoram condition. The highest per
tap (55.9 g/t/t) yield was observed in
1/2Sd7/4 system. However, the annual yield
was highest (848 kg/300 trees) in 1/2S d/2

days"”1 dUC t0 higher number ot tapping




The Station is conducting experiments
mainly to find out the suitable clones for the
region, evolving appropriate fertilizer rec-
ommendations, suitable rubber based sus-
tainable cropping systems and optimum
exploitation systems. Thirteen experiments
are in progress, out of which eight are on
crop improvement, two each on crop man-
agement and cropping systems and one on
exploitation system.

1. Crop improvement

In the 1990 clone evaluation trial with
11 clones, girth varied significantly among
the clones. Clone SCATC 93/114 recorded
highest girth (64.36 cm) and the lowest
(52.97 cm) was in PB 5/51 (Table Nag. 1).
The clones did not show any significant
variation in rubber yield. However, maxi-
mum yield was recorded in SCATC 88/13
(67.79 g/171). In the trial started in 1990 with
seven clones, girth increment and mean
yield varied significantly among the clones.
Clone RRIM 612 recorded highest girth
(65.73 cm) and the clone RRI1I 208 recorded
maximum yield (49.81 g/t/t/). During the
second year of tapping annual mean yield
varied significantly among the clones.

RRIM 600 recorded maximum yield
Table Nag.l, Growth and yield of clones (1990 trial)
Clone Girth  Annual girth Mean yield
(cm) increment cm)  (g/t/t)
RRU 118 60.88 1.83 31.79
RRII 203 60.68 111 38.55
RRU 300 57.48 2.20 3248
Haiken 1 63.30 1.65 23.03
SCATC 88/13 59.55 1.89 67.79
SCATC 93/114  64.36 274 4037
! 57.43 115 37.06
PBS/51 52.97 0.91 3052
PB-235 59.81 0.90 40.62
PB31L 57.85 0.06 46.79
RRIM 703 61.76 0.84 4121
£D(P=0.05) 4.15 NS 12.84

and_minimu™ was for
SCATC 93/114 (17.87 g/t/1).

The 1992 tail on the perforniance of
different clone blends and in the Genotype
x Environment (GxE) interaction trial
started m 1996 with 12 clones the plants were
maintained properly. Observations from the
trial to evaluate germplasm for cold toler-
ance, indicated higher girth in MT 196 (28.81
cm) followed by RO 2629 (26.46 cm) and RO
5408 (26.18 cm) and the lowest (15.77 cm)
was in AC 763.

2. Crop management

The nutritional trial with NPK, started
in 1989, did not showed significant differ-
ences in girth, annual girth increment and
rubber yield. In the 1993 trial to evaluate the
effect of split applications of fertilizer on
Hei’ea growth and yields showed that split
doses could not induce any significant ef-
fect on girth, and rubber yield.

3. Cropping system

Two rubber based intercropping trials
are in progress. The first experiment to study
the feasibility of intercropping tea with rub-
ber was continued. Difference in growth of
tea was found to be non-significant among
the treatments. Tea plants are growing well
in all treatments irrespective of different
spacing of rubber. Maximum tea collar di-
ameter (23.98 mm) was recorded, where
rubber was planted at a spacing of
10 m x 5in. Maximum tea green leaf yield
(2135 kg/ha) was recorded in pure tea area
followed by T3 where rubber was planted
at a spacing of 2m x 2 .4 m along with tea.
Another rubber based intercrop trial with
areca nut was initiated during 2002. Rub-
ber has established well where as areca nut
plants are establishing slowly.



The major thrust areas of research of
this station are the development of suitable
planting materials and location specific
agro-technology for this drought prone re-
gion. Experiments to evaluate low fre-
quency tapping systems, irrigation require-
ment, screening of wild Hevea accessions for
drought, studies on the growth and yield
potential of various clones, polyclonal seed-
mg trees etc. were continued.

I.  Effect of irrigation on growth and
yield

i L ) .

In the irrigation experiment started in
1987 observations on fortnightly cup lump
weight, monthly girth measurements and
seasonal DRC, Pl and TP were recorded. The
trees with basin irrigation system recoided
comparatively high girth. Highestyield was
recorded in 1.0 ETc basin irrigation fTablp

control*

1.00 ETc basin
0.25 ETcbasin®
0.50 ETc basin
0.75 ETc drip
0.25 ETedrip***
0.25 ETc drip

SE #
CD (P =0.Q5)

In die cost evaluation trial, the expense
incurred towards various inputs, farm prac
tices and irrigation were monitored since
1987 in irrigated and unirrigated trees of
RRIM 600. Irrigated trees were divided into
two parts with respect to soil depth and one
being maintained under reduced irrigation
to 1/5 ETc (deep soil) and 1.0 ETc (shallow
soil) level on irrigation. No significant re
duction in block yield and growth was ob-
served in mature trees even after reducing
the irrigation level to 1/5 of ETc of that un-
der immature phase.

2-  Exploitation studies

tra*s initiated for evolving the

°Ptinn,m stimulation schedule under

1/2S d/3 tapping system under irrigation
were coritinued. Trial | was started in De-



Table Dap. 2. Performance of RR11105 under 1/25 d/3 system of lapping

stimulation
(kg/400 trees) Before
TONil 1577.22 34.86
TI@sy) 39.60
T247y) 34.65
T3(6/7y) 2114.07 34.15
SEi
CD (P=0-05)

after stimulation, annual girth increment
and TPD scoring are being monitored.
Higher yield was observed in treatment with
tapping rest in May and June with 4 stimu-
lation/year, without any significant affecton
the growth of trees. Results indicated that
stimulation did not affect the DRC at all.

3. Evaluation of planting materials

In the clone trial, planted in 1985 fif-
teen modem clones are under evaluation.
The trial was maintained under limited ir-
rigation since 1985. Monthly girth, DRC,
fortnightly yield recording was carried out.
The result indicted that clone RR1I 208 per-
formed better in terms of growth (Table
Dap.3) while RRI1I 6 recorded highest yield.

Two blocks of trees raised from
polyclonal seedlings were planted in 1983
and 1985 to study the yield performance of
polyclonal progeny under condition of
North Konkan and to select ortet trees for
further evaluation. Out of the population
of nearly 1000 trees, promising trees were
selected during 1996 and were categorized
as high girth, low girth, high yielder, and
low yielder trees. The selected trees were
cut back to generate sprouts, which were
used for multiplication by budding. Obser-
vation on fortnightly yield, seasonal girth
increment, soil moisture measurement, and

ons
Girth TPD (%) Yield
After increment (%)
34.86 0 37.91
34,75 41.15
49.64
34.28 0.70 333
029 4.02
063 457

Table Dap. 3. Growth and yield of Hevea clones in the

1985 trial

Clone Mean gitth*  Mean dry rubber yield

(cm) (9/t/1)
RRII'S 55.26 30.28
RRII 6 58.69 14.23
RRII 105 53.84 36.44
RRI11208 61.40 4255
RRH 308 53.06 28.32
PR 255 53.28 3161
PR 261 53.85 26.71
PB 260 56.06 28.09
PB 310 55.58 32.96
PB 311 53.83 33.09
RRIM 605 53.70 25.29
RRIC 52 60.64 23.07
RRIC 100 56.36 34.40
RRIC 102 56.91 3142
RRIC 105 54.08 23.30
SEi 1.98 433
CD (P=0.05) 4.06 8.85

yield components were recorded. Based on
the data good trees were identified multi-
plied for further evaluation in a small scale
trial.

4. Evaluation of germplasm accessions

Sixty four wild Hevea accessions along
with three popular clones viz., RRII 105,
RRIM 600, Tjir 1 as a check were raised in
polybags at nursery for screening against
drought tolerance



The major thrust areas of research of
this station are the development of suitable
planting materials and location specific
agro-technology for this drought prone re-
gion. Experiments to evaluate low fre-
quency tapping systems, irrigation require-
ment, screening of wild Hevea accessions for
drought, studies on the growth and yield
potential of various clones, polyclonal seed-
ing trees etc. were continued

1 Effect of irrigation on growth and

yield

In the irrigation experiment started in
1987 observations on fortnightly cup lump
weight, monthly girth measurements and
seasonal DRC, Pl and TP were recorded. The
trees with basin irrigation system recorded
comparatively high girth. Highest yield was
recorded in 1.0 ETc basin irrigation (Table
Dap. 1).

Table Dap. 1 Effect of irrigation on growth and yield
in clone RRI1 105

Mean girth (cm) ~ Mean drv rubber

(April 01 - March 2002)  vield(g/t/t)
e T
0.25 ETC basm " e 57.80
25 ETebasin 64.47 37.40
050 ETc basin 6126 i
0.75 ETc drip 6177
i . 38.94
0.25 ETcdrip 61.00
0.25 ETc drip 42.38
- 50.07 4278
SE+
0949
2770
€D (P=0.05
( ) 2.068 6.037

*No irrigation " Earlier 0.75 ETc - Earlier 0.50 ETc
In the other trial, fortnightly yield
monthly girth and seasonal DRC (%) P1 BI
and TP were compared for two clones vr
RRII 105 and RRIl m  Resuits
that RRII 118 performed better in terms of
growth while RRII 105 showed better yield
in response to different levels of irrigation
treatments. 8

In the cost evaluation trial, the expense
incurred towards various inputs, farm prac-
tices and irrigation were monitored since
1987 in irrigated and unirrigated trees of
RRIM 600. Irrigated trees were divided into
two parts with respect to soil depth and one
being maintained under reduced irrigation
to 1/5 ETc (deep soil) and 1.0 ETc (shallow
soil) level on irrigation. No significant re-
duction in block yield and growth was ob-
served in mature trees even after reducing
the irrigation level to 1/5 of ETc of that un-
der immature phase.

2. Exploitation studies

Two trials initiated for evolving the
optimum stimulation schedule under
1/2S d/3 tapping system under irrigation
were continued. Trial | was started in De-
cember 1999 with RRIl 105. Stimulation
treatments TO (control, no stimulation),
T1(2/y), T2 (4/y)and T3 (6/y) were imple-
mented as per schedule under irrigation
(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/400 tree
(kg/ha) was highest in T2 and T3 without
significant effect in growth. Results indi-
cated high rubber yield in the ethephon
treated plants as compared to control. With
a low incidence of TPD, ethephon stimula-
tion (4/y) appeared to be optimum with-
out any significant effect on growth under
irrigation. No change in DRC was noticed
after stimulation (Table Dap. 2).

During 1999, another experiment was
started to study the tapping rest-cum-stimu-
a ion interaction under low frequency tap-
ping system (1/2 S d/3) in clone RRII 105
under rain fed condition with an objective
o ind out best tapping rest period during

ummer. Observation on DRC before and



Stimulation Yield DRC
(kg/400 trees) Before

TONil 1577.22 34.86

TI (21y) 1711.95 39.60

T2 (4ly) 2064.83 34.65

T3 (61y) 2114.07 34.15

SE+

CD (P=0.05)

after stimulation, annual girth increment
and TPD scoring are being monitored.
Higheryield was observed in treatment with
tapping rest in May and June with 4 stimu-
lation/year, withoutany significant affect on
the growth of trees. Results indicated that
stimulation did not affect the DRC at all.

3. Evaluation of planting materials

In the clone trial, planted in 1985 fif-
teen modern clones are under evaluation.
The trial was maintained under limited ir-
rigation since 1985. Monthly girth, DRC,
fortnightly yield recording was carried out.
The result indicted that clone RRI1I 208 per-
formed better in terms of growth (Table
Dap.3) while RRII 6 recorded highest yield.

Two blocks of trees raised from
polyclonal seedlings were planted in 1983
and 1985 to study the yield performance of
polyclonal progeny under condition of
North Konkan and to select ortet trees for
further evaluation. Out of the population
of nearly 1000 trees, promising trees were
selected during 1996 and were categorized
as high girth, low girth, high yielder, and
low yielder trees. The selected trees were
cut back to generate sprouts, which were
used for multiplication by budding. Obser-
vation on fortnightly yield, seasonal girth
increment, soil moisture measurement, and

TPD (%) — Y~ki—
After increment (%)
0.76 0 37.91
0.80
1.08
34.28 0.70 333 50.82
0.29 4.02
0.63 8.57

Table Dap. 3. Growth and yield of Hevea clones in the

1985 trial

Clone Meangirth'  Mean dry rubber yield

(an) (g/t/0
RRII 5 55.26 30.28
RRU 6 58.69 4423
RRU 105 53.84 36.44
RRII 208 61.40 4255
RRII 308 53.06 28.32
PR 255 53.28 3161
PR 261 53.85 26.71
PB 260 56.06 28.09
PB 310 55.58 32.96
PB 311 53.83 33.09
RRIM 605 53.70 25.29
RRIC 52 60.64 23.07
RRIC 100 56.36 34.40
RRIC 102 56.91 31.42
RRIC 105 54.08 23.30
SE+ 1.98 4.33
CD (P=0.05) 4.06 8.85

yield components were recorded. Based on
the data good trees were identified multi-
plied for further evaluation in a small scale
trial.

4.  Evaluation of germplasm accessions

Sixty four wild Hevea accessions along
with three popular clones viz.,, RRII 105,
RRIM 600, Tjir 1 as a check were raised in
polybags at nursery for screening against
drought tolerance



The major thrust areas of research of
this station are the development of suitable
planting materials and location specific
agro-technology for this drought prone re-
gion. Experiments to evaluate low fre-
quency tapping systems, irrigation require-
ment, screening of wild Hevea accessions for
drought, studies on the growth and yield
potential of various clones, polyclonal seed-
ing trees etc. were continued.

1.  Effect of irrigation on growth and
yield

In the irrigation experiment started in
1987 observations on fortnightly cup lump
weight, monthly girth measurements and
seasonal DRC, Pland TP were recorded. The
trees with basin irrigation system recorded
comparatively high girth. Highest yield was
recorded in 1.0 ETc basin irrigation (Table
Dap. 1).

Table Dap. 1. Effect of irrigation on growth and yield
in clone RRII 105

Mean drv rubber

Treatment Mean girth (cm)
(April 01 - March 2002) yield(g/t./t)

Control 5594

1.00 ETc basin 63-69 57.80
0.25 ETcbasin™ 64.47 37.40
0.50 ETc basin 6126 38.81
0.75 ETcdrip 6L77 38.94
0.25ETcdrip"" 6190 4238
025 ETcdrip ;

- 59 17 42.78
SE*

0.949 2770

CD (P=0.05) 2068 6.037

*No irrigation "Earlier0.75ETc - Earlier0.50ETc
In the other trial, fortnightly yield
monthly girth and seasonal DRC (%) pi BI

Krn "rodVSha FRRIPAEE "H MRS S ted
that RRIl 118 performed better in terms of
growth while RRII 105 showed better yield
m response to different levels of irrigation
treatments. °

In the costevaluation trial, die expense
incurred towards various inputs, farm prac-
tices and irrigation were monitored since
1987 in irrigated and unirrigated trees of
RRIM 600. Irrigated trees were divided into
two parts with respect to soil depth and one
being maintained under reduced irrigation
to 1/5 ETc (deep soil) and 1.0 ETc (shallow
soil) level on irrigation. No significant re-
duction in block yield and growth was ob-
served in mature trees even after reducing
the irrigation level to 1/5 of ETc of that un-
der immature phase.

2. Exploitation studies

Two trials initiated for evolving the
optimum stimulation schedule under
1/2S d/3 tapping system under irrigation
were continued. Trial | was started in De-
eember 1999 with RRII 105. Stimulation
treatments TO (control, no stimulation),
Tl (2/y), T2(4/y )andT3 (6/y) were imple-
mented as per schedule under irrigation
(0.50 ETc). Observationson DRC before and
after stimulation, annual girth increment
and TPD were monitored. Among the vari-
ous treatments cumulative yield kg/400 tree
(kg/ha) was highest in T2 and T3 without
significant effect in growth. Results indi-
cated high rubber yield in the ethephon
treated plants as compared to control. With
a low incidence of TPD, ethephon stimula-
tion (4/y) appeared to be optimum with-
out any significant effect on growth under
irrigation. No change in DRC was noticed
after stimulation (Table Dap. 2).

During 1999, another experiment was
started to study the tapping rest-cum-stimu-
n mteraction under low frequency tap-
ping system (1/2 S d/3) in clone RRII 105
under rain fed condition with an objective
to find out best tapping rest period during

summer. Observation on DRC before and



Table-Dap. 2. Performance of RR11 105 under 1/2S d/3s-

Stimulation
Yield DRC
(kg/400 trees) Before
s 1577.22 34.86
! ( /y) 1711.95 39.60
T2 (47y) 2064.83 34.65
13 (67y) 2114.07 34.15
SE+
CD (P=0.05)

after stimulation, annual girth increment
and TPD scoring are being monitored.
Higheryield was observed in treatment with
tapping rest in May and June with 4 stimu-
lation/year, withoutany significant affect on
the growth of trees. Results indicated that
stimulation did not affect the DRC at all.

3. Evaluation of planting materials

In the clone trial, planted in 1985 fif-
teen modern clones are under evaluation.
The trial was maintained under limited ir-
rigation since 1985. Monthly girth, DRC,
fortnightly yield recording was carried out.
The result indicted diat clone RRI1I 208 per-
formed better in terms of growth (Table
Dap.3) while RRII 6 recorded highest yield.

Two blocks of trees raised from
polyclonal seedlings were planted in 1983
and 1985 to study tine yield performance of
polyclonal progeny under condition of
North Konkan and to select ortet trees for
further evaluation. Out of the population
of nearly 1000 trees, promising trees were
selected during 1996 and were categorized
as high girth, low girth, high yielder, and
low yielder trees. The selected trees were
cut back to generate sprouts, which were
used for multiplication by budding. Obser-
vation on fortnightly yield, seasonal girth
increment, soil moisture measurement, and

Girth TPD (%) Yield
After increment (%)

0.76 0 37.01
34.86 0.80 o e
34.75 108 333 Pyt
34.28 0.70 323

029 4.02

0.63

Table Dap. 3. Growth and yield of Hevea cloncs ir

1985 trial

Clone Mean girth*  Mean dry rubber vield

(cm) (g/t/1)
RRIIS 55.26 30.28
RRII 6 58.69 44.23
RRII 105 53.84 36.44
RRLI208 61.40 42.55
RRII 308 53.06 28.32
PR 255 53.28 31.61
PR 261 53.85 26.71
PB 260 56.06 28.09
PB 310 55.58 32.96
PB 311 53.83 33.09
RRIM 605 53.70 25.29
RRIC 52 60.64 23.07
RRIC 100 56.36 34.40
RRIC 102 56.91 3142
RRIC 105 54.08 23.30
SE + 198 4.33
CD (P=0.05) 4.06 8.85

* March 2002

yield components were recorded. Based on
the data good trees were identified multi-
plied for further evaluation in a small scale
trial.

4. Evaluation of germplasm accessions

Sixty four wild Hevea accessions along
with three popular clones viz., RRII 105,
RRIM 600, Tjir 1 as a check were raised in
polybags at nursery for screening against
drought tolerance.



The station concentrates its research
activities to find out the suitable
agromanagement techniques, water conser-
vation, evaluation of suitable clones, tolerent
to draught conditions, evolving appropri-
ate fertilizer recommendations, etc.

1 Evaluation of clones

In the clone evaluation trial (1987)
GT 1 recorded the maximum mean girth
(59.7 cm) followed by RRIM 600 (58.4 cm)
and lowest girth was observed in clone
RRII 105 (54.4 cm) during March, 2002. The
mean yield of 1072 kg/Zha (RRIM 600), 944
kg/ha (RRII 105) and 828 kg/ha (GT 1) were
recorded during 2001-2002.

In the clone evaluation trial (1990),
clone SCATC 93/114 recorded the maxi-
mum mean girth (64.1 cm) followed by
RRII 208 (60.0 cm), RRII 5 (58.5 cm), PR 255
(58.2 cm) and RRIM 600 (57.3 cm).’ Clones
SCATC 88/13 (55.2 cm), RRIM 701 (54.6 cm)
and Haiken 1 (55.5 cm) showed minimum
girth. The mean maximum dry rubberyield
of 1160 kg/ha was recorded in the clone
SCATC 88/13 followed by RRIM 600 (1040
kg/ha), PR 255 (920 kg/ha), RRII 208 (89?2
kg/ha), RRII 5 (880 kg/ha) and the lowest
yield was recorded in clone SCATC 93/114
(360 kg/ha).

In another trial started inl991, clones

RAYCe 167 (67 $T8RHS £0" 01 goiith Grignes
corded the highest mean girft closely fol-
lowed by RRII 300 (59.6 cm). The lowest
girth was observed in PR 255 (51.6 cm) The
highest dry rubber yield in the first year of

aufil 4 schslinpdrd,

23.0 g/t/t). In an on farm trial initiated
during 996 at RRL, Bhubaneswar with
twelve clones, the clones PB 217 RRTI 4™

andRR,1417recordedh,ghes.aiCla ™

In the 1999 clone trial, the highest girth was
observed in RRIl 357 and IRCA 111 (both
12.6 cm) followed by PB 28/59 (11.9 cm).

2. Polyclonal trial

In tine polyclonal seedling trial (1989),
based on in growth performance, 10
promising seedlings were identified for fur-
ther selection and evaluation. Girth of the
10 selections recorded at 75 cm height from
the plant base, varied from 85.8 to 101.2 cm.
The performance of seedlings has been very
good. Some 620 polyclonal trees have at-
tained tappable girth (55 cm) at a height of
50 cm during August 2002. The mean yield
of 1076 kg/400 trees was recorded in 100
tapping days during 2001-2002 (3rdyear of
tapping).

3. Nutritional studies

In the trial to study the effect of water-
soluble and water-insoluble forms of P on
growth of Hevea, application of 40 kg N, 40
kg P20 5and 16 kg K ,0 per ha was found to
be superior in influencing the growth of
Heim. In another trial initiated during 2000-
01 in seedling nurseries, maximum girth,
plant height and number of whorls was ob-
served in seedlings treated with 600 kg N
150 kg PD ?and 120 kg Kp/ha.

4.  Weed management

? 1Sktnal was M ated to study theel-
ect ofherbicides on control of noxious weed
Imperata cylindrica and other weeds in the
plantations. The treatment

rubber
L/ha) followed by

Glyphosate (3
of wee°r,e a5 ,Y ha) at ® % generation
we~ds 1 Was,efft'cti''e in controlling the
weeds than other herbicide combinations.

T,°n~ afflcacs 0f herbicides in
Pem*“ CylMriCa md 0,hcr
<*Pe™ent

con”’l

w'eds i °b
* progress"8



5. Soil moisture studies

This experiment was initiated in 2001
to study the effect of soil moisture stress on
the growth and yield of rubber Hevea re-
corded maximum growth during June to
November. During the rest of the months
low girth increment was noticed due to soil
moisture stress and high temperature.

6. Weather

Total rainfall during the period (2001)
was 2116.8 mm with 85 rainy days. The

highestmean maximum temperature of43 4

3887 AT E e rean i O e b
e of 25.9 »C was observed in May 2001,
against the lowest minimum o f 11.5 «c in
January 2001 at Kadalipal research farm.
Lowest mean relative humidity (35%) was
observed during the month of May in after
noon hours. Mean bright sun shine hours/
ay varied from 1,8 (June and July) to 8.7
(April) while, the evaporation varied from
1.8 mm/day (July) to 5.8 mm/day (May).

REGIONAL RESEARCH STATION, SUKMA, CHATTISGARH

The station conducts experiments on
evaluation of modern clones, polyclonal
seedlings and screening of germplasm ma-
terials for drought/cold tolerance.

In the Hevea germplasm trial for
drought tolerance, growth of various geno-
types was satisfactory. Rondonia genotypes
with the highest girth up to 44 cm showed
best performance. The highest number of

primary branching was recorded in RO 5069
and MT 196 and the lowest in AC 707.Hail-
storm has severely affected the experimen-
tal area resulting in damage to a large num-
ber of trees. The Acre genotypes are show-
ing poor growth. The polyclonal population
showed good growth with large variation.

The station was redesignated as a rub-
ber demonstration centre during 2002.

REGIONAL RESEARCH STATION, PADIYOOR, KERALA

The Regional station located in Kannur
District in an area of 40 ha continued with
the long-term research programmes initi-
ated with the objectives ofidentifying clones
suited to the region and evaluating clonal
tolerance to drought/disease incidence. The
field trials laid out include evaluation of
germplam material, screening of clones for
timber/latex traits, investigations on Geno-
type x Environment interaction, large scale
testing of potential hybrid clones/clone
evaluation, irrigation/water requirement
studies, disease evaluation of clones and
study of cropping systems.

1. Physico-chemical characterization of
soil

The experiment was initiated to gen-
erate a database on soil physico-chemical
properties. Physical and chemical analysis
of soil sample collected from the different
profiles is in progress.

2. Water requirement studies

The experiment initiated in immature
rubber with irrigation levels at IW/CPE
ratio's 0f0.3,0.6,0.9,1.2 and an unirrigated
control was continued. A rooting depth of



Table Pad.1 Performance RR11105 under irrigation

Treatment Number of
irrigations  Pre-treatment

IW/CPE 12 1n 6.48

IW/CPE0.9 8 650

IW/CPE 0.6 5 7.07

IW/CPEO03 2 6.36

Control nil 6.28

SE 0.25

CD (P=0.05) NS

75 cm was considered for the second year
and depth of irrigation water was fixed at 5
cm. The area of root zone to be wetted was
taken as 180 x 200 cm-. The net plot size
was 4 x4 trees. Two border rows were left
between treatments. Growth observations
recorded at periodicintervals indicated that
irrigation significantly increased the girth of
plants (Table Pad. 1). Irrigation at the rate
of IW/CPE ratio 0.6 and above resulted in
significant increase in growth of seedlings.

Girth (days after iiTigation)

45 75 105 135
7.29 7.43 8.43 8.94
7.19 752 8.32 .88
7.76 7.87 8.73 9.30
679 6.95 7.74 8.27
6.64 6.47 7.12 771
026 0.19 0.27 0.25
NS 061 0.83 0.77

3. Performance of rubber +cashew crop-
ping system

Observations on growth in the trial on
inter-planting of cashew in rubber initiated
in June 2001 was continued. Banana and
pineapple planted in the available
interspaces commenced yielding. Growth
of rubber and cashew monitored at regular
intervals was found to be satisfactory.

HEVEA BREEDING SUB-STATION, NETTANA, KARNATAKA

The major thrust areas of the Hevea
Breeding Sub-Station, Nettana are to evalu-
ate clones under different biotic and abiotic
stresses, to identify clones suitable for com-
mercial cultivation and to develop exploi-
tation and crop protection methods suitable
for the region. Research on vield improve-
ment, exploitation systems, crop improve-
ment and crop protection were continued
in the experimental farm comprising of47 6
ha area.

1-  Exploitation systems

This constitutes two experiments, one
planted in 1987 and the other in 1988 aim-
ing at evaluating the effectiveness of differ-
ent tapping systems in terms of vield and
growth of clones. Each experiment com-
prises of five clones planted in a split-pot
design. In the first trial, PB 235 was supe-

rior in growth in terms of average girth
(79.34cm) while RR11 300 was poor in growth
(64.21 cm). In the second trial, clone RRII
118 showed better growth (81.30 cm) while
PR 255 registered poor growth (57.91 cm).

The trial planted during 1987 is in the
fifth year of tapping. Results revealed sig-
nificant variation for yield among the clones
and months as well as interaction between
these factors. However, there was no sig-
nificant difference for yield among the tap-
ping systems employed. Among the clones
© ) PB 260 registered the highest
yield 0f583.05 g/tree/month while RR1I 300
recorded the lowest0f341.63 g/tiee/mnn H
111 m  yieldulS months were December
(696.03 g/tree/month) followed by Novem-

KT7@39f 0 S/tr«B'month) and October
(637.99 g/tree/month) (Tables Kar. 1 & 2).



Tabic Kar. 1, Performance of clones

Gone

Mean yield
(g/tree/month)
RRII 105
55'2'335“0 34163 a
557.02 b
PB 260 583.05b
PB 3L 564.72b

Means followed by same letters are not significantly
different by Tukey's B test at 5% level (P=0.05)
="-Non-significant

Table Kar. 2. Average monthly yield performance
(1987 trial)

2000
April 336.441 a
May 470.052 cd
June 572.081 e
uly 513.488 de
August 470.872 cd
September 423.975 be
October 637.994 f
November 689.229 f
December 696.032 f

2001
January 507.424 de
February 396.030 ab
March 504.997 de

‘Months followed by same letters are not significantly
different by Tukey's B test (P=0.05).

2. Crop improvement

In all the trial for evaluation of ortet
clones, GT 1recorded better girth compared
to RRII 105 and RRIM 600. Five ortets viz.,
O 17, O 47, ClI/2 ,C 42 and T2 in trial 1
recorded better growth in terms of average
girth. Similarly, one clone in trial 2 (T1) and
four in trial 3 (O 26, 055, O 56 and C 140)
registered better average girth over the con-
trol clones. The initial yield data for three
months revealed thatRRII 105 had the maxi-
mum average yield 0f52.72,54.26 and 58.31
g/ tree/tap in the three experiments respec-
tively, and it out yielded all the trial clones.

In the large scale clone evaluation trial

RRI1l 203 recorded maximum growth

(80.23 cm) while Haiken 1 registered poor
growth (50.77 cm). In the 1990 clone evalu-
ation trial, PB 235 registered maximum
growth (67.23 cm) while Tjir 1 exhibited
poor growth (53.51 cm). The 1989 experi-
ment was opened for tapping. In the three
composite clone trials planted during 1991,
nine clones (RRII 203, RRII 300, PB 217
PB 235, PB 260, PB 310, PB 311, RRIC 100
and LCB/1320) in trial 1, five clones viz.
RRII 3 RRII 5, RRII 118, RRII 308 and Nab
17 in trial 2 and five clones (PB 5/51
PB 28/59, HP 83/224, HP 83/225 and
HP 83/236) in trial 3 recorded higher aver-
age girth than the standard. Clone GT 1re-
corded an average girth of 55.30 cm. All
these clones exhibited better growth than the
popular clones, RRII 105 and RRIM 600.

In the experiment for the genetic evalu-
ation of 12 clones and their respective half-
sib progenies planted during 1990, clone
PB 235 registered the highest average girth
0f74.51 cm while IAN 45/873 showed poor
growth (48.87 cm). Among the half-sibs, the
progenies of clone PB 235 registered the
highest average girth (90.66 cm) while the
progenies of PB 213 showed poor growth
(74.18 cm).

For evaluation of 400 series hybrid
clones in this regions, a trial was initiated
during 2000 with 6 promising hybrid clones
viz., RRII 430, RRII 407, RRII 414, RRII 422,
RRII 429 and RRII 430 along with the par-
ents RRII 105 and RRIC 105. Observations
on growth in terms of girth and other mor-
phological characters were commenced.

3. Crop protection

Disease survey on Corynespora leaf fall
(CLF) disease was carried out in different
locations in coastal Karnataka and adjoin-
ing North Malabar region of Kerala. Results
of the survey conducted during 2002 sea-
son indicated that the disease incidence was
increasing and spreading towards tradi-



tional rubber growing regions of Kerala
(Table Kar. 3). However, as compared to
previous years intensity was found consid-
erably reduced during 2002.

Incidence and severity of CLF diseases

Table K.ir. 3.
in 2002 season

Location Infection (%) PDI
Thirthahalli 16.66 5.20
sagar 20.00 4.40
Kundapur 60.00 14.88
Belthangady 60.00 17.60
Puttur 100.00 33.86
Suliia 100.00 35.66
Madikeri 80.00 19.75
Subramnya 100.00 2033
Kasaragod 72.72 23.50
Kanhangad 81.81 26.22
Nileshwar 7142 19.20
Taliparamba 73.33 19.09
Sreekantapuram 7142 13.20
Thalassery 66.66 14,00

In coastal Karnataka, lower disease

intensity was recorded in Thirthahalli and
Sagar. Higher intensity was at Suliia fol-
lowed by Puttur. In North Malabar region,
Kanhangad recorded higher intensity fol-
lowed by Nileshwar and Taliparamba.
Comparatively lesser intensity was recorded
in Sreekantapuram and Thalassery areas.
The high yielding clone RRII 105 has occu-
pied maximum area in these locations and
was found to be highly susceptible for
Corynespora leaf fall disease in all the loca-
tions surveyed.

In the continuing efforts to identify ef-

ficient control measures to CLF disease, a
study was carried out to evaluate the new
generation water based fungicides in imma-
ture plantation. Among the treatments
tested SAAF @ 2g/L was found to be supe-
rior as compared to effective fungicides like
Bavistin and Mancozeb.

Experiment on testing the efficacy of
differentconcentration of dust formulations
of Hexaconazole in controlling Corynespora
leaf fall disease in mature plantation was
continued. Results indicated that the 2%
Hexaconazole dust afforded better control
over the CLF disease as in previous years.
Performance of 1% Hexaconazole was com-
parable with that 2% Hexaconazole dust
(Table Kar. 4).

Efficacy of Hexaconazole* in CLF dis-
ease management

Table Kar. 4

Treatment PDI

Hexaconazole 2%
Hexaconazole 1%

Control (untreated) 38.20

* Dosage 9 kg/ha dust

Screening of different Hevea clones for
CLF disease infection was done under natu-
ral infection in field as well as in nursery
and in laboratory by detached leaf method
by artificial inoculation. Results of the study
indicated that the intensity w'as compara-
tively more in nursery as compared to field
condition. Among the recommended and
popularly cultivated clones, clone RRn 105
showed higher susceptibility as compared
to other clones. Similar range of disease in-
tensity and susceptibility was noticed in the
clones PR 255, PR 261 and PB 28/83.



Kanyakumari districtof Tamil Nadu is
favoured by aclimate suitable for good seed
set and the area is well known for the rare
occurrence of Phytophthora and pink dis-
eases. In order to take advantage of these
climatic factors, two systematically laid out
breeding orchards consisting of a total of 51
parental clones were established in an area
of 5.0 ha. Emphasis was also given to iden-
tify planting materials suitable for the par-
ticular agro-climate.

1. Evolving high yielding clones

With a view to evolve clones with high
latex combined with higher yield of timber
(Latex-timberclone) hand pollinations were
attempted at different parental combina-
tions with pollen of germplasm collections
and pipeline clones. Hand pollinations were
also attempted to evolve clones tolerant to
Oidium. TTie resultant hybrids were raised
for evaluation atnursery stage. The hybrids
obtained on hand pollinations carried out
during 2000 and 2001 were also maintained
for preliminary evaluation.

2. Evaluation of Clone

The station maintained and monitored
three large-scale clone evaluation trials at
Government Rubber Plantations at
Keeriparai. Out of the popular clones being
tested in a block trial, RRIC 102 continued
to exhibit the maximum growth in terms of
average girth (64.4 cm) at the 7thyear fol-
lowed by PB 235 (63.26 cm), hi the Large
Scale Clone Trial, IRCA 111 was found to be
the most vigorous clone (63.18 cm) closely
followed by IRCA 230 (62.36 cm)
(Table Par. 1). Both these trial areas were
opened for regular tapping during the
month of November, 2001 and the yield is
being recorded every month.

The third trial on the identification of
clonal composites was well maintained and

TablePar.l. porformance of clones at Keeripar
Clone Girth (cm) Tappabilit;

(7th year) atopenii
RRII 105 53.71 18.48
RRIM 703 61.22 64.12
PB 255 62.21 75.55
PB 314 60.65 74.55
PB 330 58.14 66.88
PB 28/59 53.05 31.44
IRCA 18 55.16 35.58
IRCA 109 59.66 7439
IRCA 111 6318 79.17
IRCA 130 55.56 36.11
IRCA 230 62.36 78.64
General mean 58.63 57.72
SE 217 1173

observations are being recorded at quarterly
intervals. Out of the eight combinations of
clones the fourth combination consisting
RRIlI 5 (15%), PB 235 (35%) and RRII 105
(50%) exhibited the maximum mean girth
(59.13 cm) and maximum tappabality per-
centage (93.45%) at seventh year.

The block trial of six pipeline clones at
Vaikundam Estate was well maintained and
observations on the growth parameters are
being recorded at quarterly intervals. Ad-
vanced planting materials of the four clones
namely RRII 414, RRII 417, RRII 429 and
RRII 430 were raised for block trial in New
Ambadi and Velimalai Estates.

3. Polyclonal seed garden

This project envisages to establish a
series of polyclonal seed gardens in this re-
gion with modem high yielding clones as
parents. One of such seed gardens with nine
high yielding clones as parents, was estab-
lished during the year 2000 at New Amabdi
Estate. Stock seedlings were raised for pro-
ducing planting materials of laying out a
second seed garden during 2004 in an area
of 20 ha at Keeriparai Division of Govern-
ment Rubber Plantation.



4. Standardization of root trainer plant-

ing technique

A comparative study on the cost of
production of root trainer and polybag
plants have shown that advanced planting
materials of Hevea could be raised in root
trainers at less than half the cost of produc-
tion of polybag plants. The cost towards
transportation, distribution and field plant-
ing could also be reduced significantly, com-
pared to polybag plants.

The performance of polybag and
root trainer plants on transplanting to
the field was closely monitored both at
Churulacode and Thirunanthikarai. The
root trainer plants were noticed to out
perform the polybag plants in both these
places. Planting materials were raised
for field planting one block each of root
trainer and polybag plants of RRII 417
and RRII 429 at Velimalai Estate during
the planting season in 2002.

LIBRARY AND DOCUMENTATION CENTRE

The library continued its important
role of communicating and disseminating
information on natural rubber and allied
subjects through its library collection, infor-
mation services and publications. The li-
brary facilities were also extended to all who
are related to natural rubber industry.

During the year, 254 books and 1722
bound volumes of journals were added to
the stock of the library. The library sub-
scribed 147journals and about85 otherjour-
nals were also received as gift/exchange.
Documentation List, Rubber Alerts, New
Additions list and Current List of Periodi-
cal Publications were distributed. Literature
searches from AGRIS, HORTCD and
RAPRA CD were carried out.

The library compiled a directory
namely Directory of Rubber and Allied Orga-
nizations consisting of postal addresses of
272 rubber and related organizations/insti-
tutions in India and abroad. Vol. 14 of In-
dian journal of Natural Rubber Research 2001
and RRII Annual Report 1999-2000 were pub-
lished and distributed under the period.

The centre also engaged in sales pro-
motion/distribution ofall RRH publications
viz., Natural Rubber: Agromanagement and
Crop processing (‘'NRACP]j, Indian Journal of
Natural Rubber Research, Rubber Wood:
Processing and Utilization, Plant and Soil
Analysis and RRIIAnnual Report. During the
period, 95 copies of NRACP were
distributed.

AGROMETEOROLOGY

1- Rainfall of the rubber growing areas

Steps were taken to assess the impact
of shifting cultivation, deforestation etc. on
the rainfall behaviour of the rubber grow-

ing areas. Rainfall data from ramgauge sta-
tions were grouped into midland (east),

midland (west), coastal stations, high ranges
and special zone. The percentage decrease
of rainfall from first to second half of the
century was calculated. The midland (east)
showed a decrease of 20% followed by high
range (18%), midland (west; 12%), special
zone (8%) and coastal stations (3%).



2. Studies on the crop-weather relations

At HBSS, Nettana, influence of local
weather on triggering and subsequent de-
velopment of CLF disease has been studied.
A maximum temperature of 34 to 36 °C and
aminimum temperature of 17 to 20 °C, a
morning humidity of more than 85% and
an afternoon humidity of less than 40% with
aminimum sunshine duration of8 hours per
day are the essential pre-requisites for the
triggering and development of CLF disease
at Nettana.

3 Studies in NE India

Attempts were made to evaluate and
identify areas in the Northeast India con-
ducive for rubber plantation on the basis of
spatial patterns of annual volume, concen-
tration and inter-annual variability of rain-
fall. The study was conducted with the help
of 120 raingauge stations selected from a to-
tal 0f335 stations in the North-East and data
was collected for a duration of 15 to 67 years
of monthly rainfall

The stations were plotted on to a map
grid with the respective parameters of Mean

Annual Rainfall, Mean Precipitation Con-
centration Index (PCl-which gives the ho-
mogeneities of rainfall at a station). Normal-
ized Precipitation Anomalies and their re-
spective Coefficients of Variation were plot-
ted against each station. Land areas based
on different values of PCI and the mean an-
nual rainfall were demarcated and subse-
quently four subdivisions were identified for
the relative performance of rubber planta-
tion in the non-traditional belt. These were
classified as Optimal, Sub-optimal, Moder-
ate and Marginal. These were construed
with the base value of optimum rainfall
fixed as 2000-3000 mm (non-traditional op-
timum).

Most of the area in the north-east
lie in the above 2000 mm mark of mean an-
nual rainfall. This includes about 36% of
the area under the 2000-3000 mm mark.
With respect to homogeneities of rainfall,
less than 7% of the area showed low sea-
sonality of rainfall distribution.

The meteorological data recorded at
different stations are summarized in Table
Agromet. 1.

Table Agromet. 1. Agrometeorological report from different research stations (2001)

Temperature (°C) RH (%) Wind Rainfall  sunshine
speed (mm) (h)
Maximum  Minimum  Morning Afternoon (km/h)

KOTTAYAM, KERALA

January 32.9 225 85 53 14 7.0 023.0
February 331 234 91 56 15 8.0 047.6
March 345 243 88 52 20 8.3 027.6
April 336 24.1 93 66 15 65 367.0
May 321 24.6 92 69 15 6.4 240.0
June 295 229 96 86 13 33 657.2
July 29.1 228 95 79 12 46 600.7
August 29.7 234 96 75 16 56 284.9
September 314 231 93 68 13 6.4 4148
October 30.6 233 94 71 11 62 353.7
November 317 231 9% 65 0.9 6.2 149.6
December 328 22.0 88 58 0.8 78 030.0



RH (%) Wind Rainfall Sunshin

Temperature (&C) speed (mm) P
Maximum  Minimum Morning  Afternoon (km/h)
CES,CHETHACKAL, KERALA
January 33.6 204 87 53 15 71 065.5
February 243 212 o1 59 10 8.6 068.8
March 35.3 223 92 57 13 069.0
April 335 223 9% 61 0.8 458.5
May 33.0 23.0 93 68 0.9 7.4 144.0
June 295 20.9 93 81 12 3.6 567.1
luly 28.9 217 9 80 15 44 661.0
August 295 222 ) 7 1.9 4.8 3355
September 32.0 219 96 7 14 5.7 244.9
October 312 222 94 n 0.9 5.0 503.9
November 324 218 94 65 08 56 2911
December 338 204 89 52 14 78 012.0
DAPCHARI, MAHARASTRA
January 314 13.8 91 000.0
February 332 12.9 86 000.0
March 339 17.7 89 9.2 000.0
April 37.9 214 86 9.9 000.0
May 36.1 229 84 003.8
June 310 216 91 753.1
July 29.9 199 9 7183
August 30.2 19.9 97 655.3
September 335 219 16 125.2
October 345 213 [ 096.9
November 35.6 16.6 85 000.0
December 345 143 87 001.9
NETTANA, KARNATAKA
January 34.8 16.8 87
February 356 19.9 89 8.0 888.8
March 36.0 201 87 83 000.0
April 354 230 90 73 1480
May 335 235 o1 :
June 285 227 93 sors
July 282 224 93 Pt
August 274 228 93 173
September 314 222 91 L8 11091
October 314 223 o1 >4 207
November 335 20.9 89 2713
December 338 173 . s 6.9 138.2
7.6 003.0

PARALIYAR, TAMIL NADU
January 324 215 %
February 34.2 209 93 Pt
March 35.8 21 oy 012.0
April 335 231 96 034.6
May 329 244 %0 3145
June 308 24.2 88 36 099.4
July 30.8 233 88 4.9 235.4
August 304 238 o 55 195.3
September 320 2.3 . 5.0 110.6
October 30.8 226 " 6.4 361.7
November 313 221 97 5.0 258.4
December 319 215 95 51 289.0

044.1



agrometeorology

Temperature (°C)

Maximum

AGARTALA, TRIPURA

January
February
March
April

May

June

uly
August
September
October
November
December

GUWAHATI, ASSAM

January
February
March
April

May

June

July
August
September
October
November
December

25.8
29.0
32.7
345
314
31.0
32.2
32.8
32.2
314
29.7
26.6

243
271
30.9
33.0
323
32.9
33.3
338
321
308
295
25.7

TURA, MEGHALAYA

January
February
March
April

May

June

uly
August
September
October
November
December

NAGRAKATTA, WEST BENGAL

January
February
March
April

May

June

uly
August
September
October
November
December

238
26.5
30.5
327
30.6
30.6
311
313
30.4
29.9
28.0
255

23.7
26.7
30.4
32.0
318
32.2
321
32.8
311
30.8
28.8
25.4

Minimum

78
12.9
17.3
221
225
246
251
253
24.8
232
18.2
116

11.2
135
14.6
18.4
222
247
24.9
245
23.6
20.9
16.7
123

7.8

95
12.8
16.4
19.3
216
221
211
19.2
17.1
133

8.9

73
109
131
18.2
221
24.0
25.0
248
238
19.1
15.0

8.8

(Daily mean)

66

64
69
82
83
82
81
82
84
80
73

7
69
65
76
81
86
87
85
88
87
78
76

66
60
52
63
80
84
86
84
83
80
77
66

72
66
72
79

89
86
87
82
76
76

Wind
speed
(km/h)

3.0
29

17
2.0
29
3.4
26
28
23
2.0
17
13

12
1.0

Rainfall
(mm)

0.0
58.8
54.2
514

467.7
486.8
173.6
295.8
187.0
195.6
53.0
0.0

0.0
23.0
9.0
154.0
404.4
110.3
518.4
298.1
326.2
173.4

0.0

20
0.0
71.0
341.0
179.0
254.0
393.0
265.0
327.0

0.0

45
0.0
190.0
88.5
434.4
434.2
552.9
650.6
460.4
522.0
433
5.4

Sunshine

(h)

8.3
5.3

8.2
55
4.7
3.0
36
38

6.3
71

7.0

6.7



Temperature (‘C) RH (%) Wind Rainfall Sunshine
speed mm h
Month (Daily mean) e (mm) [
Maximum  Minimum (km/h)

KOLASIB, MIZORAM
January 271 95 72 06 0.0

February 28.9 118 70 13 918 6.3
March 228 149 67 21 107.2 7.7
April 35.6 19.2 68 15 321.8 7.8
May 339 20.1 78 0.4 253.1

June 339 223 83 0.1 556.4

July 343 225 83 01 529.6

August 35.2 231 84 00 369.6

September 34.7 228 84 01 2972

October 335 220 85 001 169.2

November 314 188 84 0.0 100.4 6.0
December 278 121 82 0.7 0.0 6.7
DHENKANAL, ORISSA

January 28.6 114 60 0.4 0.0

February 331 16.7 61 05 0.0

March 355 21.8 64 0.9 7.0 71
April 38.1 2.1 65 0.6 2.0 8.6
May 412 258 59 12 543

June 328 248 79 05 206.6

July 30.2 24.6 85 0.2 815.4

August 315 253 83 0.1 668.6

September 329 248 82 06 121.2

October 319 236 82 10 177.7

November 29.9 20.6 87 18

December 27.7 129 74 0.1 0.0
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Thomas, K. K. (2001). Henry Wickham: 4. The failed
tubacco cultivation. Rubber Mithram, 3(2): 57-59
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SCIENTIFIC AND SENIOR SUPPORTING PERSONNEL

Agronomy and Soils Division

Director of Research

N.M. Mathew, M.Sc, Ph.D.

Joint Director (Research)
Vacant

K.l. Punnoose, M.Sc.(Ag.), Ph.D.

A.N. Sasidharan Nair, M.Sc.

Elsie S. George, M.Sc.

Mercykutty Joseph, M.Sc.(Ag.), Ph.D.
Joshua Abraham, M.Sc., Ph.D.
D.V.K.Nageswara Rao, M.Sc.(Ag.), Ph.D.

V.K. Shyamala, M.Sc.

Sherin George, M.Sc.(Ag.), Ph.D

M.D. Jessy, M.Sc.(Ag.)
Annie Philip, M.Sc.

Mathew Joseph, M.Sc.(Ag.), Ph.D.

Sankar Meti, M.Sc (Ag.)

Mary Varghese, M.Sc.(Ag.)

P. Prasannakumari, M.Sc., Ph.D.

Phebe Joseph, M.Sc.(Ag.)

Aleyamma Augusthy, B.Sc., Dip.N.R.P.

M.J. Thomas, B.Sc.

Molly Pothen, B.Sc.

K.S. Krishnakumari, B.Sc.
M.D. Chacko

K.S. Sivasankaran Nair

DRIS Fertilisation

M. Karthikakuttyamma,M.Sc.(Ag), Ph.D.
P.M. Mathews, M.Sc.fAg.), Ph.D.
G.C. Satisha, M.Sc.(Ag.), Ph.D., F.S.E.Sc.

A. Ulaganathan, M.Sc.
K.K. Ambily, M.Sc.
C.K. Chacko, B.Sc.
T.K Divakaran

Biotechnology Division

A. Thulaseedharan, M.Sc., Ph.D.
S. Sushamakumari, M.Sc., Ph.D.

P. Kumari Jayasree, M.Sc.

P. Venkatachalam, M.Sc., Ph.D.

R.G. Kala, M.Sc.

R. Jayasree, M.Sc.

K. Rekha, M.Sc.(Ag.)
S. Sobha, M.Sc., L.L.B.
P.M. Narayanan

Deputy Director

Soil Chemist

Soil Chemist

Soil Chemist

Scientist S3

Scientist S3

Scientist 52

Scientist 52

Scientist S2

Scientist 52

Scientist S2

Scientist S2

Junior Scientist

Junior Scientist

Junior Scientist

Assistant Technical Officer
Assistant Technical Officer
Senior Scientific Assistant
Senior Scientific Assistant
Assistant Farm Superintendent
Assistant Farm Superintendent

Senior Scientist (AC)

Scientist (AC)

Soil Chemist

Scientist S2

Junior Scientist

Assistant Technical Officer
Assistant Farm Superintendent

Deputy Director

Scientist (Biotechnolog)’)
Scientist (Biotechnology)
Assistant Molecular Biologist
Scientist S2

Scientist 52

Junior Scientist

Junior Scientist

Assistant Farm Superintendent



Botany Division
C.K. Saraswathyamma, M.Sc., Ph.D.
Joseph G. Maratiukalam, MSc.
J Licy, MSc., Ph.D.
TR. Chandrasekhar, M.Sc., M.Tech.
Kavitha K. Mydin, M.Sc.(Ag.), Ph.D.
J Rajeswari Meenattoor, M.Sc.(Ag.)
V.C. Mercykutty, MSc., Ph.D.
L. Sankariammal, M.Sc., Ph.D.
Vinoth Thomas, M.Sc., Ph.D.
Alice John, M.Sc.(Ag.), Ph.D.
T. Meenakumari, M.Sc., Ph.D.
T. Gireesh, M.Sc.
Sobhana Sankar, M.Sc.
T.V. Somaraj

Clone Evaluation
D. Premakumari, M.Sc., Ph.D.
K. Kunhunni

C.T. Joseph

Germplasm Division
Y. Annamma Varghese. MSc., Dr.Sc.(Ag.)
CP. Reghu, M.Sc., Ph.D.
G. Prabhakar Rao, M.Sc.(Ag.)
Saji T. Abraham, M.Sc.(Ag.), Ph.D.
Jayashree Madhavan, M.Sc.(Ag.)
M.A. Mercy, M.Sc.(Ag.)
KP. Leelamma, BSc.,, Dip. NRP

Genome Analysis
Thakurdas Saha, M.Sc.(Ag.), Ph.D.

Mycology and Plant Pathology Division
C. Kuruvilla Jacob, M.Sc.(Ag.), Ph.D.
V.K Rajalakshmi, M.Sc. (upto 31.05.2001)
S Thankamony, M.Sc.
Sabu P, Idicula, M.Sc.(Ag.)
Jacob Mathew, M.Sc., Ph.D.
Annakutty Joseph, M.Sc., Ph.D.
V.T. Jose, M.Sc.{Ag.), Ph.D.
Kochuthresiamma Joseph, M.Sc., Ph.D.
T. Sailajadevi, M.Sc.
Shaji Philip, M.Sc, Ph.D.
T.G. Vimalakumari, M.Sc.(Ag.)
E Edwin Prem, M.Sc.(Ag.)
Sadanand K. Mushrif, M.Sc.(Ag.)
M. Jayadevi, BSc,, Dip. NRP.
P.M. Levy Joseph, BSc., Dip. N.R.P
T.V. Kurian

Deputy Director

Botanist

Plant Breeder

Botanist

Scientist S3

Scientist S3

Scientist S3

Scientist S3

Assistant Anatomist
Scientist 2

Junior Scientist

Junior Scientist

Senior Scientific Assistant
Assistant Farm Superintendent

Senior Scientist (CE)
Assistant Farm Superintendent
Assistant Farm Superintendent

Deputy Director

Botanist

Botanist

Scientist 2

Scientist S2

Scientist &2

Assistant Technical Officer

Scientist (GA)

Deputy Director

Mycologist

Entomologist

Scientist S3

Scientist S3

Scientist S3

Scientist S3

Scientist S3
Agrometeorologist

Assistant Molecular Plant Pathologist
Junior Scientist

Junior Scientist

Junior Scientist

Assistant Technical Officer
Assistant Technical Officer
Assistant Farm Superintendent



Plant Physiology Division

James Jacob, M.Sc.(Ag.), Ph.D., DIC, Ph.D. .
P. Sobhana, M.Sc., Ph.D. Deputy D.lrect.or
Molly Thomas, M.Sc., Ph.D. Plant Ph)_/slo!oglst

N Scientist S3
D. Bhuvanen'dran Nair, M.Sc., Ph.P. Scientist S3
K. An.namalalnalhan, M.Sc., M.Phil, Ph.D. Plant Physiologist
R. Krishnakumar, M.Sc., Ph.D. Scientist S3
S. Sreelatha, M.Sc. Scientist S3
Badre Alam, M.Sc., M.Tech., Ph.D. Environmental Physiologist
M.B. Mohammed Sathik, M.Sc., M.Phil. Scientist S2
Jayasree Gopalakrishnan, M.Sc., M.Phil. Scientist 52
N. Gfeetha‘ M.Sc., Ph.D. Junior Scientist
S. Visalakshy Ammal, B.Sc. Assistant Technical Officer
C.C. Joseph Assistant Farm Superintendent

Exploitation Technology

'K.R. Vijayakumar, M.Sc.(Ag.), Ph.D. Joint Director (Exploitation Studies)
N. Usha Nair, M.Sc.(Ag.), Ph.D. Senior Scientist (BC)
K.U. Thomas, M.Sc., Ph.D. Scientist S3
R. Rajagopal, M.Sc., M.Phil., Ph D, Dip. Stat. Plant Physiologist
K. Karunaichamy, M.Sc., Ph.D. Scientist (ES)
V.S. Govindankutty Assistant Farm Superintendent

Rubber Chemistry, Physics and Technology Division

Baby Kuriakose, M.Sc., LPRI, Ph.D., PGDPM Joint Director (Rubber Technology)
K.T. Thomas, M.Sc., LPRI, M.Tech., Ph.D. Deputy Director
N.M. Claramma, M.Sc., Ph.D. Rubber Chemist
K. Mariamma George, M.Sc. Scientist S3
N. Radhakrishnan Nair, M.Sc., M.Tech., MBA, Ph.D. Scientist S3
Jacob K. Varkey, M.Sc., M.Tech. Scientist S3
Leelamma Varghese, M.Sc., PGDHRM Scientist S3
Rosamma Alex, M.Sc., LPRI, M.Tech, Ph.D. Rubber Technologist
Siby Varghese, M.Sc., Ph.D. Scientist (Rubber Technology)
K.N. Madhusoodanan, M.Sc. Rubber Chemist
Benny George, M.Sc. Scientist S3
C.K. Premalatha, B.Sc., LPRI, Dip. NRP Assistant Technical Officer
C. Madheswaran, B.A. Technical Assistant (Glass Blowing)

Agricultural Economics Division

Tharian George, K, M.A,, Ph.D. Deputy Director
P. Rajasekharan, M.Sc.(Ag.), Ph.D. Economist (resigned w.e.f. 28.12.2001)
Toms Joseph, M.A. Economist
Binni Chandy, M.A., B.Ed. Scientist S2
S. Mohanakumar, M.A., M.Phil. Scientist S2 (on deputation from 20.3.01)
S. Veeraputhran, M.A., M. Phil. Scientist S2
P.K. Viswanathan, M.A. Scientist S2
S. Lakshmi, M.Sc.(Ag.) Scientist S2 (on EOL from 01.03.2002)

Holding additional charge of Joint Director (Research)



Project Monitoring

M.A. Nazeer, MSc., Ph.D.

Regional Research Stations

"Thomson T. Edathil, M.Sc., Ph.D.

Agricultural Statistics
Ramesh B Nair, M.Sc.(Ag. St)
S Naveenkumar, M.Sc., M.CA.
B Biju, M'Sc., PGDCA
P. Aneesh, M.Sc., PGDCA

Library and Documentation Centre
Mercy Jose, BSc., M.L.1.Sc.
Accamma C. Korah, BSc,, M.L.I.Sc.
Kurian K. Thomas, BSc., M.LLSc.
AS. Ajitha, M.A., BL.L.Sc.

instrumentation

S Najmul Hussain, M.Tech., AMIETE

Thomas Baby, M.Sc., M.Phil, Ph.D.
R Rejikumar, M.Sc., M.Tech.

Maintenance
KP. Sajeev, BE
ER. Subramanian

Administration
T.R. Mohankumar
EK Thankamma
T.M. George
Annamma Joseph
N. Sunderasan

Accounts
PV. George
K. Vijayamma
R. Muraleedharan Pillai
Aleyamma Chacko

Experiment Station at RRII
T.V. Kurian
Mary Mathew

rIn charge o/ RRS a,

Joint Director (PM)

Deputy Director

Assistant Director (Stat.)
Programmer-cum-Processing Assistant
Computer Assistant

Statistical Inspector

Documentation Officer
Senior Librarian

Junior Publication Officer
Librarian (Documentation)

Instrumentation Engineer
Instrumentation Officer
Assistant Instrumentation Officer

Estate Officer
Assistant Estate Officer

Deputy Secretary
Assistant Secretary
Assistant Secretary

Section Officer
Section Officer

Dy. Director (Finance)
Assistant Director (Finance)
Accounts Officer

Section Officer

Assistant Estate Superintendent
Sr. Pharmacist



Security
C.K. Abraham, B.A., B.Ed.

Central Experiment Station, Chethackal, Kerala

Jacob Pothen, M.Sc.(Ag.)
Jacob Abraham, B.Sc., M.B.B.S.
Zacharia Kurian, M.Com., A.C.A.
N. Bhargavan

D. Isaac
K.S. Thomas
Annamma Andrews, H.S.C.
T.T. Varghese
M.J. Augustin
M.T. Varghese
O.V. Mathew
K.K. Kunjachan

Regional Research Station, Padiyoor, Kerala
Radha Lakshmanan, M.Sc.(Ag.), Ph.D.
P.M. Narayanan

Regional Research Station, Guwahati, Assam
D. Chaudhuri, M.Sc.(Ag.)
G.C. Mondal, M.Sc., Ph.D.
R.P. Singh, M.Sc.(Ag.), Ph.D.
D. Mandal, M.Sc.
T. Gohain, M.Sc.(Ag.), Ph.D.
A.K. Hazarika, M.Com., ICWAL

Regional Research Station, Agartala, Tripura
Sushil Kumar Dey, M.Sc., Ph.D.
P M. Priyadarshan, 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 Choudhury, M.Sc.(Ag.)
Debabrata Ray, M.Sc.(Ag.)
Joy Joseph, M.Sc.

Jiban Chakraborty, B.Com.
Haradhan Bhowmik

M.J. Augustine

N.K. Balasubramaniyam

Assistant Security Officer

Deputy Director

Medical Officer

Accounts Officer

Farm Superintendent
Assistant Estate Superintendent
Assistant Section Officer
Nurse (HG)

Assistant Farm Superintendent
Assistant Farm Superintendent
Assistant Security Officer
Assistant Farm Superintendent
Assistant Farm Superintendent

Agronomist
Assistant Farm Superintendent

Deputy Director

Plant Pathologist

Scientist S2

Scientist S2

Junior Scientist (from 08.01.01)
Assistant Accounts Officer

Deputy Director

Plant Breeder

Plant Physiologist

Agrometeorologist

Scientist S2

Junior Scientist (resigned w.e.f. 24.10.2001)
Junior Scientist

Junior Scientist

Junior Scientist

Assistant Rubber Processing Technologist
Accounts Officer

Assistant Farm Superintendent

Assistant Farm Superintendent

Assistant Section Officer



Regional Research Station, Kolasib, Mizoram
Rama Shankar Singh, M Sc.(Ag)

Regional Research Station, Tura, Meghalaya
AP. Thapliyal, M Sc., Ph.D
H.K. Deka, M.Sc., Ph.D.
M.J. Reju, M.Sc.
T. Parimelazhagan, M.Sc., Ph.D.

Regional Experiment Station, Nagrakatta, West Bengal
K.G. Vijayan

Regional Research Station, Dapchari, Maharashtra
Meena Singh, M.Sc.(Ag.), Ph.D.
Gawai Prakash Pandharinath, M.Sc.(Ag.)
P.N. Devarajan
P.A. Joykutty

Regional Research Station, Dhenkanal, Orissa
Chandra Gupta, M.Sc.(Ag.), Ph.D.
Katuri Nageswara Rao, M.Sc.(Ag.)

T.M. Mathew
PJ. George

Regional Research Station, Sukma, Chattisgarh
Bal Krishan, M.Sc., Ph.D.

Hevea Breeding Sub-station, Nettana, Karnataka
K.K. Vinod, M.Sc.(Ag.)
M.J. Manju, M.Sc (Ag)
M. Survakumar, M.Sc (Ag)
C.K. Thomas

Hevea Breeding Sub-station, Paraliar, Tamil Nadu
T.A. Soman, M.Sc., M.Phil,, Ph.D.
PV. John

Regional Soil Testing Laboratory, Adoor, Kerala
Thomas Eappen, M.Sc
K.C. Jayasree

Regional Soil Testing Laboratory, Muvattupuzha, Kerala
C.P. Mary, M.Sc.

Regional Soil Testing Laboratory, Calicut, Kerala
Joyce Cyriac, M.Sc.

P.K. Madhusooddhanan, B.Sc

Regional] °jl Testing Laboratory, Nedumangad, Kerala

Junior Scientist

Deputy Director
Scientist S3
Scientist 2

Junior Scientist

Assistant Farm Superintendent

Plant Physiologist

Scientist S2

Section Officer

Assistant Farm Superintendent

Agronomist

Junior Scientist

Assistant Section Officer
Assistant Farm Superintendent

Scientist (Germplasm Evaluation)

Plant Breeder

Junior Scientist

Junior Scientist

Assistant Farm Superintendent

Scientist S3
Assistant Farm Superintendent

Junior Scientist
Senior Scientific Assistant

Assistant Technical Officer

Scientist S2
Senior Scientific Assistant

Senior Scientific Assistant



RESEARCH ESTABLISHMENTS

RUBBER RESEARCH INSTITUTE OF INDIA
Rubber Board, Kotlayam - 686 009, Kerala, India
Phone : 91 481 2353311-20, 2352770-71, 2352773-79 (20 lines) Fax : 91 481 2353327
E-mail : rrii@rubberboard.org.in  Website : www.rubberboard.org.in

REGIONAL RESEARCH STATIONS

Central Experiment Station
RRII, Rubber Board, Chethackal
Thompikandom P.O.
Pathanamthitta, Ranni - 689 676
Kerala.

Phone : 91 4735 226130, 261176

Regional Research Station
RRII, Rubber Board
Padiyoor P.O.

Kannur - 670 703, Kerala.
Phone : 91 4982 273003

Hevea Breeding Sub-station
RRII, Rubber Board
Thadikarankonam P.O.

Kanyakumari - 629 851, Tamil Nadu.

Phone : 91 4652 89119

Hevea Breeding Sub-station
RRII, Rubber Board

College Road, Kadaba - 574 221
D.K. District, Karnataka

Phone :91 8251 660336, 662336

Regional Research Station
RRII, Rubber Board
Dapchari - 401 610

Thane District,
Maharashtra.

Phone : 91 2528 266071

Regional Research Station
RRII, Rubber Board,
Sukma - 494 111, Bastar,
Chattisgarh.

Phone : 91 778284 2301

Regional Research Station
RRII, Rubber Board
Dhenkanal - 759 001, Orissa.
Phone : 91 6762 224946

Regional Experiment Station
RRIl. Rubber Board

Grassmore, Nagrakatta
Jalpaiguri - 735 225, West Bengal.
Phone : 91 3565 272316

Regional Research Station

RRII, Rubber Board

Central Block 11 (Isl floor)

Housefed Complex

Beltola Basista Road

Dispur, Guwahati - 781 006, Assam.
Phone : 91 361 2228220, 2228245
Email : dydirecti@sanchamet.in

Regional Research Station

RRII, Rubber Board, Kolasib - 796 081
Mizoram.

Phone : 91 3837 220357

Regional Research Station

RRII, Rubber Board, Bhalukia TUla
Kunjaban P.O.

Agartala - 799 006, Tripura.

Phone : 91 381 2355287, 2352354
Fax :91 381 2353149

Email : rrsagr@rubberboard.org.in

Regional Research Station

P.B. No. 26, RRII, Rubber Board,
Tura - 794 001, Meghalaya.
Phone : 91 3651 232413 '


mailto:rrii@rubberboard.org.in
http://www.rubberboard.org.in
mailto:dydirectl@sanchamet.in
mailto:rrsagr@rubberboard.org.in

REGIONAL SOIL TESTING LABORATORIES

Regional Soil Testing Laboratory
Rubber Board Regional Office
Taliparamba - 670 141, Kerala.
Phone : 91 498 203037, 203445

Regional Soil Testing Laboratory
Rubber Board, East Nadakkavu
Kozhikode - 673 011

Kerala.

Regional Soil Testing Laboratory

Rubber Board, Peramangalam PO.

Manappady
Thrissur - 680 545,
Kerala.

Regional Soil Testing Laboratory
Rubber Board

P.O. Junction

Muvattupuzha - 686 661

Kerala.

Regional Soil Testing Laboratory
Rubber Board

T.B. Road, Pala - 686 575

Kerala.

Regional Soil Testing Laboratory
Rubber Board

Ann'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 Bunglow
Nedumangad - 695 541

Kerala.



Research divisions and functions

The major research divisions are Agronomy and
Soils; Biotechnology; Botany; Germplasm; Mycology and
Plant Pathology; Plant Physiology; Rubber Chemistry,
Physics and Technology and Agricultural Economics.
Studies on i y, Clone , Ge-
itome Analysis and DRLS Fertilization are dwelt seperately

The thrustareas of research of Agronomy and Soils
Division are investigations on the nutritional require-
ments of rubber, irrigation, intercropping, cover crop
management, weed control and the study of the rubber
growing soils. Development of tissue culture and an-
ther culture systems for propagation and crop improve-
ment of Hei'ea are the im portantareas in which the Bio-
technology Division is engaged. The important fields
of research of the Botany Division are breeding, evalua-
tion and selection of new clones, propagation tech-
niques, planting methods, anatomical studies and cyto-
genetic investigations. The Germplasm Division is con-
centrating on the introduction, conservation and evalu-
ation of Hei‘ea germplasm. The Mycology and Plant
Pathology Division is engaged in investigations on the
diseases and pests of rubber and associated cover crops
and their control. The Plant Physiology Division con-
ducts studies on both fundamental and applied aspects
of Hevea tree physiology. The Rubber Chemistry, Phys-
ics and Technology Division concentrates on improve-
mentin primary processing of rubber, its chemical modi-
fication, rubber product manufacture and quality con-
trol 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, Com-
puter and Art/Photography. There is also a small ex-
perimental farm of 33 ha at the headquarters of RRII

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 di-
visions cover almost the entire area

Regional Research Stations

RRII has established a North-Eastern Research Com-
plex with headquarters at Agartala, having regional re-
search stations at Agartala in Tripura, Guwahati in
Assam, Turain 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 estab-
lished at Thaliparamba, Kozhikode, Thrissur
Muvattupuzha, Pala, Kanjirappally, Adoor and
Nedumangad. Mobile units for soil and leaf analy-
se are available at the Kozhikode, Muvattupuzha
and Adoor laboratories, apart from that at the head-
quarters.

National/International collaboration

RRH is a member of the International Rubber Re-
search and Development Board (IRRDB). an association
of national organizations devoted to research and de-
velopment on natural rubber. Rubber Board is a mem-
ber of the Association of Natural Rubber Producing
Countries (ANRPC),

The RRII has research/academic linkages with the
Kerala Agricultural University (Thrissur), Kerala Uni-
versity (Thiruvananthapuram), Mahatma Gandhi Uni-
versity (Kottayam), Cochin University of Science and
Technology (Kochi), Indian Agricultural Research Insti-
tute (New Delhi), Indian Institute of Sciences (Banga-
lore), Indian Institute of Technology (Kharagpur), Na-
tional Chemical Laboratory (Pune), Sree Chitra Tirunal
Institute of Medical Sciences and Technology
(Thiruvananthapuram), Tamil Nadu Agricultural Uni-
versity (Coimbatore), University of Agricultural Sci-
ences (Bangalore) and University of Goa (Goa)

Natural Rubber: Agromanagementand Crop Processing
Idetification of Hevea clones

The Genesis of WTO and the Aftermath

WTO and Natural Rubber Sector in India

Rubber Wood : Production and Utilization
Plantand Soil Analysis

Indian Journal of Natural Rubber Research
RRH Annual Report
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The Director
Rubber Research Institute of India
Kottayam - 686 009, Kerala, India
Phone 91 481 2353311-20,
91 481 2352770-71,
91 481 2352773-79 (20 lines)
Fax : 91 481 2353327
E-mail mi@rubberboard.org.in
Website www.rubberboard.oig.in
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